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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 requireﬁents and availabilities, Various ‘heufistic
rules and optimization techniques have been apblied to this problem and
compariéons of their effectiveneés with respect to one another have
been made in the literature. However, a thorough investigation of the
types of network and resource characteristics which play an undgrlying
role in determining heuristic performance and which account for the
variability of results has not been performed previously.

The aim of 1ihis 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 wiih widely -

used rules.



OZET

Bu ¢aligmada {izerinde durulan problem, gegitli
kaynak gereksinimleri ve sinirlamalari kisiti altinda, faa-
liyetlerin baglangi¢ ve bitiginin proje siliresini asgariye
indirerek planlanmasidir. Literatiirde, gegitli seZgisellve
en iyi gizelgeleme teknikleri ve bunlarin birbirleriyle
kiyaslanmasi mevcuttur, Buna kar§11ik, sezgisel kurallarin
performansini etkileyén faaliyet agi/kaynak Gzellikleri
‘ayrlntlll olarak incelenmemigtir. Bu caligmanin amaci, s&z
konusu incelemenin gergeklegtirilmesi ve a§r1ca,diger sez—
gisel ydntemlerle kargilagtirilacak yeni bir sezgisel kura-

lin geligtirilmesidir,
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I. INTRODUCTION

The planning and control of projects is an important problem of
modern enterprise that many netiwork planﬁing techniques have tried to
handle.

Cormon network planning technigues, such as Prbgram 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 completion requires the use of various
resources whose limited availability directly influences 'planning
objectives, time estimations, scheduling and pfogress control.

The various resource problems, +that may appear during project
schedul ing can be divided into three ciasses: Time / cost trade - off,
resource levélling, and resource allocation.

Time / cost tradé - off prqblems may appear when there are no
constiraints imposed on the availability of resources,

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

When total resource usage is restricted to a given 1limit, the
objective is tb 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 better resulis with



respect to project duration when_compabed with widely - used rules.
With that purpose in mind a new heuristic has been introduced: The
weighted resource utilization and ﬁrecedencé (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, coveriné 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. PROBLD% DEFINITION

The CPM technique as mentioned previouﬁly is based on the
assumption that all resources required in the performance of the
prbject are available 'in unlimited quantities. This assumption 1is
generally funrealistic 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 [1] as follows: |

Minimize { maximum { t¥f(ij) 3 3
all iy

subject to

t5(ij) >= maximm { t¥Gam) 3 for all ij. (1)

hmgP(ij) _
R(K) >= }:: r{ijk) for all i, (2)
ij € Alt) for all k.
where: |
t8(ij) = scheduled étart time for activity ij,
tf(ij) = scheduled finish time for activity ij,
P(ij) = set of predeceﬁsor activities of éctivity ij,
R(K) "= amount of resource type K available per period,
K - = index for resource fypg
A(L) 7 = set of activ;ties in process at time t,
r(ijk) = requirement of resource type kK by éctivity ij per

period.



The objective 1is 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 thét the entire project is
completed in-a minimum span of time. The feasibility of the schedule is
established by two sets of cantraints. Constraint set (1) ensures that
all acti?ities, which must technologically precede any activity 1ij, are
completed before activity ij may start. Constfaint sét (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 taKkes 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 all 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 resourcé level assignment,

e. should not be interrupted.

3. Limited quantities of different.resources are available.



111. LITERATURE SURVEY

Common network planning techniques, such as PERT and CPM, ére
solely involyed in the time analfsis of unlimited resource brojects.
But for projects which are resource constrained, these techniques are
‘not. of much use, The effective management of projects implies
meeting deadlines as well as makKing best wuse of resources within
resource availabilities.

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

The | fact that the mentioned problem is hard to solve by
mathematical programming procedures because of its combinatorial
nature, has forced the r;searchers to seek more efficient optimization
techniques.

Effortis have been channeled into the decrease of the problem size,
i.e., 1the number of constraints and variables, in order 10 enable the
practical use of the above techniques in project management. One such
algoritlm is proposed by Talbot and Fatterson ({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 use of network cuts whicﬂ removes from consideration partial
schedules that cannot lead to a reduced project complietion time . The
alg&rithm with cuts compares favourably with the classical branch and

bound algorithm$ 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 pﬁoblem by the employment of certain
dominance rules which enable the_pruning of nodes which will not lead
to improved sQlutions.

Stinson, Davis and Khumawala‘ {1} propose an algorithm which
incorporates a more powerful lower bound which simultaneously considers
both precedence and resource constraints. Furthermore, the develobment
of the branch and bound tree is affectéd 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 previousiy by Wiest [6], is also related to the
new notion of lower bounds,

The zZero - one programming approach proposed by Pritsker, Watters
and Wolfe [7) is a more general formulation which accombdates a wide
range of real - world situations including multiple resource
constraints, due dates, Jjob splitting, resource substitutability énd
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 tot#l
lateness for all projects. Though the formulation is claimed to be more
efficient than previously reported models, the number of constraints
and variables even for a small sized problem is high.

Patterson and Huber [8) propose algorithms which consist of
examining the <feasibility of a series of 2z2ero - one programning

problems rather than solving a single zero -. one problem to



‘optimality,thus increasing the efficiency of the solution claiﬁed by
Pritsxer{ Watters and Wolfe. Computational resulis demonstrate that
through the minimum bound, ﬁaximum 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 enumefation of possible schedules. Furthermore, the above -
mentioned optimization techniques rem;in computationally impractical
for most real - world problems.

The aiternativé for»optimization,techniques is the development of
heuristics for solving large scheduling problems. Heuristics have the
advantage of arriving at a solution (hopefullyat.-a good one) with
much less computational effort.

Two broadly different categories of heuristics have been {found
most éffectivé in minimizing. project duration: (1) Heuristics
incorporatiﬁg some measure of time, i.e., Jop 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 Méthod (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) heuri;tics were proposed.

For multi - project, multi - resource problems, +i1he Greatest

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



Shortestblmminént Operation (SI0Q) heuristics were developed.

A heuristic computef model <for scheduling large projects with
limited resources has been de?eloped by Wiest'IQ]. The model is able to
handle single or multiple projects, fixed or variable'crew sizes and
constant or yariable shop limits over the scheduling period. The
program is based on three heuristics, +the first of which allocates
resources to jobs listed in order of their early start times. The
second one chooses aﬁong alternative candidates and gives preference to
jobs with the least total slack when allocating resources to several
competing jobs. The third heuristic allows for rescheduling of
noncritical jobs to free resources for scheduling criticél 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 Vheuristic scheduling
urgency factor (ranking decisipn 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 requirements and availabilities nor does it aliow Jjob
splitting., The différence of Thesen's algorithm from others is the use
of multidimensidnal Knabsack élgorithm, including the candidate Jobs?
urgency factors in its objective, to0 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



é delay in the activity start time.

A review of the various zolutionz that have been proposed for the
resource - constrained project scheduling proﬁlem is given by Herroélen
[11]. An attempl is made to give thelstate of the art to date, as well
as to point out potential future cdurses of development. Emphasis is .
placed on the basic approach involved in each technique 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 [i12]. Eight heuristics are tested against a
"bounded enumeration" procedure obtaining an optimum sghedulé duration.
The experiment demonstrates that the Minimum Slack rule performs best,
with szecond and'third'— best being the LFT rule and the kKSM rule. The
performance measures are: (i) the»number of times an optimum - duration
solution is obtained ; and (2) .the aQerage percentage increase in
project ‘duration. Davis® and Patterson’s conclusion is that no given
heuristié steadily'ppoduces the best(worst) results in all of the
problems. This, in turp, reveals.that'pboblem 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 thétthereis an

apparent gap - between the published theoretical work and the
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requirements of project schedulers and managers. Willis briefly
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
vsolve ihis problem the approéch of "try as many heuristics as you can
in the time available" is.suggested. An alternative to the appboach is
to use heuristics iteratively, 1i.e., to taKe the resulting schedule
from the heuristic as the new ordering and to reschedule }n this way.
In her study of network characteristics, E.M.Davies [14] defines
OVDUR as the increase in overall prbject duration over the critical
path duration. An eguation relating OVDUR with DM (the percentage of
dumny activities), CC (complexity of the neiwork), DENS (density of the
netwdrk, i.e., a measure of free float under critical path conditions)
and PRES (the degree of resource limitation), 1is reached as the result
of the applicﬁtion 6f analysis of variance,  multiple regressioﬁ and
some non -Iparametric tests to 648 nefworks. The characteristics of
the networks created for this purpose are also given with respect to
IX», CC, DENS and PRES. ”
A linear model forAestimating project resource levels is presented
by Yau and Ritchie [15). 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 wused is total float priority
based. The experiment is divided into three phases. Phase I consists of
the generation of a set of networks, resource characteristics and
corresponding measures. The main analytical work of exploring the
relationship between project scheduled time and these measures is
conducted in Phase I1. Finally, a model of these relationships 1is
established in Phase I1I. The linear model achieved in the lasi phase
is the result of the inspection of the correlétions between the extra
scheduled time and resource '/ network measures.Partial regression
models/are analyzed within the analysis of variance methods. It is
concluaéd in the paper +that general network measures are almost
irrelevant to extra scheduled time when compared 1o resource
utilization and obstruction factors. The model enables the prediction
of prelﬁniﬁary resource levels in the early stage of ﬁlannihg.

Davies and,‘ Yau and Ritchie specify in their study network /
resource chracteristics of projects »in detail and establish the
relationship of the ihdividual problem characteristics with tihe extra
schedule time. The area which has not been explored, however, is the
impact of the latter characteristics on specific heuristic rules.

Different problem types prevent the generalization of heuristic

beet{worst) ranking.

11



1IV. THE EXPERIMENT

‘The experiment consists of establishing the relationships Dbetween
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 (WRU?) 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 1their
effects on heuristic performance. The detailed specification of the

characteristics can be found in Appendix A,

4.1. The Selection of the Heuristic Rules

The heuristic rules whose performances are to be tested against
problem characteristics are selected with regards to their success and
popularity in previous usage. Three of the time - oriented heuristic
rules: MINSLE, 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. GED, a resource - oriented rule,
is claimed to be the best among resource - based rules [i2}. The new
rﬁle (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 broken by. lowest activity
number, Theb activity - on arc method is émployed and the activities
aﬁe numbered in  an increasing fashion according 1o precedence
relationships, that is, no preceeding activity has a label greater than

11s 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 equivalent to the Minimum LST rule by

Davis and Fatterson [i12].
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 [i12].

-

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,kl) = the resulting increase in projéct duration. when
activity ij follows activity Kl ;
= Max { 0 ; (EFT(Kl1) - LST(ij) 1, where:
EFT (K1) = 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:

v e
Priority = d(ij) Z. r(ijk) , where:
K

da(ij) duration of activity ij.

Shortest Imminent Operation (SIO)
This rule gives 'higher pridrity to activities having shorter
durations. The "shortest job firsi" 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)*np + w(r) 2::.r(ijk)/R(k) , where:
K
w(p) = 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 1loses much of its significance because of
resource limitations, project duration. might be minimized by
considering precedence relationships. Furthermore, the resource
utilization ratio, which considers resource lnnitations, is included in
priority calculations. The corresponding weights are determined

experimentally.

Select Jobs Randomly (RAH)

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, is an altered version of Thesen's [i0). Thesen solves the
prpblem of choosing the aqtivities 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 cbmplete algorithm is primarily written for MINSLX rule and
inStead of repeatiné the whole of it for every rule, the second
portion, which is related to the selection of activities to be
scheduled at a speéific time, is written accordingly fér every rule.

The following are the complete algoritrm for MINSLK and the

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

5.1. The Minimum Job Slack (MINSLX) Algorithm

1. Initialization of variables:

2. Define and use the following variables to 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 CPM.

b. Define he following_.set of activities:

16



A ={ij:1j 1s unscheduled 3},

C ={ij:1j is eligible for scheduling at this time 1},
IF =fij: ij is terminated at this‘time 3,

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

PR ={ij:1j is in progress at this time 1},

S ={iJ:1J is scheduled to start at this time }.

¢. Define the following schedule - related variables:

ts(ij) = total slack for activity ij at this time,
RC(K) = amount of resourcé 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) = Q,
A = { set of all activities },
C = { ij:ij has no predecessors },
RC(K) =0 fqr all K,
FR = { 1
S ={
IF = { 1
F ST

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 pul on top of the list,
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c. I+ C <> { 1}, continue. Otherwise, go to 2e.
d. Selectthe activity on top of the list and check resource
feasibility:

di. If r(ijK) <= R(k) - RC(K) for all kK, load resources:
RC({k) = RC(K) + r(ijK) for all k; put ij in 8 8 « S + ij;
delete 1j from C: C « C - ij. Go to 2c.

Otherwiée, continue,
de. Remove 1ij from C: C « C - ij. Go to 2c.
e. If 8 <« [, }, continue. Otherwise, go to 3.
f. Start the activities in S:

i1. Remove S from the nonscheduled set: A « A - S,

f2. Include S in the in-progress set: FR <« PR + S,

3. Save start and finish times:

15(ij) = t(now), ijeSs,

tf(ij) = t(now) + d(iJ), ijes.
3. Update clock, release completed activities, determine the time of
next action:

a. t(now) = Min { t¥(ij) 1.
ijE PR

b. Form the set of’activities terminating at this time:;

F = ij: tf(ij) <= t(now) } and IF = { ij: tf(ij) = t(now)i.
c. Unload resources:

PR « PR -~ 1IF, |

RC(K) = RC(K) - r(ijk) for all k; ijEIF.
d. Identify the set of new candidate activities:

C e f ij: A - (sm) if P(sm) F and if P(sm) &> [ } }.
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4.a, If activities are available for scheduling at this time, i.e.,
C<> {1}, set S=1IF=1{ }. Go to 2.
b. Otherwise, if activities are in progress,i.e., PR <> { }, g0 to 3.

C. Otherwise; stop, as scheduling is completed.
5.2. The Minimum Late Finish Time (LFT) Algorithm

The MINSLKX 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 ij in C, calculate LF¥T(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) Algorithm

The MINSLX Algorithm is applied by changing Step 2 as follows:
2. Choose the activities to start at this time:
a. If C contains more than 6ne element, continue. Otherwise, checK
its resource - feasibility. If feasible, add the activity to
‘scheduled set S and rearrange RC(K), go to 2d.
ai. Create all the possible tw6 - element subsets from the set of
activities in C and calculate for each subsetl:

DI(ij, pq)=Max {0; (EFT(pg) - LST(ij)) } where ij follows pq
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Di(pqg, ij)=Max {0; (EFT(ij) - LST(pg)) } where pg follows 1ij,
and add to the list PAIRSUB the minimum duration increase pair

(i3, pq) or (pg iJ).

b. List all two - element subsets in PAIRSUR in ascending order of

c.

their duration increase factors,
Put all activities in PAIRSUB in their proper scheduling or&er:
ci. Check resource - feasibility of the second activity in the
first pair subset of which both elements exist in C.
c2. If 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 pg from C: C é; C - pq.
cd., If it exists, sKip to the next pair subset in PAIRSUB, of
which both elements exist in set C. Go to 2c2.
Otherwise, chqck 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.
If S <> { 3}, continue. Otherwise, go to 3.
Start the activities in S
el. Remove S from nonscheduled set: A ¢ A - S.
e2. Include S in the in—progréés set: PR ¢ PR + S,
e3, Save start and finish times:

tS(iJ) = t(now), (13)E S,

tf(ij) = t(now) + d(ij), (ij)E 8.

Furthermore, PAIRSUB is initialized as' { ] in Step 4a.
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5.4, The Greatest Resource Demand (GRD) Algorithm

The MINSLK Algorithm is 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 (SI0) Algorithm

The MINSLX 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 activity

duration, d(ij).

The MINSLE Algorithm continues in the same fashion for the SIO

Algorithm,

5,6, The Weighted Resource Utilization Ratio and Precedence (WRUP) Algorithm

The MINSLK 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(r) Z: 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 Ra 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.

22



23

VI. THE EXAMPLE FROBLEM

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

The example problem is represented byba still 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 problem.
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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 CIM assuming unlimited resources. The Early Start Time, Late
Start Time and Total Slack of all activities and the minimun possible

project duration obtained by CF are listed 1n'Tab1e 6.1.1.

The problem 1is then =solved by each of the above mentioned

algorithms. Tables 6.1.2. - 6.1.8. consist of scheduled siart times,
t$¢1y) , and scheduled finish times, tf(zj) ,  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 completloh times.
Though this 1is a very early phase of the study to draw any
cenclusions,  an idea of how the mentioned rules ‘perform on such a
problem is ‘given in Table 6.1.9., which consists of the resuiting

project durations. A point which should be noted is 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 CPM -

Activity(ij) EST(ij) LST(ij) ‘ TS(ij)
1,2 0 0 0
1,3 0 1 1
1, 4 0 2 2
2,3 2 2 0
2,6 2 5 3
3,5 4 5 1
3,6 4 it 0
4,5 1 3 2
5, 6 7 8 1
5, 8 7 13 6
5, 9 7 15 8
6, 7 9 9 0
7,8 14 14 0
8,9 17 | 17 0

poGALd UNIVERSITES! KOTUPHANES]



TABLE 6.1.2. The solution of the example problem of Fig. {1 by MINSLK

rule.

Activity(iJ) t8¢ig)  ti(ig) time RC(1) RC(2)
1,2 0 2 <t 3 3
1,3 2 5 <2 2 2
1,4 0 1 <5 y 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 ar \3 3
5, 8 16 20 <20 3 2
5, 9 20 24 <22 3 2
6, 7 17 22 24 4 2
7,8 22 aé <25 2 1

8, 9 25 27 <27 1 2




TABLE 6.1.3. The solution of the example problem of Fig.i1 by LFT rule.

Activity(ij)  tS(iJ) t (i) 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 12 16 <9 2 2
3,5 g 2 <12 4 3
3,6 9 14 <14 3 3
4,5 2 T <16 y 3
5, 6 | 16 17 AT 3 3
5,8 14 18 <18 3 3
5,9 18 22 <22 3 2
6,7 17 22 - <25 2 o
7,8 22 25 <27 1 2

8,9 25 27




TABLE 6.1.4, The solution of the example problem of Fig.i by RSM rule

Activity(ij) tS(ij)  tf(ig)  time RC(1) RC(2)
1,2 0 2 <1 3 3
1,3 2 5 <@ 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 y 3
4,5 2 7 <16 - 3 2
5, 6 16 17 <17 - 3 3
58 - 16 20 <20 y 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 i 2




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

Activity(ij)  tS(ij) tE (i) time RC(1) RC(2)
1,2 6 8 <1 1 1
1,3 0 3 <3 4 3
1,4 0 1 <6 1 2
2,3 12 14 <8 2 2
2,6 8 12 <12 2 2
3,5 14 17 <14 2 2
3,6 ' 14 19 A7 n 3
g5 o 6 <19 3 2
5,6 21 22 <2t n 2
5, 8 17 a1 <22 3 3
5,9 19 23 <23 3 2
6,7 22 27 <2t 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.i by SIO rule

Activity(ij)  tS(ij) t¥(13) time RC(1) RC(2)
1,2 0 2 <t 3 3
1,3 4 7 <@ 2 2
1,4 0 1 <t 2 2
2,3 2 4 <7 4 3
2,6 13 17 <9 2 3
3,5 9 12 <12 4 3
3,6 7 12 <13 3 3
4,5 . 9 <16 4 3
5, 6 12 13 AT 4 3
5, 8 12 16 <20 3 2
5,9 16 20 <o 1 1
6,7 17 22 <25 2 1
7,8 22 25 <21 1 2

8,9 25 27




TABLE 6.4.7. The solution of the problem of Fig.i by WRUP rule

(Pre. wt: 0.7
Res. wt: 0.3
Activity(ij)  t5(ij) 1S(ij) time RC(1) RC(2)

1,2 0 2 < "3 3

1,3 2 5 <2 2 2

1,4 0 i <5 4 3

2,3 7 9 <7 1 2

2,6 1‘2 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 2

5,9 18 22 <22 3 2

6,7 17 22 <25 2 1

7,8 22 25 <27 1 2

8,9 25 27

)
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TABLE 6.1.8. The solution of the example problem of Fig.i by RAN rule

Activity(ij) 18(1j) (i) time RC(1) RC(2)

1,2 6 8 R n 2
1,3 0 3 <3 4 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 1 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 e
5,9 18 Y <22 3 3
6 7 19 21 <24 1 1
7,8 | 24 27 et 2 1

8,9 27 29 <29 1 2
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TABLE 6.1.9. A summary of the solutions obtained by all the rules to the
problem in Fig.1

Rule : MINSLX LFT RSM SIO GRD - WRUF RAN

Project
Duration 27 27 - 30 A 32 27 29




VII. NETWORK / RESOURCE CHARACTERISTICS

The network / resource characteristics. ‘which have been found

effective on project duration in a previous study by Yau and Ritchie

[15] are considered in 1this study as worthy of investigation. They

have specified eight different network charécterisation measures which
were thought to affect the project duration of a problem when solVed by
a time - based heuristic. Additionally, a correlation matrix of exira
schedule time percentage and general network characterisation measures
has been calculated. |

. In this study, four of the 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:
(i).  HNetwork characﬁeristic&
{ii). Resourde characteristics.

