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ABSTRACT 

The problem considered in this study is that of scheduling the 

activities of a project network to minimize project duration under 

limited resource requirements and availabilities. Various heuristic 

rules and optimization techniques have been applied to this problem and 

comparisons of their effectiveness with respect to one another have 

been made in the literature. However, a thorough investigation of the 

types of network and resource characteristics which play an underlying 

role in detenmining heuristic performance and which account for the 

variability of results has not been performed previously. 

The aim of this study is to specify the relationships between 

individual problem characteristics and heuristic perfonmance, as well 

as developing a new heuristic rule which will be compared with widely -

used rules. 



v 

QZET 

Bu ~a11§mada uzerinde duru1an problem, ~e§it1i 

kaynak gereksinim1eri ve S1n1r1ama1ar1 k1S1t1 a1t1nda, faa-

1iyet1erin ba§lang1~ ve biti§inin proje suresini asgariye 

indirerek p1an1anmas1d1r. Literaturde, ~e§it1i sezgisel ve 

en iyi ~ize1geleme teknikleri ve bunlar1n birbirleriyle 

k1yas1anmas1 mevcuttur. Buna kar§111k, sezgisel kurallar1n 

performans1n1 etkileyen faaliyet al1/kaynak Bze11ikleri 

ayr1nt111 olarak incelenmemi§tir. Bu ~a11§man1n amac1, sBz 

konusu ince1emenin ger~ekle§tirilmesi ve ayr1ca diler sez­

gisel yBntemlerle kar§11a§t1r11acak yeni bir sezgisel kUra-

11n geli§tirilmesidir. 
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I. INTROWCTION 

The planning and control of projects is an important problem of 

modern enterprise that many networK planning techniques have tried to 

handl e. 

Cornmon networK planning techniques, such as Program Evaluation 

Review Technique (PERT) and Critical Path Method (CP.M) concern 

the~elves 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 progress control .. 

The various resource problems, that may appear during project 

scheduling can be divided into three classes: Time / cost trade - off, 

resource levelling, and resource allocation. 

Time / cost trade - off problems may appear when there are no 

constraints imposed on the availability of resources. 

The resource - levelling problem occurs when sufficient resources 

are available for the completion of the project, but one tries to keep 

the resource usage at a constant rate as much as possible. 

v,'hen total resource usage is restricted to a given I imit, the 

objective is to minimize project duration while allocating various 

resources to activities. It is this type of problem which is dealt with 

in this study. 

This study has two objectives: 

(1) Developjng a new heuristic which obtains better results with 
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respect to project duration when compared with widely - used rules. 

With that purpose in mind a new heuristic has been introduced: The 

weighted resource utilization and precedence (WHUP). 

(2) Investigating the influence of network characteristics on 

different heuristic rules and thereby classifying problem types best 

solved by specific heuristic rules. To achieve the above - mentioned 

goal, a factorial design, covering the most relevant 

characteristics, has been generated. Furthermore, probl ems not 

included inthe design have been generated in order to reinforce the 

claim that WHUP is the best performing rule. 



II. PROBLEM DEFINITION 

The CP.M technique as mentioned previously is based on the 

assumption that all resources required in the performance of the 

project are available in unlimited quantities . This assumption is 

generally unreal istic 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 programning model [1) as follows: 

Minimize 

subject to 

maximum. ( t f (ij) 1 1 
all ij 

tS(ij) >= maximum 
hmEP(ij) 

f or all ij. (1) 

R(k) >= 

where: 

P (ij ) 

R(k) 

A(t) 

1" ( ijk) 

L r(ijk) 
ij E:. A(t) 

for all t, 
for all k. 

(2 ) 

= scheduled start time for activity ij, 

= scheduled finish time for activity ij, 

= set of predecessor activities of activity ij, 

= amount of resource type k available per period, 

= index for resource type, 

= set of activities in prpcess at time t. 

= requirement of resource type k by activity ij per 

period. 

-·-1 
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The objective is to minimize the finish time of the last 

activity in the project to be completed, Le., establish a set of 

feasible start times for all activities such that the entire project is 

completed in a minimum span of time. The feasibility of the schedule is 

establ ished by two sets of c·onstraints. Constraint set (1) ensures that 

all activities, which must technologically precede any activity ij, are 

completed before activity ij may start. Constraint set (2) ensures 

resource feasibility; it states that all resources allocated to those 

activities in process at any time in the schedule cannot exceed the 

availability of any of the resources. 

The model takes on the following assumptions: 

1. A set of activities is to be"scheduled. 

2. Each activit~ 

a. has a known duration, 

b. cannot start until all predecessor activities have finished, 

c. requires a pre - detenmined level of resources of particular 

kinds to be expended and these levels cannot exceed the quantity 

of available resources, 

d. has a constant resource level aSSignment, 

e. should not be interrupted. 

3. Limited quantities of different.resources are available. 

4 



II I . LI TERATURE SURVEY 

Common network planning techniques, such as PERT and C~ are 

solely involved in the time analysis of unlimited resource projects. 

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 making best use of resources within 

resource availabilities. 

The research done in this more realistic area covers integer 

programming techniques, the implicit enumeration approach, the bounded 

enumeration techniques and heuristic progr~ing. 

The fact that the mentioned problem is hard to solve by 

mathematical progra~ing procedures because of its combinatorial 

nature, has forced the researchers to seek more eff icien't optimization 

techniques. 

Efforts have been channeled into the decrease of the problem size, 

i.e., the number of constraints and variables, in order to enable the 

practical use of the above techniques in project management. One such 

algorithm is proposed by Talbot and Patterson [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 which removes from consideration partial 

schedules that cannot lead to a reduced project completion time The 

algorithm with cuts compares favourably with the classical branch and 

bound algorithms with respect to their mean solution times. 
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Hastings [3] and Willis and Hastings [~] try to improve the branch 

and bound method solving the above problem by the employment of certain 

dominance rules which enable the pruning of nodes which will not lead 

to improved solutions. 

Stinson, Davis and Khumawala [1] propose an algorithm which 

incorporates a more powe~ul lower bound which simultaneously considers 

both precedence and resource constraints. Furthermore, the development 

of the branch and bound tree is affected by a node selection heuristic 

which improves both the dominance (proved by Shrage [5) and the lower 

bound pruning of the branch and bound tree. The concept of the critical 

sequence, pronounced previously by Wiest [6), is also related to the 

new notion of lower bounds. 

The zero - one programming approach proposed by Pritsker, Watters 

and Wolfe [7] is a more general formulation which accomodates a wide 

range of real world situations including multiple resource 

constraints, due dates, job spl itting, resource substitutabil ity and 

concurrency and non - concurrency of job pe~ormance requirements. The 

three possible objectives discussed are: Minllnizing total throughput 

tllne for all projects; minimizing makespanj -and minimizing total 

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 

ex~ining the feasibility of a series of zero - one programming 

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

6 



optimality, thus increasing the efficiency of the solution claimed by 

Pritsker, Watters and Wolfe. Computational results demonstrate that 

through the minimum bound, maximtnn bound, binary search algorithms,. 

this method is advantageous to apply in comparison with the zero - one 

programming without bounding and the other exact solution procedures. 

Even modest sized projects have an enormous number of possible 

schedules. Therefore, optimal solutions are usually impossible to find 

by complete enumeration of posSible schedules. Furthermore, the above -

mentioned optimization techniques remain computationally impractical 

for most real - world problems. 

The alternative for optimization techniques is the development of 

heuristics for solving large scheduling problems. Heuristics have the 

advantage of arriving at a solution (hopefully at· a good one) with 

much less computational effort. 

Two broadly different categories of heuristics have been found 

most effective in minimizing project duration: (1) Heuristics 

incorporating some measure of time, i.e., job slack, job duration, or 

start/finish time, and (2) Heuristics incorporating some measure of 

. resource usage. 

For single project, multi resource problems the Resource 

Scheduling Method (RSM), involving the comparison of job Early Start 

Times (E.ST)and Late Start Times (LST)j the Minimum Late Finish Time 

(LFT) and the Hinimtnn Late Start Time (LST) heuristics were proposed. 

For multi - project, multi resource problems, the Greatest 

Resource Utilization (GRD), the Minimtnn Job Slack (NITNSLK) and the 
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Shortest Imminent Operation (SIO) heuristics were developed. 

A heuristic computer model for scheduling large projects with 

limited resources has been developed by Wiest [9). The model is able to 

handle single or multiple projects, fixed or variable crew sizes and 

constant or variable shop 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 among alternative c~didates 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 critical jobs where 

no slack time is available. The basic program is modified by additional 

heuristics designed to increase the use of available resources and/or 

to decrease the length of the schedule. 

Thesen [10] introduces a new concept of the heuristic scheduling 

urgency factor (ranking decision rule). The latter urgency factor does 

not solely determine the order in which activities are considered for 

scheduling at a given instant, but determines the "combination" of 

activities to be scheduled at this instant. His model permits neither 

variable resource requirements aqd availabilities nor does it allow job 

splitting. The difference of The~en's algorithm from others is the use 

of multidimensional knapsack algorithm, including the candidate jobs' 

urgency factors in its objective, to 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 

·8 



a delay in the activity start time. 

A r~vi~1 ~f th~ v~rious solutions that have been proposed for the 

resource - constrained project scheduling problem is given by Herroelen 

(11). An attempt is made to give the state of the art to date, as well 

as to pOint out potential future courses of development. 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 [12]. Eight heuristics are tested against a 

"bounded enumeration" procedure obtaining an optimum schedule duration. 

The experiment demonstrates that the Minimum Slack rule performs best, 

with second and third - best being the LFT rule and the R~ rule. The 

performance measures are: (1) the number of times an optimum - duration 

solution is obtained and (2) the average percentage increase in 

project duration. Davis' and Patterson's conclusion is that no given 

heuristic steadily produces the best (worst) results in all of the 

problems. This, in turn, reveals that problem characteristics such as 

network structure and resource requirements / availabilities account 

for the variation in heuristic performance. 

The most recent review which can be found in the literature is the 

one prepared by Willis (13). Willis points to the fact that there; is an 

apparent gap between the published theoretical work and the 
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requirements of project schedulers and managers. Willis briefly 

describes the different approaches taKen, how they differ and suggests 

~nere future efforts may be directed. Related· to heuristics it is noted 

that it has not yet been possible to classify resource - constrained 

projects such that a suitable heuristic may be selected. In order to 

solve this problem the approach of "try as many heuristics as you can 

in the time available" is suggested . .An alternative to the approach is 

to use heuristics iteratively, i.e., to taKe the resulting schedule 

from the heuristic as the new ordering and to reschedule in this way. 

In her study of networK characteristics, E.M.Davies [1~] defines 

OVDUR as the increase in overall project duration over the critical 

path duration. .An equation relating OvnJR with ru1 (the percentage of 

dummy activities), CC (complexity of the networK), DENS (density of the 

networK, i.e., a measure of free float under critical path conditions) 

and PRES (the degree of resource I imitation), is reached as the result 

of the application of analysis of variance, multiple regression and 

some non - parametric tests to 6~8 netWorKs. The characteristics of 

the networKs created for this purpose are also given with respect to 

r:u1, CC, DENS and PRES.-

A linear model for estimating project resource levels is presented 

by Yau and Ritchie [15). An experiment involving ~9~2 different networK 

/ resource configurations establishes a relationship between project 

completion ,time and resource availabiliti.es. NetworK characterisation 

measures such as Density, Complexity, A$pect RatiO, Critical Path 

Duration, Obstruction RatiO, and Resource Utilization Factor are 
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considered. The scheduling heuristic used is total float priority 

based. The experiment is divided into three phases. Phase I consists of 

the generation of a set of networks, res'ource characteristics and 

corresponding measures. The main analytical work of exploring the 

relationship between project scheduled time and these measures is 

conducted in Phase II. Finally, a model of these relationships is 

established in Phase III. The linear model achieved in the last phase 

is the result of the inspection of the correlations between the extra 

scheduled time and resource' / network measures. Partial regression 

models are analyzed within the analysis of variance methods. It is 
• J 

concluded in the paper that general network measures are almost 

irrelevant to extra scheduled time When compared to resource 

utilization and obstruction factors. The model enables the prediction 

of preliminary resource levels in the early stage of planning. 

Davies and, Yau and Ritchie specify in their study network / 

resource chracteristics of projects in detail and establish the 

relationship of the individual prOblem characteristics with the extra 

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 

best(worst) ranking. 



IV. THE EXPER IMENT 

The experiment consists of establishing the relationships between 

networ~/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 (WHUP) with other 

heuristic rules. 

Yau and Ritchies' study (15) on the effects of networ~ 

characteristics on project duration is effective on the selection of 

the networ~ / resource characteristics to be investigated for their 

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: MaNSLK, 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. GR~ a resource - oriented rule, 

is claimed to be the best among resource - based rules [12). The new 

rule (Yij[UP) introduced in this study combines the concepts of 

precedence relationships and resource utilization. Select Jobs Randomly 

(RAN) gives priority to activities randomly. 

12 



The heuristics chosen employ \ a "paralleP' approach in which 

each activity to be scheduled is determined ~uring scheduling rather 

than before. In all approaches, ties are broken by. lowest activity 

number. The activity on arc method is employed and the activities 

are numbered in an increasing fashion according to precedence 

relationships, that is, no preceeding activity has a label greater than 

its successors. 

~.2. Description of Heuristic Rules 

Minimum Job Slack (MINSLK) 

Prioriy is given to activities competing for resources, by 

computing each acivity's total slack resulting from CH~. The activity 

having the minimum total slack has the highest priority. Slack is 

continously updated. 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 Patterson [12). 

Minimum Late Finish Time (LFT) 

This· rule assigns priority to activities on the basis of their 

Late Finish Time resulting from C~. 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 [12). 

13 



14 

Resource Scheduling Method (RSM) 

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

h~gQ~st priority, where: 

DI(ij, kl) = the resulting increase in project durationwhen 

activity ij follows activity kl 

= Max {o; (EFT{kl) -LST(ij)], where: 

EFT (kl ) = Early Finish Time of activity kl, 

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 ata certain time. 

Greatest Resource Demand (GRD) 

This is a resource - oriented heuristic where activity priority is 

determined by: 

'" Priority = d(ij) L. r{ijk) , where: 
k 

d (ij) = duration of activity ij. 

