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ABSTRACT

This manual updates and supersedes

CMD—13—76 .

This manual describes the operation of

an interactive graphics computer program which

assists ship designers in the identification

of correlations and trends in ship design

parameters. The program displays points

representing parameter values of a selected

group of ships , and enables the engineer to

fit to these points and record analytic curves.
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I. INTRODUCTION

A. OBJECTIVE

The objective of the Interactive Parameter Analysis

Program (IPAP) is to provide an interactive graphics tool

to assist the engineer in the identification of correla-

tions and trends in ship design parameters , to enable him

to fit and record analytic curves to these data.

- ;. B. BACKGROUND

IPAP was initially undertaken to identify correlations

among significant design parameters (e.g., length , displace-

ment , specific machinery weight , payload weight , SES cushion

pressure) for advanced marine vehicles , but the program may

be applied effectively to any types of ships for which a set

of design parameter data is available.

Although IPAP has been developed principally to address

the analysis of ship parameter data (e.g., IPAP ’s data for-

mats have been designed to streamline data collection of

ship parameters), the capabilities to display data and fit ,

store and display curves can be used for other applications.

For example , IPAP has been employed successfully to fit and

display ships ’ Bonjean curves , as described in Appendix D.

IPAP has been developed for the Naval Ship Engineering

Center (NAVSEC) under the task Advanced Techniques for

Vehicle Design , a segment of the CASDAC project . Desirable

enhancements to the existing program have been identified

and are recorded in Section V of this report .

C. OVERVIEW
Figure 1 presents an overview of the interactive graphics

IPAP program , emphasizing the various input and output inter-

1
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faces between IPAP and the user. The reader may gain an

appreciation for the major components and capabilities of

IPAP by examining these interfaces:

Sh ip Parameter Data Cards — Input  data for  the
program must be collected by the responsible user!

engineer and entered into the program via cards .

I nput data includes des ign parameter names and
values associated with particular ships . The pro—

gram processes the card input , stores it on an

• input data file , and calls upon this data as

required during the remainder of the IPAP run .

• Listing of Input Parameter Data - A report of the

input parameter data is produced , listing the data

in the same order it was read and also sorted by

ship and by parameter (See Appendix C).

• Graphic Display - The interactive graphics inter-

face compr ises four  pr incipal graph ics display
frames (See Section III and Figure 3).

In the Ship Selection Frame the user indicates

whether he wants to examine all ships or a subset

of the ships represented in the input parameter

data.

In the Parameter Selection Frame , the engineer

ident if ies a pair  of parameters which are to be
represented on the X and Y axes. The program

examines the input data to determine an appropriate

initial scale for each axis and displays and labels

the axes. The user may adjust the axes scales if he

wishes.

In the Point Display and Curve Fitting Frame , a

data point is displayed for each ship represented in

3
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the data by the designated parameters , and the  sh ip

identification is displayed adjacent to each data
Vi .

point. The user then designates one or more types

of curves to be fitted to the data. The program

fits and displays the selected curves superimposed

over the displayed data points , and the  mathemat ica l
equation of the displayed curve appears on the scope .
The user may designate that fitted curves be stored

on a permanent disk file for future redisplay .

In the Display Old Curves Frame , the user may

recall from the permanent file any previously f it ted
and stored curve . Several such curves may be super—

imposed , as in the disp lay of a fam ily of curves .

• Hard Copy Plots - The user may at any time ask for a

hardcopy CALCOMP plot of the current display .

• Printed Report — The user may at any time ask for a

printed record of curves and data currently in display .

4 
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II . INPUT PREPARATION

Figure 2 depicts the card deck setup required to run

IPAP. Card input consists of a set of ship parameter input

cards and two cards of auxiliary data.

A , SHIP PARAMETER DATA

The typical IPAP user is assumed to be investigating the

relationships between pairs of ship design parameters
for each design taken over a number of ship designs.

Table 1 defines the format of IPAP card input . The first

three data fields are required , the last two fields are op—

tiona1 . Each card will contain the name of a single scalar

design parameter and its value for a particular ship. The

required fields are :

Ship Identification

Parameter Name

Parameter Value

The two optional fields allow the user to indicate the units

of the parameter and to give any comments or notes respecting

the parameter .

The user is responsible to provide all values for a

particular parameter in consistent units; no units conver-

sion or units verification is performed by the program .

Appendix B is a data coding form which may be reproduced

to assist in preparing input .

5 

~~~~~~~~~ •~~~~~---



—V--V. - 
~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

V—V. -  ~~~~~~~~~~~~~~~~

~~~~~ /9
CA J~7

(7/~’/9 CA ~~)

copy-• 

PLO T
- - W~A DER~

(~~~~~~~~ L~ ~~~~~~~~~~
--  Pc~~. T(V ~~

) 1
CApr 7  !  

- 72- ...- H I P  
~~~~~~~~~~~~~ ~~~~~~~

~~~~~~~~~

-

~~

-- 
-( I.

.—

CAI ~W5 
-

Lc~~
p —-To~~ CARD

C’/~PL~ DFCV S~I Lr ’ r- -~ ~~~~~~~~~~~~~~~~~~ ~~~~~~
~ - -

— .
-
.,~~ .

