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ABSTRACT

A methodology for evaluating a large number of design
concepts with multiple and conflicting attributes is pre-
sented. The methodology is called Multiple Attribute
Tradeoff Analysis. It was developed at the Massachusetts
Institute of Technolagy for large utility companies as a
means of system design in the face of uncertainty. The
methodology is adapted for use in the ship design process. A
case study, exploring machinery plant combinations, is
presented to validate the analysis. The methodology can be a
useful tool for designers, research and development managers,
and decision makers.
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CHAPTER 1 T
2
INTRODUCTION "-' :
A%
BN
1.1 BACKGROUND A
e
DR
Both engineering and commitment decisions must be made ';Jkﬁ
et
in the design of a naval combatant ship. Engineering tgxf;
NN
LG
decisions are normally made by working level engineers at the PSR
OCEN
system or subsystem level. They are based primarily on fﬁ:ﬁ:
engineering principles. For example, a certain size beam L¢~?
.:_-.:::.:,
made out of mild steel will either support the projected ﬁ:rﬁ
9:.:- _.'-:.
loads or it will not. Dn the other hand, commitment Eﬁfﬂ
AN
]

decisions are often driven by higher level praogramatic
factors as well as political considerations. These decisions
are usually made many levels up the chain of command from the
working engineer. System cost effectiveness as well as
personal preference and political acceptability, play a major
role in the final analysis. For example, the decision to
commit to a high risk innovative design like a gas turbine
propulsion plant with electric drive versus a gas turbine
plant with mechanical drive can be greatly influenced by the
past performance of the mechanical drive system. Al though
there are two distinct types of decisions, they are highly
interactive and can greatly influence one another.

Figure 1.1 illustrates the interaction of the engi-
neering and commitment decisions. Throughout the design
process, a certain amount of engineering must be done to

support a commitment decision. On the other hand, certain
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: commi tment decisions must be made to support the engineering i
I effort. A definite balance between engineering and commit-— -

‘e ] \v.ﬁu
\ ment must be established and maintained in order to keep the :ﬁ$ﬁ
N A
2 design process alive and moving forward in a normal manner. **Pﬁ}
. . :\?%‘:\.
I In naval ship design, a commitment decision will narmally ff"‘
; slow the process for longer periods of time.

:

’4‘

! N

N Py COMMITMENT

“ S DECISION

N S

s \ \

’ \ /

% \\ \ j

. \ ENGINEERING

: \ DECISION

i

: FIGURE 1.1 RSOA
- Tre
- INTERACTION OF ENGINEERING AND COMMITMENT DECISIONS {xjﬁ
- e
; R
; There are several key factors which complicate the - ;
; commitment decision. First, large numbers of systems and :; ’
N subsystems are required in a ship. Second, there is a high tﬂﬁfﬁ
: degree of diversification in the systems and subsystems. 5

- .

s Third, there are numerous migsion requirements of major S

f importance. Fourth, there is a very high degree of inte-

: gration between all aspects of a ship. Fifth, the unit cost

.

i of a ship is high, about a billion dollars per copy. Sixth,

; there is the low production output, only 20 to 30 ships of a

i

r 10
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class. Finally, the useful life expectancy aof the ship is 20
to 30 years. Given these key factors, it is easy to see why
a decision maker would hesitate to commit to one concept over
another and would want the maximum amount of information
possible before making a commitment decision.

The primary sources aof the information made available
to the decision maker are tradeoff studies. These studies
are conducted at all levels, from system components through
subsystem and system concepts to whole ship impact studies.
While the advent and use of computers has enhanced the sﬁip
design process, it has also greatly increased the amount of
information to be absorbed by the decision maker. This large
volume of information has resulted in many ideas and theories
on how to best assemble and analyze the data to precipitate a
decision. However, before proceeding with a discussion of
the current decision methodology used in ship design, the

ship design process as a whole will be briefly reviewed.

1.2 THE SHIF DESIGN PROCESS

Three key areas of the ship design process are its
iterative nature, stages of development, and decision
methodology. The iterative nature and stages of the design
process will be briefly reviewed while the derision metho-
dology will be discussed in Chapter 2.

The iterative nature of the ship design process is
illustrated in Figure 1.2. As the design progresses around

the spiral, additional systems and subsystems are included in
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THE ITERATIVE NATURE OF SHIP DESIGN

the design. The second and third iterations indicate that as
additional detail and number of systems are added, the design
must be rechecked to ensure that a balanced design has been
achieved. Because each system and subsystem must be balanced
before it is integrated into the overall design, each branch
can contain several similar spirals. Also, as each system or
subsystem is modified, the whole design must be rebalanced to
get a true indication of the full impact of the the change.

The ship design process will flow through various
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;
N stages of development as outlined in Figure 1.3 and explained
belaw.

O
P NEED FOR

SHIP
. FEASIBILITY
- Ll STUDIES
¥
L)
b s
. CONCEPT

o vesion |

N YES

SYSTEM PRELIMINARY
Y PESIGNED? DESIGN
“
ﬂ
X CONTRACT
2 [ o |

COMPLETE
3 YES
' OETAIL

DESIGN &

CONSTHUCTION

)
A FIGURE 1.3
. LOGICAL FLOW OF SHIP DESIGN PROCESS
y.
J .
! - Need For A Ship: Before the design process is
.
: really initiated, the need Ffor a new ship has to be estab-
‘ lished. This need could be justified by the retirement of
-
. old ships, the introduction of a new capablity, the intro-
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duction of new technalogy, or the requirement to meet a new

mission that is beyond the capablity of the present fleet.

— Feasibility Studies: The main abjective of the
feasibility studies is to identify at least one feasible
concept which meets all the tap level requirements, in other
words, a concept that is affordable, technically feasible,
meets all wmission requirements, and is politically
acceptable.

- Concept Design: The purpose of concept design is to
select the system concept which is the best overall way tao
meet the top level requirements. Therefore, each concept
must be designed to enough detail to conduct a tradeoff
analysis. However, the level of detail in concept design
does not require all systems and subsystems to be selected.
For example, the use of gas turbines versus steam propulsion
can .e made, without the type of reversing mechanism being
selected.

- Preliminary Design: Design and engineer the system
concept selected during concept design. Special emphasis is
given to the interfaces between subsystems and systems as
well as to high risk areas of the concept design.

- Contract Design: Complete the ship design in enough
detail to write a business contract.

- Detail Design and Construction: Produce the working
drawings and engineering products required to build, test,
and deliver the ship.

During all phases of the design process, numerous

14
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CHAPTER 2 ﬁ{hj
P

CURRENT DECISION PROCESS y

A
NN
2.1 INTRODUCTION '}&g
. ’.
The methodology of decision making in ship design must té&
be able to address several key issues. The issues are not s,
e
unique to ship design and can be found in any complex sasystem %;};
.\ J..:‘-
£11. However, the number and names of the issues may vary k?;;
[ ]
slightly depending on the type of system. The key issues of k’;:
W
a. decision methodolaogy used in ship design are outlined .gf;
e
below. alte
S A
(1) Multiple Objectives — In a complex system, ;\;;

there are competing and often contrasting objectives. Every
combat ship has a minimum set of top 1level requirements or

objectives that it must meet. These requirements may be ship

characteristics such as maximum sustained speed, minimum

range at a given endurance speed, maximum displacement, cost

limitations, and crew size. Also, a combat ship must perform s
o~

multiple primary and secondary missions such as antisubmarine Ei%g

warfare, antisircraft warfare, and support of tactical data EE%E

communication links. The multiple objectives are incorpo- ig;;

rated into the design through the use of systems and ;EEf

g

subsystems.

LML,

& &

(2) Multiple Decision Makers — In a complex

AT
]

system design, several different organizations can control

..
. .
Wl Ny

- D

different critical aspects of the design. The decision level

structure for naval ship design is illustrated in Figure 2.1,
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FIGURE 2.1

SHIF DESIGN / DECISION STRUCTURE

As can be seen, the Navy uses a matrix organization and
different aspects of the design are controlled by different
codes. 0Of course, each code wants a little bigger piece of
the ship than the space and weight limitations of a balanced
design will allow. Also, each code tends to have a different
perspective of the relative importance of various systems,
that is, their systems are the mast important. Finally, the

functional codes feel they are in the best position to make
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commitment decisions and not the project organization. X

(3) Glabal Effects of Decisions -~ In ship )
design, systems and subsystems are highly integrated and &Q,
cannot be uncoupled from one anather. This point is illus-

trated by the design spiral in Figure 2.2. A change in one N
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FIGURE 2.2

THE ITERATIVE NATURE OF SHIP DESIGN

aspect of a ship design can produce secondary and tertiary

changes in every aspect of the design.
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(4) Uncertainty - In most cases §t 1is not

possible to completely define the impact of choosing one

rY pw
& &

A

system over another. This is particularly true if one system

is new or innovative. The result is some degree of

{l ”n ". "- "- '

uncertainty associated with the performance, operability,

-
>
Pl
)

Fl

0
-

reliability, integration and/or cost of the system chosen.

(5%) Risk - The attitudes of the decision
makers towards risk are impartant. If there is some degree
of uncertainty associated with a system selection, then there
ics some degree of risk involved with the system. The amount
of risk a decision maker is willing to accept can bhave a
dramatic effect on the averall design of a ship ar any
complex system.

(6) Acceptability of the Design - The accept-
ability of a design can often depend highly on personal
preference. A ship design which represents 1long term cost
savings can be rejected because it is more expensive in terms
of today’'s dollars. Since Congress controls the military
budget and funding of ships, political acceptasbility of a
design can have a major impact on its ability to survive.

All six key issues combine to form the general
environment in which design decisions are made. To further
complicate the decision process, the people making decisions
today can transfer and be gone tomorrow. New people filling
old positions may have different views of what is important
or what constitutes a good design. The result is that the

whole aspect of a design can basically change overnight.
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Therefore, any decision methodology used must be flexible and
adaptable to the current environment and current dectision

maker.

2.2 CURRENT DECISION METHODOLOGY

The decision methodology widely used in ship design is
a simple utility function. Decision makers are presented
with a few well screened alternatives for the final decision.
The relative "goaodness" of each attribute of the alternatives
is usually represented by a scalar value or a ranking of
poor, fair, good, or best. The attributes, presented along
with the weighting factor of each attribute, are preselected
to reflect the preferences of the decision maker.

The following example was taken from one of the briefs
given on the WNavy's recent destroyer development project,
DDG-51. Table 2.1 is a list of the design attributes to be
considered with a weighting factor for each attribute. The
weighting factors are a reflection of the design philaosophy
of the project. Table 2.2 is a sample of how each attribute
is ranked for each concept under consideration. Each concept
is assigned a grade based on its relative standing among all
the concepts. The grade is then multipled by the weighting
factor to give each concept an overall score for the
attribute. This procedure is done for all the attributes
being considered. Table 2.3 provides an evaluation summary
and total score for each concept. The results were also

presented with each concept being assigned a ranking of poor,
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Design Attributes Considered

® COMBAT CAPABILITY 10
@ SHIP ACQUISITION COST 10
® SHIP DISPLACEMENT 5
® ENERGY CONSERVATION [ :-.:\j‘,
UATOY)
PN
® MANNING REDUCTION [ OASS
?;r; \
® PASSIVE SURVIVABILITY s :::'-\
® BLOCK UPGRADE / FUTURE GROWTH FLEXIBILITY ——=—— § 2
L S
Yot d
® OPERABILITY §/3 Lol
P
AN,
LSAA
® AVAILABILITY §/3 LG
-"‘I,\-’
P
® RELIABILITY / MAINTAINABILITY 5/3 el
R
® HABITABILITY 2.5 PRSANE
.-'.‘:‘r
® MINIMUM RISK 2.5 et
® STANDARDIZATION 2.5 S,
4'_'..:-\'-‘:
PSR RY
-"..A-.-
RARYAN
“s:_\::\
2
&
p—
NN
i
AT
e
l‘u‘\:‘.\:
TABLE 2.1 Ny

~

DESIGN ATTRIBUTES AND WEIGHTING FACTORS
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(1) DDO8 ESTIMATE

(2) ESTIMATE BASED ON MARGINAL FACTORS

FULL LOAD

40

20
35
35

15

15

15

35

50

30

35

TABLE 2.2

RANKING OF THE DISPLACEMENT ATTRIBUTE
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EVALUATION SUMMARY

e re——————————eee ]

2(4|13({14(17|18119120(21{25/26

COMBAT CAPABILITY 70} 50 |100{100| 80| 80| 80| B8O | 80 | 60 | 70
ACQUISITION COSYT 90 f 40 |80 | 8o} 20| 20| 20| 70 {100]| 50 | 80O
SHIP DISPLACEMENT 40| 20)35] as 15} 15| 15 ) as | 60 ] 30 | 35
ENERGY CONSERVATION 35| 20| 30] 30|15 ] 30| 25| 60| 45| 50| 35
MANNING REDUCTION 30 ] 35 35)] 35}30) 30} 3060 )] 50 45 ] 35
OPERABILITY 10 s {10} 10 ] s 5 5§ 186 {15 ] 10| 10
AVAILABILITY 15 ) 101 15] 156 |10 | 10 10} 15 ] 16 J 10 ] 15
RELIABILITY / MAINTAINABILITY | 15 | 1015 | 15 |10 ] 10} 10} 16 | 10 ] 10 | 15
PASSIVE SURVIVABILITY 40 [ 40 | 40| 40 |40 | 40| 50| 20} 20| 30| 40
PO T “eLeximiLiry | 30 | 35| 40| 40|40 | 40| 40| 25| 25] 40 ] 30
HABITABILITY 10|15 ]10| 10l15]| 15| 1+s| 2020 28| 10
MINIMUM RISK 2511025 )| 2as |10} & 15 26 | 20 16 | 25

20 1§ | 10 8 20

STANDARDIZATION 20

TOTAL |430|315]|455/ 4551315310 335/435]4680]390]420

-,
’
4
)

PR
E;
Ve Ay

Ay
W,

TABLE 2.3

e
[

o Yoy

EVALUATION SUMMARY OF CONCEPTS

X

'.‘/:f
i)

R

J
A
Ve

NN AN S R S A N S A N L P A P A O Y O TS PRI




. ..1 o,
. .

2 500 T EERS S N YA AL ST VA T T
\:r {"‘4‘:
b4

CONCEPT COMPARISON

g AJ

N
L
.\-
& ComMBAT ACQUISITIO SHip
; CONCEPT CAPABILITY ot orspeaciment | consenyation HaNniNG .u::;::n:nv
2 & 26
4-4000
DIESEL
13 & 14
‘ 4-2500
~

DIESEL

21

<
3-3000 AT
DIESEL NN
\\‘ \ -
4 At
4-2000 A
- A

GAS TURBINE
17, 18 & 19 -

4-2500 .
GAS TURBINE .

25
3-3000 ;
GAS TURBINE

EONIMMNMY Frladddas

TABLE 2.4

SUMMARY OF CONCEFT COMPARISION
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fair, good, or best for each attribute a&as shown in Table Z.4.

A primary characteristic of this type of utility
5 function is that it requires a through understanding of the ’
' decision makers priorities. Also, by changing the weighting 2
tactors to accommodate each decision makar, the results of :
the utility function can also change. Both issues could have
g a major impact on the decision. For example, concept 2 could

have a displacement of 6919 S Mtons while concept 13 could

g have a displacement of 6946 S0 Mtone. Given this additional
: information, does the decision makers priorities remain the ;
2 same 7 I+ not, then how does the final evaluation change ? 5
. Also, the outcome of this evaluation can be completely §§¥$
changed if a second decision maker uses a different set of :;;{;
. RPN
weighting factors. i;;h
The above issues of the utility function are currently
being resaolved. A sophisticated Analytic Hierarchy Process i’
{21 has been develaoped and 1is being applied to concept
n formulation designs and feasibility studies. This process
- currently relies heavily on scoring values assigned based on
individual experience. However, as more data becomes
available the scoring values will reflect more the documented
; history and less the individual experience of designers.
" A second characteristic of the current methodology is o
a heavy reliance on past designs. A great deal of useful ,E%Ek
?' information bhas been compiled based on past successful g;:'f:é
N designs. Many of the estimating relationships and algorithms ?;%t

. used in modern computerized synthesis models are based on
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this information. A problem can arise from making low level

tradeoffs based on this data. For example, if the weight of
the propulsion plant per shaft horsepower is compared for a
diesel plant and a gas turbine plant, the abvious choice,
based on this information only, would be the gas turbine
plant. However, synergistic effects that can result fraom
combining two or more systems might be missed. For example,
simply because system 1a is lighter then system 2a and system
ib is 1lighter then system 2b does not necessarily mean that
the combination of systems 1a and 1b will be lighter than the
combination of systems 2a and 2b. There can be hidden
benefits in the integration of systems 2a and 2b which are
not apparent until the systems are combined. This concept is
especially true when comparing new technoclogies [31].

The solution is to evaluate as many possible combi-
nations of systems and subsystems when exploring new concepts
or technologies. The tedious task of balancing ship designs
has been eliminated through the use of synthesis maodels and
camputers. The designer can now explore as many different
concepts and combinations as desired. The only problem is
being able to compile and analyze the output in an efficient
and timely manner.

Multiple Attribute Tradeoff Analysis is a computerized
decision methodology which can be useful in ship design. The
methodology can handle a large number of concepts and treat
the uncertainty factor in ship design. It does not require

the development of large sophisticated models, but instead,
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can use the output of many different small models. The
Multiple Attribute Tradeoff Analysis (1) was developed at the
Massachusetts Institute of Technology for use in the design
of large electrical power generation and transmission
systems. The methodology has been successfully applied in

this application [4], [51.

(1) A current research project directed by Dr. H. M.
Merrill of Fower Technologies Inc. of Schenectady, New York
and funded by Electric Power Research Institute Inc. of Palo
Alto, California.
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W CHAPTER 3

MULTIPLE ATTRIBUTE TRADEOFF ANALYSIS

p e
03 1
0 [ ]
< 3.1 INTRODUCTION RENY
R 'Qﬁy
K" Multiple attribute tradeof+ analysis is an approach &{@
[ % 1
.7 used to aid the decision maker in selecting the best design RS
y NN
:ﬁ available in a system with multiple and/or caonflicting i&i
] ':.'.:,\
g attributes. The process involves a series of steps which Slg
;. allows the decision maker to eliminate redundant attributes ’LE
o .‘:': Y
v and noncritical uncertainties as well as identify dominant iﬁ?
* et
< and inferior options. It does not provide the decision maker Q;H
i with a scalar utility function representing the “goodness" of Sfﬁ
-
'
L ~
: a particular design. However, the process does provide a set :ﬁy
N v A,
oo FatS)
Y of graphs, tables, etc. which shows the relative “goodness*™ f&i
T
V of the attributes of a reduced set of designs which pass DA
T A
1y initial screening criteria established by the analyst. The ;;ﬁ
(L :':"\J
B result is that the decision maker is presented with a reduced ﬁﬁs
number of designs that have had the noncritical uncertainties et
and redundant attributes screened out. Therefore, the
2 decision maker can concentrate on the real issues and see the
. relative "goodness" of the pertinent attributes of all the
:: designs with merit.
.
~,
3.2 BACKGROUND
5 In multiple attribute tradeofft analysis there are
M three classes of variables [61]:
~
~

OFPTIONS AND PLANS - In ship design, options represent

LAY
,.:

choices over which the designer has control and can vary.
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S
*
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These choices may include

plant to be considered.