The network characteristics consistA of Aspect .Ratio (ASP) and
Compléxity(CPX). Resource Utilization Factor (UF) . and Dominant
Obstiruction Value (DOV) are resource characteristics. Furthermore, the
above fou;‘network / resource charactgristics, the definitions of which
are found in Appendix 4, are the beSi ones to give a thorough
understanding of the project, regaﬁded as a whole.This fact constitutes
‘another reason for the selection of the measures be;ides their
correlation coefficients as ‘reported in [157. The Eorrelation
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

-

34-
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TABLE 7.1.Correlations of network/resource characteristics with respect
to extra schedule time ratio [15].

Characteristic Extra shedule time ratio (PC)

- o o s e e = o e e i o o e et e e

Utilization

Factor (UF) ...... «..0.970
Dominant
-Ohstruction
Value (DOV) ovvvnvnnn 0.890
Complexity e ...-0.,439

{CPX)
Aspect Ratio ......... 0.408

(ASF)

Project scheduled duration - CFL
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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 fsa 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 Factob (UF) and ﬁhe Dominant
Obztruction Value (DOV). Complexity (CPX) and Aspect Ratio (ASP) have
moderate = correlations ‘with respect to extra schedule‘time ratio, the

fobmer being negatively correlated to it.




VIII. THE DESIGN OF THE EXPERIMENT

The experimental design used in thiS study "is a factorial design
where the Jjoint effects of the four resource / network measures or
factors on extra schedule time ratio are sought after. The factors are
cohsidered each at only. two leVels_ , thus constituting a okt fuli
factorial design mentioned by D.C.Montgomery [16].

The 64 test problems belonging to the design constitute a .
complete Peplicéte 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 ére constant over the project
dﬁration. The size of the probléms is cons;stent with those of previdus
research [12]. |

The novelty in the application of this design to the problem.ﬁhich
is the subject of this study, lies in the fact that once the test
pboblem is stated, 1the obserVation, that is, the project scheduled
duration is deterministically obtained by each heuristic rule. The
randomness of the experiment arises from the random generation of' the
problem!s network configuration, activity ddrations, and Pesource'
requirements.

The levels of the four factors,Resource Utilization Factor

(Factor A), Dominant Cbstruction Value (Factor DOV), Complexity Factor

-37
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{Factor C), and Aspect Ratio (Factor D) are specified in Table &.1. It
should be noticed that the hifh 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 through insight of the
levels ‘fained by rearranging levels and observing the corresponding
project schedule durations.

Each replicate of a specific treatment combination is =solved by
all of +the bseven dispatch- methods and the ohservations, 1tihat 1is,
project schedule durations are transformed to the actual performance

craiterion, which is the extra schedule time ratio.



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

LEVEL

FACTOR mes LOW
Utilization Factor (A) 1.25 - 1.55 0.58 - 0.78
Dominani_Obstruction .

Value (B) ‘ 0.90 - {.20 0.00 - 0.35
Complexity (C)  1.00 - 1,40  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
convéyed in a compact form in Table 9.4. -where each cell is the
sumnation of PC's of the four test problems belonging to the
corresponding ireatment combination.

The analysis of variance tables for 24 design are demonstrated in
- Tables 9.2.-9.8. Table 9.9, gives an overView of the deﬁign’s tréatment
combinatjons’ 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
(bOV) as significant factors. Furthermore, the interaction of the

Utilization Factor and Complexity is also significant in almost all

cases, whereas the interaction of the Dominant Obstruction Value and

Complexity is not that widely significant. The Aspect vRatio is
significant in the performance of soﬁe of the rules, but through the
inspection of the Fo values, 1t.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 intefaction is. The iﬁportance of the }atter is

thought to be arising {from the fact that with 2all 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,

"~ 40



- TABLE 9.1. EXtra schedule time ratio table for each treatment combination of

24 design consisting of 4 test Problems {n each cell,

Treatment MINSLX ~ LFT RSM GRD .SI0O RAN  WRUP
Combination :

1 0.45  0.14  0.17 0.18 0.17 0.42 0.07

A (UF) i.82  1.86  1.78 1,84 2,03 1.97 1.6l

B (DOV) 0.82  0.56 1,00 1,53 0.9% 2.01 0.95

AB 422 4.0 4.65 4,96 4,53 5.06 4.18

C(CfX)‘ 0.33  0.44  0.27 0.4 0.37 0.37 0.10

AC 2.02  2.04 2,20 2,08 2,11 2.01 1.94

BC 1.82  1.66  1.91 2,04 2.21 2.20 ;1.69

ABC 2.88  2.89  3.14 3,41 3,34 3.38 2.76

D (ASP) 0.43  0.45 0.15 0.256 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 2.31° 1.99

ABD : 4.80 4,64 4,69 4,84 4.86 4.98 4.19

CD 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 1.9% 1.76

ABCD 3.7 3.54 3.75 3.61 3.75 3.69 3.58

TOTAL PC 31,59 30,44 32,95 34.84 34.09 35.75 29.91
% INCREASE

OVER WRUP 5.62 1.77 10,16 16,48 13.98 19.53 00.00
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TABLE 9.2. Analysis of variance table for 24 design problems solved by

8.465

MINSLK rule.
Source of Sum of Degrees of Mean Fo
Variation Squares Freedom © Squares
4A_(UF) .3.925 t 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 | 0.188 1 8.95  (ab)
AB 0.062 P 0.062 2.95 (b)
AC 0.219 1 0.219 10.43 (a3, b)
BC 0.086 1 0.086 4,09 (ab)
AD 6.89%1079 1 6.89%107° <1
BD 0.074 1 0.074 3.52 (b)
cD 0.036 1 0.036 1.74
ABC 0.074 1 . 0.074 3.52 (b)
ABD 6,89%10~9 1 6.89x107° <1
ACD 0.012 t 0.012 <4
BCD 0.013 | 0.013 <1
ABCD o.1oé 1 0.102 4,86 (a,b)
ERROR 0.995 48 | 0.021
TOTAL 63

For Tables 9,2,-9.9, : (a)

(b)

Fo (0.05,1,48) = 4.048

Fo (0.01,1,48) = 2.820

significant at 57 level.
significant at 17 level,
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TABLE 9.3. Analysis of variance table for 2% 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 1 0.191 11.2L (a, b)
BC 0.053 1 0.053 ‘3.12 (b)
AD 0.004 1 0.004 <t '
BD 0.070 1 0,070 4,42 {a, b)
CD 0.051 i 0.051 3.00 (b)
ABC 0.070 »1 0.070 4,12 (a, b)
ABD 0.003 1 0.003 <1
ACD 0.006 1 0.006 <1
BCD 0.029 1 0.029» 1.71
ABCD 0.117 1 0.117 6.88 ‘(a,b)
ERﬁdR 0.818 48 0.017
TOTAL 8.073 63




ABLE 9.4. Analysis of variance table for ot design problems solved by RSM

rule,
source of Sum of Degrees of Mean . Fo
yariation Squares Freedom Square
A (UF) 4,035 1 | . 4,035 21.58 (a, b)
3 (DOV) 3.093 1 3;093 © 16,54 (a,b)
¢ (CPX) 0.021 1 . 0.021 Y
D (ASP) 0.115 1 ) 0.115 <1
AB - 0.052 1 0.052 <1
AC 0.206 1 0.206 1.1
BC 0.083 1 0.083 <1
AD 0.009 1 0.009 <t
BD 0.036 1 0.036 <1
CD _ 0.015 1 0.015 <1
ABC | 0.115 1 0.115 <t
ABD "~ 0.041 | 0.011 <1
ACD 0.005 1 ' 0.005 <1
BCD 7.66%1079 1 7.66x107° <1
ABCD 0.119 | ' 0.119 <1
ERROR 0.187 48 0.604

TOTAL 8.983 63




TABLE 9.5. Analysis of variance table for 2% design problems soived 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 O 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 8.33 (a,b)
BC 0.154 1 ©0.154 6.42 (a, b)
AD 0.010 1 0.010 Ry

BD. - 0.005 1 0.005 <1

CD 1 0.015 | - 0.015 <t

ABC 0.081 ' B! 0.081 3.38 (D)
ABD ~©0.029 1 - 0.029 t.21

ACD 0.004 | 1 0,004 <t

BCD 0.000 g 0,000 0.00

ABCD 0.047 ! 0.047 1.96

ERROR 1,168 48 0.024

TOTAL 9.278 63
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TABLE 9.6. Analysis of Variance table for 2% design problems solved by

SI0 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 (a, b)
C (CPX) 0.026 1 0.026 1.18
D (ASP) 0.113 1 0.143 5,14 (3, b)
AB 0.031 1 ‘ 0.031 1,44
AC 0.277 1 0.277 1é.59 (2,b)
BC 0.047 t 0.047 2,14
AD © 3.91x10"5 1 3.91%1075 <1
BD 0.037 1 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 1 0.115 5.3 (a,b)
ERROR 1,047 48 0.022

TOTAL _ 9,131 63




TABLE 9.7. Analysis of variance table for o4 design problems solved by

WRUP rule.
Source of Sum of . Degrees of Mean Fo
Variation . Squares Freedom Square
A (UF)  3.68t ¢ 3.681 184,05 (a,b)
B (DOV) 2.364 | 2,364 118.20 (a,b)
C (CPX) 0.017 1 0.017 <t
D (ASP) 0.171 1 0.174 © 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 { 0,061 3,05 (b) -
AD 1.56%10°° | 1,56%107% <1
BD 0.005 1 0.005 3
CD 0.003 1 0.003 <1
ABC 0.069 | | y 0.069 3.45 | (b)
ABD 0.005 ' 1 0.005 <
ACD 0.009 g " 0.009 <t
BCD 1.26%10°% 1 1.26#10'4 <1
ABCD 0.123 1 0.123 6.15  (a, b)
ERROR 0.964 48 0.020

TOTAL 7.636 63
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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 { 3.886 228.59 (a, b)
B (DOV) 3.704 1 3.704 217.71  (a,b)
C (CPX) 0.163 . 1 0.163 9.59 (3, b)
D (ASP) 0.013 1 0.013 = <1
AB 0.037 1 0.037 2.18
AC - 0.199 1 0.199 178 (2, b)
BC 0.147 1 0. 147 8.65 (2, b)
AD | 0.014 1 ' 0.014 <1
BD 0.002 4 0.002 <1
CD 8.27%x10% 1 8.27x10~% - <1
ABC 0.063 o 0.063 3,71 (b}
ABD 0.005 1 0.005 <
ACD 1.56x1076 { 1,56%10% <1
BCD 1,89%1074 1 1.89x10~% <1
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 S10 WRUP RAN
A . 2h b mb mb AP AP
B . 2 mb mb w0 P
A b_ b
e ’ 2P
ac E'_ ? _______ a,_ tj _____ ab a,b ab ab
B a,_b ) b ) a, b b a,b
ABC b ab ) ) b li) _______ 13 __________
D (ASP) a, b 3:_1) ______________ 3'_13____2_"_}_’ _________________
D
BD b e R
ABD e
CD b o *_’ __________________________
ACD e
BCD

. - o o o o . o G G SO0 S Sy > P T o W 8 Pt o
—— o . —— i T 9
- —— i —— ™ (¢ T G o S8 s ot
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SN CEZTITSSSSSSIEISISSSIZSIESECS




50

“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 uses ;n activity selection. RSM is not affected by the
presence or absence of Complexity interacting with UF or DOV in projéct
networks, whereas GRD does, since it only considers Aresource
requirements' without the persﬁective of the network configuration.
WRUP, on the other hand, taKing 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 geherally
significant 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 netwofk# can thus be cilassified into ‘Eroups
according to tﬁeir charactéristics; 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 PRECEDLNCE
(WRUF) RULE

WRUP, which is introduced in this study, is distinBuished from the
| rest of the rule; by the fact that it is neither resource - nor time -
oriented. Although it does not consider the time factor, WRUP's
performance is better than the rest of the rules as it taKkes the
number of immediate successors of activities into account. WRUF,
has a better understanding of the network'than LFT or MINSLE, which
are the two rules selected as performing best in previous studies,
{141, [12], and [i3].

Tzking the minimization of extra schedule time ratio as the
performance criterion for heuristic rules, WRUP has proved to be 1.77
per cent better than LFT and 5.62 per cent better than MINSLE. This is
demonstrated in Table 9.1. where total PC is equivalent to the summation
of the extra schedule tﬁne ratios of 64 test problems. With WRUP rating
‘as the best, LFT, MINSLYE, and RSM rules are claimed to be second -
third - , and fourth - bestl. GRD; 810 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, MINSLE and RSM. This point gains
significance in the case of large networks.

47 more project networks have been Ereated randomly, <free of any
design, in order to reinforce the claim that WRUP is the best rule
among the rest. The free problems ranfe from 16 to‘ioi activities and

up to 6 resources in cize. WRUP is consistent in its success in large
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networks and .a considerable reduct;on is' observed in problem -
solving cdurations. Complexity, in these free problems, banges from 1.25
to 2.64, the Utilizatien Factor ranges from 0.55 to 1.78, the Dominant
Obsiruction Value ranges from 0.08 1o 1.10, and the Aspect Ratio , from
0.21 to 3.25, All ofithe 111 test problems can be found in Appendix B.
Based on the resulis obtained from the test problems, WRUP obtélns
results 2.04 per cent better than LFT and 6.45 per cent better thau
MINSLY as observed in Table i0.1.Furthermore, 11n 83 of tﬁe 111
problems, that is, 74.77 per cent of the time, WRUP obtzins results as
well ‘as or better than LFT 'rule. As mentioned hefore, WRUP, hy
scheduling the activity which precedes more activities ihan othefs, s
 genera1ly successful in eliminating the obstruction created by

precedence oblifations.

- Through inspecticn of the last column in Table 10.1,which indicates

the resocurce and utilisation weights u;ed to obtain the best result
WRUP can achieve, it is observed that parametric analysis is helpful in
about 60 ber cent of the case. Parametric analysis is an advantafe for
WRUFP over the others, since it enables the rule to shéw flexibility
according to the network cénflguration-and résource requirements of the
project. For problems having high resource requirements 1t is necessary
to use high resource weights in comparison to precedence weights,
An experienced user can assign the appropriate weifhts by s;mple
inspection of the network. As observed in Table 10.1. the precedence
and resource weights assigned to the test problems included in +the

design Jjustify the claim that high resource weights are needed to



TABLE 10.1. Extra schedule time ratio

table for 64 problems of 2% design
and 47 free problems,

S e e b e e e e e e T E P E T T e T T I T T ]

roblem Problem MINSLK LFT RSM GRD SIo RAN WRUP Pre. Res.
[ype Number .

1 1.1 00 .00 .00 .00 00 .00 .00 all
1.2 00 .07 o7 .00 .07 Y 00 4,6,
6
1.3 .00 .00 .03 .03 .03 13 .00 all
1.4 .15 07 .07 15 .07 15 o7 all
A a.i 53 53 .53 53 4T 50 AT 3T,
5 .5,
7.3
a.2 42 49 4T 4T .54 .56 .22 5 .5
- a.3 41 .35 .35 .38 .46 .41 .49 all
a.u4 46 49 43 46 .59 .50 43 2 .8
B b.i .03 .03 .07 .22 AT .28 .03 .2 .8
b.2 .01 .04 .04 .23 .03 .60 .09 A6
b.3 47 4T .53 .60 AT .6l AT <=4 .6
b. 4 .31 .05 .39 48 | .29 49 .36 25 .75,
3.7
AB ab.{ 1.06 1,06 1.23 1.49 1,19 1,39 1.13 .g g,
ab.2 1.03 1.00 1.14 $.3% 1,10 L7 1,07 .5 .5
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ab.3  1.15 1,05 1.28 1.28 1.28 1.28 1.05 <=.5 .5
ab.4 .98 .93 1,00 1,45 .96 1.22 .93  >=.5 .5
c c.t .21 .02 .02 .32 .02 .02 .02 all
c.2 .00 ,00 .00 .00 .00 .00 .00 all
c.3 2 A2 42 12 .12 .12 .08 all
c.4 .00 .00 .13 .00 .23 .23 .00 all
AC ac.1 .55 55 .53 58 .55 .50 42 .5 .5 -
7 3
ac.2 46 46,57 .46 .46 .46 .46 all
ac.3 42 e 46 40 146 46 42 all
ac. 4 .59 .59  .64& .64 .64 .59 .64 all
BC bc. 1 42 42 46 42,60 60 .46 .4 6,
9 A
bc.2 .48 4 .48 .55 .55 .43 .40 .4 .6
bc.3 43 43 .48 .55 .62 .64 .43 all
bc. 4 .49 40 .49 .49 4% .53 .40  <=.5 .5
ABC abc. 1 .64 65 .82  1.00 .90 85 79 .4 .6,
6 4
abc.2 .70 70 .70 .79 .70 .79 .43 .5 .5
abc.3 .84 .84 .84 .84  .B4 .84 B4 all

abc. 4 .70 .70 .78 .76 .90 .90 1Y) all
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.00

.04

Al

.00

.00

04

'11

IOO

.00

.08

AT

.00

.00

.04

.09

.00

.00
.08
.09

.00

04
At

.00

all
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.60

.97

l51

.69

. 65

.61

45

.65

.60 -

.64

048

081

. 65
.71
. 48

.73

.60

o7

.48

. 69
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.97

A2

.56

.68

45

.78

.51

.51

.61

.72

.68

'43

o2

,81

T

.60
.70
.57

44

43

.48

.56

C.52

—— e " ———— " ] T —_ " —— - = — —— — o " A - —— s o " " O (. " T s S S S o O

d.1 .00
d.2 .04
d.3 .09
d. 4 .00
ad.1 .65
ad.2 Y
ad.3 48
ad. 4 .62
bd.1 .97
bd.2 42
bd.3 .59
bd. 4 .08
abd.1 1.29

abd.2 1.006
abd.3 1,33

abd. 4 1.12

1.24

1.10

1,18

1,12

1.24

1.30

1.12

1.13

1.64

.98

1.29

1.19

1.30

1.08

1.18

1.33

1.24

1.06

1.03

1.12

.98
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cd.t .03
cd.2 .00

.cd.3 54

.cd. 4 .00

.03

.00

.54

.00

.03

.00

. Ol

.00

'O3

.03

.ol

.00

.03

.00

Ol

.00

.03
.00
54

100

all
all
all

all
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.93

43

.93

58

56

.50

eX]

.61

W43

.90 .

