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Abstract—An attempt in this paper proposes a re-modificatmn
the minimum moment approach of resource levelingclvhs a
modified minimum moment approach to the traditionathod by
Harris. The method is based on critical path methbde new
approach suggests the difference between the nethodthe
selection criteria of activity which needs to béfted for leveling
resource histogram. In traditional method, the mrpment factor
found first to select the activity for each possidly of shifting. In
modified method maximum value of the product of ®Reses Rate
and Free Float was found first and improvementofaés then
calculated for that activity which needs to be telif In the proposed
method the activity to be selected first for shiftiis based on the
largest value of resource rate. The process isategefor all the
remaining activities for possible shifting to ggidated histogram.
The proposed method significantly reduces the nurobéerations
and is easier for manual computations.

Keywords—Re-Modified, Resource Leveling, Resources Rate,

Free Float, Resource Histogram

|. INTRODUCTION

Il.MINIMUM MOMENT METHOD

The minimum moment theory was presented by Ha®iis [
It assumes limited project duration and unlimitesdaurces.
According to this theory, for each daily resourégtdgram, a
statical moment can be found about its axis. Fightws a
given set, {A}, of elements y1, y2, y3, . . ., grer the fixed
set of intervals 1 to n. The set represents the af@ resource
histogram. The elements yi represent the dailywesosums.

Hence
2Y ={A ®
The moment of an element about the axis 0—]29(i¥I )?
The total moment of the set, therefore, is
M = %Z(Y)Z @)

As per theory, this moment tends to be minimal oaer
period of time if the shape of the resource histogover that
period is rectangle (i.e., without peaks and valeut it is

ESOURCE leveling is a solution to the problem oflifficult to achieve in reality. The objective is teduce the
resource conflicts, which results from two or mordlifferences between peaks and valleys in the resour

activities struggle for the same resources, withitéd time
constraint. The problem of resource leveling cansbkred
either with situations of limited resources whidtea leads to
the extension of project duration or the situatidrunlimited
resources within time constraint.

The aim of this paper is to introduce re modifioatito
modified minimum moment approach suggested
Mohammad Hiyassat [1], which is a modification taditional
minimum moment method by Harris[2]. The proposedhwe
is based on the assumptions of unlimited availgbitf
resources with limited time duration. The objectiot this
paper is to simplify the calculations of resouregeling by
minimum moment approach without Sacrificing the uaecy
of the final result. To provide the better undemndiag of re-
modified method, its applicability in constructigmoject, the
minimum moment approach theory by Harris [2] andlified
minimum moment approach suggested by Mohammad

Hiyassat [1] are presented in short. A re-modiéggroach
is developed and explained with the results ofi@amethods.
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histogram by shifting non critical activities frotieir original
position to some other position. The duration fdrick the
activity ‘i may be shifted is restricted to thelva of its free
float.

To explain the mathematical model of this theorig.
shows a part of a bar chart in which activity doide shifted

b¥om its original position to another positionidtassumed that

in a network a 1-day activity J having a resouie KR) is to
be shifted S days from an element Yi with X unitsesources
to an element Y2 that has W units of resources. vihae of
the moment of the resource histogram MO beforeisgifs

MO = % X2+ %Wz + % (> (remainingordinateg’
The value of the moment M1 after shifting is

M1=%(X -R)? +%(\N+ R)® +%(Z(otherordinaté§

The difference between these two valub, —M
1

- W2
2

lxz

1 , 1 )
AM ==(X -R)2+=(W +R)? -
5 )"+ WHR) -2
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Fig. 2 Activity J—Part of Network

The above formula can be modified for the activitigh t
days of duration,

_l _Dp\2 } 2_} 2_} 2
AM-ZZ(Xi R)+22(\M+R) 2Z(Xi) 22(\/\4)

A reduction in the moment i.e. negative value Al
indicates a positive improvement in the shape efrésource
histogram. From the earlier equation the improverfetor is
derived as follows,

IF(activity J,S)= REX - Yw - mR) 3)
Where,
IF = improvement factor;

S = number of days to be shifted;

>x = sum of daily resources x1, x2, ..., xm,
to which m daily resource rates (R) are to be dedu
>w = sum of daily resources wl, w2, ..., wm,

to which m daily resource rates (R) are to be agded

m = minimum of either the days that the activitydde
shifted (S) or the activity duration (t) ; and,

R = resource rate.

If the improvement factor for a given activity isther
positive or zero, then only activity can be shiftetherwise,
activity cannot be shifted. This method requires twcles of
calculations; one is forward cycle and other iskidard cycle.
In case of forward cycle, a resource improvementofais
calculated for all activities on the last sequestep of a
network. From these calculations the largest pasiti
improvement factor is determined, and the assatiatgivity
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is shifted. These two processes are successivpbated for
each sequence step until the first step is reachdmick float
ki is created which is the lag time if an activitys shifted
while the preceding activity k remains in its eastgirt position
or is partially shifted. This back float is usedtie backward
cycle to examine for possible back shifting of #wivities for
further improvement. For this purpose, the caldoiet are
repeated again, beginning from first sequence atepending
at the last step.

