Producibility Evaluation Criteria
Cost Estimating Computer Programs - Manual

U. S. DEPARTMENT OF THE NAVY
CARDEROCK DIVISION, NAVAL SURFACE

WARFARE CENTER

in cooperation with

Newport News Shipbuilding



Form Approved

Report Documentation Page OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number.

1. REPORT DATE 2. REPORT TYPE 3. DATES COVERED
DEC 1993 N/A -
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER
Producibility Evaluation Criteria Cost Estimating Computer Programs- | o 1 NUMBER
Manual
5c. PROGRAM ELEMENT NUMBER
6. AUTHOR(S) 5d. PROJECT NUMBER
5e. TASK NUMBER
5f. WORK UNIT NUMBER
7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION

Naval Surface Warfare Center CD Code 2230-Design Integration Tools | REPORT NUMBER
Bldg 192, Room 128 9500 M acArthur Blvd, Bethesda, M D 20817-5000

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’'S ACRONYM(S)
11. SPONSOR/MONITOR'’ S REPORT
NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT

Approved for public release, distribution unlimited

13. SUPPLEMENTARY NOTES

14. ABSTRACT

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 18. NUMBER 19a. NAME OF

ABSTRACT OF PAGES RESPONSIBLE PERSON
a REPORT b. ABSTRACT c. THISPAGE SAR 97
unclassified unclassified unclassified

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std Z39-18



PRODUCI BI LI TY EVALUATI ON CRI TERI A

Cost Estimating Conputer Programs - Manual

Providing guidance for use of several conputer programs which have been developed by

SNAME Panel SP-4 for determning the cost of construction of a ship or portion of a ship, or for
determning which of several design alternatives will be the |east expensive to build and which
wll be the best choice to select, considering all elements of the decision-mking process.



Chapter 1 - | NTRODUCTI ON

This manual has been prepared to describe the use of a number of conputer programs that
have been devel oped for evaluating the producibility and desirability of different ship design al-
ternatives. These prograns are included on a floppy disk which acconpanies this manual. The
background of their development is descibed in reference 1 and will not be repeated here

This manual is intended as a “How To” document and consequently will be presented pri-
mrily in the second person as if giving hands-on advice, |ooking over your shoul der.

The description which follows assumes famliarity with entering data into personal com
puters. Specifically, rather than stating “press the enter key” each tine that this statement is re-
quired, this will be assumed to be understood whenever the direction to “enter” data is given The
commands to be entered will be shown in this manual in bold capitals, but when actually entering
commands or data, |ower case may he used.

Vhenever a line on a screen asks for entry of a single letter choice from several listed pos-
sibilities, such a Y or Nfor yes or no, the default choice will be bracketed by the <> synbols. In
such cases, the enter key may be processed to select the default choice

The floppy disk which acconpanies this manual includes the GNBASIC application on
the main directory. The prograns on the disk are filed in one of the three subdirectories, which
are identified as “COST", “PROD' and “DEC. Chapter 2 of this Mnual addresses the use of the
programs in the COST subdirectory, Chapters 3 and 4 address the programs in the PROD subdi-
rectory and Chapter 5 describes the use of the DEC subdirectory files. Al of the programs on the
disk are either witten in G¥BASIC and run using that application programor they are spread-
sheets in LOTUS 123 format

The GMBASIC statements that are used in the programs in the PROD subdirectory are
witten out in the Appendix The programs in the DEC subdirectory are identical in concept and
use, varying only in the criteria that are considered within the programs. The DEC program state-
ments, as well as the PROD program statements, can be obtained fromwithin the G¥BASIC shel
by loading the individual program and typing “LIST".

The producibility criteria and decision-making criteria used in these programs are those
whi ch were determined during the research described in Reference 1. The programs provided
with this mnual use the weighting factors that were obtained during that research effort Chapter 4
provi des detailed instructions on the use of the conputer programs used to deternmine those weight-
ing factors and to reeval uate them when necessary.

If you have any questions concerning how to use or to modify these programs for your Spe-
cific use, call 1-800-347-7689.
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Chapter 2- THE COST ESTI MATI NG COVPUTER PROGRANS

GENERAL

The programs described in this chapter are located in the COST subdirectory. These pro-
grams are used for estimating the manhours and cost for constructing what the design describes.
By applying these programs to each alternative design of a particular aspect of a ship design that
I's under consideration%you will develop an estimate of the manhours and cost to build each of
them By definition, the alternative that requires the |east manhours and cost will be the most
produci bl e.

The cost estimting computer programs are in spreadsheet format and are designed for
use with Lotus 123 Release 2.0 or later. Translation of the prograns to several other
spreadsheet application prograns has been successfully accomplished. Use of the prograns in
any application programthat accepts 123 data input should present no problem To obtain nore
detai| on the use of these programs, enter “CD\COST", and then “READVE".

The basic concept of the cost estinating programs is to go through on paper, all of the
processes by which the design under evaluation will be build identfying the quantity of work that
will be required for each of those processes. For various types of work there are different
parameters which determine how many manhours will be required to conplete the process. Thus,
for welding, the length of weld is the primry deternining factor, while, for bending pipe, the
nunber of bends will control the amount of work expressed in manhours, that will be required.

In addition the actual stage of the construction cycle in which each of the work processes
wll be performed must be determned. Wrk done at a stage later than that at which it can be ac-
complished most efficiently will necessarily require more manhours to acconplish.

These data are entered into the appropriate rows and colums of the spreadsheet by an
operator and the programcal cul ates the required manhours. Based on the dol lar cost per
manhour that has been entered into the program the labor costs are also calculated. Mterial
costs are calculated separately and added to the manhour costs to generate total cost.

Separate prograns have been provided for work done by the structural piping, HVAC

and electrical trades. Wthin structures and piping, separate prograns have been provided for
different types of materials. The following prograns are provided in the COST subdirectory

Pl Pl CFE. WK1 - For Carbon Steel PL Piping installations
PI PI CRES. WK. 1 - For CRES PL Piping installations

Pl PI NI CU. WK1 - For Copper-Nckel Pl Piping installations
Pl P2CFE. WK1 - For Carbon Steel P2 Piping installations
PI P2CRES. WK 1 - For CRES P2 Piping installations

Pl P2NI CU. WK1 - For Copper-Nickel P2 Piping installations
STRCTMS. WK1 - For MId Steel Structural work

STRTHYS80. WK1 - For HY80 Steel Structural work
STRCTHTS. WK1 - For HTS Steel Structural work
STRCTAL. WKI - For Alumnum Structural work
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HVAC. VK1 - For HVAC Systeminstallations
ELECT. WK1 - For Electrical Systeminstallations

The Appendi x provides a copy of each of the above nentioned forms, and of the data used to
generate the process factors.

DESCRI PTI ON

General - Each of the cost estinating computer programs is ina simlar format. Mst of
the fields in the forns are protected, so that you cannot accidentally change them The
description that follows addresses only those fields into which you are expected to enter data.
Figure 2-1 shows how the screen will appear for entering structural data into the nmld steel struc-
tural form

Project Title - Spaces are provided at the top of each formfor inserting the name of the
project and the new file name to be used for the specific design variant being eval uated. The pro-
ject name of “TEST" and the file name of “STRUCTVAR "have been entered in the appropriate

fields in

Material Paraneters - In the next line or lines, fields are provided for entering the
specific size or thickness or other controlling paraneters of the material covered by the form
The sane basic form may be used for several different sizes of the fornis rnaterial but not in
general for different naterials. For exanple, the formfor MId Steel structure maybe used for
material thicknesses from 1/4 inch to 2 inches, but a different formis needed for HY-80 materials.
Simlarly, the formfor steel pipe can be used for piping diameters from3/8" to 8 piping
installations and for schedules 40, 80 or 120, but a different formis needed for CuN piping.

In{Figure 2-1,0.5 inch has been entered into the naterial thickness field. After entering
this value,—press the F9 key to obtain the correct values to be used for the Wrk Factors. The
conputer program generates these values froma “Look-Up" table that is stored on the same
spreadsheet form The content of the lookup tables for each of the various forms are included
with copies of the forns in the Appendix.

Data Entry - You or other Engineers or Cost Estimators, noting the work factors
identified in the Wrk Factor colum for each Wrk Process, need to evaluate the design and
how it would be constructed, to determne the quantity of each of the controlling work factors
involved in the design. For instance, you nust know the nunber of pieces, the nunber of feet of
weld, the number and type of pipe joints-or bends, the nunber of feet of electrical cable to be
pulled, etc. Enter these values into the Unit Anount field opposite the process to which they
pertain.

In|Figure 2-1,{ the value of 100 has been entered into the Unit Amount colum for the
work process of Cbtaining Materials, 20 feet of nanual flame cutting is required, and 40 feet of
flat grinding is required for edge preparation.

Wrk Stage - The various Wrk Stages considered in this project are listed bel ow.,
along with the miltiplying factor used in determning the effect of acconplishing work in later
than the optinum stage for mnimm manhours. These values also are contained in a |ookup
table on each spreadsheet formand the related multiplication factors are automatically applied
when the Actual Stage is different than the Standard Stage.
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Wrk Stage Definition Mul tiplier

1. Fabrication I'n Shop 1.0
2. Preoutfitting Ht On Platen - Hot Werk L5
3. Paint Paint Shop 2.0
4, Preoutfitting Cold On Platen - Cold Wrk 4.0
5. Erection Bui | ding Ways - On Block 5.0
6. Qutfitting Bui | ding Ways - Enclosed 7.0
7. \Mterborne Pierside after Launch 10.0
8. Tests and Trials Pierside and Underway 15.0

When using these forms during early stage design efforts, it would be reasonable to
assune that all of the work when done, will be acconplished at the ideal or standard work
stage. In that case, no changes woul d be needed in the colum headed “Actual Stage", since the
formis prepared with the the two colums having identical values. For ships that are already in

r )

ope o c oo D oo E °° F o0 o oo HE *

1 NSRP PANEL SP-4 COST ESTIMATING FORM FOR

2 FILE: STRCTMS STRUCTURAL WORK

3 4/1/1992

4 PROJECT: "TEST" MATERIAL: MS-STS

g FIIE : STRCTVAR THICKNESS «5 INCHES

7 WORK PROCESS WORK PROCESS UNIT ACTUAL STANDRD

8 UNITS FACTOR AMOUNT STAGE STAGE

9 (MNBRS/

10 UNIT)

11

12 1 OBTAIN MATERIAL SQ FT .100 100 1 1

13 RECEIPT & PREP .

14

15 2 FLAME CUTTING

16 AUTOMATIC LN FT .050 0 1 1

17 MANUAL LN FT .090 20 7 2

18

19 3 EDGE PREP-GRINDING

20 FLAT LN FT .040 40 7 2

\. : J
Figure 2-1

construction, however, or for work to be done during an overhaul much of the work may have to
be done on board, in poor working environments, instead of in the shop or wherever the ‘work
could be done most productively. In these cases, the stage at which the work will actually be
acconpl i shed nust be entered into this colum for each work process

The value of 7, corresponding to the Materborne work stage, has been entered into the
Actual Stage colum for the flame cutting process



Manhours - When all of the data described above has been entered into the spreadsheet
formthe manhours required for each of the processes will be calculated in the rightmost colunr
In which is a printout of the entire spreadsheet form (which is too large to be seen
the conputer screen at one time) 12 manhours are shown to be required for flame cutting, a val
obtained by nultiplying .090 manhours per foot by 20 feet times the work stage multiplier ratio
10.0/1.5

Total Manhours -he total number of direct manhours will be indicated at the bottom
of the Manhours colum. The value of 394 manhours is shown in(Figure 2-2.

Means has been provided for identifying a manhour nultiplication factor, in order to
account for the assist trade manhours. This is set at 35°A in the tables provided and has been p
inaprotected field but this can be “unprotected” and changed for any situation when that is
consi dered appropriate. The sumof direct and assist trade manhours is then listed, as well In
[Figure 2-2 |the values 138 and 532 have been calculated for the assist manhours and total mnh-
ours, respectively.

Manhour Cost - To obtain the [abor cost the total manhours are multiplied by a Dol lare
per Manhour figure. This figure also is in a protected field which can be changed easily to meet
actual conditions. A value of $20.00 has been used in the forms initially provided yielding a Iat
cost of $10, 639.

Material Cost - The material cost nust be calculated separately. However, once deter-
mned, the value for material cost can be entered into the fornat the bottomto generate the tote
cost for constructiop_of the systemthat is hbeing considered. The value of $750 has been used fc
the material cost in|Figure 2-2.

Total Cost - The total cost of the entire design will appear at the bottom of the screen
when all of the data involved has been entered. [Figure 2-2 shows the value of $11,389.
SAVE

Wen all of the data has been entered and all of the calculations have been completed,
SAVE the formusing a unique file name that describes the evaluation that has been made.

REPORT

The information entered into and cal culated by the program would normally be printed
out in hard copy for review and recording the results. As previously indicated, Figure 2-2 is an
exanple of the result of doing so.

COMPARATI VE ANALYSES

The same forms may be used for identiying the cost differences hetween two alternative
designs, by entering, into each work process, the differences of work units between the two alter
natives. Thus if Alternative 1 requires 85 feet less of flame cutting than another alternative, ente
85 feet and the result will be the manhour and cost savings to be achieved by selecting Ait 1 as
the design to use. Likewse, if some aspect of one design alternative (or one production ap-
proach) allows more work to be done in the shop instead of being done on board, the effect of t
work stage change can be directly cal culated. Examples are provided in Reference 1.
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NSRP PANEL 5P-4
FILE: STRCTMS COST ESTIMATING FORM FOR
4/1/1992 STRUCTURAL WORK
PROJECT: “TEST®
FILE : STRCTVAR

MATERIAL M8-8TS
TRICKNES .5 INCEES
HORK PROCESS WORK PROCESS UNIT ACTUAL STANDRD ACTUAL STANDRD MNHRS
UHITS FACTOR AMOUNT STAGE STAGE FACTOR FACTOR REQ’D
(HMERS/
UNIT)
1 OBTAIN MATERIAL sQ rr .100 100 1 1 1.0 1.0 10
RECEIPT & PREP
2 FLAME CUTTING
AUTOMATIC L% rr .050 o 1 3 1.0 1.0 ]
MANUAL % T .090 20 7 2 10.0 1.5 12
3 EDGE PREP-GRINDING
FLAT LR rr .040 40 7 2 10.0 1.5 11
VERTICAL Ix re .060 [+] 2 2 1.5 1.8 ]
OVERAEAD LE rT .080 0 2 2 1.8 1.5 0
4 SHAPING
BREAK BEND -480 1 1 1 1.0 1.0 o
ROLLING PIECE 1.200 [} 1 1 1.0 1.0 0
LINE REATING PIECE 10.000 [} 1 1 1.0 1.0 0
FURNACE PIECE 15,000 ] 1 1 1.0 1.0 [+]
PRESS PIECE .02¢ [} 1 1 1.0 1.0 0
MACKINING CU IN 020 [} 1 1 1.0 1.0 [}
S FIT UP £ AsSrumry DK/2x JoIMT .5€0 4 7 2 18.0 1.5 is
6 WELDING, AUTO /MACRINE
FILLET L rr +065 [} 2 2 1.5 1.5 [}
BUTT LN rT .480 ) 2 2 1.5 1.5 0
7 WELDING, MANUAL
FILLET
DONNEAND N T 1.600 10 7 2 10.0 1.5 107
VERTICAL I rr 1.920 (] 2 2 1.5 1.5 0
OVERXEAD X re 2.240 10 7 2 10.0 1.5 149
BUTT
DOWNEAND L rr 1.600 [+] 2 2 1.5 1.5 ]
VERTICAL X FT 1.920 0 2 2 1.5 1.5 -]
OVERHEAD LN FT 2.240 0 2 2 1.5 1.5 0
8 MARKING PIECE .100 3 7 1 10.0 1.0 3
9 MANDLIXG
STORAGE PIECE .100 3 2 2 1.8 1.5 ]
TRANSPORTING ASSY 5.000 1 7 2 10.0 1.5 33
LIFTING ASSY 5.000 1 7 2 10.0 1.5 33
10 SURFACE PREP
BLASTING sQ FT .100 [+] 3 3 2.0 2.0 0
GRINDING roor .200 ] 3 3 2.0 2.0 ]
11 COATING sQ rT .100 40 7 3 10.0 2.0 20
12 TESTING
DYE PENETRANT FooT 250 ] 2 2 1.5 1.5 1]
AUDICGAGE reer .500 [ 2 2 1.5 1.5 1]
X RAY rooT .500 ] 2 2 1.5 1.8 [}
TOTAL TRADE MANEOURS 394
TRADE SUPPORT MANHOURS (35% OF TRADE MANENOURS) 138
TOTAL PRODUCTIOR HANEOURS 532
LABOR COST (MANMBOURS X MNER COST $20.00 $10639
MATERIAL COST (FROM MATERIAL SCHEDULEK) 750
TOTAL COST $11389
Figure 2-2
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Chapter 3- RELATIVE PRODUCIBILITY EVALUATI ON

GENERAL

This chapter describes the use of the two programs which are used to determine and record
the relative producibility of various design alternatives. The programs are contained in the PROD
directory of the floppy disk which acconpanies this manual. One of the programs is witten in
GN¥BASIC and stored in the subdirectory PRODIBASPROG and the other is in spreadsheet for-
mat and stored in the PROD\SPRDPROG subdirectory.

The producibility criteria used in these prograns are those which were determined during
the research described in reference 1. The spreadsheet program described in this chapter also
uses the producibility criteria weighting factors that were obtained during that research effort
rovi des detailed instructions for operation of the conputer prograns used to determne
those weighting factors and to reevaluate them when necessary.

PRELI M NARY

The first programto be used for evaluating the relative producibility of two or three design
alternatives is the G¥BASIC program If the GVBASIC application programis not on your
computer’s hard disk it can be found on the main directory of the floppy disk provided with this
manual . After selecting the directory or subdirectory where the GN¥BASIC application program
is located, enter GABASIC. Were the “A" drive is indicated use “B" if appropriate.

Type LOAD" (or hit the F3 key) followed by A:\PROD BASPROG PRCDC', and
Enter. The initial screen of the programwill then appear. Make sure your printer is on

If it is necessary to exit fromthe programprenaturely, enter Ctd + C This will place you
back into the G¥BASIC screen To exit from GWBASIC, enter SYSTEM

I NI TI AL DATA | NPUT

The first screen illustrated in|Figure 3-1,|asks for various data to be entered. Enter the
name of the Project (normally the ship—type—or—fass designator, such as DDGX), and then the name
of the design variant that is being evaluated. Next you will be asked to provide titles for each of
up to three alternative designs for this variant that are to be evaluated for their relative producibil-
ity. If there are three alternatives, you will be asked to set a limt for the consistency ratio or to
accept the default value of 0.2. For only two alternatives, the consistency of evaluations is always
perfect giving a consistency ratio value of 0.0, so you will not be asked to select this value when
only two alternatives are being considered.

[lustrates what this screen looks like when all of the questions on it have been
ansvered and before the Enter key is pressed after entering the desired consistency ratio val ue.
The Project nane, design variant descriptor and the names of the three alternatives chosen for this
illustration are “TEST", “STRUCTVAR ", “NEWWAY", “LAST WAY' and “OLD WAY", re-
spectively. The value of the consistency ratio has been changed to 0.25, primarily for purposes of
i1lustration

EVALUATOR | NPUT

The screens that next appear record an individual evaluator’s assessments of the relative
producibility of the different design alternatives being considered. After entering the name and or-
ganization of the evaluator, you will be presented with a table which lists the 10 higher level pro-
ducibility criteria which may be evaluated. This screen appears as shown in Figure 3.2.
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/ Enter the Project or Ship Type ldentifier . TEST

Enter the design change being eval uated . STRUCT VAR
Enter a TITLE for Alternative 1 (8 letters or |ess) © NEWWAY
Enter a TITLE for Alternative 2 (8 letters or |ess) : LAST WAY

Now name Alternative 3 (8 letters) or press ENTER to bypass : OLD VAY
The Alternatives you have chosen are |isted below
ternative 1 is NEW VAY
ternat T \\BY
NEmELE

Are these Alternatives Correct? (<Y>IN

The data to ble entered. vv||| be Ifﬁ ?ted if the data is found to be
excesswecy *nconms en é( rH currently set or t
ons| teney actor 1s . fy , enter Y now.
y other entry wll |eavethe||mt |tat .2 Y
Enter your choice for the consistency factor limt L .25

\_ .
Figure 3-1

After you select one of these, by entering a nunber between 1 and 10, the program lists all
of the subcriteria used to evaluate that particular choice, as shown in{Figure3-3.|You will then be
led through all of the steps necessary to determne the weighting to be applied to each design alter-
native for any or all of those subcriteria. Once thesec onparisons have been completed, you can
select another of the |Ocriteria shown in|Figure 3.2 and repeat the process for the subcriteria re-
lated to that choice.

As illustrated in[Figure 3.3,  after [isting the subcriteria of the chosen criterion the program
asks whether each, someor—omyof the subcriteria will be evaluated. For each subcriterion,
you will be asked whether you will use hard data. Hard data is actual quantitative information
such as the nunber of feet of welding the nunber of pipe bends, etc. When quantitative inforna-
tionis available, it should be used. In some cases of hard data such as feet of weld [arger quanti-
ties lead to additional manhours, thus to lower producibility. In other cases, such as conponent
packaging larger quantities yield higher producibility. Wenever hard data is to be entered, the
program indicates whether higher values or lower values will be considered the more highly pro-

duci bl e.

Figure 3-3)illustrates the results of entering 300,400 and 500 as the values for material
cost The—opportumity to change values is always provided. After you have entered values with
which you are satisfied, the programwill display the weighted values for each of the design alter-
natives, as shown at the bottom of Figure 3.3.

If hard data is not available, the programwill lead you through a series of conparisons of
each of the design alternatives, asking which of the two is superior froma producibility standpoint
with respect to the subcriterion being eval uated.llustrates the steps of this process.
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4 ")
Enter Name of Evaluator . A PERSON
Enter Evaluator’s Organization: A COVPANY

fhkkhkkrrRRTwrA A ARt *4* Critorion Code LiSt *rrerrrtrrrrrrrrerrtrirrs
Code Label Number of Sub-Criteria

ARRANGEMENT
SIMPLICITY
MATERIAL
STANDARDIZATION
Welding
Sheetmetal
Machining
Pipefitting
Electrical/Elex

BUAL

AR Viawe

Enter Criterion Code to be Evaluated: 3

QUVUOIAUE LN
AP AW OGN U

-t

Figure 3-2

( Iﬁge K\/&L&%E%i_ %%LAL SUBCRI TERI A: N
%%t %%%gﬁ% E%%}% %’@ (:%iﬁéa%%ﬁm(%&g () o

HE SURE TO USE SMALLER VALUE FOR SUPERI OR CHOI CE

Finek VAL UE EOR Rl > 1 N1 PERTED 30

ENTER VALUE FCR LAST WAY © 400
ENTER_VALUE FOR OLD WAY © 500
0 = ARV OF THE VALUES? (Y,<\>) © N

FCR: E NATERI AL COSTS

Wy = . |
L TO CONTI NUE, Press %Egaasmcy: e = Lo )

Figure 3-3

The alternative “New Vy" was considered to be the superior choice, so" 1 was entered
The programmer next asks for the factor of superiority. The value 3 was entered indicating that'' New
\Wy'" is considered three times as good as ''Last Wy'' with respect to Wastea-ge Factor. The pro-
cess continues, conparing each design alternative against each other design alternative



(" ER GIEOR JTERE HTR.
Fiich (e et P () R e

U= e

VALUE? (Y] <N>
G by %A‘EE@S“J“? 3 (B o e

NN

éT d? LASéI-UP\é\lgi\((]?lqlR ? %E%AL?W(R CREATER
V\ANT TO CHANGE EI'THER VALUE” Y/ <=)

ARE ALL THE ENTRIES CORRECT? (<Y>/N) :
JUDGENENT, &BE ﬁ@){ TEAGE FACTOR

\C/%p%dst enc;é RATIO = 88833

Figure 3-4

Following the entry of the data, the weighting factor for each of the design alternatives is
calculated and printed out on the screen Note that the consistency ratio for these entries was
greater than zero, but less than 0.25, so the data was accepted. (The data is slightly inconsistent
since, if(1) is three tims as good as (2) and five times as good as (3), (2) should be 1.67 tines as
good as (3), rather than twice as good.) If the data is too inconsistent you will be given the oppor-
tunity to reevaluate the alternatives; otherwise the data will not be printed out.

After all of the producibility criteria for which the design alternatives are considered to
have different relative values have been assessed by one evaluator, the data for another evaluator
can be entered. Wen there are no nore evaluations to be made, the program ends. Entering SYS-
TEM takes you out of the GN¥BASIC application programand returns you to the screen from
which you began.

PRI NTED REPORTS
As you enter data and the computer- carries out its calculations, informtion is sent to the

printer buffer. Whenever a conplete page of data is entered the printer will print out a page with-
out any action on your part At the end of the session when you indicate that there are no nore

eval uations to be made, the last page will be printed.

Figure 3.5 ifl ustrates the format of the printed reports which the program generates. This

figure docurnents The data entered in the screens pictured in[Fiqures 3.1]through [B.4] Having all of
the entered data recorded in addition to the final weighting factors, allows review of the data that

was entere~ in order to resolve any apparent discrepancies in the resulting weighting factor val-
ues.

3-4



PRODUCI BI LI TY CRITERIA EVALUATI ON of Design Alternatives for TEST Program
Design Variant: STRUCT VAR Consi stency Ratio Limt =70.2500

Eval uation by A PERSON of A COVPANY

MATERIAL Subcriteria Weighting Eval uation

SUBCRI TERI A DESI GN _ALTERNATI VES
NEW WAY  LAST WAY OLD WAY  CRATIO

(4 N%TERIAL COSTS Data , 300.00  400.00  500.00
VATER AL (1) NATER AL CCSTS Wi ghts Q. 4255, ,,,0,3191,,,.0.2553  0.0000

(2) WASTEAGE FACTOR Data
ALT

S DOM NANT ALT ~ SUP_FACTCR
1) NEWWAY Vs (2) LAST WAY 3.00
1) NEWVAY VS (3) OLD WAY 1 5. 00
2) LAST WAY VS QLD WAY 2 2.00
IVAT RI AL (2) \MSTEACE ACl-G:z \/\el ght S Qk'*e********Q'*angrl****gi;!';;g 0 0032

Figure 3-5

RESCOLVI NG EVALUATOR DATA Dl FFERENCES

Preferably, each design change shoul d be evaluated by several know edgeabl e persons, to
obtain as broad an assessment as possible. Where the results of various evaluators are signifi-
cantly different attenpts should be nade to resolve the differences before going further. Since
each evaluator’s choices are recorded on hard copy print outs, it is sinple to identify where the
evaluators’ differences are. The program can be reused as often as desired for any reeval uations
based on changes to evaluators' data. Since the data is not recorded in the computer’s files, no
probl emis created by reentering additional, different data by or fromany of the evaluators

SPREADSHEETS

After the data fromall of the evaluators has been obtained an average weighting factor for
each design alternative nust be cal culated for each subcriterion that was evaluated. This is done
using the spreadsheet program

After going into your spreadsheet application prograrm load the file

A: \ PROD\ SPRDPROG\ WATEFORM XXX,

where the “A" should be replaced by whatever drive the floppy is actually in and the *. xxx
must be replaced with the file extension that applies to your application program *“.WKL" for
LOTUS 123, for instance. Figure 3.6 shows how the initial screen will appear after some initia
information has been entered.. Many of the fields of the spreadsheet are “protected”, since there
Is no need to enter any data in those fields. Protected fields are indicated on the actual screens by
col or coding

Enter the nane of the project and that of the design variant in their respective fields. Then
enter the nunber of evaluators. The formprovided allows for the data for up to six evaluators. If
the alternatives are conpared by nore than six evaluators, the formwll have to nodified by
adding additional col um.
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Figure 3-6

Enter the name of the first evaluator in the space identified as "Evaluator #1" Three
colums are provided for the data from each evaluator,one colum for each of the up-to three al-
ternatives being conpared. Enter the title for each of the design variant alternatives in the cells at
the head of the three colums under the first evaluator. Inportant: If there are only two alterna-
tives being considered the field for the third one nust be filled as a blank The titles of the desigr
variant alternatives need only be entered once. The conputer programwi |l automatically use the
same titles in the appropriate colums of the rest of the form

Wen the titles of the alternatives have heen entered enter the command to carry out calcu-
lation (F9 for LOTUS 123) The rows for each oriterion will be automatically filled with the ap-
propriate values for equally weighting each alternative. Thus, if there are three alternatives
named the relative weight for each of themwill appear initially as .3333, while if there are only
two, the relative weights will be .5000 for alternatives 1 and 2 and .0000 for alternative 3

These val ues will appear in the respective colums for only as many evaluators as were
indicated in the nunber-of evaluators field. That is, if you have entered the nunber 2 as the num
ber of evaluators, all fields in the colums for evaluators 3 through 6 will remain as zero. Notice
InpFrgure—3-6—that the values in the last colum to the right are all zero. This is the first colum for
the—second—eval uator. Since the nunber of evaluator has been indicated as 1, only the colums for
evaluator # have been filled in wth non-zero values

Proceed to enter the weighting values for each evaluator fromthe printout obtained from
the GVBASIC pro-Figure 3-5] It will only be necessary to enter data for those criteriain
which the alternative—destgrs—have differing weighting factors. Further, if there are just two alter-
natives, the values for only one of the alternatives will need to be enters since the other value
will be calculated automatically, their sumhaving to equal unity. Simlarly, in the case of three al-
ternatives, only two of the three values need be entered for any criterion .In fact the third col um
of each evaluator is protected to preclude incorrect values from being entered
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Figure 3-7

If there are nore evalluators than one, then,after the data fromthe first evaluator is en-
terd,shift over to the colums for the second evaluator and enter those data. Continue until the
data fromall evaluators have been entered. Then again initiate calculation The programwll cal-
culate the average val ues of all the evaluators’ data, which will appear in colums AS, AU and
AW as shown in [Frgure 3-7] Since only one evaluator was used in this example, the values shown

in|F| qure 3-7 |are, of course, the same as those for evaluator #1 inf Figure 3-6.
The criteria weighting values are shown in colum AY. These values already will have
been determned and entered into the spreadsheet formas described in the follow ng Chapter.

