Intern. J. Fuzzy Mathematical Archive —
Vol. 7, No. 1, 2015, 63-74 International Journal of
ISSN: 2320 —3242 (P), 2320 —3250 (online) Fuzzy Mathematical

Published on 22 January 2015 =
www.researchmathsci.org Al'chlve

A Note on Maximize Fuzzy Net Present Value with New
Ranking
D.Stephen Dinagar!and S.Kamalanathan?

'PG and Research Department of Mathematics, TBMle@e) Porayar — 609307, India
e-mail: dsdina@rediffmail.com
Corresponding Author
’PG and Research Department of Mathematics, TBMleGe] Porayar — 609307, India
e-mail: skamalmail@gmail.com

Receivedl November 2014; accepted 4 December 2014

Abstract. In this paper, a new procedure for project schedutialled 'fuzzy cash flow
weight' and ‘fuzzy discounted cash flow weightsisdied with the aid of generalized
trapezoidal fuzzy numbers. A new ranking procechamely 'SD of PILOT' (Shortest
Distance of the Point of Intersection of Legs oAf&zium) is proposed to find out the
output of the above said notion. Relevant arithenetierations of generalized trapezoidal
fuzzy numbers are also utilized to justify the ooti A numerical example is also
included.
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1. Introduction

Net present valueNPV) is the most commonly used method of evaluating th
effectiveness of investment projedi#?Vis the sum of discounted net benefits (net cash
flows) over the whole life cycle of the investmegmbject. Cash flow analysis is one of
the most popular methods for investigating the @ute of an economical project. In this
paper, we present a simple method to calculategh@resent value of a cash flow when
both costs and benefits are given as generalizgobzoidal fuzzy numbers. Project
scheduling is the process where the various aetvihat need to be undertaken during a
projects lifetime should be scheduled. It is conedrwith the techniques that can be
employed to manage the activities that need tondentiaken during the development of a
project. It is primarily concerned with attachingiraescale and sequence to the activities
to be conducted within the project. This paper Witlus onproject schedulinghat is the
subset of project management [14]. There are meagnt works on project scheduling to
maximize net present value of the project. The aqghtes offered for the solution of the
problem of maximizing the net present value of @jgut through the manipulation of the
times of realization of its key events are reviewrd[6]. An integer programming
algorithm for project scheduling subject to reseuimitations during each period of the
schedule duration is described in [16]. An actigitheduling problem for a project where
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cash inflows and outflows are given and availapiléstrictions are imposed on capital
and renewable resources is presented in [13]. Tolelggn of scheduling activities in a
project to maximize the net present value of thaauot is solved for the case where the
activity cash flows are independent of the time aativity realization in [7]. The
unconstrained project scheduling problem with disted cash flows where the net cash
flows are assumed to be dependent on the completmoes of the corresponding
activities to maximize the net present value of pneject subject to the precedence
constraints and a fixed deadline are examined Bj. [PeddiPhaniBushanRao and
Nowpada Ravi Shankar found a ranking proceduredbaseArea, Mode, Spreads and
Weight for Generalized Fuzzy Numbers [11]. Bih-Skehieh developed ranking
procedure in an approach to Centroids of Fuzzy Nareg2]. Allahviranloo et al.
developed a ranking procedure based on a new destameasure for Generalized
Trapezoidal Fuzzy Numbers [1llrem UCAL and Kuchta [8] developed project
scheduling procedure for the projects which hawyucash flows very first, however
there are lots of studies on project schedulingniximize net present value of the
project. It seems to be useful to adopt some otdhtbe fuzzy case, so that they can be
used to build a project schedule with a maxiM&\V taking into account the risk and
uncertainty connected to the cash flow estimationpiiactice. In this paper we are
introducing a new ranking function to defuzzify tlyeneralized trapezoidal fuzzy
number. We are applying Generalized Trapezoidalzyfunumbers in project
management, especially in network scheduling inimezing net present value for which
Irem UCAL and Kuchta had worked on Triangular furzynbers. Also a fuzzy version
of a procedure for project scheduling is modifieaid accordingly to maximize the fuzzy
net present value of projects with fuzzy cash flowazzy equivalents of cash flow
weight and discounted cash flow weight are definduich are used to find the
importance of the activities with respect to thezfunet present value of the project. The
procedure is applied to an example and resultgligmissed in conclusions. There are
two methods are used to determine net present:vhldgash flow weight heuristics and
2. Discounted cash flow weight heuristics [4]. 8sttl deals with preliminaries of fuzzy
numbers, Section 3 deals with new ranking procedigaleveloped, Section 4 consists
of cash flow weight heuristics, Section 5 has Fuzash flow weight heuristics, Section 6
has its application and we concluded in Section 7.

