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ABSTRACT

The problem considered in this study is that of scheduling +the
activities of a project network to minimize project duration under
limited resource requirements and availabilities. Various heuristic
rules and optimization techniques have been applied to this problem and
comparisons of their effectiveness with respect to one another have
been made in the literature. However, 2a thorough investigation of the
types of network and resource characteristics which play an underlying
role in determining heuristic performance and which account {for the
variability of results has not been performed previously.

The aim of this study 1is to specify the relationships between
individual problem characteristics and heuristic performance, as well
as develbping a new heuristic rule which will be compared with widely -

used rules.



0ZET

Bu ¢aligmada tizerinde durulan problem, gegitli
kaynak gereksinimleri ve sinirlamalari kisiti altinda, faa-
liyetlerin baglangig¢ ve bitiginin proje siiresini asgariye
indirerek planlanmasidir. Literatiirde, gesitli sezgisel ve
en iyi gizelgeleme teknikleri ve bunlarin birbirleriyle
kiyaslanmasi mevcuttur, Buna kargilik, sezgisel kurallarin
performansini etkileyen faaliyet afi/kaynak &zellikleri
ayrintili olarak incelenmemigtir. Bu calismanin amaci, s&z
konusu incelemenin gergeklegtirilmesi ve ayrica diger sez-
gisel ytntemlerle kargilagtirilacak yeni bir sezgisel kura-

lin geligtirilmesidir,
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I, INTROBDUCTION

The planning and control of projects is an important problem of
modern enterprise that many network planning technigques have tried to
handle.

Common network planning techniques, such as Program Evaluation
Review Technique (PERT) and Critical Path Method (CPM) concern
themselves with the time aspect only. These methods aim to minimize
project duration, assuming unlimited resource availability. In
practice, however, project coﬁpletion requires the wuse of various
resources whose limited availability directly influences planning
objectives, time estimations, scheduling and progress control.

The various resource problems, that may appear during project
scheduling can be divided into three classes: Time / cost trade - off,
resource levelling, and resource allocation.

Time / cost trade - off problems may appear when there are no
constraints imposed on the availability of resources.

The resource - levelling problem occurs when sufficient resources
are available for the completion of the project, but one tries to Keep
the resource usage at a constant rate as much as possible.

When total resource usage is restricted to a given limit, the
objective 1is to minimize project duration while allocating various
resources to activities, It is this type of problem which is dealt with
in this study.

This'study has two objectives:

{1) Developing a new heuristic which obtains bettenr;rtﬁylts with

gupsexsgretim Kurio,
pokimantasyon Mer®



respect to project duration when compared with widely - used rules.
With that purpose in mind a new heuristic has been introduced: The
weighted resource utilization and precedence (WRUP).

(2) Investigating the influence of network characteristics on
different heuristic rules and thereby classifying problem types best
solved by specific heuristic rules. To achieve the above - mentioned
goal, a factorial design, covering the most relevant
characteristics,has been  generated. Furthermore, problems not
included inthe design have been generated in order to reinforce the

claim that WRUP is the best performing rule.



I1. PROBLEM DEFINITION

The CFPM technique as mentioned previously is based on the
assumption that all resources reguired in the performance of the
project are available in unlimited quantities. This assumption is
generally wunrealistic and consequently, a great deal of research
attention has been devoted to the development of scheduling techniques
which include resource considerations.

The resource ~ constrained scheduling problem is expressed as an
integer programming model [i] as follows:

Minimize { maximum { t¥(ij) } 3

all ij
subject to
18(ij) >= maximum { tfCam) 3 for all ij. (1)
hm€P(ij)
R(K) >= E:: r{ijk) for all t, {2)
ije A(L) for all K.
where:
t$(ijJ) = scheduled start time for activity ij,
tf(ij) = scheduled finish time for activity ij,
P(ij) = set of predecessor activities of activity ij,
R(K) = amount of resource type K available per periodg,
Kk = index for resource type,
A(t) = set of activities in process at time t,
r{ijk) = regquirement of resource type K by activity ij per

period.



The objective is to minimize the finish time of the last
activity in the project to be completed, 1i.e., establish a set of
feasible start times for all activities such that the entire project is
completed in a minimum span of time. The feasibility of the schedule is
established by two sets of constraints. Constraint set (1) ensures that
all activities, which must technologically precede any activity ij, are
completed before activity ij may start. Constraint set (2) ensures
resource feasibility ; it states that all resources allocated to those
activities in process at any time in the schedule cannot exceed the
availability of any of the resources.

The model takes on the following assumptions:
1. A set of activities is to be scheduled.
2. Each activity,

a. has a known duration,

b. cannot start until 211 predecessor activities have finished,

c. requires a pre -~ determined level of resources of particular
Kinds to be expended and these levels cannot exceed the quantity
of available resources,

d. has a constant resource level assignment,

e. should not be interrupted.

3. Limited gquantities of different resources are available.



II1I. LITERATURE SURVEY

Common network planning techniques, such as PERT and CFM ére
solely inveolved in the time analysis of unlimited resource projects.
But for projects which are resource constrained, these technigues are
not of much use. The effective management of projects implies
meetling deadlines as well as making best wuse of resources within
resource availabilities.

The research done in this more realistic area covers integer
programming techniques, the implicit enumeration approach, the bounded
enumeration techniques and heuristic programming.

The fact that the mentioned problem is hard to so¢olve by
mathematical programming procedures because of its combinatorial
nature, has forced the researchers to seek more efficient optimization
techniques.

Efforts have been channeled into the decrease of the problem size,
i.e., the number of constraints and variables, in order to enable the
practical wuse of the above techniques in project management. One such
algorithm is proposed by Talbot and PFatterson {[2}. The algorithm
consists of a systematic enumeration of all possible job finish times
for each task in the project, limiting the number of task assignments
by the wuse of network cuts which removes from consideration partial
schedules that cannot lead to a reduced project completion time . The
algorithm with cuts compares favourably with the classical branch and

bound algorithms with respect to their mean solution times.



Hastings [3] and Willis and Hastings [4] try to improve the branch
and bound method solving the above problem by the employment of certain
dominance rules which enable the pruning of nodes which will not lead
to improved solutions.

Stinson, Davis and EKhumawala {1} propose an algorithm which
incorporates a more poweriul lower bound which simultaneously considers
both precedence and resource constraints. Furthermore, the development
of the branch and bound tree is affected by a node selection heuristic
which improves both the dominance (proved by Shrage {5]) and the lower
bound pruning of the branch and bound tree. The concept of the critical
sequence, pronounced previously by Wiest (6], 1is also reiated to the
new notion of lower bounds.

The 2zero - one programming approach proposed by Pritsker, Watters
and wWolfe [7] is a more general formulation which accomodates a wide
range of real - world situations including multiple resource
constraints, due dates, Jjob splitting, resource substitutability and
concurrency and non - concurrency of job performance requirements. The
three possible objectives discussed are: Minimizing total throughput
time for all projects; minimizing maKespan; -and minimizing total
lateness for all projects. Though the formulation is claimed 10 be more
efficient than previously reported models, the number of constraints
and variables even for a small sized problem is high.

Fatterson and Huber '[8] propose algorithms which consist of
examining the feasibility of a series of 2ero - one programping

problems rather than solving a single zero - one problem 10



optimality, thus increasing the efficiency of the solution claimed by
Pritsker, Watlters and Wolfe. Computational results demonstfate that
through the minimum bound, maximum bound, binary search algorithms,
this method is advantageous to apply in comparison with the zero - one
programming without bounding and the other exact solution procedures,

Even modest sized projects have an enormous number of possible
schedules. Therefore, optimal solutions are usually impossible to find
by complete enumeration of possible schedules. Furthermore, the above -
mentioned optimization techniques remain computationally impractical
for most real - world problems.

The alternative for optimization techniques is ihe development of
heuristics for solving large scheduling problems. Heuristics have the
advantage of arriving at a solution (hopefully at g good one) with
much less computational effort.

Two broadly different categories of heuristics have been found
most effective in minimizing project duration: (1) Heuristics
incorporating some measure of time, i.e., Jjob slack, job duration, or
start/finish time, and (2) Heuristics incorporating some measure of
resource usage.

For single project, multi - resource problems the Resource
Schedul ing Method (RSM), involving the comparison of job Early Start
Times (EST)and Late Start Times (LST); the Minimum Late Finish Time
(LFT) and the Minimum Late Start Time (LST) heuristics were proposed.

For multi - project, multi - resource problems, the Greatest

Resource Utilization (GRD), the Minimum Job Slack (MINSLK) and the



Shortest Imminent Operation (SIQ) heuristics were developed.

A heuristic computer model <for scheduling large projects with
l1imited resources has been developed by Wiest [9]. The model is able to
handle single or multiple projects, <fixed or variable crew sizes and
constant or variable shop 1limits over the scheduling period. The
program is based on three heuristics, the first of which allocates
resources to Jjobs listed in order of their early start times. The
second one chooses among alternative candidates and gives preference to
Jjobs with the least total slack when allocating resources to several
competing Jjobs. The third heuristic allows for rescheduling of
noncritical jobs to free resources for scheduling critical jobs where
no slack time is available. The basic program is modified by additional
heuristics designed +to increase the use of available resources and/or
to decrease the length of the schedule.

Thesen [10] introduces a new concept of the heuristic scheduling
urgency factor (ranking decision rule). The latter urgency factor does
not solely determine the order in which activities are considered for
scheduling at a given instant, but determines the "combination® of
activities to be scheduled at this instant. His model permits neither
variable resource requirementes and availabilities nor does it allow job
splitting. The difference of Thesen'’s algorithm from others is the use
of multidimensional! Knapsack algorithm, including the candidate jobs?®
urgency factors in its objective, 10 select activities to start at
given points in +time. The scheduling urgency factor reflects the

activity's resource utilization and the impact on schedule duration of



a delay in the activity start time.

A peview of the various zolutions that have been proposed for the
resource - constrained project scheduling problem is given by Herroelen
[11]. An attempt is made to give the state of the art to date, as well
as to point out potential future courses of development. BHEmphasis is
placed on the basic approach involved in each technigue rather than on
the computational steps to obtain a solution. With regards to heuristic
solutions, Herroelen suggests an exhaustive evaluation and an objective
ranking of the available heuristic solutions.

The latter suggestion has come to be realized by various
researchers and a comparison of heuristic and optimum solutions is made
by Davis and Patterson [12]. Eight heuristics are tested against a
"bounded enumeration" procedure obtaining an optimum schedule.duration.
The experiment demonstrates that the Minimum Slack rule performs best,
with second and third - best being the LFT rule and the RSM rule. The
performance measures are: (i) the number of times an optimum - duration
solution is obtained ; and (2) the average percentage increase in
project duration. Davis! and Pattersonts conclusion is that no given
heuristic steadily produces the best(worst) results in all of the
problems. This, ih turn, reveals that problem characteristics such as
network structure and resource requirements / availabilities account
for the variation in heuristic performance.

The most recent review which can be found in the literature is the
one prepared by Willis [13). Willis points to the fact that there is an

apparent gap between the published theoretical work and the
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reguirements of project schedulers and managers. Willis bDriefly
describes the different approaches taken, how they differ and suggests
where future efforts may be directed. Related to heuristics it is noted
that it has not yet been possible to classify resource - constrained
projects such that a suitable heuristic may be selected., In order to
solve this problem the approach of "try as many heuristics as you can
in the time available" is suggested. An alternative to the approach is
1o use heuristics iteratively, 1i.e., to take the resulting schedule
from the heuristic as the new ordering and to reschedule in this way.

In her study of network characteristics, E.M.Davies [i4] defines
OVDUR as the increase in overall project duration over the critical
path duration. An equation relating OVDUR with DM (the percentage of
dummy activities), CC (complexity of the network), DENS (density of the
network, 1i.e., a measure of free float under critical path conditions)
and FRES (the degree of resource limitation), 1is reached as the result
of the application of analysis of variance, multiple regression and
some non -~ parametric tests to 648 networks. The characteristics of
the networks created for this purpose are also given with respect to
DM, CC, DENS and FRES.

A linear model for estimating project resource levels is presented
by Yau and Ritchie [i15}. An experiment involving #4942 different network
/ resource configurations establishes a relationship between project
completion time and resource availabilities. HNetwork characterisation
measures such as Density, Complexity, Aspect Ratio, Critical Path

Duration, Obstruction Ratio, and Resource Utilization Factor are



considered. The scheduling heuristic used is total float priority
based. The experiment is divided into three phases. Phase I consists of
the generation of a set of nelworks, resource characteristics and
corresponding measures. The main analytical work of exploring the
relationship between project scheduled time and these measures is
conducted in Phase II. Finally, a model of these relationships 1is
established in Phase I1I. The linear model achieved in the last phase
is the result of the inspection of the correlations between the extra
scheduled time and resource / network measures.Partial regression
models are analyzed within the analysis of variance methods. It 1is
concluded in the paper that general network measures are almost
irrelevant to exira scheduled time when compared 1o  resource
utilization and obstruction factors. The model enables the prediction
of preliminary resource levels in the early stage of planning.

Davies and, Yau and Ritchie specify in their study network /
resource chracteristics of projects in detail and establish the
relationship of the individual problem characteristics with the extra
gzchedule time. The area which has not been explored, however, 1is the
impact of the latter characteristics on specific heuristic rules,
Different problem +types prevent the generalization of heuristic

bezt{(worst) ranking.

11



IV, THE EXPERIMENT

The experiment consists of establishing the relationships between
network/resource characteristics of the resource - constrained project
scheduling problem and heuristic procedure performance as well as the
comparison of the new rule proposed in this study (WRUP) with other
heuristic rules,

Yau and Ritchies! study [15]} on the effects of network
characteristics on project duration is effective on the selection of
the network / resource characteristics to be investigated for their
effects on heuristic performance. The detailed specification of the

characteristics can be found in Appendix A.

4.4, The Selection of the Heuristic Rules

The heuristic rules whose performances are 1o be 1tested against
problem characteristics are selected with regards to their success and
popularity in previous usage. Three of the time - oriented heuristic
rules: MINSLK, LFT, RSM are found most effective by previous research
[{12). The SIO rule, though not successful, is chosen because it is one
of the most easily applicable of all. GRD, a resource - oriented rule,
is claimed to be the best among resource - based rules [12)., The new
rule (WRUP) introduced in this study combines the concepts of
precedence relationships and resource utilization. Select Jobs Randomly

(RAN) gives priority to activities randomly.

-
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The heuristics chosen employ . a "parallel" approach in which
each activity to be scheduled is determined during scheduling rather
than before. 1In all approaches, ties are brokKen by lowest activity
number. The activity - on arc method is employed and the activities
are numbered in an increasing fashion according to  precedence
re;ationships, that is, no preceeding activity has a label greater than

1ts successors.
4.2, Description of Heuristic Rules

Minimum Job Slack (MINSLX)

Prioriy 1is given to activities competing for resources, by
computing each acivity’s total slack resulting from CPM. The activity
having the minimum total slack has the highest priority. Slack is
continously wupdated. This heuristic has been found to be the most
successful one in both single - and multi -~ project scheduling. The
MINSLK rule has been proved to be eguivalent to the Minimum LST rule by

Davis and Fatterson [i2].
Minimum Late Finish Time (LFT)

This rule assigns priority to activities on the basis of their
Late Finish Time resulting from CPM. The Late Finish Time of activities
is constantly updated during scheduling. The LFT rule was found to be

the second - best heuristic in the mentioned survey [i2]}.

-

13
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Resource Scheduling Method (RSM)

Activities which have the minimum value of DI(ij, k1) are given the

highest priority, where:

DI(ij,KkKl) = the resulting increase in project duration when
activity ij follows activity Kkl ;
= Max { O ; (EFT(kl) - LST(ij) }, where:
EFT(kKl) = Early Finish Time of activity ki,
LST(ij) = Late Start Time of activity ij.

The comparison is made on a pairwise basis among all activities in
the resource conflict set which is the set of activities competing for

the same resource at a certain time.
Greatest Resource Demand (GRD)

This is a resource - oriented heuristic where activity priority is

determined by:

Priority = d(iJj) Z:. r{ijk) , where:
K

a(ij) duration of activity iJ.

Shortest Imminent Operation (SIQ)
This rule gives higher priority to activities having shorter
durations. The "shortest job first” has been shown to be effective in

reducing the average total processing time for a group of activities.
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Weighted Resource Utilization Ratio and Precedence (WRUP)

Priority is given to an activity in the conflict set with respect
to the weighted combination of its individual resource utilization
ratio and the number of its immediate successors. The priority of an

activity is therefore:

Priority = w{p)xnp + w(r) E:: r{ijk)/R(k) , where:

K
wip) = precedence weight,
w(r) =1 - w(p),
= resource utilization weight,
np = number of immediate successors of activity ij.

The difference of this rule from others 1is that precedence
relationships replace the time factor in calculating activity priority.
Since the time factor loses much of its significance because of
resource limitations, project duration might be minimized by
considering precedence relationships. Furthermore, the resource
utilization ratie, which considers resource limitations, is included in
priority <calculations. The corresponding weights are determined

experimentally.

Select Jobs Randomly (RAN)

Priority is assigned to competing activities purely randomly. This

rule is neutral with respect to network / resource characteristics.



V. HEURISTIC RULE ALGORITHMS

The main algorithm to apply for the above - mentioned heuristic
rules, 1s an altered version of Thesen's {i10]. Thesen solves the
problem of <choosing the activities to be scheduled at a specific time
point by solving a multi - dimensional Knapsack problem. This
portion of Thesen's algorithm is exchanged with a version of activity
selection according to priority established by the corresponding rules.
Furthermore, many steps related to the identification of the new set of
candidate activities have been altered.

The complete algorithm is primarily written for MINSLX rule and
instead of repeating the whole of it for every rule, the second
portion, which is related to the selection of activities to be
scheduled at a specific time, is written accordingly for every rule.

The {following are the complete algorithm for MINSLK and the

altered versions of the second portion for the rest of the rules:

5.1. The Minimum Job Siack (MINSLK) Algoritim

1. Initialization of variables:
a. Define and use the following variables 1o describe individual

activity and resource attributes:

LFT(ij)= late finish time of an activity ij as computed by CPM
EST(ij)= early start time of an activity ij as computed by CFM.

b. Define he following set of activities:

16



A ={ij:ij is unscheduled 1},

C =f{ij:ij is eligible for scheduling at this time 1},
IF ={ij:ij is terminated at this time },

F ={ij:1j has been terminated up to this time i},

PR ={iJj:1ij is in progress at this time ],

S =fij:ij is scheduled to start at this time }.

c. Define the following schedule - related variables:

18 (iJ) = total slack for activity ij at this time,
RC(K) = amount of resource K currently in use,
t(now) = point in time for which scheduling is currently being

performed.

d. Initialize the scheduling process by setting:

t{now) = O,

A = { set of all activities },

C = { ijJ:1ij has no predecessors i,
RC{(k) =0 for all Kk,

FR ={ L

s ={ h

IF ={ }

F ={ 3.

2. Choose activities to start at this time:
a. For every ij in C, calculate:
ts(ij) = LFT(ij) - EST(ij) - d(ij).
b. List all activities in C in ascending order of ts(ij), i.e., the

activity with minimum ts(ij) is put on top of the list.
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c. If C <> { 1, continue. Otherwise, go 1o Ze,
d. Selectthe activity on top of the 1list and check resource

feasibility:

di. If r(ijk) <= R(K) - RC(k) for all K, load resources:
RC(K) = RC(K) + r(ijk) for all k; put ij in S: S « S + iJ;
delete ij from C: C « C - ij. Go to 2c.
Otherwise, continue.
d2. Remove ij from C: C « C - ij. Go to 2c.
e. 1f S <> { 1},continue. Otherwise, go to 3.
¥. Start the activities in S:
fi. Remove S from the nonscheduled set: A < A - S,
f2. Include S in the in-progress set: PR « PR + S,
£3. Save start and finish times:

t8(ij) = t(now), ije s,

tf(ij) = t(now) + d(ij), ijJES.

H

3. Update clock, release completed activities, determine the time of

next action:

a. t(now) = Min { t¥(ij) 1.
ij€ PR

b. Form the set of activities terminating at this time:
F=11ij: tf(ij) <= t{(now) } and IF = { ij: tf(ij) = t(now)}.
Cc. Unload resources:
PR « FR - IF,
RC(kK) = RC(K) - r(ijk) for all k; 1j€ IF,
d. Identify the set of new candidate activities:

C e { ij: A - (sm) if P(sm) F and if P(sm) <> [ 1} 1.