. 61

.50

.58

‘43

56

l‘} 06'

all

1.12

1.12

A5

1.12

ACD acd. 1
acd.2
acd.3
acd. 4

BCD becd. 1
bcd.2
bed. 3
bed. 4

ABCD . abcd. 1
‘abcd. 2
abed.3
abcd. 4

Total PC

for 64 -

Problems

e el e bt ettt iR d et et b et Rt e R A T Al L R T bbbt D b P S
T e vt s ok P 0 ma - o A om om = S P e e B 4 S - T - . -

over WHUP

053

U3 .43
.50 + S50
46 )
] 47
50 .60
42 42
33 .60
.95 98
1.12 1.12
43 U5
1,02 1.20
30.44 32.95
1.77 10.16

i ot - o > v sn - =y e SR oy e e St e he e A A v - -
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RULE Weight
Probl em MINSLK  LFT RSM  GRD SI0 RAN  WRUP _;;;T_Q;;.
Number: _

Fi 85 92 85 .85 .92 .85 85  <.9 .1
Fe .89 .89 .89 .94 on .94 89 .1 .9
F3 .61 55 .61 JTh T .81 .68 <=M .6
Fif .81 .81 .88 . B4 T 79 .93 <=.2 .8
F5 .39 39 .59 .33 43 .67 .33 <=.3 .7
F6 | 90 . .79 1,19 .90 108 .92 .79 >=.2 .8
F7 1,49 1.50 1.49  1.54  1.62 1.49 .25 .0 1.0
F8 1.59 L4 1.3t 1,74 1.47 1,55 1.53 .3 .7
F9 .63 56 63 T4 52 .59 .52  >=.2 .8
F10 1,70 1,59 1.46 2,00 1.85 2.06 1.48 .3 .7
Fit 45 A3 .45 .48 59 .59 .48  >=.2 .8
Fi2 t.72  1.66 1.97 1.79  1.87 1.93 1,58 .3 .T
F13 .07 0T .07 .07 .07 .07 .07 all
Fi4 .58 44,40 bl 44 .44 40 <=,5 .5
Fi5 .93 .93 .86 1.23 1.10 t.21 1.01 .1 .9
Fi6 y.45  1.33  1.39  1.60  1.56 1.76 1.22 .4 .6
F17 .50 .50 .50 .50 53 .50 .50 all
F18 1T 7T .93 17 JTT .93 JTT >=.3 .7

F19 71 T 71 .89 71 89 LT 2.5 .5



F20
AF21
Fae
Fa3

Fe4

F25

F26
Fe7

F28

Fa9

F30
F31
F32
F33
F34
F35
F36
F37

F38

F39
F40
Fiy

Fig

1.00
.39
.58
.83
;59
13

.93

.16

3

1.25

.29

.59

.66

T3

.06

1.12

1.37

1.28

.92

.75

1.16

1.26

.69

. 87

.39

.58

.80

.49

.08

1.00

020

.38

1.25

.29

.48

.68

.56

.06

1.03

1.28

1.31

.97

1'29

71

. 87

.39

.58

.85

A

.08

.85

.20

.38

22

.63

.66

.68

l17

1.12

1.43

1.37

1.06

T4

1.23

1.32

l67

.90
.39
.58
.85
.81

.13

.23

31

1.25

.29

.48

.61

.90

AT

1.24

1.06

T4
1.23
1.59

.69

.90
A2
.61
.85
.99
.08

1.16
023

'38

1.31

.22.
48
T
.80
A1

1.27

1.31

.98

1.03
.39
.50
.80
.81
.13
1;09
.08

43

1.25

.29
50
» 68
.78
.11
1.03
1,56
1,51

94

.90

.39

.90

.80

43

.08

.87

.05

.33

1.25

22
48
.61
.58
AT
1.03
1.44
1.37

.62

W57

1.11
1,22

AT

58

all

all
all

>=.2 .8

all

all
all

all

la .8’
.3 T

.0 1.0




Fu3 .93 .90 1.19 1.15 1,32 1.10 t.,04 .0 1.0

FaLy 1.40 1.13 1.3 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 ' )
F47 .79 75 .83 1.15 .93 .86 .81 A .6
Total PC

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 76.7T4 T78.48 66,64
Problems

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 reéource requirement

. problems. For moderate resource  utilization ratio networks , ‘food

results can be achieved by the employment of { : 1 ratio between:

precedente and resource utilization werghts;

A point to be made is the unbalance of the scales among the
welighted precedence and resource utilization., Obviously, the‘number of
successors of an activity is an “intefer number whereas resource
uiilization ratio 1is -a fraction, thus making weighted precedence
considerably larger than wérghted “resource utilization as the
corresponding weigﬁts add up to one. An effort was made to improve the
unbalaﬁce of the =scale between 1the 1wo by dividing the number of
sucCeSsors of an activity by the maximum number of successors in the
network.The Peéults obtained with the latter scale were hrghly inferior
to the ones oblained with the unbalanced 6ne. >In consegquence, WRUF's
initial definition stayed intact.

As a conclusion, the general pehformance of WRUP is found to be
quite satisfactory in the sense tlhat its priority distribution to
activities enable 1t to cdée with almost all types of probiems mﬁre

successfully than the rest of widely - used heuristics.
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Number of activities on critical path
1. ASPECT RATID = —mmmmem s e et

Number of noncritical activities

Number of activities
2. COMPLEXITY = —=--mmmmmm e

Number of network events

3. DDMINANT DESTRUCTIDN VALUE

.
H

1.3 MO if 0.
MO + MD2 - if 0.

UIUI

D> MO
0 (=MD

NN

H
iy

where : KD2 is the second largest obstruction ratio

MO = Max { O(k) J :

H

CPL est
S, Max { 05 R (kt) - Rik) 3
t=1
0(k) = ~—-—-—--ommmmr e e :
k{k)
R{k) = Units available per period of resource type k ;"
est : ' !

R {kt) = Required units of resource type Ek based on EET
scheduling in time period t

CPL = Critical path length ;

W{k)

Required total work content of resource k j

2 qap £ rijk) ;
ALl ij

d{ij) = Duration of activity ij j;

r{ijk) = Required units per period of resource type k by
activity ij.

4. RESODURCE UTIL]?ATIDN FRCTOR (UF) = Max { (k) ¥ j

where 1 f({k) = -==-=-—--m-mm—~
CPL *# R{k)
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APPENDIX B

TEST PROBLEMS
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Problem Name 3 1.1

No of Activities: 22

e i

No of Resowwrces 3 3
Resowrce Limit (1) @ 5

Resource Limit (2) 3. &

<

-
-

Resowrce Limit (3)
Activity Duration Resouwrce Resource Resource
Label Reqg. (1) "Reqg. (2) Reqg. (3)
1, 2 =t 1
1, I 2 1
1, 4 1 1
1, 10 5 2
2, = 1 1
2, 9 2 2
2, 8 & 1
Ty 4 4 1
T, 5 1 v
x, 6 1 Q
4, 7 8
0 9
4
e
~

o
ConaNOB

IR = R e BB e R e

7, 3
7, 4
7, 1 6
8, 3
8, 10 3
9, 10 7 1 2

-.-.-..-——--—-..——m—-—.—.-—...-.-«-—.—--...—--m-a---—-—.m-n-—--—-m—--—-«—«—-—-—--—-—-—--—-—--—.—-...—-—--—-—.—.—
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S I

Froblem Name 3 1.
Mo of Activities: 20
No of Resources 3 1

Resouwrce Limit (1) 3. 5

ot et Bmbs et 00098 S Snam s Barem e DTS 0wy $4070 Pad S 24 R Srsmn BOHS S S S0404 FAASE MNP s VERY Simte FHAPR et et baaen remn

Aoctivity Duration Resource
Label Reqg. (1)
1, 2 5 2
1, 3 7 1
1, 4 = 1
2, 4 2 2
2, 5 5 2
I, 9 4 1
3, 6 1 0
4, 8 3 2
4, 9 4 1
5, 6 7 1
S, 7 3 2
5, B8 8 Q
by 7 2 2
b, 10 5 2
7, 8 1 1
7, 9 1 1
7, 10 4 2
8, 9 2 1
3, L0 7 1

1 i

9, 10

i T L e L T e T




Froblem Name 3 1.3
No of Activities: 22
No of Resources @ 1

Resowce Limit (1) & 7

s oy S s St S0y T FUORS Bt OGN Paaop $0008 rens SO TOew) Ut Secns RS Suche $A00e ISR UV Bhve STEI beas B Meen ebre Suoes Saaet POt Boeet et

Activity Duration Resource
Label Req. (1)
i, 2 1 0
1, 3 2 1
1, 4 1) 1
1, 10 6 1
2, 3 1 3
2, 5 1 2
2, B 4 2
, 4 4 3
I, 5 1 1
I, 6 5 2
4, 7 9 0
4, 10 A 1
S5, 6 1 0
5, 8 7 1
by 7 3 2
by, 8 5 1
7, 8 7 1
.7y, 9 3 3
7, 10 b 1
8, 9 2 2
8, 10 9 el
9, 10 3 2

e Sove vy A0t0 St e 00 S04ah s haay St SOmtt FP4OS SO S Sre FRRS B SO B1AGE SO e S (o g Ste B Sy s Foep o Y ot

66




Froblem Name = 1.4
No of Activities: 21
No of Resources @ 2

H e

Resouwce Limit (1) : 8

Resouwrce Limit (2) : &

Activity Duration Resource " Resource

l.abel : Regq. (1)  Req. (2)
1, 2 57 b 1
i, = 2 0 2
i, 4 15 3 1
2, 3 é s 1
2, 4 o 2 0
2, 5 3 0 2
I, 05 &} 2 1
2, 6 12 2 0
Ty 7 ] 1 1.
4, 5 10 1 1
4, 8 11 0 1
5, b 5 2 !
Sy, B 20 2 0
&, 7 5 1 1
by 9 10 1 1
7, 8 3 1 0
7, 9 b 2
7, 10 7 & 1
8, 9 12 2 &
g, 10 8 1 Q

0
-
[y
<
-
T
-
<

- ot Akt St Somen At S I Gt ST e
veoe oot Siube aveed Hmet Seimt sored Bowed sy Some bases =Ber Sming Bt Pt S iy Wt SIS HO% 5000 Poben SO (Re0g TS fakng SSTIA iy IS shs00 BT mre -
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Froblem Name : ALl
Ny of Activities: 220
No of Resowrces § 1

Resource Limit (1) 2 3

o S vty e S0t Sy Goben domt oot oo PSS s Rt Gomg SR Sty MRS P fares S Mend Owy e Soved Wkt o P St PO ot e

Activity Duration Resource
Label Reg. (1)
i, 2 1 2
1, = 2 2
i, 4 2 1
1, 5 & o
1, 7 S 1
2, 4 3 2
2, & 1 3
2, 7 2 1
2, g 3 2
2, 4 2 1
I, B8 5 1
A, b A 2
4, 6 4 1
5, 6 b 2
Hy O 4 1
5, 09 S 1
&b, 7 2 0
b, 8 e )
7, B 8 3
8, 9 7 3

cnows e oot e hire PP Setrn B Seaep Thees dmere $SSES SYete VDR SSdy Gares SRR Feves WOR) MY O Mg AERY Si00e I MRS Baem s Sarke
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Froblem Name & A.2

No of Activitiesy 21
No of Resouwrces ¢ 1

Resouwrce Limit (1) ¢« 3

I

Aoctivity Dur-ation Resource
Label Reqg. (1)

Satms Somey 404 IO meme e NS sy Pt (B bases St Sesgs by $00ne Fyses Bt Sy e S Soves durre oo Fises ey S chase ot Sosen fuire Ssse
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Froblem Name 1 A.3
No of Activities; 20

No of Resources 3 1

Resowrce Limit (1) @ 2

Activity Duration Resouwrce
Label Reg. (1)

e vk oy a0 Sonde e Sehe ase Shouy OO Ve S Somam o Aot Bhird P (04 Whoep St Eind G4 Sease B} BrSe Smbee e St evee Preat v

e e e B

e e

-
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Frohlem Name : ALY
No of Activities: 20
No of Resouwrces 3 1

FResowrce Limit (1) ¢ 4

v Sy s bts o0y b Bt srey e bt ey et bereg Sonin Sy B Giaey S S0 LeAem SRS St e WS Shemy St PERRG FOS being S moone

Activity Duration =~ Resource
Label Reqg. (1)
1, 2 20 4
1, 3 5 O
2, 3 3 i
2, 4 12 2
2, 9 2 4
2, 6 3 2
32, b 4 1
3, 8 ¥ =
EZy 09 & 4
4, 3 7 4
4, 6 5 1
4, 7 12 2
4, 8 = 2
5, 7 4 A
5, 10 4 2
b, B8 & 1
7, B 20 4
8, 9 2 1
8, 10 10 4
g, 10 A 2

e oo o borie W goreS A 00 b s Fae O @ory W0 00 Benee
orts toia et St Bt SR St P SRR Sy Sreeh Arene PR SO PHOrY —
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Froblem Néme : B.l

No of fActivitieg: 3=

et

No of Respuwrces § 2

H oy

Resouwrce Limit (1) & &

Resouwrce Limit (2) @ 6
Activity Duration Resource Resource
Label Req. (1) Reqg. (2
i, =2 9 2 1
1, 3 6 & )
1, 4 8 1 2
1, 5 b 2 4
1, 8 & 2 i3
i, 9 8 1 1
2, 3 Q 0 0
2, 9 1 0 0
Z, 4 5] 0 0
3, = = Q Q
Iy b 3 1 1
2, 7 1 1 1
4, & 1 2 2
4, 7 4 2 1
4, B8 = 1 1
S, 6 4 1 1
5, 9 A 2 1
S5, 11 9 2 2
S, 12 7 S =
by 7 2 2 =
by 9 2 1 2
by 10 B8 2 2
7, 8 8 1 2
7, 10 5 2 “
7, 11 (= 1 1
8, 10 1 2 1
‘.:3, i1 Q Q) (W)
g, 12 2 1 1
9, 10 b 1 1
9, 12 9 1 t
10, 11 1 1 1
10, 12 2 ! !
11, 12 9 Q “

e st o o s e T et i O e e T R4 S el e A S (- Gt P N S e S e S
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Froblem Name

: B2

Mo of Activitiess 22

No of Resour
Resowrce Lim
Resowrce Lim
Activity

Label

Vs st raoar Sos s P et o dsase Gatme ons catne

ces 1 2
it (1) 3 4

it (2) @ 4

Dd>ation Resource Resource
Reg. (1) Reg. (2)
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Froblem Name ¢ B.3
No of Activities: 33

No of Resowrces @1 2

-

Resource Limit- (1) @« 4

Resouwrce Limit (2) 1 &

Foctivity Duration Resource Resource

Label Regq. (1) Req. (2)
1, =2 5 4 3
1, & o 4 &
i, 4 9 1 0
1-; S o] 1 Q
i, 8 7 1 2
1, 9 5 2 2
2, I 1 2 0
2, 95 4 0 3
Z, 4 1 2 2
I, 9 2 1 0
3, 6 2 1 0
T, 7 A 1 0
4, 6 A 4 <
4, 7 2 2 Z'
4, 8 8 1 0
5, & 5 1 1
5, 9 b 1 0
B, 11 4 1 1
5, 12 4 2 =
by 7 4 1 0
b, 9 6 0 0
by 10 5 0Q 0
7, 8 3 1 0
7,y 10 9 0 0
7, 11 3 0 !
8, 10 2 0 «
8, i1 9 0 v
8, 12 1 1
9, 10 K i 0
9, 12 2 2 ©
10, 11 0 !
10, 12 20 9 "
11, 12 17 0 @
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Froblem Name- s B.4

"~

No of Activities: 24

No of Resouwrces ¢ 2

Respurce Limit (1) 3 6

Resource Limit (2) 3 64

Activity Duration Resource Resource

Label Req. (1) Reqg. (2)
1y 2 10 i 2
1, 3 13 2 2
1, 4 ' 14 3 3
i, 7 25 4 3
1, 10 0 2 2
2, 3 10 2 1
2, 9 8 3 3
2, 6 10 3 3
2, 7 14 2 3
2, B 2 2 2
Z, 4 b 2 2
2,098 ] = t
4, 9 6 1 2
4, 9 2 1 1
4, 10 & 1 0
S, b = 1 1
9y B f 0 1
5, 9 & 0 O
6y, 8 20 QO ?
7, 8 4 = &
7, 10 5 3
g, 9 15 0 %
a y 10 1 [l ()

: b
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Froblem Name s ARG
No of Activities; 23

No of Resowrces ¢ 2

o

Respurce Limit (1) ¢ 7

Resource Limit (2) : 9
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Activity Duration Resource Resource
Label Reg. (1) Req. (2)
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froblem Name @ ABL2
N of Activities: 20
No of Resowces 31 2

. LS

Resouwrce Limit (1)

s 3

Resowce Limit (2) 3 3

Activity Duration Resource Resource

Label Reg. (1) Reqg. (2)
1, 2 1 1 1
1, 3 2 2 1
1, S = A )
1, B 4 € 3
2, 3 3 1 1
2, 4 1 1 i
2, b6 A 2 1
2, 8 4 2 2
I, 4 2 1 2
T, 9 1 1
3, 7 A 2 1
X, 8 5 1 1
4, 9 8 2 1
4, b 7 3 3
S5, b i 2 2
S, 7 4 & 3
5, 8 b 1 2
by 7 G 1 2
b, 8 b 2 =
7, @ .9 O 0
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Froblem Name N AYE

ol

No of Gctivities:s 20
No of Resowces & 2

Resowrce Limit (1) ¢+ 5

Resowrce Limit (2)

rE
L§8)

Activity Duration Resouwrce Resource
Label -Reg. (1) Req. (2)
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Problem Mame @ AB.4
Mo of Activitiesy 2=
No of Resouwrces o 2

Resowce Limit (1)

¢

Resowrce Limit (2) 3 4
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Activity Duration Resource Resouwrce
Label Reg. (1) Reqg. ()
1, 2 & 0 1
1, = 12 3 4
i, 4 15 2 Q
1, 8 11 0 3
i, 6 10 1 0
2, = 9 S =
2, 4 10 4 4
2, 4 158 2 0
2, 8 15 O 1
2, .9 20 0 1
3, 4 a 2 3
2, 7 10 2 0
z, 8 12} = 1
4, 5 4 = 3
4, 7 2 2 2
S5y b 1 Q o
S, 7 3 4 4
b, 7 2 2 2
4, 8 5 5. 1
by 9 4 5 2
7, B 1 0 2
7, 9 it 0 1
8, 9 20 0 1

I
1
i
I
i
H
i
i
i
i
i
1
!
H
!
}
1
i
i
1
I
1
1
1
i
i
i
i
i
i
!
I
I
1
i
!
1
1
i
i
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Froblem Name ‘= A |

No of Activities: 20

No of Resouwrces ¥ 2

Resouwrce Limit (1) 1 9
Resource Limit (2) ¢ 3§
Activity Duration Resource Resource
Label , Req. (1) Rege (2)
1, 2 1 3
1, 3 2 4 1
2y S & O 1
I, 4 ) ) 2
4, G 7 1 3
4, 6 4 2 0
Sy 9 9 1 0
by 7 9 1 1
b, 8 ) 2 1
7, 10 7 1 1
g, 10 ] 2 2
9, 11 8 1 2
10, 12 5 1 2
11, 13 é s 2
11, 16 7 1 1
2, 15 1 1 1
13, 14 5 2 2
14, 17 1 =
15, 16 2 1 1
14, 17 4 2 1
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Problem Name 33 C.2
No of Activities: 19
No of Resowces i@ 2

Resmufce Limit (L) : 9

Resource Limit (2) @ 10
Activity - Duration Resource - Resource
Label Req. (1) Req. (2)
1, 2 2 2 2
i, = 1 1 1
1, 4 9 3 2
2, 3= 1 1 1
T, 05 3 2 1
4, 6 1 2 2
4, 12 8 2 3
5, 7 1 2 1
5, 9 & 1 3
6y, B 2 2 it
b, 11 a8 2 3
7, 8 2 1 1
B, 10 1 1 1
g, 13 3 2 3
9, 11 2 2 O
10, 11 A 2 1
11, 13 4 3 2
12, 13 & = 5
%, 14 4 4 2
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Froblem Name : €.
No of Activities: 19
No of Resowrces @ 2
Resowce Limit (1) 1 &

Resource Limit (2) @ 4

T Bt 4870 B4 ey ene Pt S S S D900 4o It (e et e e Sk et e S 980 4SS S0 el St e

Activity Duration Resouwrce Resouwrce
Label Reqg. (1) Req. (2)
i, 2 o 2 1
i, 3 12 3 0
i, 4 S 1 1
2, 3 2 1 1
3, 5 15 1 1
4, & 4 3 3
4, 12 10 2 o
S, 7 20 1 1
5, @9 10 3 4
&y B 7 1 1
4, 11 5 1 2
7, 8 8 0 0
8, 10 2 1 2
a8, 13 20 1 2
?, 11 =) 1 >
10, 11 3 1 v}
11, 13 = Q 1
12, 13 12 2 2
3, 14 10 O 1
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FProblem Name : C.4 ‘ \
N of Activities: 1S
No of Resowrces 1 1