Table 3.1. The list is n

for illustrative purposes

SAMPLE

1-TYPE OF PROPULSION
a) steam
1. 600 1bs
2. 1200 1lbs
3. pressure fired
b) gas turbine
1. 1st generation
2. 2nd generation
c) diesel
1. low speed
2. med speed
3. high speed

2~NUMBER OF SHAFTS
a) 1
b) 2

3-RATING OF PRIME MOVERS

4-GENERATOR PRIME MOVERS
a) steam
b) gas turbine
c) diesel

S-TYPE OF ELECTRIC POWER
a) bC
b) AC
1. voltage level
2. frequency

a. 60 Hz
b. 400 Hz
c. BOO H=z

N e T T T T
A N

the type of propulsion or electric
A sample list of options is shown in
ot a comprehensive list and is used

anly.

TABLE 3.1
LIST OF OPTIONS

&6-TYPE OF DRIVE
a) electric drive
b) direct drive
c) reduction gears
1. reversing
2. non-reversing

7-TYPE OF PROPELLER
a) fixed pitch
b) controllable pitch

8-NUMBER OF PRIME MOVERS
a) 2
b) 3
c) 4

?-TYPE OF GENERATOR
a) praopulsion
b) ship service
c) combination of a+b

10-TYPE OF TRANSMISSION
a) rating of cables
b) rating of breakers
c) transformers
d) solid state
c) 400Hz motor
generator
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A plan corresponds toc a particular set of options denoted by
a vector U. For example

uwtiiy=s (1, 2, 3, 4, 5, 6, 7, 8, 2, 10}
where 1 through 10 are the options selected from Table 3.1
and U(i) is the ith plan being considered.

UNCERTAINTIES - Uncertainties provide a wmeasure of
events which have an effect on the attributes but are beyond
the control of the designer. In ship design, uncertainties
may include the fuel price or escalation rate. A sample
list, not intended to be comprehensive, of uncertainties in
ship design 1is given in Table 3.2. The vector Wk defined as

Wik) = (1, 2, 3)

denotes a particular set of values for the uncertainties.

TABLE 3.2

SAMPLE LIST OF UNCERTAINTIES

1-MODELS 3-EFFECTIVENESS
a) acquisition cost a) our weapons
b) life cycle cost b) enemy weapons
c) research and c) battle scenario
development caost d) importance of attributes
1. speed
2. range
3. payload
2-RISK

a) technical
b) schedule
c) cost
1. fuel
2. discount rate
d) research & develaopment
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effectiveness or goaodness of a design.
conflicting,

attributes is

ATTRIBUTES -

Attributes

given

TABLE 3.3

SAMPLE LIST OF

1 - CosT

a)
b)
c)

d)
e)

research and
development cost
operation and support
cost

lead ship cost

follow on ship cost
life cycle cost

2 - FULL LOAD DISPLACEMENT

3 ~ COMBAT CAPABILITY

a)
b)
c)
d)

antiair warfare
antisubmarine warfare
antisurface warfare
command and control

4 - SURVIVABILITY

a)

b)

signatures

1. acoustic

2. infared

3. radar cross-—-section

protection

1. fragment

2. shock

3. blast

4. nuclear biological
and chemical

provide a

attributes in ship design.

in Table 3.3.

measure of the
There are many, often

A possible 1list of

ATTRIBUTES

S - 8PEED
a) maximun sustained
b) endurance

& - ENDURANCE
a) range
b) period

7 - OPERABILITY
a) maintainability
b) reliability
c) availability
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v AN
” The attribute vector is defined ass NN
0 ${ ::.
Ali k) = A(UL/WK)
' 20y
. The value of the vector of attributes is the result of a .?4\‘
N S
; Sl
design of the ith plan, Ui, with a given set of values for AR
¥ N
ARty
' the uncertainties, Wk. Attributes are assumed to be defined e
~‘ - \i’
; such that they are always positive and that smaller values ‘Qgtl
LY 'J' -I \-'
: are more desirable than larger values. For example if an : f
83
"~ increase in maximum speed is desirable then 1/Vs or 40 - Vs
- should be the attribute evaluated.
.
a As an example case, consider a ship design with three
'~
different propulsion plants, steam, gas turbine, and diesel
A
{ and an uncertainty that can have a value of low or high. For N:QE
" Py
N R P
A this case there are two attributes of concern, production ;;3;-
- A
7 cost and full load displacement. The definition of the v 'j
TS
i option, uncertainty and attribute vectors for this case are njf:
- "o N
- R
. shown below. ek
- AN {\
- .\' Y
Ui= type of propulsion Wk= value of risk "'h,
AN
~ Ul= steam Wi= low ;?5;,
- RS
_j U2= gas turbine W2= high A
- "- '.I
. v ‘.o. ‘. -
U3= diesel N
- A(i/k)= (production cost, displacement)
’
) A(1/1)= ($ 34647M, 4500 tons)
' A(2/1)= (& I70M, 4400 tons)
X A(3/1)= (§ 3I7SM, 4600 tons)
g Al{1/72)= (£ IS7M, 4465 tons)
' A(2/2)= ($ 3I65M, 4400 tons)
. A(3/2)= (£ 3I73M, 4600 tons)
2
-
7 32
&1ﬂ$~’~’x$~”~fx:uj~j 'v'%fs’n"n:s;\;\fsf-'\fﬂ”ﬂf&’u’~$\f~f§f§’Qfﬁfi*é'f’{’Qiiiﬂfif{“Q“gf{f;cgf{f{';f;i;ﬂg-




2l T R

3.3 DEFINITIONS

Before the various steps of the multiple attribute
tradeoff analysis are examined, definitions of difference
vector, dominance and equivalence will be made [ 1].
DIFFERENCE VECTOR:

Define

D(i,iZ/k) = AGi/k) - A(3/k)
to be the difference between the attribute vectors for two
different plans i and j evaluated for the same value of the
uncertainty vector k. Table 3.4 contains a list of the

difference vectors for the example case.

TABLE 3.4

DIFFERENCE VECTORS

D(1,2/1) = A(1/1) - A(2/1) = ($ -3M, 100tons)
D(1,3/1) = A(1/1) — A(3/1) = ($ -BM, —100tons)
D(2,1/1) = A(2/1) — A(1/1) = ($ 3M, —-100tons)
D(2,3/1) = A(2/1) — A'3/1) = ($ -5M, —-200tons)
D(3,1/1) = A(3/1) — A(1/1) = ($ BM, 100tons)
D(3,2/1) = A(3/1) - A(2/1) = ($ SM, 200tons)
D(1,2/2) = A(1/2) - A(2/2) = ($ —BM, 6&Stons)
D(1,3/2) = A(1/2) - A(3/2) = ($ —16M,—-135tons)
D(2,1/2) = A(2/2) - A(1/2) = ($ 8M, —&5tons)
D(2,3/2) = A(2/2) - A(3/2) = ($ ~BM, -200tons)
D(3,1/2) = A(3/2) - A(1/2) = ($ 1&M, 135tons)

D(3,2/72) = A(3/2) - A(2/2) = ($ gM, 200tons)
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Since it is assumed that attributes are always

positive and smaller values are more desirable then larger

ﬂﬁﬁﬁ.lﬁf?????l??ﬁ&ﬁ&%
A
4

~h .
values, designs should be chosen which minimize the compo- :gtk
A
S nents of the attribute vector A. Therefore, it is reasonable gi{‘
: N
\ ‘1 !‘5.

to say that pfan j dominates (i.e., is better than) plan i if

Ao

>

D(i,j/k) 1is large in some sense. This concept of dominance

"h is made more precise by the following definitions.

%,

-_ DOMINANCE: Ctent
2 3
N CONDITIONAL STRICT DOMINANCE: Plan j strictly OO
LY B
t: dominates plan i, conditional on k, if all components of ;::'
V. I\ ..‘ .
;!< D(i,i/k) = AWLi/K) — ACi/K) o
by A
2- are greater than zero. Consider the previous case of the O

-1 Tt
- YRS

s aY
propulsion plants. N

D(3,2/1) = AG/1Y - A2/71) = (% S5M, 200 tons) -

N
z,

H Since all components of D(3,2/1) are greater than zera, plan _?
. -
- EAN
t-: A(2/1) strictly dominates plan A(3/1), conditional on the ROy
< e %NS
,!. value of k. Conditional strict dominance is illustrated in -..,
| Sy -
- . . P
” Figure 3.1. et
4
- OO
x CONDITIONAL SIGNIFICANT DOMINANCE: Plan j signifi-

o cantly dominates plan i, conditional on k, if at least one

E component of D(i,j/k) is "much worse" than zero and no

camponent of D(i,j/k) is significantly better than zero. The ;;}_

analyst is required to assign values of "much worse" than

I SRR
.l
A
.'

zero and “not significantly better" than zero for each
attribute. Table 3.5 gives some possibie values of “much g
v RNy
o
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TABLE 3.5

POSSIBLE VALUES FURNISHED BY ANALYST

Praductiaon Full Load

Cost Displacement
Much Worse $ 10M 73 tons
Not Significantly $ -5M -25 tons

Better

COST IN MILLIONS

380 S
SOV A2)
370 N N I
AC2/2) a4
360 NG
| NN
ac1/2)

4400 AS00 4600 4700

DISPLACEMENT IN TONS

- design A(2/2) dominates design A(3/2)
- design A(1/2) daominates design A(3/2)

- neither design A(2/2) or A(1/2)
dominates the other

FIGURE 3.1

ILLUSTRATION OF CONDITIONAL STRICT DOMINANCE
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warse" and “not significantly better" <for the previous

example case of propulsion plants. Consider the difference
vector

D(1,2/71) = A(1/1) - A(2/1) = (& -3M, 100 tons)
Then D(1,2/1) would indicate that plan 2 significantly
dominates plan 1, conditional on k, because displacement is
much worse and cost is not significantly better. Conditional

significant dominance is illustrated in Figure 3.2.

COST IN MILL IONS

380 O
RN-Y& 728!
Y‘ \’
370 x NN
'\ N N N
A(2/1) ACL71)
360

4400 43800 4600 4700

DISPLACEMENT IN TONS

— design A(2/1) dominates design A(3/1)

— design A(2/1) dominates design A(1/1)

FIGURE 3.2

ILLUSTRATION OF CONDITIONAL SIGNIFICANT DOMINANCE
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STRICT DOMINANCE: Plan j strictly dominates plan i if
conditional strict dominance holds for all k. From Table 3.4
D(3,2/1) = (% 5M, 200tons) and D(3,2/72) = (¢ 8M, 200taons)
would indicate plan 2 strictly dominates plan 3.

SIGNIFICANT DOMINANCE: Plan j significantly dominates
plan i if conditional significant dominance halds for all k.
From Table 3.4,
D¢(1,2/1) = (& -3M, 100 tons) and D(1,2/2) = (¥ -BM, 65 tons)
wauld ind:cate plan 2 does NOT significantly daominate plan 1.

1¥ probability distributions for the uncertainties Wk
have been hypothesized, a somewhat different type of domin-
ance can be defined:

STRICT DOMINANCE WITH FROBABILITY P: Plan j strictly
dominates plan i with probability P if the probability af
conditional strict dominance is F or greater. A similar
definition can be made for significant dominance with
probability F. However, for subsequent develapment such a
prababilistic structure is not assumed.

EQUIVALENCE:

I1f all the components of D(i,ji/k) are sufficiently
small in magnitude, it is reasonable to say that plans i and
Jj are equivalent.

The definition of significant dominance required the
specification, for each attribute, of two values which
determined whether a difference is

- "much worse"

- "not significantly better
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These two numbers, per attribute, lead to more precise
definitions for the concept of equivalence.

CONDITIONAL LOOSE EQUIVALENCE: Flans i and j are
loosely equivalent, conditional on k, if the magnitude af all
the components of D(i,i/k) are 1less than the values that
determine "much worse". For example, consider the difference
vector D(1,2/2) = (¥ -8M, &5 tons). The values of the
di fference vector are less than the values for “much worse"
given in Table 3.5. Therefore, designs 1 and 2, conditional
on k = 2, are loosely equivalent.

CONDITIONAL. TIGHT ERUIVALENCE: Plans i and j are
tightly equivalent, conditional aon k, if the magnituade of all
components of D(i,j/k) are less than the magnitude of the
values that determine "not significantly better". Consider
the difference vector D(1,2/71) = (% -3M, 100 tons) as an
example. The value of the production cost is lese than the
value of " not significantly better" given in Table 3.5, but
the value of displacement in the difference vector is not
less than the value listed in Table 3.5. Therefore, designs
1 and 2 are NOT tightly equivalent, conditional on k = 1.

LOOSE EQUIVALENCE: Plans i and j are loosely equiva-
lent if conditional loose equivalence halds for all values of
k.

TIGHT EQUIVALENCE: Flans i and j are tightly equiva-
lent if conditional tight equivalence holds faor all values k.

Three important points must be made concerning

equivalence:
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1. If plans i and j are tightly equivalent then they
are also laoosely equivalent but not vice versa.

2. The fact that plans 1 and 2 are equivalent (either
tight or loose) and plans 2 and 3 are equivalent does not
necessarily imply that plans 1 and 3 are equivalent.

3. The condition that plans 1| and 2 are equivalent
does not mean they are "physically close or similar". They
might involve many different particular aoptions. They are

equivalent only in the sense that they produce “"similar"

values for the attributes.

3.4 PROCESS DOF ANALYSIS
Given the above definitions the various steps of the
multiple attribute tradeoff analysis can be examined. There
are six basic steps to the process each with a specific
purpose as defined below and summarized in Figure 3.3 [ 1.
STEF I — DECISION SET
The decision set is defined to be the set of all plans
j which are not dominated by any other plan. Three different
ways to define a decision set are
— TRADEOFF CURVE SET: Set aof all plans j that are not
strictly dominated by any other plan
- KNEE SET: Set of all plans that are not significant-
ly dominated by any other plan
- KNEE OF THE TRADEOFF CURVE SET: Set of all plans
that belong to both the tradeotf curve set and the

knee set
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u STEP I: CALCULATE DECISION SET
L)
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)
I 2 J‘ 4 . _' g
> ,';._::._
- STEFP I1: STEP III STEP IV STEP V :&5{
A CALCULATE DESIGNATE DESIGNNATE DETERMINE L)
" COMPRESSED NON-CRITICAL REDUNDANT DOMINANT O
- DECISION UNCERTAINTIES ATTRIBUTES INFERIOR A
SET OPTIONS
<
o
'
N
®
- STEP VI: SUMMARIZE TRADECFF
7 GRAPHICS
b TABLES
ETC.
-
L
[} )
d
) TO HUMAN DECISION MAKER
;
' FIGURE 3.3
2 SIX STEPS OF MULTIPLE ATTRIBUTE TRADEOFF ANALYSIS
’
w
:'. Figure 3.4 compares these three sets. For the purpose
Cd
:'. of illustration, only the axis of conditional strict
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COST IN MILLIONS

380

370

360

4400 4500 4600 4700

DISPLACEMENT IN TONS

— A to B defines the Tradeoff Curve Set

— C to D defines the Knee of the Tradeoff
Curve Set

- CDE to F defines the kKnee Set

FIGURE 3.4

ILLUSTRATION OF DECISION SETS

dominance, with k = 2 is shown. The motivation for the
choice of names for these three sets of designs can be seen
in Figure 3.4.

The tradeoff curve set shown in Figure 3.4 forms the
boundary between the set of possible and unachievable

attributes. Often a continuous line is drawn through the
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attributes to vyield a curve, hence the name tradeoff curve.
This curve is also known by other names such as the Paretao
Frontier or the tradeoff frontier.

The knee set shaown in Figure 3.4 is formed by all of
the plans that are not significantly dominated by other
plans. This approach allows far plans which are strictly
dominated, but not significantly worse, to also be considered
as possible solutions to the design.

The knee of the tradeoff curve set shown in Figure 2.4
is the tradecff curve set with the extreme limbs removed
under the belief that the plans corresponding ta such limbs
are undesirable. For example, the upper limb plans result in
a significant increase in one attribute without a significant

decrease in the other.

STEF 11 - COMPRESSED DECISION SET

If two plans in the decision set have corresponding
attribute vectors that are claose, then they are equivalent
and can be grouped together. This grouping yields a compres-—
sed decision set which has fewer number of "separate ele-

ments” than the decision set itself. More precisly:

COMPRESSED DECISION SET: A decision set where all

equivalent (tight or loose) plans are grouped together.

STEF IIT1 - NONCRITICAL UNCERTAINTIES

The introduction aof uncertainty can never reduce the
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number of plans in a decision set. Examination of a simple
case will help clarify this statement. The decision set is
comprised of plans which are neither strictly nor significan-
tly dominated. Therefore, conditional strict or significant
dominance does not hold for at least one value of k.
Increasing the number of values of k, introducing
uncertainties, will not cause plans which were not previously
dominated +for at least one value of k to now be dominated.
As a result, the decision set can not be reduced. On the
other hand, if the number of uncertainties is changed and the
decision set 1is not significantly changed, then the
uncertainties that were added or removed are not critical. A

more precise definition is

NONCRITICAL UNCERTAINITY: A component of the uncer-
tainity vector W is noncritical if its removal from W causes
only an insignificant reduction in the decision set or causes

no change in the compressed decision set.

Note that a noncritical component of the uwuncertainity
vector is defined by its effect on the decision set, not by
its effect on the attributes. A noncritical uncertainity can

have a major impact on the attributes.

STEF IV — DESIGNATE REDUNDANT ATTRIBUTES
For the same reasons that an increase in the uncer-
tainty components cannot cause the decision set to be

reduced, an increase in the number of attributes cannot cause
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the decision set to be reduced. Likewise, if the number of
attributes is changed and the decision set is not signifi-
cantly changed, then there are redundant attributes. A more

precise definition is

REDUNDANT ATTRIBUTES: A component of the attribute
vector A is redundant if its removal from or addition to A
causes only an insignificant change in the decision set or

causes no change in the compressed decision set.

Note that redundant attributes are not necessarily
unique. For example, if one of two attributes is redundant,

either one but not both can be removed.

STEF V — DETERMINE DOMINANT AND INFERIOR OPTIONS
Each plan i is composed of a combination of aptions.
Certain aoptions may be dominant or inferior for all of the

plans in the decision set. Precise definitions are

DOMINANT OPTIONS: A dominant option appears in all

plans in the decision set.

INFERIOR OPTIONS: An inferior option appears in no

plans in the decision set.