2. Preliminaries
Definition 2.1. Chen (1985, 1990) represented a Generalized TrajadFuzzy Number

(GTrEN) Aas A= (a,b1,c1,duw) , 0 <w <1 anday,by, canddiare real numbers. The
generalized fuzzy numbeh is a fuzzy subset of real line R, whose member&hiption
H; satisfies the following conditions:

® 15 (x)is a continuous mapping from R to the closed iratef®, 1].

(ii) Uz (X) =0 ,where- < X< a,.

(i) 15 (x) isstrictly increasing with constant rate ap< X < b,.

(iv)  uz(x)=w, wherd) < xX<c.

(V) 15 (x) isstrictly decreasing with constant rate @ns X < d,.

64



S. Kamalanathan and D. Stephen Dinagar
(Vi) u;(x)=0owhered, S X< o0,

Definition 2.2. A GTrFEN Zz (as, by, ¢y, di; W) is a fuzzy set of the real line R whose
membership function/; (X): R - [0, w] is defined as

s (x) = W{X-%J fora, < x < b,
b, —a
w, forb, < x< ¢, , wherea, <b, <c, <d, andw( (01]

,u; (X) = ( ) dl —x forc . < d
_(x) = y S X<
Hex d, -c 1 1

0, Otherwise

2.3. Arithmetic operations
Algebraic operations for GFNs are given by Property (1) to Property (7) whéréha
fuzzy numbers are positive [8].

Addition rule; If A (ay, by, ¢y, dy; W )and B= (3, by, Cz, da; W), then

AD B- (au+ @, by + by, €1 +Cy, dy + dy; Min(W5, W3)).

Subtraction rule: If ;&z (&g, by, €1, dy; WA) and §= (&, by, Gy, dy; Wg), then
A ©B= (-0 bi-Cy, € - by, dy - &; min(wy, ws)).

Multiplication rule: If ,&z(al, by, ¢, dy; W;\)and I§=(a2, b,, Cy, dy; WE),then
AT B= (., biby, ¢iC, duch; min(w;, w)).

Division rule: If ;&z (&, by, €1, dg; W~) and §= (@, by, Gy, dy; W§),then

A=+B- (& B G d;min(wg, wg)).
d,’c, b ‘a,

Scalar multiplication rule: If A=(a, b, ¢, d; w) andX is any scalar, then
(Aa, Ab, Ac, Ad; w),ifA = 0

/lI](a,b,c,d;w)={ ,0A00
(Ad, Ac, Ab, Aa; w),ifA < O

Scalar division rule; If ,&z (a b, c, d; w) and) is any scalar, then
[Mii- jmo

A+ (a,b,c,d;w) = 0400

—~ OTlx~

Power rule: If A= a, b, ¢, d; w) andA is any scalar, then

a’,b’,c*,d*:w)ifA=0

a,b,c,d;w)? = T TN 0A00
( ) {?d*,c”,b*,a*;w,if/lso
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3. SD of PILOT ranking procedure

Ranking fuzzy numbers has been an indispensabbe @reesearch especially for
applications in decision making analysis represent uncertain value. Many rank
fuzzy number approaches have been suggested iatlite for multi attribute fuzz
decision making problems, data analysis and aetifintelligence, thus make ranki
fuzzy numbers is imperative because the nrements are imprecise in nature [5

