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1 Introduction

The accuracy of a design and a cost estimate depend upcn the stage at which
they are performed. This accuracy ranges from 57 at the definitive stage.
when almoest all the engineering data and design details about the project
are avallable. to more than 35 at the feasibility stage. when there 1¢ less
information available about the project 8 The chjective here 1s to develop
a model that produces a rehable basis fur estimating at the feasibihity stage
This stage 1s very important for both the owner and the designer. It 1s
necessary to have a rebable basis for design and an accurate cost estimate at
this stage in crder to decide whether to proceed with the project or not.

To accomplish this. a review cf the types of estimation methods available
1s first presented. Two methods. using regression. that deal with the estimate
at the predesign stages. are also reviewed. In such estimates there are many
subjective factors that can be handled by using the fuzzyv sets concept A
madel for analvzing design reliabihity based on fuzzyv sets theorv is proposed
. Numerical examples. including sensitivity analvsis. are alsc presented

2 Types of Estimation

Cost estimates range from a feasibility study to complete design = preject
The estimate and type of design data desired may differ radically from cne
prcoject to ancther. In this section. a review of the availakle methods at all
stages will be given and the pitfails of the estimates will be cutlined A
detailed review of the prehminary estimate will frli-w.

2.1 Estimates and their accuracies

As mentioned previcusly. several cost estimates are usually performed at
different stages of anv project. The accuracy of an estimate depends upon
the rehability of the design which 1s performed . Usually. the stages and their
corresponding accuracies are as follows.

1. Definttive = accuracy =5%¢

2. Appropnation = accuracy =10 - 15%




3 Feasibility = accuracy > =337

[t 1s very important to note that the estimate in all stages is an approxi-
mation based on judgment and expeiience. Some of the reasons that lead 1o
inaccurate estimates are pointed out in Section 2.2.

2.2 Pitfalls of the Estimation

The pitfalis of the estimation mav vary from one preject tc another The
following pitfalls may be common to many projects 9.

1. Misinterpretation of the statement of work.

to

Omissions or improperly defined scope.

o

Poorly defined or overly optimistic schedules.

4. Inadequate project design data and engineering properties.
5. Inaccurate work breakdown structure.

6. Inappropriate analyvtical techniques or modeling.

. Applyving improper skill levels to tasks.

& Failure to account for risks. including:

e safe and reliable design concepts
e site geology

e labor productivity

¢ unproven technology

e regulatory, environmental factors
e equipment productivity

¢ changed conditions

e peimit approval

e weather

e accidents

O




e quality control during design and construction
9 Failure to understand or account for cost escalation and inflation.
10. Failure to use correct estimating techniques.

11. Failure to use forward pricing rates for overhead, general and adminis-
trative, and indirect costs.

2.3 Preliminary Estimate

A preliminary estimate is generally presented before all the information re-
quired for the project is available. Such estimates are performed by the owner
or his consultant during a feasibility study, by the designer to evaluate pos-
sible design alternatives, and by contractors for bidding and budgeting. A
cost estimate at the feasibility study stage cannot be as precise since 1t is
based on an approximate design. However, an accurate method is required.
To develop such a method, the identification of available methods. allocation
of risk involved as well as when 1t 1s likely to occur, and identification of
design and cost variables responsible for large variations in the project cost
are required.

2.3.1 Types of Preliminary Estimate

Most of the existing conceptual and preliminary est’ .ating methods fall into
one or more of the following categories 3 :

1. Time referenced indices.

(3]

. Capacity factors.
3. Component ratios.

4. Parameters.

These methods will be explained in detail in sections 2.3.2 to 2.3.5.




2.3.2 Indices

Indices show changes ir. estimated quantities over time. These indices are
divided 1into two tvpes. The first type updates the data which serve as
inputs to the project. The second one 1s based on the completed construction
project, which is based on the output of the project.

2.3.3 Capacity Factors

Capacity factors apply to changes in size, scope. or capacity of projects of
similar type. as opposed to indices which focus on changes over time. Time-
independent factors are expressed in the following equation 3

Cy = 0y( L2y (1)
<1
where (; is the estimated quantity of the new project of capacity Q.. Cy 1s
known quantity of facility of capacity @;, and z is the capacity factor for
this tvpe of work.
Capaacity factors and indices can bz combined to take intc account changes
in both time and capacity. The modified time-dependent formula is 3":

22y (2
L@ '
where (5 is the estimated quantity of the new project and I, and I, are the
relative indices for the time associated with known and proposed facilities.
respectively.

C; = Cuf

2.3.4 Component Ratios

The comporent ratio method is based on information concerning the major
equipment to be installed in the project. This can be found by multiply-
ing the equipment characteristic or propertyv by an empirically documented
factor.

2.3.5 Parameters

The parameter apprcach relates all design aspects of a project to just a few
physical measures of parameters that reflect the size or scope of that preject.




For example. the gross enclosed flocr area would be a typical parameter for
a structure such as a warehouse.

3 Regression Methods

3.1 Kouskoulas Method[20]

In using this method. the building cost function 1s defined as a function of six
variables. namely. locahity index. price index. building type. building height.
building quality and building technology. The data used in this methed are
also used in the proposed model. therefore, this method will be exolained
later on 1n Section 4.

3.2 Karshenas Method[17]

In the Karshenas (1984) 17 model. the equation selected is a power equaticn.
The cost in this model 1s a function of height and floor area only. however.
these are not the only variables that affect the cost.

3.2.1 Data Collection

Engineering News Record(ENR) data since 1968 are used in Karshenas’
study. Table 1 shows the data for office building construction costs. Since the
vear of construction and the location of each building varies. their cost cannot be
directly compared to what was reported bv ENR. In order to make the building
costs comparable. all costs were converted to March 1982, New York City costs. by
using the cost index for steel-framed buildings. published by Marshall and Swift
Publishing Company 17 . The converted costs are shown in the second column of
Table 2.

3.2.2 Cost Function
The data in Table 1 mayv be used to derive a cost function of the general form
C=f(4.H) (3)

in which 4 and H are the tvpical floor area and height of the building. respectivelv
One methcd for investigating the shape of this cost function s t¢ plot contours
of constant C using .4 and H as abscissa and ordinate. respectively Figure 1 shows




an example of such contours fitted "bv eve”. The least squares method was used
to select the tvpe of function and power function was chosen. The general form of
the power function 15 17 :

flAH)= A%H" (4)
in which 3 and + are constants. Therefore, Eq. (4) would be
C=adA’H" (3)

in which a is a constant.
Taking the natural logarithm on both sides. Eq.(5) may be equivalentlv ex-
pressed as
InC=lna-~3lndA~-+4InH (6)
Using the data given in Table 1 and the least squares method. the parameters
of the preceding equation were estimated. Eq (6) with the estimated parameters
1s
InC = -0.0235~ 1.10451n4 ~ 1.1268In H (7)

or
C" — .41.1045H1.]2686—0.0235 (8)

in which C is the predicted cost of a building with the typical floor area 4 (sq.
ft). and height of H (ft). Examples of the contours of Eq.(8) superimposed on
the scatter plot of the observed building costs are shown in Figure 2. The costs
predicted by Eq.(8) are tabulated in Column 3 of Table 2 .

3.2.3 Examination of the Formula

The following questions are considered in this section:

1. Whether the data are adequately described by the regression equation’

2. How accurately Eq.(8) predicts the cost of a building?
The ability of the model to explain the variations of the cost data can be
measured by investigating the coefficient of determination. defined as

2 _ Se - 5.
T = 3 (9)
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Figure 1. Scattergram of Observed Costs and Contours of Constant Cost
Fitted "by eye”(in millions of dollars) [17]
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Figure 2. Scattergram of Observed Costs and Contours of Estimated Regres-
sion Plane (in millions of dollars) [17]




where C is the mean value of the cost and 7n is the number of observed data.

If Eq. (8) perfectly predicts the cost of the building, (1.e.,5, = 0) . then r = 1.
On the other hand, if the proposed model does not explain the variations in the
building cost, r = 0.

4 Feasibility Estimate

The design of any project is a function of many variables. An important problem
to consider is the selection of a set of independent variables that defines a project
design and its cost. Another problem is the selection of the cost function in terms
of the design variables. The criterion for selecting the variables is availability of
data concerning such variables from previously completed projects. Regarding
data availability, the cost function may be defined as:

C=f(071, ylm) (10)

in which C is a cost measure of a project and 1] are independent design variables.
The design variables may include:

1. Location, including site geology.
2. Quality of work.
3

. Labor productivity.

'~

Material.

w

Equipment productivity.
6. Technology.

. Weather.

-1

Project tvpe.

© o

Structure height.

4.1 Cost Function

The selection of independent design variables and the construction of the cost func-
ticn depend on the availability of data. The design variables used by Kouskoulas
{20! are the data for a building. His independent design variables include. tuilding
locality index, price index, building type index, building height, building quality
index and technology index.




4.2 DMeasurement of Design Variables

In preliminary cost estimating. one may identifv a building by its location. time of
realization. function or tvpe, height, quality and technologv. Consider the variable
17 = L, identifving the differences in construrtion costs as a consequence of dif-
ferences in the lLife stvle between different cities. Table 3 presents tvpical locality
indices for ten cities. The price index variable 15 = P is time-dependent. The
problem, therefore, is that the price index has to be projected into the future or
to the time when the construction takes place in order to construct the function.

P =git) (11)

Utilizing historical data, Table 4 provides a sample time history of average
construction costs in dollars per cubic foot for various apartment buildings.

The third variable, 13 = T, specifies the types of buildings. A good measure
for this variable is provided by the average cost per cubic foot for different tvpes of
buildings. Table 5 shows a range of classes of buildings. with their corresponding
relative cost values. as provided by i20'.

The height index. 1, = H, indicates the number of stories.

The quality variable, 15 = @, stands for what it specifies. It is a measure of:

1. The qualitv of workmanship and materials used in the construction process.
2. The building use.

3. The design effort.

4. The material tvpe and quality used in various building components.

To define the measure for such a variable. let C,,7 = 1, ...k, denote the average cost
portions of total building cost distributed among k building components. Assign
an integer index, / , from 1 to 4 (corresponding to fair, average, good and excellent)
to each component, and compute the values of the variable, 15, from'20 :

.1
V=2 LG (12)

A more subjective way might be to identifv the components of the building.
assigning each a value of 1 to 4 and, on this basis, pass a judgment on the quality
of the total building by assigning it one of the integer values 1 1o 4. It must be
realized that the range of integer value. 1 to 4. is arbitrarily selected and is oniy
good as long as it can provide a reliable estimation function.

10




Table 6 identifies general building components and, on the basis of their qual-
1itative description. rates them accordingly, from fair to excellent.

The technologyv index variable. 15 = TFE, takes into account the extra cost
that is incurred for special types of buildings or the labor and material savings
that result from the use of new techniques in the construction process. Some data
regarding this variable are given in Table 7.

4.3 Derivation of Cost Function

The cost function. C = f(17....15,), may take many possible forms. The one
chosen here is the linear expression:

C:ao—all'l—a-ﬂ'z-» .......... —amI;n°€ (13)

where aip(k = 0,....,m) are constants to be determined from the available data
and (e = C; — C,) is the error associated with the selected function. Once the
coefficients aj are known, C can be computed for any new project identified by a
set ~f -zlues Vi . The coefficients ax (k = 0,1, ...7n) are found by multiple linear
regression analvsis using the data in Table 8 .

11




Table 1: Office Building Design Data and Costs 17

Number Location Time of Number | Building | Typical floor Total
construction of height area Cust

floors (feet) | (square feet) | (dotlars)

T Lexington,Mass Nov.77/Jan. 79 3 | 36 27,000 3,133,100
2 Southfield Mich. Apr.76/June 78 15 1875 17,690 11,645,000
3 Pocatellu Idaho May 76/Sept 77 3 366 26,690 2,969,800
4 Dallas,Tex Apr.76/May 17 21 2625 17,000 12,958,000
5 Clendal: Calil. Dec.75/Nov.76 6 72 15,800 2781,180
6 Seattle, Wash. Feb.74/Dec.76 36 468 22,200 36,470,000
7 Scottsdale, Ariz. Dec.74/May 76 2 28 140,332 12,729,900

8 Knoxville, Tenn. Aug 74/Apr.75 2 253 9,986 446,500
9 Troy,Mich. Aug.73/0ct 75 26 330 19,400 16,822,00
10 Birmingham,Ala. Oct.74/Jan .76 18 216 12,616 6,104,140
11 Franklin, IIl. Mar.74/dec.74 5 62.6 8000 1,396,200
12 Beverly Hills,Cabf. Nov.73/July 75 8 1056 5,500 1,204,100
13 Houston, Tex. July 73/Jan.75 13 175.5 29,920 10,408,000
14 Chicago, Nl Dec. 73/Dec. 74 2 28 35,280 1,951,175
15 Detroit, Mich. Aug. T1/Apr.73 4 48 17,700 1,731,800
16 Warren , Mich. June 72/0ct.73 11 137.5 15,000 4,435,000
17 Wellesley, Mass, Dec. 69/Sept. 70 ) 18 18,800 1,763,000
18 Central N.J. Nov. 70/Feb 72 12 153 30,134 11,129,0u0
19 San Francisco,Calif Oct.66/May 68 33 429 17,212 14,155,000
20 New York, N.Y. Oct.61/Nov 63 42 183 18,893 16,820,900
21 Cleveland, Ohio Feb. 63/Nov. 64 11 533 21,600 20,116.000
22 Columbus, Ohio Dec. 63/Feb. 65 26 338 16,000 8,683,000
23 Pittsburgh, Pa. Apr 66/Apr 68 9 126 16,833 3,871,000