Shortest Imminent Operation (SIO) 

This rule gives higher priorlty to activities having shorter 

durations. The "shortest job first" has been shown to be effective in 

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

Priority is given to an activity in the conflict set with respect 

to the weighted combination of its individual resource utilization 

ratio and the number of its immediate successors. The priority of an 

activity is therefore: 

Priority = w(p)mp + w(r) L: 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 is that precedence 

relationships replace the time factor in calculating activity priority. 

Since the time factor loses much of its significance because of 

resource 1 imitations, project duration might be minimized by 

considering precedence relationships. Furthennore, the resource 

utilization ratiO, which considers resource limitations, is included in 

priority calculations. The corresponding weights are detennined 

experimentally. 

Select Jobs Randomly (RAU) 

Priority is assigned to competing activities purely randomly. This 

rul e is neutral. with respect to networK / resource characteristics. 



V. HELm I STIC RULE ALGORITHMS 

The ma1n algorithm to apply for the above - mentioned heuristic 

rules, is an altered version of Thesen's (10). Thesen solves the 

problem of choosing the activities to be scheduled at a specific time 

point by solving a multi dimensional ~napsack problem. This 

portion of Thesen's algorithm is exchanged with a version of activity 

selection according to priority established by the corresponding rules. 

Furthenmore, many steps related to the identification of the new set of 

candidate activities have been altered. 

The complete algorithm is primarily written for MINSLK rule and 

instead of repeating the whole of it fqr every rule, the second 

portion, which is related to the selection of activities to be 

scheduled at a specific time, is written accordingly for every rule. 

The following are· the complete algorithm for MINSLK and the 

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

5.1. The MinilnUm Job Slack (MINSLK) Algorithm 

1. Initialization of variables: 

a. 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 C~ 

EST(ij)= early start time of an activity ij as computed by CAK. 

b. Def ine he following.,set of activities: 

16 



c. 

A ={ ij: ij 

C ={ ij: ij 

IF ={ij:ij 

F ={ ij: ij 

PR ={ij:ij 

S =(ij:ij 

Define the 

ts ( ij ) 

RC (k) 

t (now) 

is unscheduled }, 

is eligible for scheduling at this time }, 

is terminated at this time I, 

has been terminated up to this time }, 

is in progress at this time I, 

is scheduled to start at this time ) . 
following schedule - related variab 1 es: 

= total slack for actlvity ij at this time, 

= amount of resource k currently in use, 

= point in time for which scheduling is currently being 

performed. 

d. Initialize the scheduling process by setting: 

t (now) = 0, 

A 

C = 

set of all activities ), 

ij: ij has no predecessors } I 

RCOO = 0 for all k, 

PR 

S 

IF 

F 

= 

= 

= 

= 

}, 

}, 

}, 

1 . 

2. Choose activities to start at this time: 

a. For every ij in C, calculate: 

ts ( ij) = LIT ( ij) - EST ( ij) - d (ij ) . 

b. List all activities in C in ascending order of ts(ij), Le., the 

act.ivity with minimum ts(ij) is put on top of the list. 

17 
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c. If C <> { }, continue. Otherwise, go to 2e. 

d. Selectthe activity on top of the list and check resource 

feasibility: 

d1. If r(ijk) <= R(k) - RC(k) for all k, load resources: 

RC(k) = RC(k) + r(ijk) for all k j put ij in S: S ~ S + ij; 

delete ij from C: C ~ C - ij. Go to 2c. 

Otherwise, continue. 

d2. Remove iJ from C: C ~ C - ij. Go to 2c. 

e. If S <> ( }, continue. Otherwise, go to 3. 

f. Start the activities in S: 

f1. Remove S from the nonscheduled set: A ~ A - S. 

f2. Include S in the in-progress set: PR ~ PR + S. 

f3. Save start and finish times: 

tS(ij) = t(now), ij£S, 

t f (ij) = t(now) + d(ij), ij f.S. 

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

next action: 

a. t(now) = Bin (tf(ij) 1. 
ij E:. PR 

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

F = ( ij: tf(ij) <= t(now) J and IF = ( ij: tf(ij) = t(now)J. 

C. Unload resources: 

PR ~ PR - IF, 

RC(k) = RC(k) .,... r(ijk) for all k; ijf.IF. 

d. Identify the set of new candidate activities: 

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



l!.a. If activities are available for scheduling at this time, i.e., 

C <> { l, set S = IF = { l. Go to 2. 

b. Otherwise,if activities are in progress,Le., PR <> ( l,go to 3. 

c. Otherwise, stop, as schedul ing is completed. 

5.2. The Minimum Late Finish Time (LFT) Algorithm 

The MINSLK Algorithm is applied with the following altered version 

of steps 2a and 2b: 

2. Choose the activities to start at this tUne: 

a. For every ij in C, calculate LFT(ij). 

b. List all activities in C in ascending order of LfT(ij). 

The remaining portions of the MINSLK Algorithm stay the same for 

the LFT Algorithm. 

5.3. The Resource Scheduling Method (RSH) Algorithm 

The MUNSLK Algorithm is applied by changing Step 2 as follows: 

2. Choose the activities to start at this time: 

a. If C contains more than one element, continue. Otherwise, check 

its resource feasibility. If feasible, add the activity to 

scheduled set S and rearrange RC(k), go to 2d. 

a1. Create all the possible two - element subsets from the set of 

activities in C and calculate for each subset: 

DI(ij,pq)=Max (OJ (EFT(pq) - LST(ij»} where ij follows pq, 

19 
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DI (pq, ij )=Max {OJ (EFT(ij) - LST(pq» 1 where pq follows ij, 

and add to the list PAIRSUB the minilnUID duration increase pair 

( ij, pq) or (pq, ij ) . 

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

their duration increase factors. 
/-

c. Put all activities in PAIRSUB in their proper scheduling order: 

c1. Check resource feasibility of the second activity in the 

first pair subset of which both elements exist in C. 

c2. If r(pqk) <= RC(k) ; load resources: RC(k) = RC(k) + r(pqk), 

all kj put pq in S: S ~ S + pq. 

Otherwise, continue. 

c3. Eliminate pq from C: C ~ C - pq. 

cll. If it exists, skip to the next pair subset in PAIRSllB, of 

which both elements exist in set C. Go to 2c2. 

Othern'ise, check the resource - feasibil ity of the remaining 

last element in C. If feaSible, add it to S, rearrange RC(k) 

and go to 2d. If not feaSible, go to 2d. 

d. If S < > { ), cont inue. Otherwi se, go to 3. 

e. Start the activities in S: 

e1. Remove S from nonscheduled set: A ~ A - S. 

e2. Include S in the in-progress set: PR ~ PR + S. 

e3. Save start and finish times: 

t s ( i j) = t (n ow ) , (ij)£ S, 

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

Furthermore, PAIRSUB is initial ized as { 1 in Step ita. 



5.~. 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) L. r(ijk). 
k 

b. List all activities in C in descending order of priorit~ i.e., 

the activity with the greatest resouce demand is on top of the 

list. 

5.5. The Shortest Imminent Operation (SIO) Algorithm 

The MINSLK Algorithm is applied with Steps 2a and 2b replaced by 

the following single step: 

2. Choose the activities to start at this time: 

a. List all activities in C in ascending order of activity 

duration, d(ij). 

The MINSLK Algorithm continues in the same fashion for the SIO 

Algorithm. 

21 

5.6. The Weighted Resource Utilization Ratio and Precedence (WRUP) Algorithm 

The MINSLK Algorithm is appl ied 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) L: r(ijk)/R(k), 
k 

b. List all activities in C in descending order of priority. 

5.1. Select Jobs Randomly (RAN) Algorithm 

The MINSLK Algorithm is applied by incorporating Steps 2a and 2b 

into a single step as follows: 

2. Choose the activities to start at this time: 

a. List all activities in C randomly with the use of a random 

function. 

22 
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VI. THE EXAMPLE PROBLEM 

An ex~ple 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 ex~ple problem is represented by a still popular method,i.e., 

the activity - on - arc method. The problem representation is given in 

Figure 1. 

4,2,1 

Available resource level (1)= 4 

Available resource level (2)= 3 

(d(ij), r(ijl), 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 Ex~nple Problem by Heuristics 

The first step in the solution of the example problem is to 

utIlize CrM assuming unlimited resources. The Early Start Time, Late 

Start Time and Total Slack of all activities and the minimum possible 

project duration obtalned by C~1 are lIsted In Table 6.1.1. 

The problem is then solved by each of the abovE' menUoned 

algorith'Il.". Table£.6.1.2. - 6.1.5. consi~.t of f.cheduled start tlmts, 

t S OJ), and schedulE-d finish times, t f (lj), of all activities, and 

the amounts of resource types current! y in usage, Be (1 ), RC (2 ), up to 

specifiC pOints In time which correspond to activIty completion times. 

Though this is a very early phase of the study to dr-aw any 

conclusions, an idea of hc.w the mentioned rules perform on such a 

problem is 'given in Table 6.1.9., which consists of the resulting 

project durations. A point which should be noted is the successful 

performance of \tlRUP, the new heuristic rule introduced in this study. 
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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, l! 0 2 2 

2, 3 2 2 0 

2, 6 2 5 3 

3,5 l! 5 1 

3, 6 Ll l! '0 

Ll, 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 iLl 1l! 0 

8,9 17 17 0 

ROG~I\(\ UMWtR5\1E5i KU1UPH~HfS\ 



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

Activity(ij) t S OJ) t f OJ) time He (1 ) He (2) 
------------------------------------------------------------------------

1,2 0 2 <1 3 3 

1,3 2 5 <2 2 2 

1, 1! 0 1 <5 1! 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 1l! < 11! 1! 3 

1!, 5 2 7 <16· 3 2 

5, 6 16 17 <17 3 3 

5,8 16 20 <20 3 2 

5,9 20 21! <22 3 2 

6, 7 17 22 <2l! 1! 2 

7,8 22 25 <25 2 1 

8, 9 25 27 <27 1 2 

·26 
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TABLE 6.1.3. The solution of the example problem of Fig.1 by LFT rule. 

Activity( ij) 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 9 12 <12 4 3 

3, 6 9 14 < 14 3 3 

4, 5 2 7 <16 4 3 

5, 6 16 17 <17 3 3 

5, 8 14 18 <18 3 3 

5,9 18 22 <22 3 2 

6,7 17 22 <25 2 1 

7, 8 22 25 <21 1 2 

8, 9 25 2.1 
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TABLE 6. 1. It. The solution of the example problem of Fig.1 by RSM rule 

Activity( lj ) ts (ij ) t f (ij) time RC(1 ) RC(2) 
------------------------------------------------------------------------

1, 2 0 2 <1 3 3 

1, 3 2 5 <2 2 2 

1, J!. 0 1 <5 4 3 

2,3 1 9 <1 1 2 

2, 6 9 13 <9 2 2 

3,5 13 16 <13 3 3 

3, 6 9 1It < 1 J!. 4 3 

4, 5 2 1 <16 3 2 

5,6 16 11 <11 3 3 

5,8 16 20 <20 It 2 

5, 9 11 21 <21 3 2 

6,1 20 25 <25 1 1 

1,8 25 28 <28 2 1 

8,9 28 30 <30 1 2 
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TABLE 6.1.5. The solution of the example ppoblem of Fig.1 by GBD pule 

Activity(ij) t S (ij ) t f (ij ) time BC(1 ) RC(2) 
-----------------------------------------------------------------------

1, 2 6 8 <1 1 1 

1,3 0 3 <3 l! 3 

1, l! 0 1 <6 1 2 

2, 3 12 1l! <8 2 2 

2,6 8 12 <12 2 2 

3,5 1l! 17 < 1l! 2 2 

3,6 1l! 19 <17 l! 3 

l!, 5 1 6 <19 3 2 

5, G 21 22 <21 l! 2 

5, 8 17 21 <22 3 3 

5,9 19 23 <23 3 2 

6, 7 22 27 <27 1 1 

7, 8 27 30 <30 2 1 

8,9 30 32 <32 1 2 
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TABLE 0.1.0. The solution of the example pl"oblem of Fig.1by 510 rule 

Activity( ij) t S ( ij ) t f (ij ) time HC (1 ) HC(2 ) 
-----------------------------------------------------------------------

1,2 0 2 <1 3 3 

1,3 .I! 1 <2 2 2 

1, .I! 0 1 <.I! 2 2 

2, 3 2 .I! <1 .I! 3 

2, 6 13 11 <9 2 3 

3,5 9 12 <12 .I! 3 

3,6 1 12 <13 3 3 

.I!,5 .I! 9 <16 .I! 3 

5, 6 12 13 <11 .I! 3 

5,8 12 16 <20 3 2 

5,9 16 20 <22 1 1 

6,7 17 22 <25 2 1 

7,8 22 25 <21 1 2 

8,9 25 21 
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TABLE 6.1. 7. The solution of the problem of Fig.1 by WHUP rule 
(Pre. wt:O.7 
Res. wt:O.3) 

Activity(ij) t S (ij ) t S (ij ) time RC(1) RC(2) 
-----------------------------------------------------------------------

1, 2 0 2 <1 3 3 

1, 3 2 5 <2 2 2 

1, II 0 1 <5 II 3 

2,3 7 9 <7 1 2 

2,6 12 16 <9 2 2 

3,5 9 12 <12 II 3 

3, 6 9 111 <111 3 3 

ll, 5 2 7 <16 II 3 

5, 6 16 17 <17 3 3 

5, 8 111 15 <15 3 2 

5,9 18 22 <22 3 2 

6,7 17 22 <25 2 1 

7, 5 22 25 <27 1 2 

8, 9 25 27 
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TABLE 6.1.8. The solution of the ex~ple problem of Fig.1 by RAN rule 

Activity(ij) t S (ij ) t f (ij) time RC (1) RC(2 ) 
------------------------------------------------------------------------

1, 2 6 8 <1 1! 2 

1,3 0 3 <3 1! 3 

1, 1! 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 

1!,5 1 6 <17 1! 3 

5, 6 17 18 <18 3 3 

5, 8 15 19 <19 1! 2 

5, 9 18 22 <22 3 3 

6, 7 19 21! <21! 1 1 

7,8 21! 27 <27 2 1 

8,9 27 29 <29 1 2 



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

Rule 

Project 
Duration 

MINSLK 

27 

LFT RSM SIO 

27 30 27 

GRD WRUP RAN 

32 27 29 
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VII. NE'I"WORK / RESOURCE CHARACTERISTICS 

The network / ~esource characteristics. which have been found 

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

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

have specified eight different network character1sation measures which 

were thought to affect the project duration of a problem when solved by 

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

schedule time percentage and general network characterisation measures 

has been calculated. 