STEP VI - SUMMARIZE TRADEOFF

The first five steps of the multiple attribute
tradeaff analysis are designed to be done by a digital
camputer. Given the A(i/k) i = 1,2,3,... vectors, the only

other input required is the specification of the "significant

44
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) levels" (two per attribute) associated with the significant -&?ﬁ
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dominance test. The result of the first five steps is: F‘“ﬁ
. re-
2 Rl
,4 »':):tf
.
:. ~ a compressed decision set of plans to be considered Qﬁﬁj
- L A
<y A
~ designation of noncritical uncertainties, redundant “”’j
oy A
;} attributes, and dominant and inferior options NEAEN
d \' . '--.
N
~ This information enables the analyst to concentrate on the :iéﬂ
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real issues. * ‘F
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- Step VI is not an automatic computer process. Step VI ‘:ﬁ
o DA
h Y e
~ is to summarize the key tradeoffs, etc. in a clear, concise %
~" i,
~ and understandable format for use by the human decision g
‘- Serel
2 maker. This step requires a 1lot of thought and is very wg;:
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" application specific. A
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’ introduce praobability distributions on the critical uncer-
o~ tainties. Decision theory based on expected values of "
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CHAPTER 4
CASE STuUDYy
4.1 INTRODUCTION
This case study was conducted to demonstrate and
validate the‘ use of Multiple Attribute Tradeoff Analysis in
ship design. In order to keep the case study simple, uncer-—
tainty will not be considered. A synthesis maodel was used to
generate all the attributes for the case study. However, the
attributes used by the Multiple Attribute Tradeoff Analysis
c;n be generated by any cansistent source. The steps used to
carry out the case study are outlined below.
(1) select a synthesis model to evaluate each design
(2) select the options to be varied to generate the
designs to be examined
(3) select the attributes to be used as a measure of
‘goodness”" for each design
(4) synthesize each design to generate its attributes
for evaluation
(S) apply the Multiple Attribute Tradeoff Analysis to
the results of the synthesis phase to determine:
a) the decision sets
1. not strictly dominated
2. not significantly dominated
b) the compressed decision set
1. not strictly dominated
2. not significantly dominated

c) redundant attributes

d) inferior and dominant options

e) summarize tradeoff using graphics and
tables
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4.2 SYNTHESIS MODEL

A synthesis model was used for the case study because
a large number of ship designs could be evaluated in a short
period of time. There are a wide variety of synthesis models
available with varying degrees of complexity, accuracy, and
interaction with the designer. For the case study the "Ship
Synthesis Madel For Naval Surface Ships", reference [71,
developed by Michael Robert Reed, also known as the Reed
Model , was used for the following reasons:

(1) 1t can be run on a personal computer

(2) it can handle a batch mode input for synthesizing

a large number of ship designs

(3) it can be easily modified to output the selected

attributes in a useful format

(4) it has a variety of user controlled 1i1nputs for

varying selected options to generate different designs

(5) it is readily available at MIT and is wused in

several of the ship design courses in the Naval

Construction and Engineering Curriculum

(6) the estimating algorithms produce consistent

results and all designs are handled in a consistent

manner

Many of the synthesis models available would provide

more accurate results. However, none of these models met all

the requirements listed above. For example, ASSET cannot

handle a batch mode input and the cost models used by the
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Navy are not readily available for public use. Also, the
case study is not so much concerned with the accuracy of the
synthesis maodel, but with the application of a decision
theory methodology to the results of the synthesis model.
4.3 SELECTION OF OPTIONS
The criteria for the selection of options were:
(1) the options need to be able to produce a large
number of alternative designs
(2) the options needed to be available on the Reed
Model
Based on these criteria, it was decided the case study would
reflect a 1low level ¢tradeoff analysis of propulsion and
electrical plant combinations. The following options are
available on the Reed Model and were used in the case study.
A) Type of Propulsion Plant
1. 400 1b steam
2. 1200 1b steam
3. 1200 1b pressure fired steam
4. 1st generation gas turbines
S. 2nd generation gas turbines
6. Diesel engines
a. low speed
b. medium speed
c. high speed
B) Number of Boilers
1. 1, 2, or 3 with one shaft
2. 2, 3, or 4 with two shafts
C) Number of Engines
1. 1 or 2 with steam plants
2. 1, 2, 3, or 4 with gas turbine and diesel
plants
D) Number of Shafts (1 or 2)
E) Type of Propeller

1. fixed pitch
2. controllable pitch
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F) Ship Service Electrical Generators
1. steam in conjunction with a steam plant
2. 1st generation gas turbine
3. 2nd generation gas turbine
4. low speed diesel
5. medium speed diesel
6. high speed diesel
G) Emergency Electrical Generators (steam plants only)
1. 1st generation gas turbine
2. 2nd generation gas turbine
3. low speed diesel
4. medium speed diesel
5. high speed diesel

H) Number of Ship Service Generators (3 or 4)

The selection of the above options results in an
option vector of the following form
i = ¢ A, B, C, D, E, F, G, H)
where Ui represents the ith design to be synthesized. A list
of the aptions aof all the designs synthesized is given in

Appendix I with a corresponding ship number.

4.4 SELECTION OF ATTRIBUTES
A set of attributes to represent the relative ‘'good-

ness" of each design was selected in phase three. To
demonstrate the flexibility of the Multiple Attribute
Tradeoff Analysis, the following mixture of attributes was
selected:

— one whole ship performance attribute

- three size and cost attributes

— three machinery plant attributes
A balanced selection of attributes allows each design to be

evaluated by its impact on ship performance, size and cost

characteristics, and machinery plant characteristics.
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Maximum sustained speed was selected as the performance
' attribute. Full load displacement, total internal volume,
’ and follaw on ship acquisition cost were selected as the
three size and cost attributes. Propulsion machinery plant
weight (W200) per shaft horsepower (SHP), electrical machin-

ery plant weight (W300) per installed kilowatts (KW), and the

« & emmm— e A wme e

sum of weight group W200 + W300 were selected as the three
i plant attributes.
The selection of attributes provides for an attribute
vector of the following form
A(i) = ( Vs, DISP, VOL, W200/SHP, W300/KW,

W200 + W300, COST )

where A(i) represents the attributes of the ith design. A
i list of all the attributes is given by ship number in
Appendi- TI. All of the attributes with the exception of
cost were obtained from the Reed Model. Cost was calculated
i by summing the primary weight groupse multipled by a
cost estimating ratio.

It is important to realize that these attributes do
not have to come from the same synthesis model. For example,
if acquisition and life cycle cost were selected as attri-
butes, then values representing them could come from a cost
model which was completely separate from the ship synthesis
) - madel. The only requirement is that the attribute be
: available for each design being considered. Therefore, large
complex synthesis models are not a requirement far the

Multiple Attribute Tradeoff Analysis to be effective.
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4.5 SYNTHESIS OF EACH DESIGN

As indicated earlier, the REED MODEL was used to
synthesize each plan into a balanced design. In order to
keep the variations in the attributes of each design a

reflection of different plant options, all other inputs were

held constant. For example, the payload, crew size, type of :i}
heating, accommodations, material, margins, endurance range, EE’
and endurance speed were all held constant. Therefore, the T
secondary and tertiary changes in the hull structure,

NSRS
LR

internal volume, etc. are due to the changes in the machinery

‘.
.
"

plant. In order to force the model to produce similar ships,
the shaft horse power was fixed at 40,000 SHP while the speed
was allawed to vary. Similarly, the length of the ship was
i fixed at 400 ft while the beam and draft were allowed to vary
to accommodate the different machinery plants. Holding the
length constant, while varying the machinery plant, may not

result in the most balanced design. But, for the purpose of

)

illustrating the procedure it is satisfactory.

.". ."' ./‘

All the designs consisting of the various options were

e

then synthesized using the Reed Model. The options are given
' in Appendix I and the attributes are given in Appendix II.
. The ship number given in column 1 for both appendices relates
a given set of attributes to a given set of options.
Examination of the attributes in Appendix 11 reveals that the
Reed Madel could not synthesize a balanced design for cases
600-609 and &50-6469. In these cases the designs could not

pass the stability check. Again, it should be pointed out

>
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that the Reed Model 1is not the most sophisticated model
available, but that should not detract from the illustration.
Since the model did not provide attributes for these cases,
their sets of options were not considered by the Multiple

Attribute Tradeoff Analysis.

4.4 RESULTS OF THE MULTIPLE ATTRIBUTE TRADEOFF ANALYS1S

The first five steps of the tradeoff analysis are
. designed to be carried out on a digital computer. These
steps include the determination of the decision set,
compressed decision set, noncritical uncertainties, redundant
attributes, and daminant and inferiaor options. A Fortran
program was written to carry out the first five steps of the
analysis which was described 1n Chapter 3. A copy of the

program is given in Appendix III.

= e e { ERTs ™S B ¥ _F."."ED

The case study analysized the data in three separate
passes. The first pass analysized all the designs listed in

Appendices I and 11 with the exceptions already noted. The

+ temms S 5 7

second and third passes analysized only the options with gas

turbine and steam propulsion plants respectively. In this

way not only could all the options be analysized together but
: also by type of propulsion plant.

In making the first pass and all subsequent passes the

values of "much worse" and "not significantly better" were

determined in the following manner. The difference between

.- - & 1 8 "=

the maximum and minimum values for each attribute was

determined for each pass. Then 107 of the difference was

¥ ¥ F F ¥ HER -
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’
: used for the value of “much worse" and 17 of the difference
o
Y was used for the value of "not significantly better”. The
. values of "much worse" and "not significantly better" are
Y listed for each pass in Table 4.1.
. TABLE 4.1
v VALUES OF MUCH WORSE AND NOT SIGNIFICANTLY BETTER
ALL DATA SPD DISF INTVOL W200 W300 W200+ COST
/SHP /KW W300
much worse .30 166. 9583. 4.1 7.8 87.8 28.8
! not significantly .03 16.6 958.3 -41 .78 8.78 2.88
- better
- GAS TURBINE DATA SPD DISFP INTVOL W200 W300 W200+ COST
N /SHP /KW W300
' much worse .10 93.1 2525. -71 6.9 18.8 7.8 (A
) A
'j not significantly .01 ?.31 252.5 .07 &9 1.88 .78 ::}ﬁ
. better .g::\_::._
- A
' * -\Zh.'
’ STEAM DATA SPD DISP INTVOL W200 W300 W200+ COST VAT
/SHP /KW W300
ks
‘ much warse .10 63.7 2210. .92 7.0 28.8 2.4
7
. not significantly .01 6.4 221.0 .01 .70 2.90 .94
better
N
X The results of the first five steps of the Multiple
\y Attribute Tradeoff Analysis, done by digital computer, is

given in tabular form. The output of pass one through pass

three is given in Tables 4.2 through 4.4 respectively. A

3

quick examination of Tables 4.2 and 4.3 shows the results of
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> pass one and two are identical. In both cases the options of
59
' the designs nat strictly or significantly dominated are all
i daominant options. The praopulsion plants of these cases are :i%?
> e
AN
i 2nd generation gas turbine plants. Therefare, it only makes q}E
< N
e . . NN
sense, when running just the gas turbine plants, that the W
ﬁ same options would again dominate and give the same results. -
:g Because the results of pass one and two are identical, a
>
- detailed analysis will be made on only pass one. However ,
the analysis of pass one equally applies to pass two.
In the case study there are seven attributes to be
-~ considered as discussed in section 4.4. To help illustrate
ji the analysis all the attributes have been plotted verses
i: displacement. These graphs ares
.
—~ Figure 4.1 Displacement vs 1000 / Vs
‘ Figure 4.2 Displacement vs Internal Volume
&t Figure 4.3 Displacement vs W200 / SHP
N Figure 4.4 Displa~ement vs W300 / KW
~ Figure 4.5 Displacement vs W200 + W300
\j Figure 4.6 Displacement vs Cost
. The examination of the graphs reveals, for the most
.ﬁ part, a clean breakout of the designs by propulsion plant -
:z type. There is some overlap in Figures 4.1 and 4.4. Given y
. that a smaller value of an attribute is considered to be B
. & X
3f better than a larger value, it 1is obvious that he gas RN
‘3 turbine plants should comprise most of the decision set. It
3 should be noted that the breakout only applies for propulsion i;_
: plants in the 40,000 SHF range and the given design
Cd
3 limitations of the case study. It is also fairly easy to
4
. examine each graph individually and identify one or two ﬁ
N o
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RESULTS OF THE MULTIPLE ATTRIBUTE TRADEOFF ANALYSIS

DESIGNS NOT STRICTLY DOMINATED

SHIF PROF NB NE NS
KL% TYRo

618,06 5,00 .00 2,00 1.0C
0600 2,0 L

619.0¢

DESIGNS NOT STBNIFICANTLS

SHIF  PRLY
Nult TifRE
olE,
818,40

Rt KE N

COMFRESSED CECISIGK SET

SHIF  PROS
Nob  TYFE

8. 00 5,00
§.60 5

0000 2,00 1,60

RE RE N

<

-

GO S.C0 00 2,00 1,07

00 5,00 .00 2,00 LG

-

)

FRF S5t

TYFE

2,00 &.00

YNl

DOKINATEL

FEF SSE

200 8.0

AN

FRF  S5c

00 2000 100 2,00

COMPRESSED DECISION SET

SHIF  PROF
N THFE
61E.00 5,00 .00 2,00 1,
619,00 5,69 ,00 2,00 ¢

IN COLUMN
IN CCLUMN
Ik COLUMK
[N COLUKN
Ih COlumy
Ik COLUM:
IN COLUMK

COLUMN 15
CoLum 14
coumn 12
<OLUMN 11
Couumy i
Co.umn  §

l--.-' -I- ’l...--\-
R LT Y

NE  NE

B OFTION
7 DFTION

715
DF 1 Iah

3
§ OPTION 2
2

IS

ORTISN .
CFTICH &,

IS REDUNLANT
IS REDUKDART
1§ FEDURDANT
1S REDUMLANT
1S RECUNIANT
IS REDUNDART

B

6 OFTICK 2.0
1

S

"
¢
6
¢

v

e e e e e -

5
& DOMINANT
5
H

NGT SIGNIFICANTLY DOMINATED )

PRF SSE EME

TYFE

2,00 a0

im0 i
UL U 4oy

DOXINANT
DORINANT

DOMINAKY
DORINGNT
S DOMINART
S DCMINANT

“ _'n .‘u . .'- ..- -
SRR
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I
e
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LT 35,48 34

T

TRBLE 4.2

ALL PROFULSION PLANTS

1000 DISF
s

<7 3390,
.48 3409,
1620 LISF

00 33,39 339(.45
G 33,48 3409.53 471875,

NGT STRICTLY LOMINATED @

1o4s DISP
Vs

100G DISF
/¥s

3.39 3390,
3,48 3405,

S5

AN

) .‘-"_:

HZ200 W300 w200+

4
5

W200 W300 W200+

W200 W300 W200+

15,17 66,05 377.09 268.
15.22 63.70 3BS.49 272.23
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E TABLE 4.

&

RESULTS OF THE MULTIFLE ATTRIBUTE TRADEQFF ANALYSIS

LY

’

B4S TURBINE PROPuLSION PLANTS

/,:.{'l
?

DESIENS NOT STRITTUY DOMINATELD

']
L)

2
wT

SHIF PROF NE NE NS FRF SSE EME 100 [ISF  INTVOL  W200 W300 W20G+  COST N
NE  THFE TYFE v ISHP /KK N300 .
’4.‘1('\
At
B16.0¢ 5.00 .00 2,00 100 200 6,00 DG 33.39 339C.45 429614.40 15.17 66,05 377.09 268.69 e,
815,40 5,07 .00 2,05 1,0¢ 2,00 6.0¢ 00 33.43 3409.53 43187530 15.22 63,70 385.49 272.22 N
oA

DESISNS NOT SIBNIFICANTLY DOMINRTED

SHIF PRGF NE NE NS FPRP SSE EME 1000 ODISP  INTVOL  W200 W3O0 W20G+  COST N
NUY  TVRE TYFE ISKE /KW N300 RASES
$6.00 5,00 00 2,00 1,00 2,00 8,00 06 33,35 2390.45 429614.40 15.17 66,05 377,09 268.6¢ ::'.:Ef}_?
B1F.08 .00 L00 2000 1.0¢ 200 6,60 .09 33.4B 3409.53 A31875.30 15,22 63.70 385.49 272.23 sl
Lol

COMFRESSED DECISION SET { NGT STRICTLY DOMINATELD ) RS
AN

~7

SHif PROF Ke KNt NS PRFGSE EME 1000 DISP  INTVOL  W200 W300 MW200+  CDSTY

’o
4
!
)

MY TYPE TVFE vs ISHE /KN N300 SR
Sord
¢18.0¢ 5.00 .00 2,00 107 2.6¢ 6.00 .00 33,39 3390.45 429614.40 15.17 66,05 37709 266.69 PN
619,00 5,06 .00 2,06 1,00 Z.6G 6,00 .0F 33,48 3405,53 431875.30 15.22 63,70 385,49 272,23 D
Tl
COMPEESSED DECISION SZT ¢ NOT SIGNIFICANTLY DONINATED ) BoS
Al
SHIF PRIF N& NT NS PR® SSE EME 100G DISE  INTVOL  W200 N300 W200+ COST e
Mr THFE TiPE e ISKP /KK W300 '

TN

818,06 5,00 .00 2,05 1.0C 2,00 6,00 .00 33,39 3390,45 425614.40 15,17 66,05 377,09 268,69 N

B15.70 5,00 .00 2,03 100 2,00 6,00 .00 33,48 3409.53 43187530 15.22 63,70 365.49 272.23 e

e

-t T

IN COLUME B CRTION .G IS DORINANT N

2 IN COLUNN 7 OFTION o, 1S DOMINANT o
: IN COLUMN 6 DPTICN 2.4 1F DOMINAAT el
IN COLUMN 5 CFTION 1.¢ 1S DOMINANT A

IN COLUNN 4 C7TLON 2.0 IS DOMINANT Ny

IK CSLUMN 3 OPTION .0 IS DONINGNT RSN

Iv COLUSMN 2 DPTION 5.0 IS DORINANT

COLUMN 15 IS5 REDUNDANT
COLUMK 14 IS REDUNDANT
COLUPN 12 IS REDUNDANT
COLUMN 11 15 REDUNTANT
COCUMh 1( 15 REDUNDANT
COUMN O IS REDUNDAN
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TABLE 4.4

RESULTS OF MULTIFLE ATTRIBUTE TRADEOFF ANALYSIS

oy A:.’\‘.. -
\I' . - "‘
[4

STEAM PROFULSION FLANTS

[J
l!l. A

-
‘.:_*.'y;-.'
A
»A3 5N
LACe

+
)

DESIGNS KOT STRICTLY DOMINRTED

R4

SHIP PROP NE NE NS PRP SSE EME 1000 DISP  INTVOL w200 W300 w200+ CDST
NU® TYFE TYPE /Vs /SHP /KN W3C0

Wt
R

/.
N

»
.
o3
r
[N

425,00 3,00 1,00 1,0¢ 1,00 2,00 1.0¢ 5.00 33.1C 4013.70 483084.60 26,31 63.5! 615.98 336.9!
430,00 3,00 100 100 100 2,00 2,00 .00 J4.29 3714.45 464137.40 26.27 79.31 596,58 345.0E
- 432,00 3,000 L0 100 1,06 Z000 3,00 .06 34,75 3714.45 444137.40 26.27 79.31 396.36 345.(t
436,00 3,00 1,07 1,00 1,00 2060 3,00 .00 34.40 3732,62 464395.10 26.27 93.11 618.79 Jal.6!
, 436,00 3.00 1,00 1L00 1,00 2,00 6,00 .00 34.22 36B9.11 453816.90 26.27 70.44 582.31 335.5%
) 435,00 00 LG 100 2000 6,00 .06 34,28 2711.27 466730.90 26.28 67.73 590.20 343.1¢
469,00 3,00 2,00 100 1,00 2,00 1,00 5,00 35,08 4C12.25 482973.90 26.31 65.30 615.97 358.67 i .
t 470, GOLOU 100 L00 2,00 .00 34,32 3712.38 464106, 10 24,27 79.31 596,38 345,06 '.:u:'ﬁ
470,00 3000 200 1,60 1,00 2000 3,00 .00 34.32 1712.38 464106.1C 26,27 79.31 596,56 345.0¢ ::a::::
L 3000 1,00 2,00 SO0 00 34,47 3750.82 464574.30 26,27 93.11 618,79 383.%7 ;\:}.iﬂ
47, 200 100 1,00 2,00 0,00 .00 34,26 3687.39 463799.10 26.27 70.44 SBZ.I1 339.59 {:f::f%
473,71 LT G0 2,60 6,00 00 34,32 3709.17 466699.00 24,28 67.73 590.19 343,14 ;-.::-.:-.
T
,‘-’:&:::

DESIBNG NOT SIGNIFICANTLY DOGMINATED

£,
:’;

SHIF PFOF NbB Nt RS PRF SSE EME 1000  DISP INTVOL w200 N300 w200+  COST
R TYFE TYFE s JSHP  /¥M 300

~
By
5

429,00 3,00
436,00 3,00
435,04 3.00

1 L0 2,00 1,00 5,00 35,10 4015.70 483084.60 26.31 65.51 615.98 358.91
!
!

465,00 3,00 2,00 1,53

Jv 2000 6,00 00 T4,22 3689.11 4638164.90 26,27 70.44 582,31 339.59
G 2,00 0,00 00 34,28 3711.27 466730.90 26.28 67.73 590.20 343.16
: 00 2000 1,06 5.90 15,08 401%.25 482973.50 26,31 63.50 615.97 358.67
3 76,00 3,00 2,00 :