24 _Houston, Tex. Sept. 65/Aug 66 1 50 10,500 656,100

12




Table 2: Predicted Cost and Residuals

. Adjusted total

Predicted total

Num- cost.c . cost.¢é. Residuals, Residual.as a
ber (dollars) (dollars) € =c- ¢ percentage.€ c)
1 4.542.000 4.377.454 164.545 0036
2 17.271,000 17.619,844 -348.844 -0.020
3 4.699,000 4.441,512 257 487 0.054
4 25.254,000 24.636.604 617,396 0.024
5 4,506,000 5.289.436 | -783.436 -0.170
6 70.022,000 63.469.74 . 6.552.258 0.093
T 21.050.000 20.362.490 687.510 0.032
8 928.720 980.603 -51.883 -0.055
9 31.942.800 36.89(.823 -4.948.023 -0.150
10 12,704.000 14.226.597 -1.522.567 -0.120
11 2.619.110 2.126.700 492,410 0.19¢
12 2.175.000 2538924 -363.924 -0.160
13 23.722.000 29,222 684 3.500.684 -0.230
14 3.902.350 4.431.366 -529.016 -0.130
15 3.300.000 3.797.100 -497.100 -0.130
16 9.275.000 10.353.680 -1.078.680 -0.110
17 4.531.000 4.058.570 472,420 0.10¢
18 26.932.000 25.234.518 1.697.482 0.06
19 42.931,000 43.442.324 -511.324 -0.012
20 63.346,000 55,034.241 8,311.759 0.130
21 69.946.000 71,296,732 -1.350,732 -0.019
22 31.817,000 30,634.697  1.182.303 0.037
23 11,818.000 10,657,469 1,160.531 0.098
24 2.646.100 2,233.291 412.809 0.15
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Table 3: Typical Locality Indices for 10 Cities 20

, City Index.L -

| Boston,Mass. | 1.03

. BuffaloN.Y. | 1.10

. Dallas.Tex. 0.87

' Dayton.Ohio | 105

. Detroit. Mich. ~ 1.13
Erie.Pa. - 1.02

Houston.Tex. 0.99

. Louisville Kx. ' 0.9
- New York N.Y.  1.16
Omaha. Neb. 0.92

Table 4: Sample Time History of Average Construction Costs. in Dollars per
Cubic Foot for Various Apartment Buildings 20

"Year t , Index.P’
| 1963 | 0 | 1.66
1964 |1 L71
(1965 2| 176
| 1966 i 3, 18 *
{ 1967 | 4] 193 |
1968 | 5 2.09 |
1969 | 6 2.30
! 1970 | 7 2.49
1971 | 8 276 |
L1972 9" 295 |
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Table 5. Range of Classes of Buildings with Corresponding Relative Cost
Values 20

Tvpe Index.T
Apartment 297
Hospitals 3.08

Schools 258

Hotels 3.08

Office building(firepranf 295
Office buildinginot fireproof] 183
Stores 243

Garages 1.99

Factories 1.2
Frundries 1.49




Table 6: Quality Index Q20°
Component Fair Average Good Very Good
Use Multitenancy Mixed. single Single tenant  Single tenant
: tenant, and ‘ i with custom
: Multitenancy 1 requirements
Design . Minimum Average . Above average . Many extra
' design load design load design load ' design load
Exterior Wall | Masonry [ Glass or Glass.curtain =~ Monumental
1 masonry wall,precast {marble)
| concrete
Plumbing | Below Average Average Above average Above average
! quality : quality quality ‘ qualitv
Flooring ' Resilient, Resilient, ' Vinvl.cerammic = Rug. terrazzo
5 ceramuics i ceramics terrazzo ‘ marble
; | and
i terrazzo
Electrical Fluorescent | Fluorescent . Fluorescent Flucrescent
i bght,poor ' light.average light.above | light.excellent
| quality ceiling quality, average : qualitv
! | suspended ceiling | quality ceiling - cetling
;  Heating, | Below average Average , Above average Above average
' Ventilating | quality ‘ quality quality ! quality
1 and Air i |
Conditioning | f
| Elevator i Minimum | Above required High | High speed
‘ | required | speed ! deluxe

16




Table 7: Data Regarding Magnitude of 1§20

! Technology \ Index.TE

f Bank-monumental work 1.75 |

1 Renovation building 0.50
Special school building 1.10

| Chemuistry laboratory building 1.45

|
| |
. Telephone building-blast resistant | 1.60
: I

|

|

County jails 1.20

Dental school 1.15

Hospital addition 1.05

‘ Correctional center 1.20
i Home for aged 110

17




The basic idea of the least squares fitting method is to minimize the sum-of-
squares of the residuals, S, . as in

S;=d =3 (Ci-a-arV = oo = am V) (14)

85, - . .
Fa, = —Qgtm-(c,» —ag— a1V = e = amVimi) (15)
Ts=1k=0,..... m, 1=1,....... n

The coeflicients vielding the minimum sum of squares of the residuals are
obtained by setting the partial derivatives equal tc zero and expressing Eq. (13)
as a set of simultaneous linear equations.

i(iuxak) = ZVHC.' (16)

k=0 1=1
Or. in matrix form:
[ n SV SVm 17T a0 ] T
21'1“ Z‘?‘ ..... ZI'-“I',,,, a S‘L‘C,
Tl Yihatu 3 Vol a; | _ ) Y 1uG (17)
L S Sl T2 1l am | | ©VC, )

where C,; is the cost corresponding to data point ¢ and 1%, is the variable corre-
sponding to variable k and data point 1.

Constants were computed using a regression subroutine. which is included in
the program (as listed in Appendix A), with the historical data in Table & (from
1201).

According to{20], the resulting required [unction is:

i

C = -84.97694 ~ 26.670517 ~ 11.234713 — 6.235315
+.20122V4 - 5.039215 — 31.2190915 (18)

The coefficients in Eq. (19) are slightly different from Kouskoulas's. however.
this might be due to different numerical methods used in the analvsis.

18




Table 8: Building Historical Data

| Cost Cjin | Locality | Price | Type [ Height | Quality | Technology | Variable
dollars Index | Index | Index Index Index combin-
per i ations
square !
foot Vil v v f 14 )
36.00 090 17276 7285 40 2 1.00 1
25.00 0.87 | 249 | 295 18 1 1.00 2
68.50 1.02 ’ 2.76 | 2.95 6 4 1.75 3
31.90 1.03 | 249 | 2.87 8 2 1.00 4
36.50 110 | 249 | 2.59 1 3 1.00 5
23.30 113 | 2.95 | 2.95 5 2 0.50 6
40.00 095 | 230 | 308 | 14 4 1.00 7

. 56.00 113 | o193 | 295 3 4 1.60 8

| 4000 | 105 | 209 | 3.08 5 4 1.00 9

I 2170 113 | 2.09 | 1.99 1] 2 1.00 10

| 4200 1.00 2.76 | 2.95 4 4| 1.00 1

| 45.8] 1.16 2.49 } 259 | 1 | 4 110 12

| 62.00 116 | 2.95 L 289 | 7T . 4 | 145 {13

| 85.00 100 , 295 | 3.08 | 6 | 4 2.25 14

| 47.50 100 | 249 | 308 | 7 } 4 1.15 15

13430 113 © 1.3 , 3.08 | 3 ‘ 3 110 . 16

o300 | 123 276 ) 285 0 24 |1 100 |17

3180 . 123 | 2.30 ' 206 0 10 | 2 . 100 | 18 |

. 40.00 1.13 | 230 | 295 1 22 © 3 | 100 , 19 |

. 49.50 113 ) 295 | 295 1 27 3 i 106 . 20 |

3620 |13 | 209 » 308 ' 10 3 | 1.00 21
2400 | 113 276 0 183 0 31 1 1.00 2 |
38.80 113 209 | 308 0 1 . 4 . 105 23,
2000 | 108 | 193 | 295 . 4 1 I 100 2¢ |
1880 | 113 183 25 . 2 | 1 | 100 25 |
3470 § 113 1 209 | 2985 , 5 3 . 100 . 26
1500 | 1313 o193l 183, 2 0 1 0 100 | 27
18.10 113 0 1.22 | 2.59 3 b2 100 | 28

,39.00 113 2.3 | 3.08 4 . 2, 120 | 29 |

| 36.00 113 | 2.09 | 3.08 2 i 2 120 o 30

. 2110 1.07 | 1.66 | 2.59 6 . 2 | 100 31 |

| 24.30 107 193 | 25 6 |, 2, 100 32
30.00 133 | 193 | 2.59 6 . 3 | 100 33

2150 1.13 2.30 | 3.08 2 L 1 100 4

L1130 100 | 209 . 149 1 b oy b 100 0 35

| 14.50 102 | 208 1 320 | 3|2 ] 100 0 36

10,00 1.05 200 0 120 1, 1, 100 - 37
14.75 092 ' 2.3 12 o1 2 1.00 38
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5 Fuzzy Model

Design reliability depends upon the subjective evaluation and judgments of experi-
enced designers. Available data can be used to develop the functions which relate
the dependent to the independent design variables. With the regression model.
values of independent design variables can be substituted. for example. into the
cost function to predict the cost of new designs. This can be done if we have pre-
cise information about these variables. Unfortunately, this is not alwavs the case.
In many cases. precise information is not alwavs available. The only thing known
about some variables mayv be what could be called "verbal descriptions.” such as
the lateral loading may be "high,” the location is "good.” and so on. Normally
variables like these are omitted from the model. but this just results in more errors.

The objective here is to try to use the cost function developed by Kouskoulas
Eq. (18) and, rather than eliminating independent design variables which are
not precisely known. use fuzzy set theory to handle these tvpes of variables in a
regression model.

5.1 Fuzzy Set Theory

A conventional. or non-fuzzy set was defined by the use of an indicator function,
for which any element of the sample space was 1 or 0. depending upon whether the
element was a member of the set or not. The indicator function (or characteristic
function) gives us a clear borderline between membership and non-membership for
classical set theory. In fuzzyv sets, the indicator function is allowed to vary over
the range (0.1 and was retermed by Zadeh as "the membership function” 23" . In
this way, the uncertainty as to whether an object belongs to a given set or not 1s
expressed.

If the membership level is 1, the element or object is definitely a member of
the set. If the membership is 0, then it is definitelv not a member. However. if the
membership is an intermediate value, between 0 and 1. it indicates the degree of
confidence that the object is a member of the set. A fuzzy set, therefore, is a class
that admits the possibility of partial membership. Let z = {z} denote a space of
objects. Then, a fuzzy set A in X is a set of ordered pairs

A4 ={z,pa(z)} =zeX

where p4(z) is termed “the grade of membership z to A",

20
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Figure 3: Locality Index Membership Functions

5.2 Application Example

The fuzzy theory will be applied to the design reliability problem using the cost
function developed using regression analysis on the building variables. Five vari-
ables, including locality index (L), price index (P), building tvpe index (T). quality
index (Q) and technology index (TE) will be considered as fuzzy variables. with
the membership functions shown in Figs. 3-7. These membership functions are
assumed to be given.

5.3 Extension Principle

To find the membership function the extension principle will be used, as defined
below [10].

Let X be a Cartesian product of universes, X =z, x.... x z,,and 4,,........ 4.
be r fuzzy sets in Xy, ...., X, respectively. The Cartesian product of 4,,..., .4, is
defined as

A x x A, =/ min(pa, (21), -, b4, (2:)) (21, -, Z20)) (19)
2y X...XZ,

Let f be a mapping from Xy ~....x Y, touniverse Y such thaty = f(z,........ z,).
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The extension principle allows us to induce from r fuzzy sets 4, a fuzzy set B on

Y through f. such that

up(y) = sup ‘min(pa,(z3). ... pa.(zr)). (20)
pe(y) =0 if f[Tl=o0

where f~!(y) is the inverse image of y and o denotes an empty set. up(y) is
the greatest among the membership values uyg, x ... » ps (X, ..... X}) of the
realization of y using r-tuples (z,,....z,).

As an example. consider a variable combination 1 (see Table 8) with L =
QP =276T =295 H = 40.Q = 2 and TE = 1.0. and consider variable
membership functions using figures 3-7. (e.g.. good locality index. low price index.
low tvpe index. low quality index and low technologv index). the membership
values are u; = 83, up = .15, ur = 22.ug=1. (non-fuzzy variable). ug = .75.
and uTg = 1. Based on the extension principle. uc: ¢.2.76.2.95 40.2.1.00 = min (.85..15.
.22.1...75.1.) = .15 . The corresponding cost is calculated using the cost function
Eq. (18). Thatis.C = f(L.P.T,H.Q.TE) = f(.8.2.76.2.95.40,2.1.0) = 37.7.

Each design variable has three possible membership functions. Cost function is
a function of these design variables. Therefore. different combinations of the design
membership functions will result in different cost membership functions. In this
example. three design membership combinations were considered: (a) good locality
index. low price index, simple tyvpe index. low quality index. and low technology
index, (b) average indices for all five variables. (¢) poor locality index. high price
index, complicated type index, high quality index. and high technology index.
These three combinations result in three different cost membership functions as
shown in Table 9. The membership functions upc (see Fig. 8), uasc (see Fig. 9)
and ugc (see Fig. 10), correspond to combinations {a). (b) and (c), respectively.