Proposition 3.1. The point of intersection of the two non paraliekb a x+by+c, =0

and a,x+hy+c, = ois (blcz —b,c, ’ c,a, - Cz%j_
a1b2 - a2b1 a'.le - a2b1

Proposition 3.2. The equation of the line joining the pointxs, yi) and X, Y.) is
Y=Y _ XTX
Yo=Y XX

fig )

Q0.0 A0 BeO Cleny  DED

Figure 3.2.1: A generalized trapezoidal fuzzy numb8r ( a, b, ¢, d; w).
In Figure 3.2.1the generalized trapezoidal fuzzy number covieesttapezoic
ADEF, in which the parallel sideAD and EF are called bases and the-parallel sides
AF and DE are called legs. The generalized trap@tduzzy number is covered by
trapezium ADEF by the points A(a, 0), D(d,0), B, F(b, w) in which the legs AF ar
DE will meet in a point Fxo, Yo) when they are extended. The shortest distanaeckea
the origin O(0, 0) and Iy, Yo) is the ranking function defined usiniSD of PILOT
Ranking Procedure’.Using proposition (2), the equation of the liregment
AF=Y70_X78_ 'y _X-a_ yj_ay=w(x-a) = (b-a)y-wx+aw=0
w-0 b-a w b-a
= wx—(b-ay-aw=0 (3.1)
Similarly the equation of the line segment Dwx—(c—d)y—-dw=0 (3.2)
The straight lines in the eation (3.1) and (3.2) will meet in the pox,, yo) can be
found using Proposition (1) as folloy
P(x y)z[(b—a)dw—(c—d)aw - aw? + dw? jz[bd—ad—ac+ad’ w(d-a) ]
©70 -w(c-d)+w(b-a) '-w(c-d)+w(b-a)) | (b-a)+(d-c) (b-a)+(d-c)
_ bd-ac w(d —a)
P(X°’y°)_[(b—a)+(d—c)’(b—a)+(d—c)J

The distance between the ori(O(0, 0) andP(xo, yo) can be found as follow
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I T ol +wild —al :\/[(bd—ac)2+wz(d—a)zj
baye(a—gy VP -a il el = g

The ranking function of the generalized trapezofdaty numbera = ( a, b, c, d; w)is
IZI(K): J|(bd - ac)® +w?(d - a)?]
(b+d)-(a+c) (3.3)

3.1. Cash flow weighing heuristics
A project is a network with activitiedA(, i = 1,2,...N) represented as nodes, relations
between activities represented as arcs, the respuequired by activities denoted i
=1,2,..Nandk = 1,2,...m) the total resources available for the projectote byry(k
=1,2,...m), and durations of the activities denotedddy = 1,2,...,N). Net cash flows of
activities occur at the beginning or end of theated activity and the value of it is
independent of the starting or ending moment ofatiivity. The sum of all the cash
flows from different activities starting or finigig in moment will be denoted a€Fj(j =
1,2,..TPwhereT" denotes time horizon). Present val@/) of a single future payment
occurred in the end of" year from now is given in (3.1.1) whefestands for amount of
the payment anddenotes the interest rate (cost of capitg)). _ F (3.1.2)
@+n)"
The goal is to find a schedule with a maximddV which is sum of all discounted cash

flows formulated on (3-1-2NPV:Zn: Ch_ (3.1.2)

i (L+r)’
Cash flow weight CFW) heuristic is a heuristic which dynamically seteathigh priority
activity from available activities for the assigmmheof resources. In the considered
heuristic procedure, the priority of an activitylisked to the cash flows linked to the
very activity and all the activities which follow iThe priority is measured by means of
cash flow weighting [8].

3.1.1. Cash flow weighting

Cash flow weighting is an assignment of a weigtedoh activity with respect to the cash
flow creating potential of the activity which meatte sum of the cash flows occurred
from the activity and its successor activities. Thsh flow weight heuristic is a forward
pass heuristic which selects the activity with BugestCFW from the list of available
activities and attempts to assign it to the edrljgsssible period with considering
precedence and resource constraints [8]. Aftergassint of an activity, the resource
constraints are updated. When the last activisgned, the procedure stops [3].