It you then nove the cursor to the right until colums AY through BE are visible on the
screen the information shown in[Figure 3-8 |wll be displayed. Colums BL BC and BE contain
the product of the values in colum AY and the values in colums AS, AU and AW respectively,

shown in

After all of the data has been entered and the Recalcul ate keys pressed move the cursor so
that the values infields BASO through BES2 can be seen These fields, illustrated in[Figure 3.9,]
give the final overall weighted relative producibility factors. The alternative with the [argest
value in fields BABL to BEBL will be the nost producible alternative. However, as expained in
Reference 1, these values are relative only in the qualitative sense, so that the largest value merely
identifies the most producible design alternative. The values DO NOT indicate the quantitative
relative cost of the alternatives.

Save the filled in worksheet to a file with a title other than WATEFCRM so that the WA-
TEFORM file will always be available for evaluating other design variants.

Print out the results for fixture reference and exit from the program
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PRODUCIBILITY CRITERIA EVALUATION FOR:

DESIGN VARIANT: STRUCT VAR

TEST

PROGRAM

ope .Booco onoozooroo G o0 H oo AY ° ° BA e o BC o o BE °
1 PRODUCIBILITY CRITERIA EVALUATION FOR: TEST PROGRAM
2
3 DESIGN VARIANT: STRUCT VAR
4 NUMBER OF EVALUATORS: 1 CRITERIA |-=---= Final Weights —————i
5 ALTS: WEIGHTS H!H WAY LAST WAY OLD WAY
6
7 ARRANGEMENT
8 Enhanced Component Packaging .00451 0215 .023i5 .0215
9 Direct Routing/Distributive Systems .04115 .0137 .0137 .0137
10 Interference Avoidance .08769 .0292 .0292 .0292
11 Volumetric Density .04855 .0162 .0162 .0162
12
13 SIHPLICITY
14 S8hape of Pieces
i5 Filat Plate .02705 .0050 +UUS0 .0050
16 Simple Curvature .00952 .0032 .0032 .0032
17 Rectangular Configurations .01721 .0057 .0057 .0057
1a lﬂ:essibilit' -10714 -0357 .0357 0357
19 Number of Pj.ccol .06298 .0210 .0210 .0210
20
21 MHATERIAL
22 MNaterial Cost .07200 .0306 .0230 .0184
gi Wasteage Factor -00800 .0052 .0018 +0010

__._.__ 0O
Figure J-o
olooaoocoonoogoor.o G [ X ] n [ X ] u [ ] ) u o Bc ® o BE o \

2R

NUMBER OF EVALUATORS: 1 CRITERIA | - Final Weights ==~=-- [
ALTS: WEIGHTS HNEW WAY LAST WAY OLD WAY
68 Cable Length .00641 .0021 .0021 .0021
69 Cable Size .00653 .0022 .0022 .0022
70 Connactions /Hookuna .02100 -0070 -0070 -0070
71 WL:mmyn .01661 .0055 .0055 .0055
72 HVAC Considerations
73 HVAC Ducting
74 Size .00320 .0011 .0011 .0011
75 Length .00324 .0011 .0011 .0011
76 Material Type .00291 .0010 .0010 .0010
77 Configuration Changes . .00714 .0024 .0024 .0024
78 Equipment Installation .01439 .0048 .0048 .0048
79 HVAC Insulation .01022 .0034 .0034 .0034
80
81 Producibility Evaluation: 1.00016 .3425 .3315 .3261
82 NEH WAY LAST WAY OLD WAY
Figure 3-9




Chapter 4 - DETERM NING PRODUCI BI LI TY CRI TERI A VEI GHTI NG FACTORS

GENERAL

The producibility subcriteria weighting factors that were used to multiply each of the de-
sign alternative weighting factors in the spreadsheet described in Chapter 3, and shown in the cen-
ter colum of figures in[Frgure 3-7,Jare deternined by pairwise conparisons using the AHP
technique. The values of these producibility weighting factors need be determned only once for
each project, since they are dependent primarily on the construction process rather than the nis-
sion of the ship. Once determined, they are entered into the spreadsheet WATEFORM and used
for the producibility analysis of the alternatives for each design variant studied.

It is also not likely that these values will change significantly for different types of ship.
However, should it be found necessary or desirable to do so, the programs described in this chap-
ter would be used to determne new val ues

The two progranms for determining these factors are witten in GVBASIC, and are run
using the GVBASIC application program The first of these prograns, PRODA is used for
recording the evaluations of individuals who are know edgeabl e of the relative inportance of the
various producibility evaluation criteria to be used. The evaluations of the individuals my be ob-
tained through the use of questionnaires and the results recorded in this program by an operator
or they may be deternined through an individual's direct use of the conputer program Each
eval uator's responses are printed out as the program proceeds, providing a permanent record that
my be studied separately.

The second program PRODB, is used to obtain the normalized geometric mean of the
val ues obtained fromall of the individuals. This programis more likely to be run by a single oper-
ator once, after all the individual responses have been obtained. Again a printed report is gener-
ated as this programis run show ng each individual's responses for a given criterion and the mean
of all of the responses for that criterion.

The line itemstatements for each of these prograns are listed in the Appendix.

RECORDI NG | NDI VI DUAL  EVALUATI ONS

The first programis in the file named PRODA in subdirectory BASPROG in the PROD
directory. After starting the GVBASIC programat the start-up screen enter (using B: instead
of Aif appropriate)

LOAD" A: \ PROD\ BASPROG\ PRODA" , R

The initial screen for this program asks for the name of the project, the value to be used
for the consistency ratio, the evaluator's name and organization. See [Figure 4-1.

The next screen shown in [Figure 4-2,| lists all of the levels of the criterial/subcriteria tree.
At the bottom of the screen, enter the nunber, listed under the title “Code”, of the criteria which
you will evaluate. In the number 3, corresponding to the criterion “SIMPLICITY",
has been entered.
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Enter the Project or Ship Type Identifier

¢ TEST

The data to be entered will be rejected if the data is found to be
excessively inconsistent. The limit currently set for the
consistency factor is .2 . To modify this limit,

enter Y now. Any other entry will leave the limit at .2 I ¢

Enter your choice for the consistency factor limit : .25

Enter Evaluator’s Name : A PERSON
Enter Evaluator‘s Organization: A COMPANY
Figure 4-1

**+%x* Enter Criterion Code from List *x%xxw

Code " Label
1 PRODUCIBILITY PARAMETERS
2 ARRANGEMENT
3 SIMPLICITY
4 Shape of Pieces
5 MATERIAL
6 STANDARDIZATION
7 Component Standardization
8 Structural Components
9 FABRICATION/ASSEMBLY
10 Welding
11 Welding Process
12 Welding Configuration
i3 Fillet Configuration
14 Sheetmetal
15 Machining
16 Pipefitting
17 Pipefitting Process
18 Electrical/Elex
19 Cable Length/Size
20 BVAC
21 HVAC Ducting

Enter Criterion Code to be Evaluated: 3

Number of Sub-Criteria

BWNWNUWNDNWWNAOAWWLNNDWWS WL

Figure 4-2
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Figure 4-3

Upon entering the choice of Code, yop will be presented with another screen, which first
identifies the subcriteria that nust reevaluated, as shown inFigure 4-3, and asks for an eval ua-
tion of the first pair of those. The program|eads you through The evaluation of each pair of the
subcriteria. As each question is answered, another question is askedoran opportunity for verifi-
cation is given. The programleads you throughthe steps necessary to identify which one, of ach
pair of subcriteria, is considered to have the greater influence in mnimzing construction nan-
hours/cost and then to identfy the factor by which that subcriterion is superior to the other.

A superiorly factor of 1 indicates that the two elenents are equal froma producibility
standpoi nt, whereas a factor of 2 indicates that the superior elenent is twice as good as the other.

After all of the subcriteria of the selected Criterion Code have heen conpared with each of
the others, the program conputes a consistency ratio, as shown in When only two
subcriteria are involved, the value of this ratio will always be zero. However, when more than
two are conpared, the ratio probably will be other than zero. For instance, in the case of the data
presented in[Figure 4-3] the consistency ratio is greater than zero. This is because the superiority
factor of (2) Accessibility, conpared to (3) Number of Pieces, should be 6 (instead of 5) in order
to be perfectly consistent with the factors used in the two preceding comparisons.

|t the value of the ratio is acceptable, i.e., is less than the level identified at the start of the
program the data will be recorded in a file in the A'\PRODIDATA subdirectory. Ctherwise you
will be given the option either to enter revised data for the same subcriteria until the data consis-
tency is adequate or to start again on another set of subcriteria.
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ng exiting this program and closing the output data file.

Figure 4-4

The results of each evaluation are presented on the screen, as indicated inRiqure 4-4.
Data will be sent to the printer buffer as it is entered and calculated. A hard copy wll be printe
as a full sheet is filled or upon conpletion of data entry. |Figure 4-5{illustrates the format of the

printed reports.
After entering each set of responses you will be asked whether you want to enter data f¢

another set of subcriteria. The default response is yes and this response will cause Figure 4.2 tc
reappear. A negative response will allow you to choose to enter data for another evaluator or t

quit the program In E| gure 4-4, |ooth questions have been answered “No", in response to whicl
the programw || generate the printout of |Figure 4-5|and end processing.

COVBI NED VEI GHTI NG FACTORS

After all of the data from each of the individual evaluators has been entered into PROD/
the mean val ues for each of the criteria levels can be determned through the use of PRODB.

Ent er

LOAD" A:\ PROD\ BASPROG PRODB’, R
fter entering the name of the project, you will be presented with the list of criteria, Fig-

ure 4-6,[which is the same as shown in [Figure 4-2f except for the instruction at the bottom of th

Screen.

To obtain the weighting factors for a single level of the criteria tree, enter the number of
the criterion of interest. To obtain the values for all of the levels of the project’s criteria tree,

enter 99 as the Code.
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PRODUCIBILITY CRITERIA Weighting Evaluation for TEST Project

Consistency Ratio Limit =

0.2500

Evaluation by A PERSON of A COMPANY

SIMPLICITY Subcriteria Pairs

(1) SHAPE OF PIECES VS (2) ACCESSIBILITY
(1) SHAPE OF PIECES VS (3) NUMBER OF PIECES
(2) ACCESSIBILITY VS (3) NUMBER OF PIECES

Resulting SIMPLICITY SubCriteria Weighting Factors:
(1) SBAPE OF PIECES =
(2) ACCESSIBILITY =
(3) NUMBER OF PIECES =

Consistency Ratio =
Lambda Max =

DOMINANT ONE, FACTOR

2 3.00

1 2.00

2 5.00
0.2297
0.6483
0.1220

0.0032
3.0037

AR AR AR R AR R AR R R N R AR T R R RN R RN R TR hn

Figure 4-5

-

-

Code

21

Title

PRODUCIBILITY PARAMETERS

ARRANGEMENT
SIMPLICITY
Shape of Pieces
MATERIAL
STANDARDIZATION
Component Standardization
Structural Components
FABRICATION/ASSEMBLY
Welding
Welding Process
Welding Configuration
Fillet Configuration
Sheetmetal
Machining
Pipefitting
Pipefitting Process
Blectrical/Elex
Cable Length/Size
HVAC
BVAC Ducting

Number of Sub-Criteria

BLUNWNUWNNWWLWNOAWWNNWWS WL

Enter 99 to Generate Mean Values for All Criteria, or

Enter Code Number of Criterion to be Evaluated

o
w

~

Figure 4-6



For SIMPLICITY Subcriteria Weights,

There were 5 Evaluators. The Geometric Means of their responses are:

(1) SHAPE OF PIECES Value = 0.2013

(2) ACCESSIBILITY Value = 0.4512

(3) NUMBER OF PIECES value = 0.3475
The Geometric Mean of Lambda Max Total = 3.0230
Evaluate more Criteria for the same Project? (<¥>/N): N
Want To Evaluate Criteria for another Project? (¥/<N>): N
Ok

Figure 4-7
igure 4-7 jillustrates the result of having entered the value 3, to obtain the SIMLICTY

subcriteria weightingfactors. The screen shows the number of evaluators for the selected crite-
rion in addition to the final normalized geonetric mean values of those evaluators' data.

Wen the value of 99 is entered, the screen will not show any results except a message
that the values are being printed.

A printout will be provided, showng the names of each evaluator and their input data as
wel | as the mean val ues, as shown in|£i_g1—?LLuLT_|

Wen you have finished, enter SYSTEMto |eave GNBASIC.

PREPARI NG WATEFORM

The next step is to enter the weighting factors for each of the subcriteria, as generated
fromthe PRODB programinto the appropriate colums of the spreadsheet WATEFORM XXX
found in the PROD\SPROPROG subdirectory. The rightmost colums of this form contain the
formulas necessary to calculate the final values that ultimately are applied to the individual design
alternative weighting values. These colums must be “unprotected” before new values can be en-
tered into the cells. [Figure 4-9is a printout of the values that are provided in the formlocated on
the disk provided with the manual. These val ues were determned by using the steps described in
this chapter during the project described in Reference 1. A nore conplete description of the de-
vel opment and application of these values can be found in that document.
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PRODUCIBILITY CRITERIA Weighting Factors for the TEST Project

Individuals’ Weights for: SIMPLICITY SubCriteria are:

SOMEONE of COMPANY A WEIGHT
(1) SHAPE OF PIECES 0.1684
(2) ACCESSIBILITY 0.4639
(3) NUMBER OF PIECES 0.3677
Consistency Ratio = 0.0891
Lambda Max = 3.1034
SOMEONEELSE of COMPANY B WEIGHT
(1) SHAPE OF PIECES 0.1634
(2) ACCESSIBILITY 0.2970
(3) NUMBER OF PIECES 0.5396
Consistency Ratio = 0.0079
Lambda Max = 3.0092
YOUR NAME of YOUR CO WEIGHT
(1) SHAPE OF PIECES 0.2000
(2) ACCESSIBILITY 0.4000
(3) NUMBER OF PIECES 0.4000
Consistency Ratio = 0.0000
Lambda Max = 3.0000
HIS NAME of HIS CO " WEIGHT
(1) SHAPE OF PIECES 0.2000
(2) ACCESSIBILITY 0.4000
(3) NUMBER OF PIECES 0.4000
Consistency Ratio = 0.0000
Lambda Max = 3.0000
A PERSON of A COMPANY WEIGHT
(1) SHAPE OF PIECES 0.2297
{2} ACCESSIBILITY 0.6483
(3) NUMBER OF PIECES 0.1220
Consistency Ratio = 0.0032
Lambda Max = 3.0037

The total number of respondents = §

The Normalized Geometric Mean of the above individual evaluations of
SIMPLICITY SubCriteria Weights for the * TEST * project are :

NGM
{1) SHAPE OF PIECES 0.2013
(2) ACCESSIBILITY 0.4512
(3) NUMBER OF PIECES 0.3475

The Geometric Mean of Lambda Max Total = 3.0230

P EYTEELL RIS LSS 2 RS2 22222 a st sss 22222222 2222 222222222222 222

Figure 4-8



PRODUCIBILITY CRITERIA KVALUATION FOR:

DESIGN VARIANT:STRUCT VAR
NUMBER OF EVALUATORS: 1

ALTS:

ARRANGEMENT
Enbanced Componsnt Fackaging

Direct Routing/pistributive Systems

Interf avoid
volumetric Density

SINPLICITY
Shape of Pieces
rlat Plate
Simple Curvature
Rectangular Configurations
Accessibility
Number of Pieces
MATERIAL

Material Cost
Wasteage Factor

STANDARDIZATION
Component Staadardizatioa
struct 1 ¢ t

flate Thickness
Shapes
Sizes
outfitting Compoceats
Equipment Components
Process Stasdardizatiom

FABSRICATION AND ASSENELY
" welding Considerations
%elding Process
Degree of Astomation
positioa Optimization
Keat Treatment
%elding Coafiguratioa
rillet Comfiguration
£dge Preparatios

Memhar af Rasses
SEmsel S5 JasseS

Weld Laagth
Weld Type
't [= tal iT./ “{!-
Coafiguratios
Process Required
Machining Coasiderations
uUse of Commom Foundations
Mounting Details
Installatiom

srased
Silver soldered
Bolted
Use of Bends vice rittings
pipe Size
Pipe Length
Pipe Material
Piping Support Needs

glectrical/Electronics Considerations

Cable Length

Cable Size
connections/goackups
Wizeways

HVAC Consideratiocns

EVAC Ducting

Size

Length

Haterial Type

dnn oh

zquipment xnntallntio;
HVAC Insulation

producibility Evaluation:

WEIGETS

0845
.0411
.0877
.0485

.0271
.0095
.0172

21071
.0630

.0720
.0080

.0071
.0139
.0083
.03511
.0613
.0804

.0088
.0037
0047

.0017
.0028

.0033
.0049

.0063
.0079

.0150
0144
.0198

1.0002

CRITERIA WEIGETING CALCULATIONS

<2419
0845
.0411
.0877
.0485

«2239
.0538
.0271
.0095
0172

1071
0630

.0800
.0720
.0080

+2220
1416
«0293
0071
.013%
.0083
.0311
.0613
.0804

.2323
-0295
+0172
.0088
.0037
0047
+0123
0041
.0017
.n024

.0033
0049
0141
<0063
.0079
0492
.0150
.0144
.0198
+0878
.0163
.0072
.0022
.0014
.0007
.0029
.0090
0063
+0061

«UWUBA

.0110

Figure 4-9

LIVELS
1 2 3 4 s
.2419
4887
.1701
+3623
+2007

.2239
.2402
.5030
.1770
.3200

.8785
.2013

.0800
9000
«1000

+2220
.6380
+«2067
.2421
4732
-2847
«3603
4329
.3620

+2323
«1372
-592%
-5099
-2179
«2722
-4173
«3343
4243
- 5887
2648
4007

.4427
.5373

3058
«2926
.4020

<3404
4456
.3000
.2000
.1000
.4000
5544

<2176

-4955
.5043
4154
3286
.1769
.4013

.3501
2486

1.0001 5.0000 8.0001 $.0000 2.0100



Chapter 5 - DECI SON MAKI NG AHP PROGRAMS

GENERAL

These programs are identical in concept to those used for evaluating the producibility of
various design alternatives, except that producibility is only one of the criteria used for making the
ultimate choice of which alternative is the best overall choice to be used in the design.

DECA, DECB and DECC are three programs written for GABASIC, having the identical
function and many virtually identical screens as PRODA, PRODB and PRODC, respectively. The
primry difference is in the tree of criteria that is evaluated.

A significant consideration% however, is that the weighting factors for the elenents of the
decision making tree will vary considerably for different ship classes, rather than being essentially
the same as in the case of producibility criteria weighting factors. They may in fact vary for dif-
ferent design stages of a single ship class. Thus, DECA and DECB will need to be run for each
design stage of each project, with the results from DECB installed in the WATEFORM spread-
sheet that is finally used to compare the various alternatives of each design variant studied in that
design stage.

All of these prograns are installed in the directory DEC. The BASIC programs are in-
stalled in subdirectory DEC\BASPROG data from DECA is stored in DEC\DATA and the
spreadsheet program used to average the information fromeach evaluator's use of DECCis
WATEFORM st ored in DEC/ SRPRDPROG

The BASIC statenments used in DECA DECB and DECC are listed in the Appendix.

DECI SI ON__MAKI NG

Programs DECA and DECB need he acconplished only once for each ship type and de-
sign stage. They are the prelimnaries to actually using program DECC for conparing the relative
merits of with respect to any or all of the decision making subcriteria.

The process for using DECC is identical to that described in Chapter 3 for using PRODC.

The output from DECC is then entered into the spreadsheet WATEFCRM found in the
DEC\ SPROPROG subdirectory. The results will be found at the bottom of colums BE to BG in
the sane way as shown in Figure 3-7 for the Producibility Evaluation..
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NSRP PANEL SP~-4

FILE: STRCTMS COST BESTIMATING FORM FOR STRUCTURAL WORK
PROJECT: “TITLE" HATERIALS AS-515
FILE : XYZ123.WK1 THICKNESS +«375 INCHBS
WORK PROCESS WORK PROCESS URIT ACTUAL STANDARD ACTUAL STANDARD MNHRS
UNITS FACTOR AMOUNRT STAGE STAGE FACTOR FACTOR REQ‘D
(MNHRS/
WORK UNIT)
1 OBTAIN HATERIAL sgrm .100 0 1 1 1.0 1.0 o
RECEIPT & PREP
2 FLAME CUTTIRG
AUTOMATIC IN FT 050 0 1 1 1.0 1.0 0
MANUAL IN FT .090 [} 2 1.5 1.5 0
3 EDGE PREP-GRINDING
FLAT IN FT .030 0 1 2 1.0 5 0
VERTICAL mm .050 Ly 2 2 1.8 1.5 Y
OVERHEAD IN T .070 0 2 2 1.5 1.5 0
4 SHAPING
BREAK BEND .480 0 1 1 1.0 1.0 0
ROLLING PIECE 1.200 0 1 1 1.0 1.0 0
LINE HEATING PIRCE 10.000 0 1 1 1.0 1.0 0
FURNACE PIECE 15.000 0 i 1 1.0 1.0 0
PRESS PIECE .024 0 1 1 1.0 1.0 0
MACHINING CU 1IN .020 0 1 1 1.0 1.0 0
5 FIT UP & ASSEMBLY JOINT 560 0 2 2 1.5 1.5 0
6 WELDING, AUTO/MACHINE
FILLRT LN FT .054 0 2 2 1.5 1.5 0
BUTT LN FT na 0 2 2 1.5 1.5 0
7 WELDING, MANUAL
FILIET
DOWNHAND IR FT 1.200 0 2 2 1.5 1.5 0
VERTICAL LN FT 1.440 0 2 2 1.5 1.5 (1]
OVERHEAD IN FT 1.680 0 2 2 1.5 1.5 0
BUTT
DOWNHAND IN FT 1.300 0 2 2 1.5 1.5 0
VERTICAL IN FT 1.560 0 2 2 1.5 1.5 0
OVERHEAD LN FT 1.820 0 2 2 1.5 1.5 0
8 MARKING DIRCE -100 a 1 1 1.0 1.0 o
9 HANDLING
STORAGE PIECE 100 0 2 2 1.5 1.5 0
TRANSPORTING ASSY $.000 0 3 3 2.0 2.0 V]
LIFTING ASSY 5.000 0 4 4 3.0 3.0 0
STRUCT - 1
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NSRP PANBL SP-4

FILB:

10

11

12

COST ESTIMATING FORM FOR

STRCTHS
PROJECT: "TITLE"
FILE : XY¥Z123.WKl
WORK PROCESS WORK PROCESS
UNITS FACTOR

(MNHRS/
WORK UNIT)

SURFACE PREP
BLASTING SQ FT -100
GRINDING FOOT .200
COATING SQ FT .100

TESTING

DYE PENETRANT rOOT +250
AUDIOGAGE FOOT .500
X RAY FOOT .500

TUTAL TRADE MANNMUUKS

TRADE SUPPORT MANHOURS (35% OF TRADE MANHOURS)

TOTAL PRODUCTION MANHOURS

LABOR COST (MANHOURS X MNHR COST)
MATERIAL COST (FROM MATERIAL SCHEDULE)

TOTAL COST

MATERIAL:  MS-STS
THICKNESS .375
UNIT ACTUAL
AMOUNT STAGE

0 3

0 3

0 3

0 2

0 2

0 2

$20.00

STRUCT ~ 2

STRUCTURAL WORK

INCHES

STANDARD
STAGE

N

ACTUAL STANDARD

FACTOR

2.0
2.0

2.0

FACIOR

2.0
2.0

1.5
1.5
1.5

HMNHRS
REQ’D

o

[+]

$0
$o0

$0



NSRP PANEL SP-4

FILE:

STRCTMS

COST ESTIMATING PROCESS FACTORS

THICKNESS
{INCHES)

0.250
0.375
0.500
0.750
1.000
1.250
1.500
2.000
3.000
4.000
5.000

THICKNESS
(INCHES)

0.250
0.375
0.500
0.750
1.000
1.250
1.500
2.000
3.000
4.000
5.000

1

FLAME

2
FLAME

CUTTING CUTTING
AUTO MANUAL
0.05 0.08
0.05 0.09
0.05 0.09
0.07 0.12
0.07 0.16
0.08 0.17
0.10 0.18
0.12 0.23
0.15 0.26
0.16 0.28
0.17 0.32
1 2
WELDING-MANUAL
FILLET
DOWN VERT
0.12 0.24
0.23 0.38
0.34 0.51
0.60 1.20
1.00 2.13
1.20 2.10
1.44 2.20
1.73 2.64
2.07 2.7
2.49 3.25
2.99 3.90

COST ESTIMATING DATA FOR
STRUCTURAL WORK

MATERIAL:

3

EDGE PREP
GRINDING
FLAT
0.02
0.03
0.04
0.08
0.08
0.12
0.17
0.17
0.26

0.31
0.37

3

OVHD
0.36
0.54
0.68
1.70
3.25
3.00
2.88
3.48
3.43
4.12
4.94

MS-STS

4

1)
EDGE PREP  EDGE PREP
GRINDING GRINDING

VERTICAL OVERHEAD
0.04 0.06
0.05 0.07
0.08 0.08
0.12 0.17
0.17 0.26
0.21 0.30
0.28 0.34
0.26 0.34
0.34 0.43
0.41 0.52
0.49 0.62

4 5
WELDING-MANUAL
BUTT
DOWN VERT
0.62 1.24
1.00 1.7
1.30 1.95
1.80 3.80
2.40 5.10
3.20 5.60
3.80 5.81
5.10 7.80
8.12 8.00
7.34 9.80
8.81 11.52

STRUCT -~ 3

ASSEMBLY WELDING-MACHINE

00000000000
oo
ORI D

OVHD
1.86
233
2.60
5.10
7.80
8.00
7.60

10.20

10.12

12.15

14.58

7 8
FILLET BUTT
0.04 na
0.05 na
0.07 0.48
0.08 0.58
0.09 0.70
0.11 0.85
0.13 1.02
0.18 1.22
0.19 147
0.23 1.76
0.28 2.12
7 8
THICKNESS POSTION
FACTOR VERT
1.00 2.00
1.20 1.67
1.20 1.50
1.20 2.00
1.20 2.13
1.20 1.76
1.20 1.53
1.20 1.53
1.20 1.31
1.20 1.31
1.20 1.3

FACTORs
OVHD
3.00
2.33
2.00
2.83
3.25
2.50
2.00
2.00
1.65
1.85
1.65



NSRP PANEL SP-4
FILE: STRTHY80 COST ESTIMATING DATA FOR

STRUCTURAL WORK

MATERIAL HY80
COST ESTIMATING PROCESS FACTORS
1 2 3 4 -] 8 7 8
THICKNESS FLAME FLAME EDGEPREP EDGEPREP EDGEPREP ASSEMBELY WELDING-MACHINE
(INCHES) CUTTING CUTTING GRINDING GRINDING GRINDING FILLET BUTT
AUTO MANUAL FLAT VERTICAL  OVERHEAD
0.250 0.05 0.09 0.02 0.04 0.06 0.56 0.04 na
0.375 0.05 0.09 0.03 0.05 0.07 0.58 0.05 na