6 Fuzzy Probability Approach

The cost function is used to find the estimated cost for each set of design variables
. The data for these calculations are shown in Table @, with the cost membership
value of all three combinations. Based on these data. a probability mass function
is found and shown in Figure 11. From the mass probability function and the
event membership function, the probability of a fuzzy event can be found as:

P(A) = Z Py (21)
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Accordingly,
the probability of low cost event is

P(CL) = .0263(.62~ .7+ 45+ .5~ 5~ 1T+ 5+ .3+ .22~.22+ 3+
A7~ 17~ .15~ .25 - 17~ .04 - .22 = .04 ~ .15 — .04) ~ .05263(.62 ~ .6 —
22— 17 - 22— 22) — 0789 » .6 — 105 x .17 = 0.3145 (22)

the probability of medium cost event is

P(Cpr) = .0263(.15~ .6 + .15 — .6 ~ 45 + .45 — 45+ .62 — .35 —
32+ .3-.32+ .32~ .15~ .32~ .15+ 45+ .15) ~ 05263(.15 ~
6~ .32~ 45) ~ .0789 x .62 — .105 x .35 = .3681 (23)

and the probability of high cost event is

P(Cy) = 0263(.0T~ .07 — .32~ 3~ 32~ 32~ 35~ .23~ .32
~d - 35— 35— 45+ .35-.3~ .35~ .32 - 5) - .05263
(07— .32~ .35~ .35) — .0789 x .35 — .105 x .35 = .271 (24)

The probability of cost C, can be found by
P(C.) = £ (25)

For example, if low cost event is considered. probability of C = 40 will be:

i .22 . ,
P(C =40)= — = -— = .0259 26
( )= Sh TSm0 26)
If all cost ranges are considered. Figure 12 shows fuzzy probabilities for cost

values for the case where all variables have average membership values.

7 Sensitivity Analysis

Sensitivity analvsis is used to calculate the sensitivity of the cost membership
function and cost fuzzy probability to change in the design membership functions.
The cost is a function of several variables, 1. Cost may be sensitive to change
in one variable but not to change in another. In this section. a studv of the




sensitivity of the cost membership function and fuzzyv probability to change in
the independent design membership functions is presented. Ten different cases of
design membership functions are considerea. These cases are as follows.

1. Good locality index (L)

2. Low price index (P)
3. Simple tvpe index (T)
4. Low quality index (Q)
5. Low technology index {TE)
6. Poor locality index (L)

7. High price index (P)

&. Complicated type index {T)
9. High quality index (Q)
10. High technology index (TE)

The ten cases mentioned above are rhosen to note the effect that independent
design variables will have on the cost membership functions and on the fuzzy
probability; for example as they change from average tc low or high values {case
2. above) or (case 7, above). respectively.

Figures & and 12 represent cost membership function. and fuzzv probabibty.
respectively, when all variables are at their average values. Appendix B contains
the Qutput Data for fuzzyv probability and membership values for the average case.

To investigate the effects that the des.gii muuvesshuip funcuon change will
have on the cost membership function, a comparison is presented in the foliowing
section.

7.1 Analysis of the Results

Figures 13 and 23 show the cost fuzzy probability and the cost membership func-
tion, respectively, that correspond to case 1, good locality index. These two Figures
show a slight decrease in one intermediate value, but no increase in the low cost
or decrease in the high cost nembership values. Figures 18 and 28 are the cost
fuzzy probability and the cost membership function respectively. that correspond
to poor locality index (case 6, above). This case has no effect at all on the final
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cost. Figures 14 and 24 are the cost fuzzy probability and cost membership func-
tion. respectivelv that correspond to low price index{case 2. above) Price index.
as shown in the Figures.has more effect than anv other variable. The study of
Figures 14 and 24 and the Output Data (Appendix C), corresponding to low price
index show. for example. that the membership value of a low cost (e.g.. cost=821)
was increased from 0.32 t¢ (.67, and fuzzv probability increased from 0.042 to
0.09544: also. the membership value of a hugh cost(e.g.. cost =868} was decreased
from 0.32 to 0.15. and fuzzyv probability was decreased from 0.0394 tc ¢.02136 On
the other hand Figures 19 and 29 are the cost fuzzv probabihitv and membership
function. respectively. that correspond to high price index (case 7. above). This
case has a high effect on the cost membership function. Figure 29 and the Qutput
Data {Appendix C) show the effect of high price index on the final cost mem-
bership function. For example, the membership value of low cost{e.g.. cost=821)
was decreased from 0.32 at the average to 0.15 at the high price index. and fuzzy
probability was decreased from 0.042 to 0.01976.

These two examples show that the effects of the design variables are not the
same. consequentlv. the treatment of these variables should not be the same The
first variable. locality index. has less effect than the the second one. price index.
which requires more attention than locality index. Another important pont wortl,
mentioning here 1s that. what is true for this partuicular building exampie mught
not be true for another project. meaning that if iocality index 1s not enitical in thas
project 1t mav be critical 1n another one. Ancther example of different effect 15 a
variable. which has aimost the same effect on all variable combination values . for
example technology index. This variable. as shown in Figure 22:high technology
index ' wili decrease almcst all cost fuzzy probability values except the hugh values.
which were slightlv increased (e.g.. cost=863) whue ihe fuzzy prebabibry was
decreased from 0.C39 1o 00467 Based on sensitivitv analvsis the designer wili
identifv the most critical variable. The designer will give both emphasis and
attention to this based on his interest and the amount of nisk he 1s willing te
take For example. if he is conservative. he will emphasize those variables that
decrease high-cost membershup and fuzzy probabibty values. and vice versa.




0.15

FUZZY PROBABNLITY
o
o

i
o
a

!

Ll

d

p
]
]
3
]
:
| s\
]
4
3

‘yl Fn bt '
0.00 —rrrrrrrrritrr bt ASASCARAARAR GRS AN AR ORE Ra R Ao o na Re ne an o ns A

0.00 10.00 20.00 3000 40.00 5000 60.00 70.00 8000 9000
COST ¢ DOLLAR PER SQUARE FOOT

Ingure 12: Fuzzy Probability of Cost Corresponding to Average Values

018

LRL]

FUZZY PROBABW ITY

ad i k2 atbasraaraaadlarsaaaiaial

i H
™r>rt T T T T TTY

70.00 80 00 90.00

0.00 ~+r—r LEAASE S AS A RE SRR ML S S o
0.00 10.00 20.00 30.00 0.
-~

Figure 13: Fuzzy Probability of Cost Corresponding to Good Locality In-
dex(L)

-

30




H I H ‘ \ I } !
TrrrrT Yy Y sssssssasaassheansshhalasSssLAS
40.00 $0.00

\anssssnasssaans s lAR A ARRSE
0.00 10.00 20.00 30.00 $0.00 70.00 80.00 $0.00

COST ™ DOUAR PER SOURE FOOT

Figure 14: Fuzzy Probability of Cost Corresponding to Lox Price Index(P)

0.13

FUZZY PROBABNLITY
o
o

o
o
o

aadaaaaaaaaslaganaasaal

|

| |

i i .
R AASAASSSS SRS asasns e s R AARRNY

000 T  ARRAL ‘
0.00 10.00 20.00 30.00 40.00 $0.00 $40.00 70.00 80.0C
COST & DOLLAR PER SOURE FOO!

Figure 15. Fuzzy Probability of Cost Corresponding to Simple Type Index(T)

31




0.18
%ovol
g
€ oos o

]
]
]

|
L H ll’ 11—

0.00 —=rrrrrrrrretrytrrer +t rr anss]
0.00 10.00 20.00 30.00 $0.00 70.00 80.00 90.00

muwnamzroov

Figure 16: Fuzzy Probability of Cost Corresponding to Low Quality Index(Q)

01

Latanas sl el y s a10914)

|

.

il ’
Ll

YT Ty "
10.00 20.00 30.00 40.00 $0.00 60.00 70.00 80.00 90.00
COST ™ OOLAR PER SOURE FOOT

o
8

o

8]

Figure 17: Fuzzy Probability of Cost Corresponding to Low Technology In-
dex(TE)

32




;ow!
&
'é‘o.os ’

Figure 18: Fuzzy Probability of Cost Corresponding to Poor Locality In-
dex(L)

0.00 —+rrvrrrrrer rvvn“vvw—v—rjvvl vvvvvvvvvvvv ey u’n’nnv;ﬂvrv!vrvvv-un -y v
20.00 40.00 $0.00 90.00 70.00 80.00 90.00
COST W OOLLAR PER SOURE FOOT

Figure 19: Fuzzy Probability of Cost Corresponding to High Price Index(P)

33




0.00 “trr—rrr lyv'lllvvv ]|r'Ilvrll]! T JY‘vLJWyvvvaVVVlI!'YvV \AARAS Ty vrr{vvv]
0.00 10.00 20.00 30.00 40.0C 80.00 60.00 70.00 80.00 90.00
COST W DOLLAR PER SQURE FOOT

Figure 20: Fuzzy Probability of Cost Corresponding to Complicated Type
Index(T)

018 =
3
-
-
]
;
1
0 oi
1
-
o.os—:i
i ‘
B ‘ i ’
-~
: N
0.00 =T R e e e
0.00 10.00 20.00 30.00 40.00 $0.00 €0.00 70.00 80.00 $0.00

. COST m DOULLAR PER SOURE FOOT

Figure 21: Fuzzy Probability of Cost Corresponding to High Quality In-
dex(Q)

34




o
-
v

4
-
o

TUIIY PROBABIITY

o
2

saasssaaalsaraaaanalasansgansd

8
8

' ‘ 1
i l
I i
T T T T T T Y T T Y T T Y T Y Y Y T Y Yo T

'
!
|
l
10.00 20.00 30.00 4.0 50.00 0.00 20.00 80.00 90.00
L.

Figure 22: Fuzzy Probability of Cost Corresponding to High Technology
Index(TE)

35




Table 9: Cost Membership Functions and Probabilities

* Cost in = Number of | Probability Membership . Variable
- dollars : observations : Functions . Combinations
~ square | ‘ LUMT U MVM?T HUMT
+ foot No. p " prc | pmc | MHC
10 1 0.02631 | 062 _ 0.00 000 37
Sl 1 002631 ' 070 | o00C 0.00 35
BERE 1 - 0.02631 045 |, 015 007 38
R 2 | 0.05263 062 | 015 | 007 | 3627
S VA 1 | 002631 010 ; 000 | 0.00 28
20 1 . 002631 030 . 0.00 | 000 25
L2 2 | 0.05263 060 . 032 | 015 24.31
23 3 | 007890  0.60 . 0.62 032 |  6.10.32
L4 2 , 0.05263 0.22 1 0.00 0.00 2.22
ST 1 002631 017 | 0.00 0.00 34
31 1 0.02631 0.50 | 0.60 0.30 33
32 1 0.02631 022 | 045 0.32 4
33 1 | 002631 : 022 , 045 032 | 18
34 1 f 002631 | 022 ' 045 035 26
36 4 | 0.10326 017 0.35 0.3 16.17.21.30
I 1 0.02631 030 062 0.35 5
to38 2 0.05263 017 . 0.32 0.35 1.9
39 1 002631 ' 017 | 033 0.32 20
40 | 2 005263 | 022 | 045 033 7.19
L4l 1 002631 | 017 | 032 | 040 23
43 1 0.02631 015 | 030 | 035 11
B I 1 002631 | 025 & 032 . 033 12
46 | 1 002631 | 017 ' 0.32 0.45 15
48 1 0.02631 004 ; 015 | 033 20
56 1 002631 ; 022 ! 032 | 030 8
62 1 0.02631 . 004 = 015 | 03 13
68 1 0.02631 015 | 030 © 0.3 3
86 | 1 0.02631 004 ' 015 050 | 14
1-Low Variable Membership Combination
2-Medium Variable Memberchip Combination

' 3-High Variable Membership (">mbination
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8 Conclusion

The actual cost deviation from the feasibilitv estimate is largelv due to a lack . *
information concerning the project and its many design variables. This problem
demonstrates the necessity of having a model that can handle it and devise a model
that can derive more accurate results at this stage. Regression analvsis is used to
find the relation between historical data and design variables. This relation can be
helpful if we know the values of the independent variables precisely, however, in the
real world this is not always the case. In the process of design, there are many cases
in which the available information concerning the value of the variable in the future
will be known onlv by scme verbal expression, such as "high,” "low,” "good,”
or "bad.” These expressions cannot be used directly in such a function. Fuzzy
set theory is applied by assigning membership functions to these design variables
according to design experience and knowledge concerning them. The cost will be
found using the cost function, and using extension principle, the cost membership
value will be assigned based on the independent variable membership function.
The example given was that of a building. but this methodology can be applied
to any kind of project as long as the design variables are known and the data
for dependent and independent variables are available. A computer program was
developed to find the cost function. cost probability mass function and membership
function (see Appendix A). The cost function for any project can be found with
both the same program and procedure.

8.1 Required Information to Use the Design Relia-
bility Model

The developed method to estimate the project cost at the feasibility stage is not
limited to a building projects, as given in the report, but can be applied to any
type of project, including pile-driving projects if the following data are provided:

1. Dependent variable (cost variable), this variable can represent cost per pile,
cost per square foot, etc.

2. Independent design variables that affect the cost (1,,i = 1,.....m): the value
of these variables depend on cost variable definition and how theyv will con-
tribute in that cost specified in (1).

3. Historical data for such design variables.

4. Future prediction of variables.
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The last item is needed to develop membership functions of the variables. It
1s enough to know verbal information, such as “good,” "bad,” "low,” and so on.
It is also helpful to give a range of variables for maximum and minimum, to help
assign membership values for such variables within that range.