— 
,-j

6



—V V—V. -—- VVV - - ~~~~~~~~~~~ - -
V.- - ~-V~~

_ _ V —. ~~
V-V 

~~~~~~~~~~FT~~~

TABLE 1 - IPAP SHIP PARAMETER DATA INPUT FORMAT

Card Column Description

1 — 8 Ship identification , l e f t  just i f ied ,
e.g. , DD963 , HYDF 1 , LHA17.

11 - 18 Parameter name , l e f t  just if ied , e. g.
LBP , BEAM , SPEEDMAX .

21 - 30 Paramet er value , including decimal point

31 — 42* Parameter un its , l e f t  just if ied , e.g.,
FEET , KNOTS .

51 — 80* Comments or notes respecting this para-
meter , ori gin of info rma t ion , date , etc .

*Qptjonal
data

— B. AUXILIARY DATA
Two input cards of program control data must be prov ided

in the formats described in Table 2. The first card contains

two integer fields which designate the graphics display site

and control the early printout of ship parameter input .

The second program control data card contains informa-

tion which will be reproduced as a banner frame (a frame con-

ta in ing text to id e n t i f y  the user)  at the beginn ing and end
of any hard copy plots produced by IPAP . This information

assists the computer operator in matching plots with their

respective users . It is recommended that the users name and

organizational code be included. Data punched in the first

30 characters  of th is card appears as t h r e e  10—charac te r

l ines  of charac te r s  on t he  banner  f rame . An example of t he

hard copy plot header card is reproduced below .

7
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TABLE 2 - AUXILIARY DATA INPUT FORMAT

Card Column Description

First  Ca rd
2 — 3 = 01 for operation on the DTNSRDC scope .

= 17 for operation on the NAVSEC scope.

6 = 1 for  p r i n t o u t  of ship  parameter  inpu t
prior to initiating graphics sessions .

= 0 to defer early printout until job
complet ion .

Second Card
- First line of plot banner frame* Should

- conta in
i i  20 Second line of plot banner frame user name ,
21 — 30 Third l ine of p lot banner  f rame code , phone ,

etc.

*Banner frames are available on output from the NAVSEC plotter.

8
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C. CONTROL CARDS

IPAP can produce plotted output on either the 11—inch

or the 30-inch CALCOMP plotters at NAVSEC or on the newer

30-inch plotter at DTNSRDC . The NAVSEC plotters are more

conven ient to use , in t h a t  they  produce plot s automat ic a l l y
at the term inat ion of the IPAP run , whether the job is exe-

cuted at NAVSEC or DTNSRDC . The DTNSRDC plotter produces

higher resolution plots of superior line quality, but re-

qu ires two add it ional job subm iss ions at the DTNSRDC cen t ra l
site subsequent to termination of IPAP . Because NAVSEC and

DTNSRDC p lo t ters  are dr iven by dif f e r e n t  so f tware , it is

necessary to have separate control  card setups to use the
NAVSEC and DTNSRDC plotters .

Figures Al , A2 , and A3 of Appendix A illustrate the

control card sequence requ ired to execu te IPAP on the  CDC
6700 computer. The control cards of Figure Al will exe-

cute IPAP at the  NAVSEC site or at the DTNSRDC site , pro-

viding plots on the NAVSEC CALCOMP plotter. (Note that

the f irst Aux iliary Data Card , Table 2 , must re f lec t
whether operation is from NAVSEC or DTNSRDC). The con-

t rol  cards of Figure A2 will execute IPAP at the  DTNSRDC
site , produc ing a permanent file containing plotter instruc-

tions which are acceptable to the CALCOMP plotter at DTNSRDC .

Hav ing executed the run descr ibed in Figure A2 to create the
plot  f ile , a batch job (See Figure A3 ) must be subm it ted  at
the DTNSRDC Central Site. This job will copy the plot file

from permanent disk file to magnetic tape ; the user must

subm it a blank tape with the job. When this run has executed ,

the user must complete an 0ff-Line Request for the CALCOMP

p lot , and submit this request with the tape at the Central Site.

I t is al so poss ible to create a DTNSRDC p lot f ile from
NAVSEC using the setup in Figure A2. It is recommended that

occasional NAVSEC needs for high quality DTNSRDC plots be

9 
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met by liaison with DTNSRDC Code 1853 personnel to submit

the second and third processing steps.
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III. DESCRIPTION OF GRAPHICS DISPLAYS

Figure 3 depicts the principal display frames of IPAP

and shows the sequence in which the user may direct the

program from one frame to another . These displays and their

inherent  opt ions are descr ibed in the rema inder of th is
sect ion.

A. INITIAL FRAME
The f irst I PAP display to appear on the gra ph ics scope

is the In it ial Frame , shown in Figure 4. At this point the

user directs IPAP into either of its two primary modes:

the display of input ship parameter data and curve fitting ,

or the redisplay of stored curves.

The light buttons of the Initial Frame perform the

fo l low ing func t ions :

* NEW DATA - Control is transferred to the Ship Selection

Frame (Figure 5), a f t e r  wh ich the user normal ly  proceeds
to the Parameter Select ion Frame and to the Po int Display
and Curve Fitting Frame . Parameter data from the card

input deck is displayed and analyzed in these frames.

* OLD CURVES - Control is transferred to the Stored Curves

D isp lay Frame , wherein curves which have been previously

fitted and stored are recalled for redisplay.

* ABORT - Picking the light button terminates the execution

of IPAP . The *ABORT button remains displayed throughout the

program and may be p icked at any t ime .

* DUMP - This button will produce an octal dump of the pro-

gram . The button must be picked twice in succession to effect

11 
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its operation. The user is urged to exercise this capabil-

ity if he should believe the program to be malfunctioning .

The pick should be made at whatever point in the program

deviate behavior is observed , and the ensuing octal dump

should be forwarded to DTNSRDC with a description of the

observed problem .

When the *DUMP button is picked , the fo l low ing light
buttons are displayed :

V *DUMP AND CONTINUE

*DUMP AND TERMINATE

The f irst but ton will , after the dump has been performed ,

return control to the program at the same point where *DUMP

had been picked . The second button will terminate IPAP after

the dump . In either case , when one of the two buttons is

picked the message ENTER FIRST WORD is displayed , and a
typ ing cursor is disp layed at the bottom of the screen . The
user must now type in a ten—character , right—justified octal

core address at which the dump will start . To get a full

dump , space over nine characters and type a one (1) in the

last character of the cursor , and carriage return . The

following message will appear:

ENTER LAST WORD , THEN MAKE NEXT PICK

The user must type another ten-character , right—justified

octal address , representing the upper limit of the dump . For

a full dump , space over four characters and type “100000” ,

then carriage return . If the *DUMP AND TERMINATE option had
been picked , the program will now terminate. If the *DUMP
AND CONTINUE button had been picked , the user should now

continue execution of the program .

14 

-V - —-V - -V - V~~~~~~~ - - - -



~~~~~~~~~
V V .-.