This method is suggested by Mohammad HiyassaflHik
is the modification over traditional minimum moment
approach in terms of the criteria of selecting dleévity that
has to be shifted from its original position to ettbr position.
According to this method, the activities that liethe same
sequence step, the activity that is to be shiftest i selected
based upon both the value of its free float(S) tuedvalue of
its resource rate (R). The criteria used for sglgctan activity
for possible shifting is the value in terms of riplication of
activity resource rate (R) and the free float(S) tbht
corresponding activity. In a sequence step of netwthe
values of (RxS) are calculated for all the actdgtiand the
activity having maximum value of (R x S) is consit for
first possible shifting. At this stage the same rioyement
factor introduced by the traditional method is cédted. If the
improvement factor for a given activity is eitheosjtive or
zero, then only activity can be shifted; otherwisetivity
cannot be shifted. To calculate the improvemertbfa@F) the
value of R is dropped from equation (3) as its gafuconstant
for the same activity. Thus, the mathematical fasfmthe
improvement factor is as follows,

MOoODIFIED MINIMUM MOMENT METHOD

IF(activity J,S) = x - Yw - mR (4)

The chosen activity is shifted to get maximum moimen
improvement within its limit of free float. The meirk and
resource histogram is updated for selection ofta activity
with the largest value of the term (R x S). The gess
continues up to first sequence step of the sameonietwhere
forward cycle ends.

IV. PROPOSEDMETHOD

The proposed method is also based upon minimum mome
approach theory by Harris but it is re modificationer
modified minimum moment method by Mohammad Hiyassat
in terms of selecting criteria of the activity iaguience step of
network. Therefore the assumptions for proposechodetire
same as that of Harris and Hiyassat.

The assumptions are as follows:

1. No interruption is expected once the activigrstd up

to its completion.
2. Resources applied to each activity remains eohst
Through out their completion.
3. The duration of each activity remains constant.
4. The network logic is fixed.
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5. The project’'s completion date is fixed

As in the earlier both the methods, the procedtasssfrom
the last sequence step.

Among all the activities in sequence step, theedat
considered for selection of an activity for possikhifting is
the largest value of activity resource
improvement factor is computed by equation (4).the
improvement factor for a given activity is positiveen only
activity can be shifted; otherwise, activity caniat shifted.
The chosen activity is shifted for moment improvemevithin
the constraint of its free float (S). If activitggource rate (R)
are same for more than one activity, then critéofaselection
of an activity for possible shifting is the largestlue of free
float (S) among the activities of same resource (®). If
activity free float (S) is also same for more th@re activity
then select the activity having maximum duratidrstill tied,
then select any activity in the queue. The nexiviagtto be
considered for possible shifting is the activityvimg next
largest R.

V.DISCUSSIONAND CONCLUSION

The problem is solved by all the three methods ueso
histograms are compared as shown in fig.(3). Theinuim
moment by traditional method and re-modified mettisd
identical. The resource improvement coefficient GRIlis
1.2079 for both the methods and 1.19 by modifiethod.
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Fig. 3 Resource Histogram

hypothetical networks against all the three methodsnost of
cases results are identical or slight negligiblgiateons. But
using proposed method, the calculations itselfasiex and
reduces the no. of iterations. The calculationspbyposed
method can be easily programmed in excel spreagt.she

rate (R).eTh As the algorithm assumes that every activity iepehdent

with its position assignment, which is not necegsarevery
case. The final result may not provide true minimooment
of histogram every time.

APPENDIX

NOTATIONS

The following symbols are used in this paper:

MO statical before-shifting-moment of daily resoa
about axis 0-0;

M1 = statical after-shifting-moment of daily resoerabout
axis 0-0;

m = minimum of either the days that activity ist® shifted
(S) or the activity duration (t);

R = resource rate;

S = number of days up to which the activity carsbiéted,;

Wi = daily resource to which m daily resource rgte¥ are
to be added,;

Xi = daily resource to which m daily resource raf@$ are
to be deduced; and

Yi = daily resources.
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(1

(2]

The major difference between proposed Re — Modified

method and modified method and traditional meth®dhe
criterion for selecting the activity to be shiftethe basis of
selecting activity for possible shifting is largeactivity
resource rate and if tied then the largest valuéred float.
Possible shifting is to be carried out only for ttleectivity
which  has maximum positive improvement
Mathematically these selection criteria can notjlsified;
still it is observed that the probability of a lethistogram
increases.

The accuracy of results by proposed Re-Modifiedhoettis
identical or very close to that of Modified methahd
traditional method. It was checked by means sohdegeral
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factor.