In this study, four of 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). Network characteristics, 

(ii). Resource characteristics. 

The network characteristics consist of Aspect Ratio (ASP) and 

Complexity(CPX) . Resource Utili~ation Factor (UF) and Dominant 

Obstruction Value (DOV) are resource characteristics. Furthenmore, the 

above four network / resource characteristics, the definitions of which 

are found in Appendix ~ are the best ones to give a thorough 

understanding of the project, regarded as a whole.This fact constitutes 

another reason for the selection of the measures besides their 

correlation coefficients as reported in [15] . The correlation 

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.Co~~elations of netwo~k/~esource characteristics with respect 
to ext~a schedule time ratio [15). 

Cha~acte~istic ~/.tra shedule time ~atio (PC) 
-~--------------------------------------------

Uti ljzat ion 
Factor (UF) ••••••••.. 0.970 
Dominant 
Obst~uction 

Value (DOV) ......... 0.590 
Complexity ......... -0.~39 

(CPX) 
AEpect Ratio ......... 0.~08 

(ASP) 

Extra schedule time ratio = 
Pr-oject scheduled du~ation - CFL 

CPL 



considered as the performance criterion for the following reason: Since 

project sizes of test problems are different, the critical path 

durations for all networks ranged from 20 to 162 time units. In order 

to analyse all .the different projects on the same basis, 

standardisation of project schedule times was made through a ratio of 

extra scheduled time to original critical path durations. The extr-a 

schedule time is defined as the difference between the scheduled time 

and the critical path duration [15). 

The extra schedule time ratio has been found to have extremely 

high correlations to the Utilization Factor (UF) and the Dominant 

Obstruction Value (t~V).Complexity (CPX) and Aspect Ratio (ASP) have 

moderate correlations with respect to extra schedule time ratio, the 

former being negatively correlated to it. 

·36 
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VI II. '!HE DES I GN OF '!HE EXPER IMENT 

The experimental design used in this study' is a factorial design 

where the jOint effects of the four resource / network measures or 

factors on extra schedule time ratio are sought after. The factors are 

considered each at only. two levels thus constituting a 24 full 

factorial design mentioned by D.C.Montgomery [16). 

The 64 test problems belonging to the design constitute a 

complete replicate of it, each treatm~nt combination having four 

replicates. While only 48 different networks are used, some ape 

assigned different combinations of resource availabil ities, 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. 

fixed resource availabilities which 

All resource types are subject to 

are constant over the project 

duration. The size of the problems is conSistent with those of previous 

research [12). 

The novelty in the application of this design to the problem which 

is the subject of this study, I ies in the fact that once the test 

problem is stated, the observation, that is, the project scheduled 

duration is deterministically obtained by each heuristic rul e. The 

randomness of the experiment arises from the random generation of the 

problem's network configuration, activity durations, and resource 

requirements. 

The levels of the foul' factors, Resource Utilization Factor 

(Factor A), Dominant Obstruction Value (Factor OOV), Complex·ity Factor 
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(Factor C), and Aspect Ratio (Factor D) are specified in Table 8.1. It 

should be noticed that the hi-gh and low leve,ls of Complexity Factor 

are as specified because of the fact that Factor C and extra schedule 

time ratio (PC) are ne'gatively correlated. The levels 'given in 

Table 8.1. have been developed both by considering the information 

found in previous research [12) and [15) and through instght of the 

levels 'gained by rearranging levels and observing the correspondmg 

project schedule durations. 

Each repl icate of a specif ic treatment combination is solved by 

all of the seven dispatch methods and the observations, that IS, 

project schedule durations are transformed to the actual perionmance 

crIterion, which is the extra schedule time ratio. 



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

FACTOR 

Utilization Factor (A) 

Dominant Obstruction 
Value (B) 

Complexity (C) 

Aspect Ratio (D) 

LEVEL 

HIGH LON 

1.25 - 1.55 0.58 - 0.78 

0.90 - 1.20 0.00 - 0.35 

1.00 - 1.~ 2.00 - 2.75 

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 51! problems are 

conveyed in a compact form in Table 9.1. ·where each cell is the 

summation of PC's of the four test problems belonging to the 

corresponding treatment combination. 

The analysis of variance tables for 21! design are demonstrated in 

Tables 9.2.-9.8. Table 9.9. gives an overview of the design's treatment 

combinations' significance with respect to all dispatch rules, at both 

5 per cent and 1 per cent levels of significance. 

It should be noted that all dispatch rules have in common the 

Resource Utilization Factor (UF) and the Dominant Obstruction Value 

(DOV) as significant factors. Furthermore, the interaction of the 

Utilization Factor and Complexity is also significant in almost all 

cases, whereas the interaction of the Dominant Obstruction Value and 

Complexity is not that. widely significant. The Aspect Ratio is 

significant in the performance of some of the rules, but through the 

inspection of the Fo values, it does not seem as significant as the 

Utilization Factor or the Dominant Obstruction Value.The interaction of 

the Dominant Obstruction Value and the Aspect Ratio is only significant 

on LFT rule. Three - way interactions are not generally significant, 
~ 

whereas the four - way interaction is. The importance of the latter is 

thought to be arising from the fact that with all the factors 

interacting together at their high levels, there exist the worst 

Possible conditions to apply a schedul ing method and therefore, the 

project durations increase, causing the treatment combination to be 

effective. 

40 
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TABLE 9.1. Extra schedule time ratio table for each treatment combination of 
-

24 design consisting of 4 test problems in each cell. 

Treatment MINSLK LIT RSM GRD ' SIO RAN WRUP Combination 
--------------------r--------------------o;------____________________ 

1 0.15 0.1ll 0.17 0.18 0.17 0.42 0.07 

A (UF) 1. 82 1. 86 1.78 1. 8ll 2.03 1. 97 1.61 

B (OOV) 0.82 0.56 1.00 1. 53 0.9ll 2.01 0.95 

AB 4.22 4.0ll ll.65 ll.96 4.53 5.06 ll.18 

C (CPX) 0.33 0.1l! 0.27 O.l!-l!- 0.37 0.37 0.10 

AC 2.02 2.0ll 2.20 2.08 2.11 2.01 1. 9ll 

BC 1. 82 1. 66 1. 91 2.01 2.21 2.20 1. 69 

ABC 2.88 2.89 3.1ll 3. ll1 3.3ll 3.38 2.76 

D (ASP) 0.13 0.15 0.15 0.25 0.13 0.17 0.15 

AD 2.32 2.37 2.33 2.36 2.53 2.57. 2.311· 

BD 2.26 2.23 2.28 2.52 2.50 2.31 1.99 

ABD 4.80 ll.6ll ll.69 ll.8ll ll.86 ll.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. 94 1. 76 

ABCD 3.71 3.51l 3.75' 3.61 3.75 3.69 3.58 

================================================================== 

TOTAL PC 31.59 30.llll 32.95 3ll. 8l~ 3L~. 09 35.75 29.91 

================================================================== 

% INCREASE 
OVER WRUP 5.62 1. 77 10.16 16.ll8 13.98 19.53 00.00 



TABLE 9.2. Analysis of variance table for 2l! design problems solved by 
MINSLK rule. 

Source of 
Variation 

Sum of 
Squares 

Degrees of 
Freedom 

Mean 
Squares 

Fo 

----------------------------------------------------------------------

A (UF) 3.925 1 3.925 186.90 (a, b) 

B (OOV) 2.6l!5 1 2.6l!5 125.95 (a, b) 

C (CPX) 0.033 1 0.033 1.51 

D (ASP) 0.188 1 0.188 8.95 (a, b) 

AB 0.062 1 0.062 2.95 (b) 

AC 0.219 1 0.219 10·.l!3 (a, b) 

BC 0.086 1 0.086 l!.09 (a, b) 

AD 6.891110-5 1 6.891110-5 <1 

BD 0.01l! 1 0.01l! 3.52 (b) 

CD 0.036 1 0.036 1.11 

ABC 0.01l! 1 0.01l! 3.52 (b) 

ABD 6.89*10-5 1 6.89*10-5 <1 

ACD 0.012 1 0.012 <1 

BCD 0.013 1 0.013 <1 

ABCD 0.102 1 0.102 l!.86 (a, b) 

ERROR 0.995 118 0.021 

TOTAL 8. l165 63 

.. 
For Tables 9.2.-9.9.: (a) = significant at 5X leve 1. 

(b) = significant at 1X 1 eve 1. 

Fo (0.05,1, l!8) = li.0118 

Fo (0.Oi,1,liB) = 2.820 

42· 



TABLE 9.3. Analysis of variance ta~le for 24 design problems solved by 
LFT rule. 

source of Sum of Degrees of Mean Fo 
Variation Squares Freedom Squares 
--------------------------------------------------------~-------------

A (UF) l1-,080 1 4.080 240.00 (a, b) 

B (OOV) 2.212 1 2.212 133.65 (a, b) 

C (CPX) 0.031 1 0.037 2.18 

0 (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 11.24 (a, b) 

BC 0.053 1 0.053 3.12 (b) 

AD 0.004 1 0.004 <1 

BD 0.070 1 0.070 4.12 (a, b) 

CD 0.051 1 0.051 3.00 (b) 

ABC 0.070 1 0.010 4.12 (a, b) 

ABD 0.003 1 0.003 <1 

ACD 0.006 1 0.006 <1 

BCD 0.029 1 0.029 1.11 

.ABCD 0.111 1 0.111 6.88 (a, b) 

ERROR 0.818 48 0.017 

TOTAL 8.073 63 
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r.ABLE 9. ll. Analysis of variance table for 2ll design problems solved by RSM 
rule. 

-
source of Sum of Degrees of Mean Fo 
Variation Squares Freedom Square 
-------------------------------------------------------------------------

A (UF) 4.035 1 ll.035 21.58 (a, b) 

B (OOV) 3.093 1 3.093 16.5 l! (a, b) 

C (CPX) 0.021 1 0.021 <1 

D (ASP) 0.115 1 0.115 <1 

AB 0.052 1 0.052 <1 

AC 0.206 1 0.206 1.1 

Be 0.083 1 0.083 <1 

AD 0.009 1 0.009 <1 

BD 0.036 1 0.036 <1 

CD 0.015 1 0.015 <1 

ABC 0.115 1 0.115 <1 

ABD 0.011 1 0.011 <1 

ACD 0.005 1 0.005 <1 

BCD 7.661110-5 1 7.661110-5 <1 

ABCD 0.119 1 0.119 <1 

ERROR 0.187 48 O.OOll 

TOTAL 8.983 63 
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\ 
TABLE 9.5. Analysis of variance table for 2~ des~gn problems solved by 

GRD rule. 

source of Sum of Degrees of Mean Fo 
VariatIon Squares Freedom Square 
--------------------------------------------------------------------------

A (UF) 3.73~ 1 3.73~ 155.58 (a. b) 

B (OOV) 3.658 1 3.658 152.l!2 (a. b) 

C (CPX) 0.070 1 0.070 2.92 (b) 

D (ASP) 0.059 . 1 0.059 2.l!6 

AB 0.0l!l! 1 0.0l!~ 1. 83 

AC 0.200 1 0.200 8.33 (a. b) 

BC O. 15l!· 1 0.15l! 6.l!2 (a. b) 

AD 0.010 1 0.010 <1 

BD 0.005 1 0.005 <1 

CD 0.015 1 0.015 <1' 

ABC 0.081 1 0.081 3.38 (b) 

ABD 0.029 1 0.029 1. 21 

ACD 0.00Ll- 1 0.00l! <1 

BCD 0.000 1 0.000 0.00 

ABCD 0.0l!7 1 0.0l!7 1. 96 

ERROR 1.168 l!8 0.02l! 

TOTAL 9.278 63 



TABLE 9.6. Analysis of Variance table for 24 design problems solved by 
SIO rule. 

source of Sum of Degrees of Mean Fo 
Variation Squares Freedom Square 
------------------------------------------------------------------------

A (UF) 4.106 1 4.106 186.64 (a, b) 

B (OOV) 3.155 1 3.155 111-3.41 (a, b) 

C (CPX) 0.026 1 0.026 1.18 

D (ASP) 0.113 1 0.113 5.14 (a, b) 

AB 0.031 1 0.031 1.41 

AC 0.271 1 0.277 12.59 (a, b) 

BC 0.047 1 0.047 2.111-

AD 3.91*10-5 1 3.91dO-5 <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 0.0111- <1 

BCD 0.028 1 0.028 1. 27 

ABCD 0.115 1 0.115 5.23 (a, b) 

ERROR 1.047 48 0.022 

TOTAL 9.131 63 

46 



TABLE 9.7. Analysis of variance table for 24 design problems solved by 
WHUP rule. 

Source of Sum of . Degrees of Mean Fo 
Variation Squares Freedom Squal"e 
--------------------------------------------------------------------------

A (UF) 3.681 1 3.681 184.05 (a, b) 

B (OOV) 2.361l 1 2.364 118.20 (a, b) 

C (CPX) 0.017 1 0.017 <1 

D (ASP) 0.171 1 0.171 8.55 (a, b) 

AB 0.026 1 0.026 1.3 

AC 0.138 1 0.138 6.9 (a, b) 

BC 0.061 1 0.061 3.05 (b) . 

AD 1.56*10-6 1 1. 561110-6 <1 

BD 0.005 1 0.005 <1 

CD 0.003 1 0.003 <1 

ABC 0.069 1 0.069 3.45 (b) 

ABD 0.005 1 0.005 <1 

ACD 0.009 1 . 0.009 <1 

BCD 1.261110-4 1 1.261110-4 <1 

ABCD 0.123 1 0.123 6.15 (a, b) 

ERROR 0.961l IlB 0.020 

TOTAL 7.636 63 
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TABLE 9.8. Analysis of variance table for 2ll design problems solved by 
RAN rule. 

Source of Sum of Degrees of Mean Fo 
variation Squares Freedom Square 
-------------------------------------------------------------------------

A (UF) 3.886 1 3.886 228.59 (a, b) 

B (OOV) 3.701 1 3.701 217.71 (a, b) 

C (CPX) 0.163 1 0.163 9.59 (a, b) 

D (ASP) 0.013 1 0.013 <1 

AB 0.037 1 0.037 2.18 

AC 0.199 1 0.199 11. 71. (a, b) 

BC 0.1ll7 1 0.lll7 8.65 (a, b) 

AD O.Olll 1 O.Olll <1 

BD 0.002 1 0.002 <1 

CD 8.271110-ll 1 8.27Kl0-ll , <1 

ABC 0.063 1 0.063 3.71 (b j 

ABD 0.005 1 0.005 <1 

ACD 1.561110-6 1 1. 56KlO-ll <1 

BCD 1. 891110-ll 1 1. 891110-ll <1 

ABCD 0.057 1 0.057 3.35 (b) 

ERROR 0.817 ll8 0.017 

TOTAL 9.105ll 63 
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TABLE 9.9. Significance of treatment combinations with respect to dispatch 
rules. 