475,00 3,00 2.0

iU 0.0t W00 34,26 36B7.39 463799,10 26.27 70.44 582,31 339.3°
SO0 6,00 00 34,32 3709.17 466699.00 26,28 67.73 590.19 343.14

COMPRESSED DECISION SET « NOT STRICTLY DOMINATED

S4iP FROF KB NE N5 PRE GSE EME 1000 DISF  INTVOL  W200 W30¢ MW200+  COST

NoF o TYPE Tvfe Vs /SHP /KM N300

A25.00 3.00 L00 1.00 1,00 2000 100 5000 35,10 4015.70 483084.40 26.31 5.5) 615.98 358.9!
A30,07 3,00 1,00 106 1,00 2,00 2,00 .00 34,26 3714,45 46413740 26,27 79.31 596.58 34S.(E
436,06 3.00 1,00 1,07 1,00 2000 S.00 00 34,40 37GL.67 464596.10 26.27 93.11 618,79 35i.4!
436,00 3,00 1,00 L0010 2,00 6,00 .00 34,22 J6B9,11 462816.50 26,27 70.44 582,31 339.3¢
439,66 300 1,00 107 100 2000 600 00 T4,28 3711.27 466730.90 26,28 67.73 990.20 345.16
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RESGLTS OF MULTIPLE ATTRIBUTE TRADEOFF ANALYSIS
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COMPRESSED DECISION SET ¢ NOT SIGNIFICANTLY DOMINKTEL )

i FRF 8SE EME 1000 DISF INTVOL w200 W300 W20+  COST
MY TYRE TVFE e /SHE  J¥N W30D

425,00 3,00 1,00 1,00 1,00 2,00 1,00 5,00 35,10 4015.70 4B30B4.60 26,31 65.5% 615.98 3536.9!
436,00 3,00 1,60 100 L0l 2000 6,00 00 34,27 3689.11 463816.90 26.27 70,44 582,31 339.5%
100 100 100 2008 6,00 00 34,58 3711.27 466730.90 26,28 67.73 590,20 343,16

435,00 3,60 1. e
e
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i designs which are hetter than the other designs. The better &33

= designs wauld be located in the lower left corner of the Bﬁi
Cd

7? graph. However, what is not apparent from examining the A

55 individual plots is if the same design is dominating an all :;i-

. the graphs. That is, if design X is dominating on Figure 4.1 ;;3

i\ does not necessarily imply that design X is dominating on

'; Figure 4.6. The Multiple Attribute Tradeoff Analysis - é

<. simultaniously compares all the attributes of the designs and S
_d

;i can readily answer this question for the decision maker. giﬁ

,Eé The first step of the Multiple Attribute Trade&ff E;ié

}' Analysis compares the attributes of each design to determine Eﬁﬁ

ﬁz all designs which are not strictly dominated. This decision i;g

;:: set forms the boundary between the possible and unachievable ";:E.;j

;? attributes. For the pass when all the data was analyzed 5?3

:i Table 4.2 indicates that there are only two designs which are kﬁg

. AN

g: not strictly dominated by another design. The values of the .;;E

\; attributes for the designs not strictly dominated give the :53%

;ﬁz lowest possible values that can be achieved in a balanced zi;E

h-_ A

;S design. A closer look indicates to the decision maker that f;f;

,;: design number 418 incorporates the best possible value of six 353

_E out of the seven attributes. Design number 619 has the best

Ei value of W300 / KW. The designs not strictly dominated are

.Y plotted in Figures 4.1b through 4.&b.

;3 Table 4.2 also shows that based on the values selected

32 for "much worse"” and "not significantly better" there are

:; only two designs which are not significantly dominated by

{: another design. The strict and significant decision sets are

%
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identical. As will be shown later this is not always the
case. However, it would indicate to the decision maker that
based on the values of "much worse" and “not significantly
better" listed in Table 4.1 these two designs are so dominant
that all other concepts do not merit caonsideration. Figures
4.1.c through 4.6.c are plots of the designs not
significantly dominated.

In determining the compressed decision sets for the
purpose of the case study the program only tested for loose
equivalence and did not determine a compressed decision set
based on tight equivalence. However, if two designs are
loosely equivalent then they are also tightly equivalent.
Table 4.2 shows that the compressed decision sets for bath
the strict and significant decision sets are equal. The
compressed decisiaon sets consist of design 618. This would
indicate to the decision maker that the designs listed in the
strict and significant decision sets basically yield the same
values for the attributes and the advantage of one design
over anather is marginal. Therefore, if the concept behind
one design is more appealing to the decision maker than
another the impact of the choice on the attributes of the
system are marginal. Again, the compressed decision sets are
a function of the values selected for "much worse" and "nat

significantly better".
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Table 4.2 list the +following dominant and inferior

options:

dominant options

column 2 gption S
column 3 option O
column 4 option 2
column S option 1
column & option 2
column 7 option &
column 8 option O

inferior optiaons
all other options
the columns above
columns contained

selected for evaluation and

Also, the analysis indicates

best alternative. That is,

inferior. Again, it should

are purely a function of

use by the Navy.

P P S e R S I P I I AP N
. R RSO R S R R R L R AR WL
PR R ST I I AT AT ST P P P A

==> 2nd generation gas turbine
==>» no boilers

==> two gas turbines

==> single shaft

==> fixed pitch propellar

==> high speed diesel generators
==> no emergency generataors

not listed as dominant in
(in this particular case all
a dominant option)

As can be seen above the options of the designs selected as
not strictly or significantly dominated are all dominant
options. The only difference between the designs is in the
number of high speed diesel generators; 3 or 4. This would

indicate to the decision maker that based on the attributes

the method used to determine

them, the only options which merit further investigation are
those listed above. The analysis indicates that both steam

and diesel propulsion plants are inferior to gas turbines.

that when coupled with a gas

turbine propulsion plant a high speed diesel generator is the

all other types of generators are

be emphasized that these results

the options, attributes, and

synthesis model used to generate the attributes. The case
study is concerned with demonstrating a methodology and not

with determining the best propulsion plant or generator for
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At the bottom of Table 4.2 a 1list of six redundant

columns 1is given. These columns aquate to the following
attributes:

column 15 == COST

column 14 ==> W200 + W300

calumn 12 ==> W200 / SHP

column 11 ==> INTERNAL VOLUME

coalumn 10 ==> DISPLACEMENT

column 9 ==> 1000 / Vs

As discussed in Chapter 3, six redundant attributes
would 1indicate that any five of the six could be eliminated
and not effect the results. For the decision maker this
would indicate that only one of the above attributes needs
to be coupled with column 13 to aobtain the same decision
sets. Therefore, if several new attributes were to be
analyzed with the old attributes, column 13 and one of the
above columns would vyield the same result as including all
the above columns in the analysis. By keeping the number of
attributes at a minimum without losing any information, the
issues at hand become clearer. The identification of
redundant attributes tells the decision maker that the result
of the decision will be the same even though a smaller number
of attributes are being considered.

Pass three which compared just the steam propulsion
plants will also be analyzed . In this case, there is a
larger number of designs not strictly dominated as listed in
Table 4.4. With the increased number of designs, the lowest
possible values of the attributes is no longer readily

apparent from Table 4.4. However, the graphs of the designs
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} not strictly dominated, given in Figures 4.1.b through 4.64.b,
A

I do make the lowest possible values apparent. The Figures
: also indicate that the laowest values are spread out between
by

: several designs and a design with the lowest value in one
N

i attribute can have a much higher value in a different
- attribute. For example, in Figure 4.2.b there are two
£ designs which have a significantly higher displacement and
i internal volume than the rest of the designs. Because these
3 two designs are naot strictly dominated indicates that they
-4

- have the lowest possible value for an attribute other than
o

; displacement or internal volume. The two designs have the
2

~ lowest possible value for attribute W300 / KW. This
N itndicates to the decision maker that the best of all the
S

i attributes cannot be incorporated into one design and a
"

ﬁ tradeoff will have to made. The tradeoff will be discussed
"

- further as the rest of the results are analyzed.

kl

. Table 4.4 also shows that all the designs in the not
A significantly dominated set are in the the not strictly
ﬁ dominated set. The lack of any different designs indicates
A,

: that there are no designs with attribute values close to the
f attribute values of the strictly dominated set. As a result
- there is nothing else to be learned from the significantly
o

; dominated set. It needs to be pointed again that this is not
K4

a always the case. There can be designs with attributes close
k to those in the knee of the tradeoff curve that are included
; in the significantly dominated decision set.

i The compressed decision sets in Table 4.4 pravide a
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reduced number of designs to be evaluated. This allows the K?-{
N
decision maker to get a crisper picture of the general values $ ta
et
of the attributes of the designs not dominated. For example, ;; :‘
A
it is much easier to evaluate the effect on the other §}'é
A A
-
attributes of selecting a design with the lowest possible SRS
)
-
value for the W300 / KW. From Table 4.4 it is apparent that j:

the selection of the lowest possible value of W300 / KW would

N A

generally produce a significant increase in the other six .
attributes. However, there are oather designs with lower
values for the other six attributes that would not produce
that large of an increase in W300 / kKW.

Note that the compressed decision set is based on the
values of the attributes and not the options. Therefore, the
compressed decision set does not necessarily provide a
sampling of all the options in the full decision sets. As a

result a large amount of information is 1lost if only the

compressed decision set is examined. The analyst needs to

-

keep in mind that the compressed decision set only provides }ﬁd};
AN
an indication of the range of values that can be achieved for :IVﬁJ
w W o
N,
RGASALS
the attributes and not a list of the optimum concepts. ATt
DA
Table 4.4 list the following dominant and inferior Tl
NSRS
aptions: hi&?
e Ty
oy
dominant options .
column 2 option 3 ==> praessure fired boiler E?hv
column 4 option 1 ==> one main engine ?Q}G.
column 5 option 1 ==> single shaft &ﬁﬂ "
column 6 option 2 ==> fixed pitch propeller “?{ﬂ:
N
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inferior options
column 3 option
option
column 7 option
column 8 option

3 main boilers

4 main boilers

low speed diesel generators
==> 1st generation gas turbine
emergency generator

= 5h bW
]
1]
VAV,

aption 2 ==> 2nd generation gas turbine
emergency generator

option 3 ==> low speed diesel emergency
generator

option 4 ==> medium speed diesel

emergency generator

In examining the dominant options it becomes apparent
that the best steam concept is a pressure fired boiler with a
single shaft and fixed pitch propeller. The inferior options
in this case deal mainly with the electrical plant. The one
exception is the number of bailers which indicates that 3 or
4 boilers is an inferior selection. The only type of ship
service generator not recommended as a viable concept is low
speed diesel generators. Column 8 1lists all emergency
generatars but high speed diesel as inferior. The reasan a
high speed diesel emergency generator is not a dominant
option is because certain concepts do not require an
emergency generator.

The concept with the lowest value for W300 /7 KW is a
steam generator with a high speed diesel emergency generator.
After examining the dominant and inferior options, it is
apparent that this attribute is the only attribute which kept
no emergency generator from being a dominant option. It alsc
becomes clear that the requirement for an emergenry

electrical plant is driving the increase in the other

attributes. Given this additicnal information and the
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knowledge that all possible combinations of electrical plants
have been synthesized, the decision maker is better
able to select a concept or to at least eliminate some of
the concepts.
The redundant attributes for the steam case are listed

below:

column 15 ==)> COST

column 14 ==> W200 + W300

column 11 ==> INTERNAL VOLUME
It is important to note that the redundant attributes are
different for the case when all the data is analyzed and when
Just the steam data is analyzed. This can provide valuable
information to the decision maker. For example, there is a
tendency in ship design to say cast 1is a surrogate of
displacement. The analysis indicates that in this particular
case that 1is true. However, in looking at the linear
relationship between displacement and 1000 / Vs, the
indication is that these two attributes would be redundant.

The analysis shows they are redundant for pass one and two

but not redundant for opass three.
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Chapter 5

CONCLUSIONS

The purpose of this thesis was to evaluate the
usefulness of Multiple Attribute Tradeoff Analysis as a tool
for managers and decision makers in naval ship design. The
methodology was proposed and validated in a case study.
There are +Ffour initial areas where the analysis could be
readily applied:

1) conducting tradeoff analysis on current designs

2) analyzing trends for research and development

3) evaluating new technology

4) evaluating ship conversion projects

On current design projects the Multiple Attribute
Tradeoff Analysis provides the designer with a method of
evaluating a large number of different concepts. Therefore
the designer is free to investigate the maximum number of
different combinations of systems and subsystems during early
stage design. Through the use of graphs and tables the
analysis can indicate the boundary between possible and
unachievable values for the attributes. As the design
progresses, the analysis can identify redundant attributes

and noncritical uncertainties to help the decision maker

focus on the real issues. Also, knowing the redundant
attributes and mnoncritical uncertainties can aide the
decision maker in applying utility functions. Finally, the

analysis can be used to evaluate the effect of varying the
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internal values of the utility function to reflect the
priorities of the different decision makers.

In the area of research and development, Multiple
Attribute Tradeoff Analysis can identify dominant and
inferior options. Therefore, if several systems or
subsystems prove to be dominant in a variety of concepts moare
research and development could be directed toward improving
or enhanching these systems. Also, the analysis could be
used to investigate the impact on ship design of develaoping a
new system such as a 50,000 SHF gas turbine or the best
systems to integrate with a 50,000 SHP turbine. If the
subsystems and systems to be integrated are known in advance,
the component can be designed to accommodate the integration
and a savings in weight and volume can be achiaved.

Research and development goes hand in hand with the
evaluation of new technology. In order to evaluate a new
component, subsystem, or system it needs to be coupled with a
full range of o©0ld and new system concepts. The risk and
uncertainties associated with new technology need to be
identified and reduced. The Multiple Attribute Tradeoff
Analysis provides a tool for evaluating a large number of
system concepts and identifing noncritical uncertainties. It
can also point out the best systems and subsystems to cauple
with a new concept so integration problems can be determined
and worked out. Therefore, much of the risk associated with
new technology can be identified and eliminated early in the

design process aor before the technology is incorporated in a
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Finally, one of the most difficult challenges facing a

:
2N

}‘ .

'
-

naval architect 1is the conversion or modernization of an

PO
older ship. Often the growth and service life margins have §%§§
been used up. For example, the ship may have reached its Lﬁg%
stability limit or its full load displacement limit and a new Sz;f
system needs to be added. Through the use of Multiple Eéig
Attribute Tradeoff Analysis a wide variety of alternative ;Eq%
methods of achieving the conversion can be evaluated. Also, E?i&
by careful selection of the attributes, the analysis can look géi;
for the concepts which have the minimum impact on the service ?3:;

Y

life margins. Therefore, the architect may be able to find a
method to accomplish a conversion that could not otherwise be

done.

The Multiple Attribute Tradeoff Analysis is not being
proposed as a sole method of conducting tradeoff studies. It ‘ﬁﬁ
is being proposed as a useful tool that can aid the decision .
maker at all stages of the ship design process. There are

advantages and disadvantages of this methodology.

The advantages are:
1) a large number of concepts can be easily evaluated Hﬂfﬁ

2) the relative "goodness" of each concept is o
represented without being clouded by weighting factors ‘Q; A

3) the boundaries between possible and unachievable
values of the attributes caen be identified

4) donimant and inferior options can be easily
identified

3) noncritical uncertainties and redundant attributes
are identified
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The disadvantages are:

1) at some point a weighting factor has to be assigned
the attributes before a tinal decision can be made

2) although large complicated synthesis models are not

a requirement there is a need for estimating relation-

ships for all corncepts being evaluated

3) in order to evaluate the impact of new technology

on a ship design algrithms need to be developed and

incarporated in ship synthesis models

In comparing the current methodology with the Multiple
Attribute Tradeoff Analysis methodology it can be seen that
both are useful. The current method provides a means of
incorporating weighting factors with the attributes and
provides a scalar value representing the concept which best
reflects the priorities of the decision maker. The proposed
method provides the decision maker with clear understanding
of the critical uncertainties and relevant attributes.
Therefore the decision maker is in a better position to apply
the wutility functions to incorporate the weighting factors.

No one method is best and a combination of methods would

prove to be the most useful in the ship design process.
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KEY FOR THE CODES USED IN THE LIST OF OPTIONS
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Type of Propulsion Plant
1. 600 1b steam
2. 1200 1b steam
3. 1200 1b pressure firmd steam
4. 1st generation gas turbines
' 5. 2nd generation gas turbines
6. Diesel engines
a. low speed
) b. medium speed
c. high speed

. Number of Boilers
1. 1, 2, or 3 with one shaft .
. 2. 2, 3, or 4 with twao shafts b
N ; N
SENAS
Number of Engines f\%‘-?\
1. 1 or 2 with steam plants
d 2. 1, 2, 3, or 4 with gas turbine and diesel
. plants
. Number of Shafts (1 or 2)

Type of Propeller
1. fixed pitch
2. controllable pitch

Ship Service Electrical Generators
1. steam in conjunction with a steam plant

2. 1st generation gas turbine -
3. 2nd generation gas turbine :5&;*
4. law speed diesel NN
NS
S. medium speed diesel .t;bﬁ
6. high speed diesel Tt
EICION

Emergency Electrical Generators (steam plants only)
1. 1st generation gas turbine

. 2nd generation gas turbine

- low speed diesel

. medium speed diesel

. high speed diesel
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Number of Ship Service Generators (3 or 4)
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LIST OF ABBREVIATIONS USED IN APPENDIX I

s SHIFP NUM - Ship Reference Number

PROF PLT

Propulsion Plant Type
NB — Number of Boilers

NE — Number of Main Engines

A

NSHFT

Number of Shafts

PRF TYP

Type of Propeller

SSE TYF Type aof Ship Service Electrical Generators

(l II ’I -

EME TYP

Type of Emergency Electrical Generators

Al

NU LSD — Number of Low Speed Diesels

NU MSD — Number of Medium Speed Diesels

'

NU HSD - Number of High Speed Diesels

pe 2l

NU GTG - Number of Gas Turbine Generators

NU STG — Number of Steam Generators
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APPENDIX II
LIST OF ATTRIBUTES GENERATED FOR THE CABE STUDY
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K's Vs - Maximum Sustained Speed {:'-,\
A e
Y. DIS = Full Load Displacement P
N SN
2 INTVOL - Total Internal Volume f,::;
,.: --'.-/‘.:
. "
N WTG2/SHP -~ Weight of Propulsion Plant / Shaft Horsepower e
' L]
WTG3/KW ~ Weight of Electrical Plant / Kilo-Watt of Power
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SHIP VS DIS INTVOL WTG2 WTB3  WTG2+ cosT i}:
NUM /SHP /7KW WTG3 i;-:‘.-:
Ly
1 28.15 4186.77 482785.30 31.67 79.12 728.00 390.99 o
2 28.15 4186.77 482785.30 31.47 79.12 728B.00 390.99 A
3 28.11 42046.76 485694.10 31.68 75.92 735.13 394.33 s
4 28,13 4197.52 482918.10 31.4647 B82.17 734.27 393.40 ;tf
5 28.09 4217.51 485827.30 31.68 7B8.73 741.41 396.73 P
6 28.19 4164.50 482510.60 31.67 72.79 714.99 386.00 Yy
7 28.15 4184.47 485418.70 31.48 70.10 722.12 389.34 e
8 28.23 4147.71 482304.00 31.647 &8.01 705.17 382.24 R
9 28.19 4167.467 485211.60 31.68 65.71 712.31 385.57 -593
10 28.81 3867.64 466273.60 31.64 79.59 692.91 371.67 RO
11 28.71 3910.98 469439.20 31.65 82.88 713.16 380.03 e
12 28.81 3867.64 466273.60 31.64 79.59 692.91 3I71.67 e
13 28.71 3910.98 469439.20 31.65 B82.88 713.16 3I80.03 S
14 28.48 4022.0% 4468153.10 31.65 135.51 782.90 406.21 R
15 28.39 4063.88 471298.10 3I1.65 132.82 602.44 414.29
16 28.72 3905.94 466741.50 31.64 93.39 715.12 380.20 e
17 28.66 3934.64 469729.10 31.65 90.55 726.88 385.30 N
18 28.84 3843.06 465974.30 31.464 70.72 678.465 366.19 e
19 28.81 3B865.07 468878.30 3I1.65 67.98 686.54 369.80 e
20 2B8.25 4135.71 A482185.80 29.98 79.06 697.62 382.21 ENEN

2t 28.21 4155.93 4850%22.50 29.98 75.86 704.75 385.53
22 28.25 4135.71 482185.80 29.98 79.06 697.62 382.21 A
23 28.21 4155.93 485092.50 29.98 75.86 704.75 385.53 R
24 28.23 4146.44 482317.30 29.98 82.11 703.90 384.62 RNy
25 28.19 4166.66 485224.40 27.98 78.67 711.03 387.94

26 28.29 4113.47 4B1913.60 29.97 72.73 684.61 377.22 N
27 28.25 4133.69 484819.80 29.98 70.04 691.74 380.54 X
28 2B8.33 4096.70 481709.00 29.97 67.95 674.80 3I73.46 o
29 28.28 4116.93 4864614.70 29.98 65.65 681.93 376.78 ot
30 28.92 3815.87 4465668.70 29.95 79.51 662.54 362.84 XK.