~--- — 
V 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- VV V-V V~~~~~~~_~ 

~~~~~~~~~~~~~~~~~ . . ~~~~~~~ __I___..

V

- 
V B, SHIP SELECTION FRAME

Al1 ships represented in the input card data are displayed

as shown in Figure 5. The user may designate that all of

these ships be represented in the ensuing analysis by picking

V 
the *ALL SHIPS light button. Alternatively, he may designate

a subset of ships for analysis by picking their names. The

names of pi cked sh ips are removed from the original list and

redisplayed in the center of the display.

Picking either the *X AXIS or the *~~ AXIS light button

signifies that the list of ships is complete , and will trans-

fer control to the Parameter Selection Frame .

C. PARAMETER SELECTION FRA ME
In th is d isplay f rame (F igures 6, 7, and 8) the construc-

tion of the display axes is accomplished . h aving selected

the X axis , for instance , a prompting message appears instruc-

ting the operator to select the parameter for the X axis. At

th is po int a new l ist is displayed , conta in ing the  names of
all known parameters for the selected ships . The operator

selects one of the parameters , and the selected parameter

name d isappears f rom the  select ion l ist and appears alon g the
X axis. The program examines all values of the X parameters

found  in the  selected sh ips , and in it ia l l y  d isp lays an X axis
extending from the minimum to the maximum parameter value .

This initial scale consists of tick marks and parameter values

at the quarter points of the X axis. (See Figure 7)

Once the initial X scale has been displayed , the operator

must select *~~ AXIS button and designate another parameter

for the Y axis. Note that the user is allowed to first des-

ignate the Y axis parameter and then the X parameter if he

wishes. He may change the parameter or either axis by re-pick-

ing the appropriate button . Parameters assigned to either

axis are removed from the parameter selection list .

15
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The p rogram , ha~ i ng recogn i zed t h a t  parame t er s now have

be en chosen f o r  both  axes , proceeds to o f f e r  t h e  ope ra to r

the I o u r  new l i g h t  b u t t o n s  shown at t h E -? b o t t o m  of F i g u r e  8

and d i scussed  be low .

*X SCALE , *Y SCALE - These b u t t o n s  a l l o w  the  user  to

o v e r r i d e  the  d e f a u l t  sca les .  Pick-

i n g  either b u t t o n  causes  the  fol-
l o w i n g  p rompte r  to appear :

TYPE IN “~1IN\ ’ALU E”  COMMA “MAXVALUE”

COMMA ‘NUMBER OF TICKS” RETURN

The opera to r  types  the  m i n i m u m  and maximum va lues  he
des i res , each fo l l owed  by a comm a , and t he  number  of d i v i s i o n s
( n u m b e r  o f  t i c k s  minus  1) desired a long the  e n t i r e  l e n g t h  of
the axis. (It is recommended that the number of divisions be

a m u l t i p l e  of f o u r , to a l i g n  t i c k s  w i t h  the  l a rge  t i c k s  at
the  q u a r t e r  p o i n t s  w h i c h  r emains  in the  d i s p l a y . )  T y p i c a l

t yped  i n p u t  is shown below :

0 , 100 , 20 (PUSH RETURN BUTTON )

T h i s  i n p u t  would  resu l t  in a m i n i m u m  scale  v a l u e  of 0 , a

maximum scale value  of 100 , and 5 d i v i s i o n s  in each q u a r t e r

of the axis. A max imum of 40 t i cks  per axis  may be s e l e ct ed .

*SELECT SHIPS - This button returns the program to the

Sh ip Select ion Frame , allow ing the op—

era to r  to re—selec t  ships  bu t  w i t h o ut

caus ing  h im to sequence t h r o u g h  a l l  the

steps p r e v i o u s l y  e x p l a i n e d .  D e s ig n a t i o n s

of pa r ame te r  axes and scale t i c k  m a r k s
remain  v a l i d .  On ly  the  set of s h i ps  to

be a n a l y z e d  w i l l  be changed , as d i r ec t ed
by the  o p e r a t o r .  The r e — s e l e c t i o n  of sh ips

20
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allows the user to “remove” any di spl ayed

data points not desired for curve fir .

*pTS CURVE — This button must be selected to proceed to

the curve fitting feature of IPAP . Select—

ing this button indicates that all adjust-

ments to the axes are completed .

D. POINT DISPLAY AND CURVE FITTING FRAME

Selection of the *PTS CURVE light button will produce a display similar

to the one in Figure 9. Data points are displayed as small triangles , and

each point is annotated with the name of the ship it represents. Additional

light buttons are also displayed , wh ich perform the functions described below .

— Picking the button will cause a first order

(linear) least square curve to be fitted to

the data points , and the curve will be dis-

played. The linear equation of the curve

will appear at the top of the screen. Successive

add itional picks of the *LIN button will cause
the linear curve and equation to alternately

disappear and reappear .

*PAR , *CUB, *QUR — These buttons control the fitting and dis-

play of par abol ic , cubic , and quartic least—
sq uare polynomials. Their operation is

similar to that of *LIN

*EXP — This button controls the fitting and display of

a least—square exponential curve of the form

Y = A ± B e

The operation of the *EXP button is similar to

that  of *LIN

Any combination of the f ive  curves may be disp layed
at a given t ime . (Fi gure 10 i l lus t ra tes  the simul-
taneous display of the parabolic and cubic

21
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curves .) Note t h a t  t h e  te rms  of each
equation are arranged vert i c a l l y ,  and
that negative terms are expli citly de-

noted  by a m i n u s  s ign  ( - )  bu t  t ha t

p o s i t i v e  terms are not preceded by a
p lus  s ign ( + ) .

*EQN - Picking this button causes a l l  e q u a t i o n s

to be removed from the display , Sue—

cessive additional picks of *EQN will
V 

cause the equat ions to alternately dis-

appear and reappear.

*MOVE EQ - This button allows the user to move
equat ions to a di f f e r e n t  pos it ion in
the display. When *MOVE EQ is selected , a

prompter  appears ins t ruc t ing the user
to pick the  equa t ion  he wishes  to move.
When the  equat ion  has been picked , a
t r a ck ing  cross appears at t he  b e g i n n i n g
of the  equat ion , and a new b u t t o n  *ACC
is d isplayed near t he  bot tom of the

screen.  U s i n g  the  l i g h t  pen , the  oper-

ator picks the cross and “drags” it

across the screen to the pos ition where