3.1.2. Cash flow weight algorithm

There are three steps on cash flow weight procedaor¢he first step, the cash flow
weights of each activity are determined and allviigts are included to the list of
available activities in an order of( i= 1,2,...,N ) without taking into account the
predecessors. In the second step, the activity thiighhighesCFW is selected from the
top of the list of available activities. In caseadfie, the lowest numbered task is assigned
first. If the selected task has predecessors,derdio assign the selected activity as soon
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as possible, the predecessors of the selectedtadie assigned respectively in the
increasing order of their indicég i = 1,2,...,N ) and as soon as possible with respect to
the resources available. After assignment of thectsd activity the available resources
are updated. In the third step if there is any sigagd activity second step is repeated,
otherwise the project schedule is completed [3].

3.1.3. Discounted cash flow weight algorithm

Discounted cash flow algorithm has the same praeedith cash flow weight algorithm
while it deals with discounted cash flow weighBsCFWs) instead ofCFWs. DCFW for
an activity is determined by the summation of cdislw of the activity and the
discounted value of all future cash flows of suscesctivities [3].

3.2. Fuzzy cash flow weighing heuristics

We consider a project with fuzzy cash flows, linkedthe beginning or ending of

activities independent of their time setting, fuzanyerest rate. The goal is to find a

schedule with a maximal fuzzy NPV, where in compgithe fuzzy NPV we choose one

of the relations defined in Section 3.1.1. Fuzzgspnt valueRV) of a single future

payment occurred in the endrmih year from now is given in (3.2.1) wheFe stands for

fuzzy amount of the payment amddenotes the fuzzy interest rate

pv=_F (3.2.1)
@+i)"

The general formula of fuzzy net present vaNRV is given in (3.2.2), wheré:lzj

denotes net fuzzy cash flows occurred at fipmedenotes the useful life of the project

andi denotes the fuzzy interest rate [Qhy = ; CF_i A (3.2.2)
o A+i)

Fuzzy net present value formula fFNs is generated on (3.2.1)

n CF, CF, CF, CF,

~ . +
NPV = L S — S —— TR
Jzo: @+i) @+i)’ @+i)' @+iy) (9% )
CF,<0
n CF, CF, CF, CF, (3.2.3)

=-—, =, =, =—; min(w,, w,)
o @+ig)t @+i)! @)’ @+iy)!
CF;>0

wherecﬁj =(a,b,c,d;w;) - cash flow =_.i, i.,i,;w,) - Interest rate

3.1.1. Fuzzy cash flow weighting

Fuzzy cash flow weighting is an assignment of azyuweight to each activity with
respect to the fuzzy cash flow creating potentfahe activity which means the sum of
the cash flows occurred from the activity and itscgessor activities. In this procedure,
the cash flows of the activities are assumed &agleitegative or positive fuzzy numbers.

3.2.2. Fuzzy cash flow weight algorithm

There are the following four steps involved on fuzash flow weight algorithm:

Step 1: The fuzzy cash flow weights of each activity whiate denoted byrw;, are
determined and all activities are added withoutlpeessors to the available list.

Step 2: cpw values are ordered with a method from equation).(3.1
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Step 3: The activity with the highestpw is selected from the list of precedence

available. In case of a tie, the lowest numberell im assigned first. If the selected task
has predecessors, in order to assign the selectidtyaas soon as possible, the
predecessors of the selected activity are assigemgkctively. After assignment of the
selected activity the resource available list idatpd.

Step 4: If there is any unassigned activity the third stepepeated, otherwise the project
schedule is completed.

3.2.3. Fuzzy discounted cash flow weight algorithm
Fuzzy discounted cash flow algorithm has the sanoeguure with fuzzy cash flow

algorithm while it deals with fuzzy discounted cdistiv weights DCFW instead oEfw

. DCFw, for an activity is determined by the summation asfc flow of the activity and
the discounted value of all future cash flows afcassor activities [12].

3.3. Application

The fuzzy cash flows occurred at the beginninghef dctivity, immediate predecessors,
durations, and resource requirements for eachaweskiven in Table 3.3.1. The number
of available resources for this project is deteedias 5. A network diagram of a project
is given in Fig. 3.3.1 with the cash flows, res@urequirements, and durations of the
tasks. The project has just one type of resourcehms limited to 5 over the project
realization time.