To verify the model. a historical of actual and predicted design variables of
past projects will be of great help.
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APPENDIX A
Program Listing

LA 2RSSR X2 HAIN PROGW I ERE AR SR EARR AR SRR RRRRE X

c

DIMENSION A(50,50),C(50),X(50),XP(50,50),YP(50),5UM(50),SUML (50)
DIMENSION SUM2 (50),SUM3(S0),EMU(50,50),CMU(50),CP(50),y1(S50)
INTEGER 0 (50),C0(50)

INTEGER H,line,i2,13

character*d(0 title
character*l2 :nfn
character*l2 outfnl
character*l2 outfn2
character®*l2 outfn3
character*l2 outfnd

*swaxsThe program will prompt user to input the following files

% % % % ®

905
700

500

c

1-Input data file

2-file that contains regression analysis output which includes
3-file that contains cost membership function and cost PMF

and graphs of the data

4-file that contains input data

print*,’please enter the ocutput title max 40 characters’
read(*,905)tactle
format (A40)
print®, ‘please enter input file’
read (*,900,ERR=700) infn
format (Al2)

OPEN (UNIT=50,FILE=infn, STATUSs‘QLD’)

print*, ‘please enter regression analysis output file
read(*,900)outfnl

print®, 'please enter probabilities and membership functions

.output file ’

read (*,900)outfn2

print*, ‘'please enter data ocutput file '’
read(*,300)outfnl

print*,’'please enter data output file '
read(*, 90C) outfnd

OPEN(UNIT=60,FILE=cutfnl, STATUSs’' UNKNOWN')
OPEN (UNIT=€S, FILEmout fn2, STATUSs' UNKNOWN')
OPEN (UNITwEE, FILEwout fnl, STATUSs’' UNKNOWN' )
CPEN (UNIT=E7, FilEmout fnd, STATUSs’ UNKNOWN')
WRITE ;60,905)t1tle
WRITE (65,905)title
WRITE (66,905 t1itle
WRITE (67,505)citle

'."'.."'-'Q.'."'I'.""IN‘?U DATA.""Q..."'.'..."""l"..'-'.'

*Read number ¢f variables and number of data Toints

c

Cilil
11

PRINT®, 'PLEASE ENTER THE NUMBER OF VARIABLES'
READ (50, *: M

PRINT*,'PLEASE ENTER NUMBER OF DATA POINTS'
READ (50, ")L

NesM+ 1l

IF (L.LE.M) THEN
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PRINT*,’ N MUST BE >M’
GO TO 11
ELSE

» *Read dependent variable , independent variables and variables membership
* values
DO 12 1I=],L

READ (50, *) YP (1), (XP (J,I),J=1,M)

READ (50, %) (EMU(J,1),J=1 M)

WRITE (66, *) YP (I), (XP (J,I), =1, M)

WRITE (66, *) (EMU(J,1),J=1,M)
12 CONTINUE

ENDIF
*Call subroutines to construct simultaneus equation and solve for coefficients

CALL MULTLR (A, XP,YP,M,L,N,C)
CALL ORDER(S,0,A,N)

CALL ELIM(S,A,0,N)

CALL SOLVE (A,C,X,0,N)

*Write the resulted cost function

¢ WRITE (65,204)

204 format (2x,75('="))

o} WRITE (65,200)

C WRITE (65,252)

Cc252 FORMAT (30X,’THE COST FUNCTION’/)

c WRITE (65,204)

C WRITE (65,200)

C WRITE (65,299)X (1), (X{(J), (J=1) ,T0=2,M+1)

c299 FORMAT(1X,’ Y=’ ,F10.5,’+’,10(' (/,F10.5,')',1X,'X’,12,’+'))

*Call membership subroutine to find cost membereship function based on
*the input independent variables
-~

CALL MEMBERSHIP (XP,CO, X,L,M,N, EMU, CMU)
*Call sorting subroutine to sort the output data to simplify grouping
*subroutine to group the equal points and have one membership value for
*each point

CALL SORTING (CO,CMU,L)

CALL GROUPING (CO,CMU, L)

*Write the cost cofficient values

WRITE (60, 200)
200 format (2x,75('=")/)

WRITE (60,205)
205 format (30X, ' COST FUNCTION COEFFICIENTS’/)

WRITE (60,200)

WRITE (60, 37)X (1)
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97 FORMAT (5X,‘a 0=’ ,F10.6/)
DC 14 I=2,N

WRITE (60,99) (I-1),X(I)
99 FORMAT(5X,’a’,12,'="',F10.6/)

4 CONTINUE
*Quantify Error associated with the selected linear function

ST=0.0
SR=0.0

DO 16 I=1,L
SUM(I}=0.0
SUM1 (I)=0.0
ST=ST+ (YP (I) ~-YMEAN) **2
DO 18 J=1,N
IF(J.EQ.1) THEN
SUM(I)=X (1)
ELSE
SUML (I)=SUML (I)+X(J)*(XP ((J-1),1))
ENDIF
18 CONTINUE

SUM2 (I)=3UM(I)+SUM1 (I)
SR=SR+ (YP (I) -SUM2 (I))**2

16 CONTINUE
*Write the result of the error quantification
WRITE (60,200)

WRITE (60,210)
210 format (25x, ' QUANTIFICATION OF ERROR OF LINEAR REGRESSICN’ /)

WRITE (60,200)

WRITE (60,225) ST

225 fcrmat (2x,"THE TOTAL OF SUM OF SQUARES OF RESIDUALS St=',Fl1C.

WRITE (60,230) SR

230 FORMAT (<X, "THE SUM ODF SQUARES OF THE RESIDUALS Sr=' ,FiC.

SXY=SQRT (SR/ (L- (M+1)))
R2= (ST-SR) /ST
R=SQRT (R2)

WRITE (60,235) SXY

235 FORMAT (2X, ' THE STANDARS ERROR OF ESTIMATE Sx/y=',£10.

ITE(60,240)R2
240 FORMAT (2X,’ THE COEFFICIENT OF DETERMINATION r~2=',F6.

WRITE (60, 245)R
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245

207

250

98

30

FORMAT (2X, ' THE CORRELATION COEFFICIENT r=’ ,F6.4)

WRITE (60,207)
format ('172x,75('="))

WRITE (60,200)

WRITE (60,250)
FORMAT (30X, ’' THE FINAL COST FUNCTION’/)

WRITE (60,204)

WRITE (60,200)

WRITE(60,98)X (1), (X(J), (J=1),JT=2,M+1)

FORMAT (1X,’ Y=',F10.5,’+’,10(' (',F10.5,"')’,1X,'X',1I2,’+"}))
CONTINUVE

STOP
END

sraagrrnneartnnnvannne s e MITLTILINEAR REGRESSION SUBROUTINE" " "Rt Rttt aw XA AN AW A www

30

20

25

40

SUBROUTINE MULTLR (A, XP, YP,M,L,N,C)
DIMENSION A(50,50),XP (50,50),¥P(50),C(50)
INTEGER H

DO 10 I=1,N
DO 20 J=1,1

IF(I.EQ.1)THEN
A(l,1)=L
ELSE
SUM=(0
DO 30 H=}l,L
XP (0,H)=1
SUM=SUM+ (XP (I-1,H)) *(XP (J-1,H))
CONTINUE
A(I,J)= SUM
A(J,I)= SUM
ENDIF
CONTINUE

SUM=0.0
IF(I.EQ.1) THEN

DO 25 H=1l,L
SUM=SUM+YP (H)

CONTINUE
C(l)=SUM

ELSE
DO 40 He]l,L
SUM=SUM+YP (H) * (XP (I-1,H))
CONTINUE
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C(I)=SUM

ENDIF

10 CONTINUE
WRITE (60, 360)

360 FORMAT (2X,75(" *")/)
WRITE (60,370)

370 FORMAT (40X, ' OUTPUT ‘ /)
WRITE (60, 380)

380 FORMAT (2X,75('*") /)

DO 60 I =1,N

WRITE (60,100) (A(I,J),J=1,N),C(I)
100 FORMAT (2X,10(2X,F14.6),2X,’ C=’ ,F14.6)

60 CONTINUE

RETURN
END

tt"!t-tt"ttt'ttﬁ.tt:t'ttttomza SUBROUTINE"""""""""'"""‘""""

SUBROUTINE ORDER(S,O,A,N)
DIMENSION A(50,50),8(50)
INTEGER 0 (50)

DO 10 1I=1,N
0(I)=I
S(I)=ABS(A(I, 1))
DO 20 J=2,N

IF (ABS(A(I,J)).GT.S(I)) THEN
S{(I)=ABS (A(I,J))

ENDIF
20 CONTINUE
10 CONTINUE
RETURN

END

.'-..'.".'..'.-"."....'SWROUTINE ELIM"""..."..'-I'..'.".""t'!'--

SUBROUTINE ELIM(S,A,O,N)
DIMENSION A(50,50),C(50),5(50),F(50,50)
INTEGER 0(50)
INTEGER*2 I,J,K
DO 10 K=1,6N-1
CALL PIVOT(S,A,0Q,N,K)
DO 20 I=sK+1l,N
F(O(I),K)=A(O(I),K)/A(O(K) K)

DO 30 J=K+1l,N
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A(O(I),J)=A(O(I),J)-F(O(I),K)*A(O(K),T)
30 CONTINUE
20 CONTINUE
10 CONTINUE
DO 40 K=1,N-1
DO 50 I=K+1l,N

A(O(I),K)=F(O(I),K)

50 CONTINUE
40 CONTINUE
RETURN
END

AXRAAARARNRARNRARRIRARNANARA R RN R SOLVE SUBROUTINE AR RS AR RRREEEEEE RN R

SUBROUTINE SOLVE (R,C,X,0,N) +

DIMENSION A(50,50),C(50),X(50)
INTEGER 0(50)

X(1)=C(0(1))
DO 10 I=2,N
SUM=(0.0
DO 20 J=1,I-1
SUM=SUM+A (O (I),J) *X(J)
20 CONTINUE
X(I)=C{O(I))-SUM
10 CONTINUE
X (N)=X (N} /A(O(N) ,N)
DO 30 IeN-1,1,-1
SUM=0.0
DO 40 J=I+1,N
SUM=SUM+A (0 (I),J) *X(J)
40 CONTINUE
X(I)=(X(I)-SUM) /A(O(I), 1)
30 CONTINUE

RETURN
END

LAAALR R AR RLELLLE TR EEE TR R R R R SUBROUTINE PIVOT A\ AL AR RAREERE R AREERE RSN

SUBROUTINE PIVOT(S,A,0Q,N,K)




DIMENSION A (50,50),5(S0)

INTEGER 0 (S0)

INTEGER*2 K,PIVIT,II,IDUM

PIVIT = K

BIG=ABS (A (O(K),K)/S(O(K)))

DO 10 II=K+l1l,N
ODUMMY=ABS (A(O(II),K)/S(O(II)))
IF (DUMMY.GT.BIG) THEN

BIG=DUMMY
PIVIT=II

ENDIF
10 CONTINUE
IDUM=0O (PIVIT)
O(PIVIT) =0 (K)
O (K)=IDUM
RETURN
END
wemaxzweaaneweaxne*SUBROUTINE MEMBERSHIP FUNCTION®®awaasanenaanstnsnnsnnsawenn
SUBROUTINE MEMBERSHIP (XP,CO,X,L,M,N, EMU, CMU)
DIMENSION XP(50,50),X(50),SUM3(S0),C01(50),DIF(50),CMU(50)
DIMENSION EMU(50,50)
INTEGER CO (50)

*Find the cost corresponding to each independent variable set and find cost
*membership value

DO 15 1=1,L
SUM3 (I)=0
DO 110 J=2,N
SUM3 (I)=SUM3(I)+X(J)*XP ((J~-1),I)
110 CONTINUE
CO(I)=X (1) +SUM3(I)
COl(I)=X(1l)+SUM3(I)
DIF(I)=COl1(I)-CO(I)
CMU(I)=EMU(1,1)
DO 114 J=1,M-1
IF(CMU(I) .LT.EMU((J+1),1)) THEN
CMU(T) =CMU (I)
ELSE
CMU (I)=EMU( (J+1),1)
ENDIF
114 CONTINUE

IF (DIF(I).GT.0.5) THEN
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..""'."'..".""."""'.SUBROUTINE SORTING‘"."'-"'..."-".'..""""'

30

40

C255
c257

€260

c258
€256
o

265

c27s8

CO(I)=CO(I)+1
ELSE
ENDIF
CONTINUE

RETURN
END

SUBROUTINE SORTING (CO,CMU, L)
DIMENSION CO(50),CMU(50)
INTEGER L,M,C0

LOGICAL SORTED

MwlL-1
SORTED= ,FALSE.

IF (.NOT.SORTED) THEN
SORTED=.TRUE.

DO 40 I=1,M
IF(CO(I).GT.CO(I+1))THEN
. TEMP=CO(I)
TEMPM=CMU (1)
CO(I)wCO(I+1)
CMU (1) =CMU (I+1)
CO(I+1)=TEMP
CMU (1+1) =TEMPM
SORTED=.FALSE.