0.500 0.05 0.09 0.04 0.08 0.08 0.56 0.07 0.48

0.750 0.07 0.12 0.08 0.12 0.17 0.56 0.08 0.58

1.000 0.07 0.16 0.08 0.17 0.28 0.56 0.09 0.70

1.250 0.08 0.17 0.12 0.21 0.30 0.56 0.11 0.85

1.500 0.10 0.18 0.17 0.28 0.34 0.58 0.13 1.02

2.000 0.12 G.23 0.17 .28 .34 0.58 0.1 1.22

3.000 0.15 0.26 0.28 0.34 0.43 0.56 0.19 1.47

4.000 0.16 0.28 0.31 0.41 0.52 0.56 0.23 1.76

§.000 0.17 0.232 0.37 .42 0.82 0.58 0.28 2.2

1 2 3 4 ] (] 7 8

THICKNESS WELDING-MANUAL WELDING-MANUAL

{INCHES) FILLET BUTT THICKNESS POSTION FACTO¢
DOWN VERT OVHD DOWN VERT OVHD FACTOR VERT OVH
0.250 0.12 0.24 0.36 0.62 1.24 1.88 1.00 2.00 3.
0.375 0.23 0.38 0.54 1.00 1.67 2.33 1.20 1.87 2.3
0.500 0.34 0.51 0.68 1.30 1.95 2.60 1.20 1.50 2.0
0.750 0.60 1.20 1.70 1.80 3.80 5.10 1.20 2.00 2.8
1.000 1.00 2.13 3.25 2.40 5.10 7.80 1.20 2.13 3.2
1.250 1.20 2.10 3.00 3.20 5.60 8.00 1.20 1.75 2.8
1.560 i.44 2.20 2.88 3.80 5.81 7.60 1.20 1.53 20
2.000 1.73 2.64 3.48 5.10 7.80 10.20 1.20 1.83 2.0
3.000 2.07 2.7 3.43 8.12 8.00 10.12 1.20 1.31 1.6
4.000 2.49 3.25 4.12 7.34 9.60 12.15 1.20 1.31 1.6
5.000 2.99 3.80 4.94 8.81 11.82 14.58 1.20 1.31 1.6



NSRP PANEL SP-4
FILE: STRCTHTS COST ESTIMATING DATA FOR

STRUCTURAL WORK

MATERIAL: HTS

COST ESTIMATING PROCESS FACTORS

1 2 3 4 3 s 7 8
THICKNESS  FLAME  FLAME EDGEPREP EDGEPREP EDGEPREF  ASSEMBLY WELDING-MACHINE
(INCHES) CUTTING CUTTING GRINDING GRINDING GRINDING FILLET 8UTT
AUTO  MANUAL FLAT  VERTICAL OVERHEAD
5.250 .05 0.09 .02 2.04 .08 058 0.04 ns
0.375 0.05 0.09 0.03 0.05 0.07 0.58 0.05 na
0.500 0.05 0.09 0.04 0.08 0.08 0.58 0.07 0.48
0.750 0.07 0.12 0.08 0.12 0.17 0.58 0.08 0.58
1.000 0.07 0.18 0.08 0.17 0.26 0.56 0.09 0.70
1.250 0.08 0.17 0.12 0.21 0.30 0.56 0.1 0.85
1.500 0.10 0.18 0.17 0.26 0.34 0.56 0.13 1.02
2.000 0.12 0.23 0.17 0.26 0.34 0.56 0.16 1.22
3.000 0.15 0.26 0.268 0.34 0.43 0.56 0.19 1.47
4.000 0.18 0.28 0.31 0.41 0.52 0.56 0.23 1.78
5.000 0.17 0.32 0.37 0.49 0.62 0.56 0.28 2.12
1 2 3 4 s 6 7 8 9
THICKNESS  WELDING-MANUAL WELDING-MANUAL  °
(INCHES) FILLET BUTT THICKNESS  POSTION  FACTORs
DOWRN VERT OVHD DoWN VERT OVHD FACTGR VERT GVHD
0.250 0.12 0.24 0.38 0.62 1.24 1.86 1.00 2.00 3.00
0.375 0.23 0.38 0.54 1.00 1.67 2.33 1.20 1.87 2.33
0.500 0.34 0.51 0.88 1.20 1.95 2.80 1.20 1.50 2.0
0.750 0.60 1.20 1.70 1.80 3.60 5.10 1.20 2.00 2.83
1.000 1.00 2.13 3.25 2.40 5.10 7.80 1.20 2.13 3.25
1.250 1.20 2.10 200 220 5.80 8.00 1.20 1.75 2.50
1.500 1.44 2.20 2.88 3.80 5.81 7.60 1.20 1.53 2.00
2.000 1.73 2.64 346 5.10 7.80 10.20 1.20 1.53 2.00
3.000 2.07 2.7 343 8.12 8.00 10.12 1.20 1.31 1.85
4.000 2.49 3.25 4.12 7.34 9.60 12.15 1.20 1.31 1.65
5.000 2.99 3.90 4.94 8.81 11.52 14.58 1.20 1.31 1.85

STRUCT - 5
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NSRP PANEL sP-4

FILE: STRTAL COST ESTIMATING DATA FOR
STRUCTURAL WORK
MATERIAL:  ALUMINUM
COST ESTIMATING PROCESS FACTORS
1 2 3 4 ] 8 7 8
THICKNESS FLAME FLAME EDGEPREP EDGEPREP EDGEPREP ASSEMBLY WELDING-MACHINE
{INCHES) CUTTING CUTTING GRINDING CRINDING GRINDING FILLET 8UTT
AUTO MANUAL FLAT VERTICAL  OVERHEAD

0.250 0.05 0.09 0.02 0.04 0.08 0.58 0.04 na

0.375 0.05 0.09 0.03 0.05 0.07 0.58 0.05 na
0.500 0.05 0.09 0.04 0.06 0.08 0.58 0.07 0.48
0.750 0.07 0.12 0.08 0.12 0.17 0.56 0.08 0.58
1.000 0.07 0.18 0.08 0.17 0.28 0.56 0.09 0.70
1.250 0.08 0.17 0.12 0.21 0.30 0.56 0.11 0.85
1.500 0.10 0.18 0.17 0.26 0.34 0.56 0.13 1.02
2.000 0.12 0.23 0.17 0.26 0.34 0.58 0.16 1.22
3.000 0.15 0.26 0.26 0.34 0.43 0.56 0.19 1.47
4.000 0.16 0.28 0.31 0.41 0.52 0.58 0.23 1.76
6.000 0.17 0.32 0.37 0.49 0.62 0.56 0.28 2.12
1 2 3 4 5 L] 7 8

THICKNESS WELDING-MANUAL WELDING-MANUAL
{INCHES) FILLET BUTT THICKNESS POSTION
DOWN VERT OVHD DOWN VERT OVHD FACTOR VERT
0.250 0.12 0.24 0.38 0.62 1.24 1.88 1.00 2.00
0.375 0.23 0.38 0.54 1.00 1.67 2.33 1.20 1.67
0.500 0.34 0.51 0.68 1.30 1.95 2.60 1.20 1.50
0.750 0.60 1.20 1.70 1.80 3.60 5.10 1.20 2.00
1.000 1.00 2.13 3.25 2.40 5.10 7.80 1.20 2.13
1.250 1.20 2.10 3.00 3.20 5.60 8.00 1.20 1.75
1.500 1.44 2.20 2.88 3.80 5.81 7.60 1.20 .53
2.000 1.73 2.64 3.48 5.10 7.80 10.20 1.20 1.53
3.000 2.07 2.71 3.43 6.12 8.00 10.12 1.20 1.31
4.000 2.48 3.25 4.12 7.34 g.eC 12.15 1.20 1.31
5.000 2.99 3.90 4.94 8.81 11.52 14.58 1.20 1.31
STRUCT - 6

FACTOR
OVHI
3.0
2.3
2.0
2.8
3.2!
2.5(
2.08
2.0
1.8¢

oo
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NSRP PANEL SP~4

FILE:

~

10

PIPICFE

PROJECT:
FILE:

WORK PROCESS

OBTAIN MATERIAL
RECETDT & DRRD

CUTTING
MACHINE
MANUAL

BENDING

MAMNTND
S aA VA

MANUAL

HARKING

HANDLING (KITTING)
STORAGE
TRANSPORTING
LIFTING

WELDED JOINTS
WELDING, BUTT
WELDING, SOCKET

SURFACE PREP
EXTERIOR
IRTERIOR

COATING
INSTALLATION

PIPE HANGERS
INSULATIOR

*TITLE"
XYz123

UNITS

PIECE

cuT

N

ne
asavas

BEND

PIECE

PIECE

PIECE
PIECE

SQ FT

SQ T

HANGER
IN FT

COST ESTIMATING FORM FOR
PIPING (P1)
MATERIAL: CARBON STEEL
DIAs 2 188
SCHEDULE 80
PROCESS UNIT ACTUAL STANDARD
FACTOR  AMOUNT  STAGE  STAGE
(MNHRS/
WORK UNIT)
1.00 0 1 1
.05 0 1 1
.50 0 2 2
239 ) 1 1
5. 0 2 2
.10 ) 2 2
.10 0 2 2
3.00 0 2 2
5.00 0 2 2
3.40 0 2 2
4.50 0 2 2
1.70 0 2 2
1.40 0 2 2
.10 0 3 3
.20 0 2 2
.20 0 3 3
.50 0 2 2
1.14 0 4 4
PIPING - 1

ACTUAL STANDARD

FACTOR

1.5
1.5
1.5

1.5

1.5
3.0

FACTOR

1.0

1.5
1.5
1.5

1.5
3.0

MNHR
REQ

.0

.0

.0
.0

o

.
[~ 2N -]

.0

- ms__



NSRP PANEL SP-4
FILE: PIPICFE COST ESTIMATING FORM FOR

PIPING (Pl)
PROJECT:  “TITLE®

FILE: X¥2123
MATERIAL: CARBON STEEL

DIA: 2 1PS
SCHEDULE 80
WORK PROCESS WORK PROCESS UNIT ACTUAL STANDARD ACTUAL STANDARD MNH]
UNITS FACTOR  AMOUNT  STAGE  STAGE FACTOR  FACIOR RE|
(MNHRS/
WORX UNIT)
11 TESTING
AIR OPENINGS +10 1] 6 6 7.0 7.0 ol
HYDRO OPENINGS .96 ] 6 6 7.0 7.0 .
AUDIOGRAM LIN FT .05 0 1 1 1.0 1.0 ol
X RAYS LIN FT .10 0 1 1 1.0 1.0 o
TOTAL TRADE MANHOURS ot
TRADE SUPPORT MANHOURS (35% OF TRADE MANHOURS) o
TOTAL PRODUCTION MANHOURS «
LABOR COST (MANHOURS X MNHR COST) $20.00 $0
HATERIAL COST (FROH HATERIAL SCHEDULE) $0
TOTAL COST $0



NSRP PANEL SP4

FILE: PIP1CFE COST ESTIMATING DATA FOR
PIPING (P1)
MATERIAL: CARBON STEEL
SCHEDULE 80

COST ESTIMATING PROCESS FACTORS

z 4 5 s 7 8

(2]

1 P4 =] i
PIPE SIZE CuT BEND AT UP ASSEMBLE & AND  INSTALL) PIPE
IPS PIPE PIPE BUTT SOCKET FLANGE THREAD SILBRAZE INSULATION
0.25 0.02 0.25 0.8 0.6 NA NA NA .81
0.50 0.02 0.25 1.0 0.7 NA NA NA 0.91
0.75 0.03 0.25 1.1 0.8 NA NA NA 0.91
1.00 0.03 0.25 1.2 0.9 NA NA NA 0.91
1.25 0.04 0.25 1.2 1.1 NA NA NA 1.14
1.50 0.05 0.25 1.8 1.2 NA NA NA 1.14
2.00 0.05 0.39 1.7 1.4 NA NA NA 1.14
2.50 0.06 0.39 1.9 1.6 NA NA NA 1.14
3.00 0.06 0.35 2.2 1.5 NA NA NA 1.23
3.50 0.07 0.39 2.5 2.2 NA NA NA 1.33
4.00 0.08 0.39 2.7 2.4 NA NA NA 1.41
5.00 0.08 0.39 3.1 2.7 NA NA NA 1.49
6.00 0.09 0.39 3.6 3.2 NA NA NA 1.71
8.00 0.18 0.72 4.5 4.0 NA NA NA 2.30
10.00 0.21 1.61 5.5 4.9 NA NA NA 2.58
12.00 0.26 4.33 6.4 5.9 NA NA NA 2.84
14.00 0.32 433 7.4 68  NA NA NA 3.13
16.00 0.38 4.33 3.34
WELD FACTORS
BUTT 2
SOCKET g
SCHEDULE 40 80 160 40 80 160
PIPE SIZE WELD WELD WELD WELD WELD WELD
IPS BUTT BUTT BUTT SOCKET SOCKET SOCKET
0.25 3.0 3.0 3.1 1.9 1.7 2.2
0.50 3.0 3.0 3.1 1.9 1.7 2.2
0.75 3.0 3.0 3.1 1.9 1.7 2.2
1.00 3.0 3.0 3.1 1.9 2.2 2.8
1.25 3.0 3.0 3.3 2.2 2.5 3.4
1.50 3.0 3.2 3.3 2.4 3.0 4.6
2.0 3.0 3.4 3.8 3L 48 7.2
2.50 3.5 3.5 4.5
3.00 4.0 4.0 5.8
3.50 4.5 4.7 6.7
4.00 5.0 5.2 1.5
5.00 5.2 5.9 9.9
6.00 5.4 75 13.0
8.00 6.5 10.0 17.0
10.00 8.5 13.0 24.0

PIPING - 3



NSRP PANEL SP-4

FILE:

PIP1CRES

MATERIAL:
SCHEDULE

COST ESTIMATING DATA FOR

COST ESTIMATING PROCESS FACTORS

PIPE SIZE
iPS
0.25
0.50
0.75
1.00
1.28
1.50
2.00
2.50
3.00
3.50
4.00
5.00
6.00
8.00
10.00
12.00
14.00
16.00

SCHEDULE
PIPE SIZE
IPs

0.25
0.50
0.78
1.00
1.25
1.50
2.00
2.50
3.00
3.50
4.00
5.00
6.00
8.00
10.00

1

cuT

PIPE
0.02
0.02
0.03
0.03
0.04
0.05
0.05
0.06
0.06
0.07
0.08
0.08
0.08
0.18
0.21
0.26
0.32
0.38

2

BEND
PIPE
0.25
0.25
0.28
0.25
0.25
0.25
0.39
0.39
0.39
0.39
0.39
0.39
0.39
0.72
1.61
4.33
4.33
4.33

WELD FACTORS

BUTT
SOCKET

40
WELD
BUTT

»
-

LY NENFNFNN
LUl maaLn

10.0

2
5
80

WELD
BUTT

3
(AT
BUTT

o
©

R RUR VY VR RNE T R PRy Y

PIPING (P1)
CRES
80
4 5 6 7
UP ASSEMBLE & AND
SOCKET  FLANGE THREAD SILBRAZE
0.6 NA NA NA
07 NA NA NA
08  NA NA NA
09 NA NA NA
1.1 NA NA NA
1.2 NA NA NA
1.4 NA NA NA
1.6 NA NA NA
1.9 NA NA NA
22 NA NA NA
24 NA NA NA
27 NA NA NA
32 NA NA NA
40 NA NA NA
49 NA NA NA
59 NA NA NA
68 NA NA NA
NA NA NA
40 80 160
WELD WELD WELD
SOCKET  SOCKET  SOCKET
0.9 1.0 1.3
0.9 1.0 1.3
0.9 1.0 1.3
0.9 1.0 1.3
1.0 1.2 1.6
1.0 1.2 1.6
1.6 1.6 2.1
PIPING - 4

INSTALL)

8
PIPE

INSULATION

0.91
0.91
0.91
0.91
1.14
1.14
1.14
1.14
1.23
1.33
1.41
1.4
1.71
2.30
2.58
2.84
3.13
3.34

HYDRO
TEST
0.27
0.41
0.55
0.68
0.78
0.82
0.96
1.09
1.23
1.23
1.36
1.50
1.64
1.77

Append:



NSRP PANEL sP-4

FILE:

PIPTINICU

COST ESTIMATING DATA FOR

MATERIAL:

SCHEDULE

COST ESTIMATING PROCESS FACTORS

PIPE SIZE
IPS
0.25
0.50
0.75
1.00
1.25
1.50
2.00
2.50
3.00
3.50
4.00
5.00
6.00
8.00
10.00
12.00
14.00

an An

10.Vv

SCHEDULE
PIPE SIZE
IPS

0.25

~ e

.50
0.75
1.00
1.25
1.50
2.00
2.50
3.00
3.50
4.00
5.00
6.00
8.00

10.00

1

cuT
PIPE
0.02
0.02
0.03
0.03
0.04
0.05
0.05
0.06
0.06
0.07
0.08
0.08
0.09
0.15
0.21
0.26
0.32

~AAan

V.30

4.5

coOoONBvYOmO Uy

.

- d b
NhOONNOOUVAS

2

BEND
PIPE
0.25
0.25
0.25
0.25
0.25
0.25
0.39
0.39
0.39
0.39
0.39
0.39
0.39
0.72
1.61
4.33
4.33

A A

4,395

o w
o &5
33

NSO

Sg’)!p‘lh?)?)!o””-n-n—a-n..—a—u
PhHOOO-=2NOINDO

PIPING (P1)
NiCu
80
4 -]
UP ASSEMBLE &
SOCKET FLANGE
0.6 NA
0.7 NA
0.8 NA
0.8 NA
1.1 NA
1.2 NA
1.4 NA
1.6 NA
1.9 NA
2.2 NA
2.4 NA
2.7 NA
3.2 NA
4.0 NA
4.9 NA
5.9 NA
6.8 NA
40 80
WELD WELD
SOCKET SOCKET
3.0 25
3.0 25
3.0 2.5
3.0 3.7
33 4.5
3.7 4.9
45 8.7
PIPING - 5

b

caqm.&www
M= ONNN

INSTALL)

6 7
AND
THREAD SILBRAZE
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
160
WELD
SOCKET

8
PIPE

INSULATION

0.91
0.91
0.91
0.91
1.14
1.14
1.14
1.14
1.23
1.33
1.41
1.49
1.7

2.30
288

-

2.84
3.13
3.34

9

HYDRO
TEST
0.27
0.41
0.55
0.68
0.75
0.82

nag

Ve O

1.09
1.23
1.23
1.36
1.50
1.64
1.77



NSRP PANEL sP-4

FILE: PIP2CFE COST ESTIMATING DATA FOR
PIPING (P2)
MATERIAL: CARBON STEEL
SCHEDULE 80

COST ESTIMATING PROCESS FACTORS

1 2 3 4 5 6 7 8 !
PIPE SIZE cuT BEND (FIT UP ASSEMBLE & AND INSTALL) PIPE  HYDR(
IPS PIPE PIPE BUTT SOCKET FLANGE THREAD SILBRAZE {NSULATION TES’
0.250 0.020 0.250 0.8 0.6 0.5 0.3 0.22 0.91 0.2
0.500 0.020 0.250 1.0 0.7 0.6 0.3 0.23 0.91 0.4
0.750 0.030 0.250 1.1 0.8 0.6 0.4 0.24 0.91 0.5¢
1.000 0.030 0.250 1.2 0.9 0.6 0.4 0.27 0.91 0.6¢
1.250 0.040 0.250 1.2 1.1 0.7 0.4 0.28 1.14 ° 0.7t
1.500 0.050 0.250 1.5 1.2 0.7 0.4 0.30 1.14 0.8:
2.000 0.050 0.3%0 1.7 1.4 0.8 0.5 0.32 1.14 0.9¢
2.500 0.060 0.380 1.9 1.6 0.8 0.5 1.14 1.0¢
3.000 0.060 0.3%0 2.2 1.9 0.9 1.23 1.28
3.500 0.070 0.390 2.5 2.2 1.0 1.33 1.28
4.000 0.080 0.380 2.7 2.4 1.0 1.41 1.3¢
5.000 0.080 0.390 3.1 2.7 1.0 1.49 1.5¢
6.000 0.090 0.380 3.6 3.2 11 1.7 1.64
8.000 0.150 0.720 4.5 4.0 1.1 2.30 1.77
10.000 0.210 1.610 55 4.9 1.2 2.58
12.000 0.260 4.330 6.4 5.9 1.3 2.84
14.000 0.320 4.330 7.4 6. 1.4 3.13
16.000 0.380 4.330 3.34
WELD FACTORS
WELD 2
SOCKET 5
SCHEDULE 40 80 160 40 80 160
PIPE SIZE WELD WELD WELD WELD WELD WELD
IPS BUTT BUTT BUTT SOCKET SOCKET SOCKET
0.25 1.1 1.2 1.4 0.7 0.8 1.0
0.50 11 1.2 1.4 0.7 - 0.8 1.0
0.75 1.1 1.2 1.4 0.7 0.8 1.0
-1.00 1.1 1.2 1.4 0.7 0.8 1.0
1.25 1.1 1.2 14 0.8 0.8 1.2
1.50 1.1 1.2 1.4 0.8 0.8 1.2
2.00 1.7 1.8 2.9 1.2 1.3 1.6
2.50 1.7 1.8 2.9
3.00 1.7 1.8 2.9
3.50 2.1 2.4 4.2
4.00 2.1 2.4 4.2
5.00 2.6 3.0 5.3
6.00 3.2 3.7 6.5
8.00 3.8 4.5 7.9
10.00 4.7 5.4 9.5
12.00 5.1 6.0 11.0
14.00 5.9 6.7 12.0
16.00 6.6 7.8 16.0

PIPING - 6
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FILE:

PIP2CRES

MATERIAL:
SCHEDULE

COST ESTIMATING DATA FOR

COST ESTIMATING PROCESS FACTORS

PIPE SIZE
1PS
0.25
0.50
0.75
1.00
1.25
1.50
2.00
2,50
3.00
3.50
4.00
5.00
6.00
8.00
10.00
12.00
14.00
16.00

SCHEDULE
PIPE SIZE
IPS
0.25
0.50
0.7%
1.00
1.25
1.50
2.00
2.50
3.00
3.50
4.00
5.00
6.00
8.00
10.00
12.00
14.00
16.00

1

cuT
PIPE
0.02
0.02
0.03
0.03
0.04
0.05
0.05
0.06
0.06
0.07
0.08
0.08
0.09
0.15
0.21
0.26
0.32
0.38

2
BEND
PIPE
0.25
0.25
0.25
0.25
0.25
0.25
0.39
0.39
0.39
0.39
0.38
0.39
0.39
0.72
1.61
4.33
4.33
4.33

WELD FACTORS

BUTT
SOCKET

40

2=
36

.

.

L RNE RERSE U R TRUY VR V) Ul N U N O 'S

.

Do wwwrOODNO O

\l\lm&mwwupwu_..._..._.

®
y

10.0

« s e _»

S AU NANONNOINMN=O

1.8

O 301000k s b e
0t 100 00 000 000 000

-
O !«
owm

19.0

PIPING (P2)

CRES
80

4 5

UP ASSEMBLE &
SOCKET FLANGE

0.6 0.5
0.7 0.6
0.8 0.6
0.9 0.6
1.1 0.7
1.2 0.7
1.4 0.8
1.6 0.8
1.9 0.9
2.2 1.0
2.4 1.0
2.7 1.0
3.2 1.1
4.0 1.1
4.9 1.2
5.9 1.3
6.8 1.4
40 80
WELD WELD
SOCKET SOCKET
0.9 1.0
0.9 1.0
0.9 1.0
0.9 1.0
1.0 1.2
1.0 1.2
1.6 1.6

PIPING -~ 7

6

AND
THREAD
0.3
0.3
0.4
0.4
0.4
0.4
0.5
0.5

7
INSTALL)
SILBRAZE
0.22
0.23
0.24
0.27
0.28
0.30
0.32

8

PIPE

INSULATION
0.91
0.91
0.91
0.91
1.14
1.14
1.14
1.14
1.23
1.33
1.41
1.49
1.71
2.30
2.58
2.84
3.13
3.34

HYDRO
TEST
0.27
0.41
0.855
0.68
0.75
0.82
0.96
1.09
1.23
1.23
1.36
1.50
1.64
1.77



NSRP PANEL sP4
FILE: PIP2NICU COST ESTIMATING DATA FOR

PIPING (P2)

MATERIAL: NiCu
SCHEDULE

o
(¢}

COST ESTIMATING PROCESS FACTORS

1 2 a 4 5 8 7 8 a
PIPE SIZE CUT  BEND (FIT UP ASSEMBLE & AND INSTALL) PIPE  HYDRO
IPS PIPE PIPE  BUTT SOCKET  FLANGE THREAD SILBRAZE INSULATION TEST
0.25 0.02 0.25 6.8 0.6 0.5 0.3 0.22 0.91 0.27
0.50 0.02 0.25 1.0 0.7 0.6 0.3 0.23 0.91 0.41
0.75 0.03 0.25 1.1 0.8 0.6 0.4 0.24 0.91 0.55
1.00 0.03 0.25 1.2 0.9 0.6 0.4 0.27 0.91 0.68
1.25 0.04 0.25 1.2 1.1 0.7 0.4 0.28 1.14 0.75
1.50 0.05 0.25 1.5 1.2 0.7 0.4 0.30 1.14 0.82
2.00 0.05 0.39 1.7 1.4 0.8 0.5 0.32 1.14 0.96
2.50 0.06 0.39 1.9 1.6 0.8 0.5 1.14 1.09
3.00 0.06 0.39 2.2 1.9 0.9 1.23 1.23
3.50 0.07 0.39 2.5 2.2 1.0 1.33 1.23
4.00 0.08 0.39 2.7 2.4 1.0 1.41 1.26
5.00 0.08 0.39 3.1 2.7 1.0 1.49 1.50
6.00 0.09 0.39 3.6 3.2 1.1 1.71 1.64
8.00 0.15 0.72 45 4.0 1.4 2.30 1.77
10.00 0.21 1.61 5.5 4.9 1.2 2.58
12.00 0.26 4.33 6.4 5.9 1.3 2.84
14.00 0.32 4.33 7.4 6.8 1.4 3.13
16.00 0.38 4.33 3.34
WELD FACTORS
BUTT 2
SOCKET 5
SCHEDULE 40 80 160 40 80 160
PIPESIZE WELD WELD WELD  WELD WELD WELD
IPS  BUTT  BUTT  BUTT SOCKET  SOCKET SOCKET
0.25 1.8 1.9 2.2 1.1 1.3 1.8
0.50 1.8 1.9 2.2 1.1 1.3 1.6
0.75 1.8 1.9 2.2 1.1 1.3 1.6
1.00 1.8 1.9 2.2 1. 1.3 1.6
1.25 1.8 1.9 2.2 1.3 1.4 1.9
1.50 1.8 1.9 2.2 1.3 1.4 1.9
2.00 2.7 2.9 4.6 1.9 2.1 2.6
2.50 2.7 2.9 4.6
3.00 2.7 2.8 48
3.50 3.4 3.8 6.7
4.00 3.4 3.8 6.7
5.00 4.2 4.8 8.5
6.00 5.1 5.9 10.0
8.00 6.2 7.2 13.0
10.00 7.5 8.6 15.0
12.00 8.2 9.6 18.0
14.00 3.4 1.0 20.0
16.00 11.0 12.0 23.0
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NSRP PANEL SP-4
FILE:ELECT COST ESTIMATING FORM FOR

BELECTRICAL INSTALLATIONS

PROJECT: “TITLE"
FILE3$XYZ123
THRU SHIP CABLES: Az 1 B: 1 C:
LOCAL CABLES: D3 1 B3 1 r: 1
WORK PROCESS WORK PROCESS UNIT ACTUAL STANDARD ACTUAL STANDARD MANHOURS
UNITS FACTOR AMOUNT STAGE STAGE FACTOR FACTOR REQUIRED
(MNHRS/
WORK UNIT)
1 OBTAIN MATERIAL PIECE 1.00 0 1 1 1.0 1.0 .0
RECEIPT & PREP
2 HANDLING
STORAGE PIECE .10 0 2 2 1.5 1.5 .0
TRANSPORTING PIRCE 1.00 0 4 4 3.0 3.0 .0
LIFTING PIECE 1.00 0 5 S 4.5 4.5 .0
3 INSTALL THRU SHIP CABLE
CABLE A
RO. COLLARS PIECE 2.70 0 2 2 1.5 1.5 .0
NO, SUPPORT TIERS PIECE .15 0 2 2 1.5 1.5 .0
NO. CABLE SUPPORTS PIECE «75 0 2 2 1.5 1.5 N
INSTALL CABLE IN FT .09 0 6 6 7.0 7.0 .0
INSTALL EQUIPMT PIECE 1.78 0 6 6 7.0 7.0 .0
CUT IN CABLE CABLE ENDS 1.09 0 6 6 7.0 7.0 0
CONNECT CONDUCTORS COND END «25 0 6 6 7.0 7.0 .0
CABLE B
RO. COLLARS PIRCE 2.70 0 2 2 1.5 1.5 .0
NO. SUPPORT TIERS PIECE «15 0 2 2 1.5 1.5 «0
NO. CABLR SUPPORTS PIECE «75 0 2 2 1.5 1.5 .0
INSTALL CABLE LN FT .09 [+ 6 6 7.0 7.0 0
INSTALL RQUIPMT PIECE 1.78 0 6 6 7.0 7.0 .0
CUT IN CABLE - CABLE ENDS 1.09 0 [ 6 7.0 7.0 .0
CONNECT CONDUCTORS COND END «25 0 6 [ 7.0 7.0 .0
CABLE C
NO. COLLARS PIECE 2.70 0 2 2 1.5 1.5 <0
RO. SUPPORT TIERS PIECE . .15 0 2 2 1.5 1.5 .0
NO. CABLE SUPPORTS PIRCE .75 0 2 2 1.5 1.5 .0
INSTALL CABLE IN FT .09 0 6 6 7.0 7.0 «0
INSTALL EQUIPMT PIECE 1.78 0 6 6 7.0 7.0 .0
CUT IN CABLE CABLE ENDS 1.09 0 6 6 7.0 7.0 .0
CONNECT CONDUCTORS COND END «25 o 6 6 7.0 7.0 .0
ELECTR - 1
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COST RESTIMATING FORM FOR