Resow ce Limit (1) ¢ 5

Pioan g e G St A8 e Pt Sy Baien ene $eaet S9400 s S s Pt TR s s et Gt st 4B0e (i 29095 Pt sevm Prmd Pnte Betre

Activity Duration Resource
lLabel Reg. (1)
1, 2 10 3
1, = 15 4
2, 6 a8 3
3, 4 12 0
By 5 10 1
%, 8 20 1
4, & 10 1
S, 7 10 0
by 7 3 2
7, 9 5 i
7, 10 10 1
8, 9 20 2
9, 11 15 1
10, 12 S 2
11, 12 10 1
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Froblem Name 1 AC.1
No of Activities: 20
N of Resources & 1

Resowce Limit (1) 2 3

et Yanet v PSS St et SEmre Vit S90S 40 Frity e FRsep Sl e fing s bpten e et s SHevd bt HHEY Bt shim SAD e S0t S st

Aoctivity Duration Raesource
Label Reqg. (1)
i, =2 1 2
1, & 3 et
2, 4 b 1
2, 9 2 1
%, 6 S 2
I, B9 2 1
4, 7 8 2
5y B 1 1
Sy 9 2 1
Gty 7 1 1
b, 12 3 2
74 10 3 3
g, 11 2 2
9, 11 o 2
10, 12 4
11, 12 3 1
11, 13 A 3
12, 13 2 3
1%, 14 8-
14, 19 2 <
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Froblem Name 3§ AC.2
No of Activities: 17

No of Resowces @ 2

Resource Limit (1) @ 3
Resource Limit (2) 3 3
Activity Duration Resource Resource
L.abel Reqg. (1) Reqg. (2)
i, 2 8 Q S
1, 3 3 1 0
2, 6 2 O o
2, 7 9 1 0
3,4 2 0 1
4, 9 & 0 2
5, 7 2 0 A
4, 8 1 1 2
b, 10O 5 1 2
7, 11 b 3 3
8, 9 2 1 3
9, 12 1 s 2
10, 12 K3 2 =
11, 13 3 &
12, 13 = 0 ?
13, 14 1 F ;
14, 13 1 = A
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. Problem Name 31 AC.3
No of Activitiesy 20

No of Resowrces i 1

Resource Limit (1) : 5
fctivity Duwrration Resource
Label - ' Reqgq. (1)
1, 2 2 1
1, 3 8 &
2, 4 3 2
2, 5 5 2
2,09 e 4
I, & 12 9
4, 7 1 1
5, 8 2 2
5, 9 1 5
by, 7 1 0
b, 12 20 5
7, 1Q 2 5
8, 11 = 5
9, 11 1 2
10, 12 1 3
11, 12 2 1
11, 13 o &
12, 13 ot ]
13, 14 5 4
14, 15 4 o
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Froblem Name : AC.4
No of Activities: 13

Mo of Resowrces § 1

Resowrece Limit (1) 2 X

P e S9m0 S78 oy e ) s S P s0e $5m8 S G SNS B0 P40 e AR B e et et 800 S bt B0 it e et s

Activity Duration Resource
Label Reqg. (1)
i, 2 2 1
1, 3 12 3
1, 4 S 3
2, 9 8 2
Ty, 4 7 2
4, 7 10 3
Sy 6 5 2
4, B8 3 2
7, 9 S 3
8, 9 2 1
8, 10 it 0
2, 11 p 3
10, 11 2 1
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FProblem Name @ BC.1
No of Activitiesy 17
No of Resouwrces 3 3

Resowce Limit (1)

5

Resource Limit (2) 1 4

Resowrce Limit X)) ¢ =
CpPctivity Duration Resowrce Resource Resource
Label Reqg. (1) Reg. (2) Req. (3)

1, =2 0 0 ¢]

2, 3 9 0 0 4]

Z, 4 A 4 4 ! 2

3, 9 1 3 3 o}

4, 8 3 = 4 2

Gy & 2 A 3 Q

5y 7 ) 4 4 2

&by 7 4 2 4 1.

7, 9 5 us 3 1

7, 10 é 4 2 1

8, 10 7 = = =

9, 11 2 3 3 =
10, 12 7 0 0 Q
11, 12 A 3 it 2
11, 13 2 3 3 O
12, 14 8 0 0 1
13, 14 1 3 0 <
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Froblem Name 3 BC.2
Ne of Activities: 19

-

No of Resowrces @ 2
)

Resouwrce Limit (1)

Resowrce Limit (2)
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Activity Duration
Label
1, 2 8
1, 3 S
1, 5 4
2, o6 9
2y 9 é
X, 4 4
4, 6 9
4, 8 8
B, 7 &
&, 9 o
7, 10 b
a8, 14 o
2, 10 2
9, 11 9
10, 12 A
11, 12 8
12, 13 9.
1%, 15 9
14, 15 9
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Froblem Name 1 BC.3
No of Activities: 17
No of Resourceé 2 2
Resow ce Limit (1) 3 73

Resowrce Limit (2) 1 4
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Activity Duration Resource Respurce
Label . Reg. (1) Reg. (2)
1, 2 15 1 O
2, ® 20 %) 0
Z, 4 8 3 4
3, 5 10 3 4
4, 8 22 2 4
5, 6 s 2 4
Sy 7 15 1 4
by, 7 1) A 1
7, 9 22 2 2
7, 10 25 3 3.

g, 10 19 i 2
9, 11 b 2 0
i0, 12 18 0 0
11, 12 3 0 0
11, 13 2] 1 Y
12, 14 . Z0 0 1
17, 14 4 1 0
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Froblem Mame 1 BC.4
Mo of Activities: 19

No of Resowrces 3 2

o

Resaource Limit (1) @ 4

Resowce Limit (2) ¢ 2

Activity Duration Resource
Label Reg. (1)
i, 2 S 4
i, 3 7 3
1, 4 14 3
2, 3 ) 4
B, 4 5 0
4, S 2 4
4, 6 8 3
5, 7 i 4
by 7 3 0
b, 11 2 0
7, # A Q
7, 11 0 0
#g, 9 2 4
8, 11 4 4
9, 11 2 4
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FProblem Name @ ARC.1
No of Activities: 220
No of Resowrces @ 2
Resowrce Limit (1) 2 4

Resow ce Limit (2) ¢« 4
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Activity Duration Resource Resource
l.abel Req. (1) Reg. (2)
1, 2 = 4 4
1, 3 ] 4 4
1, 4 4 4 4
2, 9 b 4 4
Sy 7 S 4 4
4, 7 5 4 4
5, 6 1 0 0
5y 10 6 0 1
by, 9 8 3 A
7, B 7 0 O,
8, 11 6 2 3
8, 14 8 4 3
?, 11 s 0 1
10, 11 b 4 4
10, 12 7 4 0
11, 12 8 Q 0
11, 13 2 1 ]
12, 1§ 9 . QO 0
13, 19 7 0 1
14, 15 A 1 1
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Froblem Name 3§ ABC.2
No of Activities: 21
No of Resources @ 2

<,

Resource Limit (1) @ &

“ '

Resource Limit (2) » 4
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Activity Duration Resource Resource
Fabel Req. (1) Reg. (2)
1, 2 3 A 4
1, = 2 3 4
1, 4 = B 4
2, 5 b 3 4
3, 7 7 z 4
4, 5 5 3 4
4, b6 5 3 4
%5, B g jut 4
by 9 & 3 4
7, 8 & A 4
7, 9 4 3 4
g, 10 é 0 0
B, 10 B 2 3
10, 11 9 i 0
11, 12 s 5 4
11, 13 b . A 4
12, 19 4 3 4
1%, 14 ! 1 i
14, 19 8 2
15, 16 b & 4
16, 17 5 2
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Froblem Name 1 ABRC.3
N of Activitiesy 21
No of Resowrces 1 2

Resouwrce kimit (1) ¢ &

Resource Limit (2)

: 4
Activity Duration Resource Resource
Label Req. (1) Req. (&)
i, 2 15 b 4
1, 3 a8 4 3
1, 4 10 b 4
2, 9 el 4 4
a2, 7 11 & 4
4, 5 7 é 4
4, b 10 4 3
5, 8 18 4 4
by, 9 15 4 =
7, B 11 b 4
7, 9 10 & 4
g, 10 20 4 4
9, 10 10 4 3
10, 11 22 1 2
i1, 12 10 2 1
11, 13 3 4 1
12, 15 18 -3 4
13, 14 5 1 0
14, 185 & 1) 4
15, 16 7 6 1
16, 17 4 3 2
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Froblem NMame & ARC.4
No of Activities: 14

No of Resources @

~
[

Resource Limit (1) 3 4
Resowce Limit (2) ¢ 3
Activity Duration Resource Resource
Label Req. -(1) Reqe (2)
i, 2 10 1 1
2, % 15 4 x
2, 4 12 4 ut
2, 9 19 4 3
2, 6 20 4 =
4, 8 20 4 3
S5y 7 10 2 2
S5, 11 20 1 1
b, 7 12 2 1
7, B8 15 0 1
8, 9 2 4 &
8, 11 10 2 5
9, 10 , 3 4 =
10, i1 2 4 2
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Problem Name ' D.1
No of Activities: 20
No of Resources

ol
“

Resowce Limit (1) s 13

Resouwrce Limit (2) ¢ 13

Activity Duration Resource Resouwrce

Label Reg. (1) Reg. (2)
i, 2 4 0 1
1, = 8 ) 1
i, 8 9 A 2
i, 9 4 s =
2, = 4 2 2
2, b 2 = 2
3y, 4 2 1 1
2, 8 3 2 1
2, 6 & 1 1
3, 7 9 1 1
4, 5 1 1
4, 6 b = 2
4, 10 3 2 2
S, 6 5 2 !
5, 7 & 1 1
by 7 1 i 1
4, 10O b 3 2
7, 10 5 2 1
B, 9 2! 1 1
9, 10 4 3 2
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Froblem Mame ¢ D.2
No of Activities: 21
No of Resouwrces § 3

Resowrece Limit (1) 2 10

Resowrce Limit (2) ¢ 10

Resource Limit (3) 3 12
Activity - Duration Resource Resource Resource
Label Reqg. (1) Reg. (2) Req. (3)

~N
foy
» g &0

1, 2 2 2 2 3
1, 3 I 2 1 * 3
1, 4 5 1 3 2
2, = 1 2 1 3
2, 4 4 1 1 1
T, 5 b 2 1. 2
I, & 8 et 2 1
4, 5 3 2 1 2
4, 7 £ 1 1 1
4, B [ 2 1 2
5, b 2 1 1 1
S5, 9 9 1 2 1
by 7 K 1 1 =
b, B 5 1 2 1
b, 9 7 2 1 ped
b, 10 & 1 3 1

2 2 2 2

9 1 1 1

1 53 2 1

9 1 = 1

Vi o 1 3
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Froblem Name 3§ D3
Na of Activities: 20
No of Resouwrces & 1

Resouwrce Limit (1) ¢ 9

oot o oo 5030 4084 Smiey VO So%0F S e S EONE g (e S60ne S Sorve P (s e WSS SHimh e e PO Bt s S Rt et e

Activity Duration Resource
Label Reg. (1)
1, 2 9 2
1, = 5 2
1, B 20 0
1, 9 g X
2, 3 N 4
2, 6& 9 1
%, 4 1 i
Iy S 3 4
3, 6 & =
3, 7 14 2
4, 5 1 0
4, & 1 1
4, 10 2 1
5y 6 I 3
5, 7 11 2
by, 7 8 0
4, 10 17 1
7, 10 9. 1
8, 9 10 1
9, 10 g 1
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Froblem Name @ D.4
No of Activities: 21
No of Resouwrces & 1

Resouwr-ce Limit (1) ¢ 7

e S ion So A0t S SV Sets S0 Ba00e SR B G W4 0UR SO petey $09SE s P Doty Frmy S e Oe (S oy e T B B0 S0 Frbte

Activity Duration Resource
L.abel - ' Reg. (1)
1, 2 S 2
1, 3 = 2
1, 4 15 1
2, 3 2 et
2, 4 ~10 0
3, 4 2 1
Ey 09 3 1
4, 5 = 0
4, 6 b 3
4, B8 & 2
4, 10 20 1
5y 6 5 1
Sy 7 2] Q
S5y B8 28 0
b, 7 5 2
by, 8 25 i
7, 8 20 2
7., (] =0 i
8, 9 10 2
8, 10 25 s
9, 10 15 !
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Froblem Name @ AD.1
No of Activities: 22
No of Resowces 3 2

Resowce Limit (1)

Resouwrce Limit (2)
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Activity Dwration Resouwrce
Label Reqg. (1)
i, 2 1 0
1, 3 A 1
1, 7 2 Q
2, 3= 2 )
2, 6 1 Q
I, 4 4 0
Iy 09 & 3
4, S 2 0
G, 6 2 1
S, 7 2 0
5, 9 4 2
by 9 < 0
b, 10 é 1
7,. 8 1 Q
7, 9 2 0
7, 11 4 0
8, 9 1 1
g, 10 2 0
8, 11 A 1
9, 10 4 1
9, 11 8 0
10, 11 A S
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Recq.
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(2)
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v b =

!

o= O

100




Problem Name
No of Activiti
No of Resouwrce

Resource Limit

e e e ot Sames et ey 4 o Sy R Peene Sebrw @Y

Activity Du
Label
i, 2
1, 3
1, 4
2, =
2, 4
2, 9
A, 4
I, 5
I, 6
4, 6
4, 7
4, 10
5y &
9, B8
Sy, 9
b, 7
7, B
7, 10
8, ¢
8, 10
2, 10
g, 11
2, 12
10, 11
10, 12
i1, 12

o By e e ae Siag Gaves Paawe WIC A I Shoma Susse Bo

: ADL2
ess 26

5 5 1

(L) ¢« =&
ration Resource

Req. (1)

S ey 20k Pt e St e cocay g Seene B detes e Bes Mo borms pmove

2 2
3 1
b ]
1 2
5 Q
8 1
2 Q
7 1
A 2
4 2
2 1
=X 1
6 2
9 1
a2 (W]
1 3
2 1
7 1
2 0
] 3
o 0
5 0
7 1
2 1
4 2
o O

amvoe e e Seive Som Sresy WIRY Soins bt Srias v e Beoi Srme Hieve g Bty e
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Problem Name & AD.3
Mo of Activities: 22

No of Resowrces ¢ 1

Resource Limit (1) 3 2
Activity Duwration Resouwrce
Label Reqg. (1)

i, 2 i 1

1, = 9 Q

i, 7 5 i

2, = 4 1

2, 6 14 1

3, 4 2 1

z, 9 9 O *

4, & 7 1

5, O 3 1

Sy 7 1 1

Sy 9 b6 2

by 9 3 1

by 10 121 1

7, 8 1 i

7, 9 1 1

7, 11 12 0

8, 9 1 )

g8, 10 1 2

8, t1 2 1

2, 10 o 1

9, 11 7 i

10, 11 2 1
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Froblem Name : AD.4
No of Activitiess 21
No of Resowces : 1

Resmuyce Limit (1) ¢ 3

aamn s st oast e mdne S0 Subey oy 448 P Sty Beben heas SIS v it $nose desm marn $Omd Sease e $04st by St SSY SO st S4On Beriy S $OD B00es Sposs Sermy Beass Serae 9S00 st Sesem g Semet Roe
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Activity Duration
Label
1, 2 2
1, 3 A
1, 4 3
i, 7 b
2y 3 2
2, 7 4
3, 8 1
4, 5 1
4, 6 2
4, B8 4
5y b6 1
5, 7 2
by, 7 1
4, 8 )
b, 10 8
7, 8 10
7, 9 2
7, 10 5
8, 9 5
8, 10 20
2, 10 7

raoes st Sevae e ey msed mieS soavy 4t SSom Gt Fete SSete TS oo d0ess Breet eSS Jnd 9D SHS4E PO T000d Soves Somus 06 404 BALSH Betod M Gebts emee Sedee eRY Bt embde el LIS O M0 Ghatg b (00 Mo

Resource

Resouwrce
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Froblem Name 3 BD.1
No of Activities: 25
No of Resouwrces 3 2
Resource Limit (1) : 8

Resource Limit (2) s« 7

e i 4 Gaans Pt e Suins sbett veme Saims Beree iseq S R Soum $9080 St S 9008 Shinn gt SOeve fetod Srvet B Sarat Srees Sevns Heett SAome PLes) FRYOS VY Jamn Semge SHIWE FONOG g FHSE Sarm FRORY SHIE Gmen beott

Activity Duration Resowrce Resource
Label Reg. (1) Req. (2)

1, 2 2 5 3

1, = 1 5 1

i, 4 3 8 3

i, 5 a8 1 2

2, 3 2 & 1 {
2y 6 2 3 3

2, 7 4 4 1

2, 8 & 3 2

2, 9 & 2 2

3, 4 3 3 3

B, 7 4 & 1

4, 5 1 4 )

4, 7 1 2 2

Sy, 8 3 ) A

Sy 10 @ 1 1

by 7 4 3 2

&, 9 2 A 2

b, 10 A 4 3

7, B s 3 3

7, 9 4 3 3

7, 10 X 2 =

8, 10 b o Q

?, 10 5 0
10, 11 9 0 Q

11, 12 9 o 0

res i o bere vace Smte Shere s SoT b Sibe Pt S0t o S8 S8 VA SO S99 pevne SIS ORY Qv Sy B AR S0t FHTE POAS et B AL B4R Pt A A VR 2000 S0 Bt B e v 008
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Problem Name : ED.2
No of Activities: 23
No of Resources @ 2
Resource Limit (1) 1 11
Resource Limit (2) @ @

Sosen Pusts b (mate Sotes SVE BNA seeee S9E Mive Abare Svame S ieg Gemie POTE b Beout cumsy $UON S4bun Moty Seios SR SHES GG Moet Siimn SH0LE SHO LTS SrhY WIS et $0oes Voo s Suben S it SO Sart S Arbne

Activity Duration - Resource

Resource
lLabel . Reg. (1) Reqg. (2)

1, 2 7 0 0

2, 3 9 0 (¢]

2, S 2 1 1

Z, 4 1 X 4

I, 3 ) 4 4 i '
2, 6 7 = s

Iy 7 c] 2 4

3, B 7 4 2

4, b 6 15| 3.
4, 8 8 & 4

S5, 6 4 4 3

S5, 7 5 X 4 -
S, 10 & o %

4, B 2 3 4

by 9 4 X 2

7, 8 1 1 1

7, 9 3 ! Q

7, 11 2 A 1

8, 9 5 1 Q

8, 10 5 1 0

8, 11 8 1 1

92, 11 3 1 1

10, 11 3 1 0

oras e irere Gvvet 448 S0 beves 1408 0ma0 SR S0t It PSP BeE Seren BRSNS Sl $abep LY Bre Bl 49034 b Surve SO W fnaes PSR FOrSE Teo $445Y Beed #0005 TS Sk Seita bemms =000 HOLLE ors shma ey sty
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Froblem Name ¢ BD.3
No of Activities: 24
No of Resowces : 2

Resowce Limit (1)

o

Resouwrce Limit (2) 1 %

S G s i S gt o SO0 sy SO o et e SV i Tares

Activity Duration Resource Resource
Label Reg. (1) Reg. (2)
1, 2 B 1 0
1, 3 6 4 )
1, 4 & ) 3
1, 3 12 2 2
2, '3 2 1 > ‘
2, 6 & 3 )
2, 7 9 1 0
2, 8 14 3 3
2, 9 2 3 3
R 1 1 0
Iy 7 1 1 O
4, 5 1 3 9]
4, 7 é 2 0
Sy 8 10 2 ot
S, 10 10 1 6
by 7 X 3 3
b, G- [ 0 0
by 10 x 3 3
7, B 5 3 0
7y 9 , 3 0 0
7, 10 5 3 1
B, 10 12 0 Q
?, 10 Q 1 0
10, 11 20 0 0
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FProblem Name 1 RED.