ENDIF
CONTINUE
GO TO 30
ENDIF

WRITE (65,255)
FORMAT ('172X,75('="))

WRITE (65,257)
FORMAT (2X,75('=’) /)

WRITE (65,260)

FORMAT (15X, THE COSTS AND THEIR CORRESPONDING MEMBERSHIP
1 FUNCTIONS’/)

WRITE (65,258)
FORMAT (2X,75('=’))

WRITE (65,256)
FORMAT (2X,75('=")//)

WRITE (65,263)
FORMAT (12X, ’ COST’,2X%,’'|',1X,'MEMBERSHIP VALULS '

WRITE (65,275)
FORMAT (2X,785('='))
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c DO €0 I=1,L

c WRITE (65,270)CO(I),CMU(I)
€270 FORMAT (9%, I6,4X,'|’,6X,F7.5,10X,'1")
c WRITE (65,275)
ce0 CCONTINUE
RETURN
END

'."""."..-.""..".""SUBROUTINE GROUPING.I...!.Q"t".'.ttt'tI"-ti

SUBROUTINE GROUPING (CO,CMU,L)

DIMENSION CO(50),CMU(50} ,NUM(50),AP (50),CP (50)
INTEGER CO,L,K,K1,I1,NUM,line

CHARACTER*60 GTIT

K=L-1
Kl=L-1
Il=]
DO 20 I=1,K
CO(I)=CO(I1)
NUM(I)=1
AP (I)=REAL (NUM(I)) /REAL (L)
CMU(I)=CMU(I1)
11 IF (CO(I1) .EQ.CO(I1+1))THEN
CO(I)=CO(Il)
NUM(I)=NUM(I)+1
AP (I)=REAL (NUM(I)) /REAL (L)
IF (CMU(I1) .GT.CMU(Il+1))THEN
CMU (I)=CMU (I1)
ELSE
CMU (I)=CMU (I1+1)
EMDIF
Il=I1+1
KsK-1

Kl=K1l-1
IF(I1.EQ.L)THEN

O

G0 TO 21
ELSE
ENDIF
GO TO 11
ELSE
IF(I1.EQ.L) THEN
GO TO 21

ELSE
ENDIF

ENCIF
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IF(I1.EQ.L)THEN

GO TO 21

ELSE

ENDIF

Il=I1+1
20 CONTINUE
21 CONTINUVE
o WRITE(67,*)'cost membaship values’
ot do 407 iwl,kl+l

o WRITE (67, *)¢co (i) ,emu (i)
C407 continue

c****This part will find probability of Ci's
c

c CP=COST PROBABILITY
c TCMU =TOTAL SUM OF MEMBERSHIP FUNCTIONS FOR COST EVENT

TCMU=0. 0
DO 400 I=1,Kl+l .

TCMU=TCMU+CMU (1)
400 CONTINUE
c WRITE (65, *)‘tctal=’,tcmu
o) WRITE (67,*)'cost and cost fuzzy probability’

DO 402 Iwl,Kl+l
CP (I)=CMU(I)/TCMU
c WRITE (67, *)CO(I),CP (1)
402 CONTINUE

* Prompt the user to enter line length ,this is required for the plot of the
*data this length will be the maximumum length in the graph and all the data
* will be scaled according to that length.
c WRITE (67, %) 'cost probability '
*call subroutine graph to plot the cost vs their probabilities

WRITE (65,280)

280 FORMAT (2X,75('="))
WRITE (65,290)
290 FORMAT (30X, ' THE FINAL RESULTS’)
WRITE (€5,289)
289 FORMAT (2X,75(’'='))
WRITE (65,293)
293 FORMAT (2X,75(’'="))
WRITE (65,295)
295 FORMAT (5X,’COST’,2X,'!’,1X,'No. OF OBS.',1X,’|’,3X,'PMF',3X," 1"’
1,1X,'MEMBERSHIP VALUES’,’|’,’FUZZY PROBABILITIES')

WRITE (65,293)
DO 30 I=1,Kl+l
WRITE (65,298)CO(1),NUM(I),AP(I),CMU(I),CP(I)

298 FORMAT (38X, I4,1X,’ |’ ,58%,13,8%,"1',1X,F7.6,1X,"1’,5X,F7.6, 6X,
171’ ,87.6)

56



WRITE (65,293)

30 CONTZ

o WRITE (67, *)'PMF DATA '

c do 409 i=1,kl-+l

C WRITE (67, *)co(1),ap(2)

Cc4c09 continue

*ploT _
praint*,’ Plet Cption !

414 print*, 'Please enter (l) if plot is needed’
prant«*,’ or{2) if plot 1s not needed’
read*,12

if(i2.eg.l)then
praint*,’'line max length Option’

411 print*,'Please enter (l) To use default (Max. L=40)’
praint*,’ (2) To use new value for Max. L’
read~, 13
1£(i3.eg.l)then
line=40
alse

1f(i3.eg.2)then
print*, ‘Please enter line max.
read*, line
else
go to 411
endif
endif
GTIT='PMF’
call graph(co,ap,kl+l,line,gtit,13)

GTIT='Cost Membership Function’
zall graph(co,cmu,kl+l,line,gtit,1i3)

GTIT='Cost Fuzzy Probabilities’
call graph(co,cp,kl+l,1line,GTIT,i3)
else
if(i2.eq.2)then
RETURN
else
go to 414
endif
endif
return
END

* This subroutine prants a bar grapgh using an array of
*N elements with maximum ..ne size

subroutine graph(co,value,n, line,gtit,1i3)

integer n,line,i,k,c0o(50),mcest, 3
real value(n),max,scale,yl (S
logical rejnum

character*20C bar

CHARACTER®*60 GTIT

'D'"A'..iR.i.'E'Q"E't-'N'.
L ]

* Find maximum and check for error ccnditaon.
®

length’




if(line.gt . 200.cr.line.lt . 1) then
praint*, 'Line length errcr’,line
else
negnum= . £false.
max=value(l)
do 10 1=1,n
1f(value(i) .1t . 0.0)then
negnum=.true.
else
If(value(i) .gt.max)max=value (i)
endif
2 continue

Fill bar with dashs

4 % % -

1f(.not.negnum) then
do 20 1=1,line
bar{1:1)="~’
0 continue

Scale data valuesg and print bar.

LR NS 3N S ]

scale=real (line) /max
WRITE(65,22)GTIT
22 format (' 1’ 30x, ‘plot of’,1x,A60//)
WRITE(6S,23)gtit
<3 format (3C0x,A60)
if(i3.eq.1)then
yl(l)=real (max)/5
yl(2)=yl(l)*2
yl(3)=yl(l)*3
yl(4)=yl(1l)*4
y1(S)--max
WRITE .65,24) (yl(i),i=l,%5)
24 format (20x,5(4x,£4.3))
WRITE (65,26)

26 format (18x,’ |=m~==== R e et R e ittt ")

else
endif
* to print xtaitle
mcost=n/2
do 30 1=1,n
k=nint (value (i) *scale)
1f (i.eg.mcost)then
WRITE (65, *) ' cost’,co(i),’ {’,bar(l:k)
else
WRITE (65, ")’ ‘,co(i)," |’',bar(l:k)
endif
30 continue
endaf
endif
return
end




APPENDIX B
Output Data Corresponding to Low. Average. and High Design
Variable Membership Combinations

[&1]
He]




'ERXEXASERSEEEREZAESEEAAR SRRl Rl R Rl R il X 2 i i RERARRRRRRARER SRR

CUTPUT

2223 ZEXRRE R R REERZEARARARR LRSSl iRl R ERE2XR AR R 2N A RRERER RS NN RN

38.000000 40.919991 87.049995 100.539986 28¢c.c¢C2lt
94.0000090 1.350002 1288.060059
40.919991 44.2810086 93.509293 108.80927%. 294 .33C2C7
101.269989 44.457433 1388.371704
87.04993%% 93.809293 205.269714 231.9888612 §33.93012
219.219986 95.615997 3078.763672
100.539986 108.509201 231.9888¢61 278.519623 806.482239
259.260040 110.477974 3611.19726¢6
280.000000 294.390076 69..930115 806.489990 4746.22C328
697.0C0000 297.149994 10626.958984
94.000000 101.269989 219.219986 259.260040 £97.02CC38
280.000000 107.500000 3699.840332
41.350002 44.457493 95.615997 110.477974 297.1432%
107.50Q000 47.762501 1527.611084
R T E T I R XSS IR EAEIE S CEENARER E & 3  EEXEETEBESSSESSTS=N
COST FUNCTION COEFFICIENTS
EEXRESREEXFESEETEESMERENENR =mm EEENE IR REE SR E TS EEREETARE =SS S S ==
a 0=-84.376936
a l= 26.670523
a 2= 11.234761
a 3= 6.235301
a 4= (0.201219
a 5= 5.039278
a 6= 31.219091

QUANTIFICATION OF ERROR OF LINEAR REGRESSION

THE
THE
THE
THE
THE

TOTAL OF SUM OF SQUARES OF RESIDUALS St= 53183.535
SUM ODF SQUARES OF THE RESIDUALS Srm 30.7Q0
STANDARS ERROR OF ESTIMATE Sx/y= 0.995
COEFFICIENT CF DETERMINATICON r~2=0.9994
CORRELATION COEFFICIENT r=0.9997

i)




THE FINAL COST FUNCTION

—:z:sz:.:..:.aa:z:=:an=s=:a=x:sa

Y= -84.97694+( 26.67052) X 1+( 11.23476) X 2+( 6.23530) X 3+¢( 0.20122)
4+ 5.03%28) X 5+( 31.21909) X 6

61




OUIRUT CORRESPONDING T0 VARIABLES AT THETR 1OW MEMBERSHIP VALUES
THE FINAL RESULTS

COST | No. OF OBS. | PMF | MEMBERSHIP VXLUESIFUZZY PROBABILITIES

10 | 1 | .026316 | .620000 f. 077500

""" 1001 1 .026316 | 700000 1.087800
Caa = VT ozedne | asoo00  j.osezso

a8 2 1 .052632 (  .620000  1.077800
Iy 1 i Toaeate 1 .ioo000  1.o12s00
""" 20 | 1 | .026316 | .s00000  1.082800
T2y 2 ) .os2632 I .e00000 1.078000 T
""" 231 3| .078947 | .600000 |.078000
TTT2a (T2 T\ os2e32 1 .220000  1.027800 T
TTT237y 1) o2e3ze 1 .ato000  .021280 T
T T ezeate 1 .soo000  l.oszsoo T
a2y 11 lo2eare | .z220000  1.021800
T T T ezeane 1 220000 i.027800 T
""" 311 1 .026316 | .220000  i.027800
TTT36 14y .a0s263 1 .170000  f.021280
Ty T oaeats | Lsc0000  j.037800
7381 2 ) .os2632 1 .170000 .021280
""" 3911 | .026316 | .170000  i.021250
""" @1 21 .0s2632 |  .220000  {.027800
T T 1 | .026316 |  .170000  1.021280
T T T T ezeane 1 1soo00  r.oxsvso
sy 1 i lozeate 1 .2se000  p.omzso
a1 i lozeate 1 170000 (.021280
T T ozeate 1 .oaoo00  i.00s000
" Tss 1 ioaedie | .azo000  j.oazsoo

62 | b | .026316 | .040000 1.005000

XY YR P Y P YA P Y Y P Y PR YR PR Y L PR LR AP R R AR L L R L LR LR LY L L L LR LK

68 | b | .026316 | .150000 |.018750

8¢ | p | .026316 | .040000 1.005000

rY Y Y Y I Y Y Y P P Y P T YRR Y I Y Y Y R Y S Y YL R Y Y Y LY SR Y Y L LYY Y LR L LR LR L ]

62




cost

63




cost

Membership Function

.140 .280 .420 .560

64




cost

Fuzzy Probabilities

.018  .035  .053 070 .088
[===m=== |==memns [=m===as |===mcn- jomeoee- |-====-
I -----------------------------------

l ----------------------------------------
l --------------------- - e w e

I -----------------------------------
l ......