B:
B:

ACTUAL STANDARD

STAGE

[ [ I I W N

L I W L I

[ 3

FILE:ELECT
ELECTRICAL INSTALLATIONS
PROJECT: "TITLE"
FILE:XYZ123
THRU SHIP CABLES: At 1
LOCAL CABLES: D: 1
WORK PROCESS WORK PROCESS UNIT
UNITS FACTOR AMOUNT STAGR
(MNHRS/
WORK UNIT)
4 INSTALL LOCAL CABLE
CABLE D
IRSTALL CABLE LN FT .02 0 4
INSTALL EQUIPMT PIECE 1.78 0 4
CUT IN CABLE CABLE ENDS 1.09 0 4
CONNECT CONDUCTORS COND BRD «25 [ 4
CABLE B
INSTALL CABLE N T <02 0 4
INSTALL EQUIPMT PIECE 1.78 0 4
CUT IN CABLE CABLE ERDS 1.09 0 4
CONNECT CONDUCTORS COND END «25 0 4
CABLE P
INSTALL CABLE LN FT «02 0 4
INSTALL EQUIPMT PIECE 1.78 0 4
CUT IN CABLE CABLE ENDS 1.09 0 4
CONNECT CONDUCTORS COND ERD 25 0 4
5 GENERAL LIGHTING IN FT .02 0 4
CONNECT CONDUCTORS COND END .09 0 4
6 MAKE UP CONNECTORS COND END 20 0 4
7 TESTING CONDUCTOR .50 0 6
TOTAL TRADE MANHOURS
TRADE SUPPORT MANHOURS (35% OF TRADE MANHOURS)
TOTAL PRODUCTION MANHOURS
LABOR COST (MANHOURS X MNHR COST) $20.00
MATERIAL COST (FROM MATERIAL SCHEDULE)
TOTAL COST
ELECTR ~ 2

ACTUAL STANDARD MANHO
FACTOR REQUI

FACTOR
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NSRP PANEL SP-4
FILE: ELECT COST ESTIMATING DATA FOR

ELECTRICAL INSTALLATIONS

COST ESTIMATING PROCESS FACTORS
ELECTRICAL CABLE DATA TABLE

1 2 3 4 ] 8 7 8 9

CABLE CABLEWT COLLARS SUPPORT CABLE THRU LOCAL  INSTALL CUTIN CONNECT
GROUP {UPTO TIERS SUPPORTS CABLE CABLE EaQuiPM'T CABLES CONDUCTORS

LBSIFT) INCL ASST PULL PULL

(o} 0 0 0 o] o] o 0 (o] 0

1 0.18 2.70 0.15 0.75 0.08 0.02 1.78 1.09 0.25

2 0.29 3.23 0.15 1.13 0.10 0.03 2.38 1.28 0.30

3 0.98 3.25 0.15 1.34 0.11 0.04 1.63 1.6 | 047

4 1.1 3.25 0.15 1.96 0.12 0.05 2.43 1.77 0.64

5 2 3.25 0.15 2.00 0.14 0.12 6.62 2.28 0.98

6 4 3.25 0.15 3.00 0.19 0.20 7.98 3.00 1.50

7 8 3.25 0.15 4.00 0.28 0.30 8.00 4.00 2.50

8 >6.01 3.25 0.15 5.00 0.33 0.40 10.00 5.00 4.00

9 GEN LIGHT 0.02 0.08

ELECTR - 3
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NSRP PANEL SP-4

FILE: HVAC COST ESTIMATING FORM FOR
HVAC
PROJECT: "TITLE"
FILE:XY2123
MATERIAL: SHEETMETAL PERIMETER
DIAMETER
WORK PROCESS WORK PROCESS UNIT  ACTUAL STANDARD
UNITS FACTOR AMOUNT STAGE STAGE
(MNHRS/
WORK UNIT)
1 OBTAIN MATERIAL LN FT .1 0 1 1
RECEIPT & PREP
2 FABRICATE DUCTS
RECTARGULAR IN FT 1.78 0 1 1
ROUND LN FT .98 0 1 1
3 ASSEMBLE DUCTS
RECTANRGULAR IN FT «21 0 1 2
ROUND LN FT .11 0 1 2
4 INSTALL DUCTS
RECTANGULAR LN FT 1.45 0 1 4
ROUND IN FT 1.75 0 1 4
S5 HANDLING (XKITTING)
STORAGE PIECE .1 0 1 1
TRANSPORTING PIECE 1 0 1 3
LIFTIKRG PIECE .1 0 1 3
6 SURFACE PREP LN FT .1 0 1 2
7 COATING
PAINT LN FT .1 0 1 3
INSULATION LN FT .2 0 1 6
8 INSTALLATION
FOURDATIONS PIECE -8 0 1 2
EQUIPMENT PIRCE 16 0 1 4
9 TESTING
AIR IN FT .01 0 1 6
TOTAL TRADE MANHOURS
TRADE SUPPORT MANHOURS (35% OF TRADE MANHOURS)
TOTAL PRODUCTION MANHOURS
LABOR COST (MANHOURS X MNHR COST) $20.00
MATERIAL COST (FROM MATERIAL SCHEDULR)
TOTAL COST
HVAC - 1

1 INCHES
1 INCHES

ACTUAL STANDARD

FACTOR  FACTOR
1.0 1.0
1.0 1.0
1.0 1.0
1.0 1.5
1.0 1.5
1.0 3.0
1.0 3.0
1.0 1.0
1.0 2.0
1.0 2.0
1.0 1.5
1.0 2.0
1.0 7.0
1.0 1.5
1.0 3.0
1.0 7.0

MNHRS
REQ’L

.0

.0
0

'o
.0

.0
.0

.0
.0
.0

.0

.0

.0

.0

.0

.0

.0

$0
$0

sSo0
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FILE: HVAC COST ESTIMATING DATA FOR
HVAC WORK
MATERIAL: SHEETMETAL

COST ESTIMATING PROCESS FACTORS

DUCTWORK
RECTANGULAR FABRICATE ASSEMBLE  INSTALL
PERIMETER (INCHES) NWT
FROM TO
0 50 1.78 0.21 1.45
50 100 2.34 0.34 1.80
100 160 3.06 0.58 2.33
DUCTWORK
ROUND
DIAMETER {INCHES)
FROM TO
0 8 0.98 0.11 1.75
8 16 1.24 0.21 2.20
16 24 1.60 0.38 2.73

HVAC - 2
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Basi ¢ Language Statements for Program PRODA. BAS

100 ‘This Program "PRODA, calculates and stores data for PRODUCI BILITY

110 Parroter Evaluation Criteria submitted by individuals.

120

130 Dim(8,8), B(8,8),C(8),E(8),CS(8),R(8),I%(8) "Di mensi oning Work Arrays
140 COLOR 14,3

150

160

200 "MAIN PROGRAM ------mmmmmmmmmmmsmmmsmmooms mmmmommoommooos

210 CLS

290 INPUT "Enter the Project or Ship Type ldentifier o *, PRQJS
299

300 * waensrexewrewrexx (CONSj St ency Ratio Limt ROUtIiNE sxkxserrsrewkrrrrrdrts

305 CRLIM= .2

310 pRINT

313 COLOR 15,3: PRINT ‘The data to be entered will be rejected if the data is found

to be”

315 PRINT * excessively inconsistent. The limt currently set for the "

320 PRINT * consistency factor is "CRLIM. To nodify this limt, *

325 PRinT " enter ";:COLOR 14,3:PRINT "¥Y";:COLOR 15,3:PRINT " now. Any other
entry will leave the limit at "cRLmM® : “:: |[NPUT ““, CRLY$

335 IF CRLY$ <> “y” AND CRLY$ <> 'Y* TEEN GOTO 360

340 PRINT: INPUT “Enter your choice for the consistency factor limt : ", cRLm

345 |F CRLIM < 1 THEN GOTO 360
350 PRINT: PRINT: PRINT “The value for consistency factor limt nust be less than

1.000. Please try again": GOTO 340

360 COLCR 14,3

370 ' | FxrwwwwmxiEx End of Consistency Reading Subroutine **¥ksxiksxkx
371"

375 PRINT: INPUT "Enter Evaluator's Name : ", FLNAMES$: PRINT
380 InpuT “Enter Evaluator’s Organization ", ORG$: PRINT

383 1FERR = 25 THEN PRINT: INPUR "A PRINTER ERRORI IS IT ON? PRESS ENTER WHEN ON
" ,ERROK$ : RESUME

385 LPRINT "PRODUCIBILITY CRITERIA Wighting Evaluation for “PRQI$W Project~

386 LPRINT TAB(10) "Consistency Ratio Limit = ";: LPRINT USING "##.!###;; CRLIM:
LPRI NT

390 LPRINT * Evaluation by "FLNAMES" of "ORGS: LPRINT

399

400 t*4+++++++++++++++ SubRoutine "SELECTCRITERIONT tdtddttddddtdddtdid

430 t*#**x prints list of criteria from Data Section, user chooses one ***kki#

440 cLs

450 PRINT

460 PRINT n#%*+* Enter Criterion Code from List **ttxn

470 PRINT "Code","Label"," Number of Sub-Criteria”
480 RESTORE

490 READ NUMCRIT ' Number of Criteria

500 FOR I = 1 TO NUMCRIT

510 READ CRITSYM$, TITLES, NSC 'Criteria Symbols, Titles, # of SubCriteria
520 IF I>9 GOTO 550

530 PRINT TAB(2) ;CRITSYMS:SPC(2) ; TITLES ;SPC(2) ;NSC

540 GOTO 560

550 PRINT TAB(1) ;CRITSYMS;SPC(3) TITLES ; SPC(2) ;NSC

560 MEXT T

700 copEgmnn

PRCDA - 1
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770 INPUT "Enter Criterion Code to be Evaluated: ",CODES
780 PRINT

790 1F
800

VAL (CODE$) >0 AND VAL(CODE$) =< NUMCRIT TEEN GOTO 1000

900 ' **ddkkkkkkkkk** CRITERIA CODE ERROR SUBROUTINE Fhhfdkkrhdhwrktrhrid
950 PRINT

960 INPUT "You must enter one of the Criteria Codes to Continue: ", CODES

9ao0 GoTo 790
990 * w*wwwdkd* END of CODE ERROR SUBROUTINE trisssdriirhsssiisrsedsdiiiriwdd

999
1000
1020

kkhdkkkkkkkkkht CALCULATION ROUTINE Shhddhdddrhdkrhhrddrdrrdrhhirhhddhid
-------- Initializing Variables

1030 M =0
1040 cr = 0

1050 x
1060

= 1

1200 thkakddkhkbkkhkhthkkrkhtrtr® TNDUT ROUTINE Fhrhhhdhhhdhhdddhdhdhdkbhddkded
1201 to*ktdewwkdrkktrtri* To enter Questionnaire Data Frrrkdrdrddtddrddrrdrs
1230 GOTO 4000 ' To Select DAta

1240 cus

1250 PRINT "Here are the "CLONGS$" SubCriteria:"

1260 FOR I = 1 TO NC

1270 PRINT J$(I)
1280 NEXT I
1290 'PRINT

1295 'INPUT "WILL YOU USE HARD DATA FOR ANY OF THESE COMPARISONS? (Y,<N>) :",HD$
1300 LPRINT CLONG$ " Subcriteria Pairs"” TAB(59) "DOMINANT ONE, FACTOR"
1310 FOR I = 1 TO NC-1

- aNw

1320 FOR J = I+l TO NC
1325 PRINT
1330 PRINT TAB({Z5) “FOR COMPARISON OF ©

1340 COLOR 14,1: PRINT J$(I) TAB(33)" WITH "J$(J);: COLOR 14,3

1342 IF HD$ = nY" OR HD$ = "y" THEN GOTO 1345 ELSE GOTO 1350

1345 'PRINT:INPUT "WILL YOU USE HARD DATA? (Y,<N>) : ", DTATYPS

1346 *'IF DTATYP$ = "Y" OR DTATYP$ = "y" THEN GOTO 2500

1350 PRINT "WHICH HAS GREATER EFFECT ON MINIMIZING MANEOURS/COST? (":;I:" OR ";J:"
n::INPUT "r, X )

1360 IF (X=I) OR (X=J) THEN GOTO 1370

1365 COLOR 14,4: PRINT "ENTRY MUST BE EITHER "I" OR "J" ! TRY AGAIN":COLOR 14,3:

PRINT :

1370 INFUT "BY WHAT FACTOR? Must Be 1 (Equal) or Greater.

LI 4

GOTO 1330

1375 IF ¥<1 THEN GOTO 1378 ELSE GOTO 1380

1378

PRINT "DOMINANCE FACTOR MUST BE AT LEAST 1. ENTER A VALID NUMBER": GOTO 137

1380 INFUT "WANT TO CHANGE EITHER VALUE? (Y/<N>): ",X$

1380
1400
1410
1420
1430
1440
1450

IF (X$="Y") OR (X$="y") THEN GOTO 1325 ELSE GOTO 1400
IF X = I THEN A(I,J) = Y
IF ¥ = J THEN A(I J) = 1/Y
IF X = I THEN A(J,I) = 1/Y
IF X = J THEN A(J,I) = Y

LPRINT J$(I)" VS "J$(J) TAB(69) X;:LPRINT USING "#i###.##"; Y

NEXT J

1460 NEXT I
1470 PRINT: LPRINT
1480 INPUT "ARE ALL THE ENTRIES CORRECT? (<Y>/N): ",TESTS

1490

IF (TEST$="N") OR (TEST$="n") THEN GOTO 1240

1498 TRAXRAKRANXARANAANANE END OF INPUT ROUTINE *otddshthhddirrdrthrthrdhirts

PRODA - 2
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1499
1500 * khkkkkkkkk CALC[JLATIG\I RQJTI NE kkkkhkkkhkkhkhkhkhkkkhkhkhkhkhkkhkhkhkhkhkkhkhkhkhkkhkhx*k
1505 FOR | = 1 TO NC

1510  A(l,1) =

1520  E(1) o

1530  CS(1) =

1540 (1) = o

1550 NEXT |

1560 FOR J = 1 TO NC

1570 FOR 1 =1 TONC

1580 CS(J) = CS(JI)+A(l,J)
1590  NEXT |

1600 NEXT J

1610 *

1620 FOR | = 1 TO NC

1630  FORJ =1 TONC

1640 B(1,J) = A(l,J)/CS(J)
1650 (1) = (1) + B(1,J)

1660 NEXT J

1670 C(l) = C(1)INC

1680 NEXT |

1700

1720 ' ******** COMPUTE ROUTI NE
1735 CR = o

1740 EF = O

1745 K = 1

1750 LA =0

1755 M=o

1760 ForR1 = 1 TO NC

1770 FORJ =1 TO NC

1780 E(1) = E(1) + A(l,J)*C(J)
1790 NEXT J

1800 NEXT |
1810 FOR |
1820 LA
1830 | F
1840 NEXT |
1850 K = K +
1860 For 1 =
1870 E(l)
1880 NEXT |

1890 FOR I =1 TO NC

1900 |F ABS(E(1)-C(1))>.001 THEN EF = 1

1910 NEXT |

1914 FOR | =1 TO NC

1915 C(l) = E(I)

1916 NEXT |

1920 R(1)=.01: R(2)=.01: R(3)=.58: R(4)=.9: R(5)=1.12: R(6)=1.24: R(7)=1.32
1930 R(8)=1.41

1940 RI=R(NC)

1941 |F EF = 1 THEN GOSUB 1720

1942 MU = (LMNC)/(NC-1): CR = MJRI

1943 PRINT: PRINT “JUDGEMEN ARE:: "

1944 PRINT TAB(l1O; "For “;CLONGS “ Subcriteria: "

khkkhkkkhkhkkdhkhhhdhkhhhdhkhhhdhhhrdhdhrdxi*x

TONC
+ E(1)

1 THEN tm= LM+ E(1)/c(1)/ne
TO NC

E(1)/LA

1 —F

1945 FORI =1 TONC
1946 PRINT TAB(15) J$(I1);” = “; TAB(60) ;: PRI NT USI NG “##. ####"; E(1)
1947 NEXT |

PRODA - 3
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1948
1950
1552
1960
2030
2050
2060
2070
2090
2100
2101
2102
2103
2104
2105
2106
2109
2110
2111
2113
2114
2115
LE & 2 £ 4
2120
2150
2155
2160
2170
2180
2190
2200
2210
2220
2230
2240
2250
2260
2270
2275
2280
2300
400
2310
2320
23285
2330
2340
2348
2350
2360
2370
2380
2390
2400
2500
2502

' PRINT

PRINT TAB(20) "Consistency Ratio = ";:PRINT USING T{¥. R ;CR
PRINT TAB(20) "Lambda Max = " ; :PRINT USING "##.##¥##" ;1M

]

LPRINT TAB(2) "Resulting " CLONG$ " SubCriteria Weighting Factors:"
FOR I= 1 TO NC

LEPRINT SPC(10):;J$(I) ;" = ";TAB(65) ; :LPRINT USING "#.####" ;E(I)
NEXT I
LPRINT TAB(l1l5) "Consistency Ratioc = n . - LPRINT USING "##.####" ;CR
LPRINT TAB(15) "Lambda Max = " :LPRINT USING "##.####" ;1M
IF CR <= CRLIM THEN GOTO 2115
L
LPRINT "THIS CONSISTENCY RATIO IS GREATER THAN "CRLIM" AND THEREFORE THE
LPRINT "DATA HAS NOT BEEN FILED" :LPRINT
PRINT "THEESE RESULTS ARE NOT CONSISTENT ENOUGH TO BE USED.": PRINT
PRINT "TO REEVALUATE, ENTER ¥ <¥>."
PRINT "TO QUIT EVALUATING "CLONGS" SUBCRITERIA, ENTER Q"
PRINT: PRINT "ENTER YOUR SELECTION (<Y¥> or Q) HERE : ": I$ = INPUTS(1)
IF I$ = "Q" OR I$ = "q" THEN GOTO 2280
GOTO 1310
L
LPRINT

ORI eRrcpriguepepropr g oo PR R R L T S R R X L 2 L 2 L 2 L L Ll L L L g g L Ll Ll sl Al sl L LD )]
TRARRIARRRARRIARSY END OF COMPUTE ROUTINE * ¥ XXXk AAAAAAAAAAAIRAN

1

(R2 1222224322224 ROUTINE FOR FILING DATA E 222222223222 222 22222222324
PRINT: PRINT "Producing Data File"

C$ = "A:\PROD\DATA\" +CODES$ + PROJS

OPEN "A",#1,C$

WRITE#1,FLNAMES

WRITE#1,0RGS

PRINTH#1,USING"##. ####" ;1M

PRINT#1,USING"##. ####" ;CR

FECR I =1 TC NC
PRINTH#1,USING "##.###8",;E(I)
NEXT I
CLOSE#1
ITRRRRRARERRRRRERRARRY  END OF FILING ROUTINE ArArhvdhdhddhbhthhrdrs
1

PRINT: INPUT "Another Evaluation for the Same Perscn? (<Y>/N): ",P$: PRINT
IF (P$="N") OR (P$="n") THEN INPUT "Start a new person? (<Y>/N): ",Q$ ELSE &

IF (Q$="N") OR (Q$="n") THEN GOTO 2340
LPRINT CHRS$ (12)
GOTO 375

1 4
! keewkdwdtsr QUITFILE SUBROUTINE *rwdsddaadhddadhddhdtrrdrdhhdhrs

LPRINT CHRS$ (12)
PRINT
PRINT "Now exiting this program and closing the output data file."

CLOSE #1

TR ERAREARERARENRNRARARRRRRIRARRRIRNNRNANRNNN
1

! e seeessseemeeses HARD DATA CALC ROUTINE St NI
'PRINT: PRINT " BE SURE TO USE ";::COLOR 14,5:PRINT "SMALLER";:COLOR 14,3:PRI!

" YALUE FOR ";:COLOR 14,5:  PRINT "SUPERIOR";: COLOR 14,3:PRINT " CHOICE"
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2503 'PRINT "ZERO AND NEGATIVE VALUES ARE NOT PERMITTED"
2505 'PRINT "ENTER VALUE FOR ";:COLOR 14,2:PRINT J$(I);:COLOR 14,3: INPUT " :

" ,DTAVAL(I)

2510 'PRINT: PRINT "ENTER VALUE FOR ";:COLOR 14,2:PRINT J%(J);:COLOR 14,3:INPUT "
" ,DTAVAL (J)

2512 'IF DTAVAL(I) > O AND DTAVAL(J) > 0 THEN GOTO 2515

2513 ! COLOR 14,5: PRINT "A ZERO OR NEGATIVE VALUE WAS ENTERED. PLEASE TRY

AGAIN" :COLOR 14,3: GOTO 2500

2515 'INPUT "WANT TO CHANGE EITHER VALUE? (Y,<N>) : ",¥NS

2520 ' IF ¥YN$ = n¥Y" OR YIN$ = wy" THEN GOTO 2500
2525 'A(I,J) = DTAVAL(J)/DTAVAL(I)

2530 'A(J,I) = 1/A(I,J)

2540 'IF A(I,J) >= 1 THEN X = J ELSE X = J

2550 'IF X = I THEN ¥ = A(I,J) ELSE ¥ = A(J,I)

2560 'LPRINT J$(I)" VS "J$(J) TAB(51) ;:LPRINT USING

"H## 4N #E" ;DTAVAL (I) ;DTAVAL(J) ; : LPRINT " "X;:LPRINT USING "##¥¥¥.#¥#v;Y
2590 'GOTO 1450

2596 END HARD DATA CALC ROUTINE

2597 !

2509 1HRAKRAKRKARIRAEINCARARINY DATA SECTION ArErkrdkdrktrrkrrthhrhikirts
2600 DATA 21

2610 DATA "1"," PRODUCIBILITY PARAMETERS ", 5
2620 DATA n"2"," ARRANGEMENT ",4
2630 DATA "3",w SIMPLICITY "3
2640 DATA n"4" " Shape of Piecas "3
2650 DATA u5n,n MATERIAL n,2
2660 DATA "6"," STANDARDIZATION n,2
2670 DATA ®7n,n Component Standardization .3
2680 DATA n"g","n Structural Components ",3
2690 DATA n9n,n FABRICATION/ASSEMBLY ",6
2700 DATA "10w," HWelding ",2
2710 DATA "l1llw,n Welding Process "3
2720 DATA n"iz2n,n Welding Configuration ",3
2721 DATA "13" " Fillet Configuration ",2
2722 DATA "14"," Sheetmetal ",2
2723 DATA "15¢," Machining ",3
2724 DATA "16"," Pipefitting n,5
2725 DATA "17v"," | Pipefitting Process ",2
2726 DATA "18","  Electrical/Elex n.3
2727 DATA "1ig9n , = Cable Length/Size ",2
2728 DATA "20"," HVAC "3
2729 DATA n21"," HVAC Ducting n,4

2730 IRZ 2323 222282222222 2222 END OF DATA SECTION 12222222 22222222222 2222227

2740

4000 T whhhk SEI‘BCT CRITERIA INFO sUBRoUTms t 2 2422223222422 222 22222 222 2°2°2°%"3

4010 ON VAL (CODE$) GOTO
4030,4110,4210,4280,4350,4430,4510,4600,4670,4760,4840,4920,6210, 6280, 6350, 6640, 6710
,6800,6870,6960,7000

4020 *

4030 S$ = "SET 1

4040 CLONG$ = "TOP LEVEL PRODUCIBILITY PARAMETERS"

4050 NC = 5

4060 J$(1) = " (1) ARRANGEMENT"

4070 J3(2) = "(2) SIMPLICITY"

4080 J$(3) = " (3) MATERIAL"

4082 J3(4) = " (4) STANDARDIZATION"

4085 J8(5) = "(5) FABRICATION/ASSEMBLY REQUIREMENTS"
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4090 coro 1240
4100

4110 s$ = "SET 2°
4120 CLONG$ = "Arrangement
4130 NC=4

4140 J$(1) = "(1)

4150 J$ (2) = *
4160 J$(3) = *
4170 J$(4)

(
(3
ll( )

4190 coro 1240

4200
4210
4220
4230
4240
4250
4255
4260
4270
4280

S$ = “SET 3¢

2)
)

ENHANCED COMPONENT PACKAG NG'
DI RECT RQUTI NG OF DI STRI BUTI VE SYSTEMS'

| NTERFERENCE AVO DANCE

VOLUMETRI C DENSI TY"

CLONG$ = “SIMPLICITY”

NC=3
I$(1)
J$(2) = "(2)
J$(3) = "(3)
GOTO 1240

"(1)

S$ = “SET 4°

SHAPE OF PI ECES'
ACCESSI BI LI TY"
NUMBER OF PI ECES

4290 CLONG$ = "SHAPE OF PI ECES'

4300
4310
4320
4322

NC=3

3$(1)
3$(2)
I$(3)

“(1)
"(2)
"(3)

4330 coro 1240

4340
4350
4360
4370
4380
4390
4400
4410
4420
4430
4440
4450
4460
4470
4490
4500
4510
4520
4530
4540
4550
4560

S$ = “SET 5*

FLAT PLATE"
SI MPLE CURVATURE"

RECTANGULAR CONFI GURATI ONS”

CLONGS = "MATERI AL”

NC=2
IS(1)
I$(2)

“(1)
(2)

MATERI AL COSTS
WASTEAGE FACTOR'

T I8(3) = ()"

coro 1240

S$ = ' SET 6°

CLONGS = " STANDARDI ZATI ON'

NC=2

J$(1) = "(1) COVPONENT STANDARDI ZATI ON'
PROCESS STANDARDI ZATI ON

J$(2) = "(2)
acoro 1240

S$ = "SET 7

CLONGS = " COVPONENT STANDARDI ZATI ON'

NC=3

3$(1)
I$(2)
3$(3)

"(1)
"(2)
“(3)

4580 coro 1240

4590
4600
4610
4620
4630
4640
4642
4650

S$ = "SET 8°

CLONGS = " STRUCTURAL COVPONENTS

NC=3
3$(1)
J$(2) = "(2)
J$(3) = "(3)
@OrO 1240

"(1)

St RUCTURAL"
OUTFI TTI NG
EQUI PMVENT"

PLATE TH CKNESS’
SHAPES'
SI ZES"
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4660
4670 S$ = “ SET 9*

4680 CLONGS = "‘' FABRI CATI ON ASSEMBLY REQUI REMENTS'
4690 Nc=6

4700 J$(1) = "(1) VELDI NG CONSI DERATI ONS"

4710 J$(2) = “(2) SHEETMETAL CONSI DERATI ONS’

4720 J$(3) = "(3) MACH NI NG CONSI DERATI ONS”

4730 J$(4) = “(4) PIPEFI TTING CONSI DERATI ONS'
4732 J$(5) = "(5) ELECTRI CAL/ ELECTRONI CS’

4734 J$(6) = “(6) HVAC CONSI DERATI ONS'

4740 GOTO 1240

4750

4760 S$ = "SET 10"
4765 CLONG$ = “WELDI NG CONSI DERATI ONS
4770 NG 2

4780 J$(1) = "(1) VELDI NG PROCESS'
4790 J$(2) = "(2) VELDI NG CONFI GURATI ON'
4820 GOTO 1240

4830

4840 s$ = "SET 117
4850 CLONG$ = "VELDI NG PROCESS

4860 NC=3
4870 J$(1) = “(1) AUTOVATI ON ACH EVED'
4880 J$(2) = “(2) POSITION OPTI M ZATI ON'
4890 J$(3) = "(3) HEAT TREATMENT’

4900 coro 1240

4910

4920 S$ = “SET 127
4930 CLONGS = VEELDI NG CONFI GURATI ON'

4940 NC=3
4950 J$(1) = "(1) FILLET CONFIG N'
4960 J$(2) = “(2) WELD LENGTH'
4970 J$(3) = “(3) WELD TYPE’

4990 GOTO 1240

5000 *

6210 S$ = “SET 13"
6220 CLONGS = “FILLET CONFI GURATI ON

6230 NC=2
6235 J$(I) = “(1) PLATE BEVEL ANGLES'
6255 J$(2) = "(2) NUMBER OF PASSES'
6260 coro 1240

6270

6280 S$ = "SET 14"
6290 CLONG$ = " SHEETMETAL"

6300 NC- 2
6310 J$(1) = "(1) CONFI GURATI OV
6320 J$(2) = “(2) PROCESS REQUI RED'
6330 coro 1240

6340 *

6350 S$ = "SET 15”
6360 CLONGS = "MACHZNI NG'

6370 NC=3
6380 J$(1) = "(1) USE OF COMVON FOUNDATI ONS'
6390 J$(2) = “(2) MOUNTI NG DETAILS’

6600 J$(3) = “(3) | NSTALLATI ON’

6610 coro 1240

6620 *
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6630 S$ = "SET 16"
6640 CLONG$ = "PIPEFI TTI NG CONSI DERATI ONS'

6650 NC=5
6660 J$(I) = “(1) PIPEFI TTING PROCESS’
6670 J$ (2) = “(2) PIPE SIZE’

6680 J$ (3) = “(3) PIPE LENGTH

6682 J$(4) = “(4) PIPE MATER AL”
6684 J$ (5) = “(5) PIPING SUPPORT NEEDS’
6690 GOTO 1240

6700

673.0 S$ = “SET 17

6720 CLONGS = “PI PEFI TTING PROCESS’

6730 NC 2
6740 J$(1) = “(1) USE OF BENDS VICE FITTINGS'
6770 J$(2) = “(2) CONNECTION TYPE"

6780 coro 1240

6790 *

6800 S$ = “SET 18"
6810 CLONG$ = "ELECTRI CAL/ ELECTRONI CS CONSI DERATI ONS”

6820 NC 3
6830 J$(1) = "(1) CABLE LENGTH Sl ZE'
6840 J$(2) = “(2) CONNECTI ONS/ HOORUPS’
6842 J$(3) = “(3) W REWAYS

6850 GOTO 1240

6860

6870 S$ = “SET 19"

6880 CLONGS = “ELECT/ELEX CABLES’
6890 NC=2

6900 J$(1) = “(1) LENGTH

6910 J$(2) = “(2) size”

6940 coro 1240

6950 °

6960 S$ = "SET 20"

6967 CLONGS = "HVAC CONSI DERATI ONS"

6970 NC-3

6980 J$(1) = “(1) HvVAC DUCTI NG’

6990 J$(2) = “(2) HVAC EQUI PMENT | NSTALLATI ON
6995 J$(3) = “(3) EVAC | NSULATI ON'

6997 coro 1240

6999 *

7000 S$ = “ SET 21"

7010 CLONGS = “HVAC DUCTI NG

7020 NC-4

7030 J$(1) = “(1) DUCT SIZzZE’

7040 J$(2) = "(2) DUCT LENGTH'

7050 J$(3) = “(3) DUCT MATERI AL TYPE"

7060 J$(4) = "(4) DUCT CONFI GURATI ON CHANGES'
7070 GOTO 1240

8000 END
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Basi ¢ Language Statenents for Program PRODB. BAS

100 ‘TH'S IS PROGRAM PRODB. BAS, WH CH DEVELOPS THE COVBI NED VI GHTI NG VALUES

101 ° FOR THE PRODUCIBILITY CRITERIA WH CH | NDI VI DUALLY DETERM NED W TH
102 ° PROGRAM PRCDA. BAS.

