
UNCLASSIFIED

AD 406 715

DEFENSE DOCUMENTATION CENTER
FOR

SCIENTIFIC AND TECHNICAL INFORMATION

CAMERON STATION. ALEXANDRIA. VIRGIiIA

UNCLASSIFIED



N=TC3: Mme gvezinmnt or other dz'avings, speci-
fications or other data arn used for any purpose
other then In conection vith a definitely related
goverment procuimnt opention, the U. S.
Government thereby Incurs no responsiblity, nor any
oblLigtion whatsoeveri and the fact that the Gmrn-
ant my have foxnlated, ftrniLhoed or in any my
supplied the said drawings, specifosttons, or other
data is not to be regin•edd by Implication or other-
wLse as in my in r Ulcensing the holder or any
other person or corporstion, or convoying any riAts
or pezuission to numfacture, use or sell an
patented nventLion that my in ay way be related
thereto.



MATHEMATICAL SHIP LOFTING

PART 1. THEORY

DDC

lu 6

Technical Report 1. 0. 0-1
Volume 2 of Final Report
Contract NObs-4427 March 1963

WOOD 6S-91P-71.&MS 0O.PO3.A.TZO2
zoom &AWOULaUs oxvISoNo SANI IpDost OCL&= XzA.&



(

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 Sumnary 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)

V*I. S. Development and Testing of Programming System for
Numerically Controlled Flame Cutting of Ships' Parts -

Summary Report (Technical Report 5.5.0)

V.i. 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
:ou Angeles Division of Todd Shipyards Corporation, San Pedro, Calif.
.:. Thomas G. Smith was Project Manager for the work, and Dr. Henry A.
Schade of the University of California, Berkeley, was Principal
-onsultant.

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. Fassino, Naval Architect - Mathematician

T. A. Dunaway, Computer Programmer

S. A. Berger, Mathematician

W. C. Webster, Naval Architect - Mathematician

Janice H. Thompson, Secretary

1.0.0-1 ii

d.



Others of the Todd Staff, whose contributions and participation during
the Project were responsible for its successful culmination, consisted
of:

Eric Chein, Data Processing Supervisor
R. W. Feeny, Numerical Control Engineer
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,
and Mr. Ed Kemp of the Bureau of Ships, are due the gratitude of the
industry for initiating this work. The Project is particulerly 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 for
his continued guidance to the Project.

i(~ ~ l



C:

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.

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

(3) It 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:

1.0.0-1 11-1



1-a The clurvo Y(X) must be continuous

1-b Its first derivative must be continuous

1-c Its 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,
provkd#4 alove 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 l-d is imperative if the faired

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

expressions 4sed for hydrodynamic studies only.

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

of roughly 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.

1.0.0-1 11-2
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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.

0 0

Qe

Feodor Theilheimer and William Starkweather, The Fairina of Ship Lines
on a Hish-Speed Computer, David W. Taylor Model Basin, Appl. Math. Lab.,
Report No. 1474, Jan 1961
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Section III

MATHEMATICAL FAIRING

A. GENERAL DISCUSSION

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

for interpolating between points as well as "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 comnmon 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 analytic-spline through a set of points is
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, firs..
derivatives, and second derivatives at the point common to
both curves.

1.0.0-1 III-i



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 ships-form,

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 prograsmming problem can be described as follows:

Given a set of M linear 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 Programing refer to G. Hadley,
Linear Programmint, Addison-Wesley Publishing Co., 1962

1.0.0-1 111-2



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 programing 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 preiiminary 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. Thbse

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.

1.0.0-1 '111-3



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 preserved 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-spacil 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 correspond to

two "bumps." Thus, inflection points need to be relatively isolated

from one anotLer to prevent the occurrence of "bumps."

1.0.0-1 111-4
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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 connecting 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:

(1) r2  2 =X 3-. 2  _____

For convenience we refer to this as the second difference

evaluated at point (2), even though it obviously depends 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 this lne. In Fig. 2 the

1.0.0-1 111"5



second difference evaluated at (2) is negative since (2) lies above

the line. Finally, we arrive at the well-known result for a curve

satisfying I-c. 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 inflection point in the interval

between these two points. We can now develop a criterion for

detecting pointewith large error@ in them. If, in any set of

". three consecutive points, the second difference changes signs

twice we have a "bad". point. The "bad point" can now be moved

an appropriate amount requiring it to be compatible with its

neighboring points (i.e., not cause any "bumps").

After .the points have been "smoothed" (large errors removed) a

requirement that the second.derivative and second difference be

of the same sign at all data points will guarantee the analytic-

spline to have the correct amoun-tas well as correct spacing of

inflection points.

The Coordinate Axes

The coordinate system employed is indicated in Fig. 3, below.

z

Y

Fig. 3 The Coordinate Axes

See Page 11-2
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The equation for the surface of the ship will be a function Y - F(X,Z)

The two-dimensional curves obtained by holding Z constant (Y - f(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.

The notatioi 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) Y(X) A0 + A1 X + A 2  + AX 3 + A + ... + AN+ 3

0 1 2 3 A4( 1) # ~ (X-aN-l)#

a1 ... , a,_1  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

(X-a) . (;) x a

Or equivalently

3Ia) 3 gIa + Ij(X)3J1

(*This notation was originally introduced by Dr. Faodor Theilheimer

1.0.0-1 11td7
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From the above definition it is obvious that (X-a)3 will never be

negative

The above notation is very direct.

As an example, consider the following analytic-apline

(2') Y(X) = -1 + 3X - 3X2 + 2X3 - (X-4)#

For X't (2') gives the cubic

Yi(X) - -1 + 3X - 3X2 + 2X3

For X- 1 (2') gives the cubic

Yii(X) = X
3

It can immediately be seen that Yi and Yii have equal ordinate

values, first derivatives, and second derivatives at X - 1, but

unequal third derivatives.

1.0.0-2 111-8



B. TWO-DIMENSION&L 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) ri * Y"(X ) 0 i = 1 , ... , N

Where

ri = second difference at i th 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)% (we
take maximum to mean largest magnitude and not maximum in an algebraic

sense.)

It readily follows that

(4) Y(Xi) - YiJS 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 toN,

(i.e., \is the maximum deviation).

X 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 is 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.

1.0.0-1 111-9



Formulation of Deviation and Fairness Const~aints as
Linear Proaraming Problem

The curve fitting problem can now be formulated as a linear program-

ming problem as follows:

Minimize>%subject to the constraints

(3) r"i - 1,,.. ,

(4) JY(Xi) Yili

Since linear programming codes handle linear constrainto only,

constraint (4) is equivalently expressed by the following pair of

linear inequalities:

X Y(X) Y

X+ Y(x d: Yi

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>Xsubject to the following linear constraints:

X- Y(X )i -Y

i" Y(xi Yi i- , ... N

r i'" '(Xi)1 0

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

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

1.0.0-1 MT£-10



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, i.e.,

A, A' -!A
i i -i

At , 1. ,0

The formulation of the linear programming problem now becomes:

Minimize Xsubjec't't'o the f~ollowing* constraints:.

2 3
\- (A'- A"') (A' A-i)Xi -(A' -A'1)X - (A' A -)xi

A 1 3
-.ý+l -A;'+i)(X -N-d#i -i-

.3
\,+ ( - A'ot + (Al - A'i)Xi + (a• - N- (A - P' ...

ri [2(A- A!2) + 6(A- A!')Xi + ... +6(A - A"+)(Xi aNl1

"- Qi 0

i 1 , ~... , N .

This difficulty can be eliminated, as is shown on Page 111-23,

Section entitled "Dual Formulation."

1.0.0-1 II•-1



In this way an equation of the form:

Y(X) A +AX+A AX3 A4(X- ) + ... + AN+3 (x-%.,)3

A0  1 2x A3  #4 Xa) #~ '-~

will be constructed.

The maximum deviation between curve and data points will be given

by the value of Xin the final solution.

1.0.0-1 111



K C. THREE-DIMENSiONAL FAIRING

Extinsion of' Notation tb Thres.Dimensions

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) is replaced by its three-dimensional extension Y(X,Z)

(5) Y(X,Z) - Co(X) + C (X)Z + C2 (X)Z2 + C3 (X)Z3 + C4(X)(Z-bl)3

+ ... +

Where

Ci(X) = ci + + C iX+ci 2 2 + c3X3 + ... + C 3

I"~ =0 , . ,}+1

a - X-Coordinate of Pth station
p

b - Z-Coordinate of Qth waterline
q

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

1.0.0-1 111-13



An expansion of Equation (5) gives:

Y(+,Z) c +C o + c• + 0 2 + c-x + + c 3]

+ [C1  + c X + C1 X2 + C 3 + .. + Cl~ (X-a 3

+ + C X + C X 2 + C 3
3 + .. + c2 1  3Xa.l] Z2

+ [~ 0 + c 1X + C3 X 2 + c 3 + +. +c (-%,)3]z

4C3 3 2 33 (ZNb1)#

+ 1 0+ C4 1X + C X 2  + C 3+ .. + C ] (- l)

+ [cM. 1 ,0 + cM1 1 Kl + cM122+ cM.1,3X
3

+... I (X".31] (Z3b.1)3
+ .*. + 14.,N+l XaN-l #J #Zb..

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.

1.0.0=1111-14



I

Requirementis

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

IY(XiZJ) " -1 ... , N

j I ,...,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 Xsubject to the following constraints:

(b) X- Y(XioZJ -YiJ

(bb) >+ Y(X i:ZJ yiJ iy, N

i: 1 iM

(bbb) r i,J " Y(X 1iZJ)zz • 0 * 1 ... ,

(bbbb) r j 7-'(Xi,Z )xx 0 0

ri,J - second difference in Z-direction at j point on ith
pointon i station

tij - second difference in X-direction at i th jth

100 point on waterline

1.0.0-I 1lI-15



Y-(X Z|)z . indicates the second derivative of Y(X,Z) with respect

to Z (X held constant) at j th point on ith station.

(X iZj )xx indicates the second derivative of Y(X,Z) with respect

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

This formulation requires 4R constraints

N (R - number of original points.)

The maximum deviation will, as in the two-dimensional case, be given

by the value ofXin the final solution.

1.0.0-1 111-16



D. DOUBLE SPLINE

On Page 111-7 the analytic spline is represented by

Mi) Y(X) - AO + AiX.+ A2 X2 + A3X3 + A4 (X-a )3 +... + +,(X-al3

where al , ... aN-1 are. the abscissae of the original input points.

With the use of the dual:formulation.(Page'III-23) the.number of

coefficients in Equati6n'(1) becomes the number of deviation con-

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

very critical.'.factdr .in the.length of time it. takes to solve the LP

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

of some of.tieýse coefficients have to the final 'solution." In.other

words,,-can we affort to reduce the computer, time at the expense of

..possibly inducing a'larger deviation between curveand offsets..

One way .of systematically reducing.the number of coefficients would
'3

be to add an (X-ai)# term only at every second data point,
. (i.e.;, if 'a1 , . n ,'a are the origina 1.dat. points, add (X-a-)#

terms if, and only if ±i - even integer. Employing. this procedure

"we would add terms only at- a.,2 •4 4 a2 1.

Motivation for this procedure can be extracted from various policies

"*. thegraphical or manual loft uses. 'Clearly, the graphical loft does

not put a weight, or."duck," at every point and generallyagrees the

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

course' that' the.'deviation is reasonab-le.. '.'

It was' previously shown:.that" each coefficient A. for I - 4 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:

(ti) Y(X) - A0 + A1X + A2X 2 + A3X 3 + A4(X-el)#3 + A6(X-a4)#3 +...

Where A1 , ... , a are the original input points. The only changen
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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S. 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 surface function and
n

the original data are minimized (i.e., minimize IyTl(Xi)'Yil

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,

Y(Xi) YiJ 1 N

jJ-1, ... ,M

We can change this inequality to equality by adding a dummy variable

as follows (note that the dummy variable must be non-negative):

Y(Xi,j + YiJ

J-l, ... ,
Si, - 1

In linear programming, inequalities are always changed in this

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

additional variables (Si~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
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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

Y(XiJ) + S 1ij Y 1iJ
S. Y" (Xi 2:rj) -- 0 ,f J-1 3  ... ,

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):

Minimize E Si j + QiJ subject to the following

Y(X i,) + S iJ " qiJ= Y iJ i =1,..N

S~J -1, ... M

ri, Y" (Xij)ff - 0

r • Y'(X ,J xx Ž0
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Here the slacks S i,jand Q i, are both positive, however, only

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

"QJ Negative deviation

Sij-Qij = Total deviation, as stated above, in practice,

only one of Sij or QiJ will enter into the solution.
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F. DUAL FORMULATION

*

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

r

ZdiJ'xi = di i I k
J-1

r
.di,,j xj d i-k+ , ... , s,
J.1i

x>O j 1, ... r MAXZ= cZ

then the dual problem is

D'wI Zc' MIN Z = d'w

( wi unrestricted i 1 , ... , k

w i k+l, ... , s

That is, wherever ith constraint in the primal is an equality, the

ith dual variable is unrestricted with regardeto sign. This property

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 variablesp and this

greatly reduces the size of the problem

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

(
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We therefore restate the problem as follows:

Minimize > subject to the following constraints

)'%- Y(X,) - "

O+ Y(Xij) "
± - 1, ... ,N

r . (~l, ... ,(ri i ij I(,Jff --- 0

r~ Y• •(Xi )xx r 0

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

FO•MUIATION 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

"Oend conditions."

If, in the equation for the surface of the ship (i.e., Y - f(X,Z)), we

replace Y with zero we obtain the expression for the profile of the

ship (i.e., f(x,z) - 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
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additional restrictions on the surface between the original waterlines.

a &A a, aA

b BB

C C

S D --- D

Fig. 1-a Fig. 1-b

Fig. 1

In Fig. 1, A, B, C, and D are waterlines passing through the profile at

Points a, b, c, and d, respectively. The contour of the profile desired

i shown in Fig. 1-a; but in the surface fitting problem, a requirement

that Waterlines A, B, C, and D pass through Points a, b, c, and d,

respectively, without any additional requirements on the profile of the

surface, may very possibly result in the Profile shown in Fig. 1-b. At
any rate, we cannot guarantee that this will not occur.

Consider the expression for the surface of the ship:

Y - f(X,Z)

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,Z) has the property that it is equal to zero if the point

(XZ) in the Y - 0 plane li on the profil .

Let T(X,Z) I[I- [lf(Z)-x]:j

f(Z) is the "faired" spline curve representation of the profile. (Clearly,
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C
since Y n 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 Z0 , f(Zo) will be the X value corresponding

to the intersection of the profile with this waterline.

When X - f(Z 0 ) , i.e., when Point (X,Z 0 ) lies on the profile

T(X,Zo) M I- [1 +f(Zo) - f(Zo)] ]# 1 - 1 - 0

so Y - f(X,Z 0 ) T(X,Z 0 ) - 0

But, if X Z f(Zo) + 1 (i.e., X is one unit away or farther from

the profile)

T(X,Z 0) - 1 - Ll + f(Z 0) f(Z 0) - 11#1#] 1- A#

U Where A O 0

here we define A# such that(#- if A# '0
A if A>0

So

T(X,Z 0 ) - 1- A# with A# O , becomes

T(X,ZO) 0 1 - 0 - 1 for X12:f(Z0 ) + 1

and

Y(X,Z) - f(X,Z) T(X,Z) = f(X,Z)
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This implies that T(X,Z) is effective only between the profile and one

unit away from it, also

0 -- T(X,Z) 4 1 for all XZ

We raise [1 + f(Z) - x] to the third power so we may have continuous

first and second derivatives as well as continuous curve at X - f(Z) + 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,Z) - M(XZ) [1 - 1 + f(Z) - X]3]

f(Z) = previously faired profile.

If it is desired to have infinite slope where the waterline (station)

intersects this profile, we merely replace

T(XZ) - 1 [1 + f(Z) - x]•] X

with

T(XZ) - [1 [1 + f(Z) - ]3]

where 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

T(XZ) [ [ D÷ f+Z) -

# #

For X = f(Z)+ D

t(x,z) - D +fz f(Z )- D
D. #

T(XZ) M [1P

It can very easily be verified that
I-

T(X,Z) = 1 if X ---f(Z) + D

or

Y(X,Z) - f(X,Z)

f(XZ) is the spline-surface representation developed in a previous

section. Y(X,Z) is now guaranteed to have the correct end profile and|

becomes a regular spline curve D units away from the profile.

" XI Fig. 2

In Fig. 2, the cross-hatched area represents the portion of the surface

"( in which T(X,Z) is effective.
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Section V

LOFT INFORM&TION

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 definition.

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 - f(X,Z), 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 a f(X,Z)

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
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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.

SWILL PLA2 DMvEMP•W.

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:

a. Arc lengths along intersections of coordinate planes (station
or waterline planes) and the hull surface

b. Coordinates of points along the sight edges on the hull
surface

c. Arc length along the sight edge on the surface

d. True angles on the surface between coordinate planes

The mathematics for developing this information is given below.

a. Finding arc lengths on the hull surface along station or

waterline plares:

The general formula for arc length along a station curve,

X - constant is z 1

6) S - 7+ l+ fz

0

When X is constant the hull surface equation becomes

7) Y -A+3Z +CZ 2 +DZ 3 + ,..
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(b

Substituting 7) into 6) gives

8) 2S-.. dI + (B +2CZ + 3DZ2 + 2] U

0

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

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

waterline plane is

9) S J[ + (B +2C+3DX 2 + ... )2 dX

z
0

b. Coordinates of any point along sight edges:

To establish the plate sight edges mathematically from the

hull surface equation requires a function Z - f(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 - f(XZ)

Substituting Z - f(X) into (5)

11) Y - f(I)

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

determined by equations 6) and 8)

V-3



The method for obtaining the function Z - f(X) is 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 , ... , Z,) for

each sight edge describes the trace of the sight edge on

the centerline plane of the ship.

To establish Z - f(X) two steps are necessary:

1. Since the heights (Z 1 , ... , Z) are given only to

the accuracy obtained from scaling the drawings, they

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 is 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.

c. Arc lengths along the sight edges on the surface:

The sight edge has now been defined parametrically

12) x - X

z - f(X)

Y - f(X)
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Substitution into the general formula for arc length and

integrating along the X axis gives
x1

13) S 1+ (f-+ (X)) 2 + f; (X)) 2 dX

x
0

d. 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:

14) cosO x Z

[ (1+ f) (1+ f Z)
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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.

00

Fig. 4 Establishing the Position of Longitudinals

That is, (Fig. 4) given S and Y , Z (which may be the keel
00

line) find Y1 and Z1 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 Z0  and S . 1 can then be

found by substituting the station location X , and Z into

the surface equation.
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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.

y ,,
SY

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 Z1 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 Z0  and S . 1 can then be

found by substituting the station location X , and Z1 into

the surface equation.
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Section I

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. It 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.(I
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. 1-2.

It is expected that anyone using this System will be familiar with the

SPS and FORTRAN programing languages for the IN-1620 computer. Although

the program included in this report represent a lofting system, it

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

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

The organization of this report into Steps follows the numbering of

the boxes in Fig. 1-2. The flow of data through the System also

follows this same order.
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Fig. 1-2 Mathematical Lofting System
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Section II

PtEPARATION OF INPU DATA (STEP 1)

The flow of data through the preparation stage is shown on Fig. II-1.

?reliminar Lnes

Offsets Profile

I !1 h
Punch the Punch Profile

able of Offset Coordinates
onto XBM cards onto IBM Cards

Smooth Fit Curves
Offsets

Matrix Cnerator

Fig. II-1 Flow Diagram for Data Preparation

A. OFFSETS

The left-hand branch of Fig. 11-1 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. 11-2. Although the values of the offsets in the shaded portions

are not important and usually are made zero, they are included for
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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 Z

locations on the bull. These cards are read by an IB}/-1620 com-

puter program which converts 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. 11-2

may be smoothed by this routine, since it has not been programmed

to accept the end profiles. The remaining points can be examined

C- 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

consistency. 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 Mathemtical Ship 14ftina,-
jat 1. Thery Technical Deport 1.0.0-1
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B. ?1OIMI

In addition to the smoothed offsets, functions vhich describe the

fore and aft profiles must be presented to the matrix generating

routines of Stop 2. This process is represented by the right-hand

branch of Fig. 11-1. 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(s) as shown in

Fig. 11-2. The origin of this equation must be the same as the

origin of the surface equation for the hull, and must be scaled

the sam (see Step 2). The data points for describing the profile

must be on the sawe waterlines as are used for the surfaae grid.

The coefficients of the equations for the profiles are punched on

cards in the format shown in Appendix I to be entered directly

into the Step 2 routines.
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Section III

GUKiATlNG THR LTUU MGRAMEDAG IMUIIX (SUIP 2)

The matrix for the linear program is produced by a set of 1620 programs

called SMOG (Surface .atrix 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 UP program for bookkeeping purposes.

There are four versions of 3N00 (Appendix 3):

5MO0-1 produces the matrix required for a surface problem, without
profile, using the dual formulation and X.fit.

1SM30-2 produces the matrix required for a surface problem, with profile,
using the dual formulation and X fit.

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

30G-4 produces a matrix for a 2-dimensional curve using the primal
formulation and sun of the deviations fit.

Host surface problems will be run using S31G-1 or 2 . The first three

surface versions produce their output in the SHARI Standard IP 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
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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. NYMAEL SNOOMEW

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. 7herefore, there is no

requirement that the stations or waterlines chosen to describe the

surface be equally spaced.

If 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 drawing 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, if 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 F•.g. 111-1. 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. Simply changing the sign within the program before punching

the curvature constraints will correct this situation.
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second difference
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Fig. III-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 absolute value of 10,000. Since some of our matrix elements

are the product of two cubes (Xj3 * Zj 3 ) their size quickly

becomes large. This has necessitated a limitation on the size of

the X and Z coordinates. It can be readily seen that this

limitation requires the product of the greatest X and Z 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



specing one-fourth unit. The smallest matrix element then, bems

(1/4)3 x (1/4)3 vwhich, if the largest element is greater than 9000,

cretes an extreme range in the number size. This, of course, causes

round-off and other difficulties in solving the matrix. The manner

in which scaling is handled by the MG routines is noted in

Appendix 3.

Another important consideration for reducing maximum nmber size is

to require that the first waterline and first station have zero

coordinates. Te SNIM prosrams have the ability to translate about

the X or Z axis so the origin will occur at 0,0

C. S•ACK ImZKvLT&M

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 station.