4.a, If activities are available for scheduling at this time, i.e.,
C<>{ 1, set8=1IF=1{ 1. Go to 2.
b. Otherwise, if activities are in progress, i.e., PR <> { }, go to 3.

¢. Otherwise, stop, as scheduling is completed.

5.2. The Minimum Late Finish Time (LFT) Algorithm

The MINSLK Algorithm is applied with the following altered version
of Steps 2a and 2b:
2. Choose the activities to start at this time:
a. For every 1j in C, calculate LFT(ij).
b. List all activities in C in ascending order of LFT{ij).
The remaining portions of the MINSLX Algorithm stay the same for

the LFT Algorithm,

5.3. The Resource Scheduling Method (RSM) Algoritim

The MINSLK Algorithm is applied by changing Step 2 as follows:
2. Choose the activities to start at this time:

a. If C contains more than one element, continue. Otherwise, checkK
its resource - feasibility. If feasible, add the activity to
scheduled set S and rearrange RC(K), go to 2d.

ai. Create all the possible two - element subsets from the set of
activities in C and calculate for each subset:

DI(ij, pq)=Max {0; (EFT(pg) - LST(ij)) } where ij follows pg,

19



Di{pg, ij)=Max {0; (EFT{ij) ~ LST(pg)) } where pq follows 1iJ,
and add to the list PAIRSUB the minimum duration increase pair
(ij, pq) or (pq, 13).
b. List all two - element subsets in PAIRSUR in ascending order of
their duration increase factors.
c. Put all activities in PAIRSUB in their proper scheduling order:
ci. Check resource - {feasibility of the second activity in the
first pair subset of which both elements exist in C,
c2. 1f r(pgk) <= RC(K) ; load resources: RC(K) = RC(K) + r(pgk),
all k; put pg in 8 8 « S + pq.
Otherwise, continue.
¢3. Eliminate pgq from C: C « C - pq.
cdd, If it exists, sKip to the next pair subset in PAIRSUB, of
which both elements exist in set C. Go to 2c2.
Otherwise, checK the resource - feasibility of the remaining
last element in C, If feasible, add it to S, rearrange RC(K)
and go to 2d. If not feasible, go to 2d.
d. I+ S <> { 3, continue. Otherwise, go to 3.
e. Start the activities in S:
el. Remove S from nonscheduled set: A « A ~ S.
e?2. Include S in the in-progress set: PR ¢« PR + S.
e3. Save start and finish times:

t5(id)

t (now), (1j)E S,
t¥(ij) = t(now) + d(ij), (ij)E s.

Furthermore, PAIRSUB 1is initialized as { } in Stiep 4a.

20
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5.4. The Greatest Resource Demand (GRD) Algoritim

The MINSLK Algorithm 1is applied by changing Step 2a and 2b as
follows:
2. Choose the activities to start at this time:
a. For all activities in C, calculate the activity priority:

Priority = d(ij) z: r{ijk).
K

b. List all activities in C in descending order of priority,i.e.,
the activity with the greatest resouce demand is on top of the

list.
5.5. The Shortest Imminent Operation (SI0O) Algorithm

The MINSLK Algorithm is applied with Steps 2a and 2b replaced by
the following single step:
2. Choose the activities to start at this time:
a. List all activities in C in ascending order of activitly
duration, d(ij).
The MINSLX Algorithm continues in the same fashion for the SIO

Algoritim,
5.6. The Weighted Resource Utilization Ratio and Precedence (WRUF) Algoriihm

The MINSLKX Algorithm is applied by changing Steps 2a and 2b as
follows:

2. Choose the activities to start at this time:



a. For all activities in C calculate the activity priority:

Priority = w(p) ¥ np + W(P): r{ijk)/R(k),
K
b. List all activities in C in descending order of priority,
5.7. Select Jobs Randomly (RAN) Algorithm

The MINSLX Algorithm is applied by incorporating Steps 2a and 2b
into a single step as follows:
2. Choose the activities to start at this time:
a. List all activities in C randomly with the use of a random

function.
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VI. THE EXAMPLE FROBLEM

An example problem of two resource types, fourteen activities and
nine events, 1is generated and solved by each of the aforementioned
rules in order to demonstrate how each rule works.

The example problem is represented by a stil}l popular method, i.e.,
the activity - on - arc method. The problem representation is given in

Figure 1.

Available resource level (1)= 4

Available resource level (2)= 3

(d(ij), r(ij1), r(ij2)) =(duration, resource requirement (1), resource

requirement (2))

Figure 6.1, The example probleﬁi
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6.1. The Solution of the Example Problem by Heuristics

The first step in the solution of the example problem is to
utilize CI'M assuming unlimited resources. The Early Start Time, Late
Start Time and Total Slack of all activities and ithe minimum possible

project duration ocbtained by CPFM are listed in Table 6.41.1.

The problem 1is then =solved by each of the above mentioned
algorithme. Tables 6.1.2. - 6.1.8, consist of scheduled start times,
t8¢i3) , and scheduled finish times, tf(ij) , of all activities, and
the amounts of resource types currently in usage, RC{1),RC(2), up 1o
specific points in time which correspond to activity completion times.

Thouéh this 1is a very early phase of the study to draw any
conclusions, an idea of how the mentioned rules perform on such a
problem is given in Table 6.1.9., which consists of the resulting
project durations. A point which should be noted 1is the successful

performance of WRUP, the new heuristic rule introduced in this study.

-



TABLE 6.1.1. The solution of the example problem of Fig. 1 by CPFM -

Activity(ijg) EST(ij) LST(iJ) TS(ij)
1,2 0 0 0
1,3 o 1 1
1,4 0 e 2
2,3 2 2 0
2,6 2 5 3
3,5 4 ) i
3,6 4 4 0
4,5 1 3 2
5 6 7 8 1
58 7 13 6
59 7 i5 8
6, 7 9 9 0
7,8 14 14 0

8,9 17 17 0




TABLE 6.1.2. The solution of the example problem of Fig. { by MINSLK

rule.

Activity(iy) t8(13) tf(ij) time RC(1) RC(2)
1,2 0 2 <14 3 3
1,3 2 5 <2 4 2
i, 4 0 1 <5 4 3
2,3 7 9 <7 i 2
2, 6 9 13 <9 2 2
3,5 13 16 <13 3 3
3,6 9 14 <i4 4 3
4,5 e 7 <16 3 2
56 16 17 <17 3 3
5 8 16 20 <e0 3 2
59 20 24 <2e 3 2
6,7 17 ee <24 4 2
7,8 ee 25 <25 2 i

89 25 27 <27 1 2




TABLE 6.1.3. The solution of the example problem of Fig.i by LFT rule.

Activity(ij)  tS(ij) tf(ij) time  RC(1) RC(2)
1,2 0 2 <1 3 3
1,3 2 5 <2 2 2
1, 4 0 t <5 4 3
2,3 7 9 <7 1 2
2,6 12 16 <9 2 2
3,5 9 12 <12 4 3
3,6 9 14 <14 3 3
4,5 2 7 <16 y 3
5,6 16 17 <17 3 3
5,8 14 18 <18 3 3
5,9 18 22 @2 3 2
6, 7 17 22 <25 2 1
7,8 22 25 <27 1 2

89 25 27




TABLE 6.,1.4. The solution of the example problem of Fig.1i by RSM rule

Activity(iJ)  tS(1J) tf(iy) time RC(1) RC(2)
1,2 0 2 <1 3 3
1,3 2 5 <2 2 2
1, 4 0 1 <5 4 3
2,3 7 9 <7 1 2
2,6 9 13 <9 2 2
3,5 13 16 <13 3 3
3,6 9 14 <14 4 3
4,5 2 7 <16 - 3 2
5,6 16 17 <17 - 3 3
5, 8 16 20 <20 3 2
5,9 17 21 <21 3 2
6, 7 20 25 <25 1 1
7,8 25 28 <28 2 1

8,9 28 30 <30 1 2




TARLE 6.1.5. The solution of the example problem of Fig.i1 by GRD rule

Activity(iJ) t5(1J) ti(iy) time RC(1) RC{(2)
1,2 & <] <4 1 1
4,3 0 3 <3 4 3
1,4 0 i <6 1 2
2,3 1e 14 <8 2 2
2,6 & 12 <ie 2 2
3,5 14 17 <14 2 2
3,6 14 19 <47 4 3
4.5 i ) <19 3 2
5 6 21 22 <2l 4 2
58 17 24 <22 3 3
59 19 23 <23 3 2
6,7 22 27 <27 1 1
7,8 27 30 <30 2 1

89 30 32 <32 1 2




TABLE 6.1.6. The solution of the example problem of Fig.i1 by SI10O rule

Activity(ij) tS(ij) t¥(ij) time RC(1) RC(2)
1,2 0 2 3 3 3
1,3 4 7 <2 2 2
1,4 0 1 <t 2 2
2,3 2 4 <7 y 3
2,6 13 17 <9 2 3
3,5 9 12 <12 4 3
3,6 7 12 <13 3 3
4,5 4 g <16 3 3
5, 6 12 13 a7 4 3
5, 8 12 16 <20 3 2
5,9 16 20 <22 1 t
6, 7 17 22 <25 2 1
7,8 22 25 <27 1 2

89 25 27




TABLE 6.1.7. The solution of the problem of Fig.41 by WRUF rule

(Pre. wt:0.7
Res. wt:0.3
Activity(i]d) t8$(ij) t5(1J) time RC(1) RC(2)

1,2 0 e <1 3 3

1,3 2 S <2 2 2

1,4 0 | <5 4 3

2,3 7 9 <7 i 2

2,6 12 16 <9 2 e

3,5 9 12 <12 4 3

3,6 9 14 <14 3 3

4,5 2 7 <16 4 3

5 6 i6 17 <i7 3 3

58 14 18 <18 3 2

59 18 22 <22 3 2

6,7 17 22 <25 2 1

7,8 22 25 <27 1 2

89 25 27

)
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TABLE 6.4.8. The solution of the example problem of Fig.!{ by RAN rule

Activity(ij)  t5(iJ) (i) time RC(1) RC(2)
1,2 6 8 <1 4 2
1,3 0 3 <3 " 3
1,4 0 1 <6 1 2
2,3 8 10 <8 2 2
2, 6 13 17 <10 2 2
3,5 10 13 <13 4 3
3,6 10 15 <15 3 3
4,5 1 6 AT 4 '3
5, 6 17 18 <18 3 3
5, 8 15 19 <19 4 2
5,9 18 22 <22 3 3
6,7 19 o <2y 1 1
7,8 24 27 <27 2 1

8,9 27 29 <29 1 2




TABLE 6.1.9. A summary of the solutions obtained by all the rules to the
problem in Fig.1

Rule MINSLK L¥T RSM SIO GRD WRUF RAN

Project
Duration 27 27 30 27 32 27 29
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VII. NETWORK / RESOURCE CHARACTERISTICS

The networkK / resource characteristics which have been found
effective on project duration in a previous study by Yau and Ritchie
[45) are considered in 1this study as worthy of investigation. They
have specified eight different network characterisation measures which
were thought to affect the project duration of a problem when solved by

a time - based heuristic. Additionally, a correlation matrix of extra

schedule time percentage and general network characterisation measures

has been calculated.

In this study, four of ihe above measures which have been found to
be relevant to extra schedule time are selected for further
investigation,

These four measures can be partitioned into two groups as follows:
(i1). HNetwork characteristics,
(i1}, Resource characteristics.

The network characteristics consist of Aspect iRatio (ASP) and
Complexity(CFX). Resource Utilization .Factor {UF) and Dominant
Obstruction Value (DOV) are resource chéracteristics. Furthermore, the
above four network / resource characteristics, the definitions of which
are found in Appendix A, are the best ones to give a thorough
understanding of the project, regarded as a whole.This fact constitutes
another reason for the selection of the measures besides their
correlation coefficients as reported in [15]. The ﬁorrelation
coefficients related to extra schedule time are found in Table 7.1. as

well as the definition of the extra schedule time ratio which is
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TABLE 7.1.Correlations of network/resource characteristics with respect
1o extra schedule time ratio [153].

e e - o o o o - - —— s e = o v - o

Characteristic Extra shedule time ratic (PC)

e - = ot e S e o i o B S Bon ot o ot e S b S P o S o

Utilization

Factor (UF) .......... 0.970

Dominant

Obstruction

Value (DOV) ......... 0,890

Complexity veeseses.~0,439
{CPX)

Aspect Ratio ......... 0.408
{ASFE)

Froject scheduled duratioen - CPL
Extra schedule time ratio =z -—--r-o-mmmom o m
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considered as the performance criterion for the following reason: Since
project sizes of test problems are different, the critical path
durations for all networks ranged from 20 to 162 time units, In order
to analyse all the different projects on the same basis,
standardisation of project schedule times was made through a ratio of
extra scheduled time +to original critical path durations. The extra
schedule time is defined as the difference between the scheduled <time
and the critical path duration [15].

The extra schedule time ratio has been found to have extremely
high correlations to the Utilization Factor (UF) and the Dominant
Obztruction Value (DOV). Complexity (CP¥) and Aspect Ratio (ASP) have
moderate correlations with respect to extra schedule time ratio, the

former being negatively correlated to it,



VIII. THE DESIGN OF THE EXPERIMENT

The experimental design used in this study is a factorial design
where the joint effects of the four resource / network measures or
factors on extra schedule time ratio are sought after. The factors are
considered each at only two levels , thus constituting a 2% full
factorial design mentioned by D.C.Montgomery [16].

The 64 test problems belonging to the design constitute a
complete replicate of it, each treatment combination having four
replicates. While only 48 different networks are used, some are
assigned different combinations of resource availabilities, giving a
total of 64 different problems. The test problems of the design consist
on the average of 20 activities, the largest having 33 activities and
up to 3 resource types per project. All résource types are subject to
fixed resource availabilities which are constant over the project
duration. The size of the problems is consistent with those of previous
research [12].

The noveltly in the application of this design to the problem which
is the subject of this study, lies in the fact that once the test
probiem is stated, +the observation, that is, the project scheduled
duration 1is deterministically obtained by each heuristic rule. The
randomness of the experiment arises from the random generation ofl the
problem's network configuration, activity durations, and resource
requirements,

The levels of the four <factors,Resource Utilization Factor

{Factor A), Dominant Obstruction Value (Factor DOV), Complexity Factor
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{Factor C), and Aspect Ratio (Factor D) are specified in Table 6.1. It
should be noticed that the high and low levels of Complexity Factor
are as specified because of the fact that Factor C and extra schedule
time ratio (PC) are nefatively correlated. The levels given in
Table &.1, have been developed both by considering the information
found in previous research [12] and [15) and throufh insight of the
levels fained by rearranging levels and observing the corresponding
project schedule durations.

Fach replicate of a specific treatment combination is =solved by
all of the seven dispatch methods and the observations, that is,
project schedule durations are transformed to the actual performance

criterion, which is the extra schedule time ratio.



TABLE 8.1, Levels of factors in the 2% factorial design.

LEVEL
FACTOR wew Low
Utilization Factor (A) 1.25 - 1.55 0.58 ~ 0.78
Dominant Obstruction
Value (B) 0.90 - 1.20 0,00 - 0.35
Complexity (C) 1.00 - £.40 2.00 - 2.75

Aspect Ratio (D) 2.00 - 3.00 0.30 -~ 1.00
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IX. THE INTERPRETATION OF RESULTS OBTAINED BY THE EXPERIMENT

The extra schedule time ratios of the design’s 64 problems are
conveyed in a compact form in Table 9.i1. where each cell is the
suenation of PC's of the four test problems belonging to  the
corresponding treatment combination,

The analysis of variance tables for 2% design are demonstrated in
Tables 9.2.-9.8. Table 9.9, gives an overview of the design’s treatment
combinations’ significance with respect to all dispatch rules, at both
5 per cent and 1 per cent levels of significance.

It should be noted that all dispatch rules have in common the
Resource Utilization Factor (UF) and the Dominant Obstruction Value
(DOV) as significant <factors. Furthermore, +the interaction of the
Utilization Factor and Complexity is also signifticant in almost all
cases, whereas the interaction of the Dominant Obstruction Value and
Complexity is not that widely significant. The Aspect Ratio is
significant in the performance of some of the rules, but through the
inspection of the Fo values, it does not seem as significant as the
Utilization Factor or the Dominant Obstruction Value.The interaction of
the Dominant Obstruction Value and the Aspect Ratio is only significant
on LFT rule. Three - way interactions are not generally significant,
whereas the four - way interaction is. The importance of the latter is
thought to be arising from the fact that with all the factors
interacting together at their high levels, there exist the worst
possible conditions to apply a scheduling method and therefore, the
project durations increase, causing the treatment combination to be

effective,
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TABLE 9.41. Extra schedule time ratio table for each treatment combination of

2% design consisting of 4 test problems in each cell,

Treatment MINSLK LFT RSM GRD . SIO RAN WRUP
Combination

1 0.15 0.14 0.47 o0.18 0,17 0.42 0,07
A (UF) 1,82 1.86 1.78 1.84 2.03 1.97 1,61
B (DOV) 0.82 0.56 1.00 1.53 0.9%4 2.01 0.95
AB 4,22 4,04 4,65 4.96 4.53 5.06 4.18
C(CPX) 0.33 0.14 0.27 O.44 0.37 0,37 0.40
AC 2.02 2.04 2.20 2.08 2.i1 2.01 1.94
BC i.82 1.66 1.94 2.00 2,20 2.20 ’1.69
ABC 2,88 2.89 3.14 3.41 3.34 3.38 2.76
D (ASP) 0.13 0.15 0.45 0.25 0.43 0.17 0.15
AD 2.32 2.37 2.33 2,36 2,53 2.57 2.34
BD 2.26 2.23 2.28 2.52 2.50 2.34 1.99
ABD 4,80 4,04 4,69 4.84 4,86 4.98 4.19
(1)) 0.57 0.57 0.57 0.57 0.60 0.57 0.57
ACD 1.95 1.92 1,97 2.05 2.00 2.10 2.03
BCD 1.79 1.69 2.09 2.19 2.02 1.94 1.76
ABCD 3.7¢ 3.54 3.7 3.64 3.75 3.69 3.58
TOTAL PC 31,59 30.44 32.95 34.84 34.09 35.75 29.91
7. INCREASE

OVER WRUP 5.62 1.77 10.16 16.48 13.98 19.53 00.00




TABLE 9.2. Analysis of variance table for ok design problems solved by

MINSLK rule,
Source of Sum of Degrees of Mean Fo
Variation Squares Freedom Squares
A (UF) 3.925 1 3.925 186.90 (a, b)
B (DOV) 2.645 1 2.645 125.95 (a, b)
C (CPX) 0.033 1 0.033 1,57
D (ASP) 0.188 1 0.188 8.95 {a, b)
AB 0.062 o 0.062 2.95 (b)
AC 0.219 1 0.219 10.43 (a, b)
BC 0.086 i 0.086 4,09 (a, b)
AD 6.89%1079 1 6.89%107°% <1
BD 0.074 1 0.074 3.52 (b)
CcD 0.036 1 0.036 1.71
ABC 0,074 1 0.074 3.52 (b)
ABD 6.89%1079 1 6.89%¥1075 <1
ACD 0.012 b 0.012 <1
BCD 0.013 1 0.013 <1
ABCD 0.102 1 0.102 4,86 {a, b)
ERROR 0.995 48 0.021
TOTAL 8.465 63

For Tables 9,2,-9,9, : (a)
(b)

significant at 5% level.
significant at 1/ level,

L1 ]

Fo (0.05,1,48) = 4.048

Fo (0.01,14,48) = 2.820
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TABLE 9.3. Analysis of variance table for ol design problems solved by

LFT rule.
Source of Sum of Degrees of Mean Fo
Variation Squares Freedom Squares
A (UF) 4,080 1 4,080 240.00 (a,b)
B (DOV) 2.272 1 2.272 133.65 (a, b)
C (CPX) 0.037 1 0.037 2.18
D (ASP) 0.223 1 0.223 13.12 (a, b)
AB 0.049 1 0.049 2.88 (b)
AC 0.191 i 0.191 11.2# (a, b)
BC 0.053 1 0.053 3.12 {b)
AD 0.004 1 0.004 <1 |
BD 0.070 1 0.070 4,12 (a, b)
CD 0.051 1 0.0514 3.00 (b)
ABC 0.070 i 0.070 4,142 (3, b)
ABD 0.003 1 0.003 <1
ACD 0.006 1 0.006 <1
BCD 0.029 1 0.029 1.74
ABCD 0.117 1 0.147 6.88 (a, b)
ERROR 0.818 48 0,017
TOTAL 8.073 63