103 *

105 COLOR 14,3

195 °

200 DIM A$(8),T(8),GT(8),J$ (8) ,u$(50),V$(50), SUVED(8), AVGED(8), NGV 8)
205 CLOSE

300 CLS

301 INPUT “ENTER PROJECT OR SHIP TYPE | DENTI FI ER . ", PROJ$

302 |F ERR-25 GOTO 304

303 GOTO 306
304 PRINT- | NPUT “PRINTER ERRCR. 1S | T TURNED ON? PRESS ENTER WHEN I T IS,

", ERRORS: RESUME

306 LPRINT: LPRI NT “PRODUCI BILITY CRI TERIA Wighting Factors for the “PRQJ$”
Project™ LPRINT

310 CLS

320 ¢ FEEFEEEEEX CRITERIA SELECTI ON ROUTI NE
330 PRI NT PRI I I I I 0 0 0 0 I I I I 3 CRI TERI A COI LI STI I\B E R 0 b 0 b b b I I b O
340 PRINT 7AB(8) “Code” TAB(18) "Title" TAB(50) “Nunber of Sub-Criteria”

350 RESTORE

360 READ NUMCRI T * Nunber of Criteria

370 FOR | = | To NUMCRI T

380 READ CRI TSYM, TITLE$, NSC 0‘Criteria Synbols, Titles, # of
SubCriteria

390 PRI NT TAB(10): CRITSYMs: SPC(2) TI TLES$; SPC(2) ; NSC

400 NEXT |

402 NUMCR$ = STR$( NUVCRIT)

404 |F NUMCRIT <10 THEN NUMCR$ = RI GHT$(NUMCRS$, |) ELSE NUMCR$ =

RIGHT$  ( NUMCRS, 2)

khkkkkhkhkkdhkkhhhdhkhhhdhkhhrdhkdhrdxk*x

410 * Criteria Code Selection Process Begins

420 CCDE$=""

430 PRINT “Enter 99 to Generate Mean Values for Al Criteria, or”

440 INPUT “Enter Code Nunmber of Criterion to be Eval uated : " ,CODES

445 CODE = VAL( CODES$)

450 |F OODE <= NUMCRI T THEN FLAG = 1: GOTO 1050

460 | F CODE$ = “99” THEN 1010

470 INPUT “THAT I'S AN INVALID ENTRY. TRY AGAIN OR QUIT? (<T>/Q: *, (8
480 IF ((®="Q) OR (®="q")) = GOTO 1710 ELSE GOTO 310

490 °

500 '

1000 R R I b I I S I b b S S I I I I S S b S I I I b b O b b b b O
1010 FLAG = O

1020 FOR CRIT = 1 TO NUMCRI T

1030 s$ = STR$(CRIT)

1040 |F CRYT < 10 THEN CODE$ = RI GHT$(s$,!) ELSE CODE$ = RI GHT$(S$, 2)

1050 C$ = “A\ PROD\DATA\" + CODE$ + PRQJ$
1055 GOSUB 4000

1058 LPRINT

1059 ON ERROR GOTO 1063

1060 OPEN'I", #l,C$

1062 coro 1070
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1063 PRINT “THERE ARE NO ENTRIES FOR CRI TERI ON “CLONGS” ON THE “PRQJ$’
PROGRAM

1064 CLCSE #1

1065 |F FLAG = O THEN RESUME 1067

1066 RESUME 1670

1067 NEXT CRIT

1070 TCR=O

1080 LMr=1

1090 CRT=

1096 SUMGTI = O

1100 RCQOUNT-O

1105 LPRINT “Individuals’ Wights for: "CLONGS" SubCriteria are: ": LPRINT
1110 FOR'1 =1 TO NC

1120 T(1) =1

11256 SUMED (1) = O

1130 NEXT |

1140 IF EOF (1) THEN GOTO 1310

1150 RCOUNT = RCOUNT + 1

1160 | NPUT#I , U$( RCOUNT)

1170 | NPUT#I , V$( RCOUNT)

1180 INpuT#l , LM

1190 | NPUT#l , CR

1195 LPRINT U$(RCOUNT) “ of “ V$(RCOUNT) TAB(61) *“WElICGHT"
1200 LMI = LMI*LM

1210 ‘' CRT = CRT*CR

1220 FORI =1 TONC

1230 | NPUT#| , ED

1250 T(I)-T(1)*ED

1260 SUMED(1) = SUMED(I) + ED

1265  LPRINT J$(1) TAB(60); : LPRINT USI NG “##. ####"; ED

1270 NEXT |
1275 LPRINT TAB(10) "Consistency Ratio = ";:LPRI NT USING “##. ####", cR

1276 LPRINT TAB(10) "Lanbda Max = ", LPRINT USING "##. ####"
1277 LPRINT

1280 coro 1140

1290 °

1310 CLOSE#I

1320 CLS

1330 l *kkkkkk%x CALCLJLATE PRmM kkkkkkkkk*k

1350 A.MI=0 "INl TI ALl SE TOTAL COUNTERS

1360 GCRT=0

1370 GOSUB 4000

1380 FoR1 = 1 TO NC

1390 GI(l) =0

1400 NEXT |

1410 ‘FOR | = 1 TO RCOUNT

1420 *  LPRINT U$(1) TAB(30) V$(I)

1430 ‘ NEXT |

1439 PRINT “For "CLONGH"SubCriteria Weights,”

1440 PRINT: PRINT “ There were “RCOUNT” Evaluators. The Ceonetric Means of
their responses are:”

1450 LPRINT "The total nunber of respondents = “; RCOUNT
1460 PRINT : LPRINT
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1480 LPRINT “The Normalized Geonetric Mean of the above individual evaluations
Of n

1485 LPRINT CLONGS “ SubCriteria Wights for the * “PRQJ$" * project are :*“
1495 LPRINT “

NGt
1500 FOR | = 1 TO NC

1510 GT(1) = T(1)*(1/RCOUNT)
1512 SUMGTI = SUMGTI + GT(1)
1515 NEXT |

1516 FOR | = 1 TO NC

1517 NGH(I) = GT(1)/SUMGTI

(
1518  AVGED(1) = SUMED(!)/RCOUNT

1520 PRINT J$(1) TMB(25) “value = "TAB(58);: PRINT UsING "###. ##H#H#" ; NG| )
1530  LPRINT J$(1) TAB(58);:LPRINT USING “###Ht. #itH#" NGV 1)

1540 NEXT |

1550 PRINT : LPRINT

1560 GLMT = LM (| / RCOUNT)

1570 ' GCRT = CRTY(|/ RCOUNT)

1580 PRINT “The Geonetric Mean of Lanmbda Max Total = “;:PRINT USING “##. ####" ;
GLMI: PRI NT

1590 LPRINT "The GCeonetric Mean O Lanbda Max Total = “;:LPRINT USING

“HH. #HH#HH" G

1591 LPRI NT

n***************************************************************************W

1595 * LPRI NT CHR$(12)

1600 PRINT : LPRINT

1650 I F FLAG = 1 THEN GOTO 1670

1660 NEXT CRIT

1665 | F FLAG = O THEN GOTO 1690

1670 INPUT “Evaluate nore Criteria for the sane Project? (<Y>/N: “, @$
1680 IFQ@3$ = "N OR @$ = “n” THEN GOTO 1690 ELSE GOTO 306

1690 INPUT "Want To Evaluate Criteria for another Project? (Y/<N>): “, @B$
1700 IF @B$ = "y” OR @$ = “Y' THEN LPRINT CHR$(12) : GOTO 300

1710 CLOSE#1

1720 LPRINT CHRS$(12)

1730 END

1740 '

2590 LI R R R b R b R DATA SECTI O\l | kkkkkkkkkkkhkkhkdkkdkkhkkhkkhkkhx*k
2600 DATA 21

2610 DATA "1"," PRODUCIBILITY PARAMETERS "5
2620 DATA "2",” Arrangenment "4
2630 DATA "3"," SIMPLICITY "3
2640 DATA "4"," Shape of Pieces "3
2650 DATA "5", MATERI AL "2
2660 DATA "6"," STANDARDI ZATI ON "2
2670 DATA "7"," Conmponent St andardi zation "3
2680 DATA "8"," structural Conponents "3
2690 DATA "9"," FABRI CATI ON/ ASSEMBLY "6
2700 DATA "10"," Wl di ng "2
2710 DATA "1I"," Wl ding Process "3
2720 DATA "12",” el ding Configuration "3
2721 DATA “13",” Fillet Configuration "2
2722 DATA "14")” Sheet net al "2
2723 DATA “15",”" Machi ni ng "3
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2724 DATA “16", " Pi pefitting .5
2725 DATA ‘17", " Pipefitting Process 11,2
2726 DATA “18", " El ectrical / El ex “ 3
2727 DATA "19",° Cable Length/Size "2
2728 DATA “20",” HVAC "3
2729 DATA “21"," HVAC Ducti ng "4
2730 T hkkkdkkdkkddxkdkkk**x*x END O: DATA SECTIO\I kkkkkhkkkkhkkkhkkkhhkkkhkhkkhkkk*k
2740 °

kkkkkkkkkkkkkkdkdkdkdkdkdkddxdkdkxxkxx*x*x

4000 ' *****  SELECT CRITERIA | NFO SUBROUTI NES
4010 ON VAL(CCDE$) @GOTO
4030,4110,4210,4280,4350,4430,4510,4600,4670,4760,4840,4920,6210,6280,6350,664
0, 6710, 6800, 6870, 6960, 7000

4020 *

4030 S$ = "SET 1°

4040 CLONGP = “Top LeveL Propbuci BiLI TY PARAMETERS"

4050 NC = 5
4060 J$(1) = "(1) ARRRANGEMENT"

4070 J$(2) = "(2) SIMPLICITY

4080 J$(3) = “(3) MATERI AL’

4082 J$(4) = “(4) STANDARDI ZATI ON'

4085 J$(5) = “(5) FABRI CATI ON' ASSEMBLY REQUI RENENTS'
4090 RETURN

4100 *

4110 S$ = “SET 2*
4120 CLONGS = “ ARRANGEMENT"

4130 nr;4
4140 J$(1) = “(1) ENHANCED COMPONENT PACKAG NG'

4150 J$(2) = “(2) DIRECT ROUTING OF DI STRIBUTI VE SYSTEMS'
4160 J$(3) = “(3) | NTERFERENCE AVO DANCE’

4170 J$(4) = “(4) VOLUVETRI C DENSI TY"

4190 RETURN

4200

4210 S$ = “SET 3"

4220 CLONG$ = “SIMPLICITY"

4230 NC=3

4240 J$(1) = “(1) SHAPE OF Pl ECES"
4250 J$(2) = “(2) ACCESSIBILITY"
4255 J$(3) = “(3) NUMBER OF PI ECES
4260 RETURN

4270 °

4280 S$ = “SET 4°

4290 CLONG$ = “SHAPE OF Pl ECES"
4300 NC=3

4310 J$(1) = "(I) FLAT PLATE"

4320 J$(2) = “(2) SIMPLE CURVATURE
4322 J$(3) = “(3) RECTANGULAR CONFI GURATI ONS’
4330 RETURN

4340

4350 S$ = “SET 5*

4360 cLone® = “MATERI AL

4370 NC=2
4380 J$(1) = "(1) MATERIAL COSTS’
4390 J$(2) = "(2) WASTEAGE FACTCR'
4400 ¢ J$(3) = “(3)
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4410
4420
4430
4440
4450
4460
4470
4490
4500
4510
4520
4530
4540
4550
4560
4580
4590
4600
4610
4620
4630
4640
4642
4650
4660
4670
4680
4690
4700
4710
4720
4730
4732
4734
4740
4750
4760
4765
4770
4780
4790
4820
4830
4840
4850
4860
4870
4880
4890
4900
4910
4920
4930
4940

RETURN

$$ = "SET 6"

CLONGS = " STANDARDI ZATI ON’
NC=2

J$(1) = “(1) COVPONENT STANDARDI ZATI ON'

J$(2) = “(2) PROCESS STANDARDI ZATI OV
RETURN
S$ = “SET 7°

CLONGS = "COVPONENT STANDARDI ZATI ON'
NC=3
J$(1) = “(1) STRUCTURAL"

J$ (2) = "(2) OUTFITTING

J$ (3) = "(3) EQU PMVENT”

RETURN

S$ = "SET 8"

CLONGS = “STRUCTURAL COVPONENTS'

NC=3
J$ (1) = “(1) PLATE THI CKNESS’

J$ (2) = “(2) SHAPES’

J$ (3) = “(3) SIZES'

RETURN

s$ = “SET 9¢

n?clqgm = “FABRI CATI ON/ ASSEMBLY REQUI REMENTS’
J$ (1) = "(1) VELDING CONSI DERATI ONS"

J$ (2) =" (2) SHEETMETAL CONSI DERATI ONS'
J$ (3) =* (3) MACH NING CONSI DERATI ONS’
J$(4) = * (4) PIPEFITTING CONSI DERATI ONS’
J$ (5) =* (5 ELECTRI CAL/ ELECTRONI CS’
J$(6) = “(6) HVAC CONSI DERATI ONS'

RETURN

S$ = "SET 10"

CLONGS = “WELDI NG CONSI DERATI ONS"

NC=2

J$ (1) = " (1) WELDING PROCESS’
J$ (2) =* (2) WELDI NG CONFI GURATI ON'
RETURN
S$ = " SET 11"
CLONG$ = “WELDI NG PROCESS"
NC=3

( “ (1) AUTOVATI ON ACH EVED'

J$ (1)
J$ (2) =" (2) POSITION OPTI M ZATI ON'
J$ (3) =" (3) HEAT TREATMENT"
RETURN

S$ = "SET 127
CLONGS = "WELDI NG CONFI GURATI ON'
NC=3
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4950 (|) =“ (1) FILLET CONFIG N
4960 J$ (2) =" (2) VELD LENGTH’
4970 J$ (3) = (3) WELD TYPE'

4990 RETURN

5000

6210 S$ = "SET 13"
6220 CLONGS = “FILLET CONFI GURATI ON'

6230 NC=2

6235 J$(1) = “ (1) PLATE BEVEL ANGLES'
6255 J$ (2) = (2) NUMBER OF PASSES'
6260 RETURN

6270

6280 S$ = “SET 14"
6290 CLONGS = “SHEETMETAL"

6300 NC=2

6310 J$ (1) =" (1) CONFI GURATI ON'
6320 J$ (2) = “ (2) PROCESS REQUI RED'
6330 RETURN

6340

6350 S$ = "SET 15"
6360 CLONG$ = "Machi ning"

6370 NC=3

6380 J$ (1) = “ (1) USE OF COMWDN FOUNDATI ONS'
6390 J$ (2) =" (2) MOUNTING DETAILS'

6600 $ (3) = (3) | NSTALLATI ON"

6610 RETURN

6620

6630 S$ = “SET 16"
6640 CLONGS = “PIPEFI TTI NG CONSI DERATI ONS"

6650 NC=5

6660 J$(1) =" (1) PIPEFITTING PROCESS'
6670 J$ (2) =" (2) PIPE SIZE"

6680 J$(3) =" (3) PIPE LENGTH'

6682 J$(4) =" (4) PIPE MATERIAL"

6684 J$ (5) =" (5 PIPING SUPPORT NEEDS"
6690 RETURN

6700

6710 S$ = "SET 17"
6720 CLONGS = “PIPEFI TTING PROCESS'

6730 NC=2

6740 J$(I) =" (1) USE OF BENDS VI CE FI TTI NGS"
6770 J$ (2) = “ (2) CONNECTI ON TYPE"

6780 RETURN

6790

6800 S$ = "SET 18"

6810 CLONGS = "ELECTRI CAL/ ELECTRONI CS CONSI DERATI ONS*
6820 NC=3

6830 J$ (1) = " (1) CABLE LENGTH SI ZE"

6840 J$ (2) = “ (2) CONNECTI ONS/ HOOKUPS"

6850 J$ (3) = " (3) H REWAYS’

6860 RETURN

6865

6870 S$ = "SET 19"
6880 CLONG$ = "ELECT/ ELEX CABLES"
PRODB - 6
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6890 NC=2

6900 J$ (1) = "(1) LENGTH'
6910 J$ (2) = “(2) SIZF
6940 RETURN

6950 '

6960 S$ = “SET 20”

6967 CLONGS = "HVAC CONSI DERATI ONS”

6970 NC=3

6980 J$(1) = "(1) HVAC DUCTING'

6990 J$(2) = “(2) HVAC EQUI PMENT | NSTALLATI ON'
6995 J$(3) = “(3) HVAC | NSULATI QN

6997 RETURN

6999 °

7000 S$ = “ SET 21"

7010 CLONGS = "HVAC DUCTI NG’

7020 NC=4

7030 J$(1) = “(1) DUCT SIZE

7040 J$(2) = “(2) DUCT LENGTH

7050 J$(3) = “(3) DUCT MATERIAL TYPE"

7060 J$(4) = “(4) DUCT CONFI GURATI ON CRANGES”
7070 RETURN

7080 °

8000 END
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GW BASI C Language Statenents for Program PRODC. BAS
100 'This Program "PRODC', calculates and stores an individual's choice
110 of weighting factors for each design variant for each criteria eval uated,
111 ' and then prints out the data so it can be used in a spreadsheet program
120
130 DM A(3,3), B(3,3),C(3),E(3),CS(3),R(9),JI$(9),ALT$(3) ‘Dinensioning Wrk Arrays
140 COLOR 14,

150 CRLIM= .2 set default consistency ratio limt

160

170 "MAIN PROGRAM "~ """ """m-m=msmmmmmssmsmss mosmmsmsmsmsmsmeees

180 CLS

200 npuT "Enter the Project or Ship Type ldentifier : ", B
210 PRINT : INPUT “Enter the design change being eval uated

n CHANGE$

300 °

310 ‘bbb Nanming Design Alternatives  drbddddddddddddttbttttbt
315 FLAG = 3

316 PRI NT

320 INPUT “Enter a TITLE for Alternative 1 (8 letters or |ess) :on,
ALTS (1)

340 PRINT: INPUT "Enter a TITLE for Alternative 2 (8 letters or |ess)

" ALTS$(2)

350 PRINT: INPUT "Now nane Alternative 3 (8 letters) or press ENTER to bypass
", ALTS(3)

370 IF ALT$(3) = "" THEN FLAG = 2: DTAVAL(3) = O

375 PRINT: PRINT "The Alternatives you have chosen are listed bel ow ": PRI NT
380 PRINT “ Alternative 1 is “ ALTS(1)

382 PRINT Alternative 2 is “ALTS (2)

384 IF FLAG = 3 THEN PRINT " Alternative 3 is “ALT$(3) ELSE PRINT "No
Alternative 3"

385 PRINT: PRINT “Are these Alternatives Correct? (<Y>/N) : ": QL$ = INPUTS$(I)

386 IF QI$ = "N' OR Q$ = “n” THEN GOTO 310

387 |F FLAG = 2 THEN NALT = 2 ELSE NALT = 3

388 IF FLAG = 2 TEEN GOTO 393

389 °

390 GOsuUB 2400 * validate or reset consistency factor limt

391 |F ERR=25 THEN PRI NT: I NPUT "PRINTER ERROR. IS IT ON? PRESS ENTER WHEN I T IS.
“, ERROR$: RESUME

393 CLS: PRINT :INPUT "Enter Nanme of Evaluator : ", FLNAMES

394 PRINT: INPUT “Enter Evaluator’s Organization: “, ORGh: PRI NT

395 LPRINT TAB(2) " PRODUCIBILITY CRITERI A EVALUATI ON of Design Alternatives for

"PRQI$" Progrant

396 LPRINT T1AB(8). "Design Variant: "CHANGES TAB(40)" Consi stency Ratio Limt
= " ::LPRINT USING "#.####" :CRLIM

397

399

400 14+tdtbddtbbdttt++ SubRoutine "SELECTCRITERIONT bdrbdddbbdddttdttdtttt
430 '**%x%x* Prints list of criteria from Data Section, user chooses one ****kw+

440 *cLS

450 PRINT

460 PRINT thkkddddbrhhbdbbdbtdbbdiid Criterion Code List *trdkddkddhtthdhhbthhdhhiis
470 PRINT "Code","Label"," Number of Sub-Criteria”

480 RESTORE

490 READ NUMCRITE ' Number of Criteria

500 FOR I = 1 TO NUMCRITE

510 READ CRITSYMS, TITLES$, NSC ‘Criteria Symbols, Titles, # of SubCriteria

520 IF VAL(CRITSYM3) > 9 THEN GOTO 550
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530 PRINT TAB(2); CRITSYM; SPC(2); TITLE$; SPC(2);NSC

540 coro 560

550 PRI NT TAB(!); CRITSYMs; SPC(3) Tl TLE$; SPC(2); NSC

560 NEXT |

580 PRI NT

700 CODE$=""

770 INPUT “Enter Criterion Code to be Evaluated: “,CODE$

780 PRINT

790 | F VAL(CODES) >0 AND VAL(CODE$) <= NUMCRITE TEEN GOTO 4000

799

940 ' wrEFwxmEwxEExx  CRITERIA CODE ERROR SUBROUTINE | ****kkasskdrskkrsskx

950 PRI NT

960 INPUT “You must enter one of the Criteria Codes to Continue (or Qto Quit) : "
CODE$

980 |F OODES= 'q" OR CODE$ ='Q' THEN GOTO 2340 ELSE 790 ; PRINT " Thank you’
990 ' x*x*x*xxx END Of CODE ERROR SUBRCUTI NE

999 *
1000 ' wm=mmwmsmmxs DATA ENTRY AND EVALUATION
1002 CLS

1003 PRINT "Here are the "CLONGS” SUBCRI TER A"
1004 FOR N = 1 TO NC
1005  PRINT J$(N)

1006 NEXT N

1007 PRINT

1008 * --- print headings ---

1010 LPRINT: LPRINT * "CLONGS" Subcriteria Wighting Eval uation”

1011 LPRINT ¢ -mmmmmmmmm oo m s m s m s oo

1013 LPRINT “SUBCRI TERI A", TAB(50) ; " DESI GN ALTERNATI VES

1015 IF FLAG = 2 THEN GOTO 1018

1016 LPRINT TAB(44);ALTS(1); TAB(54); ALT$(2); TAB(64); ALT$(3); TAB(74); " CRATIO': LPRINT
1017 GOTO 1100

1018 LPRINT TAB(44);ALTS$ (1); TAB(54);ALT$(2); TAB(74);"CRATIO : LPRINT

1020 °

1099 --- select fromlist of subcriteria ---

1100 INPUT “WLL YOU EVALUATE EACH (E), SOME (<S>) OR ONE (1) OF THESE? : “, SBCH$
1102 IF SBCHS = "E" OR SBCHS = ne" THEN SBCHFLAG = 0: GOTO 1315

1105 IF SBCE$ = "1" THEN SBCHFLAG = 1 ELSE SBCHFLAG =2

1110 | NPUT “Which CRITERION will you evaluate? Enter its number: “, N
1115 PRINT:IF N > NC THEN PRI NT "THE NUMBER MJUST BE LESS THAN "NC TRY
AGAI N": PRINT: GOTO 1110

1117 HD$ = "T"

1120 GOTO 1325

1200

1300 ! kkkkkkk*k B/ALUATI ON RQJTI NE khkhkkhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhkkdx

1305 *

1315 INPUT “WLL YOU USE HARD DATA FOR ANY OF THESE COWPARI SONS? (Y,<N>) : “, HD$
1320 FOR N = 1 TO NC

1322 GOro 1325

1322 NEXT N

1323 GOTO 2300

1324

1325 PRINT

1330 PRINT “FOR CRITERION “;: COLOR 14,1: PRINT J$(N);: COLOR 14,3
1332 IF HD$ = "Y" OR HD$ = “Y* THEN GOTO 1335 ELSE GOTO 1344

1335 PRINT: INPUT “WLL YOU USE HARD DATA? (Y,<N>) : *, DTATYP$
1336 | F DTATYP$ = “Y" OR DTATYP$ = “y” TEEN GOTO 2500
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1340 °
1343 LPRINT
1344 LPRINT J$(N) “ Data “:LPRINT TAB(8) “ ALTS" TAB(44) “DOM NANT ALT SUP

FACTCR’

1345 FOR' I =1 TO NALT-1
1346 FOR J = 1+1 TO NALT
1349 PRI NT

1350 PRINT “IS “;:COLOR 14,5:PRINT "("I1")";:COLOR 14, 1: PRINT “ “ALT$(I);:COLOR
14,3: PRINT “ OR “;:COLOR 14,5:PRINT "("J")";:COLOR 14, 1: PRINT “ *“ALT$(J);: COLOR

14, 3: PRINT "SUPERI OR? "TAB(70):INPUT ": ", X

1360 IF X=1 OR X=J THEN GOTO 1370

1364 PRINT: COLOR 14,4

1365 PRINT “ENTRY MJST BE EITEER “1” OR “J" I TRY AGAIN';: COLOR 14, 3:
PRI NT: GOTO 1349

1369 °

1370 I NPUT “FACTOR OF SUPERI ORI TY MUST BE 1 (EQUAL) OR GREATER
n , Y

1375 IF Y < 1 TEEN PRINT: @GOTO 1370

1380 INPUT “WANT TO CHANGE EI TEER VALUE? (Y/<N>): “,X$

1390 IF (X$="Y") OR (X$="Y") THEN GOTO 1349 ELSE GOTO 1400

1400 IF X=1 THEN A(l,J)=Y

1410 lE X = J THEN A(l,J) =11Y

1420 IF X =1 THEN A(J,1) =11Y

1430 IF X =J THEN A(J,1)=Y

1440 LPRINT TAB(2) "("1") * AT$(l) TAB(18) “VS (*J”) “ ALT$(J) TAB(50) X TAB(55);

LPRI NT USI NG " ######. #4#", Y
1450 NEXT J

1460 NEXT |

1470 PRI NT

1480 INPUT “ARE ALL TEE ENTRIES CORRECT? (<Y>/N): *“, TEST$
1485 PRI NT

1490 I F (TEST$=" N') OR (TEST$="n") THEN GOTO 1325
1500 FOR I =1 TO NALT

1510 AClLT) = “Initializing array val ues
1520 E(1) = o

1530 cS(l) = O

1540 (1) = O

1550 NEXT |

1560 ForJ = 1 70 NALT ‘Cal culating Col umu Sums
1570 FOR1 =1 TO NALT

1580 CS(J) = CS(J)+A(1,J)

1590 NEXT |

1600 NexT 3

1610

1620 FOR I =1 TO NALT

1630 FORJ = | TO NALT

1640 B(1,J) = A(l,J)/CS(J)

1650 ql) = 1) + B(I,J)