he would  l i ke  to see the e q u a t i o n  H a v i n g
pos it ioned the  cross , the opera to r  mu st
now select the  *ACC Button at the bottom

of the screen. The equation selected

‘~‘ ill now disappear from its present loca-

t ion and rea ppear at th e new location .

*PTS — Picking this button removes the points and

ship ID’s from the disp lay . Successive
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picks of *PTS alternately redisplay

and remove these items .

*IDS - Picking this button removes the ship ID’s

from the display . Successive picks of *IDS

alternately redisplay and remove the ID’s.

It is not possible , however , to display IDs

unless the points are also in display status.

*PLOT - Picking this button will produce a CALCOMP
plot of the current display, except that all

• 

V

. light buttons will be edited out of the plot .

*INTERCEPT — The user may request interpolations for

values on either axis of any displayed curve

by selecting the *INTERCEPT button . When

the *INTERCEPT button is picked the follow-
ing prompter is displayed:

PICK EQUATION OF CURVE TO BE INTERPOLATED
(If no equation is in display at the time

INTERCEPT is selected , the equations will

automatically appear. If only one equat ion

is in display, the above prompter will be
omitted and it is assumed tha t  th is equat ion
is the one to be interpolated.)

A f t e r  the equation has been determ ined ,

another prompter appears:

TYPE X OR Y AND CARRIAGE RETURN
TYPE VALUES OF X OR Y SEPARATED BY

COMMAS (MAX 5 VALUES) AND C. R.

The user types in X if he wants to enter X

values for interpolation of Y values , or Y if

he wants to enter Y values , and types the

carriage return. The first part of the
prompter message will disappear and the user

25
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must type from one to five values for inter-

polat ion. When the user again types the

carriage return , the values given and the

corresponding interpolated values will appear

under the equation. Interpolation of X given

Y for paraboles , cubics and quarters will , in

general , result in two , three , or four inter-

polated values which will be displayed in

tabular form . Note that all mathematical

interpolations will be computed and displayed ,

- 
• 

including those on portions of the curve which
V 

are beyond the X—Y limits of the display .

Interpolated values will be hidden and

redisplayed along with the equations via the

*EQ light button. Interpolated values are

permanently erased when the corresponding

equation is moved.

*STORE — This button allows fitted curves to be

stored on a permanent disk file for subse-

quent redisplay . When this button is

selected a prompter appears just over the

but ton  direct ing the  operator to PICK
EQUATION . The operator is to then select

the equation of the curve he wishes to store .

After selecting the equation a prompted

appears at the top of the screen directing

the operator to type in a 10—or—less

character alphanumeric label which will sub-

sequently be used to recall the curve .

*MID - This button allows the user to adjust the

location of ship ID’s, employing the

tracking cross similar to moving equation .

(See above explanation of *MOVE EQ.)
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*REMOVE PTS — This button allows the operator to remove any

displayed points from the set of selected ships

being disp layed . When the *REMOVE PTS button

is selected a prompter appears stating,

SELECT POINT IDs
*RETUR~

The operator then picks the point IDs of the
points he wishes to remove. When the selection

is complete the operator picks the *RETURN

button . The program now automatically removes

V 

- the points selected and recalculates and

redisplays any curves that were in display at

the time the *R~~OVE PTS button was selected .

*PRINT — This button causes all mathematical information

(axis parameters, data point IDs and coordinates ,

and display of equations) which is displayed at

the time of selecting the *PRINT BUTTON to be

printed by the printer at the end of the scope

session. *PRINT button may be selected any

number of times.

*CHANCE wTS — This button permits the operator to type in a

single weight value which can be assigned to any

or many of the displayed points. When the *CHANG E

WTS button is selected a prompter appears stating ,

TYPE IN VALUE OF POINT WEIGHT AND CARRIAGE RETURN
THEN SELECT POINT OR POINTS TO BE WEIGHTED

*RE TURN

The operator will then type the value of the

point weight , execute the carriage return and then

select the IDs of the points to be weighted . When

the selection Is complete the operator selects the

*RETURN button .
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When the *RE’PJRN button is selec ted all curves ,
equations , and in terpola ted val ues in d i sp l ay

will be removed. The curves and equations will

be recalculated but any interpolated values in

display will be removed. The current weight

value will be d isp layed under each po int

selected for weighting. The weight values can
not be moved with their associated IDs. If the

*SELECT SHIPS button is chosen the current weight

factor will be eliminated and all assignments of

it  will be canceled. That is, all weights are

reset to one (1) as they are initially.

*WTS — This button is an “on—off” switch which permits the

operator to display or hide any point weights

greater than one. This button is not displayed

until the *C}1J~NGE WTS button is used.

E. DISPLAY OLD CURVES FRAM E

In this frame the user may display any curves which have previous ly
been fitted and stored by IPAP. Up to seven curves may be displayed

simultaneously.

This frame is entered when the user picks the *DISPLAY OLD CURVES

light button in the initial IPAP frame. The tutorial TYPE DESIRED

CURVE LABEL instructs the user to identify the curve he wants dis-

played . The label is a ten—or—less character alphanumeric identifier

assigned by the user when the curve was stored . When the user types

a valid curve label and carriage return , the curve will be displayed at

28
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an ap p ropr iate scale , the axes will be labeled with the correct
• parameter names , the curve label will be displayed near the

center of tije curve , and a numb er of new light buttons are

displayed for the exercise of other options. (See Figure 11).

If the user types a labe l for a non-existent curve , t he