E

No of Activities: 2

$3

No of Resowrces 31 2

Resource Limit (1)

=z

Resource Limit (2)

enere e Gty OVeme S b 0 s oS (RO G0 GRS 9000 000 S mbns S80S e oS chany St g S oS By Smiee et Sty $9000 s (=SS SO0 H4E POOs Grets S0OS (e e R Smbed St s B

Activity Duration

et e g v 1004 Suose Satbe mted 00 Iees Gome oA S44be BevED Se0es e Baies Smts S buemy $ieme Sovee i Soaay S0 Seven Mt e S PRt PO 4 i AP Sbeen Pt s Febap e Puvey S Gasas Soeem Sem

Label

1, 2 5
i, = 5
1, 4 8
1, & 10
2, 3 5
2, 4 8
2, 5 11
A, 4 &)
T, 9

4, 5 A
4, & 7
5, b 4
5, 8 14
S, 9 29
5, 10 20
by 7 5
&, B 10
7, 8 g
7, 9 20
7, 10 10
8, 9 15
9, 10 4%

oo oo Shosg WS S SIS Pasos Ser4d Soess ey PO Fetmy RS ShenE praey S0SE btm VPR foemt Heeh 400 e iud RO F4Ced BO0SH BNR SSree TBISA Peded TSY (RTEY S0N04 VY Bt S NS rens SRS Fug SHrte St i e bt
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Resouwrce

Req.

e ORI O =R

b3

- R
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e’

fs

1)

Resowrce

Req.

(2)
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Froblem Name @ CD.1
No of Activities: 23

No of Resources : 1

Resouwrce Limit (1) 3 4

ot s Bt ot st et Ao Grant Pt o e st SO OSe i e S¢St feakt S et st Sk P P MRS L PSS S48 P St

Activity Duration Resouwrce

Label Reqg. (1)
i, 2 & 0
2, = 2 A
I, 04 4 1
4, 5 & 2
4, 7 2 0
9, 6 c] 1
&, 7 1 1
b, B 3 0
7, 9 A Q
8, @9 2 1
8, 10 b 2
9, 12 9 2
9, 14 B O
10, 11 3 0
11, 12 1 i
12, 13 9 3
=, 14 1 1
14, 19 4 1
i4, 17 3 3
15, 16 1 o2
16, 17 i 1
17, 18 2 2
18, 19 b &
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Froblem Name : CD.2
No of Activities: 18
No of Resowrces @ &

- -

Respurce Limit (1)

Resowrce limilt (2) @

-

Resowrce Limit (3)

oS F4et e ang e Sy S mave P08 I it S OG% HAIY SHUSS $90md (reme BOrS s COSIR Slms S St e fasen P S600e Sman PASG 184t STSS Pe0es 0000 PhtE A SRt et POgRE SITOS GHSH PN URR freve SHURY Fnen IO e SETTY FOR ROw e P Ges P Sy R0
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Aoctivity Duration
Label
1, 2 5
1, & 7
2, = !
I, 4 b
4, b 2
Gy 7 4
S5, 9 4
by, 7 1
7, 8 >
7, 10 ]
8B, 9 o
9, 11 )
10, 11 b
10, 12 1
10, 14 b
11, 13 &
12, 14 7
13, 14 2

vorre o e 1 o sa0re $a000 v S4eRE b $oed ebe S G M4 Srews P S SRS et Pived S0 bk huRh ARL OO0 QROOY ot Beoh SHIE FHS4S P Eers Mmend SRS $40 SRLO GOImP Imbed M0t sbame iy PSS UBSd it fobet MRS PR Biues e SR iyt (et g St

Resouwrce Resource
Reqg. (1) “ Reqg. (2)
Q 3
) 4
¢) 2
0 0
(8] Q
0 s
2 Q
Q 1
1 1
(y) 1
1 2
0 1
b 4
3 1
W) 0]

2 3
2 1
1 2

Resouwrce

Req.

= RO DR R

-
b
-~

SN

()
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Froblem Name ¢ CD.73
No'of Activities: 18
No of Resowces § 3
Resource Limit (1) 3

Resowurce Limit (2)

Resource Limit ()

0ot Goias i s s Ghoan S8 PS040 FHAP PV Tt AR RO A PSS Bhebe GBS et ahe PASdn et P (g Sttt T Bt PTUSY e RS T RSS9 Yease MRS $0a8 hndt AU Fiimp 0SS Jaiee P SFERE LAt YRS MoK Sreed Gebed KOS POl SIS e MY VY b e

Duration

Activity Resource
Label Reg. (1)
1, 2 G 0
1, 5 22 2
2, = 2 0
3, 4 b 1
4, 6 1 0
5, 7 11 0
3, 9 20 0
by 7 2 0
7, 8 & 1
7, 10 7 2
8, 9 e 0
9, 11 15 0
10, 11 17 1
10, 122 15 1
10, 14 45 1
11, 13 =} =
12, 14 30 1
Z, 14 20 1

e e oea mate o s S et et S04 e Beoat P S WY aRe P AT Srld PO A Ao SRS (i Sheap Aboss SHAce S i A NS O GO AP PSS o Smbrd Boves P n0ed FATES S GemeY PoeRe oD HtS Roede Ad e bt v ane Po0eh babeh e e

Resource Resource
Reqg. (2) Reqg. (3
1 3
1 ) 0
1 !

Q (9]

1 Q
1 1
1 1
2 0
1 0
Q 0
3 1
Q 1
O 1
Q 2
1 0
O =
0 1
2 2

110



111

Froblem Name o CD.4
No of Activities: 19
No of Resources @ 1

Resource Limit (1) @ 4

L T Y Y iU —p—

Activity Duration Resource
Label Req. (1)
i, 2 3 2
1, 3 & 1
2, 98 12 0
Z, 4 A 2
3, 6 a 1
4, 6 3 2
S, 7 4 2
6, 9 10 1
7, B 2 2
g8, 10 2 2
8, 12 11 1
2y 10 1 0
9, 11 1 1 '

10, 11 I 1
11, 12 4 2

B e e P



Froblem Mame @ ARD.1
No of Activities: 24
No of Resouwrces @ 2

» .

Resource Limit (1)

~

Resouwrce Limit (2) : 7.

Hoten e (ot e 108 et Gews hont OS BASTR GEAG Siedu USRS BLOS SROUS WEGH RIPD W Sever Gaben Miemy SAORE ey s ReRt FOe PRESD IS0 Geesd 4O BHIRG SAETE dhout Iaime PSS RS G Bheme BHEVE Boume Gt BvEeD SUOOP 0N

Activity Duration Resouwrce Resource
Label Reqg. (1) Reqg. (2)
1, 2 2} 2 =
1, 3 8 7 7
1, 4 3 A i
1, 6 7 & 6
1, 10 Q 3 3
2, 5 8 0 3
2, 6 7 3 3
2, 9 5 3 %]
I, 4 3 &) 2
Iy 9 8 3 3
4, B 5 2 )
4, 6 9 3 1
Sy 6 4 3 0
Sy 7 7 2 1
S5, 9 9 2 0

by 7 3 1

b, 8 o = 3
b, 10 é ! 5
7, B 2 1 1
7, 9 4 3 3
7, 10 7 = 2
8, 9 0 0
8, 10 9 0 Q
9, 10 7 0 1
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roblem Name @ ARD.2
No of Activitiesy 27
Np of Resources @ 3

Resowrce Limit (1) ¢ &

Resource Limit (2) 2 @

Resowrce Limit () @ 12

Activity Duration Resource Resource Resource

Label Reqg. (1) Reg. (2) Req. (X
1, = 2 2 3 =
1, = -3 2 1 3
i, 4 2 2 ) )
1, & & é (5] 3
2, = 2 2 2 2
2, 4 1 1 1 1
2, 9 4 A 2 A
X, 05 X ] 4 2
Iy, b 4 & 4 2
4, 9 4 = 3 3
4, 7 b 3 2 &
4, 9 9 6 e 1
3, & 2 2 4 1
Sy, 7 1 s 4 1
I, B8 = é 8 1
L, B 1 2 2 1
7, 8 2 2 & 1
7, R 4 2 4 1
B, @9 2 2 3 1
B, 10 7 = 4 2
9, 10 o 2 1 2
9, 11 b 1 3 2
9, 12 = = 4 2
9, 13 5] 2 2 2
10, 12 5 1 1 1
11, 13 5] 0 0 1
12, 13 9 0 1 Q
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Hepblem Name o ABDLE
No of Activities: 24
Nop of Resowrces & 2

Respource Limit (1) & 7

Fesow ce Limit (2) 3 5

et e $oten St 000 $4mit mant Mave oy FISE $otan g el s Shene S04 S000m et Senes Boms s HRYE S Guaby ST BYind SRS Setee barmp rme sbimg Sores Fvemg P Sebde B PR S=fod S8 ARG bhtne SPONS Barar LS

ey S0t o SRS St v S4An Shoat S0004 Pnrmb Bb0e SO it SRS s St Ghent Smeed MRLS Eaent $0004 s e SN Senie S bTY RLte PeeR Sl S eise SO HOHRY Siire AeSe Mo Sed o Heuga SHORE vy 00

Activity Duwration
Label
i, 2 ]
1, 3 ]
1, 4 10
1, 6 19
1, 10 12
2, B &
2, 64 6
2, 9 b
3, 4 3
I, 9 7
4, 5 2
4, 6 4
S, 6 7
S, 7 10
S5, 9 5
by 7 3
&Hy, B 8
6y, 10 3
7, 8 S5
7, 9 7
7, 10 11
8, @9 2
@4, 10 1)
2, 10 4

S s Setes Snasn Ao Shes S Sores VNS Fime Semat BROSE Smarg SVRp $0 e SO BIELS SR WORS FED USSS Sread Srbem 840D Fosve RURY FO0se snsen BIONS Asbrm RO SHOE Faree 4048 @t BAERG S0t ess BOp it RS Seves pae Meany

Resource

Req.

N R = RRWRNRHRE TR N

P
e

a1

o s e

(1)

Resource

Req.

(2)
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woblem Name @ ARD. 4

lo of Activities: 22

o of Res

EEOWTCE

esource

et et bt Seitt Sdbag 18105 BORt LS $ors0 S by S bun Pyote b Sebe S Seare 45PN g SRe Somes P Fat Satns Stn oSt s e rary S Srven S50 i SASh Shtng SIERS Sovad bt Aot B et W Pooet

yetivity
.abel

tory et Sy ovet sbr S set 4 Gmat St cuoiy Sodes oomu Pedeh RIS Gt MIAA et Pe0ad g Seien Somg S Gartt Bty Fmd POSS i A4S Syt RS9 M0t It Geten et IS S SR Sy VRS PSS S s SRS

1, 2
1, =
1, 5
2, 3
%, 4
=z, 11
4, 5
4, 7
4, 8
4, 11
5, b
5, 7
by 7
b, B8
7, B
7, 10
8, 9
8, 10
8, 11
9, 10
9, 11

10, 11

Mmar s mte 4arng Poers Shibon S0S B SRS Pebes AR FPins PR Sem Srk st Poas brmas Sms Bt St g Rere Morg US4 Shery Seiup CeIRS 09PSD Peaty Sond SHES $4emd STt FO0 BHAey 43RS PTaAg SRt o0se ey Bines et 4w v

ources & 2
Limit (1)

Limit (&)

Duration

-]

e

=
]

-
-t

Resource

Req.

P

AR QL Ll DL L

O D D O

-
'’

(1

-3

Recource

Reg.

)
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Problem Name 3 ACD.1
No of Activities: 20
No of Resowrces @ 1

Resouwrce Limit (1) : 4

s poted SV 400 40 GAaay Sl S G gaeve Singe $O00 g HARS pebns MAORS i aeg WS pamce doimd Sy R Semhg Yt $RLAD 0608 pest SRriS Bbrpe Sret breme

Activity Duration Resource
Label ' Req. (1)
1, 2 2 A
i, 3 2 4
2, 4 3 1
I, 4 E 4
4, © 1 =5
4, 6 2 1
4, 8 5 1
S5y 7 3 N
b, 7 2 A
7, B8 a 4
7, 9 (¥ 4
8, 9 9 4
?, 10 2 &3
9, 11 = 2
1o, 12 2 3
11, 13 i
12, 14 1 A
1%, 14 2 4
Z, 19 4 1
14, 15 2 4

0ot 200t Saent i e s mrue e PeR s SR P 5454 Sreet e st WL Soaie AL St Por ot Dy SONT SV Grmp WS e 440w et o
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roblem Name 3 ACD. 2
o of Activitiess 21
0 of Resources @ 1

esowrce Limit (1) 3 3

o gt e s $0900 S e Bt Semas cpors v o Se st SoARS e PORS PO bt By S804 o Susts Saovy P Sem Y Fmay e s v ety

wctivity Duration Resource
.abel : Reqg. (1)
1, 2 1 2
1, 3 2 2
2, & 2 1
I, 4 1 =
4, G 1 )
5, b 1 3
by 7 1 3
7, 8 2 &
8, 9 2 3
g, 11 3 =
9, 10 5 =
10, 13 ol 3
11, 12 1 3
12, 13 1 =
12, 16 3 2
13, 14 3 2
3, 15 2 2
14, 17 4 3
15, 16 2 3
16, 17 4 =
17, 18 1 3

1 . o s . et Soare G e e vy Sovie P S04 S SESY LA Sd St SO BEeH Pmise Sore PRt Aek Secde DemAd Gin PSS i o0
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~oblem Name 1 ACDLE
o of Activitiea: 21
o of Resourcets & 1

esouwece Limit (1) ¢ 3=

ot e oS00 oase heesn By Somia sesey Sned oy s S et St s S0 St Bvte S (i PO S Sate S S S Bree et Bestp

ctivity Duration  Resource /
ahel Reqg. (1)

1, 2 1 0

1, = 4 3

5, 3 1 1

3, 4 2 =

4, 5 5 7

S, 6 o

b, 7 10 5

7, 8 1 2 |
g, ¢ 1

g, 11 8 =

9, 10 2 c

10, 11 o

11, 12 2 %

12, 13 4 o

12, 16 15 2

1%, 14 &

1%, 15 1

14, 17 15 I

15, 16 10 2 /
16, 17 10 2

17, 18 = 5

e e 4000 et S Goead g PPS Ses Fodnd e SO et $ON st Shine Gmmed Gaitn em 00N SHben et RIS Brvne FiIeS S 90000 ner Saamw S90S e
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Fraoblem MName @ BCD.4
No of Activities: 16
No of Resources @ 2
Resowrce Limit (1) 2 5

Resowrce Limit (2) 3 9

et 0 So0ms e 40008 D Ghoma S St Sonng IS Bante PSS U Grosd AVAS RN G SV 20008 Tmevg SveS nep Jmbsp MO H4S0Y T SO008 Shind FHenk HPD GRS A SRS ey Smeer PRORE Vb S des G Bhote DO e

fctivity Duration Resource Resouwrce

Label Reqg. (1) Reqg. (2)
1, 2 7 5 X
1, = 10 & 5
1, o & i 3
2, 3 3 5 5
2, 6 17 Q 1
3, 4 9 0 1
4, S 3 1 0
4 [ & 12 Q Q
5, 6 3 0 1
b4, 7 S G -3
6, 8 = o] 5
7, 9 é v} 5
g, 9 8 & 4
9, 10 é 0 1
10, 11 4 1
11, 12 15 0 1

s st pamg avtng St Sy T G pored SY S0ved gommg FYEHR FOL pacsd O crue? Shere TSR S4pY ks Somd ey Smind Bt PO B Gt Bmtd B O fate V4r0 et eu R4S Tares Somte PTVOS Y Gelst SUPSE TOre VOB



roblem Name 3 BCDLE
N of Activities: 21

No of Resources @

rJ

Resouwrce Limit (1) s 4

Resowrce Limit (2) 3 3

-

At o #9000 Shomm Py GAORe Mrtes PALtE Rabes Seveg $0049 SOUEY POoes SO0 Fem ey B00as Botes S Funet Sruep SRS b Beeas Aot Mt e T SHend e e Subem Smiad S Bome Feade VG Svete SO0 ey darad Bemee Beren

Activity Duration Resowrce Resource
Label Req. Reqg.
1, 2 12 4 3
1, 4 S 4 2
2, = 5 3 3
2, b 10 4 &
2, 7 15 4 2
Z, 9 = 0 1
4, 8 8 4 K
S5, & 2 1 1
5, 8 2 1 1
by 10 11 = R
7, 12 B8 Q 1
B, 9 1 4 3
9, 11 7 3 0
10, 13 12 0 0
11, 12 2 3 3
12, 1= 10 O 0
3, 14 18 0 0
14, 15 20 Q 0
15, 16 15 3 u
15, 17 10 & &
16, 17 20 0 0

e e T 00 e B g S Ve eest S St e e s R SONE Poara Y feaim Bese S BARY Pmer PURY SR Bty 001 SOUE Pre FOS (R Guase RS S ReD VNS SV0SP BRAS b Gy SRS St e
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Fraoblem Name : BCD.2
NOo of Activities: 21
Mo of Resouwrces 1

-
-t

Resource Limit (1) @ 10

Resouwrce Limit (2) ¢ 9

Resouwrce Limit (Z) ¢ 10

Activity Duwration Resowrce Resouwrce Resource

Label Reg. (1) Reqg. (2) Reqg. (3)
1, 2 6 0 Q 2
1, 4 a Q Q 1)
2, = 3 10 4 5
2, b 9 10 2] 4
2, 7 15 4 K3 4
R 5 10 9 &
4, @ 9 10 9 &
Sy b 2 3 7 3
S5, 8 A 5 6 2
by 10 14 0 3 1
7, 12 20 o S 8]
B, @ 14 Q 0 2
92, 11 8 9 a8 6
10, 13 16 8 a8 (=)
11, 12 7 Q9 9 2
12, 13 & ' 0 0 0
1%, 14 19 O Q 1
14, 13 22 Q : o 2
13, 16 o Q : 1 4
15, 17 12 0 1 é
14, 17 .7 1 Q v

- o s o e s S0 Boas e et 15 S4rry e Smed roas e e SOOH Mot SO Grgiy M St rhde S MPel @0y STEAL Smeat $ares Seoty
P St nemy S caate S maed ens Py e o Sarmg T St Brben S e iug SRR S s S Sourd — ot mmong oo



122

FProblem Name @3 BCD.1
No of Actiyitieé: 18

Mo of Resouwrces @1 2

-l

Resowce Limit (1) @ @
Resowrce Limit (2) =« 7
Aoctivity Duration Resowrce . Resource
Label Reqg. (1) Reqg. (2)
1, 2 5 0 0
2, = 4] 9 0
2, 4 14 0 0
Ey 4 ) 9 7
%, 5 7 9 7
4, & 9 9 7
5, b 7 9 7
S 7 7 9 7
b, 9 18 4 4
7, B8 A 0 0
7, 9 4 O O
8, 10 9 1 1
?, 13 4 5 3
10, 11 3 Q9 4
10, 13 11 ? 7
11, 12 1 0 3
12, 13 1 A 4
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Froblem NMame : ACD.4
No of Activities: 13
No Df’Resources s 1

Resource Limit (1) 1 5

i e O70t Sreme Breat bute? S4ime Pears Sams SO Gotng N Sreng St ks Sonst ot Se0 Mndd P S4TGB S SSERA g S4B S Y s Saves

Activity Duration Resource

label
1, 2 5 S
2, = & 5
2, 6 2 4
F, 4 1 7
2, 5 4 &
4, S 4 4
5y 7 12 3
S, 9 " 5
by 7 1 ¥)
7, B S 5
7y 9 = 2
8, 10 8 1
?, 10 10 S

OO S B e e e e e
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*roblem Mame 3 ABCD. 1
Mo of Activities: 19

No of Resources 3 2
cesource Limit (1) s 10

resource Limit (2) 3 10

s A48 Sa0ne PSP ot (SIS e SSOHS Bt OO S e WLt PRty SRS Fhoke M9045 ek FUBY Gmag Pde Serut PSrSe Sevar MRS Siray $0000 Orve STAAS Lrmms SSOHS P4 SRS 24 seamm BOANY dee Ftas seede VD Setes SOTme A ot

Activity
_abel

Duration

1, =2 3
2, 3 2
X, 4 7
%, B 19
4, 5 4
4, 7 g
4, B 8
5, 6 A
b, 7 1
b, B 5
7, 8
7, 10 11
8B, 9 B
9, 10 2
10, 11 &
11, 13 4
11, 14 B
13, 14 b
14, 15 9
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Resource
Req.