1660 NEXT J
1670 (1) = C(1)/NALT

1600 NEXT |

1690 LI R R I End Of | NPUT ROUtI ne kkkkkkkhkkkkhkkhkkkhkkkhkkk*x

]i77%01 " ***x*x*%**%x Cal CUI ate Val ues for m and LM kkkkkkkkkkhkkhkhkkkhkkkhkkk*x
1702 LM = 0O “ Initializing Lanbda Max

1703 CR = o " Initializing Consistency Ratio

1704 R-|
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1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
1840
1850
1860
1870
1880
1890
1500
1810
1914
1915
1916
1920
1930
1940
1941
1542
1943
1944
1945
1946
1948
1549
1950
1951
1952
1953
1954
1955
1956
1957
1959
1960
1962
1965
1968
1970
1980
1590
1998
1999
2000
2050
2055

t
t ddedrdekdrded COMPUTE. ROUTINE L2232 222222222222 2222222222222 2224222
t khdkkkkkd Fill the A_rrays = Do the Math **d¥kdkddrdkkthkhrirrtriird
EF = 0
1A =0
FOR I = 1 TO NALT
FOR J = 1 TO NALT
E(I) = B(I) + A(I,J)*C(J)
NEXT J
NEXT I
FOR I = 1 TO NALT
LA = LA + E(I)
IF X = 1 THEN IM = IM + E(I)/C(I)/NALT
NEXT I
K=K+ 1
FOR I = 1 TO NALT
E(I) = E(I)/IA
NEXT I
FOR I = 1 TO NALT
IF ABS(E(I)-C(I))>.001 THEN EF = 1
NEXT I
FOR I = 1 TO NALT
C(I) = E(I)
NEXT I
R(1)=.01: R(2)=.01: R(3)=.58: R(4)=.9: R(5)=1.12: R(6)=1.24: R(7)=1.32
R(8)=1.41
RI=R(NALT)
IF EF = 1 THEN GOTO 1740
MU = (LM-NALT)/(NALT-1): CR = MU/RI
PRINT "JUDGEMENTS ARE:"
PRINT TAB(10) ;"FOR: ";J$(N)
FOR I = 1 TO NALT
PRINT TAB(15) ALTS$(I);" = ";TAB(60) ;:PRINT USING "##.####" ;E(I)
NEXT I
IF FLAG = 2 THEN GOTO 2000

PRINT TAB(20) "Consistency Ratio = ";:PRINT USING "##.####";CR
PRINT TAB(20) "Lambda Max = " ; :PRINT USING "##.####" ;1M
'PRINT

IF CR <= CRLIM THEN GOTO 2000

LPRINT "THESE DATA ARE NOT CONSISTENT ENOUGE TO BE USED.": LPRINT
PRINT "THESE DATA ARE NOT CONSISTENT ENOUGH TO BE USED.": PRINT
PRINT "TO REEVALUATE, . ENTER Y <¥>."
PRINT "TO EVALUATE ANOTHER CRITERION, ENTER A "

PRINT "TO QUIT EVALUATING "CLONG3$" SUBCRITERIA, ENTER Q"
PRINT:PRINT "ENTER YOUR SELECTION (<Y>, A or Q) BERE : ": I$ = INPUTS(1)
IF I$ = Q" OR I$ = "g" TEEN GOTO 2300

IF I$ = "A" OR I$ = "a" THEN GOTO 1980

INFUT "Press Enter to Continue"; MORES$

GOTO 1325

IF FLAG = 2 THEN E(1) = .5: E(2) = .5: CR = 0: GOTO 2000

E(l) = ,33333: E(2) = ,33333: E(3) = .33333: CR = 0
IR2 2222222223222 2 END OF COMPUTE ROUTINE **fdrhdrkkttthbtrdriird
]
TRRRRFEEEREARIRREARSRY DPRINT ROUTINE FRXERAAAFAEELLARARTARRAAY
INPUT "TO CONTINUE, Press <Y> ", ERROKS

IF FLAG = 2 THEN GOTO 2070
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2060 LPRINT CLONGS " " J$(N) " Weights" ;TAB(40);:LPRINT USING
TREREN . RE#EY ;E(L) ;E(2) ;E(3) ;CR

2065 GOTO 2075

2070 LPRINT CLONGS " " J$(N) " Weights" ;TAB(40);:LPRINT USING

nREREE. #4487 ;B (1) ;E(2) ; :LPRINT SPC(10) ; :LPRINT USING "###¥.####" ;CR

2075 LPRINT TAB(43) fkkdkddkkkkhrhthhdhrrrdrrhrisn

2078 'wkkkkkkkkkkkhkhkhkkkkkkk*® END OF PRINT ROUTINE *hdskkhkkudkhrhhktdhdkhhrhhids

2079 !

2080 IF SBCHFLAG = 0 THEN GOTO 1322

2081 IF SBCHFLAG = 1 THEN GOTO 2300

2082 ' —=~ for SBCHFLAG = 2 ~===

2085 PRINT: PRINT "Here are the "CLONG$" SUBCRITERIA:"

2086 FOR N = 1 TO NC

2087 PRINT J$ (N)

2088 NEXT N

2089 PRINT: PRINT "WANT TO EVALUATE ANOTHER SUBCRITERION OF "CLONG$ ;: INPUT "?

(<¥>,N) :", ¥N$

2090 IF YN$ = "N" OR IN$§ = "n" THEN GOTO 2300
2095 GOTO 1110

2100 '

2150

2300 LPRINT *

2301 INPUT "Another Evaluation for the Same Person? (<Y>/N): ",P$
2305 IF (P$="N") OR (P$="n") THEN INPUT "Start a new person? (<Y>/N): ",Q$ ELSE G

2310 IF (Q3="N") OR (Q$="n") THEN GOTO 2340

2320 LPRINT CEHRS (12)

2325 GOTO 393

2330

2340 ' *rkkkkkkr® OQUITFILE SUBROUTINE AAAAArAddrddddd ket radrhdddberisr
2350 PRINT

2360 PRINT "Exiting this program."

2365 LPRINT CHR$ (12)

2402 ' khkrkhkkkhhhhhhd c°n’ist.ncy R.;ding Subroutine b2 222222 2222222222432

2405 PRINT
2410 COLOR 15,3:PRINT "The data to be entered will be rejected if the data is fou

to be"

2415 PRINT " excessively inconsistent. The limit currently set for the "

2420 PRINT " consistency ratio is "CRLIM". To modify this limit, enter ";:COL!
14,3:PRINT "Y";:COLOR 15,3:PRINT " now."

2425 PRINT " Any other entry will leave the value at "CRLIM" T "
INPUT """, CRLY$

2435 IF CRLY$ <> "y" AND CRLY$ <> "Y" THEN GOTO 2460

2440 PRINT: INPUT "Enter your choice for the consistency factor limit

", CRLIM

2445 IF CRLIM < 1 THEN GOTO 2460

2450 PRINT: PRINT: PRINT "The value for consistency ratioc limit must be less than
1.000. Please try again": GOTO 2405

2460 COLOR 14,3: RETURN
2470 ' *xkkwrrktrr** End of Consistency Reading Subroutine #¥*ddkasddddsdd
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2499
2500 ' rFxxxxxxkkxxksk HARD DATA SUBROUTI NE

khkkhkkkhkhkkkhhkhhhdhkhhddhhhrdhhhrdhkhsxx

2501 IF VAL(CODE$) = 1 AND N = 4 THEN GOTO 2600
2502 I F VAL(CODE$) = 2 AND N = 5 THEN GOTO 2600
2503 |IF VAL(CCDE$) = 3 THEN GOTO 2600

2504 IF VAL(CCDE$) = 4 THEN GOTO 2600

2505 |F VAL(CODE$) = 5 AND N > 2 THEN GOTO 2600
2506 |F VAL(CCDE$) = 6 THEN GOTO 2600

2507 IF VAL(CODE$) = 7 AND N = 3 THEN GOTO 2600
2508 | F VAL(CODE$) > 7 THEN GOTO 2600

2510 *

2520 PRINT: PRINT “ BE SURE TO USE “;:COLOR 14,5:PRINT “LARCER';:COLOR 14, 3:PRINT ||
VALUE FOR ";:COLOR 14,5: PRINT "SUPERICR';: COLOR 14,3:PRINT “ CHO CE

2521 PRINT “ZERO AND NEGATI VE VALUES ARE NOT PEBM TTED'

2522 PRINT "ENTER VALUE FOR ";: COLOR 14, 9:PRINT ALT$(l);:COLOR 14,3: PRINT

TAB(50);: INPUT “  : " DTAVAL(I)
2523 PRINT: PRINT “ENTER VALUE FOR ":: COLOR 14, 9: PRINT ALT$(2);:COLOR 14, 3: pRINT
TAB(50);: I NPUT ": ", DTAVAL(2)

2524 |F FLAG = 2 AND DTAVAL(I) >0 AND DTAVAL(2) >0 THEN GOTO 2528

2525 prnT: PRINT “ENTER VALUE FOR “;:COLOR 14,9: PRI NT ALT$(3);: COLOR 14, 3: PRI NT
TAB(50): INPUT “  : ", DTAVAL(3)

2526 |'F DTAVAL(]) > 0 AND DTAVAL(2) > O AND DTAVAL(3) >0 THEN GOTO 2528

2527  COLOR 14,5: PRYNT “A ZERO OR NEGATIVE VALUE HAS ENTERED. PLEASE TRY
AGAI N': COLOR 14, 3: GOTO 2520

2528 |NPUT "WANT TO CHANGE ANY OF THE VALUES? (Y,<N>) : " X$

2529 IF X$ = “Y'OR X$ = “y” THEN GOTO 2520

2530 LPRINT: LPRINT J$(N) "Data’ TAB(38);:LPRINT usiNG

", #8 ™ DTA- (1) ; DTAVAL( 2) ; DTAVAL( 3)

2531 A(1,2) = DTAVAL(I)/DTAVAL(2)

2532 A(2,1) = I/A(l,2)

2535 | F FLAG = 2 THEN GOTO 2560

2540 A(1,3) = DTAVAL(I)/DTAVAL(3)

2545 A(3,1) = I/A(l,3)

2550 A(2,3) = DTAVAL( 2) / DTAVM 3)

2555 A(3,2) = I/1A(2,3)

2560 GOTO 1500

2575

2600 PRINT: PRINT "BE SURE TO USE *;:COLOR 14,5: PRINT "SMALLER ;:COLO 14,3: PRINT "

VALUE FOR ";:COLOR 14,5: PRINT "SUPERIOR";: COLOR 14, 3:PRINT " CHO CE'
2605 PRINT “ZERO AND NEGATI VE VALUES ARE NOT' PERM TTED'
2609 PRINT ‘' ENTER VALUE FOR ";:COLOR 14,9: PRINT ALT$(!);:COLOR 14, 3: PRI NT

TAB(50);:INPUT ": “,DTA. (1) .
2610 PRINT: PRINT “ENTER VALUE FOR “::COLOR 14, 9: PRINT ALT$(2) ; : coLor 14, 3: PRI NT
TAB(50);:INPUT " : " DTAVAL(2)

2615 |F FLAG = 2 AND DTAVAL(l) >0 AND DTAVAL(2) >0 THEN GOTO 2625
2620 PRINT: PRINT ‘ENTER VALUE FOR “;:COLOR 14,9: PRINT ALT$(3);:COLOR 14, 3:pRNT
TAB(50);:INPUT " : ", DTAVAL(3)
2622 |F DTAVAL(1) > O AND DTAVAL(2) > 0 AND DTAVAL(3) >0 THEN GOTO 2625
2623  COLOR 14,5: PRINT “A ZERO OR NEGATIVE VALUE HAS ENTERED. PLEASE TRY
AGAI N': COLOR 14, 3: GOTO 2600
2625 | NPUT “WANT TO CHANGE ANY OF THE VALUES? (Y,<Y>) : * x$
2626 IF X$ = "Y' OR X$ = "y" THEN GOTO 2600
2630 LPRINT: LPRINT J$(N) " Data" TAB(38);:LPRINT USING
" HHHHEHE. ##7 DTAVAL( 1) ; DTAVAL( 2) ; DTAVAL( 3)
2635 A(1,2) = DTAVAL(2)/DTAVAL(l)
2640 A(2,1) = I/A(l,2)
2645 |F FLAG = 2 THEN GOTO 2670
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2650
2655
2660
2665 A
2670
2690
2699
3000
3005
3010
3020
3050
3060
3080
3090
3100
3110
3120
3130
3135
3500
4000
4010
4020
4030
4040
4050
4060
4070
4080
4082
4090
4100
4110
4120
4130
4140
4150
4160
4170
4180
4190
4200
4210
4220
4230
4240
4250
4260
4270
4280
4290
4300
4310
4320
4322
4324

A(1,3) = DTAVAL(3) /DTAVAL(l)
A(3,1) = /A, 3)
A(2,3) = DTAVAL(3)/DTAVAL(2)
(3,2) | 1A(2, 3)

k=1
O

**** *kkkkkkkkkkx%k END Of |_|ARD DATA Subroutl ne kkhkkkhkkkhkkdhkxdrkxdhkxhkkkhkkkk
LI I I I e I b b b b b 4 DATA SEC-I—IO\I .***************************
DATA 10
DATA "1"," ARRANGENENT "4
DATA "2"," SIMPLICI TY "5
DATA "3"," NATERI AL ‘2
DATA “4"," STANDARDI ZATI ON ", 6
DATA n§w, n Welding n,6 °
DATA "6"," Sheet net al ",2
DATA "7",” Machi ni ng “ 3
DATA "8"," Pi pefitting ", 6
DATA n9n,n El ectrical / El ex ", 4
DATA "10"," HVAC "6
IREX 2123222222222 222221 END OF DATA SECTION b3 222222222222 2232 22222222
' kA kd SELEC-I_ CRI TERIA INFO SUBRQJTI NES .***************************
ON VAL(CODE$) GOTO 4080, 411 0, 421 O, 4280, 4360, 4430, 451 O 4600, 4760, 4840

S$ = "SET in

CLONG$S = " ARRANGEMENT"

NC=4

J$(1) = “(1) ENHANCED COVPONENT PACKAG NG

J$(2) = "(2) DIRECT RQUTING OF DI STRI BUTI VE SYSTEMS'
J$(3) = “(3) | NTERFERENCE AVO DANCE"

J$(4) = “(4) VOLUMETRI C DENSITY"

GOro 1000

8§ = "gET 2"

CLONGS = "SIMPLICITY"

NC- 5

J$(1) = n(1) FLAT PLATE"

J$(2) = "(2) SIMPLE PLATE CURVATURE"
J$(3) = " (3) RECTANGULAR CONFIGURATIONS"
J$(4) = "(4) ACCESSIBILITY"

J$(5) = "(5) NUMBER OF PIECES"

GOTO 1000

S8 = ngpT 30

CLONGS = "MATERIAL"

NC=2

J$(1) = "(1) MATERIAL COSTS"

J$(2) = "(2) WASTEAGE FACTOR"

GOTO 1000

S§ = "SET 4"

CLONG$ = "STANDARDIZATION"

NC=6

J8(1) = n(1) PLATE THICKNESS"

J$(2) = " (2) SHAPES"

J$(3) = "(3) PLATE AND SHAPE SIZES"
J§(4) = " (4) OUTFITTING ITEMS"

PRODC - 7
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4326 J$ (5) = "(5) EQU PMENT”

4328 J$(6) = “(6) PROCESS STANDARDI ZATI ON'
4330 GOTO 1000

4340

4360 s$ = “SET 5°

4365 CLONGS = “WELDI NG CONS| DERATI ONS"
4370 NC=7

4300 J$ (1) = “(1) AUTOVATI ON POTENTI AL"
4390 J$ (2) = “(2) OPTIMJUM PCSI TI ON POTENTI AL”
4400 J$ (3) = "(3) HEAT TREATMENT REQMTS."
4402 J$ (4) = “(4) FILLET BEVEL ANGLES’
4404 J$ (5) = "(5) NUMBER OF PASSES'

4406 J$(6) = “(6) WELD LENGTH’

4408 J$(7) = "(7) WELD TYPE

4410 GOTO 1000

4420

4430 S$ = "SET 6“

4440 CLONGS = “SHEETMETAL"

4450 NG 2

4460 J$(1) = “(1) CONFI GURATI ON'

4470 J$(2) = “(2) PROCESS STANDARDI ZATI ON'
4490 GOTO 1000

4500

4510 S$ = “SET 7"

4520 CLONGH = wacH NI NG'

4530 NC=3

4540 J$ (1) = “(1) COWMONALITY OF FOUNDATI ONS
4550 J$ (2) = "(2) SIMPLICITY OF MOUNTING'
4560 J$ (3) = “ (3) EASE OF | NSTALLATI ON/ HOOKUP/ TEST"
4580 GOTO 1000

4590

4600 S$ = "SET 8*

4610 CLONG$ = "PI PEFI TTI NG’

4620 NC=6

4630 J$ (1) = “ (1) BENDI NG TECHNI QUE USED
4640 J$ (2) = “ (2) CONNECTION TYPE USED’
4642 J$ (3) = “ (3) PIPE SIZE

4644 J$(4) = “(4) PlIPE LENGTH'

4646 J$ (5) =" (5) PIPE MATERI AL TYPE
4648 J$(6) = “(6) PIPE SUPPORT NEEDS
4650 @GOTO 1000

4750

4760 S$ = "SET 9"

4780 CLONGS = “ELECTRI CAL/ ELECTRONI C'
4790 NC=4

4800 J$(I) = “ (1) CABLE LENGTH’

4810 J$ (2) = ( 2) CABLE TYPE

4812 J$ (3) = " (3) CONNECTI QV HOOKUPS'
4814 J$(4) = “(4) W REVAY”

4820 GOTO 1000

4830

4840 s$ = " SET 10"

4850 CLONGH = "HVAC

4860 NC=6

4870 J$(1) =" (1) DUCTING SIZE

4880 J$ (2) = “ (2) DUCTING LENGTH

4890 J$ (3) = " (3) DUCTING MATERI AL"

PRCDC - 8
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4892 J$ (4) = "(4) DUCT Configuration CHANGES
4894 J$ (5) = "(5) HVAC EQUI PMENT | NSTALLATI ON'
4896 J$(6) = :"(6) HVAC | NSULATI ON'

4900 GOTO 1000

5000 END
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GWBASI C Statenments for Program DECA. BAS

100 ‘This Program “DECA. BAS', calculates and stores data for DECH SION

110 * MAKI NG Paraneter Evaluation Criteria subnmitted by individuals.

120

130 DIM A(8,8), B(8,8),C(8),E(8),CS(8),R(8) ,J$(8) ‘Dinensioning Wrk Arrays
140 COLOR 14,3

150 CRLIM = .2

160 *

200 ‘MAIN PROGRAM """ ""-"-mmmmsmmmmmmommsmsmsmssnns mommmmmnes
210 CLS

290 INPUT “Enter the Project or Ship Type ldentifier: “, PRQI$
310 ' FExxxxkkkxxxxk Copsistency Ratio Linmit Routine **FFrFFE
312 PRINT

313 COLOR 15,3:PRINT ‘The data tO be entered will be rejected if the data isfound
to be"

kkkkkkkkkkkx

315 PRINT " excessively inconsistent. The linit currently set for the "

320 PRINT “ consistency factor is "CRLIW To nodify thiSlimt, "

325 PRINT *“ enter ";:COLOR 14, 3:PRINT "Y" ;:COLOR 15,3: PRINT " now.  Any ot her
entry will leave the linit at "CRLIM : ":: |INPUT ““, CRLY$

335 I|F CRLY$ <> “y” AND CRLY$ <> “Y" THEN GOTO 360

340 PRINT: INPUT "Enter your choice for the consistency factor limt : ",CRLIM

345 |F CRLIM < 1 THeN coto 360

350 PRINT: PRINT: PRINT “The value for consistency factor linit nust be less than
1.000. Please try again": GOTO 340

360 COLOR 14,3

370 ' rrrxxwxwkwwkxkx End of Consistency Reading Subroutine xx*xxkxxdkxkdkxisk

371 FLNAMES$ = ""

372 ORGH=""

375 PRINT: INPUT “Enter Evaluator's Nane o ", FLNAMES$

380 prINT: | NPUT "Enter Evaluator’s Organization : ", orch: PRINT

381 IF ERR=25 THEN PRINT: INPUT "PRINTER ERROR. |S |IT ON? PRESS ANY KEY WHEN IT IS
ON. ", ERROR$: RESUME

385 LPRINT "DECISION MAKING Criteria weighting Evaluation for the “PRQJ$" project

386 LPRINT TAB(10) ‘Consistency Ratio Limt = “;: LPRINT USING "##. ####"; CRLIM

390 LPRINT: LPRINT “ Evaluated by "FLNAVES$” Of "ORGE’  dtbdddtddtdddttddiddtdtn s
LPRI NT

399 ¢
400 '+dddittttttti+4+ SubRoutine "SELECTCRITERIONT e e 2
430 ‘***** Prints list O criteria from Data Section, user chooses one *****xx

440 CLS

450 PRI NT

460 PR'NT Ukkdhkkdhkrkdddkdrkddx*x Qlterlon Q)de L| St I ******************W
470 PRINT " code", "Label"," Number of Sub-Criteria"
480 RESTORE

490 READ NUMCRI T ' Number of Criteria

500 FORl =1 TO NUMCRI T

510 READ CRI TSYMp, TITLE$, NSC rcriteria Symbols, Titles, ¥ of SubCriteria
520 |F 1>9 GOTO 550

530 PRI NT TAB(2) ; CRI TSYMs; SPC(2) ; TI TLES$; SPC(2) ; NSC

540 coro 560

550 PRINT TAB(1) ;CRI TSYMB; SPC(3) Tl TLES; SPC(2) ; NSC

560 NEXT |

700 CODE$=""

770 INPUT “Enter Criterion Code to be Evaluated: ", CODE$

780 PRINT

790 IF VAL(CCDE$) >0 AND VAL(CODE$) =< NUMCRIT THEN GOTO 1000

910 °
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kkkkhkkkhkkhkkhkkhkhkkhkkk*k

940 * **wkwwxwwwrwwr*x CR| TERI A CODE ERROR SUBROUTI NE

950 PRI NT

960 INpUT “You nust enter one of the Criteria Codes to Continue: “, CODE$
980 coro 790

QG0 ' *kkkkkkkkhktdkdt BEND of CODE ERROR SUBROUTINE kdkrdtdsddrdkhddhdiddihd

1000

1010 ! **kkkkk** CALCULATION ROUTINE Fhahdddhthhthhbhhbhhhrhhbhrbrtbrrrihs
1020 t ddkkR Cal Cul ate Val ues for CR and LM kkhkkkkkkhkhkkkhkhkkhkhkkhkhkkhkhkkhkhkkhkhk*k

1030 LM = o “ Initializing Lanbda Max

1040 CR = o “ Initializing Consistency Ratio

1050 K=1

1060

1220 Yhkkhkkhkkhhkkhkhrbrkrkrkrrkrr | NPUT ROUTI NE *ovderdrdrdrrrrdrriedhrdthbhdr

1221 tThkRwkkkwrwkkwkirkwkrkwrr [0 enter Evaluator's Data wrwkrdrkwrrrrrrdhkhdhn

1230 GOTO 4000 * To Select DAta

1240 CLS

1250 PRINT: PRINT “Here are the “S$" “CLONGS” SUBCRITERI A"

1260 FOR | =1 TO NC

1270 PRI NT TAB(10) J$(1)

1280 NEXT |

1295 ' ineuT “WLL YOU USE HARD DATA FOR ANY OF THESE COWPARI SONS? (Y, <N>) :“,t
1300 LPRINT CLONG$' SubCriteria Pairs” TAB(58) " DOM NANT ONE, FACTCR'
1310 FOR | = 1 TO NG 1

1320 FORJ =14 TO Nc

1325 PrRINT

1330 PRINT TAB(5) “FOR COWPARI SON OF *“

1340 COLOR 14,1: PRINT J$(1) TAB(33)" WTH “J$(J);: COLOR 14,3

1342 ‘1F HD$ = “Y" OR HD$ = “y” THEN GOTO 1345 ELSE GOTO 1350

1345 ‘PRINT: INPUT “WLL YOU USE HARD DATA? (Y,<N>) : ", DTATYP$

1346 ‘1 F DTATYP$ = “Y" OR DTATYP$ = "y” THEN GOTO 2500

1349 PRI NT

1350 PRINT “IS ";:COLOR 14, 1: PRINT |;:COLOR 14,3: PRINT "OR ";:COLOR 14,1:PRII
J?(O_OQ 14,3: PRIYNT " MORE | MPORTANT to the "PRQJ$" Progranf : oD
1360 IF (X=1) OR (X-J) THEN GOTO 1370

1361

1365 COLOR 14,4: PRINT “ENTRY MUST BE EITHER "I” OR "J" ! TRY AGAIN':COLCR 14,
PRINT : GOTO 1330

1369

1370 PRI NT T1AB(10): ineuT "BY WHAT FACTOR? Must be 1 (EQUAL) or G eater
1372 IF Y < 1 THEN GOTO 1374 ELSE coro 1380

1374 I NPUT "FACTOR MUST BE GREATER THAN 1. PLEASE REENTER FACTOR : ", Y
1380 INPUT "WANT TO CHANGE EI THER VALUE? (Y/<N>): ", X$

1390 I|F (X$="X") OR (X$="Y") THEN GOTO 1325 ELSE GOTO 1400

1400 IF X =1 THEN A (1,3)= Y

1410 IF x =J THEN A(1,J) = I/Y

1420 IF X =1 THEN A(J, 1) = 1/Y

1430 IF X =J THEN A(J, 1) =

1440 LPRINT J$(1)” VS "J$(J) TAB(69) X;:LPRINT USI NG “##### ##; Y
1450 NEXT J

1460 NEXT |

1470 PRINT: LPRINT
1480 INPUT "ARE ALL THE ENTRIES CORRECT? (<Y>/N): “, TEST$
1485 PRI NT

1490 |F (TEST$="N') OR (TEST$="n") THEN GOTO 1240
1500 FOR |1 = 1 TO NC

1510 A(l,1) =

1520  E(1) = O
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1530  CS(1) =

1540 C(I)

1550 NEXT |

1560 FOR J = 1 TO NC
1570  FOR I=1 TO NC

1580 CS(J) = CS(J)+A(1, )
1590  NEXT |

1600 NEXT J

1610

1620 FOR | = 1 TONC

1630 FORJ =1 TONC

1640 B(1,d) = A(l,J)/CS(J)
1650 c(1) = (1) + B(I,J)

1660 NEXT J

1670 C(l) = C(1)/NC

1680 NExt |

1690 Ekkkkkdkkhk*x*% End of INPUT ROUtIne | kkkkhkkkkhkkhkkkhkkkhkhkkkhkk*k
1700

1710

1720 ' *xx=exxx CcOMPUTE ROUTI NE
1730 ' ****xxx il the Arrays - Do the Math — *xxxsxxxxssssssssshsk
1740 EF = 0

1750 LA =0

1760 FOR'1 = 1 TONC
1770 FORJ =1 TONC

1780 E(1) = E(I) + A(l,J)*C(J)
1790 NEXT J

1800 NEXT |

1810 FOR' | =1 TO NC

1820 LA =
1830 |IF K=1THEN LM = LM+ E(1)/c(1)/Nc
1840 NEXT |
1850 K = K +
1860 FOR | =
1870 E(1)
1880 NEXT |
1890 For1 = | TO NC