TABLE 9.4, Analysis of variance table for o4 design problems solved by RSM

rule.
Source of Sum of Degrees of Mean Fo
Variation Squares Freedom Square
A (UF) 4,035 1 4,035 21.58 (a,Db)
B (DOV) 3.093 1 3.093 16.54 (a, b)
C (CPX) 0.021 1 0.0214 <1
D (ASP) 0.115 1 0.115 <1
AB 0.052 i 0.052 <1
AC 0,206 1 0.206 1.1
BC 0.083 i 0.083 <1
AD 0.009 1 0.009 <1
BD 0.030 1 0.036 <1
CD 0.015 i 0.015 <1
ABC 0.115 1 0.115 <1
ABD - 0.014 1 0.011 <1
ACD 0.005 1 0.005 <1
BCD 7,6641079 1 7.66%10°° <1
ABCD 0.119 1 0.119 <1
ERROR 0.187 48 0.004

TOTAL 6.983 63




TABLE 9.5. Analysis of variance table for 24 design problems solved by

GRD rule,
Source of Sum of Degrees of Mean Fo
Variation Squares Freedom Square
A (UF) 3.734% 1 3.734 155.58 (a, b)
B (DOV) 3.658 1 3.658 152.42 (a,b)
C (CPX) 0.070 i 0.070 2.92 {b)
D (ASP) 0.059 1 0.059 2.46
AB 0.044 1 0.044 1.83
AC 0.200 1 0.200 8.35 (a, b)
BC 0,154 1 0.154 6.42 (a, b)
AD 0.010 1 0.010 <1
BD 0.005 1 0.005 <1
CDh 0.015 1 0.015 <
ABC 0.081 i 0.081 3.38 (b)
ABD 0.029 1 0.029 1.214
ACD 0.004 i 0,004 <1
BCD 0.000 b 0.000 0.00
ABCD 0,047 i 0.047 1.96
ERROR 1.168 48 0.024

TOTAL 9.276 63




TABLE 9.6. Analysis of Variance table for ok design problems solved by

SIO rule.
Source of Sum of Degrees of Mean Fo
Variation Squares Freedom Square
A (UF) 4,106 1 4,106 186.64 (a, b)
B (DOV) 3.155 1 3.155 143.41 (2, Db)
C (CPX) 0,026 1 0.026 1.18
D (ASP) 0.113 i .0.113 5.14 {(a, b)
AB 0.031 i . 0.031 1.41
AC 0.277 i 0.277 15.59 {a, b)
BC 0,047 i 0,047 2.14
AD 3.91%10"5 1 3.91%10°° <1
BD 0.037 il 0.037 1.68
CD 0.063 1 0,063 2,86 (b)
ABC 0.061 1 0.061 2.77
ABD 0.011 1 0.011 <1
ACD 0.014 1 0.014 <1
BCD 0.028 1 0.028 1.27
ABCD 0.115 i 0.115 5.23 (a, b)
ERROR 1,047 48 0.022

TOTAL 9.131 63
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TABLE 9.7. Analysis of variance table for 24 design problems solved by

WRUP rule.
Source of Sum of Degrees of Mean Fo
Variation Squares Freedom Square
A (UF) 3.681 1 3.681 184,05 (a, b)
B (DOV) 2,364 4 2.364 118,20 (a, b)
C (CPX) 0.017 1 0.017 <1
D (ASP) 0.171 1 0.171 8.55 (a, b)
AB 0.026 1 0.026 1.3
AC 0.138 1 0.138 6:9 (a, b)
BC 0.061 1 0,061 3,05 {(b)
AD 1.56%1076 1 1.56%10°% <1
BD 0.005 1 0.005 <4
cD 0.003 1 0,003 <1
ABC 0.069 1 0.069 3.45 (b)
ABD 0.005 \ 0.005 <1
ACD 0.009 1 ' 0,009 <1
BCD 1.26%10™% 1 1.26%x107% <1
ABCD 0.123 1 0.123 6.15 (a, b)
ERROR 0.964 48 0.020

TOTAL 7.636 63




TABLE 9.8. Analysis of variance table for 24 design problemé solved by

RAN rule.
Source of Sum of Degrees of Mean Fo
Variation Squares Freedom Square
A (UF) 3.886 1 3.886 228.59 (a, b)
B (DOV) 3.7014 1 3.701 217.74  (a,b)
C (CPX) 0.163 1 0.163 9.59 (a, b)
D (ASP) 0.013 1 0.013 <1
AB 0.037 t 0.037 2.18
AC 0.199 1 0.199 1.7 (3, b)
BC 0.147 1 . 0.147 8.65 (a, b)
AD 0.014 1 0.014 <1
BD 0.002 1 0.002 <1
CD 8.27%107% t 8.27x10"4% <1
ABC 0.063 1 0.063 3.71 (b)
ABD 0.005 | 0.005 <1
ACD 1.56%1070 1 1.56%10°% <1
ECD 1.89x%10~4 { 1.89%107% <t
ABCD 0,057 1 0.057 3.35 (b)
ERROR 0,817 48 0.017
TOTAL 9,1054

63
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TABLE 9.9. Significance of treatment combinations with respect to dispatch

rules,
Treatment MINSLK LFT RSM GRD SIO0 WRUP RAN
f.f?f‘) ————— ab ) a,b ab ab ab ab ab
L 2P AP mp wP wb mp &b
f?_-_ b b
e > il
AC L ab a,b a, b ab ab a,b
BC a,b b a, b b a, b
ABC L b —?,b --__E ) ) b b i
D (ASP) ab ab a,b a,b
Ao
BD b _f.b _______________________________________
ABD
Ch b ? __________________________
fCD _____________________________________________________________________
BCD
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As it is observed in Table 9.9., the treatment combinations which
are significant differ from one rule to another. For example, RSM is
insensitive to any combination except for the two main effects,
UF and DOV. This is possibly accounted for by the pairwise comparison
RSM wuses in activity selection. RSM is not affected by the
presence or absence of Complexity interacting with UF or DOV in project
networks, whereas GRD does, since it only considers resourcé
requirements without the perspective of the network configuration.
WRUP, on the other hand, taKinf precedence relationships into account,
is affected by combination AC, since the precedence relationships do
not differ much from activity to activity in a non - ‘complex network.
The interactions of Aspect Ratio and UF or DOV are not generally
sifnificant on the rules, the reason beinf that either resource -
oriented or time - oriented, the rules somehow deal with UF or DOV
unaffected by the level of Aspect Ratio,

To summarize, project networks can thus be classified into groups
according to their characteristics, such that certain types will be
solved by specific heuristic rule in order to minimize the project

schedule duration.
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X. THE PERFORMANCE OF THE WEIGHTEb RESOURCE UTILIZATION AND PRECEDENCE
{(WRUF) RULE

WRUP, which is introduced in this study, is distinfuished from the
rest of the rules by the fact that it is neither resource - nor time -
oriented. Although it does not consider the time factor, WRUF’s
performance is better +than the rest of the rules as it taKes the
number of immediate successors of activities into account. WRUF,
has a better understanding of +the network than LFT or MINSLE, which
are the 1two rules selected as performing best in previous studies,
[11], ([412), and [13].

Taking the minimization of extra schedule time ratio as the
performance criterion for heuristic rules, WRUP has proved to be {.77
per cent better than LFT and 5.62 per cent better than MINSLK. This is
demonstrated in Table 9.1. where total PC is eguivalent to the summation
of the extra schedule time ratios of 64 test problems. With WRUP rating
as the best, LF¥T, MINSIE, and RSM rules are claimed to be second - ,
third - , and fourth - best. GRD, SI0O and Random Selection are the
worse performing rules as expected.

Furthermore, since WRUP is a list priority rule, it is more
efficient and fast compared to LFT, MINSLX and RSM. This point fains
significance in the case of larfe networks.

47 more project networKs have been created randomly, free of any
design, 1in order to reinforce the claim that WRUP is +the best rule
among the rest. The free problems range from 416 to 101 activities and

up to & resources in size. WRUP is consistent in its success in large
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networks and a considerable reduction is observed in  problem -
solving durations. Complexity, in these free problems, ranges from 1,25
to 2.64, the Utilization Factor ranfes from 0.55 to .78, the Dominant
Obstruction Value ranfes from 0.08 to 1.10, and the Aspect Ratio , from
0.24 to 3.25. All of'the 111 test problems can be found in Appendix B,

Based on the results obtained from the test problems, WRUP obtains
results 2.04 per cent better than LFT and 6.45 per cent better +than
MINSLE as observed in Table i0.1.Furthermore, n 83 of the 111
problems, that 1s, 74.77 per cent of the time, WRUP obtzins results as
well as or betler than LFT rule. As mentioned before, WRUF, by
scheduling the activity which precedes more activities than others, is
‘generally successful in eliminating the obstruction created bty
precedence obligations,

Through inspecticon of the last column in Table 10.4.which indicates
the rescurce and utilisation weights used to obtain 1ihe best result
WRUP can achieve, it is observed that parametric analysis ig helpful in
about 60 per cent of the case. PFarametric analysis 1s an advantafe for
WEUP over the others, since 1t enables the rule 1to show flexibility
according to ithe network confifuration and resource reguirements of the
project. For problems having hifh resource reguirements it is necessary
to use high resource weighls in comparison to precedence weights,
An experienced user can assifn the appropriate weifghts by simple
inspection of the network. As observed in Table 10.{. the precedence
and resource weifhts assigned to the test problems included in the

desifn Justify the <c¢lazim that hifh resource weifhts are needed to
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TABLE 10.1. Extra schedule time ratio table for 64 problems of 2% design
and 47 free problems.

- > T - - - — —— " - - — -t
PR R =R enpr e rgpeepuipvenaiaeiweienienieniescungnsfinalcond-s ol anrusfeediumuved

- - — - - —— - T = - — " (- - —
s 4B = - - - - " - — i - A~ — - o~ -

- s o v " T o . -
- e O A 4 - e - - - = - = " o W " o v " -

B - . . -~ o - o — " - - -
e . ——— . —n - = o o ot - - = — -~ -~ o -~ =

o s St D P WP N o g i TS T S AR T e T (B S e > M S N T At s B A P ks e o D e U W W G o Sk e o o S S D B S ) e A G ok S S U A S ol P i S b oo PO S P

49
.35

49

.54
|46

.59

a0 e s o i e S s o S i o it P G20, B e S T G (Bl SO D G M A O A B e U e (s (b b P o (it ) i P i e G e o, G i Y ot D o B Wl B o e VA (o o o

.03

.01

8T

'17

.03

047

o o > -t P T T o S ) T~ - A T S o W Say oy et W W D PVt o TS St (Y M S U b o P A S D A S D St e T S e e e S

Type Number

i i.1 00
1.2 .00
1.3 .00
1.4 45

A a. 1 53
a.2 A2
a.3 3
a.4 46

B b.1 .03
b.2 .01
b.3 4T
b.4 .31

AB ab.1 1.06
ab.2 1.03

1.00

RULES
RSM GRD
.00 .00
07 .00
.03 .03
.07 .15
.53 .93
. 47 AT
.35 .38
.43 46
.07 ,ae
.01 .23
.53 .60
.39 48
1.23 1,19
1.14 1.34

RAN  WRUP
.00 .00
A4 .00
.13 .00
A5 .07
+50 47
56 22
1 .49
.50 U3
.28 .03
.60 .09
.ol 4T
49 .36
1.39 1,13
1,17 1,07

Weight
Pre. Res.
all
4 .6,
.6 o
all
all
3 LT,
D v 3,
T .3
5 .5
all
.2 .8
.2 .8
4 6
<=.4 ,6
.25 .75,
3 T
.5 .5
T .3
.5 5,



ab13

ab.4

1.15
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1.05
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d.2

d'3

d.4

IOO

.04

.09

.00

.00

Q4

At

.00

.00

'04

Al

.00

.00

.08

AT

.00

.00

104

.09

00

.00

.08
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.00
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11

.00
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AD ad.1

ad.2

ad.3

ad. 4

.65

. 97

.48

. 62

.60

5T

.51

. 69

. 65

.57

.42

.69

.65

.61

.45

.65
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. 97
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.59

.68

57

42

.96

.68

.54

.45

.78

'51

.61

T2

.68

83

.52

.81
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. 60
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.57

43

.48
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1.12
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.00
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.00

.03

.00
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.00
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.03
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ACD acd. 1 .53 .53 » 58 .96 , 61 .61 .58 ol )
acd.2 .43 43 43 .50 43 +50 .43 all
acd.3 .93 .50 .50 ex] .50 , 53 .53 - all
acd. 4 46 U6 <46 .46 46 ) . 49 all

BCD bcd. 1 44 a4 AT 44 4T .57 84 S .5,

.6 4
bcd. 2 .60 .50 .60 .73 .60 .52 .57 .9 5o~
T <3
bed. 3 A2 42 .42 A2 .52 A2 42 all
bed. 4 .33 .33 .60 .60 .43 U3 | .33 £=.6 4
ABCD abcd.1 .98 .95 98 .98 .98 .98 <95 4 6,
S .5
abcd.2 1.12 1.12 1.12 1.12 1.12  1.12 1.12 all
abcd.3 45 D .45 45 45 .45 U5 all
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Total PC
for 64 31,59 30.44 32.95 34,84 34.09 35.75 29.91
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over WRUP 5.62 1.77 10.16 16,48 13.98 19.53 00.00
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RULE Weight
Problem MINSLK LFT RSM _-_;RD SI0 RAN WRUP -;;;T—igg.
Number
F1 85 .92 85 .85 .92 .85 .85 <.9 .1
Fe .89 .89 89 .94 94 94 .89 i ‘9
F3 .61 .55 . 61 T LT7 .81 , .68 <=.4 .6
F4 .81 .81 .88 .84 LTT .79 .93 <=.2 .8
F5 «39 .39 .59 .33 .43 . 67 .33 <=,3 .7
Fé6 .90 .79 1.19 .90 1.08 .92 .79 >=.2 .8
F7 1.49 1.50 1.49 1.54 1.62 1.49 1.25 .0 1.0
F8 1.59 1.44 1,31 1.74 1.47 1,55 1.53 '3 o7
F9 .63 , 56 .63 ST .02 .59 .52 >=.2 .8
Fi0 1.70 1.59 1.46 2.00 1.85 2.06 1.48 .3 T
Fi1 45 43 45 .48 .59 .59 48 >=.2 .8
Fie 1.72 1.66 1.97 1.79 1.87 1.93 1,58 3 T
Fi3 07 .07 .07 07 07 .07 .07 all
Fi4 .58 o .40 Y4 a4 . 44 40 <=.5 .5
F15 .93 .93 .86 1.23 1.10 i1.24 1.0 | .9
Fi6 1.45 1.33 1.39 1.60 1.56 1.76 i1.22 A .6
F17 .50 .50 .50 .50 .53 .50 .50 all
Fi8 JTT et .93 JTT JTT .93 T7 >=,3 .7

F19 71 .71 .71 .89 ! .89 71 »=,8 .5



F20
AFEi
Fa22
Fa23
re4
Fa25

F26
Far

Fz28

Fz29

F30
F31
F32
F33
F34
F35
F36
F37

F38

F39
F40
Fai

Fy2

1.00

.39

.58

.83

.59

'13

.93

.29

.99

.66

.73

.06

1.12

1.37

1.28

.92

.75

1.16

1.26

69

. 87

.39

.58

!80

. 49

.08

1.00

'ao

'38

1.25

29
. 48
.68
.56
.06

1.03

1.31

.87

'39

.58

.85

3

,08

.85

.20

.38

1.25

22

.63

066

.68

AT

1.12

1.43

1.37

1.06

T4

1.23

1.32

. 67

.90
.39
.58
.85
.81

.13

I23

.31

1‘85

.29
.48
.61
.90
AT
1.24
1.53
1.42

1.06

074
1.23
1.59

.69

.90
A2
.61
.85
<59
.08

1.16
.23

‘38

1.3

.22.
<48
T
.80
11

1.27

1,31

.98

.92
1.20
1.64

.82

.39
.50
, 80
, 81
.13

1.09

.08

43

1.25

29
.50
.68
.78
W14
1.03
1.58
1.54

.94

72
1,37
1.43

64

.90
.39
.50
.80
43
.08

. 87

.05

.33

1.25

'22

048

.61

.08

AT

1.03

1.44

1.37

, 82

14

1.11

1.22

l‘*?
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all

all

all

all



F43 .93 .90 1.19 1.15 1,32 1.10 1.04 .0 1.0

Fu4 1.40 1.13 1.31 1.43 1.29 1.43 1.33 .0 1.0
F45 1.29 1.19 1.29 1.48 1.48 1.19 1.16 all
F46 .85 T4 .81 1.03 .91 1.07 T4 A .6
F47 .79 75 .83 1.15 .93 .86 .81 A .6
Total FPC

for 47 Free 39.35 37.56 39.77 43,03 42.65 42.73 36.73

Problems

Total PC

for 111 70.94 68,00 T72.72 T7.87 76.74 78.48 66,04

Problems
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R R L L L L S L S S L N R S N S L Rl S s e R S L e m e C R C m v v e e i e o o o o e v o o o o 0 0 o v e 2 0 0 e = A o e 0 Tom o e W oo o

7 Increase
over WRUP 6.45 2.04 9.12 16.85 15.16 17.77 00.00
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obtain reduced project durations for high resource reguirement
problems. For moderate resource utilization ratio networks , food
results can be achieved by the employment of { : 1 ratio between
precedence and resource utilization weights.