This, as can be seen in Fig. 111-2, requires that every surface have

an odd number of stations.
tZ

Solid lines - Double spline both ways
Combination, solid horirontal, broken vertical - double

spline one way only

Jig. 111-2 Span of Cubic* on Surface
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In the Z direction, there ts 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
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Section IV

USH 07 LIUKAR PROGIM (OWh 3)

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

is called LP-90. It uses the SAR standard format for input as punched

by the MW programs. Some information on its use will be found in

Appendix C.

Another 11 system has been written by Bonner & Moore. This program

is faster than IR-90 for very dense problems, such as the fairing problem.

It is, however, somewhat more difficult to use. This system also accepts

SHAR 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

I]9/-1401, before its use with either LP.

The output from LP-90 is a magnetic tape that contains information on

the 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.

*L-90 was written by CSIi Inc., Arlington, Virginia. It can be

obtained from SAJZ by sending them a magnetic tape on which they will
copy the program. It is also available at any service bureau of CIKI.

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

IUINMITIO OF IOIM MUL, S CM•I , IIURCrMS (5Th 4)

There is one type of intersection with the hull surface that requires

additional information. This is the type which is shown in Fig. V-1.

Ixamples are:

Shell plate sight edges

Longitudinal frame8 and stringers

Deck edges

Inuckles

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

Pa IFCTO ZS

mEl-.UT5 z- J STATION CUPVIF. 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 - f(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

(
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obtaining these functions follows.

A. DATA PUPARATION

The data for each curve generally consists of the height of the

curve at each station used to fair the hull surface (Fig. V-I).

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.

B. GE•ATION OF MATRIX

The data from above, plus certain additional information as noted

in Appendix B, are entered into SHOG 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 formulation. SMOG assumes the

curve goes through the first point.

C. 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.

D. 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
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Section VI

Ma Ula 01 DISC BM r H0ULL FORE (812 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 IB-1620. This program is called GOMACK (the program

reverses the fairing procedure and "goes back" to offsets). GOB3AC

is documented in Appendix D.

The program solves the surface equation for the following kinds of

data:

Offsets along any vaterliae or station (not necessarily the
original waterlines or stations) at any interval desired

Slopes and curvatures at any given interval along any water-
C 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 usable in the programs for develop-

ing other loft information which follow it.
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i Section Vn

inUche. TIhe JO M IC&L COMUL MIA (STKP 6)

In Step 5, one of the output choices from srac was the standard cubic

equationp 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 progrm 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.

S~The results of the fairing process are nearly always scaled in

some mount. Numerica c l progrtms 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 GOBACZ exactly as it is produced. In its present form,

it produces data in such a format that it can be inserted directly into
• *programs for parts definition. Program details are in Appendix 1[.

see Lro~rlgp-o Sysem for •--eic l lv Cotollgd XIM CuttiB- of jkbL.
Larte - fterating Yannal Technical Report 5.0.0 (Vol. 4 of Final Report

C under Cotract N~bs-447)

1.0.0-2 VII-1



(I,

Section VIII

PWRTING TeE LINES DIMMS (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 CalComp plotter.

This routine (Appendix 7) 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.

Ct

California Computer Products, Anaheim, California

C
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Section IX

11 OTf 1WT MU? (a"1 8)

A. SLL Run UVI•WI T•

Using the offsets along sight edges and waterlines furnished by

GOB=A, 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. 2he 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 loce-

tion. This shift is fully explained in Appendix G of this report.

3. WflIEIIn NV•RWoUT

Stringer plates differ from shell plates in that they have curvatures

in the longitudinal direction only. That is, plates whose cross

sections are straight lines but whose longitudinal edges are curves.

These plates are easily handled by the shell plate development program.

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

mechanical reasons.



C. AMW AMD ?1A~1 BfIUG 0RSITS

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.

D. INNER HILL OFFSETS

Inner Hull contours of naval combatant ships, such as the DIG class,

generally have the same characteristic as the outer hull contours.

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.

1. INNER NDGI O WEB FRAMES

In areas where the inner hull contours have not been faired, many

web frames contain inner contours which are related to the outer

hull contour. 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
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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. D9CK CAMBER OJ1SITS

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

Offsets can be obtained at any desired transverse interval at each

frame.
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SMOOTHING ROUTINES
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Appendix A

SM400THING 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 (stations),

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

C 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, the sign

must be assumed to be legitimate, as indeed it may well be. The conditions

just described are illustrated below:

0 Only these points will be changed

+ --+ ++ + + +++ -

+ +0+ + + +

++G .. +®

If the program finds a case such as follows

(." ++++÷o - + +++
it will terminate execution. There are several ways to change this set
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to obtain a correct set of signs, and it will be possible to detect the

correct one only by examining the lines drawing.

3-D SMOOTHING ROUTIAE

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

a. Input Data

Symbols Used in the FORTRAN program:

MA - The number of waterlines contained in the data

NA - The number of stations contained in the data

WL(I) = The vertical distance Zi from the origin of
the data to waterline i

STA(J) - The horizontal distance X from the origin of
the data to Station j

IASF - The number of feet in the offset (Y 4 ) when
entered in feet, inches, and eighths farm

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

UASE - The number of eighth-inch intervals in the offset

ASET (I,J) - The offset (Y ) when ertered in decimal form
after conversi~ft 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 k6 - 10

Offset Data Cards:

The remaining data consists of the locations of and values for

the offsets. These csa.f can, by an appropriate witch setting,
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be read by the program in either feet and decimals of a foot

form, or in feet, inches and eighths, similar to the preliminary

table 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 (Zi).

The remaining cards of the subset each contain a station

location (Xi) and the offset at that point (Y ij).. The card

format, if the offset is entered in feet and decimals, is:

Variable Format Card Columns

First ward of a subset:

WL(I) 110.4 1 - 10

Rmaining cards of a subset

( STAUT) 2F10.4 l - 10

ASET(I,J) 1 20

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

Variable Format Card CoLums

First card of a subset.-

%- F10.4 1 - 10

Remaining cards of a subset:

SM.(J) 110.4 1 - 10

ISAY il- 15
LUX3 315 16 - 20
I= 21 - 25

b.

1. Typewriter aesse8as

If the program successfully completes the smoothing of the

C points, the message, FAIRIEG COMM 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 S 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.

c. Sense Switch Settings

SW 1 - OFF: Offsets are entered in feet and decimal form

SW 1 - ON : Offsets are entered in feet, inches, and eighths form

All other switches are ignored
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A•MIE DATA FOR 3-D SMOOTHING

Feec Inches, and Eighths Form (Switch 1 ON)*

id I Ak tA IAE Card.-Coums

7 5
0-0 - WL(1)

25.5 - STA(2) 1 0 0
,51.:0 -* STA(2) 1 0 0
16.5 1 0 0

102.0 1 0 0
127.5 1 0 0
153.0 1 0 0
178.5 1 0 0

2.0 WL(2)
25.5 S STA(1)52 0 3
51.0 -STA(2) 5 6 6
76.5 7 1 3102.0 10 0

127.5 10 8 0
153.0 12 5 1
178o5 13 8 74;0
25.5 5 8 0351,0 7 10 0
76.5 10 0 3

102.;0 12 4 2
1279.5 14. 7 6
153.0 16 7 1
178.`5 18 0 2

8.0
25.5 7 6 0
51.0 10 3 7
76.5 13 3 5

102.0 16 3 0
127.5 18 10 4
153.0 21 0 0
178.5 22 6 6

12.0
25.5 8 5 1
51;0 11 9 376.5 15 2 0

102,.0 18 1
127.5 20 0 7
153.0 23 2 7
178.5 24 9 2

Data 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.
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TYHMVI LITIN WON PIRUS:ING MWiJ DAUT

26000020000316 -Clear Neory Instruction
ENTER SUBROUTINES, PUSH START
1620 FORTRAN SUBR. AUTO DIV 9/30/61
LOAD DATA

BAD POINT, WATERLINE- 120000 - STATION= 127,5000
LIMITS- 20.7916 TO 21.5208 NEW POINT- 21.1562

FAIRING COMPLETE
STOP

OUTPUT OBTLIED nM PROCSSSING SANPIZ DATM

7 5
.0000

25.5000 1.0000
51.0000 1.0000
76.5000 1.0000

102.0000 1.0000
127,5000 1.0000
151,0000 1.0000
178,5000 1,0000

2,0000
2S.5000 4,.0312
51.0000 5.5625
76.5000 7.1145

102.0000 8.8333
127,5000 10.6666
153.0000 12,4270
178;5000 13.7395

4.0000
25.5000 5,6666
5140000 7,8333
76.5000 1040312

102.0000 12.3511
127.5000 14.6458
153•0000 16,5937
175,5000 18.i0203

8.0000
25.5000 7,5000
51;'0000 10.3229
76,5000 13.3020
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SAWI OUTPr FM 3-D SOOMINIG ROU CMWMl :

102,0000 16.2500
127-5000 18,8749
153.0000 21,0000
175.5000 22,5625

12.0000
25.5000 8.4270
51.0000 11,7812
76.5000 15 .1666

102.0000 18.3437
1270'5000 21,1562
153;0000 23.2395
1780'5000 24.,7708
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FLOW DIAGRA14 FOR 3-D SMOOTHING ROUTINE

READMA. NO. OF WA1'ER.IANE
MANANJ% N O. Of STATIONS

INPUT LOOP
orS ON FOa PR OVFSETS IN

MSE w 1 200 FT., IN. ,gmyews

OFF

INPuTr LOOP CONVIRTy OFFIETS
FOR OrFFITS IN 1

bEC.IIALS [DE~rIMAL.S

PAIRING WKMIRLINIH9

S MA . .

LID

SUT up EACH LOOP ON(.E FOR
A POINT ON A EACH WATE&RLUMB

WATERLINK FOR OM EACH ITERATION

RBCQVRRNUMiSERS WIT"
St400TtIU REFER T0 FORTRAN

OFT~~s ISTNTZI'IETT NU14SURS
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x N -NO- Of POINTS

MA %% O @INA13t
0 1 1ly~la OPFfiETt
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I FOTRATN LISTING FOR 3-D SMOOTHING ROUTMI

C 3-D POINT FAIRING PROGRAM SURFACE
DIMENSION ASET(112 25) WL(12) STA(25) AY(30)
DI1MENSION RD(25),FSET(3O),DEL(25),D(15)
LAB-1
READ 1901 MA NA
IF(SENSE SWITCH 1)9200,9110

9200 DO 9201 1-1 NA
READ 9300OW(IA)
DO 9201 J-1 MA
READ 9300,STA(J).IASFIASItIASE
ASFIASF
AS I-IAS I
ASE-IASE

9201 ASETOI J)-ASF4.ASI/12.+ASE/96.
GO TO 1022-

9300 FORMAT(F1O.4,315)
9110 DO 9001 I-I NA

READ 19029WL(I)
DO 9001 J-1 MA

9001 READ 1902,StA(J),ASET(IJ)
9022 Z-0.
C FAIR EACH WATERLINE

ID-I
LID-?
N-MA

9008 DO 9005 J-1tN
FSETGJ)-ASET( IDoJ)

9005 RD(J)-STA(J)
ADE-WL(ID)GO TC 4•000

9006 DO 9007 J-1,N
9007 ASET ODJ -FSET(J)

ID-ID+l
IF (ID-NA) 9008,9008,9009

9009 L I D'2

LAB=LAB+1
C FAIR EACH STATION

JD-1
N-NA

9010 DO 9011 I-I N
FSET(I).ASEi(I,JD)9011 RD(I)-WL(I)ADE-STA(JD)

GO TO 41000
9012 DO 9013 0-I N
9013 ASET(I*,JD)-SET(I)
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JD-JD+1
IF (DM) 9010 9010 9014.

9014 IF (Z) 9017,9015,9014
9019 LAB-LAB+1

GO TO 9022
C NO CHANGES FO A COMPLETE CYCLE-FAIRING COMPLETE
9017 PRINT 1906

IF (LAB-2) 9080,9018,9018
9018 PUNCH 1901 MANA

DO 9100 1-1901
PUNCH 1902 WICI)
DO 9100 J-j MA

9100 PUNCH 1902q1TA(J)*ASET(ItJ)
9080 STOP
1901 FORMAT (15 i5 F1l416)
1902 FORMAT (2F0I. )
1906 FOR1MAT (///19HFAIRING COMPLETE)
C MAIN PROGRAM
4000 R-00'
4001 BA.O.

DO 4003 1=2 N
4003 D(I)-RD(I)-AD(-1,

4004 DO 4005 IN2 K
DEL FI FSTti)-(FSET(1+1)*D(I)+FSET(I-1)*D(1+1))/(D(I)4.D(1+1))

4005 DEL (I)-:SGN(DEL(I))
KK-K-1
DO 4020 I-3pKK
IF (A3SF(DEL(I)-DEL(1-1)-DEL(1+1))-2.) 4019.4019,4007

4007 IF (BA) 4080 4008,4009
4008 UPSET.FSETi(1

FSET(I1)-995 76.
BA-i.
GO TO 4020

4009 SA(STI *(-)FE(-)((+)Dl)/R(+)R(-)
SAuSGN (UPSE T-SA)
SC-(FSET(1+1 )*(D( I)+D( I-i) )+FSET( I-2)*D( 1+1) )I(RD( 1+1 )-RD( 1-2))
SC-SGN(FSET( 1)-SC)
SB.(FSET( I.2)*(D( 1+D+( I))+UPSET*D( 1+2) )/(RD( I+2)-RD( I-1))
SB.SGN(FSET(I +)SB)
SD-(FSET( I)*D( I-2)+FSET( I-3)*(D( I)+D( I-1) ))/(RD(lI)-RD( 1-3))
SDmSGN (FSET( 1-2)-SD)
TA-DEL (1-2) +SB-SA
TC-DEL (1+1 +SD,-SC
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RwR+1.
IF (ABSF(TA)-2.) 401494014v4015

4014 FSET( I-i)mUPSET
DEL(I 1+)SB
DEL (+1)=SB
FSET(1 )-99876,

GO TO 1.020
4015 IF (ABSF(TC)-2.) 1,017o4017o4080
4017 BA-i.

GO TO 4020
4080 IDDm-1-

PRINT 1409
GO TO (3101 3102) LID

3101 PRINT 1408,ADE.RDII)
STOP

3102 PRINT 1408.RD(I)OADE
STOP

1409 FORMAT (/////I9HADJACENT-BAD POINTS)
140 FORMAT tIOHWATERLINK.tFS.4.1OX.SHSTATIONU',F9.4)
4019 BAmO.
4020 CONTiNUE

DO 402l14-KK
IF (FSFTe0-?9876 )4021 409294021ýC ~~4092 SL- FSiTýO+1 ý*D I4.FS~ET( ~I)D11~/D .).()
SA-(FSET~ 0-1 0* 0+00 (1))-SET(IO - )D())/D( I-f)-SL

IF (ABSF"' -SAS 4lO42O~l
4.119 SA-SB
1.b20 FSET(I0)aSL*0.5*SA

XUP-SL.+SA
XLOW-SL
z-z+i.
GO TO 000J193002) ILID

3001 PRINT 1003oADEoRD1I0)
GO TO 3003

3002 PRINT 10030RWI)OADE
3003 CONTINUE

PRINT lOO~vXLOWvXU~tFSET0 )
4021 CONTINUtE

GO TO C9006.99121 LID
1003 FORMAT (121HBAD P`614% WATERLINE- F8.4 3X BSNTATION-, F9.4)
10.04 FORMAT (7HLIt4ITS-vF12.kt4H TO*Fllo.4.5i.1 6HNEW POINT-,F12041)

END
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2-D SNOOTHING 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

ID(I) - Ordinate of the offset (Z d

IFSF - The number of feet in the offset (Y i) when entered
in feet, inches, and eighths form

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

IFS1 - The number of eighths inches in the offset when
entered in feet, inches, and eighths form

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

Header Card Format:

Variable Format Card Columns

N 15 1 - 15

Offset Data Card Format:

N cards, the set of which must have one of the following formats:

Variable Format Card Columns

Sense Switch 1 ON:

RD(I) F10.4 1 - 10

IFSF 1 - 15
IFSI 315 16 - 20
IFE 1 -25

Sense Switch 1 OFF:

3,D(I) 2F10.4 1 - 10
1.0.(2) A- 20
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IC'
S~b.

1. If the points are smooth Without.chpag, a .elt Witk .
RK K = FMI light will occur.

2. if any point needs chang its lecaýtium the limit* Of the

possible offset values and tho "l.st.d offset 'Val*e will be
printed.

3. TMhe indeterminate case described is the 3-5WrI•tup .will cause

the point numbers of the offending offsets and the word 5¶ZW

to be printed on the typewriter.

c. Sense Witches

Same as 3-D 8eoo t•ing Prrm
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TYUIUIMU LISTII VM KNCUTINO TIM 2-D 80=H1I1 PROGR, M

260000200003 - Instruction for Clearing Namory
LOAD DATA

BAD POINT, STAb 25.5000
LIMITS- 20.7916 TO 21.5208 NEW POINT. 21.1562
STOP

7
5-01 8 5 1

10;2 11 9 3
15;3 15 2 0
20.4 18 4 1
25.5 20 0 7
30.6 23 2 7
35.7 24 9 2
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FLOW DIAGRAM FOR 2-D SMOOTHI:NG ROUMIE

IN RZD, NN +4 OF POINTS

4000* " IKA -..4 jLVII I 'N Xt ON~INM.

4003* D! -j %I) .IK 1 0 LOCAL STA.SPA~CING

4005* DELi. S4N[r i -(%L.+, Ki4-tj D O- ,1C DELL .SIGN OF THE

ma, Z~DIFFERENCE.

EXIT Iu 3 KKDO LOOP DETECTS
ISOLATED SAO

11A, 0 POINTS, QUITS
r IF 2 BAD POINTS

IISIJABS (DELL+, + DEL.i -j D11.1 - 3 401 jADJOIN ONEABS 

ANOL+, 

DER-

4007 No (imotwr, oTr) NFAR

SAS N O o No I 

O V 
A O H 

R

AIR \FAIR

OT~~ 006 YEBr

LAS FOAI W0 HU BA?

POINTC 

LAIN I

AO FAIR IFIR

BA I
DEL+,-



SL=(Yi4i* DI. -Yt-i* Dl+1)/(Di +i +f DI)

SA Yii(iD )-iDi)/Dot-1] SL
SB .r(1*(D L+14+ D!+ a) -YL.,2* Dl-+ )/Di+l-BLI

4119>
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16tTmh LiSTIG 7Cm 2-3 mom=G fl

tOC 2-0 POINT FAIRING PROGRAM
DIMENSION RD(20),FSET(20),D(20)tDEL(20)

READ 1001,14
IF(SENSE SWITCH 1)9100,9000

9100 DO 9101 1-1,N

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

GO0TO 000'2

900DO 102 1-31K
IF READBSNDE(I)-DSEL(I-)-DLI1)2)10941,.0

4,000 RSE-0. E(

401BA-i.
GODO 4003120N

4009 SD(FSET( I+1-D(I-1)+FE(~)((+)DI)/R(+)R(~)

SE(QFSTn)(FSET(I+)CC+1)*D(I))+USET(11*D(1+)/RC+1))/D(I)+(11))
405 E3I=SGNSET( 1+)-S)

SDO(sT 402 1-3))

IFCABSDELC +1)+SD-S 11-EL11)2 0940940
401IF (B3(A)-4080 4018,40109,1

LIDO UPSET(-F)dSET~i

FSET( I -99876.
BA--i.
G.1 O TO 4.020 40701,08

400 (A-s(FSTc1+)-2.) +ST(-)((+)+~))(D1+)R(-
40 7 A--i. P E - A -) + S T I 2) D 1 1 ) ( D( + ) R ( -)

1.0.-2 h-19)*D()+(
SC-SG(FSETQ-SC

SB-(SET(+2)(0(11)+~l))UPST*D(+2)/(RD 1+2 -RD(-ll



GO TO 11020I 1080 IDD.I-1
PRINT 14081008,ID

11.08 FOR1MAT (12:12)
STOP

1,019 SAPO.
1.020 CONTINUE

DO FS02 8 ) 1021.1.0 2 11021
11092 SLaCFSET(1+1 *0 I )FSET(1I11)*0( +1))/(D( Ie1).O( I)

SA- FSET(1-1 :JD( I)+D(I-1))m.FSET(I-2)*DCI))/D(I I-1SL
SB-ICFSIETC ~lr* DC 1.1 )4D(I+2Z))..FSET(1+2)*D(1+1))/DCI+2)mSL
IF CABS(SA)mAIS(S5)) 4120041120041.19

1.119 SAnESS
4.120 FSET( I)=SL+0.5*SA

XUP-SL+SA
XLOW.SL
PRINT 1003 ,RD(I)
PRINT 1004..XLOW, XUPeFSET(I)

11021 CONTINUE
1001 FORMAT (15)
1002 FORM4AT 2F10.4)
1003 FORMAT (15HOAD POINT, STA-qF1O.1.)
1001. FORMAT (7HLImIITS-vF12.4a,1. TOF12.1.,5XOHNEW POINT-tF12.1.)

STOP
END
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C!
Section I

INTiODUCTION

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

for input to the linear programming routine.

The specific use of each program presented in this Appendix is listed

below.

SMOG 1 - A one pass program which generates a matrix for a
surface without profile in the dual formulation and
N fit.

SM 2 - A two pass program which generates a matrix for a
surface with profile in the dual formulation and

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

SMOG 3 - 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.

SMOG 4 - A single pass program which generates a matrix for
fairing a two-limensional 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

144
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SECOND DIFERENC3• EQUATIONS

The equation which is used to calculate the second differences is given

below. The normalized values of the coordinates are used in finding

these second differences.

For waterlines, the equation is:

SO2 Yi.1+I "Yi.j - Yi.j "Yi.-1]

i ,(j+l -'J-. 11 I Xj+l x- X i x-

For stations, the equation is:

S 2 [" Yi.i'l' " Yi.i Yi " Yi.i-I"

J'i (zi+l " Ai"i i+l " Zi'

NORMALIZING

The procedure for normalizing the x and z coordinates is given

below. If the program establishes the normalizing and translating

factors for the coordinates, these are found as follows:

S = x - x0  Tx - x

Sz Z - z0  Tz - z0

Each x and z coordinate is then altered as follows:

x .x i - T
j Sx

z i - Tz

"i St

If it is desired to scale and translate different amounts than this, the

values Sx , Tx , S , and Tz may be read in.
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OUTPUT DATA

The output data from each of the programs except SMOG 4 is in standard

SHARE format. This is the accepted linear prograuing 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. Figure B-2 shows the

organization of the data deck when ready for use with the linear

program.

1
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Column Number

Ci P.PJ-
- ~ R A

- -- .. L.& .L ... JL

r-- R S

- ....L9 - .4..LL± ~....J..