Treatment 
Combination 

MINSLK LIT RSM GRD SIO WRUP 

=========================================================~================ 

A (UF) a,b a,b a, b a,b a,b a, b a,b 

B (DOV) a, b a, b a, b a, b a, b a, b a,b 

AB b b 

C (CPX) b a,b 
--------------------------------------------------------------------------

AC a,b a, b a, b a,b a, b a,b 
--------------------------------------------------------------------------

BC a, b b a,b b a, b 

--------------------------------------------------------------------------

ABC b a,b b b b 
--------------------------------------------------------------------------

D (ASP) a,b a, b a, b a, b 

--------------------------------------------------------------------------

AD 
--------------------------------------------------------------------------

BD b a,b 
--------------------------------------------------------------------------

ABD 
--------------------------------------------------------------------------

CD b b 

--------------------------------------------------------------------------

ACD 
--------------------------------------------------------------------------

BCD 
--------------------------------------------------------------------------

ABCD a, b a,b 
========================================================================== 

a, b a,b b 
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As it is observed in Table 9.9., the treatment combinations which 

are signif icant differ from one rule to another. For example, RSM is 

insensitive to any combination except for the two main effects, 

lW and DOV. This is possibly accounted for by the pairwise comparison 

R~1 uses in activity selection. RSM is not affected by the 

presence or absence of Complexity interactirrg with UF or DOV in project 

networks, ~TIereas GRD does, since it only considers resource 

requirements without the perspective of the network coni i"guration. 

'yy'RUP, on the other hand, tal\in~ precedence re 1 at ionships 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 ~enerally 

significant on the rules, the reason being that either resource 

oriented or time oriented, the rules somehow deal with UF or DOV 

unaffected by the level of Aspect Ratio. 

To st.l!JIl1arne, project networks can thus be classified into -groups 

accordirrg to their characteristics, such that certain types will be 

solved by specific heuristic rule in order to minimize the project 

schedule duration. 
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X. THE PERFORMANCE OF THE WEIGHTED RESOURCE UTILIZATION AND PRECEDENCE 
(WHUP) RULE 

~TP, which is introduced in this study, is distin~uished from the 

rest of the rules by the fact that it is neither resource - nor time -

or i ented. Al though it does not cons ider the time factor, vlRUP' s 

performance is better than the rest of the rules as it takes the 

number of ilnnediate successors of activities into account. WRUP, 

has a better understanding of the network than LFT or }llNSLK, which 

are the two rules selected as perfonmin~ best in previous studies, 

[11], [12), and [13). 

Taking the minimization of extra schedule time ratio as the 

performance criterion for heuristic rules, WHUP has proved to be 1.77 

per cent better than 1FT and 5.62 per cent better than MI15LK. This is 

demonstrated in Table 9.1. where total PC is equivalent to the summation 

of the extra schedule time ratiOS of 64 test problems. With ~~ rating 

as the best, LFT, HINSLK, and RSM rules are c] aimed to be second -

third - , and fourth - best. GR~ SIO and Random Selection are the 

worse performing rules as expected. 

Furthermore, since w"RUP is a list priority rule, it is more 

eff ic ient an.d fast compared to LFT, l·llNSLK and RSH. This point 'gains 

significance in the case of large networks. 

47 more project networks have been created randomly, free of any 

in order to reinforce the claim thatWRUP is the best rule 

among the rest. The free problems ran'ge from 16 to 101 activities and 

up to 6 resources in size. WRUP is conSistent in its f.uccess in large 
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networks and a considerable reduction is obser-ved in problem 

solving dur-ations. Complexity, in the~.e fr-ee pr-oblems, r-ange-s fl~om 1.25 

to 2.EA, the UtilIzation Factor- r-anges from 0.55 to 1.78, the Dominant 

Obstr-uction Val ue ranges ir-om 0.08 to 1.10, and the Aspect Ratio, from 

0.21 to 3.25. All oLthe 111 test pr-oblerru: can be found in Appendix B. 

Based on the r-esul ts obtamed 'f'pom the test problems, WRUP obtall1s 

r-esults 2.04 per cent better than LIT and 6.45 per- cent tl(:tter' thalj 

HINSU: as obser-ved in Table iO.1.Furthe-rmore, In 83 of the 111 

pr-oblems, that if., 74.77 PE-I' cent of the time, WRUP obtains rE-sults as 

we 11 as or better than LIT I'U 1 e. .M. mE-nt ioned bef ore, WRUP, by 

schedul ing the activity which precedes mor-e activ Hies than others, is 

'Bener-ally successful in el iminating the obstruction created by 

pr~cedence obligations . 

. Through inspection of the last column in Table 10.1.which indicates 

the resour-ce and utilisatIon weights used to obtain the best result 

WRUP can achieve, it is observed that parametric analysis is helpful. in 

about 60 per cent of the ca~e. ParametriC analysis is an advant.age for 

WffiJP over' the others, since it enables the r-ule to show fle;.:ibility 

accordIng to the- network conf 19uration and resource I'equir'ements of .the 

project. For' problems haVing hint) r-E'sourc~ requI['('ments it if, necessary 

to use high r-esource wei"ghts in comparison to pr-ecedence wei"ghts. 

An experienced user can assi'gn the appropriate weights by simple 

inspection of the network. As observed in Table 10.1. the precedence 

and resour-ce we tghts ass igned to the test probl ems inc I uded in t.he 

desi"gn justify the claim that hi~h resource weights are needed to 



TABLE 10.1. EXtra schedule time ratio table for 6q proble~ of 2q design 
and 47 free prob,l e~ . 

::::=:=:=:::::::::===:=:::=::=:=:::::=:===::::::::::::======================= 

RULES We1ght 

Problem Problem MINSLK LFT RSM GRD SIO RAN WHUP Pre. Res. 
rype Number 

----------------------------------------------------------------------------------------------------------------------------------------------------------
1 1.1 .00 .00 .00 .00 .00 .00 .00 all 

1.2 .00 .07 .07 .00 .07 .14 .00 .q .6, 
.6 .4 

1.3 .00 .00 .03 .03 .03 .13 .00 all 

1.4 .l5 .07 .07 .15 .07 .15 .07 all 

-----------------------------------------------------------------------------

A. a.l .53 .53 .53 .53 .47 .50 .q7 .3 .7, 
.5 .5, 
.7 .3 

a.2 .42 .49 .q7 .q7 .51 .56 ' .22 .5 .5 

a.3 .LU .35 .35 .38 .q6 .ql .qg all 

a.q .Q6 .Qg .43 .Q6 .59 .50 .Q3 .2 .8 

-----------------------------~-----------------------------------------------

B b.l .03 .03 .07 .22 .1 r( .28 .03 .2 .8 

b.2 .01 .01 .01 .23 .03 .60 .09 .Q .6 

b.3 .Q7 .Q7 .53 .60 .47 .6Q .Q7 <=.Q .6 

b.Q .31 .05 .39 .Qa .29 .Q9 .36 .25 .75, 
.3 .7 

-----------------------------------------------------------------------------

AB ab.l 1.06 1. 06 1. 23 1.19 1.19 1.39 1.13 .5 .5, 
.7 .3 

ab.2 1.03 1.00 1.1'l 1.31l 1.10 1.17 1.07 .5 .5, 
.7 .3 
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·54, 

ab.3 1.15 1.05 1.28 1.28 1.28 1. 28 1.05 <=.5 .5 

ab.4 .98 .93 1.00 1.15 .96 1.22 .93 >=.5 .5 

-----------------------------------------------------------------------------

C c .1 .21 .02 .02 .32 .02 .02 .02 all 

c.2 .00 .00 .00 .00 .00 .00 .00 all 

c.3 .12 .12 .12 .12 .12 .12 .08 all 

c.4 .00 .00 .13 .00 .23 .23 .00 all 

-----------------------------------------------------------------------------

AC ac.l .55 .55 .53 .58 .55 .50 .42 .5 .5 -
.7 .3 

ac.2 .46 .46 .57 .46 .46 .46 .46 all 

ac.3 .42 .44 .46 .40 .46 '.46 .42 all 

ac.4 .59 .59 .64 .64 .64 .59 .64 all 

-----------------------------------------------------------------------------

Be bc.l .42 .42 .46 .42 .60 .60 .46 .4 .6, 
.9 .1 

bc.2 .48 .41 .48 .55 .55 .43 .40 .4 .6 

bc.3 .43 .43 .48 .55 .62 .64 .43 all 

bc.4 .49 .40 .49 .49 .44 .53 .40 <=.5 .5 

-----------------------------------------------------------------------------

ABC abc.l .64 .65 .82 1.00 .90 .85 .79 .4 .6, 
.6 .4 

abc.2 .70 .70 .10 .19 .10 .79 .43 .5 .5 

abc.3 .84 .8tl .84 .84 .84 .84 .84 all 

abc.4 .70 .70 .18 .18 .90 .90 .10 all 

-----------------------------------------------------------------------------
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0 d.l .00 .00 .00 .00 .00 .00 .00 all 

d.2 .04 .04 .04 .06 .Oi!- .06 .04 .5 .5 

d.3 .09 .11 .11 .17 .09 .09 .11 all 

d.4 .00 .00 .00 .00 .00 .00 .00 all 

-----------------------------------------------------------------------------

AD ad.l .65 .60 .65 .65 .60 .65 .60 >=.4 .6 

ad.2 .57 .57 .57 .61 .6i!- .71 .57 .4 .6 -
.7 .3 

ad.3 .i!-8 .51 .i!-2 .i!-5 .48 .46 .48 all 

ad.4 .62 .69 .69 .65 .81 .73 .69 all 

-----------------------------------------------------------------------------

BD bd.l .57 .57 .511 .51 .i!-3 .60 .43 .5 .5 

bd.2 .42 .i!-2 .i!-5 .61 .52 :70 .i!-8 .2 .8 

bd.3 .59 .56 .78 .72 .81 .57 .56 >=.4 .6 

bd.4 .68 .68 .51 .68 .7i!- .i!-i!- .52 .2 .8 

-----------------------------------------------------------------------------

ABD abd.l 1.29 1. 2i!- 1.2i!- 1. 12 1. 29 1.18 1.06 .5 .5 

abd.2 1.06 1.10 1.03 1.13 1.19 1. 26 1.03 .4 .6 

abd.3 1. 33 1.18 1.30 1. 61 1.30 1. 33 1.12 all 

abd.4 1.12 1.12 1.12 .98 1.08 1. 21 .98 <=.5 .5 

-----------------------------------------------------------------------------

CD cd.l .03 .03 .03 .03 .03 .03 .03 all 

cd.2 .00 .00 .00 .00 .03 .00 .00 all 

cd.3 .5i!- .5i!- .5i!- .54 .5i!- .5i!- .5i!- all 

cd.i!- .00 .00 .00 .00 .00 .00 .00 all 

-----------------------------------------------------------------------------



ACD aed.1 .53 .53 .58 .56 .61 .61 .58 .11 .6 

acd.2 .43 .43 .43 .50 .43 .50 .43 all 

aed.3 .53 .50 .50 .53 .50 .53 .53 all 

acd.4 .46 .116 .46 .46 .46 .46 .49 all 

-----------------------------------------------------------------------------
BCD bed.l .44 .44 .47 .44 .47 .57 .44 .5 .5, 

.6 .4 

bed.2 .60 .50 .60 .73 .60 .52 .57 .5 .5 -
.7 .3 

bed.3 .42 .42 .42 .42 .52 .42 .42 all 

bed.4 .33 .33 .60 .60 .43 .43 .33 <=.6 .4 

-----------------------------------------------------------------------------
ABCD abed.l .98 .95 .90 .98 .98 .98 .95 .4 .6, 

.5 .5 

'abcd.2 1. 12 1.12 1.12 1.12 1.12 1.12 1.12 all 

abcd.3 .45 .45 .45 .45 .115 .45 .45 all 

abcd.4 1.16 1.02 1. 20 1.06 1.20 1.14 1.06 .3 .7, 
>=.5 .5 

============================================================================= 

Total PC 
for 64 
Problems 

============================================================================= 

Yo InCrease 
over WHUP 5.62 1.77 10.16. 16.40 13.98 19.53 00.00 

===========================================================================:: 
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============================================================================= 

PROBLEMS FREE OF DESIGN 

============================================================================= 

RULE WeIght 
---------

Problem MINSLK LF'l' RSM GRD SIO RAN WHUP Pre. Res. 
Number' 
=========================================================================== 

F1 .85 .92 .85 .85 .92 .85 .85 <.9 .1 

F2 .89 .89 .89 .94 .94 .94 .89 .1 .9 

F3 .61 .55 .61 .7Il .77 .81 .68 <=.4 .6 

F4 .81 .81 .88 .84 .77 .79 .93 <=.2 .8 

F5 .39 .39 .59 .33 .43 .67 .33 <=.3 .7 

F6 .90 .79 1. 19 .90 1.08 .92 .79 >=.2 .8 

F7 1. 49 1.50 1. 49 1. 54 1. 62 1. 49 1. 25 .0 1.0 

F8 1. 59 1. 41 1. 31 1. 74 1. 47 1.55 1.53 .3 .7 

F9 .63 .56 .63 .74 .52 .59 .52 >=.2 .8 

F10 1. 70 1. 59 1. 46 2.00 1.85 2.06 1.48 .3 .7 

F11 .45 .43 .45 .1l8 .59 .59 .48 >=.2 .8 

F12 1. 72 1. 66 1. 97 1. 79 1. 87 1. 93 1.58 .3 .7 

F13 .07 .07 .07 .07 .07 .07 .07 all 

F14 .58 .L1-L1- .110 .44 .Il4 • L1-L1- .40 <=.5 .5 

F15 .93 .93 .66 1. 23 1.10 1. 21 1.01 .1 .9 

F16 1.45 1. 33 1.39 1. 60 1. 56 1. 76 1. 22 .4 .6 

F17 .50 .50 .50 .50 .53 .50 .50 all 

F18 .77 .77 .93 .77 .77 .93 .77 >=.3 .7 

F19 .71 .71 .71 .89 .71 .89 .71 >=.5 .5 
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F20 1.00 .87 .87 .90 .90 1.03 .90 all 