A point to be made is 1ihe unbalance of the scales among ihe
weighted precedence and resource utilization, Obviously, the number of
successors of an activity is an intefer number whereas resource
utilization ratio is a fraction, +t1hus making weighlied precedence
considerably larger than welghted resource wutilization as the
corresponding weights add up to one. An effort was made to improve the
unbalance of the scale between the 1iwo by dividing the number of
successors of an activity by the maximum number of successors in the
network.The results obtained with the latter scale were hifhly inferior
10 the ones oblained with the dunbalanced one. 1In consequence, WRUP's
initial definition stayed intact,

As a conclusion, the general performance of WRUP is found 1to be
quite satisfactory in the sense that its priority distribution to
activities enable it to cope with almost all +types of problems more

successiully than the rest of widely - used heuristics.
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Number of activities on critical path
1. ASPECT RATID = mmmmm e oo oo

Nuamber of noncritical activities

Number pf activities
2, COMPLEYITY = ~--eemmmmrrmcc e
Nusber of network events

3. DOMINANT DESTRUCTION VALUE 1.5 mo if 0.5 MO > HMOZ g

Mo + mMO2 if 0.5 MO <= MDZ.

where ¢ MO2 is the second largest obstruction ratio ;

MO = Max { O(k) } ;

CPL est
S HMax { 03 R (kt) - Rik) 3}
t=1
O ORI — — — — - — —~ ™ — e ~ < — H
Wik)

R{k) = Units available per period of resource type k
est ‘
R (kt) = Required units of resocurce type k based on EST
scheduling in time period t i

CPL = Critical path length j

W{k)

[}

Required total work content of rescurce k

= 5:, d(ij) # r{ijk) 3
All ij

d{ij} = Duration of activity ij i

r{ijk) = Required units per period of resource type k by
activity ij.
4. RESOURCE UTILIZATION FACTOR (UF) = Max { f(k) 3 ;
Wk)

where 1 f{k) = -~o-oommecoa—n .
CPL ® R{K)
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Froblem Name ¢ 1.1
No of Activities: 22
Mo of Resources 3 X

Resowrce Limit (1)

HE

Resource Limit (2) ¢ &

Respurce Limit () ¢ 7

Activity Duration Resowrce Resource Resource

Label Reg. (1) Reqg. &) Reg. (%)
i, 2 i) 1 1 1
1, 3 2 2 1 2
1, 4 1 1 1 1
i, 1o b¥] i 2 1
2, 3 1 i 1 1
2, 8 2 1 & i
2, B & 1 i i
I, 4 4 0 1 0
T, 5 1 0 0 1
2y b 1 Q 0 i
4, 7 83 0 1 1
4, 10 9 1 i 1
Sy b 3 1 2 i
5y B 4 2 1 2
b, 7 o 1 2 1
&, 8 2 1 2 1
7, B 3 1 1 1
7, 9 4 1 2 1
7, 10 6 2 1 2
g8, 9 & i 2 2
8, 10 N o o 1
9, 10 7 1 2 1
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Problem Name 3§ 1.2
No of Activities: 20
No of Resources : 1

Resowrce Limit (1) 3+ 5

SN0 Tt by ooAee Shime T oty 4ROe 1AER e 48RS RS0 SVRGR Supte 90053 Shabe SOOSL OUS IS Fvhr VRt Febs VS SO VORRR PrAd Shesh RND et A SV

Activity Duration Resource
L.abel Reg. (1)
1, 2 5 2
1, 3 7 1
1, 4 = 1
2, 4 2 2
2, 8 5 2
T, B 4 1
Zy b 1 0
4, 8 & 2
4, 9 4 1
Sy, 6 7 1
By 7 s 2
5, 8 8 0
by 7 2 2
6, 10 ] 2
7, 8 1 1
7, 9 1 1
7, 10 4 2
8, 9 2 1
8, 10 7 1
9, 10 i 1

SaA St rdBt BHIRE S voobe sy OSSP ey g HRYR SR ahbte SO0SS SIBIS WIEHD e Ot Samd SR Guibe HAS UL S WARSS Aeved SN H00s 08 P
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Froblem Name ¢ 1.3
No of Activitiesy 22

No of Resowrces @ 1

Resowrce Limit (1) @ 7
Activity Duration Resource
Label Reg. (L)

i, 2 0

i, 3

1’ 4‘

1, 10

L

Ll )

2

-~ q

HORPENEHEUN~, U= DD =D
P i = = O ORI WA e

5

B8

4

5
3, 6
4, 7
4, 10
5, &
5, B
b, 7
b, B
7, B
7, 9
7, 10
8, 9
B, 10
9, 10

vt poam S ote shond P RS S0 GHAD Sbian Sean SO dodat pheee beom YOS et AR P SA00 NORS Shres AOHH NS BASe PRrSS SN Shawt sebel HoOe) Prese WS Pl
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Froblem Mame ¢ 1.4
No of Activities: 21
Mo of Resources § 2
Resource Limit (1Y 1 8

Resource Limit () ¢« 5

90002 Sutee Sease Sasee S DUSER guade P0SHS PuL ST s s FSE GMSes G POeks S804 H04 W S sen Subed WD Se () e g SPGBt Soshe Simie St Ltee Aot P ST 4t S I el STame THaes AL SOTN

Activity Duralion Resource Resource
l.abel Reg. (1) Reg. (2)
1, 2 ] & 1
1, = 2 Q 2
1, 4 18 3 1
24 3 & A 1
2, 4 5 2 0
2, 8 8 0 2
.08 & 2 1
Zy b 12 2 8]
2y 7 b 1 1
4, 5 10 1 1
4, 8 11 0 1
Sy b bl 2 1
5, B8 20 2 )
&, 7 g 1 1
6, 9 10 1 1
7, 8 3 1 O
7, 9 b6 2 )
7, 10 7 3 1
8, 9 2 2 )
g, 10 a i 0
g, 10 10 1 ¥
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Froblem Name 3 A.l

No of Activities: 20
No of Resouwrces 1 |
Resowce Limit . (1) 3 3

Aoctivity Duiration Resource
Label Reg. (1)
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Froblem Name @ A.2
No of fActivities: 21
Mo of Resources : 1
Resouwrce Limit (1) ¢ 3

S 19040 Beaos Smah SOAE ST bores $9HOO SO Peeed FRSE WSS bt FOOnS PO WHe08 TR e GITAR FURY 4800 STV USSPV ) Mave $HAPS NB0S W tmd Sham

Activity Duration Resource
lLabel Reqg. (1)
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Froblem Name § A.3
No of Activities: 20
No of Resouwrces 3 1

Resgurce Limit (1) =

[
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Activity Duration Resouwrce
Label Redg. (1)
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Froblem Nameg § A.4
No of Activitiesy 20

No of Resources 3§ 1

Resouwrce Limit (1) 1 4
Activity Duration Resource
Label Reg. (1)
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Sy 4
4, 4
4, 1
S s
5, 10 2
6, B 1
7, 8 20 4
g, 9 2 1
g, 10 10 4
G, 10 3 2
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Froblem Name § HB.l

No of Activities: I3
No of Resources @ 2
Resouwrce Limit (1) 2 &

Resource Limit (2) & &
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Activity Duration Resource Resource
Label Req. (1) Reg. (2)

1, 2 9 2 1
1, 3 b 6 6
i, 4 a8 i 2
1, & & 2 4
1, 8 b 2 st
i, 9 8 1 1
2, 3 9 0 0
2, 9 i 0 0
E, 4 8 0 ]
Ey 09 8 0 0
Iy 6 X i 1
7 1 1 1
4, 6 1 2 2
4, 7 4 2 1
4, B8 3 1 1
Gy b 4 1 1
S5y 9 A 2 i
S, 11 K4 2 2
By 12 7 ] 2
b, 7 2 2 2
by 9 2 1 2
by 10 8 2 2
7, 8 a 1 2
7, 10 & 2 2
7, 11 5 1 1
8, 10 1 2 1
g, 11 7 0 0
8, 12 2 1 1
9, 10 6 1 1
P, 12 9 1 1
10, 11 1 1 1
10, 12 2 1 1
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Froblem Name 3§ B.2

No of Activitiess 22
Mo of Resources § 2
Resowce Limit (1) ¢ 4

Resouwrce Limit () ¢ 4
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Activity DQFation Resource Resource
Label Reg. (1) Reg. (2)
i, 2 9 2 3
1, = 7 = )
1, 4 6 ) ot
i, & 8 2 3
i, 9 & 4 2
2, = 8 1 Q
2, 6 & 1 0
2, 7 o 2 i
X, 4 7 0 o]
By 7 1 1 1
sy B 2 0 1
4, 5 9 0 O
5, & b 2 1
S, 7 po = 4
5, B o bt 4
5, 9 = = =
by 7 9 1 0
6, B 4 0 i
by, 9 = 0 1
7, B 8 0 0
7, 9 4 1 4]
8, 9 & 0 i
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Froblem Namg : B.X

No of Activities: 3%

No of Resowrces 1 2
Resource Limit (1) ¢ 4

Resowce Limit () 8 &

fictivity Duration Resouwrce Resource
Label Reg. (1) Reg. (2)
1, 2 5 4 3
1, XA = 4 =
i, 4 9 1 0
1, 9 e 1 0
1, 8 7 1 2
1, 9 S 2 2
2, = 1 2 0
2, 9 4 0 =
Ty 4 1 2 2
2y 5 2 1 Q
S 2 1 0
2y 7 3 1 0
4, & = 4 A
4, 7 2 2 3
4, 8 a8 1 0
Sy A & 1 1
S, 9 b 1 0
E, 11 4 1 1
5, 12 4 2 x
by 7 4 1 0
by 9 b 0 0
6, 10 o 0 0
7, B = 1 Q
7y 10 Q9 0 0
7, 11 3 0 1
8, 10 2 0 O
g, 11 9 0 W)
8, 12 s 1 1
9, 10Q = 1 0
9, 12 2 2 Q
10, 11 " 0 1
10, 12 20 O 0
11, 12 17 € 0



Froblem Mame 3 B.4
No of Activities: 24
No of Resources @ 2
Respuwrce Limit (1)

&
Resouwrce Limit (&) 3 &

Activity Duration Resource Resource
L.abel Reg. (1) Reqg. ()
1y, 2 10 = 2
1, 3= = 2 2
1, 4 14 3 3
1, 7 25 4 3
1, 10 0 2 27
2y, 3 10 2 1
2, 9 8 = 3
2y b 10 A I
2y 7 14 2 3
2, 8 2 2 2
A, 4 1) 2 2
x, 08 5 | = X
4, 9 é 1 2
4, 9 2 1 1
4, 10 i 1 0
5, b ) 1 1
5, B8 é 0 1
5, 9 & 0 0O
&4y, 8 20 0 0
7, 8 4 = 3
7, 10 o = 3
8, 9 15 Q 1
g, 10 35 2 o]
72, 10 25 0O 0
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Froblem Name @ AHR.1
No of Activities: 23
No of Resowces @ 2
Resopurce Limit (1) ¢ 7

Resowce Limit (2) ¢ 9
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Activity Duration Resource
Label Req. (1)
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Froblem Name @ AR.2
N of Activities: 20

No of Resowces 3 2

Resouwrce Limit (1) ¢ 3
Regsource Limit (2) ¢ 3
Activity Duration Resource Resource
Label Req. (1) Reqg. (2)
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Froblem Name 3 AR.3
Mo of Activities: 20
No of Resources : 2

Resource Limit (1) @

Resowrce Limit (2) @

fctivity Duration
L.abel

]

Reso
Req.

wroe Resouwwoce
(Ln Req. (2)

) 2

3 1

RS Q

3 Q

= 1

5 2

5 2

I3 1

5 2

3 Q

=5 2

2 2

) 0]

3 0

1
+3

i
H

-
b
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'
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Froblem Name 1§ ARC4
Mo of Activities: 2%
No of Resowrces 1 2

Resowrce Limit (1)

L

Resource Limit (2) 1 4

Activity Duration Resource
Label Reqg. (1)
1, =2 5 0
1, = 12 =
1, 4 1% 2
1, 5 11 0
1, & 10 1
2, & 9 &
2, 4 10 4
2, 5 15 2
2, 8B 15 0
2, 9 20 0
) 8 2
3, 7 10 2
%, B8 8 .
4, 3 4 =
4, 7 12 2
5, b 1 0
5, 7 x 4
&, 7 2 2
b, 8 1 ]
by 9 & 5
7, 8 1 Q
7, 9 =5 0
8, 9 20 0

Resource
Req. (2)

O D e

-
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-
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y 1o = =
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Froblem Name ¢ C.1

Mo of Activities: 20
Mo of Resouwces : 2
Resource Limit (1) ¢ 5

Resowrce Limit (2) @ 5
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Activity Duration  Resource Resource
Label Reg. (1) Req. (2
1, 2 1 3 3
i1, = 2 4 1
2, 5 = 0 1
z, 4 3 3 2
4, S 7 i =
4, 6 4 2 0
S5y 9 9 1 0
b, 7 g 1 1
6, 8 & 2 1
7, 10 7 1 1
g, 10 = 2 2
7, 11 8 1 2
10, 12 = 1 2
11, 13 - 2 2
11, 16 7 1 1
2, 1% 1 1 1
13, 14 5 2 2
14, 17 1 o
15, 16 2 1 1
16, 17 4 2 1
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Froblem Mame 3 C.2
No of Activities: 19
Mo of Resouwrces 1 2
Resource Limit (1) 3 9

Fesouwce Limit (2) 3 10
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Activity Duration Resource Resource
Label Reg. (1) Reg. (2)

1, 2 2 2 2
1, @ 1 1 1
1, 4 9 it 2
2, = 1 1 1
Z, 5 3 2 1
4, & 1 2 2
4, 12 8 2 it
5, 7 1 2 1
5, 9 = 1 s
b, 8 2 2 3
b, 11 g 2 3
7, 8 2 1 1
B, 10 1 1 1
8, 13 ot 2 3
9, 11 2 2 0
10, 11 2 1
11, 13 4 2
12, 13 6 3 %
3, 14 4 4 2
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Froblem Name ¢ C.3

Mo of Activities: 19

No of Resources 3 2

Resouwrce Limit (1) @ 6
4

Resource Limit (2)
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Activity Duration Resouwrce Resouwrce
Label Reg. (1) Reg. (2)
i, 2 5 2 1
i, = 12 " 0
1, 4 2] 1 1
2, 3 2 i 1
B, 5 15 1 1
4, & 4 3 s
4, 12 10 2 Q
S, 7 20 1 1
B, 9 10 s 4
&, 8 7 i 1
6, 11 & i 2
7, 8 8 ] 0
8, 10 2 1 2
8, 13 20 1 2
g, 11 5 1 )
10, 11 s 1 ]
i1, 13 = 0 1
12, 13X 12 2 2
12, 14 10 O i
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Froblem Name ¢ C.4
Mo of Activitiesy 18

No of Resowces 3 1

Resource Limit (1) ¥« 9
Activity Duration Resource
L.abel Reg. (1)
1, 2 10 a
i, = 15 4
2, 6 g 3
Sy 4 2 0
Ty 8 10 1
3, 8 20 1
4, & 10 1
Sy 7 10 Q
by 7 5 2
7, 9 5 1
7, 10 10 1
8, 9 20 2
9, 11 15 1
1o, 12 = 2
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Froblem Name 3 AC.1
No of Activities: 20
No of Resources @ 1

Resowrece Limit (1) 2 3
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Activity Duration Resource
Label Reg. (1)
i1, 2 1 2
i, = 3 3
2, 4 b 1
2, 5 2 1
2, b 5 2
I, 5 2 1
4, 7 8 2
5y 8 i 1
5, 9 2 1
6, 7 1 1
6, 12 3 2
7, 10 3 A
8, 11 2 2
9, 11 5 2
10, 12 4 x
11, 12 3 1
11, 13 s 3
12, 13 2 X
1%, 14 8 a
14, 15 ) =
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Froblem Name 11 AC.2
No of Activitiess 17
No of Respurces @ 2

Resowrce Limit (1) =

Resouwrce Limit (2) 3

fctivity Duration Resource Resouwrce
Label Reg. (1) Reqg. (2
i, 0 X
1, 1 O
2, ¢} 2
2, ")

I
QO+ SCOBNUBENDPTHR

8

=

o

=]
= 2
by 1
b, 1 5
7, 1 b
8, 2
9, 12 1
10, 12 =
11, 13 =
12, 13 x
1%, 14 i
14, 15 1

o tneae Seast smors wronn woss
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Froblem Name :@: AC.3A
No of Activities: 220

No of Resouwrces § 1

Respwce Limit (1) 3 &
fictivity Duiration Resource
Label Reg. (1)
1, 2 2 1
1, 3 8 5
2, 4 3 2
2, B 5 2
2, 3 =X 4
A 12 5
4, 7 1 i
5, 8 2 2
5, 9 i 5
6, 7 1 0
b, 12 20 5
7, 10 2 5
8, 11 ) o
7, 11 1 2
10, 12 1 A
11, 12 2 1
11, 13 par ot
12, 1% it 5
1%, 14 5 4
14, 13 4 ]
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86



Froblem Name : AC.4
No of Activities: 13

No of Resowrces 3 1

Resowrce Limit (1) & 3
fAoctivity Duw-ation Resource
Label Reg. (1)

i, 2 2 1

1, = 12 =

1., 4 5 A

2, 5 =} 2

Fy 4 7 2

4, 7 10 3

S, 6 5 2

6, 8 X 2

7, 9 o k3

8, @9 2 1

8, 10 = 0

9, 11 ] 3

10, 11 2 1
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Froblem Name : BC.1
No of Activitiess 17
Mo of Resowrces @ 3
Resource Limit (1) ¢ 4
Resource Limit (2) 1 4

Resource Limit {5y ¢« &

Activity Duration Resouwrce Respurce Resource
Label Reqg. (1) Reg. (2) Reg. (3)
1, 2 & 0 O O
2, I 9 ) O %) 0
I, 4 3 4 2
Sy 9 1 X | ) 0
4, 8 8 & 4 2
Sy b 2 = 3 0
S, 7 ! 4 4 2
by 7 4 2 4 1
7, 9 ju' 3 3 1
7, 10 b 4 2 1
8, 10 7 & I &
9y 11 2 = ) 3
10, 12 7 o} 0 O
11, 12 ) 3 = &
11, 13 2 s ) 0
12, 14 8 0 0 1
3, 14 1 ot 0 3
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Froblem MName 3 RC.2
No of fActivities: 19
Mo of Resources 3 2
Resource Limit (1) @ &

Resowrce Limit (2) 3 &
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Activity Duration Respurce Resource
Label Reg. (1) Reg. (2)
1, 2 a8 é 2
1, 3 5 & O
1, 3 4 b 1
2, 6 9 3 2
2y, 9 b 3 3
3, 4 4 1 b
4, 6 3 2 2
4, 8 = 1 4
Sy 7 & b &
&, 9 & Q Q
7, 10 & é &
8, 14 & 0 0
9, 10 2 2 6
9, 11 9 2 3
10, 12 = s 3
11, 12 8 0 0
2y 13 9 0 O
1%, 13 9 0 0
14, 13 Q 0 It
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Froblem Name 3 BC.3
No of Activitiess 17
No of Resowrces 3 2

Resow ce Limit (1) =

id

Resowrce Limit (2) 1 4
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Activity Duration Resource Resource
Label . Reg. (1) Reg. (2
i, 2 13 1 O
2, 3 20 Q Q
F, 4 8 = 4
3, 8 10 3 4
4, B 22 2 4
5, 6 & 2 4
Sy 7 15 1 4
by 7 & 3 1
7, 9 22 2 2
7, 10 258 3 -
g, 10 15 1 2
9, 11 & 2 0
10, 12 15 Q 0
11, 12 = 0 0
11, 13 8 1 O
12, 14 20 0 1
1%, 14 4 1 )
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Froblem Name 1 BC.4
Mo of Activities: 13
No of Resouwrces @ 2
Resouwce Limit (1) 1 4

Resowrce Limit (2) ¢ =

ot
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Activity Duration Resouwrce Resource
Label Reg. (1) Req. (2

O oA ot Tt S Dabes ofoh SHaes S St o vl PR S gt U SPASE o, eSS P OO 3000 Wt rte IO Pom IHOSE hbed oee MO e P Sembe SHPOY Sy ISR Seont SIRY (00 WIS SIS 1SS apreg et

i, 2 b 4 =
i, 3= 7 = 5
1, 4 14 ] Q
. 4 ' %} Q
4, O 2 4 )
4, 6 a8 = =
5, 7 5 4 )
by 7 = v} =
by, 11 2 QO s
7, 8 A o] 1
7, 11 AW 0 ¥
8, 9 2 4 =
8, 11 4 4 X
9, 11 2 4 &
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92

Froblem Mame  ARC.1
No of Activities: 220
No of Resources 3 2

Resource Limit (1) : 4

Fesowce Limit (2) ¢ 4

P M 5000 faohe BINSY sy SeRRe SOing Bpies IR PR TS WD Simde SeIRE SS SOTRS Sty bossd sy 400 S00ap et NP Shiee RBeP BAnEs GHRG Seun? SWIEN s SUEIR Foovg 00 EOE Ul betmr VS ber Wheod WO SH0EE S0t Woorm

Aoctivity Duration Resowrce Resowrce
l.abel Reg. (1) Reqg. (2 !
1, 2 s 4 4
1, 3 = 4 4
i, 4 4 4 4
2, 5 b 4 4
By 7 o 4 4
4, 7 & 4 4
5, 6 1 0 O
S5, 10 b6 O 1
by, 9 8 3 3
7, 8 7 0 O
8, 11 b P 3
8, 14 8 4 A
9, 11 ! O 1
10, 11 & 4 4
10, 12 7 = O
11, 12 2] 0 0
11, 13 2 1 Q
12, 1% 9 O O
13, 15 7 0 1
14, 15 = 1 i
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Froblem MName @ ABC.2
No of Activities: 2
No of Resources : 2
Resource Limit (1) @ &
Resource Limit (2) ¢ 4
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Activity Duration Resouwrce Resource
Label Reqg. (1) Reg. (2
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Froblem Name : ABC.3
No of Activities: 21

No of Resouwrces 3 2

Resource Limit (1) : &
Resowrce Limit (2) s 4
Activity Duration Resource Resource
Label Reg. (1) Reg. (2)
1, 2 15 b 4
1, 3 8 4 3
1, 4 10 é 4
2, 5 5 4 4.
F, 7 11 & 4
4, 5 7 é 4
4, & 10 4 &5
5, 8 15 4 4
by 9 15 4 A
7, B 11 é 4
7y 9 10 b 4
a8, 10 20 4 4
2, 10 10 4 3
10, 11 22 1 2
11, 12 10 2 1
11, 1% 2} 4 1
12, 18 i8 s 4
Xy 14 S 1 o
14, 18 & é 4
15, 16 7 é 1
14, 17 4 = 2
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Froblem Name ¢ ARC.4
No of Activities: 14
Mo of Resouwrces @ 2
Resource Limit (1) : 4
Resource Limit (2) ¢ 3
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Activity Duration Resource Resource
Label Reqge (1) Reqg. (2
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i, 2 10 1 1
2, =X 15 4 3
2, 4 12 4 it
Sy009 15 4 !
I, & 20 4 ]
4, B 20 4 3
Sy 7 10 2 2
5, 11 20 1 1
&y, 7 12 2 1
7, 8 15 0 1
8, 9 2 4
8, 11 10 2 3
9, 10 & 4 =
10, 11 2 4 2
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Problem Name ¢ D.l