1900 | F ABS(E(I) C(1))>.001 THEN EF - 1

1910 NEXT |

1914 FOR | = 1 TO NC

1915 C(l) = E(I)

1916 NEXT |

1920 R(1)=.01: R(2)=.01: R(3)=.58: R(4)=.9: R(5)=1.12: R(6)=1.24: R(7)=1.32
1930 R(8)=1.41

1940 RI-R(NQ)

1941 |F EF = 1 THEN GOSUB 1720

1942 MJ = (LMNC)/(NC-1): CR = MJRI

1943 PRINT “JUDGEMENTS ARE: "

1944 PRINT TAB(10) “FOR “ CLONGS " Subcriteria"

khkkkkkkkkkkhkkhkhkhkhhhhkhkhkkkkkkkhkhkhhhhkkk%x

|
—
>
+
J

1
1 TO NC
:E(

1945 FORI1 =1 TONC

1946 PRINT TAB(15) J$(1);” = ";TAB(60) ;:PRINT USING "##. #### ;E()
1947 NEXT |

1950 PRINT TAB(20) "Consistency Ratio = ";:PRINT USING "##. ####w, cR

1952 PRINT TAB(20) “Lanbda Max = ";PRINT USI NG * ##. ##t##", 124

1955 [ET T2 22T L LY LT 23 m or cm RaJTl NE kkhkkkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkx*k
1960 °
1969 !'AEKAXRAEAXXARRAXANREY DRINT ROUTINE

DECA -3
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1970 ‘PRINT

2000 ‘PRINT “in PRI NT ROUTI NE"

2030 LPRINT TAB(3) "Resulting “CLONGS” SubCriteria Wighting Factors’
2050 FOR I= 1 TO NC

2060 LPRINT SPc(5); 38(1);" = "; 7AB(65);: LPRINT USI NG “#. ####"; E(1)

2070 NEXT |

2090 LPRINT TAB(15);" CONSI STENCY RATIO = “o o LPRINT USI NG "##. ####"; C ?
2100 LPRINT TAB(15);"LAVBDA MAX = ", LPRINT USI NG “##O###t | ; ~
2102 IF CR <= CRLIM TEEN GOTO 2110

2103 PRI NT “THESE RESULTS ARE NOT CONSI STENT ENOUGH TO BE USED. ”: PRI NT

2105 LPRINT "THI S CONSI STENCE RATIO IS GREATER THAN “CRLIM AND THEREFORE THE
2106 LPRI NT "DATA HAS NOT BEEN FI LED : LPRI NT

2108 coro 2280

2110 LPRINT

LR 22222232222 2222222222222 222232 2222222222222 3 22222222 222 2 2 2 2 2 2 2 27 3 L IR LR L]
LPRI NT

2130 ‘PRINT ‘Leaving PRI NT ROUTINE": PRI NT

2140 L R R Ik Ik 2 S Sk b O 2 b I O END O: PRINT RQJTI NE kkhkkkkhkhkkkkhhkkkhkhkkkhkkkkhkkk*
2150

2155 ‘**xxkkkxkkkxxk ROUTINE FOR FILING DATA e
2160 PRINT “Producing Data File"

2170 C$ = "A:\DEC\DATA\" +CODE$ + PRQI$

2180 OPEN “A", #l,C$

2190 WRI TE#l , FLNAVE$

200 WRI TE#l , ORGS

2210 PRI NT#l, USI NG’ ##. ####" ;LM

2220 PRI NT#l, USI NG’ ##. ####" ; CR

2230 Fr1 = 1 1O NC

2240 PRI NT#| , USI NG “#i#. ####"; E(1)

2250 NEXT |

2260 CLOSE#I

2270 ' HERXRRRRRAIERNRAAAAEY  FEND OF FILING ROUTINE Fordhbrrhrdhdrrrhhirhdd

2275

2280 I NPUT “Anot her Eval uation for the Same Person? (<Y>/N): “,P$

2300 IF (P$="N') OR (P$="n") TEEN INPUT “Start a new person? (<Y>/N): “, @ ELSE
400

2310 1F (@B="N') ®(@="n") THEN GOTO 2340

2320 LPRINT CER$(12)

2322 CLS

2325 coro 370

2330 °

2340 * *xxxxxxxkk QU TFI LE ROUTI NE
2350 PRINT

2360 PRINT “Now exiting this program and closing the output data file.”

2370 CLOSE #1

2375 LPRI NT CER$(12)

2380 END

2390 " R R R R R R R R R R R R R R
2400

2500 HARD DATA CALC RQUTI NE
2502 ‘PRINT: PRINT “A LARGER VALUE WLL BE CONSIDERED TEE SUPERI OR CHO CE”
2503 ‘PRINT “ZERO AND NEGATI VE VALUES ARE NOT PERM TTED'

2505 ‘ PRINT "ENTER VALUE FOR ";:COLOR 14, 2: PRINT J$(1);:COLOR 14,3: INPUT "

khkkkkkkkkkkhkhkhkhhhhhkhkkkkkk*k

khkkkkkkkkkkkhkhkhkhkhhhhhhkkkkkkkkkkrkk*k

" DTAVAL(I)

2510 PRI NT: PRI NT “ENTER VALUE FOR“;:COLOR 14, 2: PRINT J$(J);: COLOR 14, 3: | NPUT *
©* DTAVAL(J)

2512 ‘1F DTAVAL(I) > 0 AND DTAVAL(J) > 0 THEN GOTO 2515
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25613 ' COLOR 14,5: PRINT "A ZERO OR NEGATIVE VALUE WAS ENTERED. PLEASE TRY
AGAIN" :COLOR 14,3: GOTO 2500

2515 'INPUT "WANT TO CHANGE EITHER VALUE? (Y,<N>) : ",IN$

2520 ' TIF YN§ = "Y" OR YN$ = "y" THEN GOTO 2502

2525 'A(I,J) = DTAVAL(I)/DTAVAL(J)

2530 'A(J,I) = 1/A(I,J)

2540 'IF A(I,J) >= 1 THEN X = I ELSE X = J

2550 'IF X = I THEN Y = A(I,J) ELSE Y = A(J,I)

2560 'LPRINT J$(I)" VS "J$(J) TAB(51);:LPRINT USING

uh#HE##%" ;DTAVAL(I) ;DTAVAL(J) ; :LPRINT * "X :LPRINT USING "#####. #3¥" ;Y
2590 'GOTO 1450

2595 END

2596 END HARD DATA CALC ROUTINE

2597 !

2599 IR 222222222222 X2 2222 sXd s sy DATA SECTION L2222 2222232222222 22 2t 2sdsddd
2600 DATA 18

2610 DATA " 17," TOP LEVEL CRITERIA ",4
2615 DATA " 2"," COST RELATED CRITERIA "n,3
2617 DATA " 3", " Non-Recurring Costs "5
2619 DATA " 4"," Service Life Costs ", 3
2620 DATA " 5"," SCHEDULE RELATED CRITERIA ",4
2622 DATA " 6"," RISK RELATED CRITERIA ", 4
2625 DATA * 7"," SHIP PERFORMANCE n,3
2628 DATA * 8©"," OPERATIONAL CAPABILITY ", 5
2630 DATA * 9"," Paylocad Carrying Capacity ", 2
2640 DATA " 10¢"," Payload Effectiveness n,2
2650 DATA " 11"," Mebility n,3
2660 DATA " 12"," Avajilability ", 3
2670 DATA » 137," Operability in Extreme Conditions ", 4
2680 DATA * 14"," Survivability ", 2
2690 DATA " 15°," Detectiocn Avoidance ", 4
2700 DATA " 16"," Damaged Operability n,4
2710 DATA * 17°%," EFFICIENCY OF OPERATION "3
2720 DATA " 18%," FUTURE GROWTH CAPABILITY . "4

2730 "hkkkkkkhkkkkkrkkkdbit END OF DATA SECTION Féddddddddnddbthtthiiiirs
2740 !
4000 ' *wx¥* QELECT CRITERIA INFO SUBROUTINES #¥wdwddddhkdwdhdhdihktddttdrtis
4010 ON VAL (CODE$) GOTO
4030,4110,4210,4280,4350,4360,5030,5110,5210,5280,5350,5430,5510,5600,5670,5760,5840
,5920
4020
4030 88 = "SET 1" .
4040 CLONGS = "TOP LEVEL CRITERIA
4050 NC = 4
4060 J8(1) = " (1) coOST"
4070 J$(2) = " (2) SCHEDULE"
4080 J$(3) = "(3) RISK"
4082 J$(4) = " (4) PERFORMANCE"
4090 GOTO 1240
4100
4110 88 = "SET 2"
4120 CLONGS = "COST RELATED CRITERIA
4130 NCm=3
4140 J3(1) = " (1) RECURRING SHIPBLDG COSTS3
4150 J$(2) = "(2) NON-RECURRING SHIPBLDG COSTS
4160 J$(3) = " (3) SERVICE LIFE COSTS"
4190 GOTO 1240
DECA -5

L e



8§ = "gET 3"

CLONG$ = "NON-RECURRING COSTS"

NC=5

J$(1) = "(1) DESIGN AND ENGINEERING"
J$(2) = "(2) PRODUCTION PLANNING"
J$(3) = "(3) PRODUCTION AIDS / TOOLING
J$(4) = "(4) DISRUPTION"

J$(5) = "(5) DELAY"
GOTO 1240

1]

S$ = "SET 4n

CLONG$ = "SERVICE LIFE COSTS"

NC=3

J$(1) = " (1) PERSONNEL"

J$(2) = "(2) CONSUMABLES"

J$(3) = "(3) MAINTENANCE"

GOTO 1240

1

S§ = "gQET S50

CLONG$ = "SCEEDULE RELATED CRITERIA"
NC=4

J$(1) = " (1) DESIGN/ENGINEERING SCHEDULE"
J$(2) = "(2) EQPMNT/MAT'L PURCHASE SKED"
J$(3) = "(3) CONSTRUCTION SCHEDULE"
J$(4) = "(4) TEST AND TRIALS SCHEDULE"
GOTO 1240

]

8§ = wgET 6n

CLONG$ = "RISK RELATED CRITERIA"

NC=4

J$(1) = " (1) MATURITY OF TECENOLOGY"
J$(2) = " (2) YARD EXPERIENCE"

J$(3) = "(3) COST ESTIMATE CONFIDENCE"
J$(4) = " (4) SCHED ESTIMATE CONFIDENCE"

0 GOTO 1240

0 S§ = "SET 7

CLONG$ = "SHIP PERFORMANCE CRITERIA"
NC = 3

J$(1) = "(1) OPERATIONAL CAPABILITY"
J3(2) = "(2) EFFICIENCY OF OPERATION"

J$(3) = "(3) FUTURE GROWTH MARGIN"
GOTO 1240

]

S5 = "SET 8¢

CLONG$ = "OPERATIONAL CAPABILITY"
NC=5

J$(1) = " (1) PAYLOAD CARRYING CAPACITY"
J$(2) = "(2) PAYLOAD EFFECTIVENESS"
J8(3) = "(3) MOBILITY"

J5({4) = " (4) AVAILABILITY"

J$(5) = "(5) SURVIVABILITY"

GOTO 1240

= Noawmm An

-d "~
oDy = Tohd I

CLONG$ = "PAYLOAD CARRYING CAPABILITY"
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5230
5240
5250
5260
5270
5280
5290
5300
£310
5320
5330
5340
5350
5360
§370
5380
5390
5400
5410
5420
5430
5440
5450
5460
5470
5480
5490
5500
5510
5520
5530
5540
5550
5560
5570
5580
5590
5600
5610
5620
5630
5640
5650
5660
5670
5680
5690
5700
5710
5720
5730
5740
5750
5760
5770
5780
5790

NC=2
J3(1) = " (1) OFFENSIVE MISSION PAYLOADS"
J$(2) = "(2) DEFENSIVE MISSION PAYLOADS"
GOTO 1240

1

8% = "gET 10"

CLONGS = "PAYLOAD EFFECTIVENESS"

NC=2

J$(1) = "(1) EFFECTIVENESS MEASURES"
J$(2) = "(2) ONLOAD/OFFLOAD CAPABILITY"
GOTO 1240

L]

S$ = "gET 11"

CLONG$ = "MOBILITY"

NC=3

J$(1) = n(1) SPEED"

J$(2) = " (2) ENDURANCE"

J$(3) = "(3) MANEUVERABILITY"

GOTO 1240

]

8§ = ngET 120

CLONGS = "AVAILARILITY"

NCm=3

J$(1) = " (1) RELIABILITY"

J$(2) = "(2) MAINTAINABILITY"

J$(3) = " (3) OPERABILIITY IN EXTREME CONDITIONS

GOTO 1240
L

88 = "gET 13%

CLONG$ = "OPERABILITY IN EXTREME CONDITIONS"
NC=4

J$(1) = n(1) HIGH SEA STATES"
J$(2) = "(2) TEMPERATURE EXTREMES"
J$(3) = " (3) FoG"

J$(4) = "(4) SANDSTORMS"

GOTO 1240

]

S8 = "gET 14"

CLONG$ = "SURVIVABILITY"

NC=2

J$(1) = "(1) DETECTION AVOIDANCE"
J$(2) = "(2) DAMAGED OPERABILITY"
GOTO 1240

]

8§ = ngSET 15"

CLONG$ = "DETECTION AVOIDANCE"
NC=4

J$(1) = "(1) UNDERWATER ACOUSTIC SIGNATURE"
J$(2) = "(2) RADAR SIGNATURE"
J$(3) = "(3) INFRARED SIGNATURE"
J3$(4) = "(4) MAGNETIC SIGNATURE"
GOTO 1240

2

S$ = "gET 16"

NC=4

J$(1) = n (1) DAMAGED STABILITY"
J$(2) = " (2) SHOCK HARDENING"
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5800
5810
5820
5830
5840
5850
5860
5870
5880
5890
5800
5910
5920
5830
5940
5950
5960
5870
5980
5990
6000

J$(3) = " (3) SYSTEM REDUNDANCY"
J$(4) = "(4) VITAL SYSTEM SEPARATION"
GOTO 1240

L]

8§ = v SET 17"

CLONG$ = "EFFICIENCY OF OPERATION"
NC=3

J$(1) = " (1) MANNING"

J$(2) = " (2) HABITABILITY"

J$(3) = "(3) SAFETY"

GOTO 1240

4

8§ = n"gET 18"

CLONG$ = "FUTURE GROWTH MARGIN"

NC=4

J$(1) = " (1) WEIGHT MARGIN"

J$(2) = "(2) KG MARGIN"

J$(3) = " (3) VOLUME MARGIN (DENSITY)"
J8(4) = " (4) MODULARITY"

GOTO 1240
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GH-BASIC Language Statements for Program DECB.BAS

100 'THIS IS PROGRAM DECB, Which develops the combined weighting values
101 ' for the DECISION MAKING Criteria which were individually determined with

102 ' Program DECA.
103 '

105 COLOR 14,3

185 !

200 DIM A$S(8),T(8),GT(8),3$(8),Us$(50),VS$(50),SUMED(8) ,AVGED (8) ,NR4(8)
205 CLOSE

300 cLsS

305 INPUT "ENTER PROJECT OR SHIP TYPE IDENTIFIER: ", PROJS

310 cCLS

320 ¢ b2 24222822 2 CRITERIA SELECTION ROUTINE t 2222222222323 222222222 02222 22
330 PRINT LR 2 2222232222222 2 23 CRITERIA CODE LISTING t 222224223223 233222222222 L2
340 PRINT "Code","Title"," Number of Sub-Criterian

350 RESTORE

360 READ NUMCRIT ' Number of Criteria

370 FOR I = 1 TO NUMCRIT

380 READ CRITSYMS, TITLES, NSC 'Criteria Symbols, Titles, # of SubCriteria
390 PRINT TAB(2) ;CRITSYMS;SPC(2) ; TITLES :SPC(2) ;:NSC

400 NEXT I

402 NUMCRY = STRS$ (NUMCRIT)

404 IF NUMCRIT <10 THEN NUMCR$ = RIGHTS (NUMCR$,1) ELSE NUMCRS = RIGHTS (NUMCRS,2)
410 PRINT * Criteria Code Selection Process Begins

420 CODE$mnn

430 PRINT "Enter 99 to Generate Mean Values for All Criteria, or"

440 INPUT "Enter Code Number of Criterion to be Evaluated: ",CODES

445 CODE = VAL (CODES)

450 IF CODE <= NUMCRIT THEN FLAG = 1l: GOTO 1050

460 IF CODE$ = "9S5" THEN 1010

470 INPUT "THAT IS AN INVALID ENTRY. TRY AGAIN OR QUIT? (<T>/Q): ",Q$
480 Ir ((Q$="Q") OR (Q$="q")) THEN GOTO 1710 ELSE GOTO 310

450 IF ERR=25 THEN PRINT: INPUT "PRINTER ERROR. IS IT ON? PRESS ANY KEY WHEN IT
IS. ", ERROKS: RESUME

500

1000 ' AhAARAAEAAAAAAIAETRAAAAEA A AT ARRA AR ANk bbb h b hbkhhddhdhdd
1010 FLAG = 0

1020 FOR CRIT = 1 TO NUMCRIT

1030 83 = STRS (CRIT)

1040 IF CRIT < 10 THEN CODES$ = RIGHTS(S$,1) ELSE CODES$ = RIGHTS (8$,2)
1050 C$ = "A:\DEC\DATA\" + CODE$ + PROJS

1055 GOSUB 4000

1058 LPRINT

1060 OPEN"I",#1,C$

1061 ON ERROR GOTO 1063

1062 GOTO 1070 .

1063 PRINT "THERE ARE NO ENTRIES FOR THAT CRITERION"

1064 CLOSE #1

1065 RESUME 1670

1070 TCR=0

1080 IMT=1

1090 CRT=1

1096 SUMGTI = O

1100 RCOUNT=0

1105 LPRINT "Individuals' WEIGHTS for: "CLONGS " SubCriteria are:"
1110 FOR I = 1 TO NC

1120 T(I) = 1

DECB - 1
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1125 SUMED(I) = 0

1130 NEXT I

1140 IF EOF(1) THEN GOTO 1310

1150 RCOUNT = RCOUNT + 1

1160 INPUT#1,U$ (RCOUNT)

1170 INPUT#1,V$ (RCOUNT)

1180 INPUT#1,IM

1is0 INPUT#1,CR

1195 LPRINT U$ (RCOUNT) " of " V$(RCOUNT) TAB(61) "WEIGHT"

1200 IMT = ILMT*LM

1210 'CRT = CRT*CR

1220 FOR I = 1 TO NC

1230 INPUT#1,ED

1250 T(I)=T(I)*ED

1260 SUMED(I) = SUMED(I) + ED

1265 LPRINT J$(I) TAB(60);: LPRINT USING "##.####"; ED

1270 NEXT I

1275 LPRINT TAB(10) "Consistency Ratioc = ";:LPRINT USING "##.####";CR
1276 LPRINT TAB(10) "Lambda Max = " ; :LPRINT USING "##.####" ;1M
19°7°7 T

DD TAImM
-s VI AiE AvMAVAe

1280 GOTO 1140

1290

1300 'CONTINUE:

1310 CLOSE#1

i320 CLs

1330 !t *kwkwk** CALCULATE PROGRAM ¥k thhddk
1340 'CALCULATE:

1350 GIMT=0 'INITIALIZE TOTAL COUNTERS
1360 GCRT=0

1370 GOSUB 4000

1380 FOR I = 1 TO NC

1380 GT(T) = 0

1400 NEXT I
1435 PRINT "For "CLONGS" SubCriteria Weights,"

1440 PRINT: PRINT " There were "RCOUNT" Evaluators. The Geometric Means of their
responses are:"
1ARN T DDTAIM 117

-
- TR Al ANddY aarwm

1460 PRINT : LPRINT

1480 LPRINT "The resultant Geometric Mean of the above individual evaluations of"
1485 LPRINT CLONG$ " SubCriteria Weights for the * "PROJ4" * project are :"
1495 LPRINT " NGM"
1500 FOR I = 1 TO NC

1510 GT(I) = T(I)”*(1/RCOUNT)

1512 SUMGTI = SUMGTI + GT(I)

1515 NEXT I

1516 FOR I = 1 TO NC

1517 NGM(I) = GT(I)/SUMGTI

1518 AVGED(I) = SUMED(I)/RCOUNT

bom 1 eevmbam Al eamemmemodacmidsm o T AT
~ LEWSpULuEilcs = &“-UUA‘J.

1520 DRINT J$(I);" Values = "TAR(EQ);:PRINT USING "### S#88n,N(T)
1530 LPRINT J$(I) TAB(58) ;:LPRINT USING "####.####" ;NR4(I)
1540 NEXT I

1550 PRINT : LPRINT
1560 GLMT = IMT* (1/RCOUNT)
1570 *GCRT = CRT*{1/RCOUNT)

1580 PRINT"The Geometric Mean of Lambda Max Total = " ;GLMT
1590 LPRINT "The Geometric Mean of Lambda Max Total = ";:LPRINT USING "##.####";GL

DECB - 2
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1591 LPRINT
n*******************************************i******************f************"
1595 INT CERS$ (12)

1600 PRINT: LFPRINT

1650 IF FLAG = 1 THEN GOTO 1670

1660 NEXT CRIT

1665 IF FLAG = 0 THEN GOTO 1690

1670 INPUT "Evaluate more Criteria for the same Project? (<¥>/N): ",Q2%
1680 IF Q28 = "N" OR Q28 = "n" THEN GOTO 1650 ELSE GOTO 310

1690 INPUT "Want To Evaluate Criteria for another Project? (¥/<N>): ",Q3$
1700 IF Q3% = "y" OR Q3$ = "Y" THEN LPRINT CHR$(12) : GOTO 300

1710 CLOSE#1

1720 LPRINT CHRS$ (12)

1730 END

1740

2000 [E2 222222222 3 DATA SECTION T 22T 22222222232 22222222222t dd 22l adsdl]

2010 DATA 18

2011 DATA " 1m," TOP LEVEL CRITERIA ", 4
2012 DATA * 2","% COST RELATED CRITERIA n,3
2013 DATA w 3n,n Non-Recurring Costs ", 5
2014 DATA " 44", " Service Life Costs n,3
2015 DATA * 5n,n SCEEDULE RELATED CRITERIA L |
2016 DATA " 6"," RISK RELATED CRITERIA ", 4
2020 DATA * 7%,% SHIP PERFORMANCE ".3
2030 DATA * 8"," OPERATIONAL CAPABILITY n,5
2040 DATA " 9"," Payload Carrying Capacity LI
2050 DATA " 10%," Payload Effectiveness ", 2
2060 DATA " 11-," Mobility "3
2070 DATA = 12@," Availability n",3
2080 DATA n 13%," Operability in Extreme Conditions ", 4
2090 DATA "* 14"," Survivability ", 2
2100 DATA * 15",n Detection Avoidance ", 4
2110 DATA " 16"," Damaged Operability ", 4
2120 DATA * 17%," EFFICIENCY OF OPERATIONS ",3
2130 DATA * 18"," FUTURE GROWTH CAPABILITY ", 4

2140 ' RARRKAAKRARRARANYY END OF DATA SECTION Fhddddkrhddrhrdrdkhrdhdts

2150 !
4000 "RERERERRNRNAERRARARRRNRARRRRARRRRARRRRRARRRRERRARRRRRRRRRRARRARRARARALRRR
4010 R 222222222212 S!LECT DATA SUBROQUTINE b2 2222222222122 2122222222222 22
4020 ON VAL(CODE$) GOTO
4030,4110,4210,4280,4350,4360,5040,5120,5220,52590,5360,5440,5520,5610,5680,5770,5850
,5930
4025
4030 88 = ngET 1"
4040 CLONGS$ = "TOP LEVEL CRITERIA
4050 NC = 4
4060 J8(1) = n(1) cosT"
4070 J8(2) = " (2) SCHEDULE"
4080 J$(3) = "(3) RISK"
4082 J8(4) = " (4) PERFORMANCE"
4090 RETURN
4100
4110 S8 = "gET 2"
4120 CLONG$ = "COST RELATED CRITERIA
4130 NC=3
4140 J3(1) = " (1) RECURRING SHIPBLDG COSTS
4150 J$(2) = " (2) NON-RECURRING SHIPBLDG COSTS
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Earwr =

J$(3) = "(3) SERVICE LIFE COSTS"
RETURN

8§ = "gET 3"
CLONG§ = "NON-RECURRING COSTS"
NC=5

& s
LL AT Y

J$(2)
J$(3)
J$(4)
J$ (5)
RETURN

1

S$ = "SET 4"

CLONG$ = "SERVICE LIFE COSTS"

NC=2

J$(1) = "(1) PERSONNEL"

J$(2) = " (2) CONSUMABLES"

J$(3) = "(3) MAINTENANCE"

RETURN

L}

S$ = "gET 5©

CLONGS = "SCHEDULE RELATED CRITERIA®

"ﬂﬂﬂ'rm AN NI TATDEID TAY/SH
) d e WAV SUNE DA NT b VRISV

"PRODUCTION PLANNING"
"PRODUCTION AIDS / TOOLING
"DISRUPTION"

"DELAY"

NC=4

;r$ 1y = nnrq‘rmglmc“mrnmn gooEnuTEn
J8(2) = "EQPMNT/MAT'L PURCHASE SKED"
J$(3) = "CONSTRUCTION SCHEDULE"

J$(4) = "TEST AND TRIALS SCHEDULE"
RETURN

'

8§ = "SET 6"

CLONG$ = "RISK RELATED CRITERIA"
NC=4

?Ql‘l\ = "{1) MATURITY OF TECHENCLOGY"

¥ e ey = Vb ] AR AVirkdd WE TECHENCL

"(2) YARD EXPERIENCE"
" (3) COST ESTIMATE CONFIDENCE"
" (4) SCHED ESTIMATE CONFIDENCE"

Js$(2)
J3$(3)
J$(4)
RETURN

S§ = "gET 7"

0 CLONG§ = "SHIP PERFORMANCE CRITERIA

NC = 3

& 191 N1\ ADFMPDAMTALIAY SAAVIANVTY PATSN

Wy A ] " V] VELENGILHWINNE WALNDAML L L
J$(2) = "(2) EFFICIENCY OF OPERATION"
J$(3) = v (3) FUTURE GROWTH MARGIN"
RETURN

1

S$ = n"gET 8"

CLONG$ = "OPERATIONAL CAPABILITY"
NC=5

J$(1) = "(1) PAYLOAD CARRYING CAPACITY"
54{2) = "{2) PAYLOAD EFFECTIVENESS"
J8$(3) = 7 (3) MOBILITY"

0 J3(4) = "(4) AVAILABILITY"

J$(5) = "(5) SURVIVABILITY"
RETURN

T
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5220
5230
5240
5250
5260
5270
5280
5290
5300
5310
5320
5330
5340
5350
5360
5370
5380
5390
5400
5410
5420
5430
5440
5450
5460
5470
5480
5490
5500
5510
5520
5530
5540
5550
5560
5570
5580
5590
5600
5610
5620
5630
5640
5650
5660
5670
5680
5690
5700
5710
5720
5730
5740
5750
5760
5770
5780

8§ = "gET 9n

CLONGS = "PAYLOAD CARRYING CAPABILITY"
NC=2

J$(1) = " (1) OFFENSIVE MISSION PAYLOADS"
J$(2) = "(2) DEFENSIVE MISSION PAYLOADS"
RETURN

1

8§ = "SET 107

CLONGS = "PAYLOAD EFFECTIVENESS"

NC=2

J$(1) = " (1) EFFECTIVENESS MEASURES"
J$(2) = "(2) ONLOAD/OFFLOAD CAPABILITY"
RETURN

1 ]

8$ = "gET 11"

CLONGS = "MOBILITY"

NC=3

J$(1) = "(1) SPEED"

J$(2) = "(2) ENDURANCE"

J$(3) = "(3) MANEUVERABILITY"

RETURN

1

S8 = "gSET 12"

CLONGS = "AVAILABILITY"

NC=3

J8$(1) = " (1) RELIABILITY"

J$(2) = "(2) MAINTAINABILITY"

J$(3) = "(3) OPERABILITY IN EXTREME CONDITIONS
RETURN

1 ]

S$ = "gET 13"

CLONGS = "OPERABILITY IN EXTREME CONDITIONS"
NC=4

J$(1) = "(1) HIGH SEA STATES"

J$(2) = "(2) TEMPERATURE EXTREMES"
J$(3) = " (3) FoGn

J$(4) = " (4) SANDSTORMS"

RETURN

]

8§ = ngET 14"

CLONG$ = "SURVIVABILITY"

NC=2 )

J$(1) = "(1) DETECTION AVOIDANCE"

J$(2) = "(2) DAMAGED OPERABILITY"
RETURN

L

S8 = "gET 15¢

CLONGS = "DETECTION AVOIDANCE"

NCw=4

J$(1) = " (1) UNDERWATER ACOUSTIC SIGNATURE"
J3(2) = "(2) RADAR SIGNATURE"

J$(3) = "(3) INFRARED SIGNATURE"

J$(4) = " (4) MAGNETIC SIGNATURE"
RETURN

L}

88 = "gET 16"

NC=4
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5790
5800
5810
5820
5830
5840
5850
5860
5870
5880
£890
5900
5910
5820
5930
5540
5950
5960
5970
5980
5990
6000

" (1) DAMAGED STABILITY"

" (2) SHOCK HARDENING"

" (3) SYSTEM REDUNDANCY"

"(4) VITAL SYSTEM SEPARATION"

J$ (1)
J5(2)
J$(3)
J$(4)
RETURN

8$ = " SET 17"

CLONG$ = "EFFICIENCY OF OPERATION"
NC=3

J$(1) = " (1) MANNING"

J$(2) = "(2) HABITABILITY"

J$(3) = "(3) SAFETY"

RETURN

S$ = "gET 18"

CLONGS = "FUTURE GROWTH MARGIN"

NC=4

J$(1) = v (1) WEIGHT MARGIN"

J$(2) = " (2) KG MARGIN"

J$(3) = "(3) VOLUME MARGIN (DENSITY)"
J$(4) = ©(4) MODULARITY"

RETURN
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GH-BASIC Statements for Program DECC.BAS

100 'This Program, "DECC" calculates and stores an individual's choice

110 ' of weighting factors for each design variant for each criteria evaluated,

111 ' and then prints ocut the data so it can be used in a spreadsheet program.