C j _ _ _ _ -f p 1± ,

E-.C
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IC)Crd

Data Indicator Cards

Basin (Identity Matrix).

(Optional)

r 0 1 ,Right-hand

Data Indicator Marx0 Sd

Cards

Basis ___(optional)__ Matrix Element

Title Card Basis Heading Cards

Fig. B-2 Input Card Order
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Section 11

SMOG 1 AND 2

The purpose of the programs, S= 1 and SMOG 2, is to generate the

matrices required for surfaces with the following characteristics:

(1) Dual formulation

(2) )N, (minimax fit)

(3) Doble 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 Fig. 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 that

the surface come close to each offset on the grid. The requirement

is of the form

(a) X- Y(xizj) " "Yi'j i 1 , ... , N

(b) X,+ Y(xiZj)= Y, 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

(a) )X- A0ox 3 - Ao 2x3  - A 3 x3
3  

a "

(b) X+ Aolx3 + A2 3
2 + '0 3 X3

3  . Y1,3

1.0.0-2 3-7
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READ INPUT DMTA.

SC&IZ AND TRANS-
1ATE COORDINATES

CALCUlATE AND LIST
SCOND DIMIiZRNCES

AND END PI0111l
INTEiRSECTIONS

C LIATE AND PUNCH
SID'S ANDIDEVIATION CONSTRAINTS

In the Surface
.1Program, Smog 2,

Pass I and Pass II
[are separated here

CALCUIATE AND PUNCH
CURVATURE CONSTRAINTS

AND RES

Fig. B-3 Organization of SMOG 1 and SMOG 2
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I ,Ja

t tp 2.4

2 33

,4,5

2 3 3)

Y-A 0 0 + A0 1x + A0 2 x2 4 A0 3 x3 4 A04(x-x 3 )•

+ (A 11x + A 12x
2 4 A 13 x + A 14 (X-x 3)#)

+ (2 1 x + A2 2x + A2 3x4 A24(x-x3)# ) Z2

"4 (i 3 1 x + A 2x
2+ A 3 + 3 (X-X,) 3) Z3

+ ýAX+ A42  + A43  + A44(x-x 3) ) #zs)

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

r B-4
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The constant coefficient A• is given the value of the offset

(x11z1 ) and is not included in the matrix. (The surface always goes

through this offset, therefore A60 is known).

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

(a) •X-[ olx3 + A0 2 x32 + A0 3x3 3

"j(Allx3 + A1 2x 3
2 +A l33 ] z3

-[,lx3 + ,2x32 + ,23 x 3 3] z32

- [A 3 1x 3 + 3 2x +Ax3] 33 - -Y(3,3)

[Aix3 + A 2x3
2 + A03x3 ]3

+ + 2 3

()+ [Al3+ &.2x3
2 + A03x3 ]32

Allx3 +12x3 13x33
1 a3

+ [A3lx3 + A32"3 2+ A3 3x3 3] 3 3 -Y(3,3)

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

offsets. These constraints have the following form where r and

r j are the signs of the second differences found in Section I of this

Appendix

(c) r 0Zrl~j (xi~uj)asz

(d) rjj * Y" (xi, zj)• . 0

1.0.0-2 B-10



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

only, as shown in Fig. B-4

(c) r ij (A02 " 3A0 3x3 ) > 0

There are x and z constraints both at offset (3,3) as follows:

111 [-A0 2 - 3A0 3x3 - (A0 2 + 3A0 3 x3 ) Z3

- (A2 + 3A0 3 x3 ) zx (A02 + 3A0 3 x3 ) 33j 3 0

(d) r [- (A2lx3 + A22x3 + A23x3

- (A2 1 x3 + A22 x3
2 + A2 3x3

3 ) 3z3 ] • 0

PROVIDING A BASIC FUSIBIR SOINJTION

It is often desirable, when fairing a surface in the dual, to provide the

lirnar 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 identity 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 (9
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SURF ACZ qATION WITH END PRO1LU0

In order to allow for end profiles on the surfaces, the surface equation

y - f(x,z) has been modified by multiplying it by a function T so

that y - f(x,z) I T(x,z)w h e r e [ 1'(e) T(xz - I +G()

D #

G(z) is the two-dimensional Theilheimer equation of the profile mentioned

in Section II-B of the report. The equation G(x) must have the same

origin and be scaled the same as the surface equation. D is 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 z , when generating a matrix for a

given surface T(xz) reduces to a number. Therefore, the deviation

constraints can be modified in the following manner.

(a) ,.- Y , )

i T(xizj)

(b) A+ Y(xiizj) - i.J
T(xi, sj

So the only modification necessary for producing deviation constraints is

to divide the offset by the value of T . T is given the value one if

the actual value is less than a given indicator.
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The second derivative constraints modifications are more involved. The

constraints are:

(1) for the x direction

r [ d 2  If )Xlo * ~i~

dx

(2) for the y direction

i j [T2 (f( Z 1  Txi5)jŽ0

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

become:

(1) r i. If (xitzJ" Ttt(xi'zi) xx + 2 (T (xi" x' £'(xiSIZJ)x)

+ T(xi,zj) fi t(Xi,zJ)xxJA 0

(2) ri If(xiu> Tl"(xiz-Q . + 2(T'(xi,: • f'(xi,- Z)

+ T(xi,z 1 ) f"'(xiiz )ZZ] a 0

These constraints are produced for the linear programming matrix by SMOG 2.
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C l A. -M _

OPUATIG INSTRUCTIONS

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 z 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 if 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(I) - Distance along the z axis from the origin of the
surface to waterline i

Y(I,J) - Offset of the surface at waterline i , station j
in feet and decimals

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

IBY - Number of inches corresponding to lAY

ICY - Number of eighths corresponding to lAY

NX - Program indicator

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

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

SX - Scale factor for X(J) when these are read in

TX - Translation factor for X(J) when these are read in

SZ - Scale factor for Z(I) when these are read in

"1.0.0-2 B-15_______...



TZ - Translation factor for Z(I) 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
RIKS 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 a -1 , the surface will be double splined
in the z direction and M must be an odd number.

If NAB a +1 , the surface will be single splined
in the z direction and N is unrestricted.

Input

The input data cards are described below. There are certain input
variables on which there are restrictions on the value which can beentered. 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.
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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 N&A NAB

Format 15 15 F11.6 F11.6 3
Variable M N CURV RKS

Format F10.4

Variable Z(I)

Alternate Cards:

Format F10.4 110.4 Next

Variable X(J) Y(I,J) N Cards N

or: 
per Group Groups

Format F10.4 15 15 15
Variable IKJ) lAY IBY ICY

This arrangement can be stated as follows:

The first card of each set gives the height z 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 110.4 F10.4 F10.4 F10.4 Last card
Variable SX SZ TX TZ

(This card only used 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 Heading Read in the first input
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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 "MA:TRIX," 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.

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 Settinas

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

SAMPIE PROB•LEM

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 z directions.
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swUi PioRo (,I wiC 1
nlpuT

S * 5X5 Z DOUBLE SPLINED AG-88 ICE BREAKER

1 -1

5 5 .000000 .0001

28 .0000
137.5000 30 3 0
150.0000 29 2 2
162.5000 27 6 4
175.0000 25 2 4
187.5 21 10 6

30 .0000
137.5000 30 7 5
150.0000 29 7 7
162.5000 28 2 5
175.0000 26 2 4
187.5000 23 3 5
32.0000

137.5000 30 8 5
150.OOOO 29 10 4
162.5000 28 7 5
175.0000 26 10 4
187.5000 24 4 3
34.0000

137.5000 30 8 3
150.0000 29 11 2
162.5000 28 10 5
175.0000 27 3 5
187.5000 25 1 7
36.0000

137.5000 30 5 5
150.0000 29 10 4
162.5000 28 11 5
175.0000 27 6 6
187.5000 25 7 3

' CB
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TYIUIRITZR LISTING OF SECOND DI11ZRZS Switch 2 OTPUT
(Sense ISitch 2 0)

* 5X5 Z DOUBLE SPLINED AG-88 ICE BREAKER
2ND DIFF - WLINES

WL STA ACT VALUE SIGN

1 2 -. 003732 1.00
1 3 -. 004400 1.00
1 4 -. 006266 1.00
1 5 -. 006266 1.00
2 2 -.002933 1.00
2 3 -. 003666 1.00
2 4 -. 005733 1.00
2 5 -. 005733 1.00
3 2 -. 002532 1.00
3 3 -. 003334 1.00
3 4 -. 004799 1.00
3 5 -. 004799 1.00
I 2 -. 001865 1.00
4 3 -. 003400 1.00
4 4 -. 003599 1.00
4 5 -. 003599 1.00
5 2 -. 001999 1.00
5 3 -. 003200 1.00
5 4 -. 003467 1.00
5 5 -. 003467 1.00

2NDO DI FF-STAI'iONS

STA WL ACT VALUE SIGN

1 2 -. 075525 1.00
1 3 -. 026025 1.00
1 z -. 052100 1.00
1 -. 052100 1.00
2 2 -. 062525 1.00
2 3 -. 039050 1.00
2 4 -. 031250 1.00
2 5 -. 031250 1.00
3 2 -.065100 1.00
3 3 -. 041675 1.00
3 4 -. 041675 1.00
3 5 -. 041675 1.00
4 2 -. 083350 1.00
4 3 -. 059875 1.00
4 4 -. 041650 1.00
4 5 -. 041650 1 .00
5 2 :-.085925 1.00
5 3 -. 067700 1.00
5 4 -. 083350 1.00
5 5 -. 083350 1.00
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( SUBROUTINiS

Sub routine Sign:
Column No. low No. Term
(3W) (1W) (WAM)

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

Return

Subroutine Pinch
Offset Col.No. Constraint)

Sign

E (YD) JFK) (KFJD)1
Examine the sign of the offset
and determine whether this is
constraint (a) or (b), then
punch appropriate cost and
constant format

Return
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FMTRTL LISTING FOR SRG 1

C SMOGI DUAL X OR X AND Z DBL SPL. NO PROFILE
DIMENSION RX(11,15)tRZ(15.11)pTRM(150), IRW(25f)DIMENSION X(15),z(11),Y(11.'155,WL (15 ,11),IWL(15)

C * * INPUT * *

750 READ 173
READ 172vNAAqNAB
READ 150,M,N,CURVoRHS
NL=N+1
ML-M41
NS-N-1
MS-M-1
DO 2 1-1 M
READ I54,Z(I)
DO 2 Jn1,N
IF(SENSE SWITCH 3)802,803

802 READ 183oX(J)9IAY,IBYOICY
AAY- IAY
BBYnIBY
CCY- ICY
Y( I J)-AAY+(BBY+(CCY/S.))/12.
GO TO 2

803 READ 154,X(J),Y(I,J)
2 CONTINUE

IF(NAA)3,3t4
3 READ 154,SX,SZ,TX,TZ

GO TO 5
4 SX-X (2)-X(1

SZ-Z (2)Z(1I
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-2vNS
A-2./( (x(J+1 )-X(J-1)))
ZAmY CIJ1-Y(I tJ)
AmA*(ZAI/+(IX(J+1)-X(J))-(Y(IJ)-Y(IJ-1))/(X(J)-X(J-1)))

IF A)10 ,9,88 RX( IoJ)--1.
GO TO 11

9 RX(I J)-O.
GO T6 11

10 RX(IJ)-1.
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11 IF(SENSE SWITCH 2)12.13
12 PRINT 158. I,J*AtRX(IJ)
13 CONTINUE

RX(I N)-RX(I9NS)
IF( SiNSE.SWITCH 2)14,13

14 PRINT 158,I,J,AoRX(IN~
15 CONTINUE

C * * STATION 2ND DIFFERENCES * *
IF(SENSE SWITCH 2)16,17

16 PRINT 159
17 DO 25 J-1,N

DO 23 1-2#M
Aw2,/(Z(I1+1-(-ý
ZAA-YI 1+1J ::P
IF ( A20o19,18

18 RZ (JtI)m-1.
GO TO 21

19 RZ(JoI)m0.
GO TO 21

20 RZ (J,I)-1.
21 IF (SENSE SWITCH 2)22,23
22 PRINT 158,J,I,ARZ(JoI)
23 CONTINUE

RZ ( M)-RZ(JvMS)
IF (SESE SWITCH 2)24t25

24 PRINT 158,J,IoAtRZ(JtM)
25 CONTINUE

C * * NORMALIZING* *
DO 26 J-1 N

26 X(J)-(X(J5-TX)/SX
DO 27 I-i M

27 Z(I)-(Z(15-TZ)/SZ
C * *ROW ID* *

PUNCH 173
NJUL-( (N-3)/2)+4
N~nN
IF (NAB) 719, 718,,718

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

718 JULm2
JUL 2u1
NOROW=(M+2)*NJUL
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720 PUNCH 160
DO 28 HR-i ,NOROW

28 PUNCH 162,NR
C * *MATRIX* *

PUNCH 164
C * *FIRST WATERLINE*

MLG- (2*NM) -2
1-2
DO 37 Jml.MLG,2

700 KFJm1
CALL PINCH (Y(1It),J,KFJ)

702 IROW-2
DO 31 NPR-1 3.
TRM( IROW)mXtlI)**NPR
PUNCH 167oJ. IROWTRM( IROW)

31 IROW-IROW+1
IF(I-3)35 35,32

32 DO 34 1T49I
IF( I-IT)34934 133

133 IF( IT-2*(IT/25) 33 34,33
33 TRM(IROW)-(X(I )-X(IT))*

PUNCH 167oJ, IROWtTRM( IROW)
I ROW-I ROW+1

34 CONTINUE
35 JPLS-J+1

I ROW I ROW-i
IWL(I)-IROW

703 KFJm2
CALL PINCH (Y(1It)tJPLSKFJ)

705 DO 36 1R=29IROW
WL( I IR)mTRM( IR)

36 PUNCH 169vJPLSIR,TRM(IR)
37 1-1+1

C* * REMAINING WL * *
DO 64 IZ=2,M
JLmJ
MGmJL+( 2*NM)-2
IX-1
DO 63 JmJLMG*2
I F-2
IRW( IF)-IROW+l
Y(IZ, IX)-Y(IZtIX)-Y(1,1)

706 KFJ-1
CALL PINCH (Y(IZ,IX),J,KFJ)
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708 IF(J-JL)1.1lt. 441
4.1 DO 4.2 IZPR-1 i

TRM( IF)-Z( Iz$**IZPR
PUNCH 1679JvIRW(IF)vTRM(IF)
IF- IF+1

1.2 IRW( IF)- IRW( IF-I )+NJUL
IF( IZ-JUL1.6v`1J.69152

14.2 DO 11.5 ITZ-JUL,IZ

729 GO TO (144. 4 *71 09U

730 IF(ITZ-2*(ITZ/2) )1'. 1 14591445
11.5 ZTR-(Z(IZ)-Z(ITZ)**

TRM( IF)-ZTR
PUNCH 1679JvIRW(IF),TRM(IF)
IF- IF.1
IRW( IF)- IRW( IF-I )+NJUL

11.5 CONTINUE
11.6 JPLS-J+1
709 KFJm2

CALL PINCH (Y(IZIX),JPLS,KFJ)
(711 JF-IF-1

DO 4.3 IF-2#JF
1.3 PUNCH 1699JPLS*IRW(IF)tTRM(IF)

GO TO 63
C * * Z 9 Z SQR t Z CUBE ROWS **

1.1 IRO =I
K-IWL( IX)
DO 21.4 IJ-2#K
IRO wIRO +1

24.1 PUNCH 1679JvIROqWL(IX,IJ)
DO 50 IZPR-1 3
I STRT- IRW( I F54NJUL
ZTRI4-Z( IZ)** IZPR
TRM( IF)-ZTRI4
PUNCH 167oJIRW(IF),TRH(IF)
I F-I F..
IRW( IF)-IRW(IF-1).1
DO 45 NPR.1.3
TRM( IF)-(X(I X)**NPR)*ZTRM
PUNCH 167vJvIRW(IF),TRM(IF)
I F- IF+1

5.5 IRW(IF)nIRW(IF-1)+1
IF( IX-3)50,50,'.6

4.6 DO 5.9 IT=3 Ix
IF(IX-IT)1;4,59,57
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4gIF~(IT-m2*( IT/2) )48 s9 48
TRI4(g F )-( (Ixi-xtIT5 )**3)*ZTRM
PUNCH 167,J,IRW(IF),TRM(iF)
IF. IFel
IRW(IF)=IRW( IF-1)+1

49 CONTINUE
50 IRW(IF)=ISTRT

C * * THEILKMEIIR ROWS * *
51 IF(IZ..JUL)61 61954

60 TO (55 55 731) JUL
731 IF(ITZm2*~ ITi/2))5960455
55 ISTRTmIRW( IF) NUL

IF(IZ-ITZ)1 615
56 ZR9~Z( IZ)i( IfZ))**3
TRH( IF)-ZTRN
PUNCH 167vJ9IRW((P)vTRH(IF)
IFw P.1
IRW( iF)=IRW( IF-I )41
00 256 NPim1 .
TRM(IF)m(X(liX)i**NPR)*ZTRM
PUNCH 167.J,IRW(IF)*TRM(IF)
I F=I Fl

256 IRW(IF)-IRW(IF-1)+1
DO 59 ITal3 Ix

51 IFM2* X -X IT 4*3)*ZTRM

PUNCH 167 *JIRW(IF)oTRM(IF)
IF- Psi
IRW( IF)=IRW( IF-1)e1

59CONTINUE
60IRW(IF)=ISTRT

61 JPLS-J41
712 KFJ-2

CALL PINCH (Y(iZgIX)tJPLSoKFJ)
714 IRO -1

KmIWL( IX)
DO 262 lJm2,pK
IRO =IRO +1

262 PUNCH 1699JPLS91RO tWL(IXvIJ)
JF-IF-1
DO 62 ISm2vJF

62 PUNCH 1699JPLSIRW(IS),TRM(IS)
63 IXmIX+1
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6i1 CONTINUE.
C * * X SEC DIFFERENCES * *

J XwNS/2
DO 88 12'-ItN
1.3
J$ SuJPLS*~1
.JF-JS+..X-1
DO 87 J-JS#JF
PUNCH 171,J,CURV
I ROW=3
I STRT-3
WRI4RX(IZ 1)

501 CALL SIGNIJ,IROWWRM)
503 IRCM-='R0W+1

WRlMo?*X(I)*RX(IZ91)
504 CALLSIGN(J IROWOWR14)
506 IF~('3)759ii*72
72 iRO'OmIROW41

DI) 74 K=39192

73 VRI43.*(3Xt I qXl(K))*RX( I Z91)
5ri7 CALL SIGN(JvIRO~qWR)
74 I ROW- IROW4.1
75 II(IZ-1)87987 76
76 DO3 79 NPWR-1, o

I STRTmISTRT+NJUL
IPOWmISTRT
WR~ns(Z(IZ)**NPWR)*RX(IZ. I)

509 CALL SIGN(JIR0~WRH)
511 IROWmIROW+1

512 CALL SIGN(J*IROW*WRM)
514 IR13WmIR0W+1

DO 7ý8 K=301 2
1F-) 77 7s. 79

77 WRJ4.3.*(X~ I)-X ) )*(z(Iz)**NpWR)*RX(IZ,IJ
51A CALL SIGN(JoIROWsWRM)

75IROW-IROW.Ij~CO NT INUE
oIF( IZ-JUL)67t87o8l

81 DO 86 LmJUL, IZ JUL2

IROW-ISTRT
WRM.RX(IZ. I)*((ZC IZ)-Z(L))**3)
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517 CALL SIGN(JoIROWsWRN)
519 IROW=IROW+1

WRM.3.*X(I)I(Z(I)-Z(L))**3)*RX( I Z, 1)
520 CALL SIGN(JtIROWtWRM)
522 IROWw1R0W41

DO 85 K=3 1 2
IF (K-I)81 Wig 86

523 CALL SIGN(JtIROWoWRN)
85 IROW-IROW+I
86 CONTINUE
98~ 1 *1 2JPLSUJF

C Z SEC DIFFERENCES *

DO 111 IZ.JULtMsJUL2
DO 110 Iw1*N
JmJ+1
PUNCH I71,JoCURY

735 ISTRTwN44
736 WRI4.RZ(I IZ)
. CALL S1iGA( ISTRTqWRN)
562 IFCI-1)96 9L 91
91 IROW.ISTRfI41

DO 92 NPWR1I 3
WRN.(X( g)**IJ)*RZ(l t IZ)

525 CALL SIGN(JtIROWtWRN)
92 IROWoIROW+1

IF(I-3)96#96i93
93 DO 95 K3ItsI

527 CALL SIGN(JIROWoWRN)
529 IROW=IROW41
95 CONTINUE
96 ISTRT.ISTRT44SJL

WRH.3.*Z( iZ)*RZ(ItiZ)
CALL SIGN(J ISTRT WRH)

532 IROW.ISTRT4I
IF( I-I )O2v1O2t97

97 DO 98 NPWR.1 3
WR~(X(I)0**N )*Z( iZ)*3.*RZ( 1,11)

53CALL SIGN(JtIROWvWRH)
98IROW.IROW41
IFC 1-3)1029102.99
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99 DO 101 K'3,1,2
IF(K-I)100,101.101

IOO WR•-((X(I)-X(K))**3)*Z(tZ)*3.*RZ(I IZ)
535 CALL SIGN(JIROWWRH)

53 7 I ROW- I ROW+I
IO1 CONTINUE
102 I F( I Z-JUL) 110,110,103
103 DO 210 L,.JUL, IZJUL2

I F(L-I Z) IO•, 210,210
10/€ I STRT- I STRT+NJUL

WRH- (Z( I Z)-Z(L) )*RZ( I, I Z)*J.
CALL SIGN(J, ISTRTetmH)

5110 I ROW,. I STRT+I
I F( I-1 ) 210,210,105

105 00 106 NPWR-I,3
WRIt(Z( I Z)-Z(L))*(X( I )•r*NPWR)*3.*RZ( I, IZ)

51•1 CALL SIGN(J, IROWWRM)
106 I ROt•- I ROW+I

IF( 1-33210,210,107
IO7 DO IO9 K-'3, I ,2

IF(K-tl)108,210.210
108 t•FtH.,(Z( IZ)-Z(L))*((X( I )-X(K))**3)*3.*RZ( I, IZ)
5•3 CALL SIGN(JIROWt•H)
IO9 I ROW- I ROW+I
210 CONTINUE
110 CONTINUE
I11 CONTINUE

PUNCH 17•
PUNCH 1 75

738 OO •12 JORGm2,NOROW
Jr12 PUNCH 177,JORGRHS
737 PUNCH 176

PRINT 178
PAUSE 75 I
GO TO 750

150 FORHAT(215pF11.6,F11.6)
15• FORHAT(kFIO.k)
157 FORHAT(IOX,17H2ND OIFF- WLINES//

C3OH WL STA ACT VALUE SIGN/)
158 FORHAT(215, F12.6, F8.2)
159 FORMAT(//IOX, 1 7H2NO D I FF-STATIONS//

C3OH STA WL ACT VALUE SIGN/)
160 FORMATi•6HROW ID/12X,6H OFSET)
162 FORHAT(12X,2H R, Ilt)
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164 FORMAT(6HMATRIX)
167 FORMAT(6Xs2H C,14,2H R 14,1H-tF11.5)
169 FORMAT(6X,2H C,14,2H R,14,F12.5)
171 FORMAT( 6X,2H C,14,6H OFSE T, F12.5)
172 FORMAT (215)
173 FORMAT(1H*,5X,47H)
174 FORMAT (7HFIRST B)
175 FORMAT (12X,14H R 1 2.0)
176 FORMAT(3HEOF)
177 FORMAT(12X,2H R,14,1H ,F11-5)
178 FORMAT(28HENTER NEW DATA - PRESS START)
183 FORMAT(FlO.4,315)

END

1.0.0-2 B-82



SUBROUTINE PINCH (YDJFKKFJD)
I F(YD) 706,707,707

706 YD.-YD
GO TO (752,753) KFJD

752 PUNCH 168,JFK,Y ,JFK
GO TO 754

753 PUNCH 166,JFKYDJFK
754 YD--YD

RETURN
707 GO TO (755,756) KFJD
755 PUNCH 166,JFKY6,JFK

RETURN
756 PUNCH 168,JFKYDJFK

RETURN
166 FORMAT(6X,2H C,It,6H OFSET,F12.5/6X,2H C,14,6H R 1,8H

.0)
"168 FORMAT(6X,2H C,14,7H OFSET-,F11.5/6X,2H C,14,6H R 1,8H
13 FORAT(FIO.5.,15)

END
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SUBROUTINE SIGN (JW,IW,WAM)
I F(WAM)370,373,371

370 WAM,-WAM
PUNCH 169,JW,IW,WAM
RETURN

371 PUNCH 167,JW,IW,WAM
373 RETURN
169 FORMAT(6X,2H C,14,2H R,14,F12.5)
167 FORMAT(6X,2H C,14,2H R, IL,lH-,F11.5)

END
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B. SMOG2

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 z direction. The program is written in FORTRAN II

for an IBM-1620 computer.