No of Activitiess 20

Mo of Resources @ 2
Resouwrce Limit (1) s 13

Resowrce Limit (2) 3 13

Aoctivity Duration Resource Resource
Label Reg. (1) Reg. (2)
1, 2 4 0 i
1, 3= 8 Q 1
1, 8 9 s 2
1, 9 4 It =5
2, = 4 2 2
2y, b 2 3 2
Zy 4 2 1 1
Ty 05 . 2 1
I, 6 & 1 1
F, 7 4 1 1
4, 5 1 1 i
4, 6 6 =5 2
4, 10 3 2 2
5, 6 o] = 1
5y 7 & 1 1
by 7 1 1 i
6, 10 & % 2
7y 10 5 2 1
8, 9 a 1 1
9, 10 4 X 2
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Froblem Mame 3¢ D.2
Mo of Activities: 21
Mo of Resowces 3 3
Resouwrce Limit (1) ¢ 10

Resowce Limit (2) ¢ 10

Resouwce Limit (3F) & 12

petivity Duration Resource Resouwrce Resource

Label Reg. (1) Reg. (2) Reg. %)
i, 2 2 2 Z &
1, 3 3 2 1 X
1, 4 5 i = 2
2y F 1 2 1 5
2, 4 4 1 1 1
Fy, 5 & 2 1 2
Sy, 6 8 it 2 1
4, 5 3 2 1 o
4, 7 a8 1 1 1
4, 8 é 2 i 2
Gy b 2 i 1 1
Sy 09 9 1 2 1
by, 7 = 1 i 2
by 8 s 1 2 1
by 9 7 2 i 2
6y 1O é 1 5 1
7, B8 2 2 2 2
7y 10 4 1 1 1
8, 9 1 s 2 1
8, 10 9 t 1
g, 10 7 2 1 )



Froblem Name 3§ D.3
No of Activities: 20
No of Resouwrces @ 1

Resouwree Limit (1) 3 9

v v S0 qoioh Vb SN SAoss Soumt guind Svees b meds PO b P SAert Sh0m SAIND Etmt POREr $B00n HOMMS $6093 RSO e B GHIRS SHA+e S4RO0 Srer SRS

Activity Duration Resowrce
lLabel Reqg. (1)
1, 2 9 2
i, = S 2
1, 8 20 0O
1, 9 5 X
2, 3 3 4
2, é g 1
Z, 4 1 5
3, 9 = 4
Iy b & =
3407 14 =
4, 5 1 0
b4y & 1 1
4, 10 2 1
5, & = 3
S, 7 11 &
by, 7 (5] 0
b, 10 17 1
7, 10 9 1
g, ¢ 10 1
9, 10 5 1
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Froblem Mame 3 D.4

No of Activities: 21
No of Resouwrces @ |
Resouwrce Limit (1) ¢ 7

100 boie R et s Fowed HU 42 G4 Glags BUOTR SO0l B VPR AL 0440 Furas S Semms SAPE SUEM B FTREN 30409 PUbeg Shove S10SH Binee S im SHE sesi

Activity Duration Resource
Label Req. (1)

i, 2 3 2
i, = 5 2
1, 4 135 1
2, = 2 5
2, 4 10 0
I, 4 2 1
005 3 1
4, 5 = O
4, & 6 3
4, B =1 2
4, 10 20 1
5, 6 = 1
Sy 7 8 0
3, 8 2 0
by 7 ot 2
6, 8 25 1
7, 8 20 2
7, @ =0 1
g8, @9 10 2
8, 10 25 2
2, 10 15 1

s bet0e o 200 bns char $9000 Guess RS Syual PSS bven NO0s PUR SRS WD Tgs st VRO 20400 JOIS GHTHP TOONY UIORE POANE WPIE 10000 IVOA (00 SESRE sbe
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100 -

Froblem Name 1 AD.1
No of Activities: 22

No of Resowrces @ 2

Resouwrce Limit (1) ¢ 3

Rescurce Limit (2) : 2

Activity Duw-ation Resource Resowrce

Label Reqg. (1) Reog. (2)
i, 2 1 0 1
I, = = 1 1
1, 7 2 QO O
2, 3 2 2 2
2, ®& i O 2
2, 4 4 0 i
E, 5 & 3 1
4, 5 2 0 1
5, 6 2 1 1
S5y 7 2 0 2
S5y 9 4 2 ¢
b, 9 2 0 1
by, 10 & 1 0
7, 8 i 0 2
7y 9 2 O 0
7, 11 4 O 0
8, 9 1 1 1
@, 10 2 O 2
8, 11 A 1 (%]
?, 10 4 i ¢
G, 11 =] T ¢ i
10, 11 3 = 2

e e o e S oo S 4iet G3ead st by SO SPTR SHOOS US PANY St GUNSE SRS BHON CBOdP Shrap SRS W IVY 44500 SMBEY SOTE ACe ANAY Sabeg SO WO SHOIR SHOH ROLRE UHIRE coset SAOH bl NS gpeas IR SO0



101

Problem Name 3 AD.2
No of Activities: 26
No of Resources 5 1

Resource Limit (1) 3 3

B ek T T L L e pp——

Activity Duration Resource
Label Reqg. (1)
1, 2 2 2
1, X s 1
1, 4 5 0
2, 3 1 2
2, 4 3 0
2, 5 8 1
2y 04 2 0
05 7 1
3, 6 A 2
4, 6 4 2
4, 7 2 1
4, 10 X 1
Sy & é 2
G, B 9 1
S, 9 & O
b, 7 1 =5
7, 8 2 1
7, 10 7 1
B, 9 2 0
8, 10 5 3
9, 10 5 Q
g, 11 5 0
9, 12 7 1
10, 11 2 1
10, 12 4 2
11, 12 2 0
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Froblem Name § AD.3
No of Activitiesw: 22
No of Resouwrces & 1

Resource Limit (1)

000 Do iy 400 M09 dabet QMRS ey VsS4 SHRRS aeind SHOOS b Soro0 SMAL Fudlr SoFme PARAR SOBHE OUBP BOTLS SOND Biens 0SS BHied PO SH0S6 bde 200de Hal shese

Activity
Label

Duwration
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Froblem Name 3 AD.4
No of Activitiess 21
No of Resowrces : 1

Reaouyce Limit (1) ¢ 3

. toder st Vot Gares S90S POSE P10 20000 tos e SHeY TUSPY Soes SRSy RS Siabe PAve S40R e Pheve b Mves Suimg SR SSBE Shete FAS ety OrOOY S04 ) S e TR SAde S Srove et OO0 Sabte S PRSP

Activity Duration Resouwrce Resource
l.abel Reg. (1) Reqg. (2
i, 2 2 1
1, 3 A ]
i, 4 3 1
1, 7 é 1
2, 5 & 2
2, 7 4 1
I, 05 1 1
4, 5 1 2
4, 6 2 0
4, B 4 1
By 6 1 2
S5, 7 2 2
by 7 1 1
&, 8 3 (0]
by 10 8 i
7, 8 10 2
7y 9 2 0
7, 10 5 1
8, 9 = 1
8, 10 20 2
P, 10 7 0
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Froblem Name @ BD.1
No of Activities: 28
No of Resouwrces @ 2
Resouwrce Limit (1)

]
Resow-ce Limit (&) 3 7

pctivity Duration Resowrce Resource
l.abel Reqg. (1) Reqg. (2

1, 2 2 5 3
1, 3 1 5 1
i, 4 3 B s
1, & 8 1 2
2, 3 2 3 1
2, & 2 3 &
2, 7 4 4 1
2, 8 ) 3 2
2, 9 & 2 2
I, 4 ks 3 3
3.7 4 = 1
4, 5 1 4 5
4, 7 1 2 &
9, 8 = b i
5, 10 2 1 i
&y 7 4 3 2
s, 9 2 = 2
by 10 .’:'- 4 I
7, B 3 3 3
7, 9 4 5 "t
7, 10 &5 2 5
8, 10 & 0 o]
9, 10 5 O 1
10, 11 v 0 0
11, 12 7 0 0

Sivas e oeasy et A e SHat Feir R Beret SHbre 1900 P0G Gret® UM eyt VPR Sroed €396 S4RMp STIEY OO Soje BeIOY SONRA Bobse SO Snced IR Kb BASRY SONY NOaRY SO0HR Fopke J0nsh B9 Fabvg TR0 iee Hesd IRy aeire SHS.



Froblem Name : BD.2
No of Activities: 23
No of Resources & 2
Resource Limit (1) & 11

Resource Limit (2

0
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Activity Duration Resource Resouwrce
Label Reg. (1) Reqg. (2)
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Froblem Name @1 BD.3
No of Activities: 24
No of Resowrces § 2
Resource Limit (1) ¢ &6

Resouwrce Limit (2) 1 &

Activity Duration Resowrce Resouwrce
Label Reg. (1) Reg. (2)
1, 2 = 1 0
i, 3 b6 4 =
1, 4 é &) =
1, & 12 2 2
2, 3 2 1 )
2, 6 é 3 =2
2y 7 9 1 0
2, 8 14 3 1
2, 9 2 &) 3
Sy 4 1 1 Q
Ty 7 1 1 0
4, 5 1 3 0
4, 7 b 2 0
5y 8 10 2 =5
S, 10 10 1 3
by, 7 3 3 S
6, 9 o ] O
by 10 X = 3
7, B 5 3 O
7, 9 B 8] 0
7, 10 5 e 1
B8, 10 12 O Q
2, 10 @ i 0
10, 11 20 0 0
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Froblem Name 1 EBD.4
No of Activities: 22
No of Resowrces 3 2

Resource Limit (1) 3

L

Resource Limit (2 3 3

Activity Duration Resource Resouwrce
Label Reqg. (1) Reg. (2)
1, 2 S 5 3
1, = = 4 =
1, 4 8 5 3
1, & 10 5 5
2, 3= 5 3 5
2, 4 B8 2 5
2, B 11 2 2
3, 4 = 1 2
2,08 6 1 2
4, & X 0 1
4, b6 7 2 1
S5y 6 4 = 2
5, 8 14 2 2
S5y 09 29 0 1
5, 10 20 1 o}
by 7 5 1 2
4, B 10 2 2
7, 8 ., b 2 A
7, 9 20 0 0
7, 10 10 1 Q
8, 9 15 0 1
9, 10 4% 1 0



Froblem Mame ¢ CD.1

No af Activities: 23

No of Resources 1 1

Resouwrce Limit (1) 3

e toats 49440 P b ROt S GOty $UIS USO8 St ot U o S e peeyd ARG S SASOA SIS YO TS R VPG PO SSHAE Caetb samte

Activity Duration Resource
Label Reqg. (1)
1, 2 S o
2, 3 2 "
2, 04 4 1
4, 5 & 2
4, 7 2 Q
Sy 6 8 1
by, 7 1 1
b, B 2 0
7, 9 & 0

g, ¢ 2

8, 10 b6 2
9, 12 7 2
g, 14 8 Q
10, 11 X O
11, 12 1 1
12, 13 9 it
1%, 14 1 1
14, 15 4 1
14, 17 é A
135, 16 i 2
16, 17 1 1
17, 18 & 2
18, 19 b A

e 19184 ooy 44000 Smes Mg S0 Wt 4000 Soamt By Srutd 0 4OSP SO Bhaee HHUSS Bivas Smech TSR Fheay AOH OO Fied WA deuts AN POE Tennd rase
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Froblem Name ¢ CD.2
No of Activities: 18
No of Resouwrces 3 3

Resowrce Limit (1)

Resowrce Limit (2)

Fesouwrce Limit (2)

(23

avae s o e Soaa v Samey ety s Smts Arems Ppe oy e Sh4r? SULIN Sunis basen S b TS Tote ST AbS REVRS SHIRS SSamt hete PO S MRS FAM AP SH RS St SeING eie Seeie PP WS

Activity Duration
Label
1, 2 5
i, 5 7
2, X A
3y 4 &
4, b H
5, 7 4
5, 9 9
by 7 1
7, 8 =
7y 10 b
8, 9 5
9, 11 =
10, 11 &
10, 12 1
10, 14 é
11, 1= &
12, 14 7
., 14 2

B T e T

Resouwrces Resource Resouwrce
Reg. (1) Reg. (2) Reqg. (3)
0 3 &
= 4 3
(w) 2 1
Q 0 el
Q 0 4
) s 0
2 O 2
0 1 ]

i 1 1
O 1 O
1 2 2
Q 1 2
A 4 )

1 0
0 0 0
) %) 2
2 0
1 2 O

ot soupe i
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Problem Name & CD.3

.No of Activitiesy 18

No of Resouwrces @ 35

Resource
Resource

Resource

Limit (1)

Limit (Z) 3

Limit (3) ¢

i

0 G g e Th S99 30000 BEPeS VNS VONAD CORL SYRH UPVOR PHUPS BPTSS Sind ghHYS SRS SHEO SSHMD BT SOV S MAded GareS SMAet ADRO S St SHHE JSBNS Wt it G900 et AV 00 St $4MD s et PP AAE AP sheie PSS SeHOT ekt woebS PO VNS Al HOTE A ey Yoo

Activity
Label
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11, 13
12, 14
I, 14
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Resource

Reg.

0
~
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Q
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O
0
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Q
Q

= e L o

)

Resource

Reqg.

(2)

Resource
Reg. 3
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Froblem Name : CD.4
No of Activities: 15
No of Resouwrces 3 1

Fesouwrce Limit (1) ¢ 4

T Carts nats T Nl e Lt S S4S TeISY S Sotbe G S o e SSORL DS SO 0083 Tt SRS PSS D Bt S ot 90045 S000s s e

Activity Duration Resource
Label Reqg. (1)
1, 2 3 2
i, 3 & 1
2, 8 12 0
s 04 o 2
Xy 6 a 1
4, b 3 2
5, 7 4 2
b, 9 10 1
7, 8 2 2
g, 10 2 e
8, 12 11 1
9y 10 1 0
g, 11 1 1
10, 11 3 1
11, 12 4 2
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Problem Name 3 ABD.1
Mo of Activitiesy 24
Mo of Resowces § 2
Resource Limit (1) & 7

Resource Limit (2) ¢ 7

U Snovs PSS bt Grets e RS 4400 SOISS Shony Sveah G000a SOBSE Tk HEOH chert SHNED SHGIS WAATE WWels Supse oo be4be PAOSY WHUOH KoY Wotas SSURY HHVSS SURAS SHAY Gheve SUOIY Seesd TONIE PUSIY SAmS Shise SONSE Sl botn HFS Gamte et

fictivity Duration Resource Resource
Label Reg. (1) Reqg. (2)
1, 2 g3 2 A
i, 3 8 7 7
1, 4 3 a 1
1, 6 7 & 6
1, 10 g = 3
2, 5 (=] 0 i1
2, 6 7 3 s
2, 9 o & =
X, 4 & A 2
Ty B a8 3 3
4, 5 & 2 =
4, 6 9 3 1
S, b 4 3 ¢}
5, 7 7 2 1
S5, 9 9 2 Q
by 7 s 1 1
b, 8 S = 3
by 10 6 S 3
7, 8 2 1 1
7, 9 4 3 3
7, 10 7 = 2
8, ¢ 9 0 0
8, 10 9 0 8]
9, 10 7 0 i
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Froblem Mame @ ABD.2
No of Activities: 27
No of Resowrces 3 3

Resouwce Limit (1)

[T

O o

Resow ce Limit ()

£33

Respurce Limit (3) @

O dhors et s g SUAE Tates banss Vst s T e S

Activity Duration Resource Resource Resource
Label Reg. (1) Reqg. (2 Req. {(3)
1, s
1, A
1, =

1,

ed

o~y

b

-~

-3

B3
SISO OoNOCONEHEUP LU DS R

&

1

4

4

4
45 5
4, %
5, 2
=, 1
5, =
by 1
7, 2
7, 4
8, 2
8, 10 7
9, 10 5
9, 11 b
9, 12 )
9, 13 8
10, 12 &
11, 13 8
12, 1% 9

MNP EHRGEEREE - R RNR

3
»

S R = R R

o

e o e s b

s nv s e somys oo sente

o= RIMB MR = e e e e e = R R W e R

o

113



114

Froblem Name ¢ ABD,3
Mo of Activities: 24
No of Resouwrces : 2
Resource Limit (1) 2 7

Resouwrce Limit (2)

o
-
e

)

Activity Duration Resouwrce Resource
l.abel Reg. (1) Reqg. (2)
1, 2 & 7 =
1, 3 ] 1 1
1y 4 10 2 3
1, 6 19 1 ¢
1, 10 12 5 o
2, 5 ) 1 &
2, 6 é = A
2, 9 ) 2 3
3, 4 5 2 2
2, 5 7 2 1
4, 5 2 3 K
4, & 9 2 1
5, 6 7 2 1
5, 7 10 1 2
S5, 9 5 2 =
6, 7 ) 3 1
b, 8 8 1 0
6, 10 3 7 Q
7, 8 5 5] 1
7, 9 7 2 ¢
7, 10 11 2 0
8, 9 2 ] e}
0 6 0
0 4 1
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Problem Name @ ARD.4
No of Activities: 22
No of Resouwces § 2
Resource Limit (1) 3 3=

Resource Limit (2) 3 =

" coupe e ovm—n $O0gt Vgt SUSS G danse SH Semep Sove SHARY S3008 Seben Popes IO ket WD S SMim Beis S0 AN Bobue Sebey BHe0d P

Activity Duration Resource Resource
Label Reqg. (1) Reg. (2)
1, 2 10 & 3
i, = 22 2 0
1, & 2 1 1
2, 3 2 3 3
3, 4 5 § 0
I, 11 15 1 0
4, 3 2 3 1
4, 7 11 1 2
4, 9 13 = &
4, 11 20 0 1
%, 6 4 1 ¢
5, 7 4 2 2
by 7 o] 3 1
b, B 7 0 ¢
7, 8 2 3 X
7, 10 5 1 ]
g, 9 ) )
8, 10 2 1 1
8, 11 12 0 Q
Gy 10 3 0 1
9, 11 & Q 1
10, 11 2 Q 0

56190 oroe Feses SUS move bumed S54R XIS Snsey 400ed SHe0s GOuS mbes HDE B IRELY G4rel SPRIY PHats Seomt DAY S F6amt BOTRH B Lot 0sd Y oo Hubte cheee
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Froblem Mame ¢ ACD.1
No of Activities: 20
No of Resowrces @ 1
Resource Limit (1) = 4

0000t coma Tt 30408 sasee HuPe olinn Sbnd S40ws NSRS en 90020 PRSS SAORS SO SRS ey B00%H Povey IOV B AP HSIM rOF et B0 Seted Sy BOOAD SO0NE Sndiy

Activity Duration Resource
l.abel Reqg. (1)

B e e e T e L T A e

5N
NDo b iR

2 4

t 1

it 4

1 s
4, 2 1
4, 5 1
=, 3 !
b, 7 2 5
7, B a8 4
7, 9 5 4
8, 9 9 4
9, 10 2 ]
9, 11 3 2
10, 12 2 A
11, 1% 4
12, 14 1
1%, 14 2 4
%, 15 4 1
14, 15 2 4
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Froblem Mame : ACD.2Z
No of Activitiesy 21
No of Resowrces § 1

Resource Limit (1) 2 X

B e L e e T ]

Activity Duration Resource
Label Reg. (1)
1, 2 1 2
i, = 2 2
2, 3 2 1
E, 4 1 *
4, 5 1 =5
S5, & 1 =
by 7 1 3
7, 8 2 =
g, 9 & )
8, 11 3 3
9, 10 5 x
10, i1 et 3
11, 12 1 2
12, 13 1 3
2, 16 3 2
1%, 14 3 2
T, 15 2 2
14, 17 4 A
15, 16 2 X
16, 17 4 s
17, 18 i i
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Froblem Mame 3§ ACDR.3
No of Activities: 21
No of Resources @ 1

Resow ce Limit (1) ¢ 3

P ot boves 99000 3004 s hmbe dnban S4400 Subet $4u04 Somey Bheme HHUOS e s WO WO S04t Soand PaeSe SOIIN PHOBP SO s RS CHO Sakde H00ut et s

Activity Duration
Label
i, 2 i
1, 3 4
2, 3= 1
T, 4 2
4, 5 o]
5y b 2
by 7 10
7, 8 1
8, 9 3
g, 11 8
9, 10 2
1o, 11 1
11, 12 2
12, 13 4
12, 16 1%
1%, 14 é
13, 15 1
14, 17 15
15, 16 10
1é&, 17 10
17, 18 K3

" vetos ot S P supt arote Scbep Sa00e SO Hpn M st SR Pt Saant SVOOH VUSRS VSR Sy VA S THORE SUHON B PO See S e Bery

Resource

HRIC = R = O

-
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R R =R
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Froblem Name : BCD.4
No of Activities: 16

No of Resowrces & 2

Resource Limit (1) ¢ 5
Resowce Limit (2) & 3
Activity Duration Resource Resource
Label Reg. (1) Reg. (2)
i, =2 7 S et
r, = 10 5 5
1, 5 & 5 3
2y, = 3 5 5
2, 6 17 O 1
2, 4 S (i 1
4, 5 3 1 0
4, b 12 0 o
S, 6 & 0 1
by, 7 b1 5 3
&, 8 3 g &
7, 9 & 5 b
8, 9 8 ol 4
9, 10 & 0 1
10, 11 4 1 1
i1, 12 15 ") 1
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Froblem Name @ BCOD.3
No of Activities: 21
Mo of Resources i 2
Resouwrce Limit (1) ¥ 4

Resowrce Limit (2) ¢ 32

30704 Shpr oottt 60048 chius SouIe Nareq Srves S Bumte SONbG S40g SUUH NP BB FTO% PRy B R0 SAIRY Sy TAORE FERLY SONYG S0 S0S0E FOUOS Wpeum oS SOtnd B44tw S4mme PURSE HS000 Birng bende So9eg Smdes HOmED SHB0S (e St

Activity Duration Resowrce Resource
l.abel Reg. (1) Req. (2)
i, =2 12 4 3
1, 4 o 4 2
2, = S ) 3
2, 6 10 4 3
2, 7 15 4 2
T, B 3 0 1 ‘
4, 8 a8 4 =
S, 6 2 1 1
5y 8 2 1 1
by 10 11 =5 3
7, 12 8 0 i
8, ¢ 1 4 3
9, 11 7 i 0
1o, 1= 12 O 0
11, 12 2 I x
2y 1= 10 0 0
1%, 14 18 0 0
14, 18 20 0 0
189, 1é 15 3 I
15, 17 10 s &

16, 17 20 0 O
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Froblem Name 3 BLCD.