follow ing message and options will be displayed :

LABEL NOT FOUND
BAD LABEL

*TRY AGAIN
* ABORT
*ANALYZE NEW DATA

Pick ing the *TRY AGAIN button allows the user to enter another
label. the *ABORT button will terminate IPAP . *ANALYZE NE\V

DATA will t ra n s f e r control  to the Sh ip Select ion Frame to
allow analysis of data from card input .

The light buttons displayed when a valid curve is displayed

per form the fo l low ing f u n c t ions:

*ERASE AXES AND CURVES - This light button removes from dis-

p lay a l l  curves , labels and parame ter
names. If another curve is subsequent-

ly  d isplayed , scaling on both axes will

be as determined by the new curve .

*ERASE ALL CURVES - All disp layed curves and their axes

will be removed from display. Ax is

parameter names and scaling from the

removed curves will be retained for

subsequent curves.

*ERASE A CURVE - Selected curves and their l abels may

be removed from display with this

light button. The following message

and light button are displayed:
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PICK C U R V E ( S )
OR

* DONE

The user then  p icks one or more curves wi th
the light  pen , and p icks *DONE when he has
removed the desired curve(s).

*READ A CURVE - This button is not displayed if the maximum

seven curves are already in display . When

V this button is picked the user will be prompt-

ed to ty pe the label o f another  curve to be
added to the display. If the axis parameter

names of the  new curve are iden tical w ith
those of c u r v e ( s )  cu r r en t ly  disp layed , the
new curve will be superimposed on the exist-

ing display at the same scale as the other
curve(s). If the axis parameter names of the

new and old curves are not identical , the fol-

low ing message and l ight  bu t tons  are d isp layed :

NEW (
~) 

DIFFERS FROM OLD (~
)

NEW (
~
) AXIS LABEL IS parameter name

*READ A CURVE

*ERASE AXES AND CURVES

*DISPLAY ANYWAY

When the *READ A CURVE button is picked , the
user is indicating he will abandon display

of t he  curve , and wan t s  to name ano the r  curve
for display . The *ERASE AXES AND CURVES will

remove al l  ex ist ing curves and d isplay  the
new curve with its parameters as if it were
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the first curve to be displayed . By picking

the  *DISPLAY ANYWAY button the user forces
superposit ion of the  new curve in sp ite o f

the difference of axis parameter names , and
he must accept respons ib il ity  for  i n t egr ity
of the composite display . When t h is overr ide
option is exercised , the new curve is assumed

to represent the same units on the respective

axes as the  ex ist ing curves , and is scaled
accordingly .

*MOVE LABELS - This light button allows the user to reposition

labels in the display . The following message

and light button are displayed :

PICK LABEL

OR

*DONE

The user pi cks a label with  the l ight pen , and
the track ing cross w ill appear in f r o n t  of
that  label and a new l ight but ton *ACC will
appear at the bottom of the screen . With

the light pen the user must “drag ” the track-

ing cross to the  new locat ion , then pick *ACC ,

at which t ime the  label w ill be red isplayed
alongside the tracking cross . In a like manner

other labels may be reposit ioned.  The user
must pick “DONE when all desired labels have

been adjusted .

*PLOT - Picking this button will produce a CALCOMP

plot of the current display , except tha t a l l

l i g h t  b u t t o n s  wi l l  be ed i ted out of the p lo t .
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IV, USE OF IPAP FOR GUJE RAL DATA DISPLAY A~D CURVE FITTING

IPAP has been developed toward the primary goal of ana-

lyz in g parame tr ic des ign data take n from a group of ships.

How ever , its  data  po int  d isplay  and curv e f it t ing capab i l iti es

have been productively used for other applications . Such

“off—des ign ” use of the program requires of the user a better

und er s tand ing of the  data used by IPAP , that he interpret the

corr espond ing term inolo gy (sh ip name , parameter name ) used in
V th is user ’ s manual , and that he use some crea.tivity and insight

in setting up his application of the program .

Appendix D gives two examp les wh ich demonstra te
use of the  pro gram for  appl icat ions o ther  t h a n  sh ip parameter
a n a l y s i s .
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V 1 FUTURE ENHANCEMENTS

The IPAP program shows promise of being useful in a

v a r i e t y  o f des ign problems involv ing the  p lo t t ing of da ta

and the fitting of curves. It has already been used in

pe rha ps h a l f  a dozen pi lot prob lems of d ive rse na ture ,

wh ich have identified additional capabilities which would

make IPAP more use fu l . Some of the possible future capa-

b il it ies are descr ibed below :

. The X and Y axes may be designated to represent
V algebraic functions of data parameters .

• The program would report to the user a parameter
ind icat ive  of the “goodness of f i t ”  of fitted
curves.

• The user may input descriptive titles for curves ,
which  would be sorted w ith the curve fo r  f u t u re
display and editing.

• The operation of IPAP on minicomputer and storage
tubes will be investigated .

• Stored curve labels could be d i sp l ayed , and
curves might be displayed when labels are picked
with the l ight pen .
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1 = THIS CARD IS REQUIRED IF A NE W OLDDATAFILE IS TO BE CREATED
WITH THE RUN

2 = THESE CARDS ARE REQU I RED IF AN EX ISTING OLDDATAF ILE IS TO BE
USED WITH THE RUN

Figure  A-i IPAP C o n t r o l  Cards for Hardcopy Plots on NAVSEC ’ .s
CALCOMP P l o t t e r
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l=THIS CARD IS REQUIRED IF NEW OLDDATAFILE IS TO BE CREATED .

2 = THESE CARDS ARE REQUIRED IF AN EXISTING OLDDATAFILE IS TO BE
USED WITH THE RUN.

F i g u r e  A-2 IPAP Cont ro l Cards Which Produce Cataloged Plot File
to be P lo t ted  at DTNSRDC
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APPENDIX C — Sample Sh ip Parameter  Pr in tou t  
S

I t ~T~~t~A C t I V E  P.~-~~M T I ~ 
r ~N A L Y C I S  P~~Lj C,~~Atl

I’lPUT AS RLA D

S- HIP P4R4’~~TER PAR -~~TEt~ PARAM E TE -~ ~~~~
t1A IE NA V V1~I V A L U E .  W4 ITS GJ i t  (~~T S

V Y 1 V.~IR i’i~.5.U I1 HYIJ -L ! -
A O - 3 ~ CUr~FIC, 2 . D U S : P T - i - A T E  -

A [~— 3 )  TYPE 1.0 :~
A U— 3~ ~O h J J~~S 1.110
A O— ~~, PR:S’~JRE