I -----------------------------

' ..................................
| ----------------------------------
I -------------

' ----------

l .................... L )

I -------------

' -------------

] -------------

I ----------

‘ -----------------

' ----------

' ----------

| .......... - -

' ----------

| ---------

' ---------- - - -

I ----------

'--

I -------------

|--

' ---------

l--
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OVTPUT CORRESPONDING TO VARIABLES AT THEIR MEDIUM MEMBERSHIP VALUES

THE FINAL RESULTS

TCosT | No. OF OBS. |  BMF | MEMBERSHIP VALUES FUZZY PROBABILITIES
L T T Tezeate 1 oo0000  i.o00000
""" 111V Tozeats | .o00000  i.o00000
""" 141 =1 i lozearse 1 .1s0000  i.owemar
s 2| .osze3z | .1s0000 1.o1emai
""" 171 1 | .o2e316 | .000000 [.000000
""" 20 1 1 1 .oze31s 1 .000000 1.000000
""" 211 2| .0s2e32 1 .saez0c i.ckzsse
""" 23713 1 .o7esa7 i .e20000  |.081472
""" 24 12| .os2e32 1 .000000  |.000000
""" 27111 026316 i .000000 1.000000
""" 311 | .czeats 1 .600000 |.u7eses
""" 321 1 1 .0ze316 1 .450000  |.0ss133
""" 331 1| .o26316 | .4%0000 j.089133
""" 3¢ 11| .oze316 | .4s0000  i.0ss133
""" 36 | 4 | .105263 | .350000 |.048992
T T ozeste 1 Ls20000  r.osiatz
BT 2 | .os2e32 | 320000 i.oaz0s0
""" 39 1 1 | .02e316 1 350000 |.casesz
""" ¢ | 2 | .os2632 1 .450000 |.0ss133
""" a1 TTezsave 1 320000 i.cazeso
""" a3 11 1 Tozeats 1 .sc0000  .o3sa2z
""" 4511 | .oze316 | 320000  |.oa2¢50
""" 6 11| -oze3te ; 320000  i.04200
e 1| .oz6316 1 .1s0000  i.oietma
""" s6 | 1 1 .oze31e | 320000 1.oe200
""" 621 1 | .oze3le 1 .1s0000 i.cismir
T Tes 1 1 1 ozeats 1 300000 i.03s22
""" 86 1 1| 026316 1 1soo00 i.oa9711
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cost

PMF

.021 .042 .063 .084 .105

67




cost

Membership Function

.124 .248 .372 .496 . 620

68




cost

Fuzzy Probabilities
.016 .033 .049 .065 .081

69




OUTPUT CORRESPONDING TO VARIABLES AT THEIR HIGE MEMBERSHIP VALUES

THE FINAL RESULTS

"TTCoST 1 No. OF OBS. | BMF | MEMBERSHIF VALUES|FUZZY PROBABILITIES
""" 1011 i lozems i .o00000  1.000c00
""" 11U Tozeas 1 Loooooo 100000
""" 1| — 1y o236 1 .ov0000  [.o1021
""" 15 | 2 | .0s2632 | .070000 i.010219
B 1| .o26316 | .000000 1.000000
""" 20 1 11 .026316 1 .000000  1.000000
""" 2101 2 | .0s2632 1 .1s0000  |.oziess
""" 231 3 | .078%47 1 320000 |.oae7iz
""" 24 12 1 .os2632 1  .o00000  1.000000
""" 271 1 1 .oz6316 1 .000000 1.000000
""" 311 1 1 .026316 1 .300000  1.043736
""" 321 1 | .026316 | .320000  |.o4715
""" 331 1 | .026316 1 .320000  1.0se715
""" 341 1 | .026316 I .000000  .occ00c
""" 36 | 4 | .105263 | .3s0000 1.081095
""" 374 1 | .026316 | .3s0000 |.0s1095
'''' 38 | 2 | .0s2632 | .3s0000  1.0s1035
""" 39 i 1 1 .026316 1 .320000  1.046715
°°°° a0 1 2 | .os2632 | .3scceo  r.osioes
""" a1 1 .oze3te 1 .e00000  1.ose3sa
""" 431 1 | .ozeats | 3soo00  r.osiess
CTTas 1 U ozeats 1 Lasooeo  r.osioss
""" 46 1 1 1 .oz2e31s | .4soonc  1.oesess
""" 8 111 oze3te 1 .3socon 1 .osices
""" s6 | 1 | .026316 | .300000 1.043796
ey 11 026316 | .3sooco  i.osicss
e 1| o263 1 . sacoco  i.077atz
""" 86 | 1 | o2e3is 1 .soccao 102893

R D S S e R P Y L D SR S T R D W A R T @ T S W R E R WG mE e m. .- oo -




cost

10
11

15
17
20
21
23
24
27
31
32
33
34
36
37
38
39
40
41

45
46
48
56
62
68
86

PMF

.021 .042 .063 .084 .108

L e

71




cost

Membership Function

.106 .212 .318 .424 .530C

~2
fe)




cost

Fuzzy Probabilities

.015 .031 .046 .062 .C77
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- - — e Em - - - -
- —— o = -
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APPENDIX C
Sensitivity Analysis Output Data




QUTPUT CORRESPONDING TO GOOD LOCALITY

THE FINAL RESULTS

- P S NS A W R D M M G e D AR R W AP SR U D T WD G S AR TR e T N Y A e W A A T W W R e e

- - - W s e P A M YR YR R YR R R P T e A R R W T T AP e W D P T W e P T S G W e R = W e N W e

- e W D P R R s R D R VS YR N A P e e T G W S P e P D R P T T A Y S e W T e e

- D P P D e T e 4R e W R Y D L D D P D e D s T AR D S R R D TP D R WP T e W

- - R Y T e P D L D G %S D YR R P Y R S P T e P D YR R M G MR R R AP B WD R P R R P A S M N R e M R W W W

- - T e T P R R P WA TR T G G D SR R P TR D T W D P D D WP D W e D s W S R P R A T D e T D N G e o

- T e W D R R e G P P W D R W G D AR P T R W D A YR TR G P R W P e D R 4R D D D P D R D A D R P A W A W e W W

- S - T D L W R Y TP P e S R R A S T S D S P D e s e S R A A R G R R W R D D e R D e T N R T W T G W W

.026316

.450000

|.060647

PR X T R il e L L T L L T T R Y LR L R R L L L L L LT LT,

34 |

.026316

.450000

|.060647

- - - - T D W TR S eY D e e L e W s e R T D R D VR B D AR WS P D o N D U R W R D e D G AP A A e AR D A TR R TR

|.060647

R L R L R X R R R N

| . 043127

D em S e T Y YR T W R T W TP W W T D WD D M A T S e P 45 D Em S e Y S 4R D S e W W A

S S e e W YR S Y S T T W e R T ML R A D R R ) e T AR R Y M A S TR R S TR W WP TR YR N W e P YD M S W W SR D R S A e e

R e AT D P D L D S S e W P D S YR T M D S e W S e T e R D YR W MR W e e e e

Rt R R R il R R R A kb ettt ettt

S @ e S D e e T R D e T A P M Y D e e AR P D P A N P TR S R R R e e

- . e R P R P T R e S R e D R Gy T P A e M S A S M T G YR W

- - P P R D R S M S R R W S W W T R e E R E W ...

- e P T T R T e W T R T R W T S D D R R W W W N e R W TN G E e e

- T G e e s A W AR P T TP e W T T N S W W W e Em e === .-
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cost

PMF
.021 .042 .063 .084 .105

76




cost

10
1l
14
15
17
20
2l
23
24
27
31
32
33
34
36
37
38
39
40
41
43
45
46
48
56
62
68
86

Membership Function

.240

~3
~14

.36C




cost

Fuzzy Probabilities

.016 .032 .049 .065 .oe1
[====—e- e |rowr——— |==eeee- |mmmm——- [=====-
i
|
|rmmeecmenn
|~mecema—an
|
!
|ceecemccacccncenace——
|mreecc e nc e e n e c e e cc e v e n e e
I
!

I ---------------------------------
| =meeccccccccceccccccccec e nene
|memcerccmcccccercecr e e —ccaeae
|emccceaccaccmmcccacrcm———c e

| .......................

| e mccemamecc e ncrrcccccccccece——— e
|s=emcmccaccccccccnce—
[veccccccecmcncccnarc——-
|~mececmmace e cc e ccnacc———aa

I .....................

' --------------------

| cemccccmcceceaaaaa -—-

[cm—eem—- cmmeccmcam—a—

|~ecceccana

l- ................. - -

|ceccceemea
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OUTPUT CORRESPONDING TO LOW PRICE

THE FINAL RESULTS

"cosT | No. OF OBS. | PMF | MIDMBERSHIP VALUES|FUZZY PROBABILITIES
TTTLo LT o263t 1 .oooooo  i.oo0000
TR T T T ezeme 1 Loooo00 1.o0mo00
""" 141 1. 1 .c26316 | 130000 [.0z13e8
TTTis T2 los2e3z | iso000  i.o2ises
""" 1711 | .026316 | .300000  1.014245
""" 2011 | .026316 | .000000  1.000000
""" 2101 2| .052632 1 .e70000 1.09saa2
3303 Tonesar | ewoo00  r.o9seaz

24 | 2 | .082632 | .000000 1.000000

27 | b | .026316 | .000000 {.000000

31 | b | .026316 | .650000 |.092593

...... LT T L LT L L L & L D X 2 L T g F L L e .

32 | 1 | 026316 | .300000 {.042738

33 | b i .026316 | .450000 1.064103

34 ) 1 | .026316 | .450000 1.064103

36 | 4 | .108263 | .350000 |.049858

37 4 b | .026316 | .300000 1.042738

LI 2 LR P PR P P P S L DY L P P L P P YL Y RY YTy LYY Y Y Y Y Tr TY Y T ¥ g Y

s | 2 ! .082€632 | .320000 |.045584

T3 1 i ozeate 1 L3soooo  i.oasese
a0 T2 i osaesz 1 .aso000  i.oea103
""" i1 1) .0z2631e 1 320000 1.o4s584
""" IS'T""'"I"'"T'TEEESZE'T"""ESBEBE"""7'555523""""""""

45 | 1 | 026316 | 300000 0(2735

46 | 1 | 026316 | .300000 I. 042735

48 | 1 | .026316 | .040000 |.008698

""" s6 | 1 1 .026316 | 320000  |.0as384
T "Te2 1y 026316 i .oao000  i.cosess
e "I""'T'TEEZSZE'T""'TI;5855"""775£Z§2§' """ T
T Tee i1 [ .oae3ie | oavcoo  i.oosess




cost

PMF
.021 .042 .063 .084 .108

80




cost

Membership Function

.134 .268 .402 .536 .670

51




cost

Fuzzy Probabilities

.019 .038 .057 .076 .095
[====-=- |=emmme- [====eu- |==mmma- |=mmmme- | m=mmm-
{
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QUTPUT CORRBSPONDING TO SIMPLE TYPE

- e

THE FINAL RESULTS

COST | No. OF OBS. |  BMF | MEMBERSHI® VALUES|FUZZY PROBABILITIES
10! ! | .026316 | 000000 {00000 TTTTTTTTTS
- : | co28ae ! :000000 000000 T

14 | 1 | .026316 | .500000 l. 083333

P e L I P P P L Y L Y e P Y Y P ey I

15 | 2 | .052632 | .150000 1.025000

T T T  weate 1 000000 1.000000 o
""" 20 1 1 1 .026316 | .000000 1.000000
""" 211 2 1 .0s263z | .320000  1.083333
T T T T Tonesany eooooo i.100000
T T 21 .os2632 | .000000 1.000000
""" 22 1 I ezests 1 .oco000  1.o00000
T T ozeats 1 eoo000  (.100000
""'SE'T'"""I""'I"ESESIE’I"""EEBBBE'""'T'BSEEE?""""""'"'

""" 6 141 Tileszes 1 10000 1.028333
T T T ozeate 1 .e20000  1.103333 T
""" 32T Tosaeaz | .220000  1.03ee67
""" 31y ozeats 1 Lanoo0c  j.028333
T 21 052832 | . 220000 1.036867 )
T T ozeas 1 Lameooc i.o28333
TGN 1T Tozeste 1 .z20000  1.03ee67
s TTTUTTT ozests 1 azoooc  j.osasxs
e T ozeste 1 ieooe  l.o28333
eI ozsats 1 .isooce | i.02s000
e 1 1TV Tozesie 1 .z20000  1.036667
e Ty Tozedis 1 isaooe  1.02s000
e 11U Toaeats ) 220000 1.036eer
e i) .ozeais | .isoooo  i.0zsoce

8]



cost

PMF




cost

Membership Function

.124 .248 .372 .496 .620

85




cost

10
11
14

17
20
21
23

27
31
32
33
34
36
37
38

40

-
&

43

46
48
56

68
86

Furzy Probabilities

e e e T T e

- - - - - e e e e -

'
- - - —— - - -

- . s S e Ar AR e A = T T e e R T W S M e  w e

| o e e on - -
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OUTPUT CORRESPONDING TO LOW QUALITY

et toivi emmerm—ana R —
THE FINAL RESULTS
— cessmesessme=ssssss=sss=azsss=ssmsEEEs
COST | No. OF OBS. |  PMF | MEMBERSHIP VALUES |FUZZY PROBABILITZES
o Ty T i ezeate 1 asoooo  i.otsosa
T T 1| .026316 I .400000 1.042e18 |
""" 111 | .o26316 1 .150000 1.01s00a |
""" 15 | 2 [ .0s2632 | .e00000 1.0ea378
""" 1711 1 .026316 1 .000000  1.000000
""" 20 11| .026316 | .e00000 1.06a378
""" 211 2| .os2632 1 .4s0000 1.0s283
""" 231 3 | .078947 | .e20000 1.0ess24
""" 24 | 2z i .os2632 | .350000  1.037858
""" 271 1| .02e316 | .3s0000 1.037ss¢
""" 311 1 | .026316 | .500000  |.0s3ea8
""" 321 1 | .026316 | .450000  |.04s283
""" 3311 | .026316 | .450000 |.048283
""" 341 1 | .026316 | .450000 1.048283
""" 36 1 4 1 .10s263 | .3s0000  i.037858
""" 3711 | .026316 | .s00000 1.053648
"""" 38 1 2z | .052632 1 .300000  1.032189
""" 391 1 | .026316 | .250000  |.0zes24
o 2 | .0s2632 |  .4s0000 1.048283
""" a1 1 1) .oze3te | .250000  1.0zes2s
""" &3 1 1 | .026316 | .250000 1.0ze824
""" 5 1 1 1 .026316 |  .250000  |.02e824
""" 46 1 1 | .026316 | .250000 1.026824
""" 48 |1 | .02e316 | .1s0000 |.o16094
'''' s6 | 1 | .026316 | .250000  |.026824
e, 1 U ezedte | . 150000 (.01609¢
""" 68 | 1 | .026316 | 250000 1.026824
""" 86 | 1 | .026316 | .150000 1.01608&
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PMF

cost 34 |-ecommmonaa
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Membership Function

cost I e et i
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Fuzzy Probabilities
.013 .C27 .040 .053 .067

cost 34 jemmmemmccm e e
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QUTPUT CCRRESPONDING TO LOW TECHNOLOGY