No of Activitiesy 21

No of Resowces 3 3

Resource
Resource

Resource
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4,
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Sy

&Hy 10
7, 12
8, 9
9, 11
10, 13
11, 12
12, 13
1%, 14
14, 18
15, 16
1%, 17
16, 17
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Froblem Mame 3 BCD.1
No of Activities: 18

No of Resouwrces 3 2

Resowce Limit (1) 3 9
Resource Limit (2) 2 7
Activity Duration Resouwrce Resource
Label Reqg. (1) Reqg. (2)
i, 2 15 0 0
2, 3= 8 0 0
2, 4 14 Q 0
I, 4 & 9 7
2, 8 7 9 7
4, 64 9 9 7
Sy 6 7 @ 7
Sy 7 7 9 7
b, 9 18 4 4
7, 8 s 0 0
7 y 9 4’ C) c)
8, 10 9 1 1
9, 13 4 5 3
10, 11 3 9 4
10, 13 11 9 7
11, 12 1 0 s
12, 1= 1 3 4
13, 14 0 [ 0
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Problem Name : ACD.4

No of Activities: 13
No of Resouwrces t 1
Resouwrce Limit (1) 3 &
Activity Duration Resource
Label Reqg. (1)

1, 2 5 o]

2, 3 & b

2, & 2 4

2, 4 1 5

Ty 05 4 5

4, 5 4 4

5y 7 12 ]

5, 9 = 5

6y 7 i 4]

7, B = A

7, 9 ) 2

g, 10 B8 1

P, 10 10 5

s rotoe s Gt 1ot apars So020 Sty e P09

123



Froblem Name @ ABCD.1
No of Activitiess 19
Mo of Resowrces § 2
Resource Limit (1) & 10

Resouwrce Limit (2) & 10
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Activity Duration
Label

Resource
Redq.

Resource
Reqg. ((2)
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4 7
z, B 19
4, 5 4
4, 7 8
4, 8 8
S, b =
6, 7 1
b, B8 i
7, 8 3
7, 10 11
8, 9 a8
9, 10 iz
10, 11 &
11, 13 4
11, 14 8
13, 14 b
14, 15 7
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Froblem Name ¢ ABCD.2
No of Activitiesy 15
No of Resowrces @ 2

Resowrce Limit (1) ¢ 14

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Resource
Req.

. o Wete A Grnn witeg Bt Sabue Somme TSP HhouS FugSs S0ots SUBES Shben SeRYD SIS BB A0 Sabn 2004 1900 P TAPOS SO Fermd SOPeE Sabee Sl Poost $Obde Seddy SeOSe 00 SV Tamth S0NNS Smmvg HIRY TRV SOMD SRAT W UHUS

Resouwce Limit (2) & 13
Activity Duwration
l.abel

i, 2 11

t, = 16

2, 8 ig

. 4 b

2, b 15

4, 8 7

5, b 2

Sy 8 16

b, 7 11

by 9 20

7, 8 =

7, 9 14

8, 9 12

9, 10 14

10, 11 =
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-
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Froblem Mame 3 ABRCD.S
No af Activities: 19
No of Resowrces & 2

Resource Limit (1)

i

Resource Limit (2) : 2
Activity Duration Resource Resource
Label Regs. (1) Reg. (2)
1, 2 1 8] 2
2y I it 1 1
Iy 4 & s 2
3, 8 8 3 2
4, S 3 = 2
4, 7 15 s 2
4, 8 5 e 2
Sy b I 2 1
by, 7 7 2 2
6, 8 4 A 2
7, 8 8 = 1
7, 10 15 3 2
8, 9 5 2 2
9, 10 7 = 1
10, 11 2 0 i
11, 12 b 1 0
11, 13 2 1 1
12, 13 3 O 1
5. 14 2 1 1
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Froblem Na

No of Acti

me & ABCD. 4

vitless 13

No of Resowces § 2

Resource Limit (1)

Resowrce Limit 2)

e doan otime bte pusss s o durms Girbe soom

8z

=z

fctivity Duwration Resouwroce
Label Reg. (1)

1, 2 5 4

1, 4 8 4

2, = 3 4

3, 6 7 2

4, 5 4 4

5, 6 = 0

S, 9 15 1

by 7 9 3

b, 8 11 4

b, 9 20 =

7, 10 & 1

8, 9 9 2

2, 10 14 1

Resouroce
Reg. (2)



Fraoblem Namae 1§ Fl

No of Activities: 18

No of Resources § 4

Resowrece Limit (1) 3 X

Resouwrce Limit (2) : 5

Resource Limit () 2 4

Resource Limit 4) 3 2

Activity Duration Resource Resouwrce

L.abel Reg. (1) Reg., (2)
i, 2 5 0 0
1, = 8 1\ 0
2, I o] 1 Q
2, 9 & = 5
2, 6 i Q ]
2y 7 20 3 5
A, 4 15 = b
oy & (8] 8} Q
4, 5 " 0 O
4, 7 ol 0 0
4, 8 & 0 0
Sy 7 4 1 0
5, B 9 1 1
by 7 10 =z 5
7, 10 5 0 0
8, 9 1 ) 0
g, 10 2 0 QO
9, 10 1 0 O

oot s SR st ot cante oot Peses bt T SHR et Soame BAARD sopet $0400 YEO4e Seiea Mese Bty e
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Rexg.
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s 2000 e oo ot e

Resouwrce

Reg. (4)
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Froblem Name 3 F2
No of Activities: 19

No of Resowces 31 2

Resowce Limit (1) ¢ 5
Resowrce Limit (2) : &
Aoctivity Dwration Resource Resowrce
Label Reqg. (1) Reg. (2

e € s Submy SHme OTIAS DANOS Inabe Pl BIVVE $RO4S Vondn S ober A SUBta Sedfa boney Suere O PGt S bt e SMMUm Svet Berke S4HYE LOSMK PONIY v TRt FPE SHOSE POV HhORe NS BAITE Bemee B30 oo

1, 2 5 O 5
2, 3 2] 4 1
2, 4 5 &5 A
Sy 5 2 3 3
3y & 10 2 5
4, 3 ] 0 0
5, 7 f 2 1
S, 9 8 1 1
b, 7 3 O 0O
&y 10O b 3 5
6, 11 8 2 4
7, 8 1 Q 0
8, 9 5 1 5
8, 11 & s 3
9, 11 2 4 5
9, 12 1 O W)
10, 11 5 3 5
10, 12 2 2 1
11, 12 k! 3 1
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Froblem MNMamg 3§ F3
No of Activities: 14

No of Resources i 1

Resource Limit (1) : &
Aoctivity Duration Resowrce
L.abel Reg. (1)

i, 2 e ks

1, & 4 4

1, 4 5 &

2, 3 8 2

2, 9 S &

ey 6 & 1)

4, & i 5

4, 7 Z 5

5., b 2 0

S5y 7 3 1

b, B 7 4

7, 8 4 4

7, 9 = 0

g, 9 & t
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FProblem Name 3 F4

No of Activities: 23

No of Resources @ 5

Resource Limit (1) ¢ 4

Resowce Limit (2) 3 4

Resouwrce Limit (32) 3 1

Activity Duration Resouwrce Resource Resouwrce

Label Reg. (1) Reg. (2) Reqg. (3
1, 2 2 1 = ]
i, = 4 i 4 Q
1, 4 = 4 4 QO
2, & 5 3 1 0
2, 6 g8 2 ) Q
Sy 4 1 2 A 0
4, & 'l 3 1 0
4, 7 10 2 3 0
4, 9 1) 2 2 1
S, 8B & 2 Q 1
b, 8 7 A @ | 1
7, 9 2 4 4 i
8, 10 b Q) @] O
Py 10 O Q %] (9]
9, 11 2 ) 0 0
10, 12 =] 1 O 0
1o, 13 & 3 = O
11, 13 2 4 2 1
11, 14 o = Q 1
2, 13 5 0 Q 1
1%, 14 i 1 1 Q
13, 13 4 2 0 Q
14, 1% 5 1 0 ]
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Froblem Name 31 F5
No of Activities: 16

No of Resouwrces ¢ 1

Resource Limit (1) 2 &
Activity Duration Resource
Label Reg. (1)
i, 2 10 5
i, = a 2
2, = 8 4
2, 5 7 1
F. 4 & 2
T, 05 4 b
Ty b & 0
4, 7 a8 5
S, 6 2 1
S5, 10 4 =
by 7 4 =
7, 8B 10 2
7, 10 5 5
8, 9 2 1
9, 11 1 0
10, 11 15 ol
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Froblem Name : Fé

No of Activitiesy 14

No of Resouwrces 3 2
Resowrce Limit (1) @ 10

Resource Limit (2) ¢ 12
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Activity Duration

Label
1, 2 15
1, 4 10
1, 3 20
2, = 10
2, é& 15
Ey 4 8
I 2
4, 9 =
4, 7 10
By 8 3
b, 7 10
7, 8 8
7, 9 20
g, 9 o

Resource
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Froblem Name 31 F7

No of Activities: B2

No of Resouwrces 1 4
Resource Limit (1) 3 7
Resouwrce Limit (2) @ 11
Resource Limit (3) @ 20

Resource Limit (4) 2 8
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Activity Duration Resource Resource Resource Resource
Label ‘ Reqg. (1) Reqg. (2 Reg. (3I) Feg. (4)
i, 2 1 Q 0 o 1
1, = z 2 1 & i
1, 4 8 1 = O Q
1, 14 & 1 0 2 1
1, 18 10 & 8 15 4
2, 19 o 4 & 12 7
%y 11 7 - 1 8 4
=y 14 14 4 1 14 o
Iy, 15 3 2 9 & 4
4, 9 1 2 3 4 1
4, b 4 3 A s 2
5y & 11 2 b 11 (]
5, 7 1 Q ) 1é b
5, 9 2 O 0 8 2
by 12 % 2 2 4 2
7 4 ) 0 ] & %] 4]
7, 10 5 1 2 4 1
8, % 4 o] 0 ] 1
8, 26 = 1 1 14 1
g8, 27 1 7 ) Q 0
9, 12 0] 0 Q o] s
5, 24 2 1 O 4 0
9, 25 1 0 0 o} 4
10, 28 27 2 4 B 2
11, 12 i 0 0 0 1
11, 16 B 1 2 4 3
12, 13 6 1 1 4 K
12, 17 12 4 7 15 4
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Froblem Name 131 F8
No of Activities: %7
No of Resources @ 4

Resouwrce Limit (1)

o

Resource Limit (2) : 8

Resource Limit (3%) 10

=5

Resource Limit (4) 10
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Activity Duration Resource Resource Resouwrce Resouwrce
Label Reqg. (1) Reg. (2) Reg. (%) Reg. (4)
1, 2 1 1 1 1 i
1, 3 8 4 é 5 e
1, 5 5 3 2 & 2
1, & 4 2 2 1 2
i, 8 A x5 4 & 4
2, 18 2 3 o 0 7
3, 4 1% 1 & 1 =
I, 9 Q (4] 0 Q Q
4, 18 1 2 0 2 0
4, 14 & 2 é X ‘ et
Sy 13 = b i 5 0
Sy 14 4 3 & 9 1
6, 7 b 2 4 3 1
by 12 & 3 7 8 1
7, 10 17 2 8 1 1
7, 12 7 b 1 Q 0
7, 20 0 R 0 0 0
8, 9 5 Q 0 = st
8, 10 ) 0 o) 2 1
g, 20 1 0 0 0 2
9, 2% 4 0 ] 7 ]
10, 11 2} & S 1 0
10, 22 2 ¢ X 1 o
11, 2 é 2 1 2 2
12, 14 1% 1 0 4 0
13, 18 1 0 2 0 1
14, 18 0 0 0 0 0
14, 19 2 2 4 2 2



138

14, 2 3 5 1 0 0
15, 17 19 2 1 3 1
16, 18 a8 0] 8] 8] 3
17, 27 38 =z b6 ] 4
18, 2 b - t] 1 =]
18, & 25 1 Q 2 1
19, 25 18 3 2 1 0
20, 2 21 3 2 1 5
20, 25 8 2 4 é 1
21, 22 11 2 2 4 &
21, 3 8 1 ) - -
22, 35 18 2 ot ) s
23, 32 1 2 Q 2 i
2%, I3 3 4 5 1 1
24, 32 8 2 A = =
W, RO 22 1 4 2 i
2, 3 =] 1 5 1 8]
26, 27 9 1 2 1 9
26, 2 s b 7 Q O
27, 2 5 i 2 el 2
28, 30 1 Q Q S Q
29, = 18 3 & 9 7
x0, 37 13 i 4] 2 O
31, 3 & 3 2 o] 5
32, A3 é& Q O s =
IE, 7 7 2 2 (=3 1
34, 37 & 1 3 5 B8
R I 4 4 4 1 0
Ib6, 27 1 2 5 1 i



Froblem Name 1 F9

No of Activities: 21
No of Resources ¢ 2
Resowrce Limit (1) & 7

Resouwrce Limit (2) ¢ 5

e e o0 s oot Pk Wt S S4otn A WO S0 PoRse SUISS WSar Feten PSS UV Bevbe ORI SUOAD Bboem 4RI Bends e YANRE OG0 Frisy AAISQ Smovd dimaé SeNeg SRONS Sd O S H14ES INEO WHePe Simet SIS0 SuSts Povee Shbet

Activity
L.abel

Duration

SUBREND U=

s

MeNQUE~RNRED-DRNR

A . 200 00 HED IOMD drion SO ) St 4D (29D V0GRS SOONN GUTIR Bty SR e e AL SoORs SHIER DORIE IUAPE HUO4 FOTY IVIGY BAnte SR SRV SEN00 DN VRS Setns 1ONSE BIRIT Seeed S00P0 WL i PN S Setve SVbve

Resouwrce

Resouwrce
Reg.

o oo . P02 bohet SO 000 4R Tmns Meate S4STe SROCH Bhobe BHISD habe e AN MAStH SOmiE (HSNE $000P oS4 FOOVS s et HAsbe SAuED BCK SOV Seout SeNbe SIS SOy PO WS THRSS HHeR S Y PANE 9044S VANOY arbet PSSR

139



Froblem Name 1§ F10
No of Activitiess 71
No of Resources 1 3

Resource Limit (1)

«

Resowce Limit (2) 5 12

Resouwrce Limit (3 3 10
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Activity Duration Resource Resource Resource
Label Reg. (1) Reg. (2) Req. (3
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Froblem Name 31 F11
No of Activities: 23

" No of Resources @ 2

Resource Limit (1) @ 8
Resouwrce Limit (2 2 &
Afctivity Duration Resource . Resource
Label Reg. (1) Reg. (&
i, 2 & & 2
1y, 5B 5 4 5
2, 3 4 2 X
Sy 4 2 0 3
32, b 12 4 b
4, 5 1 0 0
Sy & 4 2 1
Sy 7 3 3 %3
S, 9 10 1 0
by 11 8 4" 0
7, 8 4 1 1
7y 11 & 0 3
g8, 10 5 ) i
g, 12 2 2 0
2, 12 st O 2
9, 13 & i 1
7. 14 & 3 1
10, 11 A 2 2
10, 13 7 3 i
i1, 14 & & i
2, 13 1 0 0
13, 14 2 ] 1
i4, 15 o' = 1
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Froblem Name : F12
Mo of Actiyities: 65

Mo of Resouwrces @ 4

Resowrce Limit (1) : &
Resaource Limit (2) : 6
Resouwrce Limit () 3 %
Resource Limit (4) : 9
Activity Duration Resource Resouwrce Resource Resource
L.abel Reg. (1) Reg. (2) Reg. (3 Reg. (4)
1, 2 7 3 0 4 7
1, 16 6 4 = 1 Q
1, 19 12 3 4 7 é
2, = =] 1 1 & 1)
2, 4 13 4 4 2 2
T, 16 0 ] O ] 5]
Sy 17 i1 3 2 b 7
Iy, 20 é& 2 = 5 8
4, o5 13 Z A 2 =
4, 8 o7 4 i Q 1
4, 20 19 K 2 4 4
S, 6 4 1 Q 4 1
S, 27 b 2 S 0 7
&y 7 7 = 4 7 7
&, B I3 2 1 A Q
by 9 13 2 4 Q O
7, 9 é 3 1 0 4
7, 27 12 i i 4 2
g, 10 1) 8] o] 7 8
8, 11 17 2 2 ) 3
8, 2 O ] 4] Q Q
9, 11 1) ] 1 8 Q
2, 13 6 2 4 i 2
g, 28 15 i 2 2 0
io, 11 1 1 i Q Q
10, 12 4 - 2 4 & Q
10, 14 S 1 ) 4 =
11, 12 18 3 2 1 4
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11, 13 22

s e

Q 0 1 s
11, 25 i 1 - 1 =
2, 1X Q e} ) O O
12, 15 12 2 = O %)
13, 15 & i = 4 7
2, 25 & & 0 O O
14, 15 25 2 4 2 2
14, 30 18 1 1 4 &
15, 25 1 1 2 2
18, Zo ) = i i)
16, 18 ] &) ) 0
17:; 19 = i O
18, 19 1 8] -

18, 20

-3
+

ot
Do e 0 N0 LN
i
]
O N e

19, 20 0 O 9
iv, 2 2 9] 4
20, 22 ]

20, 24
20, 27

21, 23

3

= =
SR

) O

DRI DR = R
LR
.