Organization

SMOG 2 consists of two passes as shown in Fig. B-1. 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

OPSATING INSTRUCTIONS

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 II. The program is written in

FORTRAN II for the IBM-1620 computer.

Fortran Symbol Definition

H - 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.

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(I) - Distance along the z axis from the origin of
the surface to waterline i .

Y(I,J) - Offset of the surface at Waterline i , Station j ,
in feet and decimals

lAY - Number of feet in the offset if read in feet,

inches and eighths.

IBY - Number of inches corresponding to lAY

ICY - Number of eighths corresponding to lAY

X&A - Program indicator

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

If NIkA - +1, scaling and translating are done by
the program as given in Section I of this Appendix.
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SX - Scale factor for X(J) when these are read in

TX - Translation factor for X(J) when these are read in

SZ - Scale factor for Z(I) when these are read in

TZ - Translation factor for Z(I) 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 z direction and M is unrestricted.

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

EXP I - The value of p in the profile function, usually
made .3333 .

EXP 2 - The value of r in the profile function, usually
3.0.

POINT - 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).

C(I) Coefficients of the Theilheimer equation describing
the profile. There must be (M4+2) coefficients.
Straight lines or other curves may be used by
making all except the desired coefficients zero.
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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.

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 F11.6 F11.6 2
Variable N&A NAB POINT COST

Format 15 15 F11.6 F11.6 FI1.6 F11.6 3
Variable M N CURV RHS EXP1 EXP2

Format F10.4 Next
Variable C(I) M4+2 cards
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Format F10.4
Variable Z(I)

Alternate Cards:
Next

Format F10.4 F10.4 M
Variable X(J) Y(I,J) N Cards Groups

or: per Group

Format F10.4 15 15 15
Variable X(J) IAY IBY ICY

This arrangement can be stated as follows:

The first card of each set gives the height z 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 SY SZ TX TZ

(This card is entered only if XAA - -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 "OPSET."

Next, a card punched "MATAIfV" is produced, followed by the deviation

constraint portion of the matrix. Finally 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 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

SAMPTE PROBLEM

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 , and 2 , and the waterlines are 12, 16,

24, and 28

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

double splined in the z 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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SAMPJZ PROBLEM - SMOG 2, PASS 1

* * SAI4PLE 11,PUT * *

TODD DLG 5X5 END PROFI LE X-Z DBL SPL-.
1 -1 1. 20.
5 5 0. .001 3. .33333333

1.52935
- .5873

0.
0. End Profile Coe ffictents

0.
0.0.

.0000

.0000 .000000
12.7500 1.041666
25.5000 2.458333
38.2500 3.874999 Surface Offsets
51.0000 5.333333

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 4.583333
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 .708333

12.7500 2.416666
25.5000 4.322916
38.2500 6.416666
51.0000 8.583333

1.0.0-2 86-91



TYPEWRITER LISTIMN OF IN79RSCTIONS AND SECOD DIMEZNCES

(Switch 2 ON ) OUTPUT

* TO;)D ILG 5X5 END P!0FILJE X-Z D3L SPL-

ENID PR`CFIl.ý I ITERSECTIGI!S

I :!ES

1 1.529350
-. ,S73 G.00(30

2 .9L42050
-. 5873 0.0000

3 .354750
-. 5873 0.0000

4 -. ,32550
-. 5873 0.0000

5 -. 819850
-. 5873 0:0000

STATIOtNS

1 2.60L003
2 .901367
3 0.000000
4 0.000000
5 0.000000

2ND D!FF - WLINES

'I. STA NORM VALUE S I GM

1 1 OUT OF SURFACE
1 2 OUT OF SURFACE
1 3 -5.176766 1.00
1 4 .041668 -1.00
1 5 .041668 -1.00
2 1 OUT OF SURFACE
2 2 -37.680848 1.00
2 3 .041667 -1.00
2 4 .114584 -1.00
2 5 .114584 -1.00
3 1 OUT OF SURFACE
3 2 -. 963248 1.00
3 3 .104167 -1.00
3 4 .145833 -1.00
3 5 .145833 -1.00
4 1 -. 049093 1.00
4 2 .208333 -1.00
4 3 .145834 -1.00
4 4 .114582 -1.00
4 5 .114582 -1.00
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5 1 .927938 -1.00
5 2 .197917 -1.00
5 3 .187500 -1.00
5 4 .072917 -1.00
5 5 .072917 -1.00

2ND 0IFF-STATIONS

STA WL NORM VALUE SIGN

1 2 OUT OF SURFACE
1 3 OUT OF SURFACE
1 4 -. 439121 1.00
1 5 -. 439121 1.00
2 2 -3.216759 1.00
2 3 .072917 -1.00
2 4 .312500 -1.00
2 5 .312500 -1.00
3 2 .041667 -1.00
3 3 o187500 -1.00
3 4 .406250 -1.00
3 5 .406250 -1.00
4 2 .062500 -100
4 3 .281250 -1.00
4 4 .499999 -1.00
4 5 .499999 -1.00
5 2 .041666 -1 00
5 3 .312500 -1.00
5 4 .583334 -1.00
5 5 .583334 -1.00
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FLOW DIAGRAM - SIM 2, PASS 1

RaAP READ

pilloug" ma"ING Pow,
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5U61?OUTINE PfNCH (YODJFK,KFJ D)
'706 YD:OFFSErT

TI, O. O

IF~~~~~~~ YD.9-- oKJ- VT)
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SUSIROUTINE PROFL a XDFDJEXPDITrZPDTZ5D~EXPD2J.,,lTO,
TPD,o TSD,, N4CD

THIS SUBROUTINE TAKES 'TMH
STAR In t 2-M DERIVAkTIVE Or TH4E

I ~EXPRtESSION

TOD.gi±-o9 T= [1 OINT-4 FZ-X)C AX

L POINT

TO z IF:OR THE PRZOFILE CONDITION

WITH INFINITE SLOPE

TSD=O P R0D&TD** DUDD
[TPOI 's EXPOI * TZ PO* FROD

E DI--EXpVJ'*(VjFO *TO P%*(OIFD.I)*TZPO)6*L+TZ5O*PRO~
rTs I-TD** E)(PPI

>0

jZFI = EXPDZ-I
ITDIE) PsTO** OIPD
rrPou-EXPOZ PrTPDI *TVE)CFiras 0 poiP(DIFD*ThH.(LXPDL-3j)*TPDI,.TPDI -TsDI* TPi~xp)
TmLTD±"~ai EXD2.

NCAO& I
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SUBROUTINE DIF'ZND COMPUTES THE DIFFEREWCE
OF A POINT )Q4,9 Yj BY:

____ 4y 4 1 -Xyji - ýWX(÷,-X•-I•Xt~l -i - yX-i-l

rN The vaLue of the 2a1 DLff.
STAR 1 AD isoM' not usedd, interest is onLy

Ln the sign of Gamc -', a
check i made on the .5ign of
Zm. diff, in this sUbyorVQtLnc

A YOI-YIY and when the hign is m1nes
* +I vAIA-t is ou.tpU't arid -i

whet, the ?-A difr is posLtivd.
When zero A Zro i3 oittpu•.,

F 7opi-Xo 1oX,

1-40 0JZ AD, -4

0 --

10it
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SUBROUTINE DERIVI (cw2D, C3D, C40, F~xD, FzPD,,FNsD)

FRS*ZC3D7+64* FXD

THI15 SUbROLYVIN GLTAKES TH E 121 4ZUPDERIVATIVE
Ole THE STAN DA~RD CUBIC
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SUBROUTINE DP-R1VZ(csDDiFDrPPDFsqFApIqPSI)

PRODin3* C5D * DI PD0

FEPt) F PD*t PRoD* =7ý

FZ5DmF5D+Z* PROD

THIS SUBROUTINE TAKES, THE I IM 4 ZW2
DERIVATIVE, OF THE THEILHEIMER TERMS
AND ADDS THEM TO THE STANDARD CUBIC

1E42Jd DERtIVAT.IVES
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1Ci~ LiamD

C SMOG2 PASS 1 DUAL X OR X AND Z DBL SPL WITH PROFILE
DIMENSION RX(11.15),RZ(15,11)vTRMI4(15) IRW(250)tFZ(11)tFX(15

)t DIMENSION X(15),Z(11),Y(I,15),WL(15,11)*IWL(15),C(13),FPZ(11
CFSz(11) * * INT * *

750 READ 173
PRINT 173
READ ISO NAA NABvPOINT COST
READ 150.M,NCURVpRHSIXP1.EXP2
ML-M42
DO 75I1I-I ML

751 READ 5I.,Cti)w
NCOMPm1
NL-N+I

NS-N-I
MS-N-I
DO 2 Iml M
READ 154.Z(I)
DO 2 J-1 N
IF(SENSE SWITCH 3)802.803

802 READ 183,X(J)tIAYtIBYICY
MAY- IAY
sly-IBY
CCYa ICY
Y0I J)-AAY+(BBY4.(CCY/8.))/12.
GO fo 2

803 READ 151iX(J)tY(ItJ)
2 CONTINUE
IF (NAA)$ 3.

3 READ 155,SX*SZsTXvTZ
GO TO

I. SXwX(2 :X(1
SZ.Z 2 0Z18
TZwZ I1
TX-Xi1)

5 IF(SENSE SWITCH 2)509.508
509 PRINT 165

C * * NORMALIZING* *
508 DO 26 Jn1 N
26 X(J)m(X(J$-TX)/SX

DO 27 1-1 M
27 Z([)m(Z(I$-TZ)/SZ

1.*0.*0-2 3-141



P0 INT-(PO INT-TX) /SX
C * * END PROFILE INTERSECTIONS * *

DO 694 Im1,M
FX(I)-C(1)4C (2)*Z(I)4.C(3)*Z(I)*Z(I)+C(4)*Z(I)**3
CALL DERIVII C(2) C(3)tC(4)tZ(I),FPz(I)oFSZ(I))
IF (I-3)6909691 .691'

691 DO 700 J-3 I
DI FmZ( I)-Ztj-1)
FX( I)-FX( I)+C(J+2)*DIF**3
CALL DERIV2 (C(J4.2),DIFFPZ(t),FSZ(It)FPZ(I),FSZ( I))
IF( 1-3)690,69o,700

700 CONTINUE
690 FPZ(I ).FPZ(I) ISZ

FSZ( I )FSZ (I) I(SZ*Sz)
IF(SENSE SWITCH 2)693,694

693 PRINT 170,1 FX(I)
PRINT 154,FAZ(I),FSZ(I)

694 CONTINUE
Jol
OLD -Z(M)
I -ms
IF(SENSE SWITCH 2)2040510

204 PRINT 179
510 FZ(J)uFX(I)

ZZwZ( )
ICOWMIu

695 IF(ABSF CX(J)-FZ(J))-.OOO1) 66,66,71
71 GOTO (65,69) ICOMP
65 IF( X(J)-FZi)J 5 67,66,72
66 FZ (J)-ZZ

IF (SENSE SWITCH 2) 74,80
4PRINT 170*JoFZ(J)

OLD-ZZ
GO TO 510

67 ZZ-ZZ+(OLD-ZZ)/2,
I COMP-2
IJUL-Igi

68 P1( J).C(1 ).C(2)*ZZ.C(3)*ZZ*ZZ.C(4)*ZZ**3
696F IJUL-3) 695 696 697
69 ZJ).FZ(J)+C(9)*(iz-Z(2))**3
GO TO 695

697 Do 699 K-3 IJUL
699 FZ(J )-FZ(JS+C(K+2)*(ZZ-Z(K-1))**3

1.0.0-2 B-142



GO TO 695
69 IF(X(J)-FZ(J)) 67,66,70
70 SEGmOLD.-ZZ

OLDmZZ
ZZ=ZZ-SEG/2.
GO TO 68

72 OLD-Z(I)
Im-I-
IF( I-1)81,510.510

81 DO 82 I-J N
FZ( I).z(15
IF( SENSE SWITCH 2)83.82

83 PRINT 1709,I.FZ(I)
82 CONTINUE

C * * WATERLINE 2ND DIFFERENCES * *
IF(SENSE SWITCH 2)6v7

6 PRINT 157
7 DO 15 Im1,M

DO 13 J1 M S
GO TO (89413)tNCOI4P

8 zYmo.
I F(X'(J)-FX(lI))1O1lOo9

10 R-20.
IF(SENSE SWITCH 2)660,13

660 PRINT M5old,
GO TO 13

9 ZZmFX(I)
NCOMP=2
GO TO 1

513 ZZmX( J-1)
ZY-Y(I J-1)

1 CALL DfF2ND (X(J),X(J.1),ZZY(IJ),Y(IJ.1),-ZYIJRA)
13 RX IJ)-R

RX( I N)miX(I NS)
Ri(SNE SWItCH 2)14,1114 PRINT 1589IJtAoRX(IN~

15 NCOMP-1
C * * STATION 2NO DIFFERENCES * *

IF(SENSE SWITCH 2)16v17
16 PRINT 159
17 DO 25 Jm1,N

DO 23 1-2:14S
GO TO (18.,19) NCONP

18 IF(ZI)-Fl(J)21, 21,20
21 R-20,

1.0.0-2 1-143



IF(SENSE SWITCH 2)22t23
22 PRINT 1510JOI

GO TO 23
20 ZZ.FZ(J)

GO TO 514

51t CAZLL DIF2D (Z(I),Z(1+e1),ZZy(IJ),Y(I1,J),Y(I-1,J),JIRA)
23 R~~~nRZ(JI)R

RZ J M) -R(HS)
IF( S NSE SWIfCH 2)24t2321. PRINT 158PJ.I.A#RZ(J.K)

C 25 *CW ROW ID* *
PUNCH 173
NJULm( (N-3)/2)+4

I F(NAS)719o718o718
719 JUL-3

JUL2w2
NOROWmNJUL*( (M-3) /2+4)+1
GO TO 720

718 JULu2
JUL.2m11
NoROW..(K4.2)*NJUL+1

720 PUNCH 160
Do 28 NRm1,NOROW

C28 PUNCH 11620NR MTI

C PUC *6 FIRST WATERLINE*
KLG-( 2*14K)
I-1
FUPZ-1.
FUSZnOo
DO 37 Jul KLG,92
IF(RX(1. I5-20.)250#251#1250

251 K-2
GO TO 252

250 K-1
200 GO TO (201 702) NCOKP
201 CALL PROFLI(X(1IgFX(1),EXPlFUPZ.FUSZEXP2,POINT.TTPTS#

NO)IF(T-.0001 )703#7030257
257 ZY=Y(1,t)/T

1.0.0-2314



GO TO 90
703 NCOMP-2
702 ZY0Y(1I)
90 KFJ.1

CALL PINCH (ZY#J#KFJ)
252 IROWw3

00 31 NPRm1 3
TRM(IROW) .Xl )*HPR
GO TO (253,31) K

253 PUNCH 167,SvIR6WTRI4(IROW)
31 IROW.IROW+1

IFI-3)35 35,32
32 00 34 IT=J.I

IF( I-IT)311 31 133
133 IF( IT-2*( 125)33 31i 33
33 TRM(IROW)in(X(i ).XtITS **3

GO TO (25'.,255) ,K
2541 PUNCH 167#J#IROoWTRM(IROW)
255 IROWmIROW+1
34 CONTINUE
35 JPLSmJ+1

I ROW I ROW-i
I WI ([)=IROW
GO TO (259#705)tK

259 KFJ=2
CALL PINCH (ZYoJPLSoKFJ)

705 DO 36 IRw3 IROW
WL(I,IR)nTRm( IR)
GO TO (260.36) ,K

260 PUNCH 1699JPLStIR,TRM(IR)
36 CONTINUE
37 -IuIi

NCOMPm1
C * * REMAININGWL A

DO 61i IZam2oM
MgJ+2*NIO..2

DO 63 J-JLM4G#2

IRW( IF)-IROW+1
IF(RX( IZ IX)-20.)202#639202

202 GO TO (91 92) NCONP
MI)91 CALL PR0FL2(XIIX),FX(IZ),EXP1,FUPZ.FUSZEXP2.P0INT.T.TPTS.NCO'
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IF(T-,OOO1 )93,93*258
258 ZY.YI OX T

GO TO 95
93 MCOMP-2
92 ZY.Y(IZ#IX)
95 KFJ-1

CALL PINCH (ZY JqKFJ)
708 IF(J-JL)1.,1 £41
4.1 DO 42 IZPRmI I

TRW( I F)Z( I Z5*IIZPR
PUNCH 167tJIRW(IF),TRM(IF)
IF. IF.1

4.2 IRW(1- F.R( IF-I )+NJUL
IF(IZ-JUL) 146 11.6,142

14.2 DO 11.5 ITz-JUL IZ
IF(IZ-ITZ)11.6 1.6,72,9

729 GO TO (144~ 1144 6O)JUL

TRM( IF)=ZTR
PUNCH 167*JtIRW(IF),TRN(IF)
I F=IF+1
IRW( IF)mIRW( IF-i )eNJUL

14.5 CONTINUE
146 JPLS-J+1
709 KFJm2

CALL PINCH (zy,jpLs,KFJ)
711 JF-IF-1

DO 4.3 IF-2,JF
43 PUNCH 169tJPLStIRW(IF)oTRM(IF)

GO TO 63
C * * Z 0 Z SQR * Z CUBE ROWS **

1.1 IRO -2
K-IWL( X)
DO 21.1 IJm3#K
IRO -IRO +1

21.1 PUNCH 167 J IROWL(IXIJ)
DO 50 1 ZPA.
ISTRT=IRW( IFI+3NJUL
ZTRIIEZ(I z)**I ZPR
TRN( IF)-ZThei
PUNCH 167vJIRW(IF)sTRM(IF)
IFwIFl.1
IRW( IF).IRW( F-i )+1

1.*0.*0-2 14



DO 5.5 NPR-1 03
TR(I F);( XCIX)**NPR)*ZTRN

PPUNCHH 17tJtIRW(IF)oTRM(IF)
IF- P41

45 IRW(IF).IRW(IF-1)4.1
I F( I x-)SOv50,5.6

5.6 DO 5.9 Tm IX

57 IF(IT-2*(I T)2)i 5.9 5.8
48 TRN(IF)- ((X(IgX)tXIT$)**3)*ZTRH

PUNCH I67tJtIRWIF)qTRN(IF)
IF.IF.1
IRW( IF)=IRW( IF-1)e1

49 CONTINUE
50 IRW(IF)wISTRT

C * * THEILNEINER ROWS * *
53 IF(IZ-JUL)61 61 55.
55 DO 60 ITZmJUL I

GO TO (55 55.531) JUL
731 IF(ITZ--2i ITUI2)5560*55
55 ISTRT-IRWII)NU

IF(IZ-ITZ)61 61 56
56 ZTRJI-(Z(IZ)-.i( IfZ))**3

TRI4(IF)mZTRH
PUNCH 167qJqIRW(IF)qTRM(IF)
I F=I P4.
IRW( IF)nIRW( IF-i )+1
DO 256 NPRt-1,v
TRM( IF)-( X(IX)**NPR)*ZTRM
PUNCH 167qJjIRW(IF)vTRM(IF)
IF. IF4.