CF1=(40,50,60,70;0.4) CF4=(-36,-30,-24.-18,03) CF5=(35,50,65,80;0.4)

“

re=4 de=1

e CF = Fuzzy cash flows; ( ) = Task

ChaGs 0303 Q152602 number;r, = Resource requirement,
——+@——+@ = duration

=2, a1 R,
CFs5=(3745.33.61:03)

CF3=(43,55,67,79,0.5)

@

Figure 3.3.1: Network diagram of the project

Task Fuzzy Cash Flow | Immediate Duration | Resource
Number Predecessors Requirement
1 (40,50,60,70;0. - 2 1

2 (35,40,45,50;0. - 4 2

3 (43,55,67,79;0.! - 2 3

4 (-36,-30-24 - 1 2 2

18;0.3)

5 (37,45,53,61;0.: 2,4 1 2

6 (35,50,65,80;0. 4 1 4

7 (2,10,18,26;0.: 3,5,€ 2 1

Table 3.3.1: Project data
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3.3.1. Fuzzy cash flow weighting
The calculation of DCFW for the tasks 1 to 7 is given below. The resultsir

preference values calculated using the SD of Plt&king function from the equation
(3.3), their pessimistic and optimistic values gireen on Table 3.3.2.

CFW, = CF, +CF, + CF, + CF, + CF, = (40,50,60,70;0.4) + (-36,-30,-24,-18;0.3) +
(37,45,53,61;0.3) + (35,50,65

2;= (78,125,172,219,0.2).

80:0.4) +(2,10,18)

Task Preference | Pessimist | Optimist
No Fuzzy Cash Flow | CFW Value Value Value
1 (40,50,60,70:0.4) | (78,125,172,219;0.2) 148.50 78 | 219
2 (35,40,45,50;0.3) (74,95,116,137;0.2 105.50 74 371
3 (43,55,67,79;0.5) | (45,65,85,105;0.2) 75 45 105
(-36,-30,-24, _
4 118:0.3) (38,75,112,147;0.2) 93.50 38 147
5 (37,45,53,61;0.3) | (39,55,71,87;0.2) 63.00 39 87
6 | (3550,6580:0.4) | (37,60,83,106:0.2)  71.50 37 | 106
7 (2,10,18,26;0.2) (2,10,18,26;0.2) 8.548 2 6
Table 3.3.2: Fuzzy cash flow weights
Ranking of CFW values of activities are found as:

CFW, > CFW, >CFW, >CFW, >CFW, >CFW, >CFWw, for the optimistic and neutral ranking
methods. Activity 1 which has the highest valuesitheduled first and the available
resources updated as 4 for periods 1-2. Activitwlich has the next highest value is
scheduled in periods 1-4 and available resouraesidated as 2 for the periods 1-2, and

as 3 for the periods 3-4. Activity 4 which has thied highestCFW value is scheduled

in periods 3-4 and available resources are updsedfor the 3-4. Activity 3 which has
the next highest value is scheduled in periodsabid available resources are updated as
2 for periods 5-6. Activity 6 which has the nexglmést value is scheduled in period 7 and
available resources for period 7 are updated @sctlvity 5 which has the next highest
value is scheduled in period 5 and available ressufor period 5 are updated as 0 and
the last activity, Activity 7 is scheduled in pead® 8-9 and available resources are
updated for periods 8-9 as 4. After schedulingdlseactivity the algorithm is stopped.