F21 .39 .39 .39 .39 .42 .39 .39 all 

F22 .58 .58 .58 .58 .61· .50 .50 .9 .1 

F23 .83 .80 .85 .85 .85 .80 .80 all 

F24 .59 .49 .41 .81 .59 .81 .43 >=.2 .8 

F25 .13 .08 .08 .13 .08 .13 .08 all 

F26 .93 1.00 .85 1.00 1.16 1.09 .87 .1 .9, 
.2 .8 

F21 .16 .20 .20 .23 .23 .08 .05 .1 .9, 
.2 .8 

F28 .31 .38 .38 .31 .38 .43 .33 >=.2 .8 

F29 1. 25 1. 25 1. 25 1. 25 1. 31 1. 25 1. 25 .1 .9, 
.2 .8 

F30 .29 .29 .22 .29 .22 .29 .22 <=.2 .8 

F31 .59 .48 .63 .48 .l18 .50 .48 all 

F32 .66 .68 .66 .61 .7'( .68 .61 all 

F33 .73 .56 .68 .90 .80 .78 .58 .4 .6 

F34 .06 .06 .17 .17 .11 .11 .17 all 

F35 1.12 1. 03 1. 12 1. 24 1. 27 1.03 1.03 all 

F36 1. 37 1.28 1.43 1. 53 1. 69 1.58 1.44 .4 .6 

F37 1. 28 1. 31 1. 31 1.lJ:2 1. 31 1. 51 1. 31 .1 .9 

F38 .92 .97 1.06 1.06 .98 .94 .82 .2 .8, 
.3 .7 

F39 .75 .65 .711 .74 .92 .12 .51 .3 .7 

FL!O 1.16 1.25 1. 23 1. 23 1. 20 1.37 1.11 .0 1.0 

F41 1. 26 1. 29 1.32 1. 59 1. 61 1.43 1. 22 .2 .8 

Fll2 .69 .71 .67 .69 .82 .64 .47 >=.4 .6 



Fl!3 .93 

1.l!0 

Fl!5 1. 29 

Fl!6 .85 

Fl!1 .19 

Total PC 
for l!1 Free 39.35 
Problems 

.90 1.19 1.15 1.32 1.10 1.0l! .0 1.0 

1.13 1.31 1.l!3 1.29 1.l!3 1.33 .0 1.0 

1.19 1.29 1.I18 all 

.1l! .81 1.03 .91 1.01 .11 .l! .6 

.15 .83 1.15 .93 .86 .81 .l! .6 

31.56 39.11 43.03 l!2.65 l!2.13 36.13 

----------------------------------------------------------------------------------------------------------------------------------------------------------

Total PC 
for 111 
Problems 

10.9l! 68.00 12.12 17.81 16.1l! 18.l!8 66.6l! 

----------------------------------------------------------------------------------------------------------------------------------------------------------

i': Increase 
over WRUP 6.l!5 2.0l! 9.12 16.85 15.16 11.11 00.00 

-----------------------------------------------------------------------------
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obtain reduced proj ect durations for hi'gh resource requirement 

problems. For moderate resource uti! ization ratio networks, 'eood 

results can be achieved by the employment of 1 

precedence and resource utilization wei'ghts. 

1 r'at i 0 between 

A point to be made is the unbal ance of the scal e£, amon~ the 

wei'ghted precedence and resource utilization. Obviously. the number of 

successors of an activity is an' inte'ger number whereas resource 

util ization ratio is 'a fraction, thus making wei'ghted precedence 

considerably larI;er than wei'ghted resource utilization as the 

corresponding wei'llhts add up to one. An effort was made to improve the 

unbalance of th€' scale betw€'en the two by dividing the number of 

successors of an activity by the maximum number of successors in the 

network.The pesults obtained with the latter scale were hil~hly inferior 

to the ones obtained with the unbalanced one. In consequence, WRUP's 

initial definition stayed intact. 

As a conclusion, the 'gen€'ral performance of WHUP is found to be 

quite satisfactory in the sense that its prior1ty distribution to 

activities enable it to cope with almost all types of problems more 

successfully than the r€'st of widely- used heuristics. 
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APPENDIX A 

DEFINITIONS OF NETWORK I RESOURCE CHARACTERISTICS 
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1. ASPECT RATIO = 
Number of activiti~s on critical path 

---------------------------------------
Number of noncritical activities 

Nu~ber of activities 
2. COMPLEXITY = --------------------------

Number of network events 

3. DOMINANT OBSTRUCTION VALUE = 1.5 NO 
= NO + 1102 

if 0.5 MO > 1102; 
if 0.5 NO (= 1102. 

where: 1102 is the second largest obstruction ratio 

MO = Max { 0 n:) } ; 

CPL est 
L: Max { OJ R (kt> 
t=l 

R (k) } 

O(k) = ---------------------------------
lHk) 

R(k) = Units available per period of resource type k 

est 
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R (kt) = Required units of resource type k based on EST 
scheduling in time period t ; 

CPL = Critical path length 

W(k) = Required total work content of resource k 

~, d(ij) * r(ijk) ; 
All i j 

d(ij) = Duration of activity ij 

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

4. RESOURCE UTILIZATION FACTOR <UF) = Max { f (k) } 

where 
IHld 

f(k) = -------------­
CPL * R(k) 



APPENDIX B 

TEST PROBLENS 
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Problem Name : 1.1 

No of Activitief:;: ,.)'? 
"';.. ... 

No of Resources . ":r . .... 

ResoLlrce Limit 0) 5 

Resource Limit (2) .6 

ReSOLlr"Ce Limit (3) 7 

------------------------~-------------------------------
Activity DUI'" c,d: i on F<esoLlrce f~esl1LlrCI? Resource 
Li:.~bel Req. ( 1 ) Req. (2 ) Req. (3 ) 

--------------------------------------------------------
1 , 2 3 1 1 1 
1 , 3 2 2 1 2 
1 , 4 1 1 1 1 
1 , 10 1::" 

• ..1 1 2 1 
2, 3 1 1 1 1 
2, 5 

... , 

..::. 1 2 1 

2, 8 6 1 1 1 
"'" 4- 4 (I 1 0 ..:.- 'I 
"':!' .... , 5 1 (I 0 1 

3, 6 1 I) (I 1 

4, 7 8 (I 1 1 

4, 10 '7 1 1 1 
1::" 6 3 .1 2 1 
..J, 
C' 8 It 2 1 2 
..J, 

6, 7 1::' 1 2 1 ..J 

6, 8 2 1 2 1 

7, 8 ~:; 1 1 1 

7, 9 4 1 '1 1 ... 
7, 10 6 " 1 2 .... 
8, 9 "l!.' 1 2 2 ..... 
8, 10 3 2 2 1 

9, 10 '7 :L 2 1 

--------------------------------------------------------



Problem Name : 1.2 

No of Activities: 20 

No of Resources : 1 

Resource Limit (1) : 5 

-------------------------------
Activity 
Label 

ResoLlrce 
Req. (1) 

-------------------------------
1 , 2 "'" ...J 2 
1 , ..,' .... ' 7 1 
1 , 4 3 1 
2, 4 2 2 
'"' C' C' 2 ..:.., ...J ... 1 

3, 5 4 1 
3, 6 1 0 
4, 8 3 2 
.L~ , 9 4 1 
t:::' w, 6 7 1 
5, 7 3 2 
C' w, 8 8 0 
6, 7 " 2 ... 
6, 10 5 2 
7./ 8 1 1 
7, 9 1 1 
7, 10 4 2 
8, 9 2 1 
8, 10 7 1 
9, 10 1 1 

-------------------------------
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Problem Name : 1.3 

No of Activities: 22 

No of Resources = 1 

Resource Limit (1) : 7 

(·kti vi ty 
Label 

1 , 2 
1 , 3 
1 , 4-
1 , 10 
2, 3 
2, C" 

...I ..., -'-, 8 
3.} ,~ 

3, 5 
3, 6 
4, 7 
,~ , 10 
0=-
...I, 6 
C' 
...I, 8 
6, 7 
6, 8 
7, 8 
7 - , 9 
7, 10 
8, 9 
8, 10 
9, 10 

DLII'" at! on 

1 
2 
6 
6 
1 
1 
4 
4 
1 
5 
'] 
-... ..,:. 

1 
7 
3 
5 
7 
3 
6 
2 
9 
3 

F<esource 
F<eq. (1) 

I) 

1 
1 
1 
-:r 
.,.;. 

'") ... 
2 
..,.. 
"'"' 
1 
2 
I) 

1 
(I 

1 
2 
1 
1 
eo;:-..... 
1 .., .... 
~I 

2 

----------------------~----------
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Problem Name : 1.4 

No of Activities: 21 

No of Resources : 2 

Resource Limit (1) 8 

Resource Limit (2) 

Activity DL\rati on ResoL\rce Resource 
Label Req. ( 1 ) Req. ( 2) 

--------------------------------------------
1 , 2 t:"' 

..J 6 1 
1 , ::;: 2 (I 2 
1,/ 4 15 3 1 
2, -:" 

'-' 6 3 1 
2') 4 I;l' 2 (I ..J 

2, 5 8 (I 2 
-:r 
.... 'II 

... -_I 8 2 1 
3., 6 12 2 (I 

.,' ":', 7 5 1 1 
4, , r.::- 10 1 1 ..J 

4, 8 11 (I 1 
"'" ..J, 6 

1:;" 
..J 2 1 

5, 8 20 2 (I 

6, 7 5 1 1 
6,/ 9 1(1 1 1 
7, 8 ~; 1 (I 

7, 9 6 '") ~5 .... 
7, 10 7 ~; 1 

1 ':') 2 
.,. 

8, 9 ,- .,,;, 

8,/ 10 8 1 (I 

9, 10 10 1 (I 

--------------------------------------------



Problem Name : A.l 

No of Activities: 20 

No of Resources A 1 

Resource Limit (1) : 3 

Activity 
L<.,bf~l 

l. , .") 
.:.. 

1 , ~: 

1 , 4 
1 , C' 

..J 

1 , 7 
2, 4-
2, 6 
2, 7 
2, 8 
">.' "_. , 4 ..,. 
",\ , t:' 

..J 

3, 6 
4, 6 
5, 6 
c:' 8 ..J, 
0::-
..J, 9 
6,} 7 
6, 8 
7, 8 
8, 9 

1 
2 
2 
6 
0::-
..J 

3 
1 
2 
3 
2 
..... 
• ..1 
~:. 

"" 
4 
6 
4 
c:," 
..J 

2 
t:' 
..J 

8 
7 

ReSCII.lrce 
F<eq. (1) 

? 
,~ 

2 
1 
(I 

1 
2 
.. ;:, 
'.' 
1 
2 
1 
1 
2 
1 
2 
1 
1 
(I 
"'::' 
"" 
~5 

~:; 

-------------------------------
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Problem Nama : A.2 

No of Activities: 21 

No of Resources : 1 

Resource Limit (1) : 3 

Acttvi'ty 
Label 

1 , 2 
1 , "'!' 

'-' 
1 , 4, 
1 , 1:;' 

..J 
,.> .. :-' ..:., .,,;. 

"i "'-, 4 
2, 6 
.-> 9 "'. , 
~, 

''::'" 4, 
.,' ...;." 7 
4, a::-

..J 
.:' 
..J, 6 
"'" .... , 7 
.-;0 .... , 8 
0::' 
..J, 9 
6, 7 
6, 8 
6, 9 
7, 8 
7, 9 
8, 9 

DUI"ati on 

1 
-!!" 
'-' 
3 
4 
"'j:" ... . 
";:" ,.' 
::' 
a::-
..J 

9 
2 
9 
8 
~$ 

4 
4 
1 
7 
4 
1 
9 
8 

F\e~~oLwce 

Req. (1) 

..,. 
'-' 
1 
1 
2 
2 
1 
1 
1 
3 
1 
3 
1 
2 
3 
1 
1 
1 
2 
1 
2 
oo;~ .... 

-------------------------------
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Problem Name ~ A.3 

No of Activities: 20 

No of Resources : 1 

Resource Limit (1) : :2 

Activity 
LabEll 

1 , 2 
1 , 3 
1 , 4 
1 , 5 
1 , 7 

'"' .... , 4 .., .... , 6 
2, 7 
2, 8 
""!" .... , 4· 
3, 5 
3., 6 
4, 6 
Co-...J, b 
0:::-...J, 8 
0::' ...J, 9 
6, 7 
6, 8 
7, 8 
8, 9 

5 
1 
..,.. 
... ' 
'? 

.... ' 
2 
2 
2 
1 
2 
1 
9 
2 
9 
c· 
•• 1 

4 
1 
7 
7 
9 
5 

ResoLu'"ce 
Req. (1) 

1 
1 
1 
1 
1 
1 
0 
1 
2 
1 
1 
I) 

1 
2 
2 
(I 

(I 

2 
2 
.") 
.:. 

-------------------------------
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Problem Name : A.4 

No of Activities= 20 

No of Resources : 1 

Resource Limit (1) = 4 

Ikti vi ty 
Label 

1 , 2 
1 , 

.,.. 

... ' 
2, :5 
..... 4, 4 
2, 5 
2, 6 
~ ..... , 6 .,. 
'-' , 8 
3, ~7 

4, 5 
4, 6 
4, 7 
4, E:1 
C' 
..J, 7 
0:-
.. I , 10 
6, 8 
7'1 8 
8, 9 
8, 10 
9'1 10 

Duration 

:.7:!() 
5 
3 

1 r) ... 
2 
~, 

4 
1:.-
..J 

6 
7 
5 

1 r.) .. 
"'" ..J 

4 
4 
.. ~ ..... 

20 
2 

10 
3 

RESOLlrce 
Req. (1) 

4 
(l 

~5 

2 
4 
2 
1 
-=r ..... 
4 
4 
1 
2 
2 
3 
2 
1 
,~ 

1 
L~ 

2 

-------------------------------
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Problem Name : B.l 

No of Activitis5: 33 

No of Re50urce5 = 2 

Resource Limit (1) 6 

Resource Limit (2) 6 

Activity 
L'::1bel 

1 , 2 
1 , 3 
1 , 4 
1 , 1::' 

..J 

1 , 8 
1 , 9 
2, 

..,. 