THE FINAL RESULTS

ZTEERNEEXEREEESTN = R I AR T AR S E T E S E NS EENEERE TN
CeST | No. OF OBS. | BMF | MEMBERSHIP VALUES FUZZY PROBABILITIES |
""" 10111 loze316 | .o00000 1.o00000
""" T T lezeste 1 Lococoo  y.cocsoo
LT 11 .o26316 1 .1s0000  1.o1em1z
T T 2| .os2e32 | .1s0000 1.018711
""" 171 1 | .o26316 | .000000 1.000000
""" 201 1 | .026316 | .000000 1.000000
""" 21: 2 | .0s2e32 | .320000 1.0az0sc
""" 23 1 3 1| .078%47 | .s20000 1.081avz
""" 24 1 2 | .0sze32 | .000000 1.000000
""" 271 1 | .oz63te 1  .000000 i.000000
""" 3111 | .026316 | .e00000 1.078844
""" 321 1 | .026316 | .4s0000 1.089133
""" 331 1| .02631e | .4s0000 1.088133
""" 31 1 | .026316 | .4s0000 1.08e133
""" 36 1 4 | .105263 |  .3s0000  1.0as8%2
sy T T leaseate | .e20000 1081472
""" 381 2 | .052632 |  .3z0000 1.0a2050
""" 3371 1 | .026316 | .3s0000 1.045892
""" s0 1 2 | .0s2632 | .4s0000 1.0s0133
""" a1 1| lo2e3te | .320000  i.caz0s0
""" 431 1| .oz6316 | .300000 1.03%:22
""" 4511 | .caeale | .320000 1.042050
""" 46 1 1| .o2631s | .320000 1.042050
""" a8 1 1 | .o26316 | .1s0000 i.o19m11
""" s6 | 1 | .026316 | .320000 1.042050
e 1 | .o26316 | .150000 j.019711

T Tee 11 1 loze’te . 300000 i.03%422

""" 86 | 1 | .026316 1 .150000 1.019711
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PMF

.021 .042 .063 .084 .135

cost 34 |c—-mcmeena




~OoSst

Membership Function

.124 .248 .372 .496 .620
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cost

10

14
i5
17
20
2l
23

27
31
32
33
34
36
37
38
39
40

43
45
46
48
56
€2
68
g6

Fuzzy Probabilit:es

016 .033 .045 .065 081
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l
!
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I ---------
I
I
| meemeemcmecece—ccn—-
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|mvememcercccaseccerm e ———-
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I -----------------------
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OUTPUT CORRESPONDING TO POOR LOCALITY

AR RN T IR E R I SR N R RS e R S TN N T T T S S R I T I T RN E I EEEENEE X S R

THE FINAL RESULTS
PR CE S A R R R I R N I I N I R A I T I R T R E R E RN A R T I T I E RN ERE =N

e A e - . G TP E YR G P R AR e W MR W A b W D W SR A AR W M e P e = e TR MR R M W e . S e @

CCST | No. OF OBS. | PMF | MEMBERSHIP VALUESI|FUZZY PF_BABILITIES
""" o .1 i lozeate 1 .oooo00  i.000c00
L T T W ezeate 1 Loooooo  r.ooooco
""" a1 i lozeate | .isoe00  r.otemii
T is T2 i Tlos2e32  .ascooo  v.ovsmiz
""" 1701 1 .02e316 | .000000  1.000000
""" 20 1 1| .026316 | .000000 1.000000
""" 211 2 1 .os2632 1 .320000 1.0a2080
""" 23 1 3 | .078%47 1 .e20000 i.o81472
""" 24 1 2 | .0s263z | .000000  i.000000
""" 2711 | .026316 | .000000 1.000000
""" 310 1 | .026316 | .600000 |.078844
a2 T | lozeate 1 .asoo00  j.ose3s
""" 3311 1 .026316 | .450000 1.089133
""" 3411 | .o2e316 | .4s0000  i.0s9133
""" 36 | 4 | .108263 | .350000 i.0ases2
""" 3711 | .026316 | .e20000 1.0s1a7z
""" 38 1 2 | .0s2632 | .320000  1.042050
""" 39 1 1| .0z6316 |  .3s0000  |.oasssz
""" s0 1 2 | .0s2632 | 450000  1.089133
""" a1 11| .02e316 | .320000 i.042080
""" 431 1 | .oze316 1 .300000 1.03%422
""" ss 11 | .oze316 1 .320000 i.0a20s0
""" 46 11 | .026316 | .320000 1.042050
'''' a8 |1 | .026316 | .150000 1.o19711
""" s6 | 1 1 .026316 |  .320000 1.042050
e YT T Tezeate | lisoooo  qonsnir
""" 68 1 1 1 026316 | .300000 1.038422
""" 86 1 1 1 .oze3ie | .1s0000 i.oem11

e S D e P T A D R T Y R P R S W e e = Y S M R R 4R Y D T S D AL S R L YR TP M e e
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cost

PMF
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Membership Functicn

.124 .248 .372 .496 .€20

cost L e el

37




Fuzzy Probabilities

cost 34 | memesrsecsecoc s m e
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OUTPUT CORRESPONDING TO HIGH PRICE

TR THE ;INAL RESU;TS TR mmaaaes
CoST | No. OF OBS. | BMF | MEMBERSHIP VALUES|FUZZY PROBABILITZES |
""" 1011 1 .o2631e 1 .000000 1.casazc
""" 111 1| loz6316 | .o000000 1.000000
""" e 11 1 lo2e3te | .1s0000 1.018763
""" 1s |2 1 .0s2e32 1 .1s0000 1.018763
""" 171 1 | .026316 |  .000000 i.000000
""" 20 | 1 | .026316 | .000000 1.000000
""" 211 2 | .osze3z | .1s0000 |.o19763
""" 2313 { .oves&n | .400000 i.0s2701
""" 2¢ 1 2 | .osze3z 1 .o00000  1.000000
""" 2211 | .o2e316 | .000000 1.000000
""" 3111 1 026316 | .300000  |.039526
a2 i Tozeate 1 .aso000  1.0sszes
a3 Ty U Tozesis 1 40000 i.0sezes
""" 361 1 | .o2e316 | .400000  l.0s2701
""" 36 1 4 | 105263 | .350000 |.o046113
s T T ozeate 1 Lev0000 1.ose27a
""" 38 | 2 | .0s2632 | .450000 |.0ss289
""" 391 1 | .oze316 | .3s0000 |.046113
""" &0 1 2 | .os263z | .450000 1.089289
""" a1\ 1 1 .oz2e316 | .320000 i.042161
""" a3 1\ oze3te | .320000  1.oaz261
""" 451 1 1 oze3e 1 .320000 1.0a2161
""" a6 11| .ozesls | .320000 1.042161
""" a8 11 | ozesre | .4s0000 1.0s9288
""" 56 1 1 1 026316 | .300000 1.039526

e U T W ozeate 1 320000 1.0a2161
e 1| oze3te | . 320000 1.042161

T ee 11 oze3te 1 . 200000 1.026350
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cost

68




Membership Functicn

.134 .268 .402 .836 . 670
I

cost 34 |==e----ccccrccncccracca-
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cost

Fuzzy Probabilities

.018 .035 .053 L0712 .088
!
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OUTPUT CORRESPONDING TO COMPLICATED TYPE

:88“:3’.-'u3-“’:':"'-'I-‘=.--"..=t"-8.“‘.-"8-:-.883333888--.‘8.’38-

THE FINAL RESULT
ETEE SR R S S RN TS T N AR S T I I I T S R EE R S S RS X EI I T TSI RS ERESEEER EXEEXEEEEBE

- - S A W N T W D P D A e T T P T R T R N e e m R N G N T S R e e E R R B an RS

CCST ) No. QF CBS. | PMF ] MEMBERSHIP VALUES FUZZY PRCBABILITIES
""" o T ezeate 1 eocoon  i.eescas
T 1 Tozeste 1 oooess  1.oseoco
VR 1 Tozeate .o70000 i.cossss
TS 2\ los2e32 1 .o70000  i.cossss
T T T  e2eate 1 Loooooo 1.000000
°°°° 20 11\ Tozeste 1 .o00000  1.000000
""" 2112\ Toszesz 1 .320000  1.00661
""" 2313 77 oressr i laoo000  1.ososze
""" 24 12| osze3z | .o00000 1.000000
""" 2711 Vozeate 1 .ocoo00  1.c00000
""" 31111 o2e3te 1 .3s0000  1.044473
""" 3211 1 lo2e3te 1 .s20000  1.078780
T T T  ezests 1 Lecoooo  i.o7e23s
RV 11 Tozests 1 .sz0000  i.oms780
""" 361 & T Tios2e3 1 eze000  1.ovame0
""" 3711 U Tezests 1 .asoo00  1.o0aae73
""" 381z 1 os2e32 1 .3z0000 1.040861
'''' 35111 ozeaie 1 .eooo00  1.076239
""" w012\ osze3z i soo000  1.07623
""" a1 T Tozeats 1 azo000  i.oaoser
""" YT ezeate 1 scooo0  1.o3sis
T T T  ezene 320000 1.040661
e T T T ezeate 1 320000 1.o40ser
T T T e2eats 1 lisoooo  j.oas0s0
""" se 11 T TTozeste n 3zoooo  i.caveel
e T ezeate 1 lisooco | 1.o1s060
e T Ty T ezen1e L 300000 1.038118
CTTse 1L T Tozeats | lisoooo  i.o1060

o . - T B G R A R A N G B E TR E .- AN EE R - TAGGTEEaAGEA R R EAa St T EaBRE eSS == es eSS
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cost 34 |=~c-mee-

41 ’--—ss-----

43 j=memmeoean

€8 |--~cmmaccan

86 |e~romccwana
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cost

Membership Function

124 .248  .372  .496  .620
|======- [======= |====--- [=====-- |====-=- |=====-
|
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cost

10
11

15
17
20

23
24
27
31
32
33
34
36
37
38
39

41
43
45
46
48
56
62
68
86

Fuzzy Probabilities
.032 .047 .063
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OUTPUT CORRESPONDING TO HIGH QUALITY

ARV HEEEREEEREEEIATI I ERXERRNICS S DN RIS T N O 2S5 NS 5 R

THE FINAL RESULTS
R R R N R S S A I A RS R I N R I S C SN L S I TN R T X I E SR XS R ERER

COST | No. OF OBS. | PMF i MEMBERSHKIP VALUES!IFUZZY PROBABILITIES
T 11 226316 1 .osseoo  i.seseas
T 11 Lozeas 1 .ocoeos  r.csscas T
""" 10 Tozeate 1 .isooco  i.aisssa
""" 152 | .0s2e3z 1 .isazo0  i.cisasa
""" 1701 1 .ozete ¢ .oczeao i.geseac
""" 20 1 1 1 .0ze316 | .o00000  1.osoooo
""" 211 2 | .os2e3z | .3zc000  i.cazasc
""" 231 3 1 .cvesar 1 .3z00c0 1042440
""" 24 1 2 1 .cs2e3z 1 .ococeo  1.cooose
""" 2711 i .cze3s 1 .cgoo0e  r.000000
""" 310 1 | .026316 | .eccoos  1.07es7
""" 321 1 1 .cz2e31s 1 .320000  1.0a2as0
""" 331 1 | .026318 1 .3z0080  i.0s2440
""" 3411 1 026316 | .45c000  1.0sess2
""" 36 1 4 | .ics2e3 1 .3sc000  1.ossals
s T lozesis 1 Lezocoe 1 sszzzs
e 2| loszea2 i .3so000  1.casers
e L Lozeaie . 322000 ).oa2aa0
""" s0 1 2 i .os2e3z i .«soo00 1 .cseesz
""" a1y 1y Lczsaie i stceso o casais
""" &3 111 lcaeais 1 Lsoace . ocasmes
""" s 11 f .c2e316 .\ .szocco . cezzzs
'''' 46 1 1 | .o2e3is 1 .3scoco  1.oasais
e 1| .o2e31e | .1s0000  .cisssa
""" s6 1 1 | .026316 | 450000 1.cgses2
62y 1 T czeate ¢ .isooao  y.cisese
e 1| lo2e3is 1 .3zcoco i.039%es
T Tee 1 czeas 1 isacoo i.oisese

- . A YD S = - = e = M e e e s e T T T e e M e e e W MR P M M S R R M e A S M Mmoo =




PMF

.042

108

.063

.084




cost

10

14
15
17
20
21
23
24
27
31
32
33
34
36
37
38
39
40
41
43
45

48
56
62
68
-1

Membership Functicn

.124 .248 .372 .496 .620
|==mmeon |=-=---- |===eenn |===mmn- |-==-=-- [====nn
|
|
I ----------
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I ------------------ --arem-
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cost

Fuzzy Prokbabilitles
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OUTPUT CORRESPONDING TO HIGE TECENOLOGY