31 28.82 3859.17 468830.30 29.96 82.81 682.78 371.21
32 28.92 3815.87 445668.70 29.95 79.51 662.54 362.84
33 28.82 385%.17 468830.30 29.96 82.81 682.78 371.21%
34 28.358B 3970.37 4467562.40 29.95 135.44 752.52 397.42
35 28.49 4012.99 470712.80 29.96 132.75 772.07 4035.51
36 28.84 38B54.11 4466132.80 29.95 93.31 684.74 371.38
37 28.77 388B2.79 469117.90 29.96 90.48 696.50 376.48
38 28.98 3791.33 465371.90 29.95 70.64 648B.28 357.36
39 28.93 3813.32 448274.10 29.95 67.91 656.16 360.98
40 28.17 4185.48 482760.00 31.67 79.11 728.02 390.87 N
41 28.13 4205.B1 485659.90 31.468 75.92 735.15 394.18 W
42 28.17 4185.48 4B2760.00 31.47 79.11 728.02 390.87 £

s

-

3 2B.13 4205.81 485659.90 31.68 75.92 735.15 394.18 r ™
44 28.15 4196.35 482897.60 3I1.47 B2.17 734.29 393.28 "2
45 28.11 4216.68 485797.70 31.68 78.72 741.42 396.59 W
46 28.21 4162.95 482475.30 31.67 72.78 715.00 385.86 i
47 28.17 4183.28 485374.70 31.68 70.09 722.13 389.17 i:}
48 28.25 4145.96 482261.10 3I1.67 4B.01 705.19 382.09 A
49 28.21 4166.28 485159.90 31.68 65.70 712.32 385.40 ~
50 28.82 3866.89 466250.80 31.64 79.58 692.93 371.54 we
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SHIP VS DIS INTVOL WTG2 WTG3  WTG2+ cosT DA
NUM /SHP /7KW WTG3 ‘;4;2;12;1
aa‘s-
S1  28.73 3909.56 449394.90 31.65 82.87 713.17 379.87 b
52 28.82 3866.89 466250.80 31.64 79.58 492.93 3I71.54 o~
53 28.73 3909.56 469394.90 31.65 B2.87 713.17 379.87
54 28.49 4020.88 448125.00 31.465 135.51 782.91 406.08
55 28.41 4062.88 471279.60 31.66 132.82 B802.46 414.16
S6 28.74 3904.64 446701.90 31.64 93.38 715.13 380.05
57 28.68 3933.03 469680.30 31.65 90.54 726.88 385.14
S8 2B8.88 3842.67 465962.50 31.64 70.72 678.67 366.07
59 28.83 3864.22 468851.10 31.465 67.98 6&86.55 369.66
60 28.27 4133.94 482142.20 29.98 79.05 697.63 382.06
61 28.23 4154.25 485040.40 29.98 75.86 704.76 385.37
62 2B.27 4133.94 482142.20 29.98 79.05 697.63 382.06
63 28.23 4154.25 4B85040.40 29.98 75.86 704.76 385.37
64 28.25 4144.80 482278.80 29.98 82.10 703.91 384.47
65 28.21 4145.11 485177.10 29.98 78.47 711.04 387.78
&6 28.31 4111.45 481859.80 29.98 72.72 684.62 377.06
67 28.27 4131.75 484757.30 29.98 70.04 691.75 380.36
648 28.35 4094.48 4B1647.10 29.97 &67.95 674.80 373.28
69 28.31 4114.78 4B84544.30 29.98 65.64 681.93 376.59
70 28.93 3816.40 465684.70 29.95 79.51 642.56 362.76
71 28.84 3859.04 46B8826.10 29.96 82.81 682.80 371.10
72 28.93 3816.40 465684.70 29.95 79.51 662.56 362.76
73 28.84 3B859.04 4488246.10 29.96 82.81 682.80 371.10
74 28.60 3949.66 4467525.40 29.95 135.43 752.53 397.28
75 28.51 4011.61 470676.30 29.96 132.75 772.08 405.36
76 28.85 3854.06 466131.30 29.95 93.31 684.76 371.28
77 28.79 3882.33 469103.70 29.96 90.48 &96.51 376.36
78 28.99 3791.90 A465388.50 29.95 70.65 648.30 357.29
79 28.94 3813.81 448288.40 29.95 67.92 656.18 360.89
B0 28.00 A4275.97 4B2622.90 34.94 79.10 786.34 407.46
81 27.97 A4296.03 485535.90 34.95 75.90 793.48 410.79
82 28.00 4275.97 482622.90 34.94 79.10 786.34 407.46
83 27.97 A4296.03 485535.90 34.95 75.90 793.48 410.79
84 27.98 4287.07 A4B82768.50 34.94 82.15 792.62 409.88 A
85 27.95 4307.11 485681.00 34.95 78.71 799.76 A413.21 A
86 28.04 4253.03 482324.50 34.94 72.77 773.32 402.4S T
87 28.00 4277.21 A485412.40 34.95 70.10 780.54 405.88 o
88 28.07 4239.75 482291.30 34.94 6B.01 763.59 398.80 R
89 28.03 4260.16 485194.10 34.95 65.70 770.72 402.11 RNy
90 2B8.63 3958.49 466183.60 34.91 79.57 751.30 388.17 e
91 28.54 4001.43 A4469340.40 34.92 82.87 771.55 396.52 DR
92 28.63 3958.49 466183.60 34.91 79.57 751.30 388.17 e
93 28.54 4001.43 449340.40 34.92 82.87 771.55 396.52 L
94 28.32 4111.09 467852.30 34.91 135.48 B841.19 422.52 R
95 28.24 4153.17 471032.00 34.92 132.79 860.75 430.63 .
96 2B8.55 3996.40 466643.30 34.91  93.38 773.51 396.69
97 28.49 4024.93 449428.40 34.92 90.54 785.26 401.78
98 28.68 3934.16 465889.60 34.91 70.71 737.04 382.70
99 28.63 3955.97 468789.10 34.92 67.97 744.93 386.30
100 27.99 4281.37 482691.20 35.11 79.11 789.47 A408.37
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SHIF VS
NUM

101 227.96
102 27.99
103 27.96
104 27.97
105 27.%94
106 28.03
107 27.99
108 28.06
109 28.02
110 28.62
111 28.53
112 28.42
113 28.53
114 28.31
115 28.22
116 28.54
117 28.48
118 28.67
119 28.62
120 28.00
121 27.97
122 28.00
123 27.97
124 27.98
125 27.95
126 28.04
127 28.00
128 28.07
129 28.03
130 28.63
131 28.54
132 28.63
133 28.54
134 28.32
135 28.24
136 28.55
137 28.49
138 28.68B
139 28.63
140 27.99
141 227.96
142 27.99
143 27.96
144 27.97
145 27.94
146 28.03
147 27.99
148 28.06
149 28.02
150 28.62

DIS

4301.44
4281.37
4301.44
4292.48
4312.52
4258. 44
4282.54
4245.08
4265.48
3963.72
K4006. 66
3963.72
4006. 66
4116.48
4159.94
4001 .64
4030.22
3939.38
3961.20
4275.97
4296.03
4275.97
4296. 03
4287.07
4307.11
4253.03
4277.21
4239.75
4260.146
3958.49
4001.43
3958. 49
4001.43
4111.09
4153.17
3996.40
4024.93
3934.16
3955.97
4281.37
4301.44
4281.37
4301.44
4292.48
4312.52
4258. 44
4282.54
424%5.08
4265.48
3963.72

INTVOL

485604. 60
482691.20
485404 .60
482837.20
48574%9.80
482392. 60
4B85477.60
482355. 90
485259.10
466243.70
469400.90
4564243.70
469400. 90
467919.30
471146.40
4646703.%90
469690.90
465949. 30
468849. 20
482622.90
485535. 90
482622.90
485535. 90
482768.50
485681 .00
482324.50
485412. 40
482291.30
485194.10
466183. 60
469340.40
466183.60
469340.40
4467852.30
471032.00
466643. 30
4469628.40
4465889.60
468789.10
482691. 20
485604. 60
4826%1. 20
485604. 60
482837.20
485749.80
482392. 60
485477 .60
482355.90
485259.10
466243.70

WTG2
/SHP

35.12
35.11
35.12
35.11
35.12
35.11
35.12
35.11
35.12
35.09
35.09
35.09
35.09
35.09
35.10
35.09
35.10
35.08
35.09
34.94
J4.95
34.94
34.95
34.94
34.95
34.94
34.95
34.94
34.95
34.91
34.92
34.91
34.92
34.91
34.92
34.91
34.92
34.91
34.92
35.11
35.12
35.11
35.12
35.11
35.12
35.11
35.12
35.11
35.12
35.09

(oA R A Nl Al Sl Ml A

WTG3
7KW

75.91
79.11
75.91
82.16
78.72
72.78
70.10
&8.02
65.71
79.38
82.87
79.58
82.87
135.48
132.80
%3.38
90.54
70.72
67.98
79.10
75.90
79.10
75.90
B82.15
78.71
72.77
70.10
68.01
65.70
79.57
82.87
79.57
82.87
135.48
132.79
93.38
20.54
70.71
&7.97
79.11
75.91
79.11
75.91
82.16
78.72
72.78
70.10
68.02
65.71
79.58

WTG2+
WTG3

796. 61
78%9.47
796.61
795.7S
802.68
776.45
783. 66
766.71
773.85
754.42
774.67
754.42
774.67
844.31
863.88
776.63
788. 3%
740.16
748. 05
786.34
793.48
786. 34
793.48
792.62
799.76
773.32
780.54
763.59
770.72
751.30
771.55
751.30
771.55
841.19
860.75
773.51
785.26
737.04
744.93
789.47
796.61
789.47
796.61
795.75
802.88
7746.45
783.66
766.71
773.85
754.42

EC R R e e

CcosY

411.70
408. 37
411.70
410.79
414.12
A403.36
406.79
399.70
403.01
389.07
397.42
389.07
397.42
423.43
431.60
397.59
402. 68
383.60
387.20
407.46
410.79
407.46
410.79
409.88
413.21
402.45
405.88
398.80
402.11
388.17
3%96.52
388.17
396.52
422.32
430.63
396.69
401.78
382.70
386.30
408.37
411.70
408. 37
411.70
410.79
414.12
403. 36
406.79
399.70
403.01
389.07
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SHIF VS DIS INTVOL WTG2 WTG3  WTGE2+ cosT NS
NUM /SHP /KW WTG3 §§§5
1S1  28.53 4006.66 469400.90 35.09 82.87 774.67 397.42 o
152 28.62 3963.72 466243.70 35.09 79.58 754.42 389.07 et
153 28.53 4006.66 469400.90 35.09 B82.87 774.67 397.42 MRS
154 28.31 4116.48 467919.30 35.09 135.48 B844.31 423.43 A
155 28.22 4159.94 471146.40 35.10 132.80 B863.88 431.60 A
156 28.54 4001.64 446703.90 35.09 93.38 776.63 397.59 Padoy
157 28.48 4030.22 449690.90 35.10 90.54 788.39 402.68 .
158 28.67 3939.38 465949.30 35.08 70.72 740.16 383.60 ot
159 28.62 3961.20 46884%.20 35.09 47.98 748.05 387.20 -ii:
160 28.00 4275.99 482623.90 34.94 79.10 7B6.34 407.46 DV
161 27.97 4296.03 485535.90 34.95 75.90 793.48 410.79 O,
p

\

162 28.00 4275.99 482623.90 34.94 79.10 786.34 A407.46
163 27.97 4296.03 4855335.90 34.95 75.90 793.4B 410.79
164 27.98 4287.07 482768.50 34.94 82.15 792.62 409.88
165 27.95 4307.11 485481.00 34,95 78.71 799.76 413.21
166 28.04 4253.03 482324.50 34.94 72.77 773.32 402.4%
167 28.01 4273.06 485235.80 34.95 70.08 780.46 405.78
168 2B.08 4235.71 4820992.00 34.94 67.99 763.30 398.68
169 2B8.04 4255.74 485010.00 34.93 &65.69 770.64 402.00
170 28.64 3959.30 A466047.20 34.91 79.56 731.24 388.04
171 2B.54 4001.78 46%209.20 3I4.92 82.85 771.49 396.40
172 28.64 3959.30 466047.20 34.91 79.56 751.24 388.04
172 28.54 4001.78 469209.20 34.92 82.85 771.49 324.40
174 28.31 4112.70 467907.20 34.91 135.48 841.20 422.59
175 28.23 4154.54 A471079.00 34.92 132.80 860.76 430.69
176 28.55 3I997.8%7 4646528.30 34.91 93.36 773.45 396.57
177 28.49 A4025.62 469507.30 34.92 ?20.52 785.20 401.67
178 2B8.6% 3IP34.53 465739.40 34.91 70.69 736.97 382.355
179 28.64 39355.51 468632.70 34.92 &7.94 744.85 386.16
180 27.99 4281.40 482692.30 35.11 79.11 789.47 408.37
181 27.946 A4301.44 485604.460 35.12 75.91 796.61 411.70
182 27.99 4281.40 482692.30 35.11 79.11 789.47 408.37
183 27.96 4301.44 485604.60 35.12 75.91 796.61 411.70
184 27.97 4292.48 482837.20 35.11 82.146 795.75 410.79
185 27.94 4312.52 485749.80 35.12 78.72 802.88 414.12
186 28.03 4258.44 482392.60 35.11 72.78 776.45 403.36
187 28.00 4278.47 485304.20 35.12 70.09 783.3B 406.49
188 28.07 4241.12 482167.00 35.11 68.00 764£.63 3I99.98
189 28.03 4261.15 485078.30 35.12 65.69 773.76 402.91
190 28.62 3964.57 466109.60 35.08 79.56 754.36 388.94
191 28.53 4007.05 469272.00 35.09 82.86 774.61 397.30
192 28.62 3964.57 466109.60 35.08 79.56 754.36 388.94
193 28.53 4007.05 469272.00 35.09 82.86 774.61 397.30
194 2B.30 4118.09 467974.30 35.09 135.49 844.33F 423.50
195 28.22 4159.94 471146.40 35.10 132.80 843.88 431.460
196 28.54 4003.17 466591.00 3I5.08 ?3.37 776.57 397.48
197 28.48 A4030.90 4693570.30 3I5.09 90.53 788.33 402.57
198 28.68 3979.8B0 465801.60 35.08 70.70 740.10 383.46 ‘e
199 28.63 3960.78 44684695.10 35.09 &7.96 747.98 387.0& S
200 28.09 A4216.24 482866.30 2.02 79.13 734.23 393.78 RSN
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SHIF
NUM

201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
b v Im §

Lo
b lonln g

224
225
226
22

228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250

DFWERY VA e e WY .Y ~.—5 3w eemmm—we v v - = - =

»
0
0

.....

vs

28.06
28. 09
28.06
28.07
28.04
28.14
28.10
28.17
28.13
28.74
28.465
28.74
28.65
28.41
28.33
28. 66
28.60
28.80
28.75
28.19
28.15
28.19
28.15
28.17
28.13
28.23
28.19
28.26
28.22
28.86
28.76
28.86
28.76
28.52
28.43
28.77
28.71
28.91
28.86
28.12
28.08
28.12
28.08
28.10
28.06
28.16
28.12
28.19
28.16
28.77

Te e 7 - e e
AL

DIS

4236.66
4216.24
4236. 66
4226.99
4247.40
4193.946
4214.38
4177.14
4197.58
3896. 64
3939.98
3896.64
3939.98
4051.39
4093.18
3934.92
3963.63
3872.07
3894.09
41465.09
4185. 66
4165.09
4185. 66
4175.82
4196.40
4142.85
4163.41
4126.08
4144. 64
3844.488
3888.18
3844.88
3888.18
39992.93
4042.11
3883.11
3?11.80
3820.34
3842.34
4209.47
4229.80
4209.47
4229.80
4220.34
4240. 67
4186.96
4207.28
4169.98
4190.30
3890. 39

TR AT AT TR ) T AT T
DA T O I S S A B AR U S A

INTVOL WTG2 WTG3 WTG2+
/SHP /KW WTG3
485775.50 32.03 75.93 741.37
482864. 30 2.02 79.13 734.23
485775.50 32.03 75.93 741.37
482999.30 32.02 82.18 740.51
485208.80 32.03 78.73 747.64
482591.30 32.02 72.80 721.22
485499.70 32.02 70.10 728.36
4892384.30 32.02 68.02 711.41
485292.30 32.02 &5.71 718.54
466335.30 31.99 79.59 699.15
469501.30 32.00 82.88 719.39
4566335.30 31.99 79.59 699.15
469501.30 32.00 82.88 719.39
468228.20 31.99 135.52 789.13
471374.20 32.00 132.83 808.68
4466803.40 31.99 93.40 721.35
4469791.60 32.00 ?0.56 733.11
44646035.60 31.99 70.73 &B4.88
468%40.00 3J2.00 &7.99 &92.77
482265.10 30.32 79.06 703.86
485172.40 30.33 75.87 710.99
482265.10 30.32 79.06 703.84
485172.40 30,33 75.87 710.9%9
482396.90 30.32 82.12 710.13
485304.40 30.33 78.68 717.26
481992.50 30.32 72.74 490.85
4848%9.20 30.33 70.05 6%97.98
481787.60 30.32 67.96 681.03
4844693.70 30.33 65.66 688.17
4465729.30 30.29 79.52 6&468.77
468891.60 30.320 g82.81 689.01
4465729.30 30.29 79.52 &68.77
468891.60 3I0.30 82.81 689.01
467624.70 30.30 135.45 758.75
470781.70 30.31 132.76 778.30
466193.80 30.30 ?3.32 &90.97
4469172.60 30.30 ?0.49 702.73
4565432.00 30.29 70.65 654.51
468334.80 30.30 &67.92 6&62.39
482791.10 32.02 79.12 734.24
485691.00 32.03 75.92 741.37
4827%91.10 32.02 79.12 734.24
485691.00 32.03 75.92 741.37
482928.80 32.02 82.17 740.52
485828.90 32.03 78.73 747.65
482506.40 32.02 72.79 721.23
485405.70 32.03 70.10 728.36
482292.10 32.02 68.01 711.41
485191.00 32.03 65.70 718.54
466257.70 31.99 792.58 699.15
115
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COoSsT

397.10
393.78
397.10
396.19
399.51
388.79
392.11
385. 02
388.35
374.43
382.80
374.43
382.80
408.99
417.07
382.97
388. 07
368.95
372.57
384.99
388. 31
384.99
388. 31
387.40
390.72
380.01
383.32
376.24
379.56
365.61
373.97
365.61
373.97
400.19
408.29
374.14
379.24
360.13
363.74
393.44
394.75
393.44
396.75
395. 85
399.16
388.44
391.75
384. 66
387.97
374.09
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i SHIF
; NUM
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
28as
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300

EIH LR E YU I IR SIS

T s

s

19

2SR S S
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P.YEEM BV T % >

................