256 IRW(IF)-IRW(IF-1)+1
DO 59 IT=3IX

57 IF( ITin2* IT)2) !X55598
58TRKOM(Fw(XIX)X IT)**3)*ZTRN

PNCH 167 vJqIRW(IF)sTRN4(IF)
Ifu.f1F.
IRW( IF)=IRW( IF-I )e1

5I CONTINUE690 IRW(IF)'mISTRT
61 JPLS-J41

712 KFJ=2
CALL PINCH (ZYoJPLSoKFJ)
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7l14 1 RO .2
K- IWL ( I X)
0O 262 IJin3#K
IRO =IRO +1

262 PUNCH 1699JPLSIRO .WL0(XtIJ)
JFnI F.-
DO 62 5S-2,JF

62 PUNCH 169oJPLS*IRW(IS)tTRM(IS)
63 IX-IX+1
64. NCOMP-1

PUNCH 180 JPLS JUL JUL2 NJUL M NqMSsNStNOROWvNCOMPqCURVRHS
PUNCH 181,EXP2,COSfPOINT.EXPI1
DO 87 m 1N
PUNCH IS .X(I)OFZ(I)
DO 67 Ju2 M

87 PUNCH 181.RZ(IJ)
DO 88 I.l1,M
PUNCH 181,Z(I),FX(I)vFPZ( ).FSZ(I)
DO 88 J;lN

88 PUNCH I81,RX(I*J)

DO 100 Jol ML
100 PUNCH 181ol(J)

PRINT 178
PAUSE 751
0O TO 750

150 FORM4AT 215v4.FI1.6)
151 FORMAT 251 OUT OF SURFACE)
151. FORMAT F6r
157 FORMAT I/OX 17142ND 01FF - WLINES//

C30H WI. SfA-NORM VALUE SIGN/)
158 FORMAT (215 F12,6 F8.2)
159 FORM4AT (I/16X.i 7HIND DIFF-STATIONS/I

C30H STA WI. NORM VALUE SIGN/)
160 FORMAT 6HROW ID/12X96H OFSET)
162 FORMAT 12X92H Rt 14.)
164. FORMAT 6HMATRIX5
165 FOR1MAT //6X*25HEND PROFILE INTERSECTIONS//15XoEHWLINES/)
167 FORMAT 6Xs2H CoI14s2H It 15eH-qFII.5)
169 FORMAT 6X 2H4 C 11. 21 R.I14,F12,5)
170 FORMAT SX:15,F12.I)
171 FORMAT 6X 2H4 C*I1.,6H OFSETvF12.5)
172 FORPMAAT 219)
173 FORMATl1H*t5X,1.7H
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178 FORMAT(28HENTER NEW DATA - PRESS START)
179 FORMAT (/14XX8HSTATIONS/)
1 FORMAT (1015,2F15.9)
181 FORMAT (VF15,9)
183 FORMAT(FIO,5,315)

END
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SUBROUTINE PINCH (YDJFKoKFJD)
I F(YD) 706 o 707t 707

706 YDm -VO
GO TO (75 2,753) KFJD

752 PUNCH 1681sJFK,Y6,,JFKtJFK
GO TO 754

753 PUNCH 166,JFK,YD,JFK,JFK
754 YDm-YD

RETURN
707 GO TO (755,756),KFJD
755 PUNCH 166,JFK,YD,JFK,JFK

RETURN
756 PUNCH 168,JFK,YD,JFK,,JFK

RETURN
166 FORMAT(6X 2H C t14,6H OFSET,F12 5/6X,2H C,14,6H R 1,8H 1.0/

C6X,2H C 14 ,6H R 2,8H- 1.0)
168 FORMAT(9X 2H C,14,7H OFSET- F11.5/6Xt2H C,14t6H R 1,8H 1.0/

C6x,2H C,1I4,61- R' 2,8H 1.0)
END

SUBROUTINE PROFL2(XDFDtEXPDI,TZPD,TZSD,EXPD2,X1 ,TD,TPDTSD,NCD)
TD-(X1+FD-XD) /Xl
IF(TD-.DOOOO1) 1,1,2

2 DIFD-EXPDI-1.
PROD=TD**D I D
TPD I E XPDI1*TZPD*PROD
TSD 1EXPDI*(DIFD*TD**(DI FD-1.)*TZPD**2+TzSD*PROD)
TD-1 .-TD**EXPD1

IFTD-.OOOO 1) 7,7,4
4 DIFD-EXPD2-1.

TOE XPmTD**D IFD
TPD--E XPD2*TPDI1*TDE XP
TSD-aEXPD2*(DIFD*TD**(EXPD2-2)*TPD1*TPD1-TSD1*TDEXP)
TD=TD**E XPD2
I F(TD-.0OOO1 )7,7,6

7 TD-O.
GO TO 3

6 14CD-1
RE TURN

1 NCD-2
TO-i.

5 TPD=O.
TSDuO.
RETURN

3 NCD-1
GO TO 5
END
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SUBROUTINE DIF2ND(XDXDPI,XDMIYDYDPIYDM1,ID,JDtRDAD)
AD-2./(XDP1-XDM1)
ZAmYOPI -VO
AD..AD*(ZA/( XDP1-XD)-(YD-YDM1)/(XD-XDM1))
iF(Ao) 800,809,808

808 RD--i.
GO TO 11

809 RD-0.
GO TO 11

800 RD-I,
11 IF(SENSE SWITCH 2)812,813

812 PRINT 158,11)DJD AD RD
158 FORMAT(2I5,F12.9,,FA.2)
813 RETURN

END

SUBROUTINE DERIVI (C2D C3D,CA+D,FXD,FZPD,FZSD)
FZPD-C2D+2 .*C3D*FXD+3 .*C113*FXD*FXD
FZSD=2.*C30+6.*CLID*FXD
RE TURN
END

SUBROUTINE DERIV2 (C5DtDIFD,FPDtFSD,FZPDtFZSD)
PROD-3 .*C5D*D IFO
FZPDmFPD+PROD*D IFD
FZSD-FSD+2 .*PROD
RE TURN
EN~D
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PASS 2

OPUATIMG INSTUCZIONS

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 Symbols

JPLS - The number of the last column produced in Pass 1,

JUL - Program indicator

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

UL - 2 if the surface is single splined in
the z direction

This value is equal to the subscript of the first
z value of a point of discontinuity

j 2 - Program indicator

JUL2 - 2 if the z direction is double splined

JUL2 - 1 if the z direction is single splined

This value is equal to the number of waterline
intervals between points of discontinuity

N-3
NJUL - This value (- + 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

N0 W Total number of rows in the matrix

For a double spline N-15W a [(-9j+ 4 RU +1

For z single spline NORMW a '[ 2)NJU]
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NCOWP - Program indicator

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

EXPi - The value of p in the profile function usually made
.3333 .

EXP2 - The value of r in the profile function, usually
3.0.

POINT - 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).

C(I) - Coefficients of the Theilheimer equation describing
the profile. There must be (M12) coefficients.
Straight lines or other curves may be used by making
all except the desired coefficients zero.

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

X(J) - Distance along the x axis from the origin of the
surface to Station J .

Z(I) - Distance along the z axis from the origin of the
surface to Waterline i .

FX(I) - The x coordinate of the intersection of Waterline
i with the profile

nZ(J) - The z coordinate of the intersection of Station
J with the profile

FPZ(I) - The first derivative, with respect to z , of the
profile equation at Waterline i .

FSZ(I) - The second derivative with respect to z of the
profile equation at Waterline i
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RZ(I,J) The sign of the second difference of the Station
Curve j at Waterline i . This will have the
opposite sign from the actual second difference.

RX(I,J) The sign of the second difference of Waterline
Curve i at Station j . This will be the opposite
of the actual sign.

Input Data

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 15
Variable JPLS JUL JuL2 NJUL M N MS NS 1

Format (continuation
of Card 1) 15 15 F15.5 115.5

Variable MOROW NC014P CURV RKS

Format F15.9 F15.9 F15.9 F15.9 2
Variable EXP2 COST POINT EXP1

Format F15.9 F15.9
Variable X(I) FZ(I) 1st card/set

Next
Format F15.9 N Sets
Variable RZ(I,J) M Cards/set

Format F15.9 F15.9 F15.9 F15.9
Variable Z(I) FX(I) FPZ(I) FSZ(I) 1st card/set Next

Format F15.9 M Sets

Variable RX(I,J) N Cards/set

Format F15.9 Next
Variable C(J) M+2 Cards
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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.

Finally, the last card in the deck is punched "9OF."

After the input data for Pass 2 is removed from the Pass 1 output,

the Pass 2 output is placed directly behind the Pass 1 output. The

deck is now complete and ready for input to LP-90

Sense Switches

No sense switches are used.
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SAiMPIB POIKI - Pass 2 Input Punched by Pass 1

* * SAMPLE INPUT * *

50 3 2 5 5 5 4 4 26 1 0.00000000
.00100000

.33333333 20.00000000 .07843137 3.00000000
0.00000000 2.60400380

20.00000000
20.00000000
1.00000000
1.00000000
1.00000000 .90136719
1.00000000

-1.00000000
-1.00000000
-1.00000000

2.00000000 0.00000000
-1.00000000
-1.00000000
-1.00000000
-1.00000000

3.00000000 0.00000000
-1.00000000
-1.00000000
-1.00000000
-1.00000000

4.00000000 0.00000000
-1.00000000
-1.00000000
-1.00000000
-1.00000000
0.00000000 1.52935000 -. 58730000 0.00000000

20.00000000
20.00000000

1.00000000
-1.00000000
-1.00000000

1.00000000 .94205000 -. 58730000 0.00000000
20.00000000

1.00000000
-1 .00000000
-1.00000000
-1.00000000
2.00000000 .35475000 -. 58730000 0.00000000

20.00000000
1.00000000

-1.00000000
-1.00000000
-1.00000000
3.00000000 -. 23255000 -. 58730000 0.00000000
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1.00000000
-1.00000000
-1.00000000
-1.00000000
-1.00000000

•.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
0.00000000
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F1W DIAGRAM - SMDIG 2 - PASS 11

790

CoST,POINT,

SAP I,

~31D

X1 IPZI

DO UZ
T. &,14

DO 33

PPI *IFS-

?0 3 2AD
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ML*M*l
00 too
:. iML

, too

PJAO*

00

ZCOL slCOLYx. NS/L 
X SECOND DIFFIERINCIS

Ix. I'm

76
.71, Js +.T .1

DO 48-P
Is I

RX

S+Ok

PUNCH:
1, cuitv

i

IROW* 2
ZSTRTA I

Solt
1"Icamal YES pupa. -1 60 -fo PROVE 2)

PLIM GL a SUSWOUIT11411

c
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60TO Div I
6USNA)UTIML

liflOW.IRQW+l I

60 TO Sabi? a
susitouTifta

140

Vas

!+502,(rs

IIROW-IZOW+ I I

i

Posos

a,,,,

< 
IS 

K.Ll 

2 

Ho

YES

73 'IS

Dw. 
At- x r-

75

60 To stow L 
lz ;,I ho

ro,-u 05 uwl,ýLrvomwwi -
XRS

505
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DO 79

+

Fwas

u

&o To foxvir i
SUSSOUTINC

WW.Iitovj + I
"bir I
) 14

00 5 i rILRO m L

lltowulozw+ I

0078
K. 3,1,2

r. K42?

Its

1+?,Es

bw.lkt.XK

76 79
CON'rimug

Go -ro somp 11tow. Iltow + 1 00 LOOP
su

(ý b"Weig 76T ATZD ATOD
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ISTZIPAL.

as0-715til",
bo 9dp

LOUL, ZZ
SUU

16 L< ZZ? No

vas

511+

r6TRT ISTRT + KJOL

I NOW ISTRT

s
11tow xWW + I Go To nir Iwg

6-0 TO, SILLOW a
sussou-nuit

Itow.

DO es +
K.Al z

%0

m aAt

14 -W- *1

00 TO Saw L

V a7

DO LOOP co
MILT90 It
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DO no

i'm

I

bom
ZZ-3UL,14,IULL.

ISSI

10.0"P. 1
Palo. Zia

v5s

VIS

536

Vwx ItIAL1,12
PZD . 3L&z
Foa . vxZ
Pupa :rp3Lz
FUSZ Fs%

S6,2 i 
S62

r 00 TO PWFL L PVKH -
m ROUT114Z

On 2
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564

NCOI4PwI Vail, ICSIXTS I

L

00 TO sgblp4
sualtouTI(At

yas

No >ý
$49

t-9

IIKOW.ISTRT+i

I

DO 570
IIrwIt a 1, 3

PROOM

rwit xpwIt

Coo To S920 4
susitouTINg

570

low I&OvJ+j

is Z> "0 K

Us

571

bo STZ
K 3,1,t

1.0.0-2 B-173



kAl

No

604

Pwbu

"(X,-.AK)3

3tj.rjt4
'ro Maw

Susftouflme

57L

l=W.lDW+i

666

IWMTS

LK 

UM +143V 1.00-1

/--Go To s&mv, 5
SUILROUTIMS

is Is,? IM

KO

DO 574FRIDW a t$Txl"+ I IxrWIL 1,1

ro :11uqtGo To mig 5
SubwouTma

1;976

2v4w.lRDw+ I
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is r a ? V40

yes 90
00578

11 K.1

No

G"+M

Potob

sualtouTt"t

* 
Go 

To 
SaDw 

5

576

TROW.19A)W+1

5"

14 
ISTWTV

ISMT + 14 SOL

Go To Sgl)lr
SUBROUT I "a

S79

ISI. I YC6

" t4aset a

IIIAMSIrm +I 11towallLow+1 I

bo sez Mobs GO Tot

Pw sualtouTtle
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bo 9117
p 1,> 3? 00 i's

vu

583 YUJI>

satolf

Govo st Div I
YIS 

subsou? 
lym

Isic.17 -yell--Illp 
7 lym Iff

SST
No

I & MOW + I

m YES so "9

Goro sgbipfi
SUBROU'ring 4M-Sý

597
*584584 

No is K.I?

illow.lww+l PWR(h xjt)ý YES

550 Go TO &&Dip I
TZ SUSWOUTIMIt

ROW BMW+ I
60 TO filliff a -xg)l 0 YESSILDIP .2- "tSU&POUT ItAll ,Me

i

T-RbS 

Iww+ I

SbS 
v

is YES

VlaMo Sol140

5" 
ism*

AM I +

I

DO 592
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16 K.ZZ? V86 T 15 K$.Z? yes

No No
&7tý &-0.600

'86
PROD.

DIP& Fab-% IC I 
'I

do To swDir L 60 10 sevip I
busmourlNe SUSMOUTINg

999

1'.1.1 .7 vas lrlcw.tRow+l

607 as

ITAOWSZSTILT+j 
XSTILT+W3UL

i 
III

00 (Do$ 
TW7+l Nco"P. I

PROCIL 
v S"CMD

A C06T CAVO

GO TO Sept!; a Do 412
SUBROUTIMS XMI'MoRow

60 *6 
1

llow.11tow.+1 PUNCH
lRl4S

is No PL44LW , GOP*
&PRINT lNitit

its Now DATA M"A"

S98 WO
tag

DO G" bo 5"
KI 3,1,2. 3,ZZ TH PAUSS
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For Flow Diagram of Profile 2 Subroutine, See SMOG 2, Pass 1

SUBROUTINE SEDIF I(r'DTPDTSD,DJROWDJDPWRDIROWý

THIS SUBROUTINE. COMPUTrESIROWD=JROWVD THE 2$D DERIVATIVE OF

THE STANDARD CUBIC USING
SEDIF4,SED1FS, 4 SEDIFG

0 TOSU.F SUBROUTINES

U10OUTI0K-
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SUBROUTINE SEDIF2(DIPDTD,T PD,-rsDPwRtD,IRoevLvD)

IWRM-(3tPPD*TD+3*TPD*DD2**-+(SD.*DwD*w3)/l) ~PR

--TSIGN WRM ISTHZU.tPDERIVA11W
~U5ROTINEFOR THE THEILt1EIMER TERM
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SUBROUTINE SEDIP3(IXKD, FXDPPRDIROWD, 3St)

IEXDUIXDI

WRM-(EKXD*FXO4E*(3IXD-I)-F)(O**IKD)* PRO

WRM IS TH ZU2 DERIVA'TIVE
FOR POINTS ON THFE
PROFILE
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SUBROUTIMiE sEDIF4(TSDPWRqDa, IOWID)

0 TO SIGW
USUROUTI
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SUBROUTINE SEPI FS (T PD, TSDJ XD., PW .Dd-T, 3D to 0RW)

RTh
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SU8ROUTIhiE SEDIF4 (TPJTPD, TS DJXD, ID, PWRZD, IRZOW V)

AR

WRM .(TO (TSDA'$D*4) /3g- t*IPD I.XD)*WR)

GO TrZON
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SUBROU-TINE SI6N (J'W, W, WAM)

THIS SUBROUTINE PUNCHES
"THE 'Zmv DERIVATIVE FROM
THE SEDIF SUBROUTINES,
ALONG WITH THE IDENTIFYING
5UBSCRIPT NO'S I J, IN
PROPER FORMAT

3S71

1u.0.0H -+ WA

IF J7O

I•WA•aWAM41
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FORTRAN LISTING

C SMOG2 PASS 2 DUAL X OR X AND Z DBL SPI. WITH PROFILE

1) DIMENSION RX(11,15),RZ(15,11) ,FZ(11),FX(15)oX(15),Z(11),y(11,

DIMENSION FPZ(11)oFSZ(11)oC(13)
750 RE AD 180,JPLS JUL JUL2 9NJUL MoNlMSoNSoNOROWtNCOMPoCURVqRHS

READ 181 EXP2,C0SIf,POINToEXAI
DO 32 1-fN
READ 181 X(I),FZ(I)
DO 32 J-1 M

32 READ 181,AofiJ
DO 33 1-1 H
READ 181 f(I).FX(I)oFPZ(I).ISZ(I)
DO 33J-N

33 READ 181,RX(itJ)
MLuMe2
DO 100 J-1 ML

100 READ 181 C(J)
c * J X SEC DIFFERENCES * *

J X-NS/2
DO 88 IZ-1,M
I-1
JS.JPLS~1
JF=JS.JX
DO 87 JmJS JF
I F(RX(lIZ, IP520.)5O1 ,87o501

501 PUNCH 171 ,J,CURV
I ROWm2
ISTRTm2
GO TO (5039504)oNCOMP

503 FUPZm-1.
FUSZ-O.
CALL PROFL2 (X(I),FX(Iz),EXP1,FUPZoFUSZEXP2,POINT,T,TP,TS

,NCOMP)
504 PWR-RX(IZ 1)

CALL SEDIh1 (TvTPqTSqX(I)*IROWtJqPWRqIROW)
I ROW-I ROW+1
CALL SEDIF2 (X(I)$TtTP*TS*PWRvIROWvJ)
IF( 1-3) 759,75 502

502 IROWmIROW+1
DO 505 K=3 1 2
IF(KI) 73 S575

73 DIFmX(l)--X(K)
CALL SEDIF2 (DIFtTgTPOTSoPWR*IROW*J)

505 IROWmIROW4.1
75 IF(IZ-1)87t87o76
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76 DO 79 NPWRn1,3
I STRT- ISTRT+NJUL
IROW-ISTRT
PWR-RX(IZ I)*Z(IZ)**NPWR
CALL SEDtPI (TtTPtTStX(I)oIROWvJPWRIROW)
I ROW- IROW+1
CALL SEDIF2 (X(I)vTtTPtTSqPWRvIROWsJ)
I ROW I ROW+1
DO 78 K=3I1 2

CALL SEDIF2 (DIFvTvTPtTS,PWRoIROW,J)
78 I ROW-I ROW+1
79 CONTINUE

IF( IZ-JUL)87 0179511
511 DO 86 LmJULqIZjJUL2

IF(L-IZ)512P87987
512 I STRT.I STRT+NJUL

IROW-ISTRT
PWR-RX(IZ 1)*(Z(IZ)-Z(L) )**3
CALL SEDIPI (TtTPqTSvX(I) *IROWtJ,PWRIROW)
I ROW I ROW+l
CALL SEDIF2 (X(I),TsTPsTSoPWRqIROWtJ)
I ROW- IROW+1
DO 85 Km31 2

84 DIF-X(I)- (K5
CALL SEDIF2 (DIFvTvTPvTStPWR*IROWoJ)

85 IROW-IR0W4.1
86 CONTINUE
87 1=1+2

NCOMP.1
88 JPLS-.JF

C Z SEC DIFFERENCES * *
DO 110 I-1,N
DO Ill IZ-JUL MqJUL2
GO TO (550 551b NCOMP

550 IF(RX(lZoI5-20.5556.111,556
556 PRRZ(I IZ)

FZD-Z( IZ1
FOZ-FX( Il)
FUPZmFPZ CIZ)
FUSZuFSZ (IZI

562 CALL PROFL2(X(I),FOZ.EXP1UFUPZ.FUSZ.EXP2.POlNT.T.TP.TSt
NCOMP)
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GO TO 563
551 PWRuRZ(I IZ)

FZD-Z( IZ5
563 PUNCH 171 J CURV

GO TO (5643,65)*NCOMP
565 ISTRT-2+NJUL

GO TO 566
564 ISTRT-2

CALL SEDIF4 (TSoPWRoJoISTRT)
567 IF(-1)569 5680569
569 IROWmISTRT+1

DO 570 IXPWRm1 3
PRODmPWR*X( );I XPW
CALL SEDIF4(TSOPROD*JoIROW)

570 IROW-IROW+1
I F( I-3)56895689571

571 DO 572 K-3 1 2
IF(-I 604.598,604

604 PRODmPWR*(X(il)-X(K))**3
CALL SEDIF4i TSePROD*JtIROW)

572 IROW=IROW~1
568 I STRT I STRT+NJUL

CALL SEDIF5(TPTS FZDPWR,JtISTRT)
573 IF(1-1 )575t566:579
575 IROWmISTRT.1

DO 5 76 1 XPWR-1Ip3
PROD-PWR*X( I)**I XPWR
CALL SEDIF5 (TP,TSoFzDvPRODvJrIROW)

576 IROW-IROW~e.
tF(I-3)566v566s577

577 DO 575 Km3*I 2
I F(-I 605,5L69605

605 PROD=PWR*( XCI)-X(K) )**3
CALL SEDIF5 (TPsTSsFZDpPRODqJtIROW)

578 IROW-IROW+1
566 I STRT I STRT+NJUL

CALL SEDIF6 QToTP TStFZDoJtPWRIIISTRT)

5~ 1IOW-ISTRT~1 58
DO 582 IXPWR-1 3
PROD-PWR*X(1I);41 XPWR
CALL SEDIF6 (TsTPtTSvFZDvJvPRODIROW)

.582 IROWmIROW+l
IF( I-3)580,58Ds583

583 DO 584 Km3 1 2
IF(K-I )606,560,606

1.0.0-2 B-187



606-PROD-PWR*(X( I)-X(K))**3
CALL SEDIF6 (TqTPoTS*FZDvJoPRODtIROW)

58k IROWmIROW41
580 I STRT- ISTRT+NJUL

CALL SEDIF2 (FZD TtTPvTSsPWRjISTRTqJ)
585 IF(-1)586959095A6
586 IROWmISTRT+1

DO 587 IXPWR-1 3
PROD=PWR*X( 1)41XPWR
CALL SEDIF2 (FZDoTtTPoTSgPROD*IROWJ)