120 !

130 DIM A(3,3), B(3,3),C(3),E(3),CS(3),R(9),JT$(9) ,ALTS (3) 'Dimensioning Work Arrays
140 COLOR 14,3

150 CRLIM = .2 ' set consistency factor limit

160 !

170 *MAIN PROGRAM

180 CLS

200 INPUT "Enter the Project or Ship Type Identifier : ", PROJS
210 PRINT : INPUT "Enter the design change being evaluated : ",
CHANGES

300 ¢

305 IF ERR=25 THEN PRINT: INPUT "PRINTER ERROR. IS IT OFF? PRESS ANY XKEY WHEN IT IS ON.
", ERROK$: RESUME

310 !debbbttbbbbdt Naming Design Alternatives S b bbbt bbbt

315 FLAG = 3

316 PRINT

320 INPUT "Enter TITLE for Alternative 1 as (8 letters or less) : ", ALTS (1)
340 PRINT: INPUT "Enter TITLE for Alternative 2 (8 letters or less) :

" ,ALTS (2)

350 PRINT: INPUT "Now name Alternative 3 (8 letters) or press ENTER to bypass :

" ,ALT$ (3)

370 IF ALT$(3) = "n THEN FLAG = 2: DTAVAL(3) = 0
375 PRINT: PRINT "The Alternatives you have chosen are listed below:":PRINT

380 PRINT " Alternative 1 is " ALTS (1)
382 PRINT " Alternative 2 is "ALTS (2)
384 IF FLAG = 3 THEN PRINT " Alternative 3 is "ALTS (3) ELSE PRINT "No

Alternative 3"

385 PRINT: PRINT "Are these Alternatives Correct? (<Y>/N) : ": Qi$ = INPUTS(1)

386 IF Q1% = "N" OR Q1% = "n" THEN GOTO 310

387 IF FLAG = 2 THEN NALT = 2 ELSE NALT = 3

388 IF FLAG = 2 THEN GOTO 393

389 !

3530 GOSUB 2400 ' validate or reset consistency factor limit

391 !

393 CLS: PRINT: INPUT "Enter Name of Evaluator : ", FLNAMES: PRINT

394 INPUT "Enter Evaluator's Organization: ", ORG$: PRINT

395 LPRINT TAB(2) "DECISION CRITERIA EVALUATION of Design Alternatives for "PROJS" Program"
396 LPRINT TAB(8)"Dasign Variant: "CHANGES TAB(40) " Consistency Ratio Limit = n;:
LPRINT USING "#.####"; CRLIM

397 LPRINT: LPRINT "Evaluation by "FLNAME3" of "ORGS"

399 ¢

400 ‘St++ttt++4+++ SubRoutine "SELECTCRITERION" +tttdtttdtttddddt+++

430 '**k%** pPrints list of criteria from Data Section, user chooses one **rerix

440 CLS

450 PRINT

460 PRINT nhkkdkkhkdkktbthdtkbrdrdd Criterion Code List Fhhdkirhhdrdberhhdhhhrrtbhrrn
470 PRINT "Code","Label"," Number of Sub-Criterian

480 RESTORE

490 READ NUMCRITE ' Number of Criteria

500 FOR I = 1 TO NUMCRITE

510 READ CRITSYM3, TITLES, NSC 'Criteria Symbols, Titles, # of SubCriteria

520 IF VAL(CRITSYM3) > S THEN GOTO 550
DECC - 1
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830 PRINT TAB(2) ;CRITSYMS :SPC(2) ;TITLES ;SPC(2) ;NSC

540 GOTO 560

550 PRINT TAB (1) ;CRITSYMS ; SPC(3) TITLES ;SPC(2) ;NSC

560 NEXT I

£80 PRINT

700 CODE$=nn

770 INPUT "Enter Criterion Code to be Evaluated: ", CODE$

780 PRINT

790 IF VAL(CODE$) >0 AND VAL{CODE$) <= NUMCRITE THEN GOTO 4000

799 !

Q40 ' Rhkkhhdhhhkhhhhr CRITERIA CODE ERROR SUBROUTINE L2222 22322222422 2222

850 PRINT

960 INPUT "You must enter one of the Criterion Codes to Continue (or Q to Quit) :
", CODE$

580 IF CODE$= "q" OR CODE$ ="Q" THEN GOTO 2340 ELSE GOTO 790: PRINT "Thank You"
990 1T Rk dkdhd END Of CODE ERROR SUBROUTINE t 2223322222222 2 222232222222

999 !
1000 ' =m===m=xz=z==mx= DATA ENTRY AND EVALUATION
1002 cLs

1003 PRINT "Here are the "CLONG$" SUBCRITERIA:"

1004 FOR N = 1 TO NC

1005 PRINT J$(N)

1006 NEXT N

1007 PRINT

1010 LPRINT: LPRINT " "CLONG$" SubCriteria Weighting Evaluation”
1011 LPRINT *®

1013 LPRINT "SUBCRITERIA®"; TAB(44); "DESIGN ALTERNATIVES"

1020 IF FLAG = 2 THEN GOTO 1018

1030 LPRINT TAB(44) ;ALTS (1) : TAB(54) ;ALTS (2) ; TAB(64) ;ALTS (3) ; TAB(74) ; "CFACTR"

1040 GOTO 1100

1060 LPRINT TAB(44) ;ALTS (1) ; TAB(54) ;ALTS (2) ; TAB(74) ; "CFACTR"

1075

1099 -== geleact from list of subcriteria ---

1100 INPUT "WILL YOU EVALUATE EACH (E), SOME (<S>) OR ONE (1) OF THESE? : ", SBCI
1102 IF SBCHS = "E" OR SBCH$ = "e" THEN SBCHFLAG = 0: GOTO 1315

1105 IF SBCH$ = ®"l" THEN SBCHFLAG = 1 ELSE SBCHFLAG =2

1110 PRINT: INPUT "Which CRITERION will you evaluate? Enter its number: ", N
1115 PRINT: IF N > NC THEN PRINT "THE NUMBER MUST BE LESS THAN "NC". TR
AGAIN" : PRINT:GOTO 1110

1117 HDS = nyn

1120 GOTO 1325

1200 '

1300 ! Fdkkdkkhdhkd EVALUATION ROUTINE *ddhkdkhddrrrbtrddtbbrbrrbtbhdiirirrridid
1305

1315 INPUT "WILL YOU USE HARD DATA FOR ANY OF THESE COMPARISONS? (Y,<N>) :",HD$
1320 FOR N = 1 TO NC

1321 GOTO 1325

1322 NEXT N

1323 GOTO 2300

1324

1325 PRINT

1330 PRINT "FOR CRITERION ":: COLOR 14,1: PRINT J$(N);: COLOR 14,3

1332 IF ED$ = "Y" OR HD$ = "y" THEN GOTO 1335 ELSE GOTO 1344

1335 PRINT:INPUT "WILL YOU USE HARD DATA? (Y,<N>) : ", DTATYP$

1336 IF DTATYP$ = "Y" OR DTATYP$ = "y" THEN GOTO 2500

1340

DECC - 2
Appendix



1344 LPRINT J$(N) " Data ":LPRINT TAB(8) " ALTS" TAB(33) "DOMINANT ALT 210) 4
FACTOR"

1345 FOR I = 1 TO NALT-1

1346 FOR J = I+l TO NALT

1349 PRINT

1350 PRINT "IS ";:COLOR 14,5:PRINT "("I")";:COLOR 14,1:PRINT " "ALTS$(I);:COLOR
14,3:PRINT " OR ";:COLOR 14,5:PRINT " ("J")";:COLOR 14,1:PRINT " "ALTS (J);:COLOR
14,3:PRINT " SUPERIOR? ",:INPUT ": ", X

1360 IF X=I OR X=J THEN GOTO 1370

1364 PRINT: COLOR 14,4

1365 PRINT "ENTRY MUST BE EITHER "I" OR "J" ! TRY AGAIN";: COLOR 14,3:
PRINT:GOTO 1349

1369 !

1370 INPUT "FACTOR OF SUPERIORITY? MUST BE 1 (EQUAL) OR GREATER P 4
1375 IF Y < 1 THEN PRINT: GOTO 1370
1380 INPUT "WANT TO CHANGE EITHER VALUE? (Y/<N>): ",X$

1350 IF (X$="Y") OR (X$="y") THEN GOTO 1349 ELSE GOTO 1400
1400 IF X = I THEN A(I,J) = Y

1410 IF X = J THEN A(I,J) = 1/Y

1420 IF X = I THEN A(J,I) = 1/Y

1430 IF X = J THEN A(J,I) = X

1440 LPRINT TAB(2)"("I") " ALTS(I) " VS ("J") " ALT$(J) TAB(38) X TAB(48);:LPRINT
USING "####8.8#4"; Y
1450 NEXT J

1460 NEXT I

1470 PRINT

1480 INPUT "ARE ALL THE ENTRIES CORRECT? (<Y>/N): ", TESTS
1485 PRINT

1490 IF (TEST$="N") OR (TEST$="n") THEN GOTO 1325
1500 FOR I = 1 TO NALT

1510 A(I,I) =1 'Initializing array values

1520 E(I) = 0
1530 CS(I) = 0
1540 C(I) =0

1550 NEXT I

1560 FOR J = 1 TO NALT 'Calculating Column Sums
1570 FOR I = 1 TO NALT

1580 C3(J) = CS(J)+A(I,J)

1590 NEXT I

1600 NEXT J

1610 !

1620 FOR I = 1 TO NALT

1630 FOR J = 1 TO NALT

1640 B(I,J) = A(I,J)/CS(J)

1650 C(I) = C(I) + B(ZI,J)

1660 NEXT J

1670 C(I) = C(I)/NALT

1680 NEXT I

1690 ‘'*hkkkkkkkrkd End of INPUT Routine #*redrddddkdkridhdbhtitiid

1700

1701 ' wkdkkkhhdw Calculate values for CR and IM *hxdkrkkrdkkhhdhhhhhhdthddyx

1702 IM = 0 ' Initializing Lambda Max

1703 CR = 0 ' Initializing Consistency Ratio
1704 K=l

1710 ¢

1720 ! *kkkkkkk COMPUTE ROUTINE *ARrrthdttkhhhhttthrbhrrerhrahrhdrrs
1730 ' *¥xakwsx Fill the Arrays - Do the Math *krkrskdkhkdahrhdhrhhdisn
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1740
1750
1760
1770
17g0
1790
1800
1810
1820
1830
1840
1850
i860
1870
1880
1890
1500
1s10
1914
1915
1916
1920
1930
1940
1941
1942
1943
1944
1945
1946

1TQ4"77
—Tm

1948
1949
1950
1951
1952
1983
1954
1855
1956
1957
1958
1959
1960
1962
1965
1970

1980
1000

- o

1995
1999
2000
2055
2060

EF = 0
LA = 0
FOR I = 1 TO NALT
FOR J = 1 TO NALT
E(I) = E(I) + A(I,J)*C(J)
NEXT J
NEXT I
FOR I = 1 TO NALT
LA = LA + E(I)
IF X = 1 THEN IM = IM + E(I)/C(I)/NALT
NEXT I
K=X+1
FOR I = i TO NALT
BE(I) = E(I)/LA
NEXT I
FOR I = 1 TO NALT
IF ABS(E(I)-C(I))>.001 THEN EF = 1
NEXT I
FOR I = 1 TO NALT
C(I) = E(I)
NEXT I
R(1)=.01: R(2)=.01: R(3)=.58: R(4)=.9: R(5)=1.12: R(6)=1.24: R(7)=1.32
R(8)=1.41
RI=R (NALT)
IF EF = 1 THEN GOTO 1740
MU = (LM-NALT)/(NALT-1): CR = MU/RI
PRINT "JUDGEMENTS ARE:"
PRINT TAB(10) ;"FOR: ";J$(N)

FOR I = 1 TO NALT

PRINT TAB(15) ALTS$(I);" = ";TAB(60) ; :PRINT USING "##.####v E

arvym T
ANEdSD D -

IF FLAG = 2 THEN GOTO 2000
PRINT TAB(20)
PRINT "Consistency Ratio = ";:PRINT USING "##.####" ;CR
PRINT TAB(20)
PRINT "Lambda Max = " : :PRINT USING "#¥.####";I1M: PRINT
IF CR <= CRLIM THEN GOTO 2000
LPRINT "THESE DATA ARE NOT CONSISTENT ENOUGH TO BE USED.": LPRINT
PRINT "THESE DATA ARE NOT CONSISTENT ENOUGH TO BE USED.": PRINT
PRINT "TO REEVALUATE, ENTER Y <¥Y>."
PRINT "TO EVALUATE ANOTHER CRITERION, ENTER A (ALL DESIGN ALTERNATIVES"
PRINT © FOR "J$(N)" WILL BE GIVEN EQUAL STRENGTHS)"
PRINT "TO QUIT EVALUATING "CLONG$" SUBCRITERIA, ENTER Q"
PRINT:PRINT "ENTER YOUR SELECTION (<Y>, A or Q) HERE : ": I$ = INPUTS(
IF I$ = "Q" OR I$ = "qgr" THEN GOTO 2280
IF I$ = "A" OR I$ = "a" THEN GOTO 1980
GOTO 1325
IF FLAG = 2 THEN E(1) = .5: E(2
E{1) = _33333: E{(2) = .33333: E(3
[E2 2222222322224 2 END OF COMPUTE ROUTINE E2IIII2 2222222222222 22
1]
IRRRERRRRAARRAARRAAAAY DRINT ROUTINE Frerrrdvrrdrbhrrbrrdrrbid
IF FLAG = 2 THEN GOTO 2070
LPRINT CLONGS " "J$(N) " Weights";TAB(40) ;:LPRINT USING

) = .5: CR= 0: GOTO 2000
(3)

= _33333: CR =0

nRENEE.RRRE" ;R(1) ;E(2) ;E(3) ;CR

2065

GOTO 2080
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2070 LPRINT CLONGS " " J$(N) " Weights";TAB(40) ;:LPRINT USING
nERERE . RRRRY ;B (1) ;E(2) ; :LPRINT SPC(10) ; :LPRINT USING "#####. ####" ;CR

2075 LPRINT " dekdkhkhkhhhdhkkdkdkhbddkkdddikn
2077 ' khkkkkkhkkhkkkhkkhkkkkhkt® END OF PRINT ROUTINE *hhkiddrdkdrhrhhhrbhhrrrthdr
2078 !

2080 IF SBCHFLAG = 0 THEN GOTO 1322

2081 IF SBCHFLAG = 1 THEN GOTO 2300

2082 ! ——~ for SBCEFLAG = 2 ====-

2085 PRINT: PRINT "Here are the "CLONGS" SUBCRITERIA:"

2086 FOR N = 1 TO NC

2087 PRINT J$(N)

2088 NEXT N

2085 PRINT: PRINT "WANT TO EVALUATE ANOTEER SUBCRITERION OF "CLONG$" ": INPUT "?
(<Y¥>,N) :", YNS

2050 IF YIN$ = "N" OR ¥YN$ = "n" THEN GOTO 2300

2095 GOTO 1110

2100 !

2110 LPRINT
2150

2300 LPRINT "

2301 INPUT "Another Evaluation for the Same Person? (<Y>/N): ",P$
2305 IF (P$="N") OR (P$="n") THEN INPUT "Start a new person? (<Y>/N): ",Q$ ELSE GOT:

2310 IF (Q$="N") OR (Q$="n") THEN GOTO 2340

2320 LPRINT CHRS$ (12)

2325 GOTO 393

2330 !

2340 ' whkkhkvhhd QUITFILE SUBROUTINE bA 2222 s 2228222 2221 2L 2 21 1 2 R grRreey

2350 PRINT

2360 PRINT "Exiting this program."

2365 LPRINT C2R$ (12)

2380 END

2390 "HARERARRERERERRARRARERERERRARARAENERRRNARARRRRARRRRERIRRARARERRRARNRIRY
2400 !

2402 ' *dRhbkdhkkhbhhkdd COnsistency R.ading Subroutine k2 a2 2222222222222 222
2405 PRINT

2410 COLOR 15,3:PRINT "The data to be entered will be rejected if the data is found
to bat®

2415 PRINT " excessively inconsistent. The limit currently set for the "
2420 PRINT * consistency factor is "CRLIM". To modify this limit, @

2425 PRINT " enter "::COLOR 14,3:PRINT "Y";:COLOR 15,3:PRINT " now. Any other
entry will leave the limit at "CRLIM" : ";: INPUT "", CRLYS

2435 IF CRLY$ <> "y" AND CRLY$ <> "Y" THEN GOTO 2460

2440 PRINT: INPUT "Enter your choice for the consistency factor limit : ",CRLIM
2445 IF CRLIM < 1 THEN GOTO 2460

2450 PRINT: PRINT: PRINT "The value for consistency factor limit must be less than
1.000. Please try again®: GOTO 2440

2460 COLOR 14,3: RETURN

2470 ' *xkkkkxkttsrtt End of Consistency Reading Subroutine fwdstradrrwwdss
2480 '

28500 ' *khkkkkhhkbrhkbrkddhd BARD DATA ROUTINES b2 s s s 2222222222222 121 122
2501 IF VAL(CODES) < 4 THEN GOTO 2600

2502 IF VAL(CODES) = 6 AND N = 2 THEN GOTO 2600

2503 IF VAL (CODES) 7 AND N = 3 THEN GOTO 2600

2504 IF VAL (CODES$) 8 AND N = 2 THEN GOTO 2600

2505 IF VAL (CODES$) 9 AND N < 6 THEN GOTO 2600

DECC - §

- o ws__



2506 IF VAL(CODE$) = 10 AND N = 1 THEN GOTO 2600

2507 PRINT: PRINT " BE SURE TO USE ";:COLOR 14,5:PRINT "LARGER";:COLOR 14,3:PRI
VALUE FOR ";:COLOR 14,5: PRINT "SUPERIOR";: COLOR 14,3:PRINT " CHOICE"

2508 PRINT "ZERO AND NEGATIVE VALUES ARE NOT PERMITTED"

2509 PRINT "ENTER VALUE FOR ";:COLOR 14,9:PRINT ALTS$ (1) ;:COLOR 14,3: INPUT "

v DTAVAL (1)

2510 PRINT: PRINT "ENTER VALUE FOR ";:COLOR 14,9:PRINT ALTS (2);:COLOR 14,3:INPU
:+ " ,DTAVAL(2)

2515 IF FLAG = 2 AND DTAVAL(1l) > 0 AND DTAVAL(2) > 0 THEN GOTO 2525

2520 PRINT: PRINT "ENTER VALUE FOR ";:COLOR 14,9:PRINT ALTS (3);:COLOR 14,3: INP
: ©,DTAVAL(3)

2522 IF DTAVAL(1) > O AND DTAVAL(2) > O AND DTAVAL(3) >0 THEN GOTO 2525

2523 COLOR 14,5: PRINT "INVALID DATA WAS ENTERED. PLEASE TRY AGAIN":COLOR 1
GOTO 2500

2525 INPUT "WANT TO CHANGE ANY OF THE VALUES? (Y,<N>)
2526 IF X$ = n¥Y® OR X$ = "n" THEN GOTO 2500

2530 LPRINT J$(N) " Data" TAB(38) ; :LPRINT USING
n##4S#R#. ##7 ;DTAVAL (1) ;DTAVAL (2) ;DTAVAL(3)

2535 A(1,2) = DTAVAL(1l)/DTAVAL(2)

2540 A(2,1) = 1/A(1,2)

2545 IF FLAG = 2 THEN GOTO 2570

2550 A(1,3) = DTAVAL(1l)/DTAVAL(3)

2555 A(3,1) = 1/A(1,3)

2560 A(2,3) = DTAVAL(2)/DTAVAL(3)

2565 A(3,2) = 1/A(2,3)

2570 GOTO 1500

2575 '

2600 PRINT: PRINT " BE SURE TO USE ";:COLOR 14,5:PRINT "SMALLER";:COLOR 14,3:FPR
VALUE FOR ";:COLOR 14,5: PRINT "SUPERIOR";: COLOR 14,3:FRINT " CHOICE"

2605 PRINT "ZERO AND NEGATIVE VALUES ARE NOT PERMITTED"

2609 PRINT "ENTER VALUE FOR ";:COLOR 14,9:PRINT ALT$ (1) ;:COLOR 14,3: INPUT "

" DTAVAL(1)

2610 PRINT: PRINT "ENTER VALUE FOR ";:COLOR 14,9:PRINT ALTS$(2);:COLOR 14,3:INPU
: " ,DTAVAL(2)

2615 IF FLAG = 2 AND DTAVAL(1l) > 0 AND DTAVAL(2) >0 THEN GOTO 2625

2620 PRINT: PRINT "ENTER VALUE FOR ";:COLOR 14,9:PRINT ALTS(3);:COLOR 14,3: INF
: " ,DTAVAL(3)

2622 IF DTAVAL(1l) > O AND DTAVAL(2) > O AND DTAVAL(3) >0 THEN GOTO 2625

2623 COLOR 14,5: PRINT "INVALID DATA WAS ENTERED. PLEASE TRY AGAIN":COLOR 1
GOTO 2600

2625 INPUT "WANT TO CHANGE ANY OF THE VALUES? (Y,<N>) : ",X$

2626 IF X = "Y" OR X$§ = "n" THEN GOTO 2600

2630 LFRINT J$(N) " Data" TAB(38) ;:LPRINT USING

n######. ##" :DTAVAL (1) ;DTAVAL (2) ;DTAVAL(3)

2635 A(1,2) = DTAVAL(2)/DTAVAL(1l)

2640 A(2,1) = 1/A(1,2)

2645 IF FLAG = 2 THEN GOTO 2670

2650 A(1,3) = DTAVAL(3)/DTAVAL(1l)

2655 A(3,1) = 1/A(1,3)

2660 A(2,3) = DTAVAL(3) /DTAVAL(2)

2665 A(3,2) = 1/A(2,3)

2670 GOTO 1500

2675 IR T2TTLITLIE2 2L L2224 4 4 END OF HARD DATA ROUTINES 2 XL 3L 22L L2324 2222 2 2 44
2700 !

2800 !

3000 IFTTIIIITLIS LIS 222222 22 22 4 4 DATA SECTION 2222222223222 222222 g3 d s

3005 DATA 11

", X$
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3010 DATA "1v," NON-RECURRING COSTS ",5

3015 DATA "2%," SERVICE LIFE COSTS ",4
3020 DATA "3"," SCHEDULE RELATED CRITERIA ",4
3025 DATA "4v," RISK RELATED CRITERIA ",4
3035 DATA "5%," PAYLOAD CARRYING CAPACITY ",2
3040 DATA "6"," PAYLOAD EFFECTIVENESS ",2
3050 DATA "7v," MOBILITY "3
3060 DATA "8"," AVAILABILITY ",6
3080 DATA "9¢,*" SURVIVABILITY ", 8
3050 DATA "10",% OPERATIONAL EFFICIENCY ",3
3100 DATA ®11i%," FUTURE GROWTHE CAPABILITY ", 4
3110 'ArkkEAREAARRANERAARAN® END OF DATA SECTION hkkdkdhdthhkkrrrrrthrorrs
3120

4000 Tt Sfhkdk SELECT CRITERIA INFQ SUBROUTINES E 23 X2 2232222222222 22 22 322 2L 1 200
4005 ON VAL (CODE$) GOTO 4030,4040,4050,4060,4210,4280,4350,4430,4600,4840,4520
4006 !

4030 8§ = "gET 1v

4031 CLONGS = "NON-RECURRING COSTS"

4032 NC=5

4033 J$(1) = " (1) DESIGN AND ENGINEERING"
4034 J8(2) = " (2) PRODUCTION PLANNING"

4035 J$(3) = " (3) PRODUCTION AIDS / TOOLING
4036 J$(4) = "(4) DISRUPTION"

4037 J8(5) = "(5) DELAY"

4038 GOTO 1000

4039 !

4040 88 = wgET 20

4041 CLONGS$ = "SERVICE LIFE COSTS"

4042 NC=3

4043 J8(1) = " (1) PERSONNEL"

4044 J8(2) = " (2) CONSUMABLES"

4045 J$(3) = " (3) MAINTENANCE"

4046 GOTO 1000

4047

4050 88 = ngET 3

4051 CLONGS = "SCHEDULE PARAMETERS"

4052 NC=4

4053 J$(1) = " (1) DESIGN/ENGINEERING SCHEDULE"
4054 J$(2) = "(2) EQUIP/MTL PROCUREMENT SCHEDULE
4055 J$(3) = " (3) CONSTRUCTION SCHEEDULE"

4056 J$§(4) = " (4) TEST AND TRIALS SCHEDULE"

4057 ¢

4060 88 = "SET 4"

4061 CLONGS = "RISK PARAMETERS"

4062 NC=4

4063 J$(1) = "(1) MATURITY OF TECHNOLOGY"
4064 J8(2) = "(2) YARD EXPERIENCE"

4065 J$(3) = "(3) COST ESTIMATE CONFIDENCE"
4066 J$(4) = " (4) SCHEEDULE ESTIMATE CONFIDENCE!
4067 GOTO 1000

4068 '

4200

4210 S$ = "SET 5v

4220 CLONGS = "PAYLOAD CARRYING CAPABILITY"
4230 NC=2

4240 J$(1) = " (1) OFFENSIVE PAYLOADS"

4250 J$(2) = " (2) DEFENSIVE MISSION PAYLOADS"
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4260
4270
4280
4290
4300
4310
4320
4330
4340
4350
4360
4370
4380
4350
4400
4410
4420
4430
4440
4450
4460
4470
4540
4550
4560
4570
4580
4590
4600
4610
4620
4700
4710
4720
4730
4740
4780
4790
4800
4810
4820
4825
4840
4850
4860
4870
4880
4850
4900
4810
4920
4930
4940
4950
4960
4970
4980

GOTO 1000
1]

S$ = "SET 6"

CLONG$ = "PAYLOAD EFFECTIVENESS"

NC=2

J$(1) = (1) EFFECTIVENESS MEASURES"
J$(2) = "(2) ONLOAD/OFFLOAD CAPABILITY"
GOTO 1000

1 ]

S$ = wgET I

CLONG$ = "MOBILITY"

NC=3

J$(1) = "(1) SPEED"

J$(2) = ©(2) ENDURANCE"

J$(3) = " (3) MANEUVERABILITY"

GOTO 1000

]

S$ = "gET 8

CLONG$ = "AVAILABILITY"

NC=6

J$(1) = " (1) RELIABILITY (MTBF)"

J$(2) = " (2) MAINTAINABILITY (MTTR)"
J$(3) = "(3) SEAKEEPING"

J$(4) = "(4) OPERATION IN TEMPERATURE EXTREMES"
J$(5) = "(5) OPERATION IN FOG"

J$(6) = "(6) OPERATION IN SANDSTORMS"
GOTO 1000

]

S$ = ngET 9n

CLONG$ = "SURVIVABILITY"

NC=9
J$(1) = (1) UNDERWATER ACOUSTIC SIGNATURE"
J$(2) = " (2) RADAR SIGNATURE"

J$(3) = " (3) INFRARED SIGNATURE"

J$(4) = "(4) MAGNETIC SIGNATURE"

J$(5) = "(5) ABOVE WATER ACOUSTIC SIGNATURE
J$(6) = "(6) DAMAGED STABILITY"

J$(7) = "(7) SHOCK HARDENING"

J$(8) = "(8) SYSTEM REDUNDANCY"

J$(9) = "(9) VITAL SYSTEM SEPARATION"

GOTO 1000

1

S$ = " gET 10"

CLONG$ = "OPERATIONAL EFFICIENCY"
NC=3

J$(1) = " (1) MANNING"

J$(2) = "(2) HABITABILITY"
J$(3) = "(3) SAFETY"

GOTO 1000

L

S$ = "SET 11"

CLONG$ = "FUTURE GROWTH MARGIN"

NC=4

J$(1) = v (1) WEIGHT MARGIN"

J$(2) = "(2) KG MARGIN"

J$(3) = "(3) VOLUME MARGIN (DENSITY)"
J$(4) = " (4) MODULARITY"
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49590 GOTO 1000
5000 END
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