CIAIPL A
.......

vs

28.67
28.77
28.67
28.44
28.35
28.69
28.62
28.82
28.77
28.22
28.18
28.22
28.18
28.19
28.16
28.26
28.22
28.29
28.25
28.87
28.78
28.87
28.78
28.54
28.46
28.79
28.73
28.91
28.87
27.98
27.95
27.98
27.95
27.96
27.93
28.02
27.98
28.04
28.00
28. 60
28.51
28. 60
28.51
28.29
28.20
28.52
28. 464
28.65
28.61
27.97

o) -
Ly

DIS

3933.19
3890.3%9
3933.19
4044.47
4086. 46
3928.16
3956.71
3866.17
3g87.488
4157.96
4178.26
4157.94
4178. 26
4168.80
4189.11
4135.47
4155.77
4118.52
4138.81
383%.24
3882.55
3839.24
3882.55
3993.27
4035. 20
3877.55
3905.82
3813.06
3835.17
4288.12
4308. 11
4288.12
4308.11
4299.19
4319.22
4264.90
4285.19
4251.31
4271.94
3969.96
4012.88
3969.96
4012.88
4124.93
4166.74
4007.84
40346.44
3945. 66
3967.47
4293.53

' e

INTVOL WTG2
/SHP
469407.70 32.00
466257.70 31.99
469407.70 32.00
4468139.30 32.00
471294.10 32.00
466710.80 31.99
469695.20 32.00
465969.30 31.99
468863.80 32.00
482172.60 30.32
483070.80 30.33
482172.60 30.32
485070.80 30.33
482309.30 30.33
485207.70 30.33
481890.20 30,32
484787.70 30.33
481677.50 30.32
484574.70 30.33
44656469.30 30.30
4468833.20 30.30
A465667.30 30.30
468833.20 30.30
467539.00 30.30
470690.10 30.31
466137.60 30.30
469110.40 30.31
445359.80 30.29
468265.90 30.30
482494.00 35.29
485404.80 35.29
482494.00 35.29
485404.80 35.29
482638.80 35.29
485551.10 35.29
482185.50 35.29
485105.80 35.29
482162.30 35.29
485073.30 35.30
466049.50 35.26
469205.60 35.27
466049.50 35.26
469205.60 35.27
4467778.70 35.26
470950.10 35.27
466508.60 35.26
4469496.40 35.27
465736.10 35.26
468655.50 35.27
482562.60 35.46
116

WTG3
/KW

82.87
79.58
82.87
135.51
132.82
93.38
90.55
70.72
&7.98
79.06
75.86
79.06
75.86
82.11
78.67
72.73
70.04
&7.95
&5.65
79.351
82.81
79.51
82.81
135.43
132.75
93.31
90. 48
70.464
67.91
79.09
75.89
79.09
75.89
82.14
78.70
72.76
70.07
68.00
65.69
79.56
82.85
79.56
82.83
135.47
132.78
93.36
90.52
70.69
&7.96
79.09

WTG2+
WTGE3

719.39
&99.15
719.39
789.13
808. &8
721.35
733.10
684.89
&92.77
703.86
710.99
703.86
710.99
710.13
717.26
690.84
697.97
681.03
688.16
&668.77
689.02
&68.77
&89.02
758.73
778.30
690.98
702.73
&54.50
662,39
792.53
799.66
792.53
799.66
798.80
805.94
779.50
786.64
769.77
776.91
757.49
777.73
757.49
777.73
847.39
866.94
77%9.69
791.45
743.23
751.11
795.65

cCasT

382.43
374.09
382.43
408. 63
416.72
382. 60
387.70
368. 62
372.22
384.63
387.94
384.63
387.74
387.09S
390.35
379.63
382.94
375.86
379.17
365.30
373.465
365. 30
373.65
399.83
407.92
373.83
378.91
359.85
363.45
409.54
412.87
409.54
412.87
411.96
415.29
404.52
407.86
400.88
404. 20
390.25
398.59
390.25
398.59
424.67
432.77
398.76
403.86
384.78
388. 38
410.45

UaASTE SANALT
P . . [
AT

t
o, P
Ed

-
»

gy
.
.

A

AT
Il AL .l 'l “ ‘l
VAN
N

Ay
.. I.-\.l
AN
l-l"'l'l..

PN XX EAr

A
;51
.l
fl

s
v
‘4

DL '-I'I.,'.’.
el

.}" ‘.’.’f i
";',”,..,;

%
P,

.....

4
o

O

,

o L
'l‘.'..'.".l
BN



':-_" - H.fd_.-"n.‘_A MY 7-._7'_ s '-\Ir_ o, W R, e

SHIF VS DI1S INTVOL WTG2 WTG3 WTG2+ cCoSsT
NUM /SHP 7KW WTG3

! 301 27.94 4313.51 485473.30 35.47 75.90 802.79 413.78 L
‘ 302 27.97 4293.53 482562.60 35.46 79.09 795.65 410.45 s,
: 303 27.94 4313.51 485473.30 35.47 75.90 802.79 413.78 i}q*
. 304 27.95 4304.60 482707.40 35.46 82.15 801.93 412.87 AN
. 305 27.92 4324.63 485619.90 35.47 78.71 B809.06 41&6.20 n?{:
i 306 28.01 4270.30 482253.60 35.46 72.76 782.63 405.43 R
! 307 27.97 4290.59 485174.40 35.47 70.07 789.77 408.77 oL
. 308 28.04 4253.06 482030.40 35.46 67.99 772.81 401.65
: 309 27.99 4277.26 485138.40 35.47 65.70 780.03 405.11
: 310 28.59 3975.19 466109.50 35.43 79.56 760.61 391.1S
. 311 28.50 4018.13 469266.60 35.44 g82.86 780.85 399.50
: 312 28.59 3I975.19 466109.50 35.43 79.56 760.61 391.15
| 313 28.50 4018.13 469266.60 35.44 82.86 780.85 3I99.50
! 314 28.28 4130.32 467845.80 35.44 135.47 850.51 425.58 -
{ 315 28.19 4172.13 471017.40 35.44 132.79 870.07 433.68 o
¢ 316 28.51 4013.08 144569.20 35.43 93.37 782.81 399.467 y
! 317 28.45 4041.72 469558.70 35.44 90.53 794.57 A04.76
: 318 28.64 3950.88 4465815.80 35.43 70.70 746.35 385.68
) 319 28.60 3I972.69 A468715.40 3I5.44 67.94 754.23 389.28 .
N 320 28.00 4275.53 482326.70 35.29 79.07 792.48 409.05 }iﬁk
: 321 27.97 4295.87 485249.00 35.29 75.88 799.62 412.39 ;;;\
. 322 28.00 4275.53 482326.70 35.29 79.07 792.48 409.05 R
N 333 27.97 4295.87 485249.00 35.29 75.88 799.62 412.39 SN
& 324 27.98 4286.93 482482.50 35.29 82.13 798.76 411.48 Ny
! 325 27.95 4306.90 485392.40 35.29 78.4%9 B805.90 414.80 o
. 326 28.04 4252.67 482030.80 35.28 72.74 779.46 404.04 e
. 327 27.99 4276.91 485143.00 35.30 70.07 786.69 407.50 RO
N 328 28.06 4239.28 482015.70 35.29 67.99 76%9.74 400.41 o
. 329 28.03 4259.88 484925.60 35.29 65.68 776.87 403.73 RO
* 30 2B.63 3958.13 465913.00 3I5.26 79.54 757.45 389.78 DOy
l 331 28.54 4001.03 A469068.10 3I5.27 82.83 777.70 398.12 .
Iy 332 28.63 3I958.13 4465913.00 35.26 79.54 757.45 389.78 -
. 333 28.54 4001.03 469068.10 35.27 82.83 777.70 398.12 A
N 34 28.32 4110.78 467559.90 35.26 135.44 847.33 424.11 <.
: 335 28.23 4154.52 A470796.40 3I5.27 132.76 B866.90 432.29 -
' 336 28.55 3I995.99 466371.00 35.26 93.34 779.46 398.30 Ry
v 337 28.49 4024.49 4469354.60 35.27 90.51 791.41 403.39
s 338 28.48 3933.84 465620.30 35.26 70.68 743.19 384.31 -
- 3II9 28.463 3I955.64 468519.10 3I5.27 67.94 751,07 387.91 -
3 340 27.99 4281.27 482406.40 35.46 79.08 795.41 409.97 N
K 341 27.96 4301.27 485317.40 35.47 75.88 802.74 413.30 DAt
' 347 27.99 4281.27 482406.40 35.46 79.08 795.&41 409.97 T
b 343 27.96 A4301.27 485317.40 35.47 75.88 £02.74 413.30 r
; 344 27.97 4292.34 482551.00 35,46 82.13 801.89 412.39
)t 345 27.94 4312.30 485460.90 35.47 78.69 809.02 415.71
‘ 346 28.0F 4258.07 482098.70 35.44 72.75 782.59 404.95
;) 347 27.98 4282.23 4B5208.00 35.47 70.08 789.8: 408.41
’ 348 2B8.046 4244.59 482080.10 35.44 &67.99 772.B6 401.31 .
] 349 28.02 4265.20 484990.30 35.47 65.68 779.99 404.63 .

350 28.62 3I963.35 465972.90 35.43 79.55 760.357 390.68 ::: . ..
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SHIF VS
NUM

351 28.53
352 28.62
353 28.53
354 28.31
355 28.22
356 28.54
357 28.48
358 28.67
359 28.62
360 28.02
361 27.98
362 28.02
363 27.98
364 28.00
3&S 27.97
366 28.06
367 28.03
368 2B.10
369 28.06
370 28.66
371 28.57
372 28.66
373 28.57
374 28.34
375 28.2%
376 2B.57
377 28.52
378 28.71
379 28.646
380 28.01
381 27.98
382 28.01
383 27.98
384 27.99
385 27.94
386 28.05
387 28.02
388 28.09
389 28.05
390 28.65
391 28.55
392 28.65
3?3 28.55
394 28.33
395 28.24
394 2B.56
397 28.50
398 28.70
399 28.65

400

28.35

DIS

4006. 26
3963.35
4006. 26
4116.16
4159.91
4001.22
4029.76
3939.0%
3960.86
4263.62
4283. 63
4263. 62
4283.463
4274.68
4294.70
4240. 68
4260. 6%
4223.38
4243, 39
3948. 05
3990. 4646
3948.05
3990.46
4100.49
4142.29
3984.58
4014.24
3923.32
3944, 27
4269.02
4289.03
4269.02
4289.03
4280.08
4300.10
42446.08
42466.09
4228.77
4248.79
3953.31
3995.73
3953.31
3995.73
4105.88
4147.468
3991.84
4019.53
3928.58
3949.53
4085. 38

.....

INTVOL

469128. 40
465972.90
469128.40
467626.70
470863.80
466431.40
469416.80
4654679.80
468578. 20
482182.50
485093.50
482182.50
485093.50
482326.70
485238. 10
481884.10
484794.460
481659.50
A48456%9.70
A465646. 60
4468806.00
465646, 60
4468806. 00
4467473.00
470643.00
466125, 20
469102, 40
465340. 40
468232.40
482250.80
4835161.90
482250.80
4851461.90
482394.90
485306.70
481952. 20
484862.80
481727.30
4844637 .60
455708.70
468868. 40
465708.70
44688468. 40
467539.90
470710.20
466187.50
469165. 20
465402.20
4468294, 40
481243.10

WTG2
/SHFP

35.44
35.43
35.44
35.44
35.44
35.43
35.44
35.43
35.44
35.29
35.29
35.29
35.29
35.29
35.29
35.28
35.29
35.28
35.29
35.26
35.27
35.26
33.27
35.26
35.27
35.26
35.27
35.26
35.26
35.46
35.47
35.46
35.47
35.46
35.47
35. 446
35.47
35.46
35.47
35.43
35.44
35.43
35.44
35.43
35.44
35.43
35.44
35.43
35.44
27.99

WTG3
/KW

82.84
79.55
82.84
135.45
132.77
93.35
90.51
70.68
&7.95
79.046
75.86
79.06
75.86
82.11
78.67
72.73
70.04
67.95
&5.65
79.51
82.80
79.591
82.80
135.43
132.74
23.31
90.48
70.464
67.91
79.06
75.87
79.06
75.87
82.12
78.68
72.73
70.05
67.96
&5.65
79.51
82.81
79.51
82.81
135.43
132.75
93.32
90. 48
70.65
&7.92
78.96

WTG2+
WTG3

780.82
760.57
780.82
850. 45
870.03
782.78
794.53
7446.31
754.20
792.44
799.58
792.44
799.58
798.72
805. 86
779.42
786.56
769.60
776.74
757.35
777.60
757.35
777.60
847.30
866.86
779.57
791.32
743.09
750.97
795.57
802.70
795.57
802.70
801.85
808.98
782.55
78%9. 48
772.73
779.86
760.48
780.72
760.48
780.72
850.43
869.99
782.49
794. 44
746.21
754.09
662.04

cCosT

399.03
390.68
399.03
425.01
433.20
399.20
404.29
385. 21
388.81
408.58
411.921
408.58
411.91
411.00
414.32
403.57
406.90
399.80
403.12
38%.18
397.53
389.18
397.53
423.72
431.82
397.71
402.81
383.69
387.30
409.49
412.82
409.49
412.82
411.91
415.23
404.48
407.81
400.70
404.03
390.08
398. 44
390.08
398. 44
424 .62
432.72
398.62
403.71
384.460
388. 20
373.16
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SHIP VS DIS INTVOL WTG2 WTG3 WNTG2+ COoSsT
NUM /SHP /7KW WTG3

401 28.31 4105.21 484143.80 2B.00 75.78 669.17 376.44
402 28.35 4085.38 481243.10 27.99 78.96 662.04 373.16
403 28.31 4105.21 484143.80 28.00 75.78 &66%9.17 376.44
404 28.33 4096.09 481373.80 27.99 82.01 668.31 375.57
405 28.29 4115.92 484274.70 28.00 78.58 675.45 3I78.84
404 2B.39 4063.17 480972.90 27.99 72.63 649.03 368.18
407 28.35 4083.00 483872.80 28.00 69.95 656.16 371.45
408 28.43 4046.42 480769.60 27.99 &7.86 637.22 364.41
409 28.38 40466.26 483669.10 28.00 65.56 646.35 367.69
410 29.04 3766.17 464735.10 27.96 79.39 626.96 353.91
411 28.94 38092.01 46788%9.10 27.97 82.70 647.20 362.22
412 29.04 3766.17 464735.10 27.96 79.39 626.96 353.91
413 28.94 3809.01 4467889.10 27.97 82.70 647.20 362.22
414 28.69 3921.11 466618.30 27.97 135.32 7146.94 38B.48
415 28.60 3962.84 A469766.60 27.98 132.64 736.49 396.52
416 28.95 3804.37 465196.40 27.97 93.19 649.16 362.44
417 28.88 3832.62 468175.30 27.97 ?0.37 660.92 367.49
418 29.10 3741.58 464437.70 27.96 70.52 612.70 348.43
419 29.04 3763.18 4467335.40 27.97 67.80 620.358 351.99
420 28.45 4034.48 48B0656.00 26.30 78.90 631.67 364.39
421 2B.41 4054.59 483554.70 26.31 75.72 &38.80 367.65
422 28B.45 4034.48B 480656.00 26.30 78.90 631.467 364.3%9
423 28.41 4054.59 483554.70 26.31 79.72 638.80 3&7.65
424 28.43 4045.17 480785.40 26.30 81.99 637.94 366.79
425 228.39 4065.28 483684.40 26.31 78.53 645.07 370.06
426 28.49 4012.31 480388.40 26.30 72.57 618.66 359.40
427 2B.4%5 4032.4%1 A483286.40 26.31 &9.90 625.79 362.467
428 28.53 3I995.61 480187.10 26.30 67.80 608.85 355.464
429 28.49 4015.70 483084.60 26.31 65.51 615.98 358.91
430 29.16 3714.45 464137.40 26.27 79.31 596.58 345.08
431 29.0&6 3757.29 A467289.30 26.28 82.463 616.83 353.40
432 29.16 3I714.45 464137.40 26.27 79.31 596.58 345.08
433 29.06 3757.29 467289.30 26.28 82.63 616.83 353.40
434 28.80 3IBLF.31 466009.00 26.28 135.24 686.56 379.64
435 28.71 3910.99 4469153.60 26.28 132.57 706.11 387.70
4346 29.07 3I752.62 464596.10 26.27 23.11 618.79 353.61
437 29.00 3I781.04 467377.00 26.28 20.30 630.54 358.47
438 29.22 368%9.11 463816.90 26.27 70.44 3582.31 339.59
439 29.17 3711.27 4646730.90 26.28 67.73 S$590.20 343.16
440 28.37 4083.12 481180.20 27.99 78.96 662.05 372.99
441 28.33 4103.00 484072.30 28.00 75.77 6&69.18 3I76.24
442 28.37 4083.12 481180.20 27.99 78.96 662.05 3I72.99
443 28.33 4103.00 484072.30 28.00 75.77 669.18 376.24
444 28.35 4093.96 481316.10 28.00 B82.01 668.32 375.40
445 28.31 4113.85 484208.40 28.00 78.58 675.45 378.66
446 28.42 4060.64 48089%9.10 27.99 72.63 649.03 347.99
447 28.38 4080.51 483790.60 28.00 69.95 656.16 3I71.24
448 28.45 4043.46%9 480487.60 27.99 &£7.85 639.22 364.21
449 28.41 4063.56 483578.60 28.00 65.55 646.35 367.47
450 29.04 3I7646.7%9 44647533.80 27.97 79.39 626.98 353.8S5
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SHIFP VS DIS INTVOL WTG2 WTG3 WTG2+ CosT
NUM /SHP /KW WTG3

L A R R

451 28.95 3809.68 4467910.4640 27.97 82.70 647.23 362.14
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452 29.04 37646.79 464753.80 27.97 79.39 626.98 353.895 W
K 453 28.95 3809.68 467910.60 27.97 82.70 647.23 362.14 :\'
~ 454 28.70 3920.19 466591.70 27.97 135.31 716.95 388.35 ":¢
4535 28.61 3961.68 469734.70 27.98 132.64 736.50 396.38 ¢“

CPRIE

456 28.96 3805.13 4465221.30 27.97 93.19 649.19 362.37
457 28.89 3832.95 468186.80 27.98 Q0.37 &6&60.94 367.40
458 29.08 3740.49 464440.20 27.96 70.92 612.71 348.39
439 29.03 3J7462.046 A467336.70 27.97 &7.81 620.59 351.94
460 228.47 4031.77 48B0573.00 26.30 78.89 &31.67 364.19
441 28.43 4051.63 483463.30 26.31 75.71 &638.80 367.44
b4 462 28.47 4031.77 480573.00 26.30 78.89 631.67 364.19
' 463 28.437 4051.63 483463.30 26.31 75.71 4638.80 3467.44
e 464 28.45 4042.460 4B0707.70 26.30 81.95 &37.94 366.6460
- 465 28.41 4062.46 483598.30 26.31 78.52 645.07 369.8%
= 466 2B.52 4009.32 4B80294.00 26.30 72.57 618.65 359.18
467 28.48 402%9.18 483183.80 26.31 6£9.89 625.78 362.44
i 468 28.56 3992.40 4B0O0B4.10 26.30 67.79 608.8B4 355.41
J 469 28.51 4012.25 482973.50 26.31 65.50 615.97 358.467
470 29.14 3I712.38 464106.10 26.27 79.31 596.58 345.06
. 471 29.04 3I755.42 4467265.10 26.28 82.63 616.83 353.35
” 472 29.14 3712.38 464106.10 246.27 79.31 596.58 345.06
¢ 473 29.04 3I755.42 4467265.10 26.28 B2.63 616.B3 353.35
o 474 28.81 384&7.61 466019.80 26.28 135.24 686.59 3I79.57
i 475 28.72 3910.71 4692146.30 26.29 132.37 704.13 387.59
R 476 29.05 3750.82 464574.30 26.27 ?3.11 618.79 353.57