-
~~~ 

- 4O— ~~ T0r~Q j E 3j~~5~i J.i.t~u CAL t-2 ~ T I L L L~
V P t T ~ 2 , 3 3

(.L ) — 3 0  H t i ~J J O V E R  3~~.u U
A U — S E  tU STOP
A O — 3~ HA ’~O~~T -) P 37~~Ut )
)—3~ NPI~~IJtt I T 2.01 )

UI’ k!J . 1) 0 WE~~I I J ~~IIU J .S~ .

AD— 3~ U V - ~~ L O A O  150.11 11
4 J — 3 ~, NO CYL . ~ .ii 0
AD—3ó : x ~ ~ .uu 

V

43—35 S T V ~OK ~ 37.68 -

A O — 3 6  PUMP CAP 57.50 ~ O~~i:U-1 T V / U ~~ Y S IZ E  ~
T 1 L L E ~ R 2C.tfli

- Ai ~~ 35 X~~A M S
AD— 3~ Y/~~MS 8.35
A O — 3~ ZRA::S ~.75
43—35 U~~A ”.S 1117.- 1
43—35 V RAMS 2~~o . ? 5
AO— 35 XPWRUI4IT ~.B2
A ‘3— 35 YP~~.:Jt4IT IM. 85
A D—3D ‘Pp4~~IJUIT o.,~s O  T4 1( A~~OV~AP .-a N I T
A Q — 3 ~~ S VP~-~R iN I T  ~i~~.5iT O T  ~ RVE A 171.35
A D—35 TOT VOL 112.25

REF i~ . uo T~~Ot1 .~L L  t 4 ’ ~~,~~~~ 3 3220ts
A F S — l  Y E A P ~ 1963 .ui i  6 A L C W I h — L  I,- : , --~~.~t1 ILT( ’ l ,  -

4 F S — 1  - o ’ , r i&  2 . 0u ~,: .~~A T T
V ~IFS..1 TYPE 1.0 IRAPSON

NO RJ 3~~S 1.1)0
uF~~—j. PR SSU~VE 1800  • I tO
A FS— i TORQUE 121100 0011.11 (1
AFS—l R ATE 2 .33
A FS— j ~~~~~JV~-R 3E .Ut)