Q
Q
10
10
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a

10

0
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10

Resouwrce
Req.
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*roblem Name ¢ ABCD.2
o of Activities: 19
No of Resouwrces ¢ 2

Resowce l.imit (1) 14

Résnurce Limit (2) =+ 13

-t

ontte s i et rass IO e SESSS PUUe e Srres Fhmg VTS SeAR SOMS Gubia ekt Stk SO Far Mt Sares R0 rone S Sia WA Grafy B A R0 s e e oW 0% TEat STt Bmrve S0 Femns ety e WS

Activity Duration Resource Resouwrce

Label Reg. (1) Req.
i, 2 11 14 12
1, 3 14 9 11
2, & 18 14 13
3, 4 & 10 10
z, 6 15 12 10
4, 5 7 i1 11
S5, b 2 9 a8
S5, 8 B ¥ 14 13
b, 7 11 14 13
b, 9 20 11 8
7, 8 3 12 12
7, 9 14 14 13
8, 9 12 11 10
9, 10 14 1 1
10, 11 13 0 1
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Frroblem Name @ ABCD.Z3
No of Activities: 19
No of Resowces @ 2

Resoukce Limit (1) a

resowce Limit (2) ¢ 2

o 3 SAves S i S TPS rsas $004s MERS 147 00w ainae $A0M 400D Besme s S PSS S0 Besay Bt fmses et S Sonen Bhuen rerm SVers Pmbes (U Srimt barms At S S Shaat Pdes PO Pomes S e Pt PONAS

potivity Duration Resource Resource
Label Reg. (1) Req. (2)
1, 2 1 0 2
2, X N 1 1
I, 4 & 3 2
A, B 8 3 2
4, O S 3 2
4, 7 15 & 2
4, B8 5 3 2
S5, b 3 2 1
by 7 7 2 2
6, B 4 .3 2
7, B 8 3 1
7, 10 15 3 2
8, 9 S 2 2
2, 10 7 R 1
10, 11 2 0 1
11, 12 b 1 0
11, 13 2 1 1
12, 13 0 1
13, 14 2 1 1
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Froblem Name . @ ABCD.4
No of Activities: 13

No of Resouwrces 1 2

Resowrce Limit (1) @ 4
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Resource Limit (2) 2 4
Activity Duration
L.abel
1, 2 S
1, 4 83
2, 3 3
I, 6 7
4, S 4
Sy 6 3
S5, 09 15
by, 7 9
6, B 11
by, 9 20
7, 10 12
.8, 9 Q9
9, 10 14

tos we vn

Resouwrce

Req.

Q

= b3 o 0 DL

(1)

Resouwrce

Req.

(2)

iy 028 batte Wig BT g 20 e S0 At e At it A Siod S oY PUS0s et Shend o0 Bseg SASPS BALSE Sl TAre Fiond 410r S0se? HRAS e Fed POIR OB SIS s Deved Souiy P e G4

127



128

Froblem Name ¢ F1
No of Activitiess 18
No of Resowces @ 4

Resow ce Limit (1)

Resowce Limit (2) 5
Resource Limit (3) 3 4
Resource Limit (4) 3 22
Activity Duration Resource Resouwrce Resource Resourc
Label Reqg. (1) Reg. (2) Reg. () Reqg. (4
1, 2 pt O .0 0 0
1, = 3 1\ 0 w] 1
2y 3 5 1 o 0 O
2, 4 & 3 S 1 2
2, b ] 0 0O X 2
2, 7 20 2 : 5 1 Q
E, 4 15 E i 4 2
A2, 6 ¢ Q 0 Q 0]
4, 5 A 0 Q 0 0
4, 7 O 0 0 0
4, 8 é 0 O O O
Sy 7 4 1 0 0] ) Q
%, B 9 1 1 0 0
by 7 10 3 : 5 3 1
7, 10 o 0 0 ] 0
8, 9 1 0 Q O Q
8, 10 2 0 0 O 0
S, 10 1 O 0 0 O
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Froblem Name 3 F2
No of Activities: 19

No of Resowces : 2

i

Resource Limit (1) 2 &
Resowce Limit (2) @ 5

ess trme s e S tauin deiny W ISY ote ebe Mot $navs Botme s One 400 Pmome B et S9Tee eew bt AP B Heine S T SeS Ebve At 9300 S v Leend Sowe $0eas PRENE et Bedes C0089 4OOTY et Wort

fctivity Duration

Label
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2 5

s ]

4 5

5 2
Z, é& 10
4, 5 5
Sy 7 é
S5, 9 8
by, 7 et
&b, 10 S
by 11 8
7, 8 1
8, @ A
8, 11 b
9, 11 2
9, 12 1
10, 11 5
10, 12 2
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-oblem Name ¢ F3

y 0f Activities: 14

3y of Resouwrces ¢ 1
agotrce Limit (1) 3 &

~tivity Duration Resource
abel ‘ Reg. (1)
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~oblem Name @ F4
o of Activities: 25
o of Resowces ;1 3

‘o’

psowr-ce Limit (1)

B

esowrce Limit (2) ¢ 4

esowrce Limit (X)) ¢ 1

e Gurms e Se4ns SRS 14100 BeSUR Bebet $0e90 STTES S PuArS Beves PAASP 00U $00nd Bhind SRS A0mes SoeBt b e ceted PP Bped Srved Shans miady Sasd Entt TR RS RS Seted RS B G $mitd Rl $9008 fhrve P s By shees B Gased S0BIS oSy ARG OO0 SV ARG R Sowes e

ctivity Duir-ation Resource Resouwrce Resouwrce
.abel Reqg. (1) Reqg. (2) Reqg. (3)
1, 2 2 1 = O
1, = 4 = 4 )
1, 4 % 4 4 Q
2, o 5 3 1 0
2, 6 8 2 3 0
I, 4 1 2 3 Q
4, 6 5 t 1 0
4, 7 10 2 3 0
4, 9 b 2 2 1-
5, 8 ) 2 0 i
6, B 7 3 2 | 1
7, 9 2 4 4 1
8, 10 5 O 0 0
?, 10 0 0 0 0
9, 11 2 et 0 0
10, 12 8 1 0 0
10, 13 & 3 ks 0
11, 13 2 4 2 1
11, 14 5 s 0 1
12, 13 5 O 0 1
1%, 14 = 1 1 0
1%, 13 4 2 o] 0
14, 15 & 1 0 0
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Froblem Mame @ F9%
No of Activities: 16
No of Resources ¢ 1

Resource Limit (1) 3 &

oot POt BAat i bt P PRy g Pvoms $RNDS Gaeed Farms Separ M dosap Hets A00Ss Brmas HIAS SOMer RS GEA Sevms Hove crbey hand BSSVe Pevan Seimg oS Samen

Activity Duwration
Label

mve Rottn St ap $7aes Shese $a0nt garey vt e 0SS e Lornd PO ey S SH04y bomng (s derin B A2 Shmts R Bembe St 4SS S Seabe B e

1, 2 10
1, = 8
2, = g
2, 5 7
%, 4 5
T, 5 4
I, 6 6
4, 7 8
5, 6 2
5, 10 4
by 7 4
7, 8 10
7, 10 5
g, 9 2
9, 11 1
10, 11 15

catan s oy Srimy 008 s s Py e i SRS P S oo P et ovbes SV Bt Pemey e FPO06 fesdn BNt BAa Gamd Peive DUV S0 et S
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oblem Mame : Fé&
of Activitiesy 14
of Resouwrces 5§ 2

souwece Limit (1) 3 10

source Limit (2) 3 12

tivity Duration Resouwrce Resouwrce
bel CReq. (1) Redg. (2)
1, 2 15 8 10

1, 4 10 5 7

1, 5 20 B3 ]

2, = 10 9 a

2, 6 15 b 12

, 4 8 10 10

I 2 i 5

4, 9 = 0 0

4, 7 10 10 12

9, 8 8 2 2

&, 7 10 9 10
7, 8 a 3 3
7y 9 20 0 1

g, 9 pt S 5

"ttt 10508 S et pomey SIS B34 e IS WSoE i 904 Gheee 44D Fao0t 1o em st fires HeSd bt (Rere SOSRL Sutte ds SO $0red dem FSLOR Savee Sered SHAeP SeRrY MYeS 0000 Fenes Dree BOMTD bevea S0



134

oblem Name 1 F7

y of Activities:s 82

y of Resouwrces @ 4
gowrce Limit (1) ¢ 7

11

e

acouwrce Limit (2)
wgourrce Limit (3) ¢ 20

gource Limit (4) @ 8

st (bt s 1500 $B44S Bt S0 SUORP €090 S0 Do Pds S S0 $S0VY S PPURS @OID S04 SBURE SAMIE PH00S Bensn PUOO7 e Fivee P GHGRS bovel 0TS S-B4F e bt Somad bomt 000 A44LR Sbntu SOt iy (TS RESE 2000 SPG GRSt S80RG SAIP Gukte BTSS0S Wheme APETE TReSY IUASH GeS $R000 SRS RO Pieme Butus SSVRS Gunap Some Gveld $S8 dmrme

stivity Duration Resouwrce Resowrce Resource Resource
abel - Reqg. (1) Reqg. (2 Req. (3) Reg. 4)
1, 2 Q 0 ] i
i, 3 = 2 1 2 1
i, 4 8 1 = O O
1, 14 6t 1 O 2 1
1, 18 10 o 8 15 4
2, 19 5 4 & 12 7
I, 011 7 3 1 8 4
3, 14 14 4 1 14 3
3, 15 ] 2 9 6 4
4, 5 1 2 A 4 . 1
4, 6 4 1 3 9 2
9y 6 11 2 o 11 pu'
S5y 7 1 O 3 146 )
Sy 9 2 O 0 8 2
b, 12 g 2 2 4 2
7, B Q 4] O Q- o
7, 10 5 1 2 4 i
B, @ 4 0 0 0 1
B, 26 = 1 1 14 1
g, 27 1 7 9 0 Q
9, 12 ) ] QO Q Q
9, 2 2 1 0 4 0
9, 25 1 0 0 O 4
10, 28 27 2 4 (%] 2
11, 12 1 0 Q 4] i
11, 16 ' 1 2 4 3
12, 13 6 1 1 4 S
12, 17 12 4 7 15 4
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1%, 24 5 o) o 4 o
14, 19 é 4 7 16 7
15, -17 8 2 0 0 C)
5, 20 & 1 & 11 b
1(5, 22 ) 0 4 i8 1
174 22 1 1 1 4 3
17, 22 4 Y 0 0 5
17, 33 14 1 1. 13 4
18, 19 12 % 4 11 M
19, 20 8 o g o N
19, 21 7 1 1 9 6
0, 21 5 = = a .
21, 34 : 7 3 2 1 8
21, 35 13 4 4 13 5
29, T4 28 1 o 1o =
2%, E7 29 ) = . L
25, 2é 0 Q O O 0 -
25, 32 43 o o 5 o
25, 38 25 0 0 14 0
26, W1 7 1 o = 1
26, 40 5 0 o o o
27, 30 16 e O 1 O
27, 40 6 O o o 3
28, 29 4 o 1 3 .
28, 0 2 1 2 0 1
29, 41 4 1 4 i 4
29, 42 2 2 x = o
30, 43 7 2 2 2 2
Ity I 8 i ] 5 o
32, 38 3 2 1 4 0
2, 47 1 0 0 ¢] : 2
35, 34 b 1 1 ) \ 0
34, 7 42 2 9 1
5, %6 2] 7 4 R n
36, 37 & 1 u] O )
3%, 47 7 4 o 0 5
57, 46 15 1 < 2 5
37, 47 0 O O O 0
8, 9 = 1 = = 4
9, 40 & 2 4 4 1
9, 45 O O O 0 O
0, 45 13 ) 4 11 o
1, 43 10 2 3 4 1
2, 44 o’ 7 8] 19 1
13, 44 [ O O 9 o
3, 48 12 1 1 0 1.
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1, 48 17 2 b 17 1
5, 48 29 A 4 11 R
7, 48 16 2 1 4] 0
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oblem Name 1 F8
y of Activitiesy 57
y of Resources @ 4

couw-ce Limit (1)

cpuirce Limit (2) 3

wouwrce Limit (3)

source Limit (4)
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ctivity Durration
abel

1, 2 1
1, = 8
1, S b
1, 6 4
1, B A
2, 19 2
3, 4 15
3, 8 0
4, 15 1
4, 1& b
S5, 13 )
S5, 14 4
by 7 b
by 12 o
7, 10 17
7, 12 7
7, 20 0
B, 9 5
8, 10 6
7, 20 1
7, 2% 4
10, 11 £
1o, 22 2
i, 2 6
12, 14 13
13, 18 1
141 18 0
14, 19 2
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roblem Name @ F9
o of Activities: 21
o of Resources @ 2

eeowrce Limit (1)

~

resource Limit (2) ¢ 5§

B e

activity . Duration Resource Resource
Label Req. (1) Roe e
1, 2 1 o o
1, 3 5 1 o
1y 4 & o 1
1, 5 7 1 o
1, 9 4 o ;
2, 3 o 1 |
2y 7 10 . )
2y 9 12 1 -
2y 4 ) 0 5
Sy, 7 2] o o
s ! © 0O
4’ ° 8 1 1
4, 7 & o x
3y, 6 o 4 )
Uy 7 ) = :
by 7 1 ) 5
by B %t = %
6, 9 5 5 N
7, 8 7 " :
7, 9 11 4 =
8, @ o o 5
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-oblem Name

s Flo

h of Activities: 71

o of Resources 3 3

gsource

psOulrce

eSO Ce

(1)

(2) s

Limit () 3

. v unag oen i 590 Ao St Gy S Sy foe2g st TSR NG Sk Bt FPee e S i 500 e i et b S B
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28
18

oy
OO0 N DTN

)
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DR ol &

mo~uWr

[y

fay

-
oNDTD

fy
~

Resource

Req.

-

Resource Resource
(1) Reg. (2) Req. (3) -
1) 2 a8
2 2 2
7 X 8
1 6 Q
1 4 4
4 11 &
4 6 8
1 Q 1
1 Q Q
1 4 2
w} ) Q
i Q 4
4 2 9
s o} I
1 4 g
1 1 1
2 8 ?
5 ! 4
6 3 S
O Q Q
5 5 :
1 10 ?
2 4 |
1 1 1
7 & 7
5 1 6
1 5 2
1 6 &
2 3 1
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32, 43

ey -
3G, 39

NORNDOCOOo G0 - U RO O DD

17, 19 1 = .
17, 30 ' 20 o ‘é é
18, 20 Y o 5 8
19, 20 [« 0 o o
19, 29 4 = 5 :
19, 30 4 3 2 !
20, 32 41 3 o p
21, 33 - 11 o P 3
22, 27 S o3 - 5 2
22, 33 3 5 - .
.‘.:.-, 25 19 a O o
24, 27 2 x =
251 2 . 28 1 3
25, I8 15 o o
25, 36 3 = 2
26‘! 36 ‘C)b o -
26, 38 & L
27, 34 o 4
28, 33 1 4
29, 31 o i
29, 32 1 4 8
30, 31 5 <
31, 40 1 1
32, 40 o -
o ¢)
Q 9

T4, I9 1 2 1

34, 43 0 O

35, I8 2 1

36, J7 3 0

37, Z 2 i

E7, 43 1 6 9

8, 39 0 0

I8, 43 2 3

39, 42 17 1 2

40, 41 3 2 4

40, 42 7 7 0 1
41, 42 7 1 4

42, 43 11 3 3
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Froblem Name @ F11
No of Activities: 23

No of Resources : 2

-

Resource Limit (1) 3 8

Resource Limit (2) + &

Activity Duration Resource . Resource
Label v , : Reg. (1) Req. (22

T T L Ty e o i o

1, 2 b 2 2
1, 5 5 4 5
2, 3 4 3 =
3, 4 o2 0 3
3, 6 12 4 5
4, 5 1 0 O
S, 6 4 2 1
5, 7 8 3 z
5, 9 10 . 0
b, 11 8 4 0
7, B 4 1 1
7, 11 & 0 .t
8, 10 5 0 1
8, 12 2 2 O
9, 12 I 0 2
9, 13 5 1 1
9, 14 & z 1
10, 11 3 2 2
10, 15 7 3 1
11, 14 & & 1
12, 13 1 0 0
1%, 14 2 Q 1
14, 15 5 3 1
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Froblem Name : F12
Mo of Activities: &5
No of Resouwrces @ 4

Resource Limit (i) : b

Resource limit (2)

t
0\

Resowce Limit (3) @ @
Resowrce Limit (4) 2 9
Activity Duration Resource Resource | Resouwrce Resource
Label Req. (1) Reg. ((2) Reg. (3 " Reqg. (4)
1, 2 7 = 0 7 7
1, 16 6 4 S 1 O
1, 19 12 = 4 7 1)
2, 3 8 1 1 6 &
2, 4 13 4 4 s 2
I, 16 O Q ') O O
X, 17 11 = 2 5 7
2, 20 2 2 s 5 8
4, S 13 ) ! 2 =
4, 8 g 4 1 O 1
4, 20 19 & 2 4 4
S5, 6 4 1 O 4 1
5, 27 ) 2 S 0 7
b, 7 7 53 4 7 7
&, B S 2 1 = O
by 9 13 2 4 O O
7y ? & 3 1 Q 4
7, 27 12 1 1 4 2
8, 10 b O 0 7 8
8, 11 17 2 2 ] 3
8, 27 O 0 Q O Q
9, 11 b 5 1 8 ")
?, 1= é 2 4 1 2
Py 25 15 1 2 2 0
16, 11 1 1 1 0 ]
10, 12 4 - 2 4 & 0O
10, 14 5 1 3 4 =
11, 12 18 ot 2 1 4



11, 1=

11, 25

12, 1%

2, 15
13, 15
13, 25
14, 15
14, 30
15, 25
15, 30
16, 18
17, 19
18, 19
18, 20
19, =0
19, 21

20, 22

Sovs wen
20, 24
20, 27

21, 23
21, 26
21, 28
22, 24

22, 26

23, 26
23, 28
23, 29
24, 26
24, 29
25, 2

25, 30

26, 28

e -
RN IS
27, 2

28, 29
28, 30
L 29, 30

i

e oy

[ 8]
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ig

11
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26
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Problem Name 1 FI13
No of Activities: 23

No of Resources @ 1

Resoukce Limit (1) = 4

e g P et S caoe seces Soses S0t (ris VRS senen e ivom Shvew Shise u0 by et o Shbte $9000 S by Fobte Sk St i SSetn PR PO

Activity Duration Resowrce
Label _ Reqg. (1)
i, 2 S 0
1, 4 2 1
1, 6 A 2
2, & 10 1
2, 7 4 O
2, 10 8 2
3, 4 7 0
I, 6 ] 0
3, 9 13 C2
4, 9 2 =
4, b 2 i,
4, 8. = 1
5, 7 i 2
b, 11 - " 1
7, 10 3 2
7, 12 1 3
8, 11 b =
?y 10 18 1
10, 11 20 1
10, 13 2 3
11, 12 12 2
11, 13 & 4
12, 13 10 %]

oo e e S50ny oy Spap S Rais e Pt At Buend SHme Sty Wit S S0t Gasrn FSRve SN o4 SHAGC Mars S0 Bap 20008 GOred oy e e o
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Froblem Name : F14
No of Activities: 15

No af Resources 2 2

»e

Resowrce Limit (1)

Resource Limit (2) : 3

Activity Duration Resource Resource
Label ' Reg. (1) Reg. (2)

s s by S S some [P

— e oo e i e S Srmaa o S S Y e S ks S0t S S boben S e St

i, =2 et 3 A
1, 3 5 1 0
1, 7 2

2, 3= 2 1 0
3, 5 12 ! 2
4, 5 2 0 0
4, 6 b ! 3
5, 6 12 1 1
5, 7 20 2. 0
by 7 -8 3 3
6, B S i O
7y 9 12 et e
8, @ 2 O O
8, 10 7 1 1
.2, 10 8 3 s

v mes Shemt Savay Samrn Snid e Sy eran g Seves $hed Shake bams HPS oembe Sy S 403 St s Y SO ST VAL Pt Y ety N i A et ey o Syevh SRS O boned P00t Mems RSS B Sanbe S4mae
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Froblem Name @ FiS
No of Activities: 53
No of Resources :

-
)

Resource Limit (1) »

Ln

Resouwrce Limit (2) @ 4

Resowce Limit (3) @ 4

04040 ot 1004 400 Wen ohens Gurma Gnre $00AL Veaad Sreas SEERG PSSR Loser Shn whne Sabet S00m? 48N SLete SO A frme Dot SoVoh 0204 Febe rebe e 4e Aot St P $STRE S Aeben SaLbn POe et e e sy St Pt Siasd S0 SO Banie e s Suies e et (b it st