.... ' 
'? "', 0::-

..J 

3., 4 
3, 0::-

>:J 

3., 6 
3" 7 
4, 6 
4, 7 
4, 8 
C' 
,..I II 6 
,:;' 
..J, 9 
I::' 
..J, 11 
r.:' 
..J, 12 
6, 7 
6, '} 

6, 10 
7, 8 
7, 10 
7, 11 
8, 10 
8, 11 
8, 12 
9, 1.0 
9, 1'? 

1()~ :ll 
10, 1 '? .-
l.l , 1 ,-, .' 

Duri:ition 

9 
6 
8 
6 
6 
8 
'} 

1 
8 
8 ... 
..:,. 

:L 
1 
4 
"'" '-' 
4 
"r '-' 
9 
7 
2 
2 
8 
8 
,: .. 
..J 

5 
1 
'7 
2 
6 
9 
1 
2 
'7 

Re50urce 
Req. (1) 

2 
6 
1 
2 
2 
1 
(I 

(I 

0 
(I 

1 
1 
2 
2 
1 
1 
2 
2 
:5 
2 
1 
2 
1 
2 
1 
2 
(l 

1 
1 
1 
1 
1 
(I 

Resource 
Req. (2) 

1 
6 
2 
4 .,.. 
'-' 
1 
(l 

(l 

(l 

(I 

1 
1 
2 

.1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
1 
1 
(I 

1 
1 
1 
1 
1 
(I 

-------------------------------------~------
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Problem Name : 8.2 

Nq of Activities: 22 

No of Resources : 2 

Resource Limit (1) 4 

Resource Limit (2) 4 

Activity 
Label 

1 , 2 
1 , 3 
1 , 4 
1 , C' 

.J 

1 , 9 
2, .". 

-:" 

2, 6 
2, 7 
3, 4 
.,-
'-' 7 

7 
3, 8 
4, C' 

.J 
C' 
.J, 6 
"'" .J, 7 
r: 
.J, 8 
5, 9 
6, 7 
6, 8 
6, 9 
7, 8 
7, 9 
8, 9 

Du~ation 

9 
7 
6 
8 
6 
8 
6 
-:r ,-' 

7 
1 
'") ..:.. 

9 
6 
5 
r: 
.J 
r: 
.J 

9 
4 
-:r ,-' 

B 
4 
9 

Resol-Irce 
F~eq. (1) 

2 
3 
3 
2 
4 
1 
1 
2 
(I 

1 
(I 

(I 

2 
3 
3 .,.. 
.... ' 
1 
(I 

() 

(I 

1 
t) 

Resource 
F<I?q. (2) 

3 
3 
7 ..:. .,.. 
.... ' 
2 
(I 

(I 

1 
(I 

1 
1 
(I 

1 
4 
4 
~~ 

(I 

l' 
1 
(I 

(I 

1 

------------~-------------------------------
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Problem Name : 8.3 

No of Activities: 33 

No of Resources : 2 

Resource Limit (1) 4 

Resource Limit (2) 3 

P,cti vt ty 
Ltf'\bel 

DLlrati on Resource 
Req. (1) 

Resoul'"'ce 
Rl~q. (2) 

--------------------------------------------
1 , 2 0;:;0 

..J 4 3 
1. ¥ :-$ a::.," 

..J 4 3 
1 , 4 9 1 (l 

1 , r::: 
..J 5 1 (I 

1 , 8 7 1 2 
1 ./ 9 C' 

..J 2 2 
2, 3 1 2 (I 

'") ..:;., 5 4 I) 
.. ;:-..... 

7. -.' , 4- 1 2 2 
7. 5 '") :L (l ..... , .... 
3, 6 2 1 (l 

3., 7 :3 1 (I 

4, 6 ::.' 4 
.,.. 
.... ' 

4, 7 2 2 3· 

4, 8 8 1 (l 

r::: 6 1:.' 1 1 
..J·I ~J 

1::- 9 6 1 0 
..J, 
e- II Il- l 1 
..J, 
C" 12 .l~ 2 "or 
..J, 

..... 

6, 7 4 1 0 

6, 9 6 0 0 

6, 10 0;.' 0 I) 
..J 

7, 8 3 1 (I 

7, 10 9 0 (I 

7, 11 3 0 1 

8, 10 2 0 0 

8, 11 9 (I I) 

8, 12 ~!. 1 1 

9, 10 3 1 (I 

9, 12 2 2 0 

10, 11 "," 0 1 -.' 
10, 12 20 (I (I 

11, 12 17 (I (I 

--------------------------------------------
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Problem Name ~ 8.4 

No of Activities: 24 

No of Resources : 2 

Resource Limit (1) 6 

Resource Limit (2) 6 

Activity DLlration F~esoLlrce Resource 
Label Req. (1) Req. (2 ) 

--------------------------------------------
1 y 2 10 3 2 
1 

~. l-:r 2 2 , ..::. ..... 

1 y 4 14- :5 ..,.. 
-..> 

1 , 7 25 'I. 3 
1. , 10 ~:() 2 ... ) 

..:.. .., 
:;.~ 10 2 1 .... , 

2, 5 B 3 3 

2'1 6 10 3 3 
p.) 7 14 2 3 ..... ., 
2., 8 12 2 2 
-... ..:.' , 4 6 2 2 
3, a::o 0:.::- -. 3 ;J ..J ..:: . 
4, 5 6 1 2 

4, 9 2 1 .1 
4.) 10 0;.- 1 (I .J 

5, 6 '"O!" 1 1 .... 
0:::- 8 6 (I 1 ..J, 
.::.," 9 ~: (I 0 ..J, 
6, 8 20 (I 0 

7, 8 4 3 3 

7, 10 .,.- ..,.. 3 .J -' 
8 9 15 0 1 , 
8, 10 

..,.. 2 (I ._' 
9, 10 ~a:::' 0 (I 

":;"\J 

-------------------~------------------------
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Problem Name : AB.1 

No of Activities~ 23 

No of Resources = 2 

Resource Limit (1) 7 

Resource Limit (2) 9 

--------------------------------------------
Activity Duration Resource Resource 
Label \:;:eq. (1) F<eq. (2) 

--------------------------------------------
1 , 2 "'" ..J 3 

..,. 
'.' 

1 , -;-... ' 9 7 7 
1 , 8 9 2 7 
1 , . 9 8 2 3 
2, ":!' .... 3 1 2 
.~ ..:, 4 4 3 1 

2'1 
I::' 
..J 6 3 3 

2, 6 7 2 2 
o-:r .... , 5 5 2 2 
3, 7 6 ":!' 

'.' 5 
3, 9 8 2 6 

4, c· ..,. 7"$ 3 ..J .,:, 

'4, , 6 6 2 1 

4, 8 8 2 1 

5, 6 5 2 3 

5 7 9 ~, 2 

"'" 9 7 2 ~: 
..J, 

6, ., 6 ... - 2 ",:. 

6, 8 9 
., 1 ., 

6, 9 7 3 3 

"1, 8 1 (l (I 

7, 9 6 (l (I 

8, Cr :5 (l 1 

--------------------------------------------
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Problem Name : AB.2 

No of Activities: 20 

No of Resources : 2 

Resource Limit (1) 3 

Resource Limit (2) 

Activity Duration Resource Resource 
Label F<!?q. (1) Req. (2) 

--------------------------------------------
1 , 2 1 1 1 
1 , 3 2 r, ... 1 
1 , 5 0;::- "7, 3 ...J '-' 
1 , 8 4 I) 3 .., 3 

..,.. 1 1 -, ... ' 
2, 4 1 1 1 
..... .c., 6 3 2 1 
2., B 4 :'2 2 
3, 4 "'. ...:. 1 2 
3, ""-.J 6 1 1 
3., 7 3 2 1 

3, 8 :5 1 1 
4, r.:' 8 2 1 ...J 

4, 6 "1 
..,. 3 . ..) 

0;::- 6 1 2 2 ...J, 

""" 7 4 00:: 3 
...J, "" 
0;::- 8 6 1 2 
...J, 

6, 7 5 1 2 
6, 8 6 "'. "7, .c. .... 
7, 8 9 I) (I 

---------~----------------------------------
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Problem Name : AB.3 

No of Activities: 20 

No of Resources : 2 

Resource Limit (1) : 5 

Resource Limit (2) 2 

Activity DUI~ation F\esoLII~Ct? Resource 
L.:.'\bel Reqo (1) Req. (2) 

--------------------------------------------
1 , 2 -:r 

'-' 
<:.-
..J 2 

1 , .. ~. .... I;;" 
..J 3 1 

1 1 
c· c;. 3 (I ..J ..J 

1 , 8 <::' 3 (I ..J 

2, 3 1 3 '1 
~) 

~'J 4 6 5 2 
2, 6 6 5 2 
" 8 "" 3 1 
""" ..J 

-:r 4 4 0::,- 2 .... , ;;;) 

..... 

...... J 5 9 3 0 

3" 7 7 
1:.-
..J 2 

3, 8 8 " 2 .... 
4, 5 -:r -:r (I .... .... 
4, 6 :::: ":r (I .... 
t::' 6 1::' ~:: 2 •. 1 , .J 

t::' 7 11 1 I) 
..J, 
0::- 8 0::- 3 2 
..J, ..J 

6'1 7 4 0 1 

6, 8 ~.$ 1 1 
-, , r:l 15 I) 1 

--------------------------------------------
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Problem Name AB.4 

No of Activities: 23 

No elf F(E~!:'Ol.tr·ces n 2 

F~eSOL\I'" e e Limit (1) J::' 
..J 

HesoL\r-I:<:? Limit (2 ) = 4 

Activity Dt.u'"ation Hesol.tree Hesol.\rce 
Label Req. (1) Req. (2 ) 

--------------------------------------------
1 ~ 2 c:- I) 1 ..J 

1 y 3 12 3 4 
1 , 4 15 2 (I 

1 , 5 11 I) 
..,.. 
,~, 

1 , 6 10 1 ; 0 
'") 

"'" 
"'=!' 
,~, 9 0:::' 

..J 3 
"') 4 10 4 4 .... , 
2, 5 15 2 0 
2, 8 15 (I 1 
'") .... , 9 20 0 1 
3.} 4 8 2 -. .:..' 
3, '7 10 2 I) 

~5 , 8 8 3 1 

4~ 
0:.," 4 

..,. 
:::.~ ..J ..,;, 

I.J. , 7 12 2 2 
1 I) 

.". 
t::' 6 .,:" 
..J, 

5, 7 "":!' ,~ 4 ... ' 
6, 7 2 '") 2 .... 
6, 8 5 5 1 

6, 9 6 5 2 

7, 8 1 0 2 

7, 9 -I,' 0 1 '-' 
8, 9 20 (I 1 

--------------------------------------------

I. 
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Problem Nama : C.l 

No of Acti vi ti f~S: 20 

No of ResoLlrces . 2 . 
F<esoL\rce Limit (1) &::' 

;;;j 

ResoL\rce Limit ( 2) 5 

--------------------------------------------
Activity DL\ration ResoLlrce ResoL\rce 
Label Req. (1) Req. (2) 

--------------------------------------------
1 , 2 1 ::~ 3 
11 

..,.. ... ' 2 4 1 
" 5 r.::' (I 1 .<;.y ..J 

3, 4· 3 3 .? 

4, t:" 
i.J 7 1 3· 

4, 6 4 2 (I 

L'::" 9 9 1 I) 
..J, 

6, 7 '7 1 1 
6, 8 6 2 1 
7, 10 7 1 1 
8, 10 5 2 2 
9, 11 8 1 ". ..::. 

10, 12 5 1 2 

117 13 6 ", 2 ..::. 

11, 16 7 1 1 
12, 15 1 1 1 
1:;', , 14 5 'J 2 .<:. 

14, 17 3 1 2 

15, 16 2 1 1 

16, 17 4 2 1 

--------------------------------------------
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Problem Name : C.2 

No of F'I!:tivities: 1(.7 

No of Resources = 2 

Resource Limit (1) 9 

Resource Li Illi t (2) 10 

Ac"tivity DLlrati on Resource ReSOLlrce 
Labf.?l F(eq. (1) Req. (2) 

--------------------------------------------
1. , 2 2 2 2 
1 , "";!" 

"-' 1 1 1 
1 , 4 9 ..,.. 

"-' 2 
2, """ --' 1 1 1 
3, i;:.-

.J 
"r 
.... ' 2 1 

4, 6 1 2 2 
4, 12 8 2 3 
5, 7 1 2 1 
5, I;} 5 1 ~ 

--' 6, 8 
... , 
..::. 2 ":1" ... ' 

6, 11 8 2 ":0-

--' 
7, 8 0-, 

..::. 1 1 
8, 10 1 1 1 
8, 13 -:r 

--' 
2 ~\ 

9, 11 2 2 (> 

10, 11 ~\ 2 1 

1.1, 1~; 4 ~5 2 

12, 6 :::;: 
"¥ 

1""" .j --' 
13, 14 4 4 2 

--------------------------------------------
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Problem Name : C.3 

No of Activities: 19 

No of Resourc:es : 2 

Resourc:e Limit (1) : 6 

Resource Limit (2) 4 

--------------------------------------------
Activity Dur"ati on ReSIJLu"c:e ResourC:f~ 
Label RE:~q. (1) Req. ( 2) 

--------------------------------------------
1 , 2 5 2 1 
i.} 3 12 3 (I 
1 , 4 8 1 1 
2, 3 2 1 1 
3, 5 15 1 1 
4, 6 4 3 '";0' ... ' 
4, 12 10 2 0 .,,-
>oJ, 7 20 1 1 
t::' 
>oJ, 9 10 ~:; 4 
6, 8 7 1 1 
6, 11 c' >oJ 1 2 
7.} 8 8 0 (I 

8, 1() 2 1 :2 
8, 13 20 l' 2 
9, 11 5 1 .... 

.... ' 
10, 11 ..... ..... 1 (I 

11, 13 OO:f ..... (I 1 
1") ..:.., 13 12 2 2 
13, 14 10 (I 1 



Problem Name : C.4 

No of Activities= 15 

No of Resources : 1 

Resource Limit (1) = 5 

-------------------------------
Activity 
Label 

Duration ResoL.\rce 
Req. (1) 

-------------------------------
1 , 2 10 3 
1 , 3 15 4 
2, 6 8 ... ... ' 
3, 4 12 0 
3, ....... 

i.J 1(1 1 
3, 8 20 1 
4, l) 1(1 1 
5, 7 10 0 
6, 7 0::' 

..J 2 
7, 9 5 1 
7, 10 1 (I . 1 
8, 9 20 2 
9, 11 15 1 

10, 12 "". i.J 2 
11, 12 10 1 

-------------------------------
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Problem Name : AC.l 

No of Activities: 20 

No of Resources : 1 

Resource Limit (1) : 3 

Activity 
L.=\bel 

1 , 2 
1 , 3 
2, 4 
2.} 0:.' 