587 IROW-IROW+1
I F(I-3)590,590,588

588 DO 589 K-3oI 2
I F(K-I 597 5 0597

597 PROD=PWR*(X( I)-X(K))**3
CALL SEDIF2 (FZDqToTPoTStPRODtIROWtJ)

589 IROW=IROW+1
590 IF(IZ-JUL)591,111.591
591 I STRT I STRT+NJUL

DO 592 K-JUL IZ JUL2
IF(K-IZ)593 111,593

593 DIF-FZD-Z(K$
CALL SEDIF2 (DIF T TP*TSoPWRoISTRTtJ)

1 IF( 1-1)607,592,667
607 IROWwISTRT+1

DO 608 IXPWR-1,3
PROD-PWR*X( I)**I XPWR
CALL SEDIF2 (DIFvTTPqTSvPRODlIROWqJ)

608l IROW.IROW4+1
IF(I-3)592 592 598

598 DO 599 KJw.JI
IF(KJ-I)600 ~26

600 PRODwPWR*( 41 )-XKJ))*
CALL SEDIF2 (DIFvTTPTSPRODvIROWvJ)

599 IROW. IROW+1
592 I STRT I STRT+NJUL
III J.J+1
110 NCOMP.1

PUNCH 174
PUNCH 175 COST
DO 412 1-1 NOROW

412 PUNCH 177,1,RHS
PUNCH 176
PRINT 178
PAUSE 751
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GO TO 750
171 FORMAT(6X 2H C 14,6H OFSET,FI2.5)
173 FORMAT( 1Hr9.5X,47H

174 FORMAT 7HFIRST B)
175 FORMAT( 12X 6H R ItFI2.5)
176 FORMAT(NHEWF)
17' FORMAT( 12Xt2H R.14.1H vF11.5)

FORMAT(28HENTER NEW DATA - PRESS START)
FORMAT (1015,2FI5.9)

181 FORMAT (RF15.9)
END
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SUBROUTINE PROFL2(XD, FO,EXPDl TZPD,TZSD,EXPD2, XI , TO ,TPD,TSD,NCO)
TD-(X1+FD-XD)/Xl
IF(TD-.OOO0i)1 91,2

2 0 1 F'DEXPDi-i .
PRUD-TD**D IFn
TPD1I-EXPD1*TZPD*PROD
TSOl1EXPUi*(D IFD*TD**(D I D-i )*TZPD**2+TZSD*PROD)
TO= I .-TD**EXPD I
IF(TD-.OOOOi)7,7,4

4 DIFD-EXPD2-i.
TDE(P-TD**D I FD
TPD'm-EXPD2*TPDI *TDEXP
TSDumEXPD2*(DIFD*TD**(EXPD2-2.)*TPDI*TPDI-TSDI*TDEXP)
T~i.TD**E XPD2
IF(TD-.OOOO1)7,7,6

7 T~wO.
GO TO 3

6 NCD-i
RETURN

1 NCD=2
TO-i.

5 TPDw.0
T SDm0.
RETURN

3 NCDm1
GO TO 5
END

SUBROUTIN~.E SEDIFi (TD,TPD,TSDXD,JROWO,JD,PWRD,IROWD)
I ROWD-JROWD
CALL SEDIFM (TSD,PWRDJD,IROWD)
I ROWO- IROWD+1
CALL SEDIF5 (TPD,TSD,XD,PWRD,JD,IROWD)
I ROWD I ROWD+1
CALL ';EDIF6 (TD,TPD,TSD,XD,JD,PWRDIROWD)
RETURN
END

SUBROUTINE SEDIF2 (DIFD,TD,TPDTSD,PWRD,IROWD,JD)
WRM-(3 .*D IFD*TD+3.*TPD*D IFD**24.(TSD*D IFD**3) /2.)*PWRD
CALL SIGN (JO, IROWD,WRM)
RETURN
END
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SUBROUTINE SEDIF3 (IXDsFXDtPRD, IROWDoJSD)
E XD I XD
WRM.(EXD*FXD**( IXD-1 )-FXD** IXD)*PRD
CALL SIGN (JSD,IROWD,WRM)
RETURN
END

SUBROUTINE SEDIFL (TSDPWRDoJD, IROWO)
WRM.(TSD*PWRD) /2.
CALL SIGN (JDtIROWDqWRM)
RETURN
END

SUBROUTINE SEDIFS (TPDOTSD,XD*PWRDtJDIROWD)
WRM-( (TSD*XD)/2.+TPD)*PWRD
CALL SIGN (JDIROWD,WRM)
RETURN
END

SUBROUTINE SEDIF6 (TDoTPD,TSDtXDoJDtPWRD91ROWD)
WRM=TD
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)
IF( WAM) 3709373,371

370 WAIM-WAM
PUNCH 169,JW, IW,WAM
RETURN

371 PUNCH 167tJW, IWWAM
373 RETURN
167 FORMAT(6X,2H C 14 2H RI14,1H-,FI1.5)
169 FORMAT(6X,2H CI4,2H R,14,F12.5)

END
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Section III

SMOG 3

The purpose of the program named SMOG 3 is to generate a matrix with

the following chbracteristics:

(1) Primal formulation

(2) Sum of the deviations fit

(3) Double splined in the x direction

(4) Single or double splined in the z direction

(5) 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. The first part

cunsists of the deviation constraints. The second part is the curvature

constraints.

The deviation constraints have the form:

(a) Y(xipzj) + SiJ - QJ 0 YiJ

thus offset (1,3) Fig. B-4 would have the constraint:

(a) (a -b ) + (a b- 201 0 1)x 3  (a 02  0b2 )x3

+ (a 0 3 - b0 3 )x 3
3 + S 1 3  1 Y1,3

where a -01 b - AO0

a02 b b02 A 02

a 0 3 -b 03 A03
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The curvature constraints are the same as those of SMOG I and SMOG 2

(b) r jj f"(xizJ)xx > 0

(c) r ij f"(xizuj)sz Ž 0

A tableau of rb, Datrix is given in Fig. B-6. The positive identity

matrix corresto iding to S iJ is always used to provide a basic feasible

solution, and SMOC 3 provides the basis headings for this purpose.

Data Assembly Instnuctions

Before the data punched by Passes 1 and 2 of SMOG 3 can be used, it

must be rearranged kccording to the instructtions which follow:

Pass 1

(1) Be sure Pass 2 input data has been removed from behind the

outptut deck

(2) Remove thp first four cards from the front of the output
decl. 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.

Set the cost row elements aside.

Pass 2
(1) Remove the last two cards from the output deck. These are

punrch.d FIRST B and 3O0

(2) Place the Pass 2 output deck directly behind the Pass 1
Output deck.

Pass I 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 reject hopper. let these aside.

(2) Sort the combined deck on Column 25 with the edit off. The
basis huading cards will fall in the reject hopper.

(3) Keypunch a card with BASIS in Columns 1-5 and place in front
of the basis heading deck.
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(4) 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.

(5) 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

VATRIX

(6) 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.

(7) Put the First B card ahead of the right-hand side deck and
the 301 card behind it. Then put this deck behind the combined
output decks.

A fully assembled output deck combining the sample problem of P~ss 1 and

Pass 2 is given iumediately following the Pass 2 sample output listing.
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SMDG 3 PASS 1

OPIBRATING INSTIUCTIONS

Pass 1 of SMOG 3 calculates the second differences of the offsets

and t"te intersections of the profile with the waterlines and stations.

It then punches the deviation constraints for the matrix. The

program is written in FORTRAN II for the IBM-1620 computer.

Fortran Symbol Definitions

- 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.

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(I) - Distance along the z axis from the origin of
the surface to Waterline i .

Y(',J) - Offset of the surface at waterline i , station j
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 NMA - +1, scaling and translating are done by
-* the program as given in Section II

SK - Scale factor for X(J) when these are read in

TI - Translation factor for X(J) when these are read in

SZ - Scale factor for Z(I) when these are read in

TZ - Translation factor for Z(I) when these are read in

(
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RIS The cost on the slack variables associated with
the deviation constraints. Usually made equal to
1000

CURV - The cost on the non-slack variables. Usually made
.001 .

NAB - Program Indicator

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

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

COST - Used in Pass 2. A zero value must be given

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

EXP2 - The value of r in the profile function, usually
3.0.

POINT - 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).

C(I) - Coefficients of the Theilheimer equation describing
the profile. There must be (W42) coefficients.
Straight lines or other curves may be used by making
all except the desired coefficients zero.

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 Maximum

N 3 15

M 3 11

In describing the various data cards, the actual PORTRAN format

field description is used in most cases. These fields come con-

secutively across the card with no Saps or blank columns between,
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except where indicated. The field descriptions are the FORTRAN 7

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 nWt punched on the data

cards.

Contents of Card Crd No.

Card Columns 1 2-12 13-53 1
Contents * Blank Any alphameric problem

heading (This heading
will be used for identify-
ing the problem on the I,
output)

Format I5 15 11.6 111.6 2
Variable NA& NHA POINT COST

Format 15 is 111.6 111.6 111.6 111.6 3
Var iab le M N CUKV RNS 31•1 302

Format 110.4 Next
Variable C(I) W+2 cards

Format 110.4
Variable Z(I)

Alternate Cards:

Format F10.4 F10.4 Next
Variable X(J) Y(I,J) I

N cards
Vralper gNoup

Format 110.4 15 15 15
Variable X(J) lAY IBY ICY

This arrangement can be stated as follows: The first card of each
set gives the height z 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 710.4 F10.4 110.4 710.4 Last Card
Variable SX SZ TX TZ

(This card is entered only if •AL -1)
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Outrut

All of the data necessary for the deviation constraints in the

matrix are punched by this program. The first cards punched

contain the heading, "3OR ID," "1O831"' (this is the identification

of the cost row) and "HATR3I."

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) The row identification for that row

(2) The right-hand side element for that row

(3) The costs of the two slack columns associated with
the row

(4) The slack elements

(5) The basis heading card

This output must be sorted, together with the output from Pass 2,

before being used with LP-90 . The sorting instructions are in

the section called "Output Assembly."

Sense Switch Settinas

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 - O1 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
remains in storage for later use with
Pass 2

1.0.0-2 3-200



UMPMZ PNOSIZM

The following sample problem is a five-station by five-waterline

set of offsets taken from the DLW-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 z direction. Only the output from

Pass 1 in the order in which it was punched is listed here. The output

from Pass 2 is included with the instructions from that program. The

sorted, assembled, and combined outputs of Pass 1 and 2 is listed after

the Pass 2 output.

(1

1.0. 0-2 5-201



SANIUZ PUSI, Nit SMOG 3, PASS 1

* * SAMPLE INPUT * *

* TODD DLG 5X5 END PROFILE X-Z DBL SPL-12/3/62
1 -1 1. 0.
5 5 0.001 1000. 3. .33333333

1.52935
- .5873
0.
0.
0.
0.
0.

.0000

.0000 .000000
12.7500 1.041666
25 .5000 2.458333
38.2500 3.874999
51.0000 5.333333

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 4.583333
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 .708333

12.7500 2.416666
25.5000 4.322916
38.2500 6.416666
51.0000 8.583333
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* TODD DLG 5X5 END PROFILE X-Z DBL SPL-12/3/62

END PROFILE INTERSECTIONS

WLINES

1 1.529350
-. 5873 0.0000

2 .942050
-. 5873 0.0000

3 .354750
-. 5873 0.0000

4 -. 232550
-. 5873 0M0OO0

5 -. 819850
-. 5873 0.0000

STATIONS

1 2.604003
2 .901367
3 0.000000
4 0.000000
5 0.000000

2ND DIFF - WIINES

WL STA NORM VALUE SIGN

1 1 OUT OF SURFACE
1 2 OUT OF SURFACE
1 3 -5.176766 1.00
1 4 :041668 -1.*00
1 5 .041668 -1.00
2 1 OUT OF SURFACE
2 2 -37.680848 1.000
2 3 .0411667 -1.00
2 4 .114584 -1.00
2 5 .114584 -1 .00
3 1 OUT OF SURFACE~
3 2 -,963248 1.00
3 3 .104167 -1.00
3 4 J1483 -1.ý00
3 5 A148W -1.*00
4 1 .00"3 1.000
4 2 20833 -1.00

143534 -1.00
(4 4 453¶s2 -1.00

4 5 .114582 -1.00
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0

5 1 .927938 -1.00
5 2 .17917 -1.00
5 .1•7500 -1.00
5 4 .072917 -1.00
5 5 .072917 -1.00

2ND DIFF-STATIONS

STA WL NORM VALUE SIGN

1 2 OUT OF SURFACE
1 3 OUT OF SURFACE
1 4 -. 439121 1.00
1 5 -. 439121 1.00
2 2 -3.216759 1.00
2 3 .072917 -1.00
2 4 .312500 -1.00
2 5 .12500 -1.00
3 2 :041667 -1.00
3 3 .187500 -1.00
3 4 .06250 -1.00
3 5 .406250 -1.00
4 2 .062500 -1.00
4 3 .281250 -1.00
4 4 .499999 -1.00
4 5 .99999 -1.00
5 2 .041666 -1.00
5 3 .312500 -1.00
5 4 .583334 -1.00
5 5 .583334 -1.00

( )

1.0,0-2 1-204



4A

-4

"I NJ0 0 0 00 0e

OD~ 00000000 0~ 0000000000 m 0

0t M 00000000 *0000000000 frf 0
4 0 0 0gggg 00 0OO ponoggsgco o

IZ00 C14Nl 00
W00 00

In 1. 4 I 4 4 04 *4 0 0 I I~
I u i ,.- ** ** * ** * ** fuf'f

I D L IL. .U. U

In 0 ni n0 AA



000000000 N 000000000000000Q000000000
000000000 0 0000000000000000000000000000000000 •- 0000000000000000000000000

000000000 * 0000000000000000000000000
00000000000 N00000•0000000000000000000000

0 0 .0 L* * m 01. 0 0 n0f -f-t r- NF ý -? -f -f-p -NP - *

kA00

U. U.
oofawaofo0 wowww ww &eoawawawwww o oee

ZP -- NF -N, -M N Onn f
% A ILA %I k N N N N N N N N "I M M

*1



000000 - w w w w 000000000000m000000000000
0000000 LU0 0 0 0 0 0 00 0 0 0 0 0 0
0000000L U.o o o o o o oo o o oc oe

000 00 MCC wwo mm a 0wwwat0w wa w0 a=wMa ax 0ww000wa
00000000 01*m - -N '0 0000000000000000000 m ýn 00000000 u

tn fo ** %n in 0 * * * O 0 * I*



I ~ ~~~~~ I0 0 I I00 0 0 0 0 0 0 0 0 0 0 0 0

00000 0 00000000000000000000000000000

*- im6 . 6 *o.. * inOg ** h N ** SVS N* O * * *Y C4C4C CC oF

Quu000 0 000 0 % u QQ0 QQuQ0 0 Q
00000 NN

•ww

S.. . . . . . . . .. . . . . . . .



Iin

00~n0.0000000- 0 a 0 0 0 0 0 0 0 0 0 0 0

I ~ *00* 60NM 0 0 0OP Mo a- N0 N0 Nn0 001mo 0- 00m a 0-r cc C M Aml 0 nmr ~ 0 -- 0 -- 0 10- yNc

00

I I I I I I I I I I 1 1-1sow



o0000000000000000 - 00000000000000000
0o0o0000o00000o0o0 *0000000000000000000

ooooooooooooooooo O oooooooooooooooo

---- --------- ------------------

Nl N N N N) 9 rvl 9 N* 00'000 -- -- - -- ýNN

(.13441



Ooooooooooooooo •o 0000000000000000000
000000000000000 - 0000000000000000000

# k ooooooooeooool olooeo~oooooooooootooooo0

00

c% N NNNNNJI. N N mn mmomAMAIn m'n In 'In
-------- ------- -- ---------

LL LL

w ~ ~ ~ N)~~~ %Cwaw ww00a :aw cwaw wa awwww

4 ~Q ' W~J L 0 Qr WQNAný m DF w0I C 0kJ1 %-w Nm P-Q N

( /.e..."



I i
if

fn fin M fno 0 0 CY %A

----------------------------
JA k4f)

LL tL
a( af cic of (x at LY (z ag or cc 0 0 9 a w 9 a w a a w cc 9 w at 9 w w w a a w w w cc a 9 w a 9
4 p- w N on 4 0 a f- w r- w S- 0 fý 0 %n 4 1- M 0. 0 N M 0 0 4 r- M Go, 0 M
NNN

-- WOO



000000 0000In0000 Oil 0 0 00 A00A00,0 LI

NNN (~C 0 -a-lp-1



ooo oo oo ao oo oo oo oo * 0A00000000
o o o o c o o o o o o o o e ;e o oo .0 00000000

0000

~U Q~ tJ I . WOUQOQQVQ.UUU



o '0 000000000000000000000000000000000
I 0 - 000000000000000000000000000000000

*0 0 000000000000000000000000000000000
000 r•ooooooooooooococ0ooo00o0oooooo0o0o00--0

* 00

10o
1 I I I I I I I I I I I I

-- -- -- -- -- -- -- -- --- ---- ------

WIN F-

* .N.N.'. - - -. r•~* *



00000000000000 000000000000000000000000000oo00ooooo 0 00ooo000000000
0oooooo * 0ooooooooooo0oo0000o00000o
ooooooooo sooooooooooooo~ooooo~ooooooo~o

00 ~ ~ ~ tNCY N~f~l
P-Fofeoooe wo mmo w w mm m om 0 w wo ooww w wo wlW0 -

P- f I--- -- N N N- N N -N -MM
UQOQQOQQQO

** *o --- ,w



ooooeoooooooooooooooooe 0 00000

ooooooooooocoooooooooooc '00000

N0** NN0**NNNN NN 00
.14N N . 00

-- WW-- N N N N

-- o- - o a - NM-- - -0- - 0. 0- -- - -0,0?- Mo -0 Co LU - ý M- N 0, N NNN

mm mM ti Ia .ýJ A% al Go coI--



0000000000000 0LM0000000000

000000000000aco00000000000

I0-- 00 NCJN N Vc o N
- CV N00

w I m i w w i w w w 0. 0. Ol 0 l OI a,0I.0 ,a %0 .0ý0 ýo .0 .0 1
- - - --- - --- -- -- --- --- - --- --- -

VA 4



I.0 44C 40 ;C 44 :0 Z1,j;; I 4499a ;C zO,0 044I

000 00 000 00 000 0 000, 00 00000ol0000000 00100

I '0 ~ **0~O.NN **NNN 00 0 0N -



0000 OD 0000000000 '0 0000000000000
0000 n, 0000000000 '0 00,00000000000
00 000000000 '000000000000000

00 00

U. U. U. L..

00.N N. CV-r~~V1f -N M 6% 0 - WN M 0,0 1.-
I ~ ~ C ON*D OD OD -0 CO-

uowQQuuwu u~UUU uuouuuuuoo)uu

0IL



0000 C~200000Q0000000004 0000000
000000000000000000000 O~ 0000000

0000000000000000000000000000000

*** ** *4,~ 0 00

I0 04 O'04.ON'04O 0
00

NN N~vmNNNfn t n m to" MOO 4 T44 4 MmmN

NNNC4N NNNNN NNNNNN WWNC% NNCu4N NNCe jN



00000000000000000000000000000-000 0 0
00000000000000000000000000000000 ' 0
000000000000000000000000000000000 *M 0
000000000000000000000000000000000 Q 000000000000000000000000000000000000 *000

* *o * e o o S S o o o oSSSS SSSo So 5 9 *o @ o So o S S S o o

, ,0 - , -'

-- -NN Afl0



- --i - t

~ - -~ -- -- - - - -N N N0 'Ov N~ *y N 0~ N N fn' n *~ fn mm 0n 'n r~ *n m 4 o 4



00000000 c 00000000000000000000000000
00000000 0 00000000000000000000000000
00000000 N 00000000000000000000000000

040000 1-10 44$oL 0 %nI 000l00000&M0LIM000

SA W

f- 0.000. N M 4 0

- -a --
1.0 , -

I *** **I-~ * * U~U+b f



N 0 0 0 00N N 0 0l 0 mMNN000000

PA00I00%A000W)00004A0W00000 00 V0000000 %
*U U. CL LL U. * *L** *. * S U.4C *9.9 C . U. . . I U

eq ~ ~ Fr m m*)mr nP )i Aq l o - -

~0- Nj Q~.~ 0 !-. Q t 0 t - N rj * u u 0 t 0 0 u u Q u -i N tj Q u f 0 u ' u 0 u0~ ow 0



00 000000000000 0000000000000 000000000

I 0oo00000000000000000O00o0000 00
00000 00000 0000 000 (0000?000000 00000000

00N00 00 00000 00 00 0 0000000000 000000000

000000000000000000000000000000000000

WWWW6.W•WW J WWW-.UJ9-WLWW WW
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FORTRlAN LISTING - SMOG 3, PASS 1

C SMOG3 PASS 1 PRIMAL SUM OF DEV X OR X AND Z DBL SPL WI PRFL
DIMENSION RX(11 ,15)oRZtI5,11 )oTRM(l50)9 IRW(250)tFZ(11).FX(15

DIMENSION X(15).Z(11),Y(11 ,15).WL(15,11),IWL(15),C(13),FPZ(l1

CFSZ(11)
COMMON JPLS JUL JUL2 NJUL M NvMSNMSs 4UCOoLNCOMPqCURVo COST
COMMON EXP2,COSf*,POIN'T EX*1,IWW ICOL
COMMON XOFZ,RZoZs,FXoFPiIFSZRXot

C* * INPUT * *
750 READ 173

PRINT 173
READ 150 NAA NAB*PDINT COST
READ 150,MtNCURV.oRHSvfXPI EXP2
ML=M42
DO 751 1.1 ML

751 READ 1154oC 1)
NCOMPO1
NL.N+1

NS-N-l
MSw-Mim

DO 2 Iml M
READ 15L4,Z 1)
DO 2 J110N
IF(SENSE SWITCH 3)802v803

802 READ 183,X(J)oIAY,IBY, ICY
MAY I AY
BBYmIBY
CCYNmICY
Y(I J)-AAY+(BBY+(CCY/8.))/12.
GO iO 2

803 READ 154,X(J)oY(IvJ)
2 CONTINUE
I F(NAA)393,4

3 READ 154,SXOSZOTXTZ
GO TO 508

TZ=Z (1
TX'X(1)

C * * NORMALIZING* *
508 DO 26 Jul
26 X(J)m(X(J$!TX)/SX

DO 27 1.1 M
27 Z(I)-(Z(I$-TZ)/SZ
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P01 NT-(PO INT--TX)/SX
C * * END PROFILE INTERSECTIONS * *

5 IF(SENSE SWITCH 2)505.820
J 09 PRINT 165
020 Do 694 Im1,M

FX(I )=C(1).C C2)*Z(I)+C(3)*Z(I)*Z(I)4.C(4)*Z(I)**3
CALL BERM~ CC(2),C(3),C(4),Z(I),FPZ(I)sFSZCI))
I PC -3)690,691.691

691 DO 700 J=3 I
DI F-Z( I )-Z(J-1)
FX I ).FX(I ),C(J+2)*D IF**3
CALL DERIV2.(C(J+2),DIFFPZ(I),FSZ(I),FPZ(I),FSZ(I))
IFCI-3)690,690,700

700 CONTINUE
690 FPZ(I )FP(I) /SZ

FSZ( I )FSZ (I /(SZ*SZ)
IF(SENSE SWITCH 2)6939694

693 PRINT 170,1 FX(I)
PRINT 154,Fh(I),FSZ(I)

694 CONTINUE
J-1
OLD -Z(M)
I -ms
IF(SENSE SWITCH 2)204v510

204 PRINT 179
510 FZCJ) MFXCI)

ZZ-ZCI)
ICOMP-1

695 IF(ABSF( X(J)-FZ(J))-,OOO1) 66,66,71
71 GO TO (65 69) ICOMP
65 IF( X(J)-FiCJ)3 67,66,72
66 FZ (J)-ZZ

IF (SENSE SWITCH 2) 74,80
4PRINT 170,JFZ(J)

OLD-ZZ
GO TO 510

67 ZZ-ZZ+(OLD-ZZ)/2.
ICOMPm2
IJULu 1+1

68 FZ CJ)mC(1 )..CC2)*ZZ..CC3)*Z*ZZ+zzC(4)*ZZ**3
696F IJUL-3) 695 696 697
69 ZJ)mFZ(J)4.C(J)*(iZmZ(2))**3
GO TO 695

697 DO 699 Km3oIJUL
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699 FZ(J)uFZ(J)+C(K,2)*(ZZinZ(K-1))**3
GO TO 695

69 IF(X(J)-FZ(J)) 67o66,70
70 SEGwOLD-ZZ

OLDmZZ
ZZnZZ-SEG/ 2.
GO TO 68

72 OLD.Z(I)
IMI-i
IF(I-1)81,5 10,510

81 DO 82 I=J N
FZ( I)-Z(15
IF( SENSE SWITCH 2)83g82

83 PRINT 170vIFZ(I)
82 CONTINUE

C * * WATERLINE 2ND DIFFERENCES * *
805 IF(SENSE SWITCH 2)6.7
6 PRINT 157
7 DO 15 I-1,M
DO 13 J-10,NS
GO TO (,13) 0NCOMP

IF(XJ)-FX(l)) 10,10,9
10 R=20.