477 28.99 3779.98 467381.70 26.28 90.30 &430.55 358.464
- 478 29.19 3I687.3%9 463799.10 26.27 70.44 3582.31 339.59
. 479 29.14 3I709.17 4664699.00 24.28 &7.73 590.19 343.14
) 480 28.18 4177.66 481241.80 31.27 78.96 720.46 3B89.72
n 481 28.14 4197.61 484137.30 31.27 75.78 727.60 392.98
482 28.18 4177.66 481241.80 31.27 78.96 720.46 389.72
483 2B8.14 4197.461 484137.30 31.27 75.78 727.640 392.98
484 28.146 4188.49 481378.30 31.27 82.01 726.74 392.13
485 28.12 4208.49 484275.40 31.27 78.58 733.87 395.39
486 28B.23 4155.12 480956.50 31.26 72.63 707.45 384.72
- 487 28.19 4175.06 483851.40 31.27 &9.95 714.58 387.98
488 28.26 4138.12 480741.70 31.26 &7.86 697.63 3B0.95
489 28.22 4158.06 483636.30 31.27 65.56 704.76 384.21
490 28.84 3859.63 464731.40 31.24 79.39 685.38 370.51
> 491 28.75 3902.01 447875.10 31.24 82.70 705.462 378.80
- 492 28.84 3859.437 464731.40 31.24 79.39 685.38 370.51
d 493 28.75 3902.01 4467875.10 31.24 82.70 705.42 378.80

»”
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" 494 28.51 A4012.85 4646577.40 31.24 135.31 775.35 405.01
E 495 28.43 4054.48 469728.00 31.25 132.64 794.90 413.0%
¢ 494 28.76 3897.38 465183.10 31.24 ?3.19 707.58 3I79.02
E 497 28.70 3925.35 468155.40 31.25 90.37 719.33 3B4.06
2] 498 28B.89 3B35.40 464442.80 31.24 70.52 671.12 365.04
14 499 28.84 3856.75 467333.80 31.24 67.80 679.00 3468.5%9

9500 28.17 4182.96 481305.60 31.44 78.97 723.59 390.63
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SHIF V& DIS INTVOL WTG2 WTG3 WTGZ+ cosT
NUM /SHP /KW WTG3

S01 28.13 4202.92 4B84201.50 31.45 75.78 730.72 393.89
502 28.17 4182.946 481303.60 31.44 78.97 723.5%9 390.63
503 28.13 4202.92 484201.50 31.45 75.78 730.72 393.89
504 28.15 4193.79 481442.30 31.44 82.02 729.86 393.04
S05 28.11 4213.80 484339.70 31.45 78.59 736.99 3946.30
SN6  28.22 4160.42 481020.20 31.44 72.64 710.57 385.43
507 28.18 4180.37 483915.40 31.45 &9.96 717.70 388.88
508 28.25 4143.42 480805.30 31.44 &7.86 700.76 381.895
509 28.21 4163.37 A483700.10 31.45 65.57 707.89 384.11
510 28.8B3 3864.83 4464790.10 31.41 79.39 688.50 371.41
511 28.73 3907.22 467934.30 31.42 82.70 708.74 379.70
S12 28.83 3864.83 464790.10 31.41 79.39 688.50 371.41
513 2B.73 3907.22 A467934.30 31.42 82.70 708.74 379.70
S14 28.50 4018.11 A466638.70 31.42 135.32 778.47 405.92
S15 28.41 4039.7&6 A469720.40 31.42 132.65 798.02 413.95
516 28.74 3902.59 4465242.30 31.41% ?3.20 710.70 3I79.92
517 28.68 3930.57 468214.80 3I1.42 20.37 722.45 38B4.96
S18 28.88 3840.60 464501.20 31.41 70.93 6&74.24 365.94

S PrEEAESES WS
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@ T

519 28.83 3861.95 467392.40 31.42 67.81 68B2.12 369.50
R 520 28.18 4177.646 481241.80 31.27 78.96 720.46 389.72
A 521 28.14 4197.61 484137.30 31.27 75.78 727.680 392.98
. 522 28.18 4177.646 481241.80 31.27 78.96 720.46 389.72
;} 23 28.14 4197.61 484137.30 31.27 75.78 727.60 392.98
ii S24 28.16 4188.49 481378.30 31.27 82.01 726.74 392.13
- - 5925 28.12 4208.4%9 484275.40 31.27 78.58 733.87 395.39

1

hdllf

526 28.23 4155.12 480956.50 31.26 72.63 707.45 384.72
9527 28.19 4175.06 483851.40 31.27 6&9.95 714.58 387.98
G928 28.26 4138.12 480741.70 31.26 67.86 697.63 380.95
529 2B.22 4158.06 483436.30 31.27 &5.56 704.76 384.21%
S30  28.84 3IB859.63 464731.40 31.24 79.39 685.38 370.51
531 28.75 3902.01 467875.10 31.24 82.70 705.62 378.80
S32 28.84 3859.63 464731.40 31.24 79.39 685.38 370.51
533 28.75 3%902.01 4467875.10 31.24 82.70 705.62 378.80
534 28.31 4012.83 446577.40 31.24 135.31 775.35 405.01
535 28.43 4054.48 4469728.00 31.25 132.64 794.90 413.05
336 28.76 3897.38 4465183.1C 31.24 93.19 707.58 379.02
8§37 28.70 3925.35 468155.40 31.25 20.37 719.33 3B4.06
538 28.89 3835.40 464442.80 31.24 70.52 &671.12 365.04
539 28.84 3856.75 467333.80 31.24 &67.80 6&79.00 368.59
540 2B.17 4182.96 481305.60 31.44 78.97 723.5% 390.63
541 28.13 4202.92 484201.50 31.45 73.78 730.72 393.8%
S42 28.17 4182.96 481305.60 31.44 78.97 723.39 390.63
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:{ 543 28.13 4202,.92 484201.50 31.45 75.78 730.72 323.89
q. 544 28.13% 4193.79 481442.30 X1.44 82.02 729.86 3I93.04
}{ 545 28.11 4213.80 4843329.70 31.45 78.59 736.99 IP6.730
g- S46 28.22 841460,.42 481020, 20 31.44 72.64 710.597 385.63
.3 547 28.18 4180.77 483915.40 31.45 &9.96 717.70 388.88
l£ S48 28.25 4143,42 480805S. 30 31.44 &7.86 700.76 381.8%
A~ 549 28.21 4163.37 483700.10 31.45 65.57 707.89 3IgS. 11
& S50 28.83 3844.87 464790.10 3I1.41 79.39 688.50 371.41
f‘. i
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SHIP VS DIS INTVOL WTG2 WTG3  WTG2+ cosT -}'},:-‘.-_‘
NUM /SHP /KW WTG3 el
551 28.73 3I907.22 447934.30 31.42 82.70 708.74 379.70 ?_ ..
552 28.83 3IB64.83 464790.10 31.41 79.39 688.50 371.41 e "
553 28.73 3907.22 467934.30 31.42 82.70 708.74 379.70 e
554 768.50 4018.11 46464638.70 31.42 135.32 778.47 A405.92 A
555 28.41 4059.76 469790.40 31.42 132.45 798.02 413.95 yShE
554 28.74 3902.59 445242.30 31.41% 93.20 710.70 379.92 ;—-"a"

557 28.68 3I930.57 468214.80 31.42 90.37 722.45 384.%96
558 28.88 3B40.60 464501.20 31.41 70.53 674.24 365.94
559 28.83 3841.95 4467392.40 31.42 67.81 682.12 369.50
S640 28.19 4172.92 481007.60 31.26 78.94 720.36 389.58
S41 28.146 4192.50 483911.40 31.27 75.75 727.49 392.85
S62 28.19 4172.92 481007.60 31.26 78.94 720.346 389.58
S63 28.16 4192.50 483911.40 31.27 75.75 727.49 392.8S
S64 28.17 4183.98 481150.60 31.26 81.99 726.64 3791.99
565 28.13 4203.56 484054.70 31.27 78.56 733.77 395.27
S64 28.24 4149.99 480711.30 31.26 72.61 707.34 384.57
5647 28.20 41469.57 48B34614.70 31.27 &69.93 714.47 387.85
548 28.27 4132.70 480488.00 31.26 67.83 697.52 380.79
569 28.23 4152.28 483391.30 31.27 65.54 704.465 384.07
570 28.85 3859.69 464550.8B0 31.23 79.36 685.30 370.33
571 28.76 3901.65 447701.00 31.24 B82.48 705.54 378.64
572 28.85 3859.69 4464550.80 31.23 79.36 685.30 370.33
S73 28.7&6 3901.465 4467701.00 31.24 82.68 705.54 378B.644
S74 28.51 A4015.76 466485.50 31.24 135.30 775.30 404.91
575 2B8.43 40546.58 469628.60 31.25 132.63 794.84 412.95
576 28.77 3898.18 465025.30 31.24 93.17 707.51 378.87
577 28.71 3925.43 467995.00 31.24 90.35 719.26 383.91
578 28.91 3834.99 464247.20 31.23 70.50 671.03 3464.85
579 28.86 3B55.51 467132.30 31.24 &7.78 678.91 348.41
580 28.18 4178.31 AB81075.00 31.44 78.94 723.48 390.48
581 268.15 4197.89 483%79.10 31.44 7S5.76 730.&62 393.76
582 28.18 4178.31 481075.00 31.44 78.94 723.48 390.48
583 28.15 4197.89 483979.10 31.44 75.76 730.62 393.76
584 28.16 418%9.37 481218.20 31.44 82.00 729.76 392.90
585 28.12 4208.95 484122.50 31.45 78.57 736.90 396.17
586 28.23 4155.38 480778.50 31.44 72.61 710.46 385.48
587 28.19 4174.96 A4B36B2.20 31.44 69.94 717.60 388.75
588 28.26 4138.09 480555.30 31.43 67.84 700.464 381.70
589 28.22 4157.47 483458.60 31.44 65.54 707.78 384.98
590 28.84 3B64.94 A464612.10 31.41 79.37 688.42 371.24
591 28.75 3I906.91 467762.60 31.42 82.48 708.66 3I79.54
592 28.84 3864.94 464612.10 31.41 79.37 688.42 3I71.24
593 28.75 3I906.91 4677462.60 31.42 82.48 708.64 379.54
594 28.50 4021.04 4466548.30 31.41 135.31 778.42 405.82
595 28.42 4061.86 469691.60 31.42 132.63 797.97 413.86
596 28.75 3903.44 4650846.90 31.41 93.18 710.63 379.77 R
597 28.469 3930.69 468034.80 31.42 90.36 722.38 384.81 Py
598 28.90 3840.23 464308.20 31.41 70.51 b74.15 365.76 Y

599 28.85 38&40.76 447193.50 31.41 67.79 682.03 3469.31
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SHIP VS
NUM

&00

601

&02

&03

604

605

&06

&07

&08

609

610 29.05
611 29.04
612 29.14
613 29.11
614 29.50
615 29.40
616 29.79
617 29.72
618 29.95
619 29.87
&20 28.11
621 28.10
622 28.22
623 28.19
624 28.54
625 28.45
b26 28.81
627 28.75
628 28.98
629 28.93
630 27.93
631 27.93
632 28.02
633 2B.00
&34 28.32
635 28.24
636 28.58
&37 28.52
638 28B.72
&39 28.647
640 27.96
641 27.95
642 28.05
643 2B.03
644 28.34
645 28.26
&46 28.59
647 28.53
648 28.72
649 28.68

DIS

3770.16
3776.24
3717.95
3729.01
3574.77
3615.76
3454.89
3482.29
3320.45
340%.53
4216.11
4221.67
4159.91
4170.84
4002.43
4045.91
3877.23
3905.78
3807.16
3828. 61
4316.31
4321.41
4260. 68
4271.14
4107.32
4149.6467
3985.67
4013.69
3919.71
3940.460
4300.51
4305.29
4246.53
4256.54
4099.00
4139.66
3980.93
4008.12
3917.21
3937. 66

............

INTVOL

438310.50
4394688. 40
436862.10
438392.10
431920.50
434447.10
430417 .00
432772.70
429414.40
431875.30
451350.70
452723.80
449535.90
451080.30
444309.50
4469353.70
442518.50
444936.00
441500.00
44381%9.90
453507.50
4548468. 50
451709.40
453241.20
A446655.10
449265.50
44494%.80
447372.00
444052.80
4446351 .50
451%17.90
453265. 10
4501467.80
4514681.80
445262.00
447818.60
4434693. 10
4460468. 40
442849.70
445135.00

WTG2

/SHP

i8.81
18.86
18.78
18.84
15. 19
15.24
15.18
15.22
15.17
15.22
22.17
22.22
22.13
22.18
18.52
18.57
18.50
18.55
18.49
18.54
22.21
22.26
22.17
22.22
18. 56
18. 460
18.54
18.5%9
18.53
18.58
22.16
22.21
22.12
22.18
18.52
18.56
18.51
18.55
18.50
18.54

WTG3
/7KW

75.99
79.43
75.80
7%.28
130.85
128.55
88.72
86.27
66.05
63.70
77.67
80.94
77.43
80.75
132.45
130.00
90.27
87.68
&7.57
65.08
77.94
81.19
77.71
81.00
132.75
130.27
?0.59
87.96
67.90
65.38
77.74
81.01
77.31
80.82
132.57
130.10
90.42
87.81
&67.75
&5.24

WTG2+
WTG3

458.05
478.68
457.23
477.94
481.54
S501.64
413.63
425.92
377.09
385.49
520. 69
541.30
S519.61
540,32
543.53
563. 68
475.47
487.79
438.83
447.27
521.80
542.40
520.72
541.43
S544.69
S564.83
476.70
489.01
440.11
448.53
520. 66
541.26
519.62
540.31
543.70
563.80
475.77
488.07
439.22
447 .64

R Rt e lin Py e Bre M

CosT

298.79
306.27
297.65
305. 26
308.77
316.78
282.71
287.72
268. 469
272.23
325.67
333.13
324.16
331.77
334.84
342.95
308.50
313.57
294.28
297.85
329.10
336.55
327.61
335.21
338.39
344.47
312.16
317.22
298.03
301.58
329.43
336.87
327.98
335.56
338.90
344.94
312.77
317.80
298.70
302.24
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aa
v

v KN
’ X LAY
N ?
) :\.’_Q.:
A
; SHIF VS DIS INTVOL WTG2 WTG3 WTG2+ cosT RN
I NUM /SHP /7KW WTG3 RN
" (PO
650 -
&s1 o
. 652 ol
Ly 653 553
3 654 M
2 655 A
. &56 v v
N 657 Bao
O P
- 658 e ‘.r:
: 659 NP
; 660 -
q b61 A
662 —
. 663 e
\ 664 R
X b6S5 e
A\ 666 e
Y4 v
\ 668
’ 669 N
' 470 28.69 3925.82 441950.90 21.96 76.46 515.10 317.89 NN
P 671 28.68 3I931.84 443322.10 22.01 79.85 S35.71 325.37 R
O 672 28.81 3872.28 440207.80 21.93 76.23 S14.046 316.45 e
. 673 28.79 3883.38 441740.90 21.98 79.67 S34.78 324.06 i
674 29.19 3716.67 434854.70 18.32 131.23 S38.11 3I27.17 s
- 675 29.09 3759.23 437455.10 18.37 128.90 S558.24 335.24 Rt
- 676 29.46 3601.95 433678.80 18.32 89.14 470.47 301.33 Y
: 677 29.39 34629.35 436038.20 18.37 B86.65 482.75 306.35 A
. 678 29.60 3I535.66 432808.60 18.32 66.46 433.89 287.26 O
! 679 29.56 3I556.88 435102.20 18.36 64.07 442.31 290.80 HEH
680 28.43 4053.8B2 445006.10 22.02 76.85 516.73 322.07 .
o 681 28.41 4059.23 446362.50 22.07 80.21 S37.34 329.53 T
e 682 28.54 4000.65 443276.90 21.98 76.63 S515.71 320.64 N
2 683 28.51 4011.26 444799.80 22.04 B0.03 536.41 328.24 o
x 684 28.86 3852.12 438189.90 18.38 131.66 539.81 331.54 e
) 685 28.77 3893.08 440749.80 18.43 129.28 559.92 339.59 o
686 29.14 3733.33 436812.10 18.38 B89.54 472.06 305.51 v
) 687 29.07 3760.95 439184.80 18.42 87.01 484.35 310.55 R
: 688 29.30 3648.48 435974.00 18.37 6b.B6 435.52 291.44 R
Ny - 689 29.25 3689.15 438251.90 18.42 64.44 443,93 294.98 )
2 690 28.40 4068.48 444379.30 22.00 76.77 S16.18 323.20 et
. 691 28.38 4073.47 445720.00 22.05 80.13 536.78 3I30.64 i
g 692 28B.50 4016.25 442676.30 21.96 76.55 515.18 321.80 PN
" 693 28.48 4026.39 444181.80 22.01 79.95 S535.87 329.38 )

._.

.sj

- 694 28.82 3871.97 437705.50 18.36 131.60 539.35 332.81
695 28.73 3911.86 440231.00 18.41 129.22 559.44 340.82
! &96 29.10 3F752.26 436124.40 18B.35 89.45 471.44 3J06.62

%
f.. [J

) 697 29.04 3779.16 438487.40 18.40 B86.93 483.72 311.65 §§?
698 29.24 34691.49 435576.30 18.35 66.81 435.10 292.80 —

N 699 29.19 3I711.82 4378446.00 18.40 64.39 443.50 296.33 N
N
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] SHIP VS DIS INTVOL WTG2 WTG3 WTG2+ CosT Qﬁﬂ
. NUM /SHP /KW WTG3 t "."‘:
oLt
700 27.09 4972.35 522634.90 353.94 86.83 1102.79 S505.84 ;—;‘
701 27.07 A4979.462 522031.10 54,01 88.96 1123.32 513.24 Lﬂ%&
' 702 27.13 4924.50 3520753.20 53.94 86.59 1102.38 3504.91 }QH
703 27.13 4929.97 S$S20070.80 54.01 88.74 1122.88 S512.11 uj{ﬂ
| 704 27.15 A4906.38B S51596B.90 594.03 141.66 1192.47 3536.63 6&?
705 27.12 4940.09 3516439.60 54.10 138.05 1212.54 3544.24 e
706 27.29 47292.28 S14384.10 54.02 99.52 1124.62 510.51 &'h
707 27.27 A4812.91 514669.00 354.09 ?25.75 1136.89 515.12 {3&1
708 27.37 4730.88 513538.30 54.02 76.84 1088.12 496.46 b*ﬂ
709 27.35 A4744.97 3$513730.90 54,09 73.18 1096.52 499.58 ﬁaﬁ.
710 27.20 A4864.82 518043.20 53.89 86.24 1100.88 502.95 ?{ﬁ
71y 27.20 A4B&7.27 S17176.840 S53.95 88.40 1121.34 3510.04 ot

712 27.26 4813.72 5159468.90 53.89 85.98 1100.42 S501.735 !