~FS -1 Cu STOP 37 • ( SQ
- — 1  HA- ~~,~~T~)P 38.13 11

,
V
. F ’ — i  NPP~~ )NIT

~~ —~~ I-Il’ 7~~~u u  -
~~~~ . i V ’)

OV RL UAC I
AF S —1.  10 C Y L .

~~ — 1 O I A  i i .  ,f)
A r~~— 1 SI-~C < E  23..+ ’.
u I r S _ I  PU.~ -’ ~A P ss.oa ~) I N I ~~-) 1I ~:~ Ii .s -.1)
A F S — 1  T I L L : R R 3 1 1 . 0 1 )
A F S — 1  X R A M S

3°
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APPENDIX C — Sample Ship Parameter Printout (Continued)

- INTERACT I VE P~~thH- . h St l~4A1Y SIS PR0G~(4
INPUT SORTLO BY SHIP BY PA - AMETE~

SHIP PARAM ~ T R  P41~ A~~V ET E~~ PA~~At1~~TE.~. EF4G1 NE~~~1UG
N A M E  NAME V 4 ( V U~ W I l T S  CO MM ’)T S

A i — 3 s  A PW R U N I T  63.15
AO—~~o 4/.hMS 11)7.91
40-3.) CO IffIG 2.0E.SSP~ r~A T E
40-3) CU STOP
4 0 — 3 5  0 14 9 . 0 0

-
V 40 3a Hr.(-&O3~~~R 35.00

H A S VUS T OI’  37 .011
4 O V VS - . HP -.11.00 WECTIUGHO JSE
A D—3 s rIO C Y L .

NO R)3~’~S 1.011 V

5’I P~~t -t j NIT 2 . 0 0
43—33 O V V ~~V L 3 4 O  150.11 0

l S O u . U I J
PUMP C A P  5 7 . 5 0  6.3RP’ I  T E P.E.u~t Y SIZE S
RA T [  2 .33  -

RE.F 1; .111) T ECH MiI~ ~4 V  ( 1P3 3 2 2 0 5 ,9 .
A 0 — 3 - .~ ST~tO < E 3 7 .6 8
4 0 — 3 3  T ILLIR P 25 .011
A O — 3 -~ T O- ~QUE 31~’~~’ U u .11U CA I~ P;~~ s T1 LL E~TOT A~ ’V . A  171.25

TOT V O L 712 .25
43—3, TYI’E 1.Uu 5~A P S 0 N

V PWP VtVIHI T “15.51
A 1’ -33  VPSA S-~S 29€.. 7U

X PrIRUNIT 5 .8 2  -

43— 35 XRAM3 12.A32
A 3- .35 YEAR ~~~~~~~~ HY)E ~4 1t IG L A t ~S

— 40—33 YP~ RU~~IT lu,85
8.35

40—33 ZPWR UN IT 6.58 TA ~)K A Q O V E
4 0—3 5 ZRAHS 2.75
A F S — 1  4 P r ;~~u N IT  51 .95
4 FS — 1. AR A MS l 3 E . 8 0
AFS —J .  CO N FI G 2. u S I S E P E R A T E

CU ST 0~ 3 7 . 0 0
A F 5 — J .  014 11.50
A ES—j .  HA R D O V E R  3 5 . u O

HAs~JSTOF’ 38.011
A FS—i. HP 75.~) U  -

NO CYL.
51 3 cT)-~S 1.05)

~I 3— ~ 14PP ~
V
~~I J t 1 I T  2.1) 11

S _ t OV :’ t OAD 1 5 Q . t 0
,;1 G — 1  F’ - S . ) : I — < t 1~~ I3 t ( . U B

P U l P  C A P  3~,.ti O UV ~~NI~~~JN S.i’~Ii S ‘~ U
P~~- - .U ’ ) T  W T j .. 3 Q ~~3 ~2 .33

11.0 0 TE CI4 MV ~~h ~lAV ~ ’it PS 322037
-Y-~.LK WT 29~J 5 C . C 3 .
ST R O rc E 23.~~.+
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APPENDIX C - Sample Ship Parameter Printout (Continued)

I5~T E R A C T I V E  PA~~A Mt T ’ P ANALYSIS PROC~~4M
INPUT SORTED BY PARA METER BY SHIP

SHIP PA RAME T€. R P4RA~-~ T E R  P A R 4 M E T E ~ LflGIt- -. RI 5~G
t5A~1L NAM V A L U  UN ITS COr-~~’ I rS

A0— 3~ AP.4RUN1T 53.15
AFS— 1 AP WRUNII V

CGtI— ~ A PW FiUNI T 79.c. ?
C / A N — ,~ , A PW R U N I T  P- .. u3 T O T A L  t~. E . J D  FOR 1 RO)R
C V A N — € . 8  AP~~R’JN4I T l4J.uu E S T . X

V CVA s7 APW RUNIT 160.83
C v — 6 - -i A P W R U t 4 I T  157.92
0 0 — 9 . 5  A PvIR UNIT 82.18
00—953 AP~ RUNIT ‘.3.82 V V

JE—ju ’,ij 4PWRUrIIT 2t.13
DE— 111G2 AP Ht~UNIT t,7.(35 V

‘JE—L ’2 AP WRkJ N LT
J L G N— 3 ~’ A P W R U N I T  61.17
011)11-38 AP~~tUNIT 61.56
DIG—lb APHR U~IIT
DLG— 26 APW.~.-J I4ITV OLG— T1 A P W R U~1IT ~~~~~~~
LFC- -. A P ’ARUN il ‘.2.25
LS0— 28 A P W ~ V U1) 1T  -.0.23 -

9SC— 1~~ 4P~4~~’J’~lT
i-1S 3—”27 AP~1RUNIT 13.25
40—36 ARAM S 1 07 .91
AFS— i AR 4M~ 1 3_ S. 8-3.
C614—9 ARA N S 14ti .’~1
C V A t S — E- 5 A R A M S  2 3 3 . 1) 1
CV A W -€ .3 A WJS -IS 2~ U. 3J
CVA— ~~7 ARAM S 223.”’)
C V- 6 3  A R A M S
OD—9-. 5 4R4~1S lfl.15
33-’.~~$ A RA MS ,.i9
OE 1ti -~i, ARAtI S 11~~.89
3 [ — I ~~E 2  A RA ’.S
O E — i . t s 7 2  A RAII S 1 23 . 3 1 1
)LGN—3 3 A RArI S 157.7’.
OL~, N— 3 3 AR ArI S 17 2 . 2 V
D LG— 1C AR4PI S
DLG-2 6 A R A M S  1 2 V + . 7 B
3Lu ~~~ A RA I S  l~~b,3 7
LPO— -. A~~A~~S 179.32
LSU—c 8 A~~ A M VS ~2 I.1G
,1~iC. — t  93 A RA ’ :~ 3i. . ~ -9
‘1 M- ,~~’ 4 - A t 1 ~ 311 .33
4 D _ J V ~ C O N F I~., 2. ~~~~~PE-~~ SE.
AF~~— 1 C O V ~FIG
A 0E.—i CUr~FIG 1. IIIIJII ITI / 3

L . 3 U U ? J I T I Z E 3  V

A U .  — -. CO ’ I i rG 1. l)~~ 5 1 Iu T 1  7~
)

CONFIh 2 , u 1 , S E r ’ E ,~ 4 i E
CO~J I G  2 . :OSCt-: PA T O

CV..tl—t ~ CONEIG 2. U u ~ L , :-~AT,..
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AP PENDIX D

USE OF IPAP FOR GENERA L DATA DISPLAY AND CURVE FITT I NG

Figures D—l , D—2 and D— 3 present , respect ively, a problem
formula t ion , the corresponding IPAP input data and the result-

ing plo t in wh ich IPAP was used to f it a polynom ial curve to

V 
a series of points  in two dimens ions. Note t ha t  each data
poin t  is “ named” not as a s h i p ,  but  w i t h  a unique point iden-

tifier; the names selected may be any eight-or-less character

IDs , but each point must have a unique name . Note that there

are two data cards for each point , both of wh ich r e f l e c t  the
po int name , and each w ith  a correspond ing parameter name and
parameter value.

In a separate a typ ica l  appl ica t ion ,” IPAP was e f f e c t i v e l y

used to compute the po lynomia l  c o e f f i c i e n t s  for  a fam ily of
Bon jean curves , represent ing sectional areas on twenty—five

offset stations of three related huilforms . Furthermore ,

unusual requirements of the user deman ded:

• tha t  the re  be two Bonjeans  fo r  each s t a t i o n  — one
above the design waterline and one below ,

• that these curves be transformed to d e f i n e  section-
al area as a function of distance from the design
water l ine  instead of from the basel ine , and

• that the curves be normal ized with respect to the
maximum section area and to the design draft .

The compu ta t ion , t r ans fo rmat ion , and normal izat ion of

the curves was performed pr ior to prepar ing IPAP da ta .

*See “LX Synthesis Model Huliform Development” , TM-185—76—ll ,
by 0. Stephans and B. Thomson , DTNSRDC , February 1976.
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GIVEN: Table of values for variables A and B shown below :

Data Point~~~ 1 2 3 4 5 6 7 8

A 5. 20. 40. 60. 62. 79. 95. 96.

B 50. 32.  - 63. 102. 146. 193. 275. 328.

REQUIRED: F i t  a parabola  to the  above da ta  and d e t e rm i n e
the coefficients C0,  C1, and C2 of the  equat ion:

B=C0+C1A+C2A
2

Figure D-l Problem Statement for Simple 2-D Curve Fit
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cc i_ j.1. 
~!i.

7OINT 1 A - . RI
POINT2 A 2C. FT

~‘Ot t ’4 T3 A -.i. RT
PO .N1’. A i0. FT
P O P 1 T 5  A - ,Z .  R I
P O I N T 6  A 

~~~~~~
?OINT7 A 3 t .  FT
POINT8 A 96. FT
PO INT 1 

~fl. L ~
~‘OINT2 3 32.  L 3 S
PO IN T 3 3 -

POINT’. Iu~~. L T3S
POINT~ 3 iL- f~. 11
P O I M T 6  3 193. LBS
~JI~~T 7  :3 2 7 i .
P011-118 ¶3 ~2i. 13S

Figure D—2 Input Data for Polynomial Curve Example
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Figure D-3 Fitted Parabolic Curve for Polynomial Curve Example
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Each of the  t h ree  sh ips  was represen ted  by f i f t y  cu rves
(uppe r  and lower curves on each of 25 s t a t i o n s) ,  and each

curve contained approximately ten data points.