Apoctivity Duration Resource Resource - Resource

Label ' Req. (1) - Reqg. (2) Req. ()
1, 2 19 3 = 3
2, 3 2 4 1 1
2, 4 3 4 1 1
2, B 12 -3 2 2

I, 6 - 0 1 2
Ee 7 16 2 1 1
4, 9 ) (O O 1
4, 13 12 1 Q 4

‘S, 6 7 1 1 s
by 7 0 0 4] 0
&, 10 B 2 2 KA
by 13 1 S 1 1
b, 15 b 1 4 1
7, 8 . a 2 2 1
8, 15 18 1 2 1
8, 18 & O i O
9, 12 28 -2 2 - 2
10, 11 1) 1 1 1
11, 12 1é 2 1 2
11, 13 18 = 1 1
11, 21 24 ] 2 2
12, 21 a2 1 1 O
12, 22 ia 2 0 ]
I, 14 15 1 O -1
14, 15 0 4] O Q
14, 16 6 Q 0 2
14, 17 4 1 4 @
15, 18 .9 1 2 2
16, 21 & 1 2 o
16, 24 13 Z 3 3
17, 18 10 2 0 O
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17, 19 & O 2 Q
17, 2 3 2 1 2
17, 25 1 5 Q Q
18, 19 1 1 1 1
18, 20 13 0 0 2
19, 20 7 2 : 2
19, 26 14 2 0 0O
20, 26 1 2 1 2
21, 24 5 3 o X
22, 2% B 1 1 1
22, 24 15 1 3 2
2%, 24 17 2 4 1
2%, 28 & 0 1 O
23, 29 8 1 0 2
24, 27 11 0 0 2
25, 26 4 2 2 1
28, 2 -6 0 0 3
26, 27 7 Q 0 4
27y 30 1 2 0 2
28, 29 2 3 0 0
28, 30 1 0 )
29, I0 5 4 3
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roblem Name : Fi6

o of Act.ib‘vit_ies: 101

» of Resources : .6
gsource Lim_it (1) : 3
{&out‘(ze Limit (2) : S
esource Limit (3) ¢ 7
esource Limit (4) : 10
!eébﬁrce Limit (5) : 3

esource Limit (6) : 4

149

\ctivity Duration 3 Resource Resource

Resource Resource Resource Resourc
,abel Req. (1) Req. (2) Req. (3) - Req. (&) Req. (5) Req. (6)
1, 2 1 1 ' 1 9 1 0
1, 3 4 2 3 3 6 1 3
1, 7 12 0 1 0 5 1 4
1, 8 0 0 0 0 0 o "0
2, 3 1 3 5 0 1} ] 0
2, 4 .6 0 0 ) 0 0 4
3, 4 -0 0 0 0 0 0 -0
3, 5 13 3 1 1 8 1 2
3 6 -2 2 2 2 3 1 2
3, 8 o 0 0 0 0 0 0
45 6 i 1 3 1 2 2
4, 17 8 "0 0 7 7 0 Q
5 6 14 i 4 1 0 o 0
5 1T 0 0 0 0 0 0 0
5,19 4 0 0 3 0 0 -0
5 20 6 2 1 4 4 1 4
6 18 3 3 0 0 0 ) 1
6 19 5 3 5 0 "0 0 0
6, 22 11 1 2 4 0 2 1
T, 8. 0 ) ) 0 0 0 )
7 9 ) 2 4 2 0 0 2
7, 12 8 3 - 3 3 1 3 1
AT 24 2 2 2 1 ) 0
8, 14 1 0 0 0 2 0 0
- 8 8 0 2 5 6 0 3 .

-
o
-

e
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Froblen NMames s Fi7

Mo of Activities: 19

e
B

Nix of Rescouwroes 2 1

Rescurce Limit (1) @

i

Resource
Reg. (1)

MCtivity' Durats on
Label -

1, = & O
1, = 1 L2
1, S s
2, I A i
2, 4

~ =
2y o
i :
2, B8

- R

ot

.
[
R

2o N R
FX

2

R e R

i

rn
—

3> 3
.
-3

Pl
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O

SgomoNDpDUsERP
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¥
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Froblem Name : F18
Mo of Activities: 18
No of Resources : 2

u e

Resuurce Limit (1) ¢ '8

Resowce Limit (2) ¢ 3
Activity Duration ~ Resource Resource
Label _ Reg. (1) Reg. (2)
1, 2 5 S 2
1, = 10 7 3
2, 3 S A 3
2, 5 14 3 3
I, 4 - S i
3, 6 8 b 0
4, 3 3 b 2
4, 7 S 3 0
S, 8 11 3 i
6, B 2 é 3
7, 9 S 2. 0
8, 10 7 0 0
8, 11 12 0 1
2, 10 5 i 0
2, 11 10 0 1
i0o, 12 11 1 i
11, 13 15 2 0
2, 13 5 0 3

or cowa e e Sare s by vy S s0uas sty Sy By PPt S (i ey A de b e D PRy SO s e Fivin S S4o SS0ks Uets mbar SAems Srrie S Sars TR ety Shine SR ST Seen S 3 v
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Froblem Name @ F19
No of Activities: 17
No of Resourcés v 1

-

Resource Limif,(l) 5 4

Activity Duration Resource
Label : Req. (1)

s ot i 1700 (me G2 s Soves T et SeP SR SOOMs A St e e S i o ki Sy At Sy (et S P St e s s
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" Problem Name 1§ F20
No of Activities: 23

[

No of Resources @

Resource Limit (1) 2
Resource Limit (2) ¢« 3

Resource Limit (3) : =

Activity Duration  Resource Resource: Rescurce
Label ' ' Reqg. (1) Reg. (2) Req. (F)
i, 2 5 1 1
1y 3 2 Q Q Q
1, 4 o 1 Q 0
1, 8 25 2 3 3
2, = b O 1 0
2, 4 10 1 O 1
2, 9 11 0 O 1
I, 4 3 1 0 1
5,06 3 2 1 O
4, 5 - 2 0 1
4, & 1 3 A 1
4, 7 7 2 0 2
4, B 9 0 O -1
Sy b 1 O 0 0
5, B 4 O 1 2
&, 7 2 3 2 0
by B = 1 2 0
b, 9 12 0 1 2
7, B 1 1 0 1
7, 10 4 1 2 1
8, 9 2 1 2 1
8, 10 ) 1 0 i
2, 10 1 1 0 Q

etin aten somae Soshy g BePrs by e Lnben L SA0s b Soe ST PAitg Pbees St e Sy Tt $6540 o B4t St Sndd s chen Bema Sy e0h Pt 408 Shant S0t SR S0me by Tty P ity B SV R Sres iy NS RS S Paeas St B ek Gmete e Ao Srte
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Froblem Name : F21
No of Activities: 17
No of Resouwrces : 1

Resowrce Limit (1) & 4

e Showt S a0 et $omig S4ere SHoY et Senem At sy st o S99 St YaReY it et e Bi0e 4R $Heve SR e S e $Sene cibee Saam dotae

Activity Dur-ation Resource
Label Reg. (1)
i, 2 8 1
2, 3 1 1
2, 4 1 2
2, 6 = 4
I, 7 & 0
4, 9 1 Q
4, 6 2 Q
4, 7 & 1
S, 6 1 1

Gy 7 &S 3
6, 8 10 =
&y 10 22 1
7, 8 é& 1
7, 9 2 2
g, % 2 1
8, 10 12 2

el

eoven e e Pirts s S beney e Saven Fhae $ome Soade SRS SR Sk Sk Feben T Aot b ke S ey €0 Bovne TR iln S oY S S
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oblem Name 1 F22
of Activities: 21

of Resources : 5

souwrce Limit (1) 5 6

source Limit (2) @ 4

sourrce Limit (3)-: 7

Nad

source Limit (4) @ 10

source Limit (D) 1 B

tivity Duration Resource Resource Resource Resource Resource
bel Req. (1) Reqg. (2) Reqg. (3). Req. (4) Reg. (3
1, 2 S 4 -2 S 8 2
1y 3 2 0 ¢] w] 1 3
1, 4 1) 1 s] 3 1 Q
1, 5 8 1 1 1 Q O
2, 4 7 2 3 7 9 5
2, & X = 1 Q 1 4]
3, 9 11 Q 0 Q ] 2
3,7 2 Q. O O QO s)
3, 9 5 2 1 3 2 5
4, 9 2 1 1 4] O QO
4, & = O Q b 1 2
4, 8 1 5 3 7 10 4
g9, & 5 2 2 s 5 0O
Sy 7 2 O 0 1 0 =
5, B8 = k3 1 2 S Q
b, 8 2 & O 0 O 1
&, 10 & Q. 0 "7 0 Q
7, 10 2 1. = 0 0
7, 10 8 i 1 QO 0 s
B, 10 1 O 0 1 o 1
?y 10 12 <] O 7 (] 1
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Prablem_Name v F23
No of Activities: b6

No of Resowces @ 1

Resource Limit (1) & 10

Activity Duration Resouwrce
Labal ' Reg. (1)

vine Som e ot o v Seeke SiAen Share Sots S mer dmitn e Bl b S o4 o ot Sen
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R Wk

oo

"
U3

e
1 O by R

b
o
—
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> Nas
!

b

= B

Sy 4
=

SRRl

¢
Qo N~ md
B

5 3

&, 3 w .
&, Q & e

b, 10 A 2
7, © Lo !
7, 9 2 &
7, 11 9 s

8, 9 =
8, 10 1 1
8, 12 20 0
B, 1% 14 A

g, 12 . B
9, 18 . b
10, 11 10
10, 135 5
10, 14 15
11, 12 8
11, 13 _ 7
i1, 14 -
12, 14 2 -

q = : ¢
12, 15 g 7

=AM BN

-
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Prpblem Name : F24
No of Activities: 18

No of Resources : 2

Resource Limit (1) ¢ §
"Resowrce Limit (2) @ 8
Activity Duration Resource Resource
Label Reqg. (1) Reg. (2)
1, 2 5 3 5
1, = a 1 0
1, 4 & 1 1
2, 4 5 2 o
2, 6 2 ! 3
3, S 2 = 1
4, - & 3 1 5
Sy 6 1 0 0
5, B 3 3 4
by, 7 é 3 -3
s, 9 10 2 1=
7, 9 i1 I 2
7, 10 P = 1
8, 9 4 Q 1
8, 10 5 1 CE
8, 11 g 3 9
2, 11 7 2 2
10, 11 2 2 2

-
'-‘
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Froblem Name @ F25

No of Activities: 14

No of Resouwrces ¢ 3

“Resowrce Limit (1) =

Resource Limit (2)

Resource Limit (3

=

. Mt W e oty et S e SRS S S eesd R AR Purws S0 Seian P A s S g P devte e 4 At et Pt S0 e it ISt Shass Ao et By S St B iy b i S RS e PP SMAGe Bt St e S otm e St v

Label

Resouwrce

Req.

(1)

‘Resowrce

Req.

(2)

Sone S Sreen Vs Py e et P e Reme S0 et st WO o $O0es e $00nt St e S04 St S0t Serae Seney e SRty S0ens Seing S -t A beees S S e SRS S e M By $obee RS broms e s Setd e SHeas s it ee Mevan (i $Mdae Pouas
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robl em Name

F2

o of Activities: 48

o of Resources :

esouwrce Limit
esource Limit
esource Limit
esource Limit

tesource Limit

(1)

L h ch ot

- Ln

161-

yetivity Duration Resource Resource Resource Resource Resource
.abel ' Reg. (1) Req. (2) Reg. (3) Req. 4} Reqg. (S)
1, 2 12 2 3 S 0 Q
1, 3 4 1 o] 0 3 S
1, 4 5 = 1 O O 0
1, 12 8 4 3 1 n] (]
2, 4 z 3 z S 1 1
2, 9 4 3 1 o] O 1
2, 6 & [¢] 0 5 O 2
Fy 4 2 4 1 } 1 Q
Z, b 1 O o] ] 0 Q
3, 7 .8 Q -0 2 3 1
F, 8 9 1 2 0 0 S
3, 15 20 Q (0] 1 0 2
4, b 2 1 2 1 0O Q0
4, 7 1 2 1 0 0 1
S5, & 1 Q 3 i 0 Q0
Sy 11 6 2 2 0 QO Q
S5, 12 5 0 (o) Q 1 3
Sy, 13 8 Q 1 1 1 2
by 7 2 Q 0 Q O ¢]
&y, 10 18 3 1 5 0 1
6, 11 15 2 1 Q = 2
7, 8 3 0 t 2 0 1
7, 9 1 0 0 2 O 1
7, 14 4 Q = 2 1 1
8, @9 2 1 2 = QO 1
a, 11 7 5 i 4 Q 1
g, 10 2 1 ] 1 2 1



162

COHMNLTOOHAMOOOINORNOOO~

OO OTOTOOMH AT

Q
5
1
1
O
Q

Q

BONOHMHO-NONCOOMOO0OMND

MR OHMOONOT OO AT OTON

21111001014?@::._04005020

COMHNANNON—=HN SN ANND O
- - )

sngMusTMmhoogs NI
P e s R R R I R e R B e B o B

9,
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12,
12,
12,
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14,
14,
15,
15,
16,
16,
17,
18,
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Froblem Name

F27

No of Activities:

No of Resources

Resowrce Limit (1)

Resource Limit (2)

Activity

Label

. S0 Tite e oty e frse Seed e Pome et O Wt Sared it heme @t Srsat S by iag P S Vet S VY e S $m Wt s P S Sered et SRS Srer e o oy o ey Mot (v

o L4 R R R o e
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12

130

14
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37

Duration

—

hy e

b e
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P e
N Ja 20 3 N
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Sm o PINULO O U

Resource

Reqg.
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= e L 0
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Resource
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12, 13 11 , 2 1
12, 14 10 1 o
13, 14 5 O 1
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Froblem Mame @ F28
No of Activities: 21
No of Resources :

-
R

Resowrce Limit (1)

kS

Resource Limit (2)

-

B

Resource Limit (3) : 4

U4 e e 2008 Bt ey 5000 VRS 2804 S s O A Rooss U St Same e dbate K00 i BRAS bumim Seam e sogon B o St TR iy AL drs SO Pk bt Bt ine SRt SAetd 40008 0 et LA i Seent Fhsme Srdon GV Sy v bimte St

Activity .~ Duwration Resource

Resource Resource
Label Reqg. (1) Reg. (2)  Reqg. (3
1, 2 3 1 Q O
1, 3 4 2 1 0
1, 4 12 2 2 2
2, = 2 3 1 2
2, 4 1 Q 1 Q
Iy G 4 2 1 O
I, b a8 2 O 2
4, 9 3 1 i Q
4, 7 = 0 2 ﬁ
4, 8 1 4 1 O
5, 6 15 K 1 2
S, 9 12 0 0 i
by 7 b 0 4 0
6, B8 1 O 2 3
6, 9 7 1 O 1
6, 10 é 0 2 O
7, 8 1 1 1 1
74 10 2 0 0 2
g, 9 1 0 O O
8, 10 ] 1 1 0
9, 10 1 1 O 1

e o crom e s omr et S ot v S T S S e AR $ 0 e 5 44k RS i A S i S ey B e S TS (e St o Sl 1o S SR e St P St I g vt ey S v Seg e e s
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FProblem Name : F29

No of Activities: 21

No of Resouwrces @ 1

Resouwrce Limit (1) : 5

ActiVity Duration Resource

Label Reg. (1)
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Froblem Name @ F30
Mo aof Activities: 25
No of Resources : 1

Resource Limit (1) : x3

e mne S40mt St $4s inte Pt vt Sy By PRy fmi Sephe S04t i et Tiet SAPh itee (ot S mimma e Shimn Beres St rvre e e $amre S0

fActivity - Duwiration Resource
Label : Reg. (1)
1, 2 & 1
1, 4 1 1
2, = 7 z
Iy 4 2 2
4, 9 b 2
4, 7 1 ¢]
5, 6 4 1
b, 7 3 3
&, 8 5 2
7, 9 -8 1
8, 9 = 2
8, 10 , a8 3
9, 12 : 10 2
9, 14 3 1
1¢g, 11 = 3
11, 12 & =
12, 13 7 1
I, 14 3 2
14, 135 -9 1
14, 17 2 0
15, 16 1 1
16, 17 2 2
17, 18 I 1
17, 19 1 1
18, 19 2 2

tmas s Svin Y T e St boake Torte S s Ao Seme SAs ety oy e S Shen SC ey PSSt SV Y Yot Gom Grn T4 e e



Froblem Name @ F31
No of Activities: 20

No of Resources s 2

i

Resowrece Limit (1) & O
Resource Limit (2) 2 &
Activity Duration Resource Resource
Label : Req. Req.
1, 2 12 3 4
i, = 5 = 2
1, 4 2 O i
2, 9 & ) 7
3y 7 2 1 ]
4, 5 3 0 1
4, 6 7 1 2
5, 8 8 2 1)
&, 9 = 0 1
7, 8 10 1 4
7, 2 S 2 2
8, 10 1 QO 1
9, 10 15 2 &
10, 11 S 2 2
11, 12 9 4 O
11, 13 ) 0 8
12,13 i1 4 b
13, 14 b i i)
14, 15 1 1 1
15, 16 2 O 5

ecom rae e S e b Sertn e Sovin FeERe bt Lot e Sk S0e v SR s S ks B P 0% Lo ey S92 Sy S P s D S48 SH0SL k4t Beta P SOt Sentn by Cus S S St
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Froblem Name @ F32
No»of Activities: 21

No of Resources @ &

Resource Limit (1) = 4
Resource Limit (2) 3 3

Resource Limit (3) : 2

ot sty s 098 sonen Soam oot St ot S4b0s sente aemve oaes

Dl L e et S e

Activity Duration Resource Resource Resource
Label Reqg. (1) Reqg. (2) - Req. (3
1, 2 8 1 = 2
1, 4 S Q 2 -0
2y 3 4 1 1 O
2y 6 & 4 O i
2y 7 = O 2 1
Iy O I 2 0 2
4, B 10 1 1 1
Sy b 2 Q 1. 2
5, B8 i Q 1 0
by 10 2 Q X Q
7, 12 9 1 2 2
a, @9 o 1 2 2
g, 11 4 1 O- 1
10, 13 1 4 1 2
11, 12 1 0 1 1
2, 13 C3 1 3 2
13, 14 1 0 1
14, 15 2 1 2 2
15, 146 5 O 0 1
15, 17 3 3 0 O
16, 17 7 1 0 Z

it et pomme Sorvn Sokny SPR Feena chrtt bimen Sembe Sean Hime §TME vy Feete om ot e Shrms i RS Ses S Adre S0 e Shete A s St St S o Sy e Seti SR Sy Smre TPt S = Siany i e S dey S s $emts Smmem Pram S e Shame o



Froblem Name @ F33
No of Activities: 24
No of Resources : 2

£

Resource Limit (1)

‘ta

113

Resouwrce Limit ()

et oot v remes Shomt B bhnss St By armte Wem i et i i S $o00n S et v S

Activity Duration
Label
1, 2 1
i, 3 3
1, 4 7
1, 5 11
2, 3 1
2, é& G
2, 7 4
2, 8 2
2, 9 12
Z, 4 5
3, 7 10
4, 9 1
4, 7 &
5, 8 8
Sy 10 &
b, 7. 2
b, -9 8
by 10 b
7, 8 2
7, 9 1
7, 10 15
8, 10 1
2, 10 3
10, 11 i2

it s o Soms Ty foon Ress Saitn it

&
Resource Resource
Reg. (1) Reg. (2)
& 4
3 { 1
1 QO
2 I
o z
1 1
Q O
3 &
Q 2
Q 1
4 1
1 2
2 O
i 1
1 Q
o 4
Q 1
1 0
O S
1 =
6 2

170



171

Froblem Mame : F34
No of Activities: 22

No of Resources : 2

o0

Resource Limit (1)

Resowrce Limit (2) @ 10

o S Bt S ne et Bems d bt Gl S BBd SASS M Guteg Skt A peime PSS s St BB S4tas Lot HAR S b, s P e S Gouin Sy BV Saben o4 Saree Seme SSLE A S ST 990w Sones

Activity Duration Resource Resource
Label Reg. (1) Reg. (2

1, 2 2

1, & !