21, 2 18 2 0 1 2
21, 28 é & Q 0 e}
22, 24 11 1 1 3 4
22, 26 13 0 1 2 1
27, 26 19 2 3 b a
23, 28 2 3 1 0 1
25, 29 2 2 1 i i
24, 26 0 0 0 o} )

s
[

24, 29
25, 29
28, 0
26, 2

26, 2

b

Foy

SN DU
o

R A

3 BJ o= = g B3 D

)
27, 29 i 3 1
28, 29 = 1
28, 30 2 2
29, IO = 5
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Froblem Name @ F173

No of Activitiess: 23
No of Resources @ 1
Resowce Limit (1) 2 4

ot o Sene oo e GO $hute A MOVOS BB G FOD Ghamt SOOI Soent SUOVE Seind QUYWL S Fpbeg IOVRS G801t YOS YOI o bt cabs o Sbute

Activity Duration Resowrce
Label Reg. (1)
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z, 0
3, 1 -2
4, it
4, 1
4, 1
5, 2
6, 11 1
7, 10 2
7, 12 1 =
8, 11 b 2
9, 10 18 1
10, 11 20 1
10, 13 2 3
11, 12 1z 2
11, 13 & 4
2, 13 10 3
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Froblem NMame @ F14
No of Activities: 18
No of Resouwrces & 2

\

Respurce Limit (1) 2 3

Resource Limit (2) : 3
Activity Duration Resowrce Resource
Label Reg. (1) Req. ((2)
i, 2 = z A
1, 3 5 1 o
i, 4 7 2 i
2, 3 2 i 0
.05 1z 3 2
4, 5 = O Q
4, 6 & = X
S, 6 12 1 1
5, 7 20 2. )
by 7 8 3 3
6, 8 55 1 0
7y 9 12 3 3
8, 9 2 O O
8, 10 7 1 1
2, 10 8 & =



Froblem Name @ FL15

No of Activities: 53

No of Resources 3

Limit (1) =

Limit (2

ax

Limit (3) @

Ly
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Resource
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(2)

Resource
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T e T L e R e )

Resouwrce
Resource
Resource
Aoctivity
lLabel
i, 2
2, 3
2, 4
2, 9
T, 6
xy 7
4, 9
4, 13
5, 6
by, 7
6, 10
6, 13
b, 15
7, 8
8, 15
8, 18
9, 12
10, 11
11, 12
11, 13
11, 21
12, 21
12, 22
13, 14
14, 13
14, 16
14, 17
15, 18
16, 21
16, 24
17, 18
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17, 2
17, 25
18, 19
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Problem Name : Fié6
No of Activit.ies: 101
No of Resources : 6

Resource Limit (1)

W

Resource Limit (2) : §

Resource Limit (3) ¢ 7

Resource Limit (4) : 10

Resource Limit (5) : 3

Resource Limit (6) : 4
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Activity Duration Resource Resgource Resource Resource Resource Resource
Label Req. (1) Req. (2) Req. (3) Req. (4) Req., (5) Req. (6)
i, 2 1 i 4 i 9 1 o
4, 3 4 2 3 3 6 1 3
1, 7 12 0 i 0 <] 1 4
1, 8 0 0 0 0 0 0 0
2, 3 1 3 . 5 (0] 0 0 0
2, 4 6 0 0 0 0 0 4
3, 4 0 0 0 0 0 0 0
3, 5 13 3 i 1 8 i -4
3, © e 2 2 2 3 1 2
3, 8 0 0 0 0 0 0 0
4 5 6 i 1 3 1 2 2
4, 17 8 0 0 7 7 0 0
S 6 i4 1 i i 0 0 0
95, 17 0 0 0 0 0 0 0
5, 19 \ 4 0 0 3 0 0 0
5, 20 6 2 i i i 1 4
6 18 3 3 0 0 0 0 i
6, 19 5] 3 5 0 0 0 0
6, 22 11 1 2 4 0 2 i
7, 8 - 0 0 0 0 0 0 0
7, 9 6 2 4 2 0 0 2
7, 42 8 3 3 3 i 3 1
7, 1% 21 2 2 e i 0 0
8 14 i 0 0 0 2 0 0
8, 18 i8 0 e 5. 6 0 3
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Froblem

Fi7

No of Activities: 19

No of Resources

Resource Limit

. -

fActivity
Label

- o s $9000 S G000 Soqey Sobnp Pns S, e A2

S
emw\:&m\x&mmmm.pf..n.rxv:.-n.s

(a4}
-
Py
<

7, 10

;1
(1) 2 3
Duration Resource
Reg. (1)

2 0
1 2
5 =
3 1
1 2
2 i
7 O
& =
4 g
2 0
1 1
2 Q
& 3
5 1
9 2
4 2
1 O
10 3
& 1

atmt e Godim Pt ey Gudet SOD Sty S0 o, e bt 4000 bt avate.
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Froblem Name 3

Fig

No of Activities:

Mo of Resources
Resource Limit

Resource Limit

o0 st 40ts et . oAy GO SeAh SeAAe 4 H00Re ey st

u
o

(1)

{2

s

Activity Duration Resource
Label Reqg.
1, 2 5 5
1, 3 10 7
2, 3 3 it
2, B 14 3
2, 4 6 5
3, b fa &
4, 5 X b
4, 7 5 3
5, 8 11 =
6, B i2 é
7, 2 5 2
8, 10 7 »)
8, 11 12 0
9, 10 S 1
9y 11 10 0
10, 12 it i
11, 13 15 2
12, 13 5 (»)

—— oy 40 oot 0 srr

Resource
Reg. (2

O Do e O R O R

-~
o)

Y

.

9
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L
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FProblem Name 3@ F1%
No of Activities: 17

No of Resources @ |

Resouwrce Limit (1) : 4
Activity Duration Resource
Label Reqg., (1)

1, 2 8 2

1, 3 = 4

1, 4 2 O

2, X 1

2, = 9 4

3, 5 5 o

4, 5 = 1

4, 7 2 Q

4, 9 12 4

5, & 1 1

5, 7 4 2

5, 8 8 2

&, 7 & 2

&, 8 = 0

7, B8 8 4

7, 9 2 1

8, 9 = 4

aar o i a2 S s Soove Svate et SOy s S Sar



Froblem Name 3§ F20
No of Activities: 23
No of Resources s 3

Resource Limit (1)

[

Resowrce Limit (2)

sz

Resouwrce Limit

(=) 3
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Activity Duration

Label
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Req.
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3 R R o O

O 13
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N e

(1)
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Froblem Name 1 FZ21

No of Activitiess 17
No of Resouwrces @ 1
Resowrce Limit (1) g 4

Activity Duwration Resource
Label Reg. (1)

oy e oo g e o o o gt v omte s

—— vton on Ss s st

1, 2 8 1
2, 3 1 1
2, 4 1 2
2, 6 3 4
2y 7 é 8]
4, © 1 0
4, & 2 Q
4, 7 & 1
5, & 1 1
Gy 7 & 3
by, B 10 3
by 10 22 1
7, 8 & 1
7, 9 2 2
8, ¢ 2 1
8, 10 12 2
g, 10 3 2

o sonde s s s Sopny Soren e e e s

R TR T A e gt



Froblem Mame 3 F22
No of Activitiessy 21
No of Resouwrces @ 5

Resource Limit (i) 3

Resouwrce Limit

b3

Resouwce Limit (3

Y

Resouwrce Limit (4)

g

Resouwce Limit (5

13

o g s s St o100 i gt S St Bl U WP S St Sl o0 Y AR S (Rl e it B D G i a0 it D bt 0

Activity Duration
Label

S v

1, 2 5
1, 3 2
1, 4 )
19 5 8
2, 4 7
2y 6 3
, 5 i1
3, 7 2
I, 9 5
4, & 3
4, 8 1
S5, 6 g
5, 7 2
5, 8 3
by, 8 2
&y 10 &
7, 9 10
7, 10 =]
8, 10 i
Dy 10 12

[

4

7

10

P
Resource
Reg. (1)

N

oy

L4

O L By e e

-
L

FROHOCREOS =N

oo

P
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B ]

Resowrce Resource Resource Resource
Req. Reg. (3 Reg. (4) Regs (5)
2 5 8 2
o] Q 1 3
O 3 i O
1 1 Q 0
z 7 7 5
i 0 1 0
) O Q 2
Q Q Q 0
1 E 2 5
1 Q 0 4]
o] é 1 2
X 7 10 4
2 = 5 0
[®] 1 [w) =
i 2 5 ly]
0 0 Q 1
[»] 7 %] [}
i s O 8]
1 O Q 5
o 1 9] i
s} 7 Q 1
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Froblem Name @ 23
No of Activities: Ié6

No of Resowrces @ 1

Resource Limit (1) 3 10

Activity Duration Resowce
Label Reg. (1)

ek Fbeme OTE Lot G S Pt FROR by (i Sl A Smene Pooms MOV et Gt RS Tase $6LAs bente S HAMS ek b0 I 0sd e SO S4B 9008 Hotee

2 2 3
i, = 8 £
1, 4 5 g
i1, & 1 1
2, 3 8 3
2, B 12 i
Xy A b b
Xy b 11 5
Iy09 20 K
4, 5 2 4
4, 7 1 3
S, & 2 2
5. 7. 4 4
S5, B8 = ?
b, 7 1 £
by, 9 & pod
&, 10 £ 2
7, 8 10 1
T, 9 2 &
7, 11 9 2
8, 9 I 2
8, 10 1 1
8, 12 20 0
g, 13 14 3
g, 12 8 7
9, 15 & 8
10, 11 10 &
10, 13 b 0
10, 14 15 S
i1, 12 g 4
11, 13 7 =
11, 14 S 1
2, 14 2 Q
12, 15 5 9
13, 14 10 10
14, 13 S 3

o000 +bire HEAD st Sa4en So4sé ey Vg bosin PHSOY e HEBOS Potme $1408 TIROE LAIOD S S 4O BERS WASO GO Pat DAl PONTS VN R o aPee SHARS SRS
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Froblem Name @ F24

No of Activities: 18
No of Resources § 2
Resowce Limit (1) ¢ 8

Resowce Limit (2) 3 @G

Aotivity Duration Resouwrce Resouwrce
L.abel Reg. (1) Reqg. (2)

1, 2 A A 5
1, = ] 1 <
1, 4 é i 1
2, 4 5 2 =
2, & 2 A A
Sy S 2 ] 1
4, 64 = 1 ]
S, 6 1 0 Q
5, B & 2 4
&, 7 é 3 &
Ly 9 10 2 )
7, 9 11 A 2
7, 10 5 &2 1
g, 9 4 ») i
g, 10 5 1 A
8, 11 (<] =B S
9, 11 7 2 2
10, 11 2 8] 2

o —— i ot 0o 11t G000 S0 RS 2o P Vb e 90D SRR Srems SHa0d ety fbed 04 S s ARG PR oSS AEND S SHOTY $OIS S04 HI00S s nabe et s
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Froblem Name ¢ F2E
No of Activities: 14

No of Resources § 3

Resowrce Limit (1) : 4
Resouwrce Limit (2) @ 4
Resowrce Limit () 3 4.
Activity Duration Resource Resource Resource
Label Reg. (1) Reqg. (2) Reg. (3
1, 2 3 i ) 0
1, 4 =] 2 i 2
2, 3 o 2 3 1
2, 5 1 O 0 1
T, 4 ) 0 = 2
4, 5 12 4 Q 1
4, & & 0 4 s
Sy 6 2 = 3 1
5, 7 4 1 0 3
by 7 a8 1 2 0
Gy, 9 = 3 1 2
7, B = 2 1 2
7, 9 & 4 0 8]
8, % 2 0 1 0

P
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Froblem Name : F26
No of Activities: 48

No of Resources 1 5

FResowrce Limit (1) s 3

Resource Limit (2) : S

Resource Limit (3) : &

Resowrce Limit (4) ¢ &

Resowce Limit (3) ¢ &

Activity Duration Resource Resource Resource Resource Resource

Label . Req. (1} Req. (2) Reqg. (3 Req. (4) Reg. (5)
i, 2 12 2 L3 < o o
1, 3 4 1 G 0 3 S
1, 4 & = 1 0 o] G
1, 12 8 4 3 1 O 0
2, 4 3 3 = = i i
2, B 4 3 1 0 O 1
2, 6 & (¢} 0 S O 2
Zy, 4 2 4 i 0 1 Q
3, 6 i 0 (v} S ¢} Q
3, 7 a8 Q 0 2 3 1
I, B q i 2 G 0 S
Iy 18 20 Q 0 1 v 2
4, 6 2 1 2 1 v} 0
4, 7 1 2 1 Q o 1
S, 6 1 0 = 1 Q Q
S5y 11 é 2 2 &) ¢ O
Sy 12 5 0 G 0 1 3
Sy 13 8 O 1 1 1 2
b, 7 2 (o] Q (8] ¢ O
by 10 18 3 1 = Q
&, 11 15 2 1 O 3 2
7, B it ) 1 2 Q 1
7, 9 1 Q o 2 Q 1
7, 14 4 Q 3 2 i 1
g, 2 2 1 2 3 O 1
8, L1 7 =1 i 4 0 1
9, 10 2 1 O 1 2 1
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FProblem Name : F27
No of Activities: 37
No of Rescources § 2
Resouwrce Limit (1) =

Resource Limit (2) @

S0 e 990 Y e U SHAby YO000 00 P9 r0es WU S4rte Smas 00D Semas e Sresn s V40K R Saott Soouy S0n0S Soint S A SAims S TS SO0 AL Sancs S o 00 U s P St Shabe St st teeit
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Activity Duration
Label '
i, 2 12
i, 4 =
1, B &
2, 3 5
2, 4 11
2, 11 15
Z, 4 i
3, 05 &
I, b 5
4, 5 é&
4, & 10
4, 7 2
4, 11 3
5, 6 3
5y 7 2
5, 8 2
S5, 10 i
b, 7 &
by 9 10
&, 113 21
7, 8 2
7, 9 15
7y 10 13
8, 10 4
9, 10 4
?, 11 &
9, 12 2
2, 13 S
9, 14 3
10, 12 &
10, 14 12
11, 12 13
11, 13 20
11, 14 &

Resource

Req.

= O~ B3 R RY & e R

~
e

FJ b b L B

3

-
o’

o e OO e b b)) B b e

(1)

Resource

Reg.

e e by Do e N e e e B R D
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ESEARE e
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-
o
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BB b e e e

(2)
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12, 13 i1 2 i
12, 14 10 1 1

13, 14 5 o 1
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Froblem Name § F28
No of Activitiesy 21

No of Resowces : 3

Resowce Limit (1) & 4
Resource Limit (2) : 4
Resource Limit (3F) : 4

D s el T e Rt SR

Activity Duwration Resource Resource Resource
Label Feg. (1) Req. () Reg. (3)
1, 2 = 1 Q O
1, 3 4 2 b 0
1, 4 12 2 2 2
2, 3 2 3 1 2
2, 4 1 Q 1 Q
Ty 5 4 2 1 0
2, 6 a8 2 0 2
4, 5 3 1 i Q
4, 7 ol Q @ 4
4, 8 1 4 1 0
5, & 15 3 1 2
S5, 9 12 0 0 1
&y, 7 & 0 4 0
6, 8 1 0 2 3
b, 9 7 1 Q 1
&, 10 & 0 2 0
7, 8 1 i 1 1
7, 10 2 O 0 2
g8, 9 1 0 0 0
8, 10 5 1 1 Q
9, 10 1 1 G 1
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FProblem NMame 3 F29
No of Activities: 21
No of Resources & 1

Resource Limit (1) » S

B0 e Srine e i S990% mernd SO S Y S SRS Faabe P St BP0 R cayhy LAVD SHerh SHIFE Sabms SogR? Sty Sipes sebe eeesy S0 St

[y
i~
[

Activity Duration Resource
l.abel Reqg. (1)
i, 2 1 i
1, 3 & 4
1, 4 ? 2
1, 5 8 1
2, 3 2 O
2, 4 1 3
2, b6 8 4
2, 9 12 5
2, 4 = 5
F, 7 15 1
4, I 2 1
S5y b & 1
5. 7 8 2
5, 8 7 1
Sy 9 & 2
&y, 7 e =
8 1 4
) 2 1
8 i Q
g 5 3
G 2

eos Guiee 1ome Grt sutve RS e At seist Saote bty Wi et SO
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Froblem Mame @ F320
No of Activities: 25
No of Resources i 1

Resource Limit (1) : 2

Sonee e v sovet e sadbt Sovan cabes cose SR o IO shgat SMIS oens Sebem IRech Sl SHLRS Gatms SHARD Sreep Aroee bebes Somis PR EveRt GHub dmiet HrHRY aRbb

poctivity Duration Resource
Label Reg. (1)

i, 2 & 1
1, 4 1 1
2, 3 7 3
, 4 2 2
4, & b 2
4, 7 i o
S, & 4 1
by, 7 3 3
&, B8 pid 2
7 9 8 1
8, 9 & 2
8, 10 8 3
9, 12 10 2
9, 14 = 1
10, 11 5 3
11, 12 L) 3
2, 13 7 1
Iy 14 3 £
14, 15 3 1
14, 17 2 O
15, 1é i 1
16, 17 2 2
17, 18 A i
1 1

2 2
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Froblem Name 3 F3L
Mo of Activities: 20

N of Rescources i 2

Resource Limit (1) 3 S
Resouwrce Limit (2) : B
Activity Duration Resource Resource
Label Reg. (1) Reg. (2)
1, 2 12 3 4
1, = L7 = 2
i, 4 2 0 1
2, 5 é 3 7
A, 7 2 1 o
4, 5 3 o 1
4, & 7 1 2
5, & 8 2 &
&y, 9 3 0 1
7, 8 10 1 4
7, 9@ & 2 2
8, 10 1 Q 1
Fy 10 15 2 b
10, 11 i 2 2
11, 12 g 4 O
11, 13 é& ] ]
12, 15 14 4 ]
1%, 14 5 1 3
14, 15 1 1 i
15, 16 2 0 5

T e L e T e L



Froblem Name 1§ F32
No of Activities: 21
Noe of Resources @ 3

Resource Limit (1)

(1]

Resource Limit (2)

e

Resowrce Limit (3) :

Activity Duration
Label
i, 2 8
i, 4 5
2, 3 4
2, 6 &
2, 7 5
Iy, 05 3
4, 8B 10
Sy b 2
5, 8 1
by, 1O 2
7, 12 Q
8, 9 5
g, 11 4
10, 13 1
11, 12 1
2y 13 3
X, 14 1
14, 15 2
148, 16 5
13, 17 3
16, 17 7

o ot sovtn i s At ot SR e 440 Srart oot S v Zenet SRS Seb4s O Seane PRI e e dnka b S4Aes st St $BOS BaAeR St

Resource Rescource
Reg. (1) Reg. (2)
1 =
O 2
1 1
4 %)
O 2
2 Q
1 1
9] 1
Q 1
O 3
1 -
1 2
1 Q
4 1
0 1
1 3
8} 1
1 2
0 O
= Q
1 Q
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Froblem NMame @ FIZ3
No of Activities: 24
No of Resources : 2
Resource Limit (1) 3 &

Resource Limit (2) 1 4

Activity Duration Resource Resource
Label Reg. (1) Req. (2)
1, 2 1 & 4
i, 3 3 2 2
1, 4 7 3 Y i
1, & 11 1 0
2, = 1 2 Z
2, & g QO 2
2, 7 4 1 1
2, 8 2 O O
2, 9 12 3 =
3, 4 5 t 3
Zy 7 10 0 2
4, 5 1 0 1
4, 7 & 4 1
S5, 8 8 1 2
S 10 & 2 0
by 7 2 1 1
b, 9 8 1 Q
&, 10 & 2 4
7, 8 2 0 1
7y 9 1 3 3
7, 10 18 ' 0
g, 10 1 Q A
2, 10 3 1 =
10, 11 12 & 2
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Froblem Name 3 FX
No of Activities: 22
N of Resources : 2

Resource Limit (1)

o

Resource Limit (2) ¢ 10

Activity Duration Resource Resource
Label Reg. (1) Reg. (2
1, 2 2 4 4
1, 3 3 1 1
L, 4 & 5 2
1, & 12 O 2
2, 3 5 S O
2, 4 2 1 4
2y B 13 1 i
sy 4 4 i 4
Ty 8 2 = =
4, & 5 1 2
4, & b i oo
S5, b 6 & 3
3, B 7 1 2
S, 9 11 i 5
Sy 10 15 1 Q
&y 7 1 Q 0
bHy B8 2 4 4
7, 8 5 1 2
7, 9 & 3 0
7y 10 12 1 0
g, @9 1 0 1
9, 10 2 1 Q
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Froblem Name @ F33
No of Activities: 13

No of Resowrces @ 4

Resouwrce Limit (1) : 4
Resouwrce Limit (2) ¢ 4
Resowce Limit ¢Z) ¢ 3
Resource Limit (4) = 2
Activity Duration Resource Resowrce Resouwrce Resource
Label Reg. (1) Reg. (2) Reqg. (3 Reqg. (4)
1, =2 = ') 1 O 2
1, 4 bt 1 1 Q 0
2, 3 2 = 3 1 0O
2, B 11 1 0O 1 0
2, & 8 2 4 Q 2
2, 5 5 1 3 1 4]
4, 6 18 2 2 1 2
4, 7 15 i 0 3 1
4, 8 12 Q 0 3 O
Sy B8 7 0 O ! 2
&, 7 = 1 1 1 1
&, 8 10 2 1 0 0
7, 8 4 1 4 1 0
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Froblem Mame 3 F3é
No of Activities: 39
No of Resources 3 4