..J 

3, 6 
3, 5 
4, 7 
."" .. I , 8 
C" 
..J, 9 
6, 7 
6, 12 
7, 10 
8, 11 
9, 11 

10, 12 
11, 12 
11, 1 -. ..::. 

12, 13 
13, 14, 
14, 15 

DUI'" at ion 

1 
3 
6 
2 
5 
2 
8 
1 
2 
1 
~.::: 
.... 
,':' 

2 
0::' 
..J 

4 
.... 
--' -;r 
-.' 

2 
8 
6 

Resolu'" c: e 
Req. (1) 

2 
3 
1 
1 
2 
1 
2 
1 
1 
1 
2 
3 
2 
2 
3 
1 
3 
3 
~5 
.'" ..::. 

-------------------------------
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Problem Name u AC.2 

No of Activities: 17 

No o·f HeslJur c es . 2 . 
ResoLlrC:1? Limit (1) 3 

ReSOLlI"(:e Limit (2 ) 3 

--------------------------------------------
Activity 
Label 

Dur.:: .. ti on ReSOLlrc:e 
Req. (1) 

Resource 
Req. (2) 

--------------------------------------------
1 , 2 8 0 3 
1 1 3 3 1 0 
2, 6 2 (I '"' ..::. 

2, 7 9 1 (I 

3, 4 2 (I 1 

4, "". 3 0 2 • ..1 

5'1 7 2 (l "':!' ..... 

6~ 8 1 1 2 

6, 10 ... " 1 2 U 

71 11 6 oo:r 3 ..... 

8, 9 2 1 3 

9 1 12 1 ..... 2 ._. 
10, 12 3 2 ..... ._. 
11, 1 .... o-:r o,,:r 3 . J ._. ..... 

12, :l3 .. :!" (I 2 ..... 

1:::; ~ 1 L~ 1 ~$ 
-:r ..... 

:;:: -r 

14, 15 1 .,::. 

--------------------------------------------
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Problem Name : AC.3 

No of Activities: 20 

No of Resources : 1 

Resource Limit (1) : 5 

-------------------------------
Activity 
Label 

Dw" c.~t ion Resow"ce 
Req. (1) 

-------------------------------
1 , 2 2 1 
1 ~ 3 8 :i 
'? -, 4 -:r ..... 2 
r, 5 C" 2 ..:..~ ..., 
:3: , a:::-..., 3 4 
--=r .... , 6 12 5 
4, 7 1 1 
c' 8 2 '"' ..." 010. 
t:' 
..." 9 1 5 
6, "7 1 (I 

6, 12 20 "" ..., 
7, 10 2 0: ..., 
8, 11 -;r .... 5 
9, 11 1 r) 

010 • 

10, 12 1 ..,-... ' 
11, 12 2 1 
11 13 Ir ~; '1 

..., 
12, 13 ~5 5 
13, 14 ,::-...,. ii, 
14, 15 4 5 

-------------------------------
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Problem Name : AC.4 

No of Activities~ 13 

~o of Resources : 1 

Resource Limit (1) : 3 

-------------------------------
Activity 
Label 

Duration Resource 
Req. (1) 

-------------------------------
1 ~ 2 2 1 
1 , 3 12 3 
1 , 4 5 3 
2, 5 8 2 
~ 4 7 2 ~, 

4, 7 10 3 
5, 6 ~ 

~ 2 
6, 8 3 2 
7, 9 5 3 
8, 9 2 1 
8, 10 3 0 
9, 11 ~ 

~ 3 
10, 1 1 2 1 

-------------------------------
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Problem Name : Be.1 

No of Activitias= 17 

No of Resources : 3 

Resource Limit (1) 

Resource Limit (2) 

Resource Limit (3) 

Activity 
LeIbel 

1 , 2 
2, 3 
3, 4, 
3, :5 
4, 8 
"-::--, , 6 
0::' 
~J , 7 
6, 7 
7, 9 
7, 10 
8, 1(1 
'1, 11 

10, 12 
11, 12 
11 , 13 
12, 14 
13, l.l~ 

Duration 

6 
9 
~5 

1 
8 
2 
~I 

4 
a:;" 
..J 

6 
7 
2 
7 
3 ... 
.0::. 

8 
1 

4 

4 

F<esol.u'"ce 
Req. (1) 

(I 

(I 

4 
3 
3 
3 
4 
2 
3 
4 -,. 
..::. 
oo:r ,.' 
I) 

:5 
::.:: 
(I 

3 

Resource 
Req. (2) 

0 
I) 

4 
3 
4 
3 
4. 
4 
:;.\ 
2 
:;.:; 

3 
(l 

3 
3 
(I 

(I 

Resource 
Req. (3) 

0 
(I 

2 
(I 

2 
(I 

2 
1 
1 
1 
3 
3 
0 
2 
(I 

1 .,. 
--' 

--------------------------------------------------------
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Problem Name : BC.2 

No of Activities: 19 

No of Resources =,2 

Resource Limit (1) 6 

Resource Limit (2) 6 

--------------------------------------------
Activity DLlrCltion Resource ResoLlrce 
Label Req. (1) Req. ( 2) 

--------------------------------------------
1 , 2 8 6 2 
1 , ..,.. ... ' 3 6 (I 

1 , C' 
.J It {) 1 

2, 6 9 3 2 
2, II 6 ..... ..... 3 
3, 4 4 1 6 
4, ·6 9 2 2 
4, 8 8 1 4 .. ':' 
.j , 7 6 6 6. 
6, 9 6 (I 0 
7, 10 6 6 6 

8, 14 .:r 0 (I ..J 

9, 10 2 2 6 

9, 11 9 2 3 

1O, 12 3 ~5 ..... ..... 

11, 12 8 0 0 

.12, 1 :::;: 9 I) (I 

13, 15 9 (I (I 

1.£~ , 15 9 0 3 

--------------------------------------------
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Problem Name : BC.3 

No of Ac:ti vi ti t~s: 17 

No rolf ResoLwces . 2 . 
ResoLu'·ce Limit (1) ~5 

Re~50ur"l: e Limit (2) c 4 

Activity Duration F\esoLu~ce F~esl;:)Lwce 

Le:ibel Req. (1) Heq. ( 2) 

--------------------------------------------
1 , 2 15 1 (I 

2, 
..,.. 
0_' 20 (I (I 

3., 4 8 3 4 
3., 5 1(1 3 4 
4, 8 22 2 4 
C" ...J, 6 0;:." 

.J 2 4 
C" ...J, 7 lJ::" ,oJ 1 4 
6, 7 6 ~5 1 
7, 9 22 2 2 
7, 1(1 25 7".$ 3. 

8, 10 15 1 2 
9, 11 5 ~2 (I 

10, 12 15 (I (I 

11, 12 "':' (I (I 0_' 
11, 13 8 1 (I 

12, 14 :::;:0 I) 1 
13, 14 4 1 (I 

--------------------------------------------
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Problem Name : BC.4 

No of Activities: 15 

No of Resources . .... . . .::. 

FH?SOW'" c e Limit (1.) 4 

ResoLlrce Limit (2 ) 3 

--------------------------~-----------------
Activity DLu'"ati on Resource ResoLu"ce 
Label Req. (1) Req. (2 ) 

--------------------------------------------
1 , 2 """ ...J 4 3 
1 , -:r 

.... ' 7 ..,.. 
... ' ·3 

1 , L~ 1 ,~ -, 
.... ' (I 

? -, 3 ~r ..... 4 3 
:.:; , 4 1:.-

,J (I (l 

4, <=" 
...J 2 4· 3 

4, 6 8 3 ~:: 
C' 7 5 4 3 u, 
6, 7 -.' (I 

..,. 
'-' '-' 

6, 1 1 2 (I ";r .... 
7, ('~ 'o;r (I 1 '-' 
7, 11 30 (I (l 

8, 9 2 ,~ 3 

8, 11 4 4 ~\ 

9, 11 2 4 ":r .... 

--------------------------------------------
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Problem Name : ABC.1 

No of Activities: 20 

No of Resources : 2 

Resource Limit (1) 4 

Resource Limit (2) 4 

--------------------------------------------
Activity DL\I~ati on ResoLlrce F,esource 
Labr~l F~eq. (1) lieq. (2 ) 

--------------------------------------------
1 , 2 ::' 4 4 
1 , 3 oo:!" -' 4 4 
1 , 4 4 4 i.~ 

'"' "', 5 6 4 4· 
3, 7 0:::-

'-' 4 4 
4, 7 5 1.\. 4 
0::' .:I, 6 1 0 0 
0:::' '-', 10 6 (I 1 
6, 9 8 3 3 
7, 8 7 (I (I 

8, 11 6 2 ..... ... ' 
8, 14 8 i~ 

.,.. 
,,:. 

9, 11 ~$ (I 1 

10, 11 6 ,~ 4 
1.0, 12 7 3 I) 

11, 1'"' 8 (I 0 .... 
11, 1 :S ~~ 1 I) 

12, 15 9 (I (I 

13, 15 7 (I 1 

14, 15 3 1 1 

--------------------------------------------



93 

Problem Name = ABC.2 

1\10 ljf Activities: 21 

1\10 of ResoLlrc:es . 2 . 
I::'(esol.\r c: e Limit· (1) .. ~ ..... 

F\esoLlrce Limit (2 ) = l~ 

Activity DLlration ResoLlrc:e ResoLlrc:e 
Label Rt?q. (1) lieq • ( 2) . --------------------------------------------

1 , 2 ." ... ' ~\ 4 
1 , -::' .... 2 3 .l~ 

1 , 4 ":!' 
'-' 

~3 Il-

2, C' 

'"" 6 ~\ 4 
." ..:.0, 7 7 3 4 
4, 0::' 

'"" 
c:" 

'"" 3 4 
4, 6 r;::" 

.J 
'":J' 
·oJ 4 

5, 8 9 3 4 
6, 9 a:;' 

>..J 
-:r ..... 4 

7, 8 6 3 l~ 

7, 9 4 3 4 
9, iC> 6 (> (l 

8, 10 8 ::2 ." ... ' 
10, 11 9 1 (l 

11, 1 '7> 3 ";r 4 -. ,oJ 

11, 1"" 6 3 4 ...;. 

1 -, 15 4 :5 t~ "'-, 
13, 14 ~5 1 1 
14, 15 8 2 ~5 

15, 16 6 oo:r If ..... 

16, 17 5 ~: ~5 

--------------------------------------------
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Problem Name : ABC.3 

I'll::> of P,ct i vi t:l es~ 21 

No c)f ResoLll'" c l::;OS . 2 . 
F<8soLlrc8 Limit (1) 6 

F.;esaul'"ce Limit (2 ) 4 

--------------------------------------------
Activity DLlI'"ati on ResoLll'"ce ResoLlI'"ce 
Label Req. ( 1 ) Req. (2) 
--------------------------------------------

·1 

1 , 2 15 6 4 
1 'J "o;r 8 4 

..,.. 
... ' ... ' 

1 , 4 10 6 4 
2, I::' 

..J "'" ..J ,~ 4 
--=:' ,_I, 7 11 6 4 

41 t: 
..J 7 6 4 

4, 6 1(1 4 3 
5., 8 10:=' 4 4 .J 

6, 9 15 4 
..,.. 
... ' 

7, 8 11 6 4 

7, 9 10 6 4 

8, 10 20 4 4 

9, 10 10 4 
..,.. 
... ' 

1 (l 'J 11 22 :l :2 

11 , 12 1(1 2 1 
11, 1 -;r f:l 4 1 ... ' 
12, 15 18 3 4 

1~: I, 14 I::" 1 (I 
..J 

14'J 15 6 6 4 

15, 16 7 6 1 

16, 17 11- 3 2 

--------------------------------------------



Problem Name : ABC.4 

No of "Activities: 14 

No of Resources : 2 

Resource Limit (1) 4 

Resource Limit (2) 3 

Activity 
Lc.\bel 

Duration Resource 
F(~::!q. (1) 

Resource 
Req. (2) 

--------------------------------------------
1,} 2 10 1 1 
2, '"'!' 

'-' 15 4 3 
'") ..:.., 4 12 4 3 
-,.. 
. ..:. 'I 

0;:;' 
..J 15 4 -r ...: . 

3, 6 20 '+ ":r .... 
4, 8 20 i~ '"'!' 

'-' 
co 
..Jy 7 10 2 2 
5, 11 20 1. 1 
6, 7 12 2 1 

7, 8 15 0 1 

8, 9 "') 4 3 , ... 
8, 1l. 10 2 3 

10 3 4 
-, 

9 .:..' y 
2 10, 11 2 L~ 

--------------------------------------------
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Problem Name : D.l 

No of Activities: 20 

No of Re~ources : 2 

ReSOLlrce Li mi t (1) 13 

Resource Limit (2) 13 

Activity 
Label 

Duri~rti on Resource 
F<eq. (1) 

ReSOLlrce 
Req. (2) 

------------------------~-------------------

1 , 2 4 (I 1 
1 , 3 8 (l 1 
1 , 8 9 .,~ 

.~. 2 
1 , 9 '-I· '3 oo:r .... 
2, ":!' .... 4 2 r, 

.:. 

2, 6 2 :.:; 2 
3., 4 2 1 1 

3, C" 
..J 

--=r .... :2 1 

3, 6 f:j 1 1 

3., 7 9 1 1 

4, """ 1 1 1 ..J 

4, 6 6 :;:. 2 
L~ , 10 ~5 2 ''') 

.:.. 

c;,." 6 
~ .. 2 1 

..J, ..J 
1:"' .... 7 6 1 1 -.I, 

I 7 1 1 1 0, 

6, l.0 6 ~5 2 

7, 10 5 2 1 

Ei, cJ B 1 1 

9, 10 4 3 2 

--------------------------------------------
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Problem Name = D.2 

1\10 of Activities: 21 

1\10 of Resources = 3 

l~esoul'*(: e Limit (1) 10 

ReSOLlI'"ce Limit (2) : 10 

Resource Limit (3) 12 

---------------------------------------------------------
Activity DLlI'" .:\1: ion ReSOLIY"Ce Resow" c: e F(esourc:e 
L';lbel Req. (1) Req. (2) Req. (3) 

--------------------------------------------------------
1 , 2 2 2 2 3 
1 , 3 :3 2 1 3 

1 ? 4· 5 1 ";r .... 2 
2, "r 1 2 1 

..,.. 
'.' '.' 