The IPAP “sh ip name s” and parameter names were selected
to r e f l e c t  the va r ious  s t a t i o n s , t he  separa te  upper  and lower

curves on each stat ion , and the  data  po in ts at par t icu la r

waterlines on each curve. Since each data point on a Bon-

jean curve represents a sect ional  area ( in t h is case a

t ransformed and normal ized sect ional  area)  at a part icular
wate r l ine , the “ ship  name s” were d e f i n e d  to r e f l e c t  those

V 

water l ines at wh ich the area data was computed (See Figures
D—4 through D-9).

Since the  user requi red  p o l y n o m i a l  c o e f f i c i e n t s  of area

as a f u n c t i o n  of water l ine he ight , and since IPAP fits poly-

nomia l s  in the form of Y ( v e r t i c a l  a x i s )  as a f u n c t i o n  of X

(horizontal axis), it was necessa ry t o t rans pose axes f rom
those of the convent ional Bonjean plots where waterlines

appear  on t h e  ve r t i ca l  axis  and areas on the  h o r i z o n t al .  The

hor izonta l  IPAP a x i s  pa ramete r  mtmes were t h e r e f o r e  d ef i n e d

to represent the normal ized d ist ance of the  data  po int f rom
the  design w a t e r l i n e , and also to d i s t in q u i s h  between upper

and lower curves . Two pa ramete r s , ZU and ZL , were d e f i n e d

to be plotted along the X axis. The upper bon jean curve

for  each s tat ion was represented by ZU and the lower curve
by ZL . Parameter  values for  both ZU and ZL were computed and

input to represent the desired transformed and normalized

values of these parameters at the  var ious wa te r l ines.

The values to be scaled alon g the  Y axis were of course
the t r ans fo rmed , normalized values for sectional area. The

Y axis parameter names do not in fact reflect the “area ”

measure , but are used instead to identify both the hull (Lx i .

LX2 , LX3) and the station number which correspond to the area

46
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represented by the particular parameter value. For in-

s t a n c e , t he  p a r a m et e t -  name “LX2 15.0” corresponds to t he
normalized , t r an sformed secti onal area va lue  on the  secon d

-
~~ hull at st a t i o n  15. (See F igure  D — 5 ) .
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.:L 2~~.: ZU . D ~~.2 ; 1 5 J  ! ) O- ~ IJ’- .
W L 26.11 ‘ tV) ,1.2. i.~;1ri ::~~~
ML 3 0 . 0  LU • ? I ~~~~~~~~~ 2~ M U - f  DIr.:. LXU
ML .3’4.  0 /.U • (2.9.3) MUM (Li Lt.
M L  ~ M , I) LU • ‘.L- .-~j J+ ( j  :1MM ( J I M ’ . Li?
ML. -.2.51 iU ,MMt. I -..t. ’J fl0f) ‘1 L X ?
V t  ~, f:, ~ ;‘) J ~~~~~~~~~~ 1)011 O IL .. LX?
IL 9 0 . 0  LU • 0~- 217i ISOM O I V L LX 2
WL 5’.. 0 LU • 9~~ -~’~~’Jj  MOM (I .j !~L
NL -,‘ .2t ZU j, .~ tj i, MO N UIt - M. L X ’  - ) : . U - ( . G lO
1~L 3’.,3 ~f3 1.011 _IL 11DM DJV ML LU? L l , M - ,S~ 7
IL 7 ’ . .-~ LU 1.. 0031 rlO~ D~~1!L L>. 2 V -VV~~ 

~ T6
ML S’..3 7U j.1~i55 UCU 3~~’~L L X 2  ~~
ML 55 ~ , 2M 1. I~L72  11MM JILL LX? U, iJ ’ . S
IlL 56. !)  f f 1  1,:/~-, h i!! J111L L)- ? : -‘ . - < .~~~3l-~L 57.~~ ZU 1.1119 IlUri j Ilt).. L X ?  ! .M ’V . S 1 2

- - L  5 8 .0  LU j , i 3’~8 NW! M X V L  L).- -’ t-!:)<, S i 1.’
V 

- IL ~‘).7 ZU 1.tL8ti N M - )  (1 11-tI . LX L  - l < ~~
611 . 1 ~U 1.2IJ L’ i-!J l j u L. t X , -~ 9 , . U r ~. C i M . ,

IL ~ j . J ZL I 1. ’3~~’) N- 3 :) DII!t. LX? IL. D~~.S1 C-W L 0.0 L X ?  11,0 • Ui Vl~~ 11Th 01)-IL L X ?
I L.. 1.0 LX? 0, (1 • 0111 3~)t) MOM DINt. LX?
III.. 2 . 0  L X 2  0 . 1 1  , U I C ! - 7 3 1 I J O t S  OIL!. LX?
141 . 1~~ ~ L~~2 0.0 • [ i J 0 : W t ,  lU- I  OI~~L LX?
ML 8 .11 LL? , . 0  •f l ( , ,~~~5 i  ‘ iOM LIt-I L LX?.
WL 12 .0 LX? 0.1) .OC ?i-5 &Q NO !. n U t .  LX?
IlL 15. 53 LU~ U. 11 •I) ’.1fl.53’ .b fl) ) LX ?
)I _ i-~C.0 LX? 0 .11 .il ’) u~~3 3 3  11W! OIUL LX?.
.IL 20.0 LX? Ii • 0 • 3L- 15 3 ,.)2 N O l  OI1!L LX?
ML 2 2 . 0  L X ?  0 . 0  0 . 0 0 0 0 1 1 0 1 1  N - U  D IM . LX?
14L 2’..0 LX? 0.0 .JE.33fl6 NUN 3I’iL L X ?
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