. 713 27.26 4818.51 515257.50 53.95 88.18 1120.91 508.94 il
- 714 27.29 4795.40 S511114.90 53.97 141.04 1190.47 533.44 Sy
. 71S 27.25 4828.98 511565.30 54.04 137.48 1210.53 541.04 e
; 716 27.43 4682.09 509573.90 53.97 98.90 1122.64 507.34 Ry
: 717 27.40 4702.560 509850.30 S54.04 95.19 1134.90 511.95 o
718 27.64 4514.58 507435.60 S3.96 76.05 1085.81 488.98 .

719 27.62 4528.80 507626.20 54.03 72.47 1094.20 492.09 e

Y 720 27.02 503B.69 525298.40 S5.96 87.18 1139.31 S516.85 e
721 27.01 S040.13 524472.60 56.02 89.25 1159.78 523.96 and

. 722 27.06 4990.20 523397.50 55.95 B86.93 1138.90 515.90 S
: 723 27.05 4996.13 S522734.B0 56.02 89.05 1159.40 523.11 T
724 27.08 4971.95 518618.00 56.04 142.00 1228.99 547.63 b

725 27.04 5005.65 519091.00 5S6.11 138.35 1249.07 555.24 A

726 27.21 4857.99 517030.00 S6.04 99.86 1161.15 521.51 e

727 27.19 4878.61 517316.20 56.11 96.06 1173.42 526.12 i

728 27.29 A4796.57 516178.50 56.03 77.18 1124.65 507.46 A

729 27.27 A4810.68 516373.20 S6.10 73.48 1133.04 510.58 e

730 27.08 4971.94 S522381.70 55.92 86.80 1138.09 515.06 L -

731 27.08 4973.18 521547.30 55.99 88.91 1158.56 522.17 NS

732 27.14 4918.45 520287.00 55.92 86.53 1137.62 513.85 ~e

4 733 27.13 4923.80 519599.50 55.99 88.68 1158.12 521.05 o
. 734 27.16 4900.21 515463.40 56.01 141.60 1227.70 S45.56 S
735 27.12 4933.76 515925.90 56.08 137.99 1247.77 S53.17 P

736 27.30 4786.70 S13906.90 S6.00 99.45 1159.86 519.46 <

737 27.27 4807.22 S514186.70 S6.07 95.70 1172.13 524.07 ESE

738 27.37 A4725.67 S513078.70 S4.00 76.78 1123.37 505.42 S

- 739 27.35 A4739.70 513268.20 S56.07 73.12 1131.76 S5S08.54 NN
740 27.13 4932.44 520677.00 S5.90 86.58 1137.39 513,93 g

741 27.12 4933.32 519827.80 55.97 88.71 1157.86 S521.04 e

, 742 27.19 4879.04 518587.90 55.90 86.31 1136.92 512.72 &
) 743 27.18 4884.23 517893.30 55.97 88.49 1157.42 519.92 R
. 744 27.21 4860.78 S13737.20 S55.99 141.38 1226.99 544.43 R

745 27.17 4894.33 514198.20 56.06 137.79 1247.05 552.03 -
746 27.35 4747.43 S512194.40 355.98 99.23 1159.16 518.33 2
747 27.32 A4767.95 S512473.10 56.05 95.50 1171.43 522.94
748 27.42 4684.37 S511368.30 55.98 76.56 1122.66 504.29
749 27.40 4700.38 511556.60 5$56.05 72.92 1131.06 S07.41
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: SHIF VS DIS INTVOL WTG2 WTB3  WTG2+ cosT gi;}
] NUM /SHP /KW WTG3 RN
750 27.10 4954.465 522537.70 53.16 B86.82 1088.75 502.02 s

751 27.10 4955.82 S21700.640 53.22 88.93 1109.22 509.13 -3&3:

752 27.16 4900.98 5S20435.20 53.15 B86.55 1088.28 500.80 e

753 27.16 4906.31 S19746.60 53.22 B88.70 1108.78 508.01 B

754 27.18 4882.80 515644.60 53.24 141.62 1178.36 532.52 QEQ}

755 27.14 4916.51 S516114.00 53.31 138.01 1198.43 5S40.13 iy

756 27.32 47468.87 514070.80 S53.24 99.48 1110.52 S06.41 |

\ 757 27.29 4789.49 514354.80 53.30 95.71 1122.79 511.02 OGNy
N 758 27.39 4707.48 513227.50 53.23 76.80 1074.01 492.36 }3¢i
o, 759 27.38 4721.58 5S13420.00 S3.30 73.14 1082.41 A495.48 SN
- 760 27.23 4843.32 517728.80 S3.10 B86.20 1086.78 498.84 P
: 761 27.23 4843.64 S16856.30 S53.17 88.37 1107.24 505.94 LT
| 762 27.29 4790.31 515659.60 53.10 85.94 1086.32 497.65 bgw
: 763 27.29 4795.07 514946.40 S3.17 B88.14 1106.81 504.84 ARy
/ 764 27.31 4772.14 510799.40 S3.19 141.00 1176.36 529.34 NN
765 27.27 4805.70 511256.60 53.26 137.45 1196.43 S36.94 T

. 766 27.59 A4550.61 5S07857.10 S53.18 98.68 1108.16 498.86 ;:55
767 27.57 4571.32 508134.30 53.24 94.99 1120.42 5S03.45 AN

R 768 27.467 4491.08 3507132.00 53.17 76.02 1071.71 484.%90 Lo
. 769 27.65 43%505.23 507319.70 S53.24 72.43 1080.10 488.00 Ve
. 770 27.00 5049.0B 523443.30 56.30 87.20 1145.48 518.65
771 27.00 35050.58 G§524619.70 S56.37 89.26 1165.95 525.76
772 27.05 5000.4B 523537.70 56.30 86.95 1145.06 517.6%9
773 27.04 S5006.49 S5228B77.90 356.37 89.06 1165.57 524.91
774 27.07 4982.24 3518760.40 56.39 142.02 1235.17 549.42
775 27.03 5015.94 519234.00 S56.46 138.37 1255.24 557.04
776 27.20 4868.17 S517165.60 56.38 ?9.87 1167.32 523.31
777 27.18 4888.84 517455.00 5b6.45 96.07 1179.59 527.92
778 27.27 4806.83 516316.40 54.38 77.20 1130.82 509.26
779 27.26 A4820.93 S516511.00 56.45 73.50 1139.21 512.38
780 27.09 A4976.47 522294.20 56.26 86.79 1144.20 516.57
781 27.07 4983.54 521489.70 56.33 88.93 1164.73 523.97
782 27.13 4928B.68 520423.70 54.26 86.55 1143.79 515.64
783 27.12 4934.10 3519739.10 S56.33 88.70 1164.29 522.85
- 784 27.15 A4910.40 5153599.70 546.35 141.62 1233.87 547.36
785 27.11 4943.88 S516060.20 56.42 138.00 1253.93 554.9%96

786 27.28 4797.02 S14047.20 56.35 99.47 1166.04 521.26

) 787 27.26 4817.54 514327.20 56.41 95.71 1178.30 525.87
788 27.36 A4735.92 513215.50 56.34 76.80 1129.54 507.21%

- 789 27.34 4749.%94 513405.80 S46.41 73.14 1137.93 510.33
790 27.11 4942.72 520815.50 56.25 86.60 1143.56 S515.73

791 27.11 4943.67 S519969.30 56.31 88.73 1164.02 522.83

792 27.18 4889.28 518724.30 56.24 86.33 1143.09 514.52

793 27.17 4894.52 3518032.00 56.31 88.50 11463.59 521.72

. 794 27.20 4871.09 513878.40 56.33 141.39 1233.16 546.22
! 795 27.16 A4904.64 514339.80 56.40 137.80 1253.22 3553.83

796 27.33 4757.56 S512326.30 5§56.33 99.25 1165.32 520.12 o

-’ a ..l.

797 27.31 A4778.09 S12605.30 56.39 95.51 1177.59 524.73 ‘?f?

) 798 27.41 4696.49 S11498.80 56.32 76.58 1128.83 506.08 LY
; 799 27.39 4710.51 511687.50 56.39 72.94 1137.22 5S09.20 Qif;
SV

s

e

i'\."\"

126 i,

N

N A R I A N S R T R A R IR W Ve L IR D A R RO YR S P N T P I G W I Iy SR L BN S
\b’xt‘ni\.:.'l: T W o e . .“'- . ARG B o 3 e v - -'.‘ o> "1,‘ SRS




.ﬂqa.fuvu-JJ-qu‘-‘." c VT
NS e T g
O N SR NARARRAT
A I e A AT SN

A P B L Ll o N e e

A AL AT .\.?«r\.fmﬂﬁ.ﬂ !J.«J:.(.-J... _J....;,

LA LIV R R N I N I P

) Vi Te s
1. A AR A A vy ;
- ~u1m- )

P ] I S T T S dl‘.-.n..-.1‘..
W....ﬁ.m o ....a..A ....r..m.u.ﬂ...... VENSNSEN

y R I e e B 2k BN ek Nt e e e
? ’ ..as..x....,x:...vw.. IR0 ‘ﬁa R
T .

&S

.7
*\
15

.

.
«

A s

RN

~
s

o
o
.
S

ph

AN

»!

A

-".J‘

o
oty

.I%J‘\
»

127
~

APPENDIX III
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COPY DF FORTRAN PROGRAM
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Py A a e T T T AT
‘

, C
: c
C
c
c
900
2 901
: Q02
! 903
- 904
Y
) 05
Ny
>
"0
; 906
. C
C
L 101
9 100
) 102
o
2
‘% C
Y
5 103
4
-
')
[ ]
-
‘n- . T e e T e e e A e
A0 5 2L, OO KON

R R
P IO
FAP RPN

......

INTEGER N1,N2,N3,N4,N,I,STRDOM,SIGDOM,L,L1,L2,P,NS,Né
INTEGER M, CHECK, CHECK1, CHECK2, STRNUM, SIGNUM

REAL S(8B00,15),W(15),B(15) ,CASE (15) ,TEMP (15)

REAL STRICT(800), COMSTR(200)

REAL SIGNIF (800), COMSIG (200)

CHARACTER#*1 A1

OPEN(1S,FILE=" )
OPEN(16,FILE=" *)

INITIALIZE THE ARRAY SIZE AND ANALYST COMPARISION VALUES

WRITE( %*,900)

FORMAT (° INPUT LENGTH OF DATA ARRAY (MAX=B0OO) )
READ (%,901) N1

FORMAT (I3)

WRITE( *,902)

FORMAT (° INPUT WIDTH OF DATA ARRAY (MAX=15) °)
READ (#,903) N2

FORMAT (12)

WRITE (%,904)

FORMAT (° INPUT COLUMN NUMBER OF LAST COLUMN OF
10PTIONS ")

READ (%,903) N3

NA=N3+1

WRITE (%,905)

FORMAT (° INPUT MUCH WORSE VALUE FOR EACH ATTRIBUTE )
READ (%*,%) (W(I), I=N4,N2)

WRITE (%,904)

FORMAT (© INPUT NOT SIGNIFICANTLY BETTER VALUE FOR
1EACH ATTRIBUTE ')

READ (#,%#) (B(I), I=N4,N2)

DO 100 L=1,B00

DO 101 L1=1,15
S(L,L1)=0.0

CONT INUE
STRICT(L)=0.0
SIGNIF (L)=0.0

CONT INUE

DO 102 L=1,200
COMSTR(L)=0.0
COMSIG(L)=0.0

CONTINUE

CHECK=0

CHECK1=0

CHECK2=N2

DO 103 N=1,N1

READ (15,%) (S(N,I), I=1,N2)
CONT INUE
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R AN S B S e e s - ww

T2

601
207

269

208

909

210

210

230

300

240

310

250

320

220

-----------

DSANEA

WRITE (%,907)
FORMAT (° DO ANY ATTRIBUTES NEED TO BE INVERTED

1(Y/N) 2 )

READ (%,969) Al
FORMAT (A)
IF (Al .NE. °Y‘) GOTO S08
WRITE (%,908)
FORMAT (' INPUT THE COLUMN NUMBER TO BE INVERTED °)
READ (#,903) M
WRITE (%,909)
FORMAT (° INPUT THE NUMERATOR FOR THE INVERSION )
READ (%,910) P
FORMAT (17)
DO 287 I=1,N1
S(I,M)=F/S(I,M)

TR
CeT T a5
s

0
’

CONT INUE ot
GOTO 601 A
RO
RN
L 1=0 O,
L2=0 \
RS
NN
DD 200 I=1,Ni ;2‘_:,‘,-_;;
DO 210 M=1,N2 O
TEMP (M) =5 (1,M) Lo
CONT INUE b,
STRDOM=1 N
SI1GDOM=1 R,
DO 220 M=1,N1 RO
IF (STRDOM .ER. 1) THEN KRS
DO 230 L=N4,N2 DAY
IF (TEMP(L) - S(M,L) .LE. 0) GOTO 300 | S
CONTINUE DN
STRDOM=0 RN
CONT INUE Y
ENDIF Ko
IF (SIGDOM .E@. 1) THEN RO
DO 240 L=N4,N2
IF (TEMP(L) - S(M,L) .GE. W(L)) GOTO 310 o
CONT INUE o
GOTO 320 >
DO 250 P=N4,N2
IF (S(M,P) - TEMP(P) .GE. B(P)) 6OTO 320 N
CONT INUE sl
SIGDOM=0 N
CONTINUE RN
ENDIF NN
IF ((STRDOM .EQ@. 0) .AND. (SIGDOM .EQ@. 0)) GOTO AT
1 350 AR,
CONT INUE b
IF (STRDOM .EQ. O) GOTO 340 AN
RN
quﬁ
2;5 ~
A
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340
350
200
c
c
: 280
l 320
»
o
- 290
< 950
) (N
! C
o
4
3!
. 565
]
.
’l
rl
) 562
1Y
"
1
. 363
g 953
k
N 564
E
)
2 567
] 548
1

Li=L1+1
STRICT(L1)=I
IF (SIGDOM .ER. O) GOTO 350
L2=L2+1
SIGNIF (L2)=1
CONTINUE
CONTINUE

IF (CHECK1 .E@. 1) GOTO 401
IF (L1 .ER. O) GOTO 390
DO 280 I=1,L1
M=STRICT(I)
WRITE (16,950) (S(M,N), N=1,15)
CONT INUE
IF (L2 .ER. 0) GOTO 401
DO 290 I=1,L2
M=SIGNIF(I)
WRITE (16,950) (S(M,N), N=1,15)
CONT INUE
FORMAT (15(F9.2,2X))

N5=L1
No=L2
P=STRICT (1)
TEMP (1) =5 (P ,N3)
DO 562 N=1,NS
M=STRICT (N)
IF (TEMP(1) .NE. S(M,N3)) GOTOD S&4
CONTINUE
DO 563 N=1,Né&
M=SIGNIF (N)
IF (TEMP(1) .NE. S(M,N3)) GOTO S&4
CONT INUE
WRITE (16,953) TEMP(1), N3

FORMAT (° OPTION °,F3.1,° IN COLUMN ",I12,°

1 DOMINANT ")
N3=N3-1
IF (N3 .E@. 1) GOTO 574
BOTO 565
TEMP (1) =S (1 ,N3)
DO S&é& N=1,N1
IF (TEMP(1) .EQ. S(N,N3)) GOTO 566
DO 567 P=1,NS
M=STRICT (P)
IF (TEMP(1) .EQ. S(M,N3)) GOTO 576
CONT INUE
DO S68 F=1,Nb
M=SIGNIF (P)
IF (TEMP(1) .EQ. S(M,N3)) GOTO 576
CONT INUE
WRITE (16,954) TEMP(1), N3
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§76
S66

574

401

223
231
| 500

221
201

212

233

IF
DO

FORMAT (* OPTION °,F3.1,° IN COLUMN
INFERIOR )
TEMP (1) =5 (N,N3)

CONT INUE

N3=N3-1

IF (N3 .EQ@. 1) GOTOD 574

GOTO 565

N3=N4-1

(L1 .E@. 1) GOTO &37

201 I=1,L1

P=STRICT(I)
DO 211 M=1,N2
TEMP (M) =S (P ,M)
CONT INUE
DO 221 M=2,L1
IF (I .EQ. M) GOTO
P= STRICT (M)
DO 223 L3=1,N2
CASE (L3) =5 (P,L3)
CONT INUE
DO 231 L=N4,N2
IF (W (L)
CONT INUE
STRICT (M)=0.0
CONT INUE
CONT INUE

CONT INUE

M=1
DO

261 I=2,L1
IF(STRICT(I)
M=M+1

STRICT (M)=STRICT(I)

CONT INUE
Li=M
M=M-1

IF

1F
DO

(STRICT (M)

(L2 .ER. 1) BOTO 638

202 I=1,L2

P=SIGNIF(I)

DD 212 M=1,N2
TEMP (M) =5 (P, M)

CONTINUE

DO 222 M=2,L2
IF (1 .EQ.
P=SIGNIF (M)
DO 233 L3=1,N2

CASE (L3) =5 (F,L3)

CONT INUE
DO 232 L=N4,N2

221

.EQ. ©O) GOTOD 261

.EQ@. STRICT(L1)) Li1i=M

M) GOTO 222

PRI S0 i 2 o lhe DA g e e Ire iy 0

‘,12,° I8

.LT. ABS(TEMP(L)-CASE(L))) GOTO S00
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IF(W(L) .LT. ABS(TEMP(L)-CASE(L))) GOTO S02 v
232 CONT INUE o
SIGNIF (M)=0.0 A
502 CONT INUE :
222 CONT INUE
202 CONTINUE
M=1
DO 262 I=2,L2
IF(SIGNIF(I) .EQ. 0) GOTO 262
M=M+1
SIGNIF (M)=SIGNIF (I)
262 CONTINUE
L2=M
M=M-1
IF (SIGNIF (M) .EQ. SIGNIF(L2)) L2=M
C
C

638 IF(CHECK .EQ@. 1) GOTO 503
DO 203 I=1,L1
COMSTR(I)=STRICT (1)
203 CONT INUE
DO 204 I=1,L2
COMSIG(1)=SIGNIF (I)
204 CONT INUE
CHECK=1
STRNUM=L_1
SIGNUM=L2
503 DO 205 I=1,L1
P=STRICT(I)
WRITE(16,950) (S(P,N), N=1,15)
STRICT(I1)=0.0
205 CONTINUE
DO 206 I=1,L2

P=SIGNIF (1)
WRITE (16,950) (S(P,N), N=1,15)
SIGNIF(I1)=0.0 :
206 CONTINUE =
403 IF(CHECK1 .EQ. O) GOTO 505 -
c SR
C T
IFC(L1 .NE. STRNUM) .OR. (L2 .NE. SIGNUM)) GOTO S04 SN
WRITE(16,951) CHECK2 RS
951 FORMAT(’ COLUMN °,12,° IS REDUNDANT ‘) RNy
c NN
504 IF(CHECK1 .EQ@. 0) GOTO 50S &
CHECK2=CHECK2-1 X
IF (CHECK2 .EQ. N3) GOTO 400 ﬁﬁ;&
N2=N2+1 ::q.:_\:_\
DO 207 I=1,N1 DORN
TEMP (1)=5(1,N2) b GO0
S(I,N2)=S(1,CHECK2) Jo .

S§(1,CHECK2)=TEMP (1)
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207

636

‘ &34

STOF
END

-
o

-

CONT INUE

N2=N2-1

GOTO 636

N2=N2-1

CHECK1=1

IF(N2 .EQ. N3) GOTO 400

DO 634 1=1,N1
STRICT(1)=0.0
SIGNIF(I)=0.0

CONT INUE

GOTO o8

CONT INUE

CLOSE (15,5TATUS="KEEP ")

CLOSE (16,STATUS= "KEEF * )
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