IF(SENSE SWITCH 2)660,13
660 PRINT 151oloJ

GO TO 13
9 ZZ-FX(I)

NCOMP-2
GO TO 1

513 ZZ.X CJ-1)
ZYMY( I J-1)

1 CALL D F2ND (X(J),X(J4.1),ZZY(IJ),Y(IJ+1),ZYIJRA)
13 RX( IJ ).RX(

RX~ I N.XINS)
IF(S SNSE SWItCH 2)l14

14. PRINT 158olvJoAoRX(,N~
15 NCONWaI

C * * STATION 2ND DIFFERENCES * *
IF(SENSE SWITCH 2)16,17

16 PRINT 159
17 DO 25 JmIN

DO 23 1 2:14S
GO TO (18 19)1 NCOW

18 IF(ZI)-Z()21o21,2l)
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21 R-20*
IF(SENSE SWITCH 2)22023

22 PRINT 1519J91
GO TO 2$

20 ZZ-FZ(J)
NCOMP=2
GO TO 514.

51Z CALL( DFNO (Z(I).Z(1+1),ZZ.Y(I.J)*Y(I+1.J),Y(I1,$J).J.IeReA)
23 RZ(JI ).R

RZ (J H) RZ(JM)
IF S dNSE SWI1fCH 2)211,25

24. PRINT 158#J#I*A#RZ(J.M
C25 NCOMP-1ROII

PUNCH 173
NJUL-( ((N-3)/2)+1.)*2
NMwN
I F(NAI)719t7l8o718

719 JUL-3
JUL 2-2
NUCOL-( (N.I5)*(14-5) /12
GO TO 720

718 JUL-2
JUL.2-1
NUCOL-2*(M142)*((C(N-3)/2)+1.)

720 PUNCH 160
C I COLuNUCOL-1 ATI

C PUC 16 FIRST WATERLINE*

MLGmNM

FUPZ-1.
FUSZmOe
DO 37 Jul MLG'

810 IF(RX(1.I$-2O.)25Oq251.250
251 K-2

GO TO 252
250 K-I
200 GO TO (201 P72) NCOMP
201 CALL PROFL2(X(I$,FX(1).EXP1.FUPZ.FUSZ.EXP2.POINT.T.TP.TS

sNCOMP)
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I F(T-*0001 )703s703v257
257 ZYmYCI I)/T

GO TOk
703 NCOMPw2
702 ZY.Y( 1I)
90 PUNCH 162 J

PUNCH 177.JoZYoJoJ
252 IROW-3

DO 31 NPR-1*3
KROW I ROW*1
TRI4(IROW)nX(I)**NPR
TRM (KROW) .TRM(IROW)
GO TO (253 31) K

253 PUNCH 16791 ROW*J*TRM4(IROW),KROWJ*TRI4(IROW)
31 IROWwIROW4.2

IF(I-3)35 35.32
32 DO 34 IT..j I

KROW-IRO*#-
IF( I-IT) 4 34 133

133 IF( IT2*(f2 33 343
33 TRH( IROW -(XM-IT5)*3*3

TRM (KROWI-TRM(t ROW)
GO TO (254. 255) K

254 PUNCH 167.1 ROW, ~ TRM(IROW).KROW.JTRM(IROW)
255 IROWmIROW+2
34 CONTINUE
35 GO TO(435t463)oK

435 ICOLmICOL+2
K COL I COL+1
PUNCH 171 ICOL RHS KCOL RHS
PUNCH 152.ICOLJ,KIOL,JICOLtJ

463 JPLS=J.1
I ROW I ROW-I
IWL( I)-IROW
DO 36 JRw3 IROW

36 WL(I JR)=T&#(JR)
37 miIil

NCOHPinI
K3= 1

C * * RENAMNING WL * *
DO 64 IZ-29M
JL-J
NG-JL+N14-1

DO 63 JwJL9MG
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I F.2
IRW(IF)nIROW+1

812 IF(RX(IZ9IX)-20.)202t 63v202
202 GO TO (91 92) NCOMP
91 CALL PROFL2(XtIX)oFX(IZ)oEXP1,FUPZ.FUSZ.EXP2.POINT.T.TP.TS

INCOMP) -

IF(T-.OOO1 )93993t258
258 ZY.Y(IZ IX)/T

GO TO 9
93 NCOMPm2
92 ZYnY(IZ IX)
95 PUNCH 192.J

PUNCH 1 77JZY Jai
708 IF(J-JLI41.41 144
1.1 DO 42 IZPRuIj

TRM( ar)nZ(I I z*ZPR
KROW I RW( IF) I
PUNCH 16791 IR(F)vJqTRM(IF)qKROWvJ*TRM(IF)
IF. IF+1

42 IRW(IF)-IRW(IF-1)+NJUL
IF(IZ-JUL)11.6 146g142

142 DO 145 IT mJUL IZ
IF(IZ-ITZ) 11.6 11.6 29

729 GO TO (1.4 144 JUL
11.4 IFIZT-( (IZ---Z(IT 145 14
730 lFu((IT)Z~ (lTZ ) 11.*11i

TIRM ( I F) lZTR
KROW.IRW( IF)+1
PUNCH 167.IRW(IF),J.TRM4(tF).KROW.J.TRM(IF)
IF- IF+1
IRW( IF)-IRW( IF-i )+NJUL

145 CONTINUE
146 JPLS-J+1

GO TO 259
C * * Z 8 Z SQR a Z CUBE ROWS **

44 IROnl
K-IWL( IX)
DO 2441 IJn3sKg2
IRO -IRO +2
KROW-IRO+1

24.4 PUNCH 167 IRO J#W1.(IXPIJ)sKROWvJoWL(IX9IJ)
DO 50 IZPALI I
I STRTnIRW( IFI+ONJUL
ZTRH.Z( Iz)**I ZPR
TRI4( IF)nZTRM
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KROW.IRW( IF).1
PUNCH 167,IRW(IF),JTRM(IF),KROW.J.TRN(IF)
IF. IF+1
IRW( IF).IRW( IF-i )42
DO 45 NPR-i 3
TRN( IF).J(xI X)**NPR)*ZTRM
KROW-IRW( IF)4+1
PUNCH 167.iRW(IF),JTRM(IF),KROW.J.TRM(IF)
IF- IF~i

45 IRW(IF)-IRW(IF-i)4.2
I F(I X-3) 50 *50,.6

46 DO 49 IT.3,IX

47 IF( IT-2*(I T)2))41 49 4.8
48TRM(IF)- ((XIX) -XIIT$)**3)*ZTRtM
KROW.IRW( IF)4.i.
PUNCH 167,IRW(IF),JTRM(IF).KROWJTRM(IF)
IF=IF+1
IRW( IF)=IRW( IF-i )+2

49 CONTINUE
50 IRW(IF)-ISTRT

C * * THEIIHEIMER ROWS * *
53 IF(IZ-JUL)61 61 54
54 DO 60 ITZ-JUL if

Go TO (55 55,331) JUL
731 IF(ITZ..2*t ITZ/2)) ~5v6055
55 ISTRTmIRW( IF)+NJUL

IF(IZ-ITZ)61 61 56
56 ZTRM=(Z( I )-k( I Z) )**3

TRM( IF)nZTRM
KROW.IRW( IF)+1
PUNCH 167.IRW(IF)tJtTRM(IF),KROWJTRM(IF)
IF- IF+1
IRW( IF).IRW( IF-i )+2
DO 256 NPR-1,3
TRM(IF) ( X(IX) **NPR)*ZTRM
KROW.IRW( IF)+1
PUNCH 167,IRW(IF),JTRM(IF).KROWJ.TRI4(IF)
IF. IF+1

256 IRW(IF)mIRW(IF-1)e.2
DO 59 IT-3 IX

51 I F( IT-2*(I T)215 t59,
TRM(IF)- (X(IX XIT)**3)*ZTRM

KROW.IRW (IF)+1
PUNCH 167,iRW(IF),JTRI4(IF).KROWJTRM(IF)
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IF. IF4'
IRW(IF).IRW(OF-1)+2

59 CONTINUE
IWW.KROW

60 IRW(IF).ISTRT
61 JPLS-J+1

GO TO (259 63)OK3
259 ICOLmICOL4.&

KCOL I COL.1
PUNCH 1171,ICOL RHS KCOL RHS
PUNCH 152tiCOLJ.KtOL,JICOL.J

63 IX.IX+1
64. NCOMP-11

DO 62 1.1,1WW
62 PUNCH 171 1 CURY

IF(SENSE buTCH 3)1.00.1.0
4.00 CONTINUE

PUNCH 10JPLS JUL JUL2 NJUL M N NS NS WOCOL INCOMP* costocost
PUNCH 181 ,EXP2,COS*DPOINTDE)JlIU W,ICOL
DO 87 Im1A
PUNCH 181.X(I)OFz(I)
DO 87 a-2,m

87 PUNCH 181 ,RZ(IvJ)
DO 88 1.1,14
PUNCH 181,Z(I)vFX(t),FPZ(IF'SZ(I)
DO 88 J-1*N

88 PUNCH I1SRX(ItJ)
ML14.42
DO 100 J-1 ML

100 PUNCH 181st(J)
401 PRINT 178

PAUSE 751
GO To 750

150 FORMAT( 215 4F11.6)
151 FORM4AT (215 17H OUT OF SURFACE)
152 FORMAT( 7X. iHCvIli2H RII.,Bh 1.O/7Xq1HCvI4t2H RoI4o8N-

1 .0/
C 7X 1THC 14- 2H RIti 1)

154 FORMT 0:41Oh)
157 FORI4AM(//lox I7H2ND DIFF - WLINES//

C30H WL S*A-NORM VALUE SIGN/)
158 FORMAT(215 F112,6 FS.2)
159 FORA (II i6X*1714&N DIFF-STATIONS//

C30H4 STA WI. NORM VALUE SIGN/)
160 FORMAT(6HROW ID/12X9614 OFSET)
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162 FORMAT 12X,2H R 14)
164 FORMAT 6HIATR I X5
165 FORMAT //6X,25HEND PROFILE INTERSECTIONS//15X 6HWLINES/)
167 FORMAT 6X92H C,14,2H R,14,1H-.FII*5/6X,2H C,14,2H R,14,FI2.5)
169 FORMAT 6X,2H C 14 2H R, 14.F12.5)
170 FORMAT 5X15 F12,&)171 FORMAT 6X.2H C14,6H

17 OMAT 219) * 6 OFSETo1H ,FII.5)172 FORMAT 2)

173 FORMAT IH*v5X,47H)
177 FORMAT(12X,2H Rp14 1H FIl.5/7X,6HC I vIHR,14,1H-,4X,3HI.O/

C 7Xo6HC 2 IHR 14, k3H1.4 )
178 FORMAT(28HENTIR N&W DATA - PRESS START)
19 FORMAT •/14X,8HSTATIONS/)
15 FORMAT (1015i2F15.9)
181 FORMAT (4FI5,9o 4H14)
182 FORMAT(6Xs2H Cv1406H OFSEToIH *FI1.5/6Xo2H C,14v6H OFSET91H F

113 FORMAT(FIO.5,315)
END

Note: See SMIDG 2, PASS 1 for listings of the subroutines

(
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SMOG 3 PASS 2

OPEBATING 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 - The number of the last column produced in Pass 1.

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 z direction

This value is equal to the subscript of the first
z value of the point of discontinuity.

JUL2 - Program indicator
JUL2 - 2 if the z direction is double splined

JUL2 - i if the z direction is single splined.
This value is equal to the number of waterline
intervals between points of discontinuity.

VJUL - This value 2(N-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

NUCOL - Total number of columns in the non-slack matrix

For z double spline, NUCOL- (N+5)(M+5
2

For a single spline, NUCOL - 2(M+2)NJUL

NC(MP - Program indicator

COST - Becomes equal to curvature. Not used (See RES
and CURV)
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EXPi The value of p in the profile functions, usually
made .3333

EXP2 - The value of r in the profile function, usually
made 3.0 .

POINT - 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).

C(I) - Coefficients of the Theilheimer equation describing
the profile. There must be (1M+2) coefficients.
Straight lines or other curves may be used by
making all except the desired coefficients zero.

CURV - 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.

RHS - Equal to the value of COST from Pass 1 . This is
the value of the right-hand side for the curvature
constraints.

X(J) - Distance along the x axis from the origin of
the surface to Station J .

Z(I) - Distance along the z axis from the origin of
the surface to Waterline i .

FX(I) - The x coordinate of the intersection of Waterline
i with the profile.

FZ(J) - The z coordinate of the intersection of Station
J with the profile

FPZ(I) - The first derivative with respect to z of the
profile equation at Waterline i .

FSZ(I) - The second derivative with respect to z of the
profile equation at Waterline i .

RZ(I,J) - The sign of the second difference of the Station
Curve j at Waterline i . This will have the
opposite sign from the actual second difference.

KX(IJ) - The sign of the second difference of Waterline
Curve i at Station j . This will be the
opposite of the actual sign

ICOL - The column number of the first curvature slack.

IWW - Not used in Pass 2
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Inout

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

Format (Continuation of 15 15 F15.5 F15.5 1
Card 1)

Variable NUCOL NCONP RUS CURV

Format F15.9 F15.9 115.9 F15.9 14 14 2
Variable EM COST POINT Expl IW ICOL

Format F15.9 F15.9 "----
Variable X(I) FZ(I) 1st card/set

Format F15.9 Next

Variable RZ(I,J) M-1 Cards/Set N
Sets

Format F15.9 F15.9 F15.9 F15.9
Variable Z(I) FX(I) FPZ(I) FSZ(I) 1st Card/Set Next

Format F15.9 M
Variable RX(IJ) N-i Cards/Set Sets

Format F15.9 Next
Variable C(J) H+2

Cards

Output

This program produces the curvature constraints in row order with the

columns ordered within the rows. It also produces the row identifications,

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.

Sense Switches:

Sense Switch 3 ON - The data punched in Pass 1 is read

Sense Switch 3 OFF- The data is picked up from the comon storage
locations.
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SAM721 POBLIEM - SlOG 3, PASS 2

* * SAMPLE INPUT * *

26 3 2 10 5 5 4 4 1 0.00000000

1000.00000000
.33333333 O00GO00000 .07843137 3.00000000 50

91 0.00000000 2.60400380

20.00000000
20.00000000

1.00000000
1.00000000
1.00000000 .90136719
1.00000000

-1.00000000
-1.00000000
-1.00000000

2.00000000 0.00000000
-1.00000000
-1.00000000
-1.00000000
-1. r000000

3.uki000000 0.00000000
-1.00000000
-1.00000000
-1.0•oooo0o
-1.00000000

4.00000000 0.00000000
-1.00000000
-1.00000000
-1.00000000
-1.00000000
0.00000000 1.52935000 -. 58730000 0.00000000

20,00000000
20.00000000

1.00000000
-1.00000000
-1.00000000

1.00000000 .94205000 -. 58730000 0.00000(;00
20.00000000

1.00000000
-1.00000000
-1.00000000
-1.00000000

2.00000000 .35475000 -. 58730000 0.00000000

20.00000000
1.00000000

-1.00000000
-1.00000000
-1.00000000
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3.00000000 -. 23255000 -. 58730000 0.00000000
1 .00000000

-1.00000000
-1.00000000
-1 .00000000
-1.00000000

4.00000000 -. 81985000 -. 58730000 0.00000000
--1 .00000000
-1 .00000000
-1.00000000
-1.000C 0000
-1.00000000

1.52935000
-. 58730000
C.00000000
0.00000000
0.00000000
0.00000000
0.00000000
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FLOW DIAGRAM - SMOG 3, PASS 2

Vp~ ~ vos -av -o
START If 6S 3 UAYA Is ALNKA^VI"wvI" Wrg. I rPo"F

I PASS I

RIAD: SPL UL, 1W,

1,46,i oow, See SMOG 2, PASS 2 Flow Diagrams
Wco,", 01S1CuRV of the Subroutine

READ - ZIP a,
COST, PoINTr,
RAPt I , WW,

bo saI-"1
Ia, %,N

I

00 331

RZ33

Do IIas.
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bo IGO
So IML

110000

412
A :

ICOL ICOL+ I

ICOL - Ic-0,

t zo 0. 81,614

i

is .,P.Ls
SP ys+.TK

Do 467
is, SP

IL CP

ft"W .7,Itw.

9 Itow : I
WTRT I

US Fur z 1 '10 VMVL a
rusz. 0 SUSPOUT11411

U2

rc
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504

'RUIZ.l

00 TO SUDIF I

Itow
I Itaw * z

60 TO saulp

162 >.3? No

YU

51+02 C

2 Raw it
t Itow + it

00 509
K. &,1,2

is No

is

Tr+S t4

DIP= h-%V

so TO so Dip a is lz ýp I?

YES

T Row
Kow -t L
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76

Do 79

+
lPA)W wllTltT

I

PWRO
NAZI;[ 46 ;le

" TO sebw I
SUSROWINB

ZROWN
%ROW +I

it

60 TO Sabiv a
suaptoWrois

I ROWS
Tpow +1

i

079
t., 3 , 7,1

ONO

1104

7+7

WIN
;K

a N OLOW& CONT "W"Jo
Do LWwsnwrl,*a I Plow +1 up.,AT
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.*S" I
In

0--7s!,vn
DO 96

L w 3",:Z, IOUL

15 L -C TZ

,as

ZNTKTS SSTW4"ML
11tow a ISTWT

60 TO Sabir I I ROVJ

Sub VAUT IN& I WOW + I

coo TO 6abw-*)
SUSPLOUTHAM

2 RAM
I law + I

0
15 V.417

Vat

DIPS XK

Golfo "DIP a
SUSKOUT198 f

es
It Cill) 111, 111!

%ROW* DO LOOP 111111111111111ý4111 
--.. r J.,Dki STAWM AT 511
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PutW,. ICOL (.U9V
PU wm I COL, 3, le" ol

Go

rft% TF+l

DO I to

DO -411

ZZ a 3UL, H,3UL

PWR

Is

Y Yus

No

6 5, #(v 0
PWR .
Fzb a
Pon a a
IWUvZ v FPZ%3
FUS7. a rglLzx

1 

5414

so To PMWLI PUNC14: i
PUNCH *. S Cum
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a"

WANP*I vas IVRY

al

60 TO SILDIP4
SU"al

967

lsz. I

DO 91ro

rams

GOTO SEDIF 4
SUGROUTIMS

No

K
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Kal

604

a 
rw% 

Ott 
-

X"?

GO TO SCOW 4
Subviourk"t

S'n i

%wow&
T.P.OW -6- 2.

5"

K MILT +" 3UL

.1 f. 4

GOTO Stows
SOJILVAUTIMIE

Novas V. L. I ? 1*0 1 STItT + a

vas

to S*rd,
Zx PwIt. to 3

60 To slows
SUILROUTIMS

mitown 
L

MOW + I
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? No

vas0-7:! "S W -
DO 570

V--

IS K.I?

No

6§05YAO

PIMA

40 TO sebw 5
susum"We

578 j

ll*wNOWA 
I

S"

Um.

Sri"+

&A 

mu?.

GO TO fS Mll 16
"a"U'rims

s"

"0

Sol NIL

low ZROWC
soEMTM% TRVO+W; IoAw L

I I I

bo 952 MOB 60 To savlpb,*N

)tpwlt.125
a ii-4 rw<xr PWIL) pot", Waf to we
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is IW ki X0, t I

Vail

VIS Mob*
bo x" Pwit(x, tupwit)

K.

GO TO slow a
susROU'ri"I

IS K.11

557
No

6§06 IFXMOIPA)W+&
slowl,4m,"

VWIt(XI -)CKII

16 K.1

60 TO 619DIF6
SUISROUTINC No

5 6 *4 - 697 Mbs

111towal 90ý412 
Pwit (xt -. A K)s

- i
Sao GO TO Stow

ISTILT SUSAOUTME

167a +"JUL
599

IF40W.IIRDW+Z

GO TO %got? I
WZROUTINC

5"

Iss is 1. 1? YILS ISIZMIUL.

NO

NO S91

%STRI ;UL

TSTXT +"
ISM + L

DOM
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vat
is u T IS K2.1?