Hemaining Resources
2 2 1 1 0 2 1 4 4 Remaining Resources

2 2 0 0 3 3 3 1 4 4

e A e = A
IR AR IR
R L
Al e | m| | w| el =

tl2f3fa]s]e]7]8]9 123 4(s5]6l7[8]9 10

Period Period
Figure 3.3.2: Project Figure 3.3.3: Project schedule resulting
resulting from CFW heuristic by from CFW heuristic by pessimistic ranking

optimistic ~ ranking method.

schedul

neutral and

methods.
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The project schedules resulting from the neutral aptimistic ranking methods for
CFW heuristic is given in Fig. 6.2. The net presenueabased orCFW Heuristic by

Neutral and Optimistic Ranking Methods is calcuat®r the fuzzy interest rate
i = (006,008,010,012;02) as follows:
NPV = (40,50,60,0;0.4) N (35,40,4%0;0.3)
(1+0.06,1+ 0081+0.10,1+ 0.12;0.2  (106108110.112;0.2)°
(43,55,6779,05) , (-36-30,24,-18,0.3 (37,455361,0.3)
(106108110112:02)* (106108110112;02)> (1.06108110112;02)*
(35,50,6530,0.4) ,  (2,10,18,80.2)
(106108110112;02)° (106,108110112;0.2)’
=(112.44,165.94,224.83,290.23;0.2)
Ranking of  CFw values of activities are found as:
CFW, > CFW, > CFW, > CFW, >CFW, >CFW, >CFW, for the pessimistic ranking
method. Activity 1 which has the highest value ¢heduled first and the available
resources updated as 4 for periods 1-2. Activitwiich has the next highest value is

scheduled in periods 1-4 and available resouraesipdated as 2 for the periods 1-2, and
as 3 for the periods 3-4. Activity 3 which has thied highestcgw value is scheduled in

periods 3-4 and available resources are updat@dasthe 3-4. Activity 5 which has the
next highest value but because of the predecegsatisity 4 is scheduled in periods 5-6
and available resources are updated as 3 for ge®e@. Activity 5 which has no
predecessor constraint any more is scheduled itlwp&r and available resources are
updated as 3 for period 7. Activity 6 which has tlext highest value is scheduled in
period 8 and available resources for period 8 gr@ated as 1, and the last activity,
Activity 7 is scheduled in periods 9-10 and avdgatesources are updated for periods 9-
10 as 4. After scheduling the last activity theoaildpm is stopped. The project schedules
resulting from the pessimistic ranking method @®w heuristic is given in Fig. 3.3.3.

The net present value based a@mw Heuristic by Neutral and Optimistic Ranking

Methods is calculated for the fuzzy interest rate= (006,008,010,012;0.2) as
follows:

NPV =

(40,50,60,D;0.4) . (3540,4550,0.3)
(1+0.06,1+ 0081+0.10,1+ 0.12;0.2  (L06108,110112:0.2)°
(-36-30,24,-18:0.3 _  (37,455%10.3) _  (43,556779,0.5)
(106108110112,02)* (L06108110112;02)° (106,08110112;02)>
(35,50,6580,0.4) . (2,10,18,%0.2)
(106108110112,02)" (106108110112,0.2)°

=(116.15,169.13,227.10,291.39;0.2)

3.3.2. Fuzzy discounted cash flow weighting

The calculation of bcFw for the tasks 1 to 7 is given below. The resultsir
preference values calculated using the rankingtfomdrom the equation (3.3), their
pessimistic and optimistic values are given on & &08.3.
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DCFW, = DCF, + DCF, + DCF, + DCF, + DCF,
_ (40,50,60,7;0.4) ,_ (-36-30,24-18,0.3
(1+0.06,1+ 0081+ 0.10,1+ 0.12;0.2)* (106 108110112;0.2)"
(37,45,5361,03) ,  (3550,6580,04) .  (2,10,18,3,0.2)
(106108110112:02)° (106108110112;02)° (1.06108110112,02)"
= (44.59,79.54,118.13,161.26;0.2)

Task | Fuzzy Cash DCEW Preference | Pessimist | Optimist
No Flow Value Value Value

1 (40,50,60,70;0.4) | (44.59,79.54,118.13,161.26;0.95.81 44.59 161.26
2 (35,40,45,50;0.3) | (46.95,61.95,79.34,99.55;0.2) 9.36 46.95 99.55
3 (43,55,67,79;0.5)| (29.82,43.67,59.57,77.88;0.2) 0.55 29.82 77.88
4 (1'3%_'%0"24" (9.50,34.89,63.58,96.44:0.2) 47.39 9.50 96.44
5 (37,45,53,61;0.3) | (35.96,55.39,78.84,107.10;0.254.94 35.96 107.10
6 (35,50,65,80;0.4) | (16.75,29.86,45.93,65.58;0.2) 6.23 16.75 65.58
7 (2,10,18,26;0.2) (2,10,18,26;0.2) 14.00 2 26