Resowrce Limit (1) 10

Resource Limit (2) s 10

Resource Limit (3 @ 12

Resource Limit (4) » 12
Activity Duration Resource Resource Resource Resource
L.abel Reg. (1) Reqg. () Reg. (3) Req. (4)
i, 2 15 = 7 i1 10
1, 4 é 2 o] 10 a8
i1, 9 20 & 7 10 11
2, = 11 i 5 8 9
3y, 4 1 o (0] 2 1
Iz, 6 20 1 10 11 12
3. 7 15 =] & 7 O
4, 5 10 ] ) 0 Q
5, 6 8 g g 9 9]
5y, & 22 i 10 5 5
b, 7 a8 i 0O 8 1
&, 9 15 - 2 0 10 O
7, 10 28 8 10 0 O
7, 11 18 & = 8 g
8, 9 @ O O 1 3
9, 13 12 2 O 11 12
g9, 14 18 5 5 4 =
10, 13 g a 8 i (o]
10, 15 i7 1 10 Q QO
10, 16 19 8 S ) 2
11, 12 7 o] o 8 9
11, 18 18 10 S 5 O
=12, 15 12 2 4 10 4
12, 19 2 y] 1 2 12
Z, 14 g 7 g8 1) 1
%, 17 18 & & 3 4
14, 16 2 i Q o] 4
14, 20 16 4 4] 4 O
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14, 21

S 7 & 4 =}
15, 17 4 ] 4 3 1
16, 18 & i ¢ S 4
17, 18 12 1 K3 = &
17, 19 20 8 0 g =
18, 19 18 2 Q k] 0
i8, 21 9 5 1 0O O
ig, 22 8 2 10 = O
19, 22 7 9 O 11 =
20, 21 8 0 Q = P
21, 22 1) 1 5 7 Q
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Problem Namg @ F3

No of Activities: 74

No of Resources : 3
Resowrce Limit (1) : 8
Resource Limit (2) : 8
Respurce Limit (3) @ 10
Resource Limit (4) 1 10

Resource Limit (8) @ 12

Activity Duration Resource Rescurce Resource

Resource Resource
Label Reg. (1) Reg. (2) Reg. () Reqg. 4} Reg. (3)
i, 2 2 1 5 10 8 8
1, 3 8 O & 6 1 2
1, 4 b O o} 10 e] 0
1, & 3 & 2 S 7 11
1, 7 1 0 (o) e] 3 (¢]
2y & 10 1 0 S 0 bl
2, o 2 O ¢} 0 5 0
I, 4 ] 4 o 2 o Te]
I, 6 1 2 =1 8 ] O
3, 9 12 3 2 1 0 Q
4, G 2 1 7 O 0 O
4, 9 13 1 Q 5 o] 3
5, 6 5 1 1 2 0 G
S5, 9 4 1 O 2 0 5
S, 10 18 2 2 2 (& v
Sy 19 9 4 ) 4 Q 1
&y 11 0 0 o) O O o
by 12 b 6 & 0 Q Q
7, 8 2 0 ] o Q g
7, 13 11 8 O 0 ] 0
8, 14 8 A 5 o] 5 11
8, 1 g 2 2 Q 0 ]
G, 20 b 1 i Q 1 i
9y 3 7 5 1 9 10 O
10, 19 6 b O 8 2 8
10, 20 18 o] 0 2 1 Q
10, 21 7 1 2 s 0 4
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Froblem Name : FIB
No of Activities: 66
No of Resources : 4
Resouwrce Limit (1) =« &

Resouwrce Limit (2) ¢ &

Regource Limit () : 10
Resource Limit (4) : 8
Activity Duration Resource Resource FResource Resource
Label Reqg. (1) Req. (2) Req. (3D Req. (4)
1, 2 9 1 4] & 4
1, 8 & 1 2 0 =
2, =3 i 1 O 1 2
2, 9 5 O 4 0 0O
., 4 = s Q kA 1
3, B 8 1 0O 4 i
4, 5 7 2 2 1 2
4, 6 & 1 4 i O
4, 15 2 i 2 = 4
%y & a8 1 4 9 ]
5, 7 4 O 1 0 1
S5, 9 Q Q 0 Q 0
by 9 1 Q 1 5 G
b, 14 18 0O 1 3 2
b, 15 7 1 2 O 1
b, 1é& Q 0 Q 0 ¢}
7, B i ] 0 O 1
7, 9 2 0 O ] i
8, 10 8 1 i 7 1
8, 11 4 2 2 i 4
8, 12 15 2 2 o] 1
2, 13 ) Q 4] 2 1
2, 14 18 i 2 4 &
2, 18 5 4 1 KA 4
10, 12 5 X o 1 ]
10, 13 4 O 4 O i
11, 12 O 0 0 0 0
11, 21 2 Q 0 9 1
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FProblem Name @ F3I9
No of Activities: 795
No of Resources : 3

Resource Limit (1)

w

Resowrce Limit (2 @ 8

Resource Limit (3 3 &

o oo

Activity Duration Resourcs Resource Resource
Label Redqg. (1) Reg. (2) Reg. (3
i1y, 2 12 a3 5 2
1, 3 22 3 5 4
2, 4 4 Q O i
2, 8 12 2 0 4
2, o6 5 1 ] O
2, 7 i8 4 é &
Iy 4 i s Q 4
I, 14 13 4 (o] 2
4, 3 2 i i (o]
4, 13 3 0 QO 3
4, 14 1 5 2 0
Sy 10 8 1 2 4
S, 11 é 3 = 2
S5, 12 7 1 i 0
S, 13 15 2 2 O
by 7 0 Q O 0
6, B8 2 2 2 3
b, 10 & 1 o] 6
b, 18 4 O 1 9]
7, 10 3 1 Q 1
7y 19 4 2 0 1
8, 9 1 1 1 1
g, 19 7 7 0 1
2, 18 3 I 8 O
9, 19 4 2 o] 1
10, 11 4 = o i
10, 18 & 8 0 1
11, 12 7 O 2 1
11, 17 1 O O =
11, 18 & a 0 1
12, 16 4 = 3 1



-y

Ay

15,

20,
20,
]
oy
i
i g
2

ey
Ky
04
24,

e
Wy
e
25,
4
25,

%

iy
26,
26,
27,

-
“~t g

28,
-
29,

30,

-
oy
-r
21,
sy
32,
g
ey

Sy

54,

i o4 W4 pom crten gatag goued Sindy ge A Simse oo S4hn. Srats S rive PM 5000 8 b0 TS SO Sabig Spbes Srurt Lesss TASSR posdt Wmode Sy g Aepte Sapes B S Som $0004 S WmSh S Bhrmt hmd fad SARY Sette SIS IS Subb BRI A SeARe SR B0 Aade Semst Soere

17
25
15

’

26
15
27
8
s
B

17
26
i8
20
25
i9

s snet

21

i
e

”~y
21
e
e e
-rew
3
ey
ey a?
p o
RS
b o
IRk
-

s’
ey
St
y
=2bh
e
el
e )
=l
=

e,

-

e
e
25
~

-

-~
29
I

bl

haif =
w5
=
A
i
-
R
K]
-

—a
- 4
ot
-
ot 4

25

o
12
4
27
15
e

12
o

t

-~
'

G

-
!

0 P R bR

13

by

o~
ot

1

[y

o Gl B3 RY DR

by O

-
‘v

H
Y O e

L R = O RS

)

0

L3

.

-

OO e O

P A

-
'

3

N ,.-
r a0 s e D B

Ex

-
!

-~
bl o

3

bR

-

by

o O I ¥

-
b
!

£}

—
b
'

CB DO e

3

e Re T R

= B3 R BS

t

—
't

1

-
!

= = R O e

t

o~

O b b

» £}

.
't

£ Y O o

el o

S IR )

by

f Y

-
1
-

¢ A

-

[}

)

£

O

Q)
“a
O
s

O
O
O
~y

O

P

180



181

Froblem Namg 3 F40
No of Activitiez: 47
N of Resources 3 4

Resouwrce Limit (1)

F3

Resource Limit (2) =

ih

Resgurce Limit (3 @ 10

Resowrce Limit (4 ¢ 5

o S v sheot Ao So1as smeth SvaS et YED A o S0 S 90008 S0 Sasad S4fTS Sberh N P8 B100 Srevs AROE et B AR SO SRS S s 0SS WA Brsly S0 LD S Veers irdd P S i B8 St ke, P St R S Shatn ATY Bint e Lot o0 st o S S s Moy S o o080 i it B0 oubbn

fActivity Puration Fesource Resource Resource Resource

l.abel Reg. (1) Reg. () Reg. (3 Reqg. (4
i, 2 & 0 1 o 2
1, = 12 1 4 Q 1
2, = Q %) (%] %] Q
2, 9 & 1 5 4 i
X, 4 1 Q Q 1 2
3, 7 4 1 2 4 3
Ay 8 (@] o} < @) iy}
4, 3 2 0 ] 1 O
4, & 12 2 4 & 4
S, & 0 9] O 3] 0
5, 7 2 2 8] 1 ]
H, 11 4 0 1 4] i
&, 12 =] 1 4 8 =
by 135 2 2 0 1 5
7, 10 7 1 ] O 1
7, 11 O O O 0 0
8, 9 22 2 Q 1 2
8, 1é X 1 i 1 Q
9, 17 i8 O 2 8 2
16, 14 15 0 4 10 5
16, 15 s i 2 4 i

10, 17 O Q (0] Q 0
11, 14 1E 1 i 0O 0
12, 13 2 2 =5 O Q
2, 14 1 0 O 1 Q
%, 14 0 O 0 O 0
13, 22 & 1 2 4 1
14, 2 12 O 2 7 3
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15, 19

9 1 Q 4 &3
18, 20 2 1 1 8] ]
16, 17 1 O O 0 O
16, 18 5 2 0 7 5
17, 18 3 1 = A 1
17, 24 0 Q G Q 0
18, 19 z 1 0 = 1
18, 24 b 0 4 ol 4
19, 23 14 i Q S =
19, 24 18 1 1 O 0
20, 21 2 1 0 Q 1
20, 2 Q O 0 Q O
21, 232 4 1 1 10 S
21, =28 G O O O 0
22, 23 O S -
22, 28 1 2 0
e ~

N
24, 26

25, 26

= 4 D
D

[ 38 LR

B OB O
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Frablem Name : F41
Ne of Activities: 90
No of Resources : 5

Resource Limit (1) : =

Regource Limit (2) : 3

Resouwrce Limit (3) : 4

Resource Limit (4) : 5

Resource Limit (5) ¢ 3

fActivity Duration Resource Regsource Resource Resource Resource

Label Reg. (1) Feg. (2) Reqg. (%) Req. €4) Reg. (5
2, 3 1 0 O 4 5 o
2, 8 2 i 1 o] 1 O
2, & & 2 2 4 O Q
s 4 12 i 1 Q 1 0
I 2 2 2 Q 0 Q
4, 7 10 2 1 O 1 2
4, 8 8 1 0 3 4 =z
4, 9 6 2 0 1 3 1
S, 12 4 3 ] Q 0 Q
S, 13 5 i i 0 = =
Sy 14 12 2 2 Q 1 O
by, 7 = o] Q 4 4 4]
by 12 4 1 ] 0 2 1
&Hy 13 7 1 0 o] 4 i
7, B 16 i 1 Q O 0
7, 11 8 2 4] = o] 1
7, 12 0 O 0 Q O 0O
8, 9 2 i i e 1 O
8, 10 9 4] = Q 4 2
&, 11 6 2 = o] Q 1
9, 10 1% i 0 2 1 2
P, 20 < 0O O o) Iy Q
2 3 21 :é) :3 Q %] 2 Fe)
g, 22 21 1 1 0 ) 0
10, 19 12 1 0 3 4 2
10, 20 =] 0 O 4 o] =
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"

11, 18

17 2 1 ] 1 G
11, 19 11 2 3 i 1 1
12, 17 O 3] ) 0 O )
12, 18 12 2 ] 2 Q )
2, 25 14 i (] 2 8] 1
3, 16 2 s O =z s} O
3, 17 & 1 Q 4 O 1
14, 15 4 (8] = 4 O 1
14, 16 8 1 1 ] 0 X
15, 26 7 1 O i 2 1
16, 25 8 i 2 o] = =
16, 27 17 2 2 1 O ]
17, 18 (o] O fa] Q O fe]
17, 26 1 O Q 0 1 O
ig, 19 23 1 0 2 s} 1
18, 24 19 Z Q = o 1
18, 25 %) O [w) 0 9 0
19, 20 1 ] o] 2 i 0
19, 23 4 8] O 4 5 =
12, 24 & 1 O 2 = 1
19, =1 Q 0 's] s ) 0
20, 21 1 2 Q 2 O 2
20, 22 Q 0 8] © O O
20, 23 i8 O = Q 4 1
21, 22 2 2 G 0 =z 1
21, 32 4 1 1 O a 1
22, 3 2 1 O 2 0 2
22, 38 10 = 0 Q 2 1
25, 32 12 9] O = = =
23, 33 8 1 1 ] 1 Q
24, 25 0 0 0 0 o 0
24, 29 1é 1 2 Q 1
24, IO O O ) 0 G O
24, 31 4 o) 5 = 0 0
25, 26 3 3 1 0 1 Q
25, 28 Q Q Q 0 O o]
25, 2 11 1 4 0 i O
26, 2 i = Q 1 X 1
26, 28 2 1 2 1 2 0O
27, 2 ] 0 0 Q 0O Q
27, 40 2 3 1 ] 1
28, 40 1 k! Q

29, @
30, 39

le e
oo R?
o »
O
fogl

N e O DD

X1, 22 0 0 0 4 3
31, =9 Q Q 1 s} ()
32, I8 1 4} 1 e Q 0
32, 39 O 1 Iy} = 2
I3, = = O i ¥} i
25, 3 1 1 O 1 2
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1 1 o 1 0
0 O o 0 0
1 o 1 O =
i Q = 1 3
1 2 Q O 0
1 2 1 Q O
Q) Q 1 8] O
1 [ i 4 1
Q ] ] 8] A
1 1 O O 0
@ 0 0 et e}
1 0 1 2 2
0 i 0 o =
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Froblem Name 3 F42
No of Activities: 41

No of Resources 3 3

Resource Limit (1) : 5
Resource Limit (2) @ &
Resource Limit (3) 2 &

s B9 casne Pos g A chote vt e yagae srate - - -

e sene e g - et re oved $hats Surte e SOreg Ghett SOwt Sheat NS Hemee Suems i Y oM A0S ToR) b sotme 44000

Activity Duration Resource Resource Resaurce
Label Reg. (1) Reg. (2 Reg. (3
i, 2 & 1 2 1
1, 3= 8 3 5 &
2, 4 3 1 ks =
2, 8 2 0 é 1
2, 9 5 1 1 1
Iy 4 21 1 1 4
Hy 09 17 2 1 A
3y A 7 2 2 4
4, 5 13 I 8] 0
4, 7 a 2 1 3
4, B & 5 1 i
S, 6 6 1 4 4
Sy 7 O e} 0 0
b, 7 11 2 1 2
by 13 12 1 3 Q
7, 8 7 i 3 o]
7, 10 0 0 Q (o]
7, 12 18 2 2 2
7, 13 é i 2 4
8, 11 i Q 3 Q
8, 15 5 1 1 1
g, 1o & i 2 0
9, 16 9 2 i =
10, 15 12 2 2 2
10, 16 ) ) 4 2
11, 12 7 1 0 1
11, 14 & 1 2 1
11, 13 B8 i 3 1
2, 14 &) 1 = O
12, 7 4 = = 2
2, 14 14 2 1 0
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14, 17
14, 14
15, 16
185, 20
14, 20
17, 19
17, 20
ig, 19
18, 20
19, 20
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Froblem Name 3@ F43
No of Activities: 48
No of Resources @ 2

Resource Limit (1)

Resource Limit (2

Resouwrce limit (3)

w2

n

]

h

Aotivity Duration Resouwrce Resource Resource
Label Reg. (1) Reg. {(2) Reqg. (3)
1, 2 5 0 4 1
1, = 4 4 3 1
1, 12 12 0 O 4
2, 3 & 1 2 4
2, 12 11 2 2 3
2, 13 4 O 4 O
Z. 4 ] Q 0 O
Iy 5 o 2 1 3
I, b 7 1 2 2
4, 5 1) 1 4 1
5, & 2 1 2 1
S5, 8 11 1 2 1
S5, 14 5 O 5 0
by, 7 7 1 = 1
by 13 O Q O o
&y 13 & i 0 2
b, 16 13 2 0 2
7, 8 5 1 2 O
7, 9 25 2 1 2
7y 1b t 1 = 1
8, @9 2 1 2 =
8, 10 13 3 0 0
8, 17 7 1 2 4
9, 10 4 4 1 4
9, 17 1 0 2 1
9y 19 & 1 = S
1o, 11 a8 1 Q 0
19, 18 a8 1 S 1
10, 19 ) 1 2 1
11, 20 4 1 4 i
11, 21 ) = = 1

188
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11, 22 5 1 5 4
2, 1% 7 5 1 0
12, 15 18 1 1 1
1%, 14 17 O 1 4
14, 15 4 1 4 1
15, 16 11 = = =
15, 17 2 4 2 4
16, 17 12 2 3 1
17, 18 b 1 1 5
18, 19 21 1 O 2
18, 20 7 2 o =
ig, 2 1 ) 3 =
19, 20 & 0 2
19, = o 4 1
20, 21 % 2 1
20, 22 2 4 1 4
21, 22 1 1 1 1

000 SAAS Gobne $94t Gbrtn S $4040 £000E Shis im ASD et GO oo ot SEree G009 SHemS BOOSE SuINE i $4083 st WS S hieh G apeme S0S4n GayRy Sobie Aeede S8 SHORe Fabd Seime. Sbb Cemee Sint SHOCS Sredd HEMS So0ms eAeS M0SS Sies FIUIS AFese ABELL FENS SO Se00s Sma PR Sarmk SiASS
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Froblem Namg 3 F44
No of Activitiess:s 97
No of Resowces 3 4

Resowrce Limit (1) 3 4

Resource Limit (2) 2 4
Resouwrce Limit (3) ¢ S
Rasource Limit (4) = &
Activity Duration Resouwrce Resource Resource Resource
Label Reg. (1) Req. {(2) Reqg. (3 Reg. ((4)
i, 2 1 ] o] ] 4
1, 4 3 2 3 2 i
1, & 2 1 1 1 i
i, 8 12 3 2 3 4
2, 3 O O 0 O 0
2y 3 a8 1 3 4 9]
X, & 3 ¢] = 0 &
3, 7 b 4 3 1 pir
3, 9 ig 1 i o] 4
4, & 5 O Q 3 3
4, 1a i1 2 4 1 O
5, 10 19 2 1 i Q
5, 11 7 2 i 2 1
S5, 12 5 1 1 1 1
b, % 9 4 o] ] £
by, 10 & 1 0 1 O
7, 8 2 1 3 1 O
7, 9 29 1 ] Q 4
8, 13 13 2 2 u] s}
8, 17 17 1 1 1 Q
9, 10 4 1 4 a] 4
9, 15 2 1 = 4 1
9, la 22 2 4 o] i
10, 1t a 0 Q 1 0
10, 13 i2 O ] s] 1
10, 14 i4 2 O ) 1
i1, 13 5 2 i 2 1
11, 14 & S 1 3 1



1%, 20 17 = i 4 =
13 * < 13 1 [ 0 1
14, 18 1 0 ] 2 &
14, 20 7 0 Q pal 1
15, 18 9 1 o] i 2
15, 19 4 1 O i 2
15, 25 & 1 o 1 o
16, 18 19 2 i = 1
16y 2 28 2 1 0 O
17 s 1 8 O O Is) N O
17, 28 45 1 1 O 1
18, 19 i8 < e} 1 1
18, 28 24 1 Q 2 1
19, 2= 4 1 2 8] 2
19, 24 1 = 1 1 Q
19, 27 6 4 o s o
20, 21 16 1 Q Q 2
20, =23 22 2 2 o =
2 i 9 22 4 4 4 O 0O
21, 2Z 2 X i > O
22, 23 31 i > 1 1
25, 24 1 0 i O 2
2=, 27 14 1 2 1 O
24, 27 é 2 i n O
28, 27 1 ] ) O &
26 9 27 a i O 2 i

191
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