1, 4 t

i, 12

2, S

2, 2

2, 13

&y 4

3, 2

o
SO sED

MR R R D O R

=

6 B

é

7
Sy 11
Sy 10 15 Q
by 7 -1 O
Hy 8 L2 4
7, 8 S )
7, 9 & QO
7, 10 12 0
8, 9 1 i
9, 10 2

s gones bonen o aneng oaoen Smon Soim S S8 it e S0eRs v e ot e A Pekon by St Pt i Sanin
o s T S Sun i St 6 e et s B s S o S Vi o S0 nne -
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roblem Name @ F35
o of Activities: 13

o of Resources : 4

esource Limit (1) & 4
esouwrce Limit (2) « 4
esowrce Limit (F) 3 3
lesource Limit (4) @ 2
Activity Duration . Resowrce’ Resource Resource  Resource
abel Reqg. (1) Reg. (2 Req. (3. Reqg. (4)
i, .2 &) o 1 O 2
1, 4 -9 1 1 ¢ 0
2, 3 2 = = 1 G
2, 5 11 1 0 1 Q
2, & 8 2 4 O 2
Zy B ] 1 3 1 (]
4, 6 18 2 2 1 2
4, 7 13 I 0 3 1
4, B8 12 0 0 = Y
5y B 7 5] o] 0 2
b, 7 X 1 1 1 1
4, 8 10 2 1 0 O
7, 8 4 1 4 1 Q




1/3

Frohl em Mame 1 F3&
No of Activities: 39
" No of Resouwrces @1 4

Resource Limit (1) 3 10 -

Respurce Limit (2) @ 10
Resource Limit (3) : 12

Resouwrce Limit (4) s 12

Activity Duratiaon Resource Resource Resource Resowrce
L.abel Reqg. (1) Reqg. (2} Reqg. (3) Req. (4)
i, 2 15 9 7 11 10
1, 4 é 2 S 10 8
1, 9 20 b 7 10 S B
2y I 11 1 =3 a ?
3, 4 1 Q 0 2 1
I, & 20 1 10 11 12
I, 7 15 8 8 7 Q
4, O 10 3 o 0 Q
9, b 8 9 8 9 Q
Sy 8 22 1 10 S S
by 7 8 1 0 8 1
&, 9 15 2 O 10 o
7, 10 25 8 10 0 O
7y 11 18 é = a8 8
8, 9 9 o 0 1 &
9y 13 1z 2 0 - 11 12
-2, 14 18 5 5 4 I
10, 13 a g a8 13 0
10, 15 17 i 10 Q 0
10, 14 19 8 = & 2
11, 12 7 O ] a8 9.
11, 15 15 10 = =3 0
12, 15 12 2 4 10 4
12, 19 2 0 1 2 12
13, 14 9 9 8 é 1
13, 17 . 18 &6 & 3 4
14, 16 28 1 0 e’ 4
14, 20 16 4 O 4 0
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Problem Name : F37
No of Activities:s 74

No of Resources : 5

‘Resource Limit (1)

175

8
Resouwrce Limit (2) : 8
Resource Limit (3) 1 10
Resource Limit (4) ¢ 10
Resource Limit (85) : 12
Activity Duration Resource Resource Respurce Resource Resource
Label Req. (1) Req. (2) Req. (3) Reqg. (4) Reqg. (S)
1, 2 8 1 ] 10 8 8
1, 3 8 Q & b6 1 2
1, 4 1) o] 0 10 o ¢
1, & 3 6 2 5 7 11
1, 7. 1 Q o] (] 3 Q
2, & 10 1 Q0 S o S
2, S 2 0 0 0 5 o
3, 4 5 4 3 2 (o] (O
-F, b i 2 =] 8 ] (]
3, 9 12 3 2 1 (] Q
4, 5 2 1 7 O Q ¢
4, 9 13 1 Q S 0. 3
5, & ] 1 1 2 Q 0
S, 9 4 1 9] 2 0 5
S, 10 18 2 2 2 Q (o]
S5, 19 Q? 4 0. 4 O 1
by 11 (o] d o] (] Q o
by 12 6 6 & 0 0 L0
7, 8 2 o] 5 0 0 S
7, 13 11 8 Q (o] S Q
8, 14 8 = 5 0 S i1
8, 15 ] 2 2 ] 0 -0
9, 20 6 1 1 O 1 1
2, & 7 S 1 9 10 )
10, 19 & 1) 0 8 2 8
i0, 20 15 0 (v} 2 1 Q
10, 21 7 1 2 = o

+
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14,
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15,

16,
16,
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17,
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18,
18,
18,
19,

20,

20,

Sy

12
ig
19
17
24
16
15
16
26
25
26
27
24

25

22
23
24

22

21
33
22

oy

33

-
32

31
31
36
30
31

>

29
0
38
37

I8 .

-
31

o
-
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33
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7
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5
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- Problem Name : F38
No of Activities: 66
No of Resources : 4

Resource.Limit\(l)

o

Resource Limit (22 s &

Resource Limit (3) : 10

Resource Limit (4) : 8
Activity Duration Resource Resource 'Resoufce Resource
lLabel Req. (1) Req. (2) Req. (%) Req. (4)
i, Q 4
1, 2 k3
2, 0 2
2, 4 0
3y (0]

By
QIONCUTUWRUNGHEON

9 1 )

6 1 0

1- 1 1

5 O 0
3 = s 1
a8 1 Q 4 1
7 2 2 1 2
4, & 1 4 1 0
4, 1 2 1 2 3 4
Sy 8 1 4 9 0
S, 4 0 1 0 1
Sy () 0 0 0 ]
&, 1 O 1 5 5
6, 14 18 0 1 3 2
b6, 15 -7 1 2 0 1
6, 16 0 0 0 .0 (o}
7, 8B 1 0 e 0 1
7, 9. 2 0 O 0 1
8, 10 8 1 1 7 i
.8, 11 4 ped 2 1 4
8, 13 15 2 2. Q 1
9, 13 6 ) () 2 1
9, 14 18 1 2 4 &
9, 18 5 4 1 3 4
10, 12 S e S 1 -0
10, 13 4 0 4 O 1
11, 12 0 0 0 0 0
11, 21 2 0 -0 9 i
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Froblem Name : F39
No of Activities: 75

v

No of Resources 3 &

jag]

Resource Limit (1)
Resource Limit (2) : 8

Resource Limit (3) : &

o B s et Y e o S0 e e ey it

Activity Duration Resource Resource Resouwrce
Label Req. (1) Reg. (2). Req. (3)
1, 2 12 3 5 2
1, 3 22 5 ] 4
2, 4 4 0 0 1
2, 5 12 2 e] 4
2, b 5 - 1 0 e
2, 7 i8 4 & &
Iy 4 i O %) 4
3, 14 13 4 o] -2
4, O 2 1 1 -Q
4, 13 3 0 J 3
4, 14 1 5 2 0O
S, 10 8 i 2 4
Sy 11 1) 3 = 2
S, 12 7 1 1 Q
S5, 13 15 2 2 Q
by 7 0 0 0 Q
&, B 2 2 2 3
4, 10 6 1 0 &6
6, 18 4 O 1 ]
7, 10 [ 1 Q 1
7, 19 4 2 0 1
8, 9 1 1 1. 1
8, 19 7 7 Q i
9, 18 3 3 =] 4]
9, 19 4 2 0 1
10, 11 4 3 2 1
16, 18 b a8 0O 1
11, 12 7 Q 2 1
i1, 17 1 0 0 2
11, 18 & 8 ¢} 1
12, 16 4 3 X 1
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Problem Néme 1 F40
No of Activities: 47.
4

Mo of Resources i

Resouwrce Limit (1) ¢ 2
Resource Limit (2) =2 9

Resowrece Limit (3F) ¢ 10

Resow-ce Limit (4) =

i

Aotivity Duration Resouwrce Resource Resouwrce Resowrce
Label ' / ' Reqg. (1) Reg. (2) Reqg. (3 Reqg. (4)
i, 2 & Y ki S 2
1, 3 12 1 4 O i
2, 3 G O O 0 Q
2, 9 & 1 S 4 1
I, 4 1 O O 1 2
2, 7 4 1 2 4 )
E, 8 Q G O O O
4, 5 2 O ¢] 1 0
4, & 12 ? 4 & :
5, 6 ] Q O O 0
S, 7 2 2 ) 1 0O
6, 11 4 0 1 O 1
6, 12 8 1 4 a8 3
6, 13 2 2 Q 1 S
7, 10 . 7 1 ¢] O 1
7, 11 8] Q Q Q 0
8, @9 2 2 8] 1 2
8, 16 13 1 1 1 Q
2, 17 18 Q 2 8 2
10, 14 ] 0 4 10 5
10, 15 » 3 1 2 4
=10, 17 GQ Q O 8] )
11, 14 13 1 1 Q 0
12, 13 2 2 5 -0 O
2, 14 1 0 o 1 Q
13, 14 Q O 0O Q ) (8)
13, 22 S 1 2 4 1
14, 2 12 0 = 7 A

-t
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15, 19

@ 1 Q 4 %)
1%, 20 2 1 1 O (%)
16, 17 1 Q O O O
16, 18 S 2 O 7 o0
17, 18 3 1 = A 1
17, 24 0 0 O [y O
ig, 19 2 1 S0 = 1
18, 24 ) 0 4 fod 4
19, 23 i4 1 ' o} 5 R
19, 24 18 1 1 0 Q
20, 21 2 1 0 Q 1
20, 22 0 i} o) O ]
21, 22 4 1 1 10 5
21, 25 ] Q ) : Q. Q
22, 23 . ) : ] 5 Q O
22, 25 12 2 ' O i 4
2%, 2 4 0 4 4 O
24, 26 a _ 1 1 ) 1
29, 26 1 Q O 2 =2
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xblem Name @ F41
of Activities: 90
of Resources : 5

source Limit (1) 2 3

spuwrece Limit (2) ¢ 3
source Limit (3) 4
source Limit (4) : S
source Limit ;5) : 3
tivity Duratioﬁ ' Resource Resource Resource Resource Resource
bel . Reqg. (1) Reqg. (2) Reqg. (3. Req. (4) Req. (3

o et o o s amen S e o e At e i Lot o St S el s i

2 3 3 1 4 1 s}
2, 3 1 0 0 4 5 3
2, 5 2 1 1 0 1 o)
2, 6 & 2 2 4 0 0
3, 4 12 1 1 0 1 0
3, 6 2 2 2 0 0 -0
4, 7 10 2 1 0 1 2
4, 8 8 1 0 3 4 z
4, 9 6 2 O 1 3 1
5, 12 4 3 0 ) ) O
5, 13 5 1 1 0 3 3
S, 14 12 2 2 0 1 0
&, 7 = 0 0 4 4 0
&, 12 4 1 ] 0 2 1
&, 13 7 1 0 ¢ 4 1
7, 8 16 1 1 0 0 0
7, 11 8 - 2 0 3 0 1
7, 12 0 0 o 0 0 0
8, 9 2 1 1 0 1 0
8, 10° 9 0 3 0 4 2
8, 11 6 2 3 o 0 1
9, 10 13 ! 0 2 1 2
2, 20 0 ¢ 0 0 0 o
9, 21 26 3 0 0 2 0
9, 22 21 1 1 O 0 0
10, 19 12 1 0 3 4 2
10, 20 8 0 0 4 0 3



13,
-r

20,

-
bk ]

18 17
19 11
17 0
18 12
23 14
16 2
17 b
15 4
14 g8
2 7
25 8
27 17
1B 0O
26 1
19 23
24 19
25 0
20 i
23 4
24 &
31 0
21 i
22 ()
23 18
22 )
33 4
34 32
ety 10
32 2.
33 8
23 0
29 16
30 0
31 4
26 3
28 ‘ 4]
29 11
27. , 1
28 2
28 0
40 |
40> 8
39 Q
39 : (]
32 ’ 1
39 i
= 14
39 7
7 13
38 . 6
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34,
=4,
35,
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37,
=8,
38,
39,
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40,
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Froblem Name § F42
No of Activitiem: 41

No of Resources :

-
-

()

Resource Limit (1) : &

‘Resource Limit (2) : &

Resource Limit (3) : &

Activity Dwration Resource Resocurce Resource

Label Reg. (1) Reqg. (2) Req.
1, 2 1) 1 2 1
1, = =] 3 5 1)
2, 4 3 1 = 3
2, 8 2 0 & 1
2, 9 5 1 1 1
Iy 4 21 1 1 4
2, 5 17 2 1 3
3, 6 7 2 2 4
4, 9 13 = Q O
4, 7 3 2 1 3
4, 8 b6 5 1 1
5, 6 6 1 4 4
Sy 7 0 Q Q O
b, 7 11 2 1 2
6, 13 12 1 b (¢]
7, 8 7 1 3 ]
7, 10 ¢ Q Q O
7, 12 18 2 2 2
7y 13 b 1 2 4
8, 11 1 Q 3 (o]
8, 15 5 1 1 i
2, 10 - 1 2 4]
?, 16 ? . 2 1 3
10, 15 12 2 2 2
10, 16 = = 4 2
11, 12 7 1 o] 1
11, 14 1) 1 2 1
11, 135 8 1 = 1 -
12, 14 3 1 = ]
12, 17 4 3 3 2
13, 14 14. 2 1 Q

186



14,
14,
15,
15,

14,

@ toaas ioe b St e e e o S0 S0 Srvat AP 26000 Sos PR oo S aars ek e sim St Pee Aot b v S Bt S et Subp 0 et e g P Sang A St S e M S M oOmd v $

17
18
16
20

20

oom b

19

, 20

19
20

P
24

-
=PI D DD NU - DR

-

v el = e = (]

=

Z:

T 0

k3

o~

R B e

50

187



Froblem Mame @ F4Z
No of Activities: 48

No of Resources

-
P

ot Lo ey et Shens a0 srese 9000y et S aave M ve Heies Bohe orae, SFed frabe Sealt St v AL i Mt Sty eet S LS Saaby Ak Sortt S Frtee S Ghvte TS 8048 iy GVERS SR frrie S abe Ao e S SAY S Arows it ke imte Soree Som Suete ppaey Maome

Respowce Limit (1) & 3
Resowce Limit (2) : S
CResowrce Limit 3 @ &
Activity Duration Resowrce
Label Reg. (1)
1, 2 = 0
1, 3 4 4
1, 12 12 QO
2, 3 & 1
2, 12 11 -2
2, 13 4 Q
Z, 4 0 o
Fy 05 -5 2
I, 6 7 1
4, & 6 i
5, 6 2 i
&5, 8 11 1
59, 14 ] 0
b, 7 7 1
by 13 Q Q
&b, 15 & 1
b, lb = 2
7, 9 S 1
7y 9 25 2
7, 16 & i
g8, % 2 - i
8, 10 13 3
8, 17 7 1
P, 10 4 4
9, 17 1 0
9, 19 & 1
10, 11 8" 1
10, 18 2] 1
10, 19 13 1
11, 20 4 1
1i, 21 3 I

Respuwrce
Reqg. (2)
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11, 22
12, 13
12, 15

3, 14
14, 15
15, 16

15, 17
16, 17
17, 18
18, 19
18, 20
18, 2
19, 20
19, 21
20, 2
20, 22

21, 22
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Froblem NMame. : F44
No of Activitiess 57
No of Resources : 4

Resource Limit (1) : 4

Resource Limit (2) @ 4
Resource Limit (3) = 5
Resources Limit (4) 2 &
fAoctivity Dui-ation ‘Rescurce .Resource Resource Resourc
Label - Reg. (1) Req. (2) Reqg. (3) Req. (4
1, 2 1 O Q O 4
1, 4 = 2 3 2 1
i, & 2 1 1 1 1
i, 8B 12 3 2 3 4
2, 3 0 0 0 o 0
2, & a 1 3 4 O
3, b = " Q & o )
3y 7 3 4 3 1 S
2, 9 iB8 1 1 W] 4
4, 6 5 0 O 3 &)
4, 10 11 2 4 i 0
5, 10 19 2 1 1 Q
S, 11 7 2 1 2 1
Se 12 <] 1 1 1 1
6, 9 9. 4 0 O 0
by 10 & 1 o) 1 o)
7, 8B 2 1 3 1 QO
7, 9 29 1 0 0 4
8, 15 13 2 2 o] Q
8, 17 17 1 1 1 0
2, 10 4 1 4 0 -4
9, 15 2 1 = 4 1
?, 16 22 2 4 0 1
10, 11 a 0 Q 1 Q
10, 13 iz 0 0 0 1
10, 14 14 2 0 0 1
11, 13 5 2 1 2 1
11, 14 & 3 1 3 1
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Problem Mame : F495
ND of Activities: 40
No of Resources : I
Resource Limit (1) =

Resource Limit (2)

Resowce Limit (3) =

Activity Duration
Label
i, =2 5
1, = 5
1, 4 3
2, = 0
2, S 0
I, 5 O
3, 10 4
4, & 1
4, B 6
5, 9 2
&y, 7 0
&, 12 0
7, 18 =
g, 11 0
8, 12 0
9, 11 O
9, 12 O
10, 11 0
10, 13 1
11, 15
12, 15 3
13, 14
14, 22 3
1%, 16 3
15, 20 0
16, 17
17, 22 O
17, 25 4
18, 19 4
19, 21 0
19, 24 1

Resowrce
Reqg. (1)
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20, 21 3 = 5
21 ] 25 4 4 ‘ i} ’ i
22, = a X :
2T, 2 ' o)
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24, 26 &
28, 26 0O O
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!

25, 27 2 -
26, 27 = P )
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Froblem Name @ F464
No of Activities: 76&
No of Resouwrces : 3

Resource Limit (1) P

Resource Limit (2)

o

CResowrece Limit (F) 2 &

Aoctivity Duration  Resource Resource Resouirce
Label \ _ Reqg. (1) Reg. (2) Req. (3
1, =2 4 i I 2
i, & 1 4 4 4
1, 14 & o] i 4
1, & 12 3 1 3
2, 3 8 1 0 0
2y G 13 2 i 4
2, 18 28 1 0 2
Ty 4 1 i i 1
3 6 5 3 o K
4, 6 18 L2 Q 2
4, 15 4 1 0 4
Sy 6 4 2 1 2
S, 7 b 1 0 4
Sy 1T Q Q Q 0
Sy 17 7 k] 2 =
by 7 b 1 3 2
&y B 7 2 1 2
b, 10 12 0 i O
7, B 5} = 0 O
8, 9 4 0 0 2
g, 10 b6 3 4 =
g, 17 Q Q A Q 8]
?, 10 11 0 2 1
9, 12 1% 3 3 0
4y 19 =] 1 1 1
10, 11 1 Q 4 2
i1, 12 18 1 2 0
11, 19 0 0 8] O
11, 34 20 & 1 O
12, 1% S 5 ] 0
2, 20 0 O 0 0
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>rmbleh Name : F47

o of Activities: 67
No of Resources ¢ O
Resource Limit (1) : &
Resource Limit (2) 3 6

Resource Limit

I
w

u

Resource Limit (4) 3

Resouwrce Limit (5) @ 4

Activity Duration Resource Resource Resource

Resource Resource
Label ‘ Reg. (1) Req. (2) Req. (3) Req. (4} Req. (3)
i, 2 1 0 0 o} z 0
1, 3 2 S 1 1 4 3
i, 4 3 4 1 2 3 2
1, 22 18 1 1 o} 1 -2
i, 23 S 0 ¢] S O 0
2, 5 12 0 0 2 0 2
3, & 5 3 4 3 0 "0
4, 7 Q s} fe) o) o) 0
4, B8 3 1 3 0 1 1
5y & 23 1 ] 0 1 Q
by 9 18 O 0 0 o 3
7, @ 1 0 2 1 0 3.
8, 10 g 1 2 4 1 ]
8, 11 17 2 0 0 v} 3
8, 2 ] 0 0 0 O 0
9, 12 32 1 4 3 0 1
10, 13 1 O 0 0 0 Q
10, 36 9 1 4 2 3 1
11, 14 2 0 3. i 4 1
11, 15 1 b 1 O O O
12, 14 15 0 2 Q 0 ¢]
13, 37 b 2 4 2 4 le]
14, 17 6 2 1 3 1 4
14, 18 13 2 0 1 3 0
15, 17 O 0 (o] 0 0 (¢]
15, 20 4 3 0 0 o @
16, 20 7 3 2 0 4 ¢]
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