Table 3.3.3: Fuzzy discounted cash flow weight

Rankings ofpcFw values of activities are found as:

DCFW, > DCFW, > DCFW, > DCFW, > DCFW, > DCFW, > DCFW,

for the neutral ranking method, and

DCFW, > DCFW, > DCFW, > DCFW, > DCFW, > DCFW, > DCFW, for the optimistic
ranking. The difference between neutral rankinghoétand optimistic ranking method is
on Activity 2 and Activity 5. The Activity 2 shoulde scheduled first due to it is
predecessor of Activity 5. So these two rankingailteon the same schedule which is
shown in Fig 6.4. The project schedules resultingfthe neutral and optimistic ranking
methods forbCFw heuristic is given in Fig. 3.3.4.

Figure 3.3.4: Project schedule resultin  Figure 3.3.5: Project schedule resultir
from DCFW heuristic by neutral and from DCFW heuristic by pessimistic

optimistic ranking methods ranking method
The net present value based @CcrFw

Heuristic by Neutral and Optimistic Ranking Methaslsalculated for the fuzzy interest
ratei = (006,008,010,012;0.2) as follows:
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NBY - (40,50,60,D;0.4) . (3540,4550,0.3)
(1+0.06,1+ 0081+ 0.10,1+ 0.12;0.2°  (1L06,108110112;02)°
(43,55,6779,05) , (-36-30,24-18,03 _  (37,45,53%1,0.3)
(106108110112,02)2 (106108110112,02)* (106,108110112,02)*
(35,50,6580:04)  (2,10,18,%6,0.2)
(106108110112:02)° (106108110112;0.2)"
= (122.92,177.49,236.46,300.88;0.2)

Ranking of pcpw values of activities are found as:

DCFW, > DCFW, > DCFW, > DCFW, > DCFW, > DCFW, > DCFW, for the pessimistic
ranking method. The project schedules resultinpftioe pessimistic ranking methods for
DCFEw heuristic is given in Fig. 3.3.5.The net presertie@edased orbcFw Heuristic

by Optimistic Method is calculated for the fuzzy terest rate
i = (006,008,010,012;,0.2) as follows:

NBY = (40,50,60,0;0.4) . (3540,450,0.3)
(1+0.06,1+ 0081+0.10,1+ 0.12;0.2f  (106108110112;02)°
(43,55,6779,05) _  (-36,-30,24,-1803 _  (37,4553610.3)
(106108110112,02)° (1L06108110112;02)* (106108110112;0.2)°
(35,50,680,0.4) . (2,10,18,,0.2)
(106,108110112;02)7 (1.06,108110.112,0.2)°
= (116.75,169.99,228.099,292.38;0.2)

4. Conclusion

Two different heuristic methods for project schéuylto maximize fuzzy net present
value of a project are proposed. In the applicatiection, the schedules resulting from
CFW and DCFW heuristics are different which make differencesponject’s fuzzy net

present value. Also the ranking method chosertieranking step of the algorithm could
change the schedule, fuzzy net present value, ealization time of the project. The
interpretation the decision maker gets from thesgorithms is which activities
interpretation the decision maker gets from thelg@radhms is which activities are
critical for fuzzy net present value of the projestd cannot be moved and which
activities are dependent on his/her attitude. #$® worth mentioning that in our case the
whole project duration is planned to be 9 or 10etiomits and in one of the cases it is
equal to the shortest possible project duratiorigiwis 9) and in the other case that it is
more advantageous to prolong the project realigatip 1 time unit to achieve higher
fuzzy net present value. As a further researctptbposed models could be expanded for
different ranking methods to determine the begable ranking method for fuzzy critical
path method and maximizing NPV.
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