UO"o 
600593 

PROD&

lpwIt(x.-xJl

60 TO fAbly a 60 TO SILDIF &o f
IRDMbSUSIRIDUTINC llus UTIMEIft 

*5"
5"

tRow I ILO-14 4 2

T 

A

? yes TROW.IROW42

14
SUB

607

IFOW2 ISTRT +N7iUJL

00406

IMPWR 1,3

PUMCM: I WL.C.UltV

rwit (xj PU NC-04 : ICO L. 3

GO To savir z 411

susaCK"Ift

606

"Comp a I

is 7 >31 "Oo

vuwlm BUD

vat of Flu

K2 a 3,2,2
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FORTRAN LISTInG - SM) 3, PASS 2

C SMOG3 PASS 2 PRIMAL SUM OF DEV X OR X AND Z DBL SPL WI PRFL
1) DIMENSION RX(11 ,15).RZ(15,11).FZ(11),FX(15).X(15),Z(11).Y(1,,

DIMENSION FPZ(11)tFSZ(11)tC(13)
COMMON JPLSsJULtJUL2*NJUL M N MSvNSqNOROWtNCOMPtRHS*COST
COMMON EXP2SCUKViPOINT EXA1.IW ICOL
COMMON XFZRZOZ FXFPZ$ FSZtRXti
IF(SENSE SWITCH 3)750 412

750 READ 180,JPLS JUL JUL&iNJUL MNqMSqNSpNOROWrNCOMPvRHS*CURV
READ 181.EXP2,COSf.POINTEXA1,IWW.ICOL
DO 32 -1l N
READ 181 k(I),FZ(I)
DO 32 J-1 M4

32 READ 181 AZ(I.j)
DO 33 1-1 MREAD 181 i~(t)FX(I)tFPZ(I)tFSZ(I)
DO 33J1

33 READ 181tRx(t*J)
ML=M42
DO 100 J-1 ML

100 READ 181.C(J)
C * X SEC DIFFERENCES *
412 JX!OSZ - - CR

I COL-ICOL+Vl'
DO 88 IZ-19M
I-i
JS-JPLS
JF-JS+JX
DO 487 J-JS JF
IF(RX( IZo1I)-92O.)5O1 .487t501

501 PUNCH 162 J
PUNCH 177,J,RHS
I ROW-i
I STRT-1
GO TO (503r5O54)vNCOMP

503 FUPZm-1.
FUSZUEO.
CALL PROFL2 (X(I).FX(IZ)sEXP1,FUPZ.FUSZ.EXP2,POINTtTtTPTS

tNCOMP)
504 PWR-RX(IZ 1)

CALL SEDIHl (TqTPsTStX(I).JtIROWtPWR)
I RO~ I ROW2
CALL SEDIF2 (X(I)tTtTPtTStPWRtJtIROW)

1F(-3) 759*75 .502
502 IROWmIROW+2
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00 505 K.3 1,2
IF (K-I)73,ý5575

73 DIFmX(I)-XK)
CALL SEDIF2 (DIFqTvTP9TS$PWRqJtIROW)

505 IROW.IROW+2
75 IF(IZ-1)87 87 76
76 DO 79 NiaR.1,I

I STRT I STRT+NJUL
IROW. ISTRT
PWR-RX(lIZplI)*Z( IZ)**NPWR
CALL SEDIFI (TtTPqTSvX(I)tJsIROWtPWR)
I ROW. IROW+2
CALL SEDIF2 (X(I),TvTPtTSqPWR9JqIROW)
IROW.IROW+2
DO 78 K=3 1 2
IF(K-I)'i 77479

CALL SEDIF2 (DIFvT9TPtTSqPWRJvIROW)
78 IROWnIROW+2
79 CONTINUE

IF( IZ-JUL)87,8779511
511 DO 86 L=JULI'Z JUL2

IF(L-IZ)512,,87987
512 ISTRT-ISTRT+NJUL

IROW.ISTRT
PWR.RX(IZ I)*(Z(IZ)-Z(L) )**3
CALL SEDIP1 (TsTPvTStX(I ) JvIROWvPWR)
IROW.IROW+2
CALL SEDIF2 (X(I)tT9TPTSqPWRqJvIROW)
IROW.IROW+2
DO 85 Ka391 2
IF(K-I)8k 81 86

84. DIF.X(I)-i(K
CALL SEDIF2 (DIFtTvTPvTSvPWRvJvIROW)

185 IROW.IROW+2
86 CONTINUE
87 ICOLmICOL+1

PUNCH 171 ICOLvCURV
PUNCH 152,ICOLsJvICOLqJ

487 1.1+2
NCONWm1

88 JPLS=JF.1
C Z SEC DIFFERENCES *

DO 110 I-1iN
DO 4.11 IZmJULpMJUL2
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GO TO (550 551) NCOMP
550 IF(RX(IZ IM-0.5556,411.556
556 PW=mRZ(l IZ)

FZD-Z(l iz
FOZ.FX( IZ)
FUPZ-FPZ(lZ
FUSZ-SZ( IZý

562 CALL PROFL2(X(I)JFOZ.EXP1,FUPZFUSZEXP2,POINT*TTP1 TS,
NCM)GO TO 563

551 PWZR:RZ(I IZ)
FZD-Z( Iz5

563 PUNCH 162tJ
PUNCH 177 J CURV
GO TO (56fi,465)sNCOMP

565 ISTRT-1+NJUL
GO TO 566

564 ISTRT-1
CALL SEDIF5, ITS PWR J, ISTRT)

567 IF(I-1)56995 Bt969
569 IROWIlSTRT+2

DO 570 IXPWRu1.3
PROD-PWR*X( I)**I XPWR
CALL SEDIF4(TSqPRODvJvIROW)

570 IROW=IROW+2
IF( -3)568v568v571

571 DO 572 W-3. 2
IF(K-I)60J. 598 604.

604I PROD-PWR*(i A )mX(K))**3
CALL SEDIF4( SPRODJ.IROW)

572 IROWuIROW+2
568 I STRT I STRT+NJUL

CALL SEDIF5(TPvTS FZDtPWRJtISTRT)
573 IF( -1575,5669579
575 IROW-ISTRT+2

DO 576 IXPWR.1 3
PROD.PWR*X( )I )iXPWR
CALL SEDIF5 (TPoTStFZDtPROD*JoIROW)

576 IROW=IROW+2
IF(I-0566,566,77

577 DO 578 K=391 2
IF(K-I)6o5 46A05

605 PROD.PWR*( j(I)-X(K) )**3
CALL SEDIPS (TPqTSvFZDqPRODJvIROW)

578 IROW.IROW+2
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566 I STRT- ISTRT+NJUL
CALL SEDIF6 TTPqTStFZDvJ*PWRvISTRT)

5?IF(I1-1)581 ,5&)51
5 1 I ROW. ISTRT+2 8

DO 582 IXPWR-1,3
PRODuPWR*Xj XI*IXPWR
CALL SEDIF6 (ToTP*TStFZDOJoPROD*IROW)

582 IROW..IROW+2
IF(-0)58O.58O,83

583 DO 584. K-3,1 2
I F(K-I )606,5Ai.606

606 PRODuPWR*(X( g)-X(K)**3
CALL SEDIF6 (TtTPtTStFZDtJvPRODoIROW)

584 IROW-IROW42
580 I STRT I STRT+NJUL

CALL SEDIF2 (FZD T TPqTSvPWRvJqISTRT)
585 IF( 1-1)586o590.5U#
586 IROW-ISTRT.2

DO 587 IXPWRm1 3
PRODmPWR*X(1);41 XPWR

( CALL SEDIF2 (FZDvToTPvTSqPRODqJqIROW)
587 IROW-IROW.2

IF( I-3)590*590,588
588 DO 589 K-3vI 2

I F(K-I )5979560.597
597 PRODmPWR*(X( I)-X(K))**3

CALL SEDIF2 (FZDTqTPvTSvPRODvJvIROW)
589 IROW.IROW+2
590 IF(IZ-JUL)591111.t591
591 I STRT.I STRT+NJUL

DO 592 K=JUL IZ JUL2
IF(K-IZ)593 111:593

593 DIFmFZD--Z(K5
CALL SEDIF2 (DIF T TP TSqPWRiqJvISTRT)

1 IF( -1)607,592si667#
607 IROWmISTRT+2

DO 608 IXPWRm1 3
PROD-PWR*X(1);41 XPWR
CALL SEDIF2 (DIFvT*TPqTSvPRODvJvIROW)

608 IROWwIROW+2
IF(I-3)592 592 598

598 DO 599 KJoi I I
IF(KJ-I)1600051 2J)6**

600 PRODuPWR* (t-X(K))**
CALL SEDIF2 (DIFtTqTPpTSoPRODqJqIROW)
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59" IROW-IROW+2
592 ISTRT- I STRT+NJUL
111 ICOL-ICOL+1

PUNCH 171, ICOLCURV
PUNCH 152,ICOL.JICOLJ

411 J,,J+l
110 NCOMP-I

PUNCH 174
PUNCH 176
PRINT 178
PAUSE 751
GO TO 750

152 FORMAT(7X,1HC 14 2H R,14/7X, IHC 14*2H R#I4s8H 1.0)
171 FORMAT 6X,2H I I4,6H OFSETqFI2.)1 13 FORMAT( IH*95Xo47H

174 FORMAT 7HFIRST B)
175 FORMAT 12X 6H R I,F12.5)
176 FORMAT (3HE 6 F)
177 FORMAT( 12X 2H R,14,1H FI1.5)
178 FORMAT(28H&NTER NEW DATA - PRESS START)
I FORMAT (1015,2FI5.9)
162 FORMAT(12X,2H 

R, 14)

181 FORMAT (4F'15.9,1,4.14)
END
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SUSKOUfINE Sk.DIF1 (TD TPD TSD XD#JDIROWDoPWRD)
CALL SEDIF4. (TSDtPWRD.JDRW6;)
I ROWD I ROWD+2
CALL SEDIFS (TPDoTSDoXD*PWRDtJD* IROWD)
IROWDwIROWD+2
CALL SEDIF6 (TDoTPD*TSDoXDsJDoPWRDoIROWD)
RETURN
END

SUBROUTINE SEDIF2 (DIFD TD TPD TSD PWRD JD IROWD)
W~Mo(3 .*D IFD*TD+3.*TPD*6lIF'6**2+( TS6*D I 6*4I)/2.)*PWRD
CALL SIGN (JDIROWDoWRM)
RETURN
END

SUBROUTINE SEDIF3 (IXDoFXDtPRDtJSDaIROWD)
E XD- IXD
WRIn(EXD*FXD**( IXD-1 )mFXD**I XD)*PRD
CALL SIGN (JSDtIROWDoWRM)
RETURN
END

SUBROUTINE SEDIF4 (TSDqPWRDvJDIROWD)
WR14-(TSD*PWRD)/2*
CALL SIGN (JD.IROWD.WRM)
RETURN
END

SUBROUTINE SEDIF5 (TPD TSD XDtPWRDtJDoIROWD)
WRM.( (TSD*XD)/2,+TPD)*WRDp
CALL SIGN (JDIROWDvWRM)
RETURN
END
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SUBROUrINE SEDIF6 (TDoTPDoTSDtXD*JDoPWRDsIROWD)
WRM=TD
WR#4.WRM+( TSD*XD**2) /2.
WRM=WRM4+2 *TPD*XD
WRM=WRP4*PWRD
CALL SIGN (JDoIROWDvWRM)
RETURN
END

SUBROUTINE SIGN (IWtJWWAN)
JWPL-JW+1
IF( WAM)370 .373 ,371

370 WAf4--WAM
PUNCH 169qJW, IWqWA#4,JWPL, IWvWAM
RETURN

371 PUNCH 167oJWtIW*WAI4,JWPLoIW,WAM
373 RETURN
167 FORNAT(6Xt2H CI1i,2H R,14,1H-tF11.5/6X,2H C,14,2H R 14 F12 51

19FORMAT(6Xq2H C 14 2H R 14 F12.5/6XH C.1,2 P,4H- FI115)
16END ;,H ItHR1,
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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 - The number of data offsets along the curve

COSTB - The cost associated with slacks

COSTN - The cost on the non-slack variables

X(I) - The x coordinate of the offset

Y(I) - The y coordinate of the offset if read in feet and
decimals.

A - The number of feet in the offset if read in feet,
inches, and eighths

BB - The number of inches in the offset if read in feet,
inches, and eighths

cc - The number of eighths in the offset if read in feet,
inches, and eighths

SX - Scaling factor for normalizing the x coordinates.
It equals x1 - x0  if set by the program.

TX - Translation factor for the x coordinates.
It equals x0  if set by the program.

(.
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C
Input Card Formats

The card formats are arranged as follows:

Contents Card No.

Column 1-5 1

Contains any alphameric heading

Format 15 F10.4 F10.4 2

Variable N COSTB COSTN

Alternate Cards:

Format F10.4 F5.1 F5.1 F5.1
Variable X(1) + A& + BB + CC

Next
or N Cards

Format F10.4 F10.4
Variable X(I) Y(I)

Format F10.4 F10.4

Variable S9 TX Last Card

output

The output is in a form suitable for the 1620 Users Group, Linear
Programning 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 - Thq 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
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SIG 4
TYPEWTER LISTING OF SECOND DUIFERENCES OF ShMPLE DLT.

2ND DIFF - WLINES

STA ACT VALUE SIGN

2 .000169 -1.00
3 .000238 -1.00
4 .000068 -1.00
5 .000068 -1.00

1.0.0-2
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0
* * SAMPLE INPUT * *

D1037
*5 999.9999 .001

87*500000 30.5729
105.0o00000 30.307300
122.500000 30.09375
140.000000 29.953120
157.500000 29.833330
OUTyr MMIfhX I•OM SAZ DASA

* * SAMPLE OUTPUT * *
D1037
006 008 1
001 001 1o0000
001 002 - 1.0000
001 003 1 *,0000
001 004 - 1.0000
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 - 4.0000
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 - 1.0000
003 011 1.0000
004 001 4.0000
004 002 - 4.0000
004 003 16.0000
004 004 - 16.0000
004 005 64.0000
004 006 - 64.0000
004 007 8.0000

0
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00 003 - 8.0000
005 012 1.0000
005 003 - 6,0OO
005 004 .0000
005 03 6.0o00
00603 6.0000
006 013 1,0000
006 003 - 12,0000
006 004 12'0000
006 WO5 - 12,0000
006 006 12.0000

006 01 6.0000OOJ 00 1O610000JOO6 014 1.010000
OOJ 001 101100000J
OOJ 002 102100000J
OOJ 003 103100000J
OOJ 004 104100000J
OOJ 005 105100000J
OOJ 006 106100000J
OOJ 00 107100199J
OOJ 001 103100000J
OOJ 009 109199999R
OOJ 010 110199999R

OOJ 012 112199999R
OOJ 01.3 113199999R
00 014O 114199999R
001 OOJ 101299999R
002 OOJ 102299999R003 OOJ 103299999R
004, OOJ 104,299999R
005 OOJ 105200000-
006 OOJ 106200000-
001 000 - .2656
002 000 - .4791
003 000 - .6197
004 000 - .7395
000
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FEW DIAGRAM - SMOG 4

'I

READ, ki,

43
OFF READ0

V!P DIFFEREN4CES
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COSTS

1 91
S"t MCOL

O To coo
.SUJROUTINE

MCOtL=McoLI*
GHRAOW8IROW-E

Wx I To ROW

ISJrN NO

.. as

COST59S&0
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f 
rDCOL- 

01

RETu

1( 3 * 0* 0 2
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( f~SU#tROUTINE! SMOG8
(Row, CoL, :b)

CLEAR PUNCH ARE

STOR E
ROW I N

COLS I THRO 3

STORE
COLS6 IN

COLS 5 THRU) 7'I• ~

STORE
VAL I

STORE H -in 1A I ALIL IS A FIX60 POINT VAtIAbLEVAL I IN r t =-VLI -FORMEfD WITH rHF VECTOlt llN'r

COL 9rHRuI 8  _ _ _ AD THe COST

VAL - AbDRESS

Of VAL IPUNCH

(.
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FLOAT0

STORE

0 ETE . rE R/eIi

OAFV A

"• •:IN CbL ij

0
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( POS ITIV

VkAmVAL-6 +EYP 7x EX0 SMALL

SrO R F.VAL= vAL]?

IN NrtGE1S

IN COL IS~

(LAsT DlctiOLI3"orj

4 &DEC-1 A LS IN
[COLS 15 1HRU 1e

PUNCH
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514ALL 0

IN COLA
If T14RO 10

EXPVALVAI-4+E0

PVNGW LA0
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( MXTRIX

CaI COL=,el+.l,

STORE CO.
IN COLS.
S THRU 7

I INSfis 

CLFAlk

STORE 
O,

IJ
IN COOL I if
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IN
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ISimsE COI.S1
COLS & 1KD'r I

STOftE 3.1
10 oiL 9 J0

PUNCH
~W~coL I
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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,COSTBCOSTN
JWD-1
NL-N+1
DO 2 I,1,N
IF(SENSE SWITCH 4)201,202

201 READ 160 X(I) AA BB CC "
Y( I )-AA+(BB+(CC/8.))/12.
GO TO 2

202 READ 152,X(I),Y(I)
2 CONTINUE

IF(SENSE SWITCH 2)3,4
3 READ 1S2,SXgTX

GO TO 54 sx-xj2)-x(0)
TXX1)

5 IF(SENSE SWITCH 3)6,7
6 PRINT 157

C * SECOND DIFFERENCES * *

7 NS-N-1
DO 13 Iu.2,NSA.2./((X 11)-X a1)
ZA-Y( I+1)-Y(A-A*(RA/ ,l-(I)(( )Y -)/(I)XI1)

IFýA)IO,90
8 Rx )1--,

GO TO 11
9 RX(I)-0.

GO TO 11
10 RX(I)-I.
11 IF(SENSE SWITCH 3)12,13
12 PRINT 158,tiARX(I)
13 CONTINUE

RX(N)-RX(NS)
IF(SENSE--SWITCH 3)14,15

14 PRINT 158,IAsRX(N)
C * NORMALIZING * *

15 .O" 26 1-1 N
26 X(1)m(X(I5TX)/SX

C M * MATRIX * *

IF(SENSE SWITCH 1)126,127
126 NDS-3

NSD-2
NCOL-3+N

(
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NROWnN-1+(N-1 )/2
GO TO 128

127 NDS-2
NSD-1
NCOL-(N4.1)*2
NROW..2*(N-1)

1 28 MCOLmNCOL
1=2
CALL SIZE (NROWMCOL)
DO 37 IROW=1,NS
JCOLm1
DO 31 NPR-1 3
TRM-X( I)*A
CALL MATRIX( IROWoJCOL,TRM,JWD)

31 JCOLmJCOL+2
I F(1-NOS) 137.137,32

32 DO 34 IT-NOS I

IF I-IT)349 34133133 I SENSE SWITIH 1)134P33
134 IFiIT-2*(IT/2) )33 34 33
33 TRMn(X(I )-X( IT)) "3'

CALL MATRIX ROWqJCOLUITRMJWD)
JCOL-JCOL42

34 CONTINUE
137 NCOL-NCOL+1

JWD--1 0
TRMm1.
CALL MATRIX( ROWqNCOLqTRMvJWD)
JWD- 1

37 1-1+1
C * * X SECOND DIFFERENCES * *

DO 88 I-NDSvN,NSD
JCOL=3
CALL MATRIX( IROWJCOL,RX( I) ,JWD)
JCOL-JCOL+2
TRM-3.*X( I)*RX( I)
CALL MATRI XCIROWOJCOLtTRMgJWD)
JCOL-JCOL+2
I F( I-NDS)75975972

72 DO 74 KmNDS I NSD
IF(K-1)73 7 9S )RXI

73 TRMm3.*( XM -X(K))RQ
CALL MATRIX( IROWvJCOL*TRMsJWD)

74 JCOL-JCOL4.2
75 CONTINUE

C * *SLACKS * *

87 NCOL-NCOL+1
JWD=-1

1.0.0-2
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TRMm..
CALL MATRI X( IROW,NCOLTRMtJWD)
I ROW- IROW+ 1

88 JWD-1
C **COSTS* *

00 91 J-lpMCOL
91 CALL COSNON(JCOSTN)

I ROW I ROW-i
MCOLwMCOL+IROW
DO 300 I-J#MCOL

300 CALL COSNON(ICOSTB)
DO 92 J-1 IROW
I F(J-N)92:95992

95 COSTB-0.
92 CALL COSBAS(JCOSTB)

C R H R S* *

DO 94 I-1,NS
Y(I+1)mY( I+1)-Y(1)

94 CALL RHS ( IY(I+1))
PUNCH 161
PAUSE
GO TO 1

150 FORMAT(I5,112FI0.6)
152 FORMAT (2F,0.4)4157 FORMAT8O A OX17H2ND DIFF- WLINES//

C 8X.22HSTA ACT VALUE SIGN/)
158 FORMAT (5X,I5,F12 6 F8.2)
160 FORMAT (FIO.5p3F5:15
161 FORMATQ(H000 S
600 FORMAT (5H)
601 FORMATM(1X014,14,2H- 1)

END
*80SUBROUT INE COSBAS (MtCOSTB)

ID-i
I DCOL-1
MCOST.COSTB*11000.
I VAL-Mt4*10OO00O0+MCOST+2O000OO0
CALL SMOG (MOIDCOLtIVAL,ID)
RETURN
END

*0810
SUBROUT INE COSNON(M, COST)

ID-i
IDROW-1
NCOST-COST *1000.
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I VALnMM*100000+NCOST+1000000
CALL SMOG (IDROWoMeIVALID)
RETURN
END

*0810
SUBROUTINE RHS(N*REQ)

IDCOL-0
CALL SMOG (N*IDCOL*REQoID)
RETURN
END

*0810
SUBROUTINE'MATRIXJ(N$MoVALoJND)
I F(JND)509s5O8* 508

508 IDm3
CALL SMO9 (NoMoVALID)
RETURN

509 IDm2
CALL SMOG (NoMoVAL, ID)
RETURN
END
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Appendix C

OPERATIlNG PROCEDURES FOR LINEARl PROGRAMING

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

which 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 tl-ý 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 z direction is up.

BASIC FEASIBLE SOLUTION

Mcst linear programming codes, such as LP-90 and the code for the

IBM-1620, have tvn modes of operation. That is, when they first: start

to solve a problem the Phase I Algoritmn is used to find a first feasible

solution, without regard to optimality; and after finding this, Phase II

is used to find an optimum solution.

In larger problems the search for the first basic feasible soluticn is

time consuming 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

basic feasible solution 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 bastc 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, this routine

is self-contained. For SMOG 1 and SMOG 2, the r;:ýutine of 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.
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r
Second, because of a buildup 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 programning 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

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.

1.0.0-2 C-3