THE FINAL RESULTS

I
"'COST | No. OF OBS. | PMF | MEMBERSHIP VALUES FUZ2Y PROBABILITIES
T 11 .026316 | .000000 i.c00000
""" T T  ezeats 1 oooooo  r.ooo000
""" a1 1\ ozeawe 1 iscoo0  1.0233e4
sy 2| .os2e3z | .isto00  :.cz3zea
Bt 1 1 .026316 | 000000 1.000000
"~ 201 1 ) .o26316 | .000000  1.000000
o T 2| losze3z | .320000 1.04%844
""" 231 3 1 .078347 | .3sc000  i.0sasiv
""" 2¢ 1 2 .0s2e32 |  .o000000 1.000000
""" 271 1 i .c2eale | 000000 i.000000
""" 3101 1 .o26316 | 350000 i.0sas17
""" 321 1 ) .o26316 | .3s0000  1.osesit
e T T ezeste 1 Lascooo  r.osasia
""" 3a 11 i loze3te 1 330000 |.osasiz
e & 1 l10s2e3 ¢ .3sooco . oosesiv
""" 301 1 .oz63t6 . .3s0000 1.osasiz
""" 3 1 2 1 .0s2632 | .320000 1.0av8as
""" 39 1 1 1 026316 1 .350000 1. 0sasiv
""" a0 1 2 | .os263z 350000 i.osesiv
"""" &t 11 lozeas 1 320000 1.oassas
""" 8311 | o«6316 | 300000 .cae"2s
""" as 11 1 .o26316 1 320000 1 caseas
a6 T T lozete 1 320000 1.casess
""" a8 | 1| oze3ie | isc000  1.023368
""" s6 | 1 | .c26316 ; 320000 1.049848
ez 11§ lozeae . .is0000  1.023364
e 1T W Toaeaie o ascooa i.caev2s

- e WP P D Gy W = = e - Wy - - W W T T - = e N e e e WS A e E B e E-—- - - -

- e Y P M WP R e e e T e . e e e e e e ®mm .- - - -




cost

10

14
15
17
20
21
23
24
27
31
32
33
34
36
37
38
39
40

43
45
46
48
56
62
68
8é

PMF

.042

.063




cost

Membership Function

.070 . 140 .210 .280 .350




cost

Fuzzy Probabilities

.011 .022 .033 .044 .085
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I ------------------------- coscecaceeccee

l ------------- cmeomace= - -- cmeoaoee~--
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User Manual

1 Introduction

The preliminary cost estimate is a primary consideration of both owners and
designers of construction projects. The estimation at this stage involves many
design variables. Usually the designer does not have enough cigineering data
to predict the future behavior of these variables other than verbal description,
such as "good.” "bad.” "large.” "small.” 2n4 so on.

Using regression analysis. this program uses previous data from the past
projects to develop a cost function.

The opinion of the experienced designer regarding the value of the design
variables 1s used to find cost membership function.

Tl.e variable membership values range from 0 to 1 depending upon the
degree of confidence that the varnable is a member of the set. Applving
the extension principle. membership functions of independent design vari-
ables are used to find the cost membership function. The computer program
(COSTEST) developed in this study enables the estimator to obtain:

1. A membership function which explains the degree that a cost value
belongs to a cost event.

2. The probability of each cost value and event. {The second one 1s com-
puted using the probability mass function (PMF) of the cost.)

An example is given below to show the input and output of the computer
program.

2 Example Problem

Assume that the independent design variables are 1. 15, 13. and 15 and C 15
the dependent design variable representing the unit cost of the project. The
linear function:

C =ao—a1ly —azly = a3l —asly (1)

represents the relation between the independent and dependent design van-

ables.




Table 1: Historical Data

(G FE N ST
55.50 1.5 32 27 52
55.00 52°'42 30 4.0
54.00 47 32.15 65
64.00 5.8 4.9 16 6.0
60.00 4.0 46 2.5 5.7
4600 4.9 30 19 458
57.00 45 3.9 2847
5700 57 42 13 6.3
61.00 53 46 24 54
54.00 41 3.2 2.7 3.0

Table 1 shows the values of dependent design variable ', and independent
design variables 1},. k = (1.....4). 1= = (1,...,10) associated with ten past
projects.

These variables can be indices or unit prices of any component per unit
of the project. This unit can be in cubic feet. square feet or other units. such
as cost per output product. for example. cost per student 1n school projects.

The next step is to develop a membership function for each design van-
able. This will be based on the experienced designer opinion of the behavior
of these design variables in the future. These membership functions can be
discrete or continucus. In this example, assume the following membership
functions for the four design varnables.

Assume 1) represents the weather index. 15 represents the productivity
index. 13 the price index and 15 the quality index.

Suppose, in this example. the prediction of design variables 1s as shown
in Table 2.

Figures 1, 2, 3 and 4 represent the assumed membership functions of
variables 17, 13, 13 and 1}, respectively.

According to the designer opinion in Table 2 for the prediction of design
variables 1] (see Table 2) and using Figures 1-4 and Table 1. the membership
values of these design variables are computed and shown in Table 3. How tc
use these membership values 1s explained in the following section.
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Figure 1: Weather Index Membership Function
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Figure 2: Productivity Index Membership Function
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Figure 3: Price Index Membership Function
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Figure 4: Quality Index Membership Function
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Table 2: Designer Expectation of the \ariables

| Variabie i 1i i Future Prediction |
Weather Index l 1B Good !
Productivity Index | 15 Medium !
Price Index 15 High |

| Quality Index | 15 High ,

3 Input

This program is developed to read the data from a file. The program indicates
the name of the input file.

3.1 Input File

The input file should contain the dependent design variable values, C;, in-
dependent design variable values, 1};, and membership values, 4, in the
format as shown in Table 4.

Once the input file is established, the program can be run. The program
contains an interactive part to prompt the user to input some information,
as in the following steps, while running the example problem.

© A > COSTEST,

To run the program from the PC.

* $Run COSTEST)|
To run the program {rom the VAX.

, Please enter the output title max 40 characters.'
Prompts the user to input the output files title. This title will appear at
the top of all output files.

Example Problem
This is the title entered by the user.

Please enter the input ﬁle.]




Table 3: Design Variables and Their Corresponding Membership Values

C. By, R By, S Ky, Vi Ky, .
(Vi = Good) (1o = Med) (V5. = High) (\a = High)
5550 4.5 NE 3.2 2 122 0.6 5.2 133
1 38.00 5.2 4 42 8 /3.0 1.0 4.0 0.0
54.00 4.7 65 32 2 L3 23 6.5 833
1 64.00 5.8 1 4.9 1 16 3 9 967
1 60.00 4.0 1.0 46 4 25 75 5.7 367
46.00 4.9 35 300 00 19| 45 4.8 267
5700 43 75 39 9 |28 9 4.7 233
5700 57 15 42 8 13 15 63.  .T67
61.00 5.3 33 46 4 24 T 54 467
34.00 41 0.95 32 20 lar 85 5.0 333

Prompts the user to enter the input file that 1s explained in the input
section which contains the dependent design variables, independent design
variables and membership function values.

EXCOST.DAT
This is the name of the input file.

Please enter regression analysis output file,
Prompt the user to enter output file that contains the regression matrix.
cost function coefficient, quantification of error of linear regression and the

final cost function.

REGEX OUT.

This file 1s the regression output file for the example.

Piease enter probabilities and membership functions output file.

Prompts the user to enter the output file that contains cost function.
table that contains cost, number of observations of that cost. probability mass
function, and corresponding membership function and cost fuzzy probabibity.
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This program will generate three plots. They are: probability mass func-
tion (PMF). cost membership function and cost fuzzy probabibty. All of
three plots will also be in this output file.

CMEX.OUT

This 1s the name of the example output entered by the user.

Please enter data output file.

Prompts the user to input an output file. which contains the input data.
for review.

INEXOUT
This is the output file.

Plot option.

'Pleas e enter (1) if plot 1s needed.

(2) if plot 1s not needed.

As mentioned earlier, this program will generate three plots, but these
plots are optional. So the program will prompt the user to choose between
plotting or not. If (2) is selected. the program will stop. Butif (1)1s selected.
then the following message will appear:

Line max length option.

Please enter (1) to use default (max. L = 40)

.(2) to use new value for max. L
This option 1s to chose the maximum line length in the plot. If (1) 1s
selected. the program will stop and the maximum line in the plot will be
40 and the other lines will be scaled accordingly. But if (2) is chosen. the
program will ask for a value.

Please enter line max. length.:
30,

30 will be the maximum length in the plots and as in (1) the other values
will be scaled accordingly.




Table 4: Inpt Data File Format

A- 1- Number of Variables

B- 1- Number of Data Points
C- 1- ¢y 1 Vi Vi Vim
2- Hi1 Hiz M1z . Him
3- Co V5 15 V5 Vom
4- M2y  Ho2 M2z . Ham
2n —1- Cn ‘,ﬂ lnz ‘n3 ...... ‘-nm
2n- Hny  Hn2 Hn3 . Hnm

The three computer cutput files are shown in the next section.

4 Output

The output 1s contained in three files. as explained in the previcus section.
Computer output of these three files 1s added to this manual for illustraticn.
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OUTPUT FILES




Rgression Analysis Output File
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IXAMPLE PROBLEM

'EEEXEEEEAEASEEREEAZERER AR AR AL AR A AR R R AR R R R AR RS R R ENEER R XN BEPIY

ouTPUT

"."""'.".".""".-."""'.'..""".'""""'""'..'I"'..'."V v w

20.000000 48 .700001 39.000000 21.80C000 £4.8222¢C
4 £69.500002
48.700001 240.669998 191.79¢C009% 104.940002 267.2°70C2
. $782.5498C5
39.020002 191.790009 15€6.54002°C 85.540C09 2:4.32C2
3 2245.700195
21.9%0C0C2 104.9400C2 85.540009 $1.0%000¢C 11840202
4 1248.820000
54.50C004 267.270020 214.300CC3 225.4200204 334.37222
6 3.16.800C49
EEEEEEESSENFEEEEER ma== ®mm T e =W BENSSEEARERNE .4
COST FUNCTION COEFFICIENTS
EE 2L 3 3] - ERCESEESEESEAEEER
a 0= -3.81744S5
a l= 2.33079%s
a 2= 2.661444
a 3= 7.042204
a 4= 4.332922
ESBEENESSm - =mmwa SESEREEEESEERS
QUANTIFICATION OF ERROR OF LINEAR REGRESSION
=ns MEBEE WS aaee EECETR TEERERS
THE TOTAL OF SUM OF SQUARES OF RESIDUALS Stw 32592.250
T SUM ODF SQUARES OF TH RESIDUALS Sre €.889
THE STANDER ERROR OF ESTIMATE Sx/y= 1.173
THE COEFFICIENT OF DETERMINATION r~2=0.9998
THE CORRELATION COLFFICIENT r=0.9999
r3 2 T 22 2 . 12 3 13 R WS W = Ars = .
N AR AVYE NF 1 AN SRR T R Sk L bk ASEESESESEEaE TSRS REEES
THE FINAL COST FUNCTION
A IRTR NS N U B AR 1B D BN SR A BURSESESWNEE EI T T LTI P P R L LRt b 3 X 4 2 )
- S W =y SRS SlCEEEESEENREESES SRS TETNSCIISESEEN S I DUERTSURSE S X
Yo -3.81745+( 2.33079) X 1+( 2.66144) X 2+ 7.04220) X 3+ 4.232323:0) X
-




Membership Function and Fuzzy Probability
Output File




Membership Function and Fuzzy Probability
Output File




EXAMPLE PROBLEM

THE COST FUNCTION

BESEEEEEETIEIE=NIERE

BEREEAREBrFEESEXZ

TERNEREER -

Y=

-3.81745+(

2.

33079)

X

1+

2.66144) X 2+(
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7.04220) X 3+ ¢

4.33232)

X




THE COSTS AND THEIR CORRESPONDING MEMBERSHIP FUNCTIONS

ESUEBEEDITCXXFWTTI=SS=
EZREJZEWEXEISE MWW W R

ERERERECEEREIRNTI =S ET=T

ccsT | MEMBERSHIP VALUES |

- - T W R A R D TP W WE R D D WD W D D R TR S T N AR P Y D R ek R P A R Y YD R e e S S R e e A W

50 | 0.00000 }
"""""" 53 o.20000 .y TTTTTTTTTTTTTTTTTTTTTT
T s T T elz0000 T
"""""" ss 1 e.20000 TR
"""""" s7 1 e.2ss0 TR
"""""" s7 1 o.soe0 YT
"""""" ss 1 o.o0000 TR
T e T T  Tolao000 T T
"""""" &1 1 o.aso00 T
T e T Telto000 T
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THE FINAL RESULTS

cosT | No. OF OBS. | PMr { MEMB!RSHIP VALUES
"""" so 1 1 1 .1w0000 | .o00000
"""" ss 1 1 | .00 1 .ze0000
"""" s« 1 1 | 10000 1 .z00000
"""" ss 1 1 | .10000 1 .z00000
"""" s2 1 2 1 .200000 1 .233000
"""" se 1 1 1 .w0000 1  .o00000
T e T T T T T o000 1 Laveo00 T
e T T T T T T T o000 1 o000
el i ao0000 f ioseso T
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50
53
54
55
57
S8
60
61
64

132




cost

Membership Function

080  .160  .240  .320  .400
| ===mmen | cemenn |mmmmomeomeanas |=====n- fmemen-
|
'---- ....... coweeocee
' ----------- cSomeecacas
I --------------------
| ................ Sowoae=
u
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cost

50
s3
S4

$7
S8
60
61
64

Fussy Probabilities
.048 .098 .143 .190 .238

' ceosescs ' ocsscsce ' coceoss ' cesoveoes ' ccececcas ' mocece
l----.--------------o

|svocnccssnsscncscess

l-.-.o----------.----

' LYY P L LYY LYY YTy ¥ ey ¥ Y )

| LYY T I LT L LY YT T Y T LT P T Yy P

' XYL I I Y L L LYY Y Y YL L LYY Y Y Yy v

' oscasoccns
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