2, 4 4 1 1 1 
3., 1:,-

..J 6 2 1. 2 
3, 6 8 3 2 1 
4, t:' 

.J 
"-;r . .) 2 1 2 

4, 7 8 1 1 1 

4, 8 6 2 1 2 
t:' 6 2 1 1 1 
..J, 
~ . 9 9 1 2 1 • ..J , 

6, 7 " 1 1 2 ... ' 
6, 8 5 1 2 1 

6, 9 7 2 1 2 

6, 10 6 1 3 1 

7, 8 2 2 2 2 

7, 10 9 1 1 1 

8., 9 1 7'.:.\ 2 1 

8, 10 9 1 3 1 

9, 10 "1 2 1 3 

--------------------------------------------------------



Problem Name : D.3 

No of Activities: 20 

No of Resources : 1 

Resource Limit (1) : 9 

Activity 
Label 

1 , 2 
1 , 3 
1 , 8 
1 'J 9 
2, -;0' 

'-' 
2, 6 ... ..:-., 4 

3" 
t::" 
....J 

3, 6 
3, 7 
4, c:" 

..J 

4, 6 
4, 10 
5, 6 
c' '-I, 7 
6, 7 
6, 10 
7, 10 
8, 9 
9, 10 

Dur.:::d:i on 

9 
t::" 
oJ 

2(1 
5 
3 
9 
1 
..,.. 
... ' 
6 

14 
1 
1 
2 
3 

11 
8 

17 
9 

10 
c: 
..J 

HeSOLlrce 
Req. (1) 

2 
2 
(I 

3 
4 
1 
-:r ..... 
4 
":r .... r, ... 
(I 

1 
1 
3 
2 
(I 

1 
1 
1 
1 

-------------------------------
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Problem Name : 0.4 

No of Activities: 21 

No of Resources : 1 

Resource Limit (1) = 7 

-------------------------------
Activity 
L • .:.'\bel 

Duration Resource 
Rl':!q. (1) 

-------------------------------
1 , 2 5 2 
1 , 3 ~~ 2 
1 , 4 15 1 
2, :;,\ 2 3 .., .... , 4 10 0 
'":'" ... ' , 4 2 1 
-... 0::- -,.. 1 -.;. , .... ...' 
4, 0;:;-.... 3 0 
4, 6 6 :3 
4, 8 31 2 
4, 10 20 1 
c' .... , 6 3 1 
0::- 7 8 (I 
~J , 

a::-.... , 8 28 (I 

6, 7 J:.-
~J 2 

6, 8 "'\1: 
':"\..1 1 

7, 8 20 
. ., .... 

7, 9 :3:() 1 
8 9 10 2 , 
8, 10 '"),;;:- 2 ........ 
9, 10 15 1 

-------------------------------
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Problem Name : AD.1 

No of Activitias: ,.,,., --
No of Resourtes : 2 

F\~SOLlrce Li mi t (1'> ";r 

'-' 

ResoLlrce Limit (2) 2 

Activity DLlI~ at ion 
Lc:.\bel 

Fh~soL\I'"ce R(?SC)LlI~ c e 
Req. (1) Req. (2) 

--------------------------------------------
1 , 2 1 (I 1 
1 , 3 

... 
.::" 1 1 

1 , 7 2 0 0 
2, .,' ..;. 2 2 2 
2, 6 1 0 2 
3'1 4 4 (l 1 
":l' 
'-' , 5 6 "'r ..... 1 
4, 5 2 0 1 
C' o..J, 6 2 1 1 
t:' w., ., 2 (I 2 
C' 9 4 "') 0 • .J , ... 
6, 9 2 (I 1 

6, 10 6 1 (I 

7, 8 1 0 2 

7, 9 2 0 (I 

7, 11 4 (l (I 

8, 9 1 1 1 

8, 10 ~) I) 2 ..... 

8, 11 ::,:; 1 0 

9, 10 4 1 <) 

9, 11 8 0 1 

10, 11 ~~: 3 2 

--------------------------------------------
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Problem Name ; AD.2 

No of Activities: 26 

No of Resources : 1 

Resource Limit (1) = 3 

(~cti vi ty 
Label 

1 , 2 
1 , 3 
1 1 4 
2, 

..,.. 

... ' 
2, 4 
2, ""-..., 
~\ , ,~ 

..... .... , 5 
3, 6 
L~ , 6 
4., 7 
4, 10 
I::-
..." 6 
0::-
..." 8 
5, 9 
6, 7 
7, 8 
7, 10 
8, 9 
8, 10 
9, 10 
9, 11 
9, 12 

10, 11 
10, l.2 
11, 12 

DLlr.:;\"l: ion 

2 
"l" ... ' 
5 
1 
-~ .... , 

8 
2 
7 
-:r 
..;.. 

4 
2 
~$ 

6 
'7 
..,.. 
... ' 
1 
2 
7 
2 
5 
~; 

5 
7 
2 
4 
2 

Re!::lource 
R~? q. (1) 

2 
1 
0 
2 
0 
1 
(I 

1 
.'") .... 
r) .... 
1 
1 r, .... 
1 
(I 

3 
1 
1 
() 
~. ..... 
I) 

(I 

1 
1 r, .... 
(I 

-------------------------------
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Problem Name : AO.3 

No of Activities~ 22 

No of Resources ~ 1 

Resource Limit (1) 2 

Activity 
Label 

1 , 2 
1 , -=r ..... 
1 1 7 
2, ~: 
"J -, 6 
3., 4 
"'l' I::' 
'.;.0 , ;;;J 

4, 5 
I:" 
o.J, 6 
C"-
..J, 7 
t::" 
o.J, 9 
6, 9 
6, 10 
7, 8 
7, 9 
7, 11 
8, 9 
8., 10 
8, 11 
9, 10 
9, 11 

1O, 11 

DLlI'-,~ t ion 

5 
9 
I::' 
o.J 

4 
16 

2 
9 
7 
.. :'" 
.... ' 
1 
6 
..,.. 
,-' 
El 
1 
1 

12 
1 
1 
2 
5 
7 
2 

Resource 
Req. (1) 

1 
0 
1 
1 
1 
1 
0 
1 
1 
1 
2 
1 
1 
1 
1 
(I 

0 
2 
1 
1 
1 
1 

-------------------------------

102 



103 

Problem Name : AD.4 

No of Activities: 21 

No of Resources : 1 

ReSQu1ce Limit (1) : 3 

Activity DLlrat i on RE:s-.oLlrce Resource 
Label F<eq. ( 1 ) Req. (2) 

--------------------------------------------
1 , 2 2 1 
1 , 3 ::.~ 0 
1 , 4 3 1 
1 , 7 6 1 
2, 5 2 2 
2, 7 4 1 
3, r':'-

.J 1 1 
4, 5 1 2 
4, 6 2 0 
4, 8 '+ 1 
r: 
.J , 6 1 2 
.". 
...J, 7 2 2 
6, 7 1. 1 
6, 8 3 (I 

6, 10 8 1 
7, 8 10 2 
7, 9 0, .... 0 
7, 10 0:::-

...J 1 
B, 9 'o:r .... 1 
8, 10 20 2 
9, 10 "7 I) 

--------------------------------------------
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Problem Name : BD.l 

No of ~kti vi ti es: ..,0:::-
..:....J 

No of F,esoun:es . 2 . 
Resource L~mit ( 1 ) 8 

ResoLlrce Limit (2) 7 

Activity Our" at i 011 ResoLlrc:e Resource 
Label Req. (1) Req. (2) 

--------------------------------------------
1 , 2 2 0::,-

..J 
..,.. ... ' 

1 , 3. 1 0::-
..J 1 

1 , 4 "I' ...;. 8 3 
1 , 5 8 1 2 
2, 3 2 -... ..,:. 1 
2, 6 2 3 3 
2, 7 4 4 1 
2, 8 6 3 ~~ 

..::. 

2, 9 6 2 2 
3, 4 

.. ,. 

.,) 3 3 -. . .::- , 7 4 3 1 
4, t .. 1 4 3 .oJ 

4, 7 1 2 2 
0::-
..J, 8 

..,. 
'-' 5 "·r .... 

0::-
..J, 10 2 1 1 
6, "' 4 3 ~\ ..::. 

6, 9 2 3 2 
6', 10 "";~ 

.J 4 3 
7, 8 

..,. 

... ' 
.., . ... ' 3 

7, 9 L~ ~5 ~~ 

7, 10 oo:r .... 2 3 

8, 10 6 0 0 

9, 10 5 0 1 
10, :ll 9 0 (I 

11, 12 9 () 0 

--------------------------------------------
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Problem Name : BD.2 

No of Activities: 23 

No of ResoUrces : 2 

HeSOL\rCe Limit (1.) 11 

Resource Limit (2) 9 

--------------------------------------------
Activity Duration ResoLw'ce r~esource 

Lab l"! 1 F<eq. (1) F<eq. ( 2) 

--------------------------------------------
1 , 2 7 (I (I 

2, ..,. ... ' 9 (I (I 
"') .... , 5 2 1 1 
3, 4, 1 ~~ L~ 

3, I::' 3 4 4 ..I 

3, 6 7 3 3 
-,. ...:- , 7 8 2 4 
3, 8 7 4 2 
4, 6 6 8 

..,. ... ' 
4, 8 8 5 4 
L':' 6 4 4 3 ..I, 

"'" ..I, 7 5 -. ..:.' 4 
0::' w, 10 6 2 3 
6, 8 2 3 ,~ 

6, 9 4 3 2 
7, 8 1 1 1 
7, 9 3 ~\ (I 

7, 11 ") .... 3 1 
8, 9 5 1 (I 

8, 10 5 1 (I 

8, 11 8 1 1 
9, 11 -::-

",' 1 1 
10, 11 3 1 0 

--------------------------------------------
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Problem Name = 80.3 

No of Activities: 24 

No o·F Resoul'"I:es . 2 . 
ResoLlrce Limit (;I.) 6 

Rt=:sour" c e Limit (2) I:::" 
;;J 

-------------------~--------~---------------
Activity Duration Resow-ce ResoLlrce 
Label Req. (1) Req. ( 2) 

--------------------------------------------
1 , 2 8 1 (I 

1 , 3 6 4 3 
1 , 4 6 -:r 

,-' ~; 

1 , r::" 
.J 12 2 2 

2, 3 2 1 3 
2, 6 6 75 .. ,.. 

.,.:. 

2, 7 9 1 (I .., 
~. , 8 14 .,.. 

.,;0 3 
2, 9 2 3 -;r ,-' 
3., 4 1 1 (I 

3, 7 1 1 (I 

4, I:::" . .) 1 3 (I 

4, 7 6 2 (I 
I:::" 8 1.0 '") -:r w, .... ..... 
0::- 1(1 10 1 -:r w, ..... 
6, 7 3 3 

., .. 

..;;. 

6, 9" r:1 (I (I 

6, 1(1 3 3 3 
7, 8 a;;:' 

... 1 7$ 0 
7, 9 8 (I (I 

7, 1(1 a:,;:' 
t;J ~\ 1 

8, 1(1 12 0 (I 

9, 10 9 1 (I 

10, 11 20 (I (I 

--------------------------------------------



Problem Name : 8D.4 

No of Activities: 22 

No of ResourcEs : 2 

Resource Limit (1) 

Resource Limit (2) 

Activity Dur-,,,ti on 
Label 

c::­
...J 

HesClLII'"ce 
Req. (1) 

f.:esource 
Req. (2) 

--------------------------------------------
1 , 2 0::- 0," 0::- 0::-

...J ...J ...J ., 
1 ~ 3 5 It 0::-

• .J 

1 , 4 8 '::;' 
...J 

-,. 
...:0 

1 , 6 10 5 5 
2, 

..,.. 

.... ' 5 .. :!' ..... 5 
2~ I.j. 8 2 5 
'? c::- 11 2 2 .... , ..J 

.. ::' ..... , 4 "-:r ..... 1 2 
3, 5 6 1 2 
1+ ~ 0:;,-

..J ~5 0 1 
4, 6 7 2 1 
5, 6 4 3 2 
c::-
..J, 8 14 2 2 
t:,-... 1, 9 29 I) 1 
0:::- 10 20 1 (I ..J, 

6, 7 5 1 .") 
..:. 

6, 8 1(1 2 2 
7~ 8 '" ...J 2 -'" ...; . 
7, 9 20 (I (I 

7~ 10 10 1 (I 

8, 9 15 0 1 
9, 1(> 45 1 (I 

--------------------------------------------

", 
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Problem Name : CD.1 

No of Activities: 

No of Resources : 1 

Resource Limit (1) : 4 

Activity 
Label 

1 , 2 
2, 

.,. 

..,:. 

3, 4 
4, 0;:;" 

'..J 

4, 7 
C" 
..J, 6 
6, 7 
6, 13 
7, 9 
8, (1 

8, 10 
9, 12 
9, 14 

10, 11 
11 , 12 
1 ~, .-;., 1 .... ...:, . 
13, 14 
1 L~ , 1e:-. ..J 

14, 17 
15, 16 
16, 17 
17, 1f:) 
18, 19 

Dur.:\ti on 

5 
2 
4 
6 
2 
8 
1 
~5 
." ...:,. 

2 
6 
C} 

8 
3 
1 
(i 

1 
4 
6 
1 
1 .. , 
..::. 

6 

F\esQul~ce 

Req. (1) 

0 ., . 
.,j 

1 
2 
0 
1 
1 
0 
(I 

1 .... 
..::. 

2 
0 
(I 

1 
3 
1 
1 
::.' 
2 
1 
2 
~~ 

-------------------------------
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Problem Name : CD.2 

No of Activities: 18 

No of Resources : 3 

Resl::lur'ce Li mi t (1) 6 

Resource Limit (2) 7 

Resource Limit (3) 6 

Activity 
Label 

1 , 2 
1 , c' 

-..I .., 
.1.., , :.::: 
~r 
~. , 4 
4, 6 
,';' 7 ,., , 
C' 
-..I, 9 
6~ 7 
7, 8 
7, 10 
8, 9 
9, 11 

10, 11 
1O, 12 
10, 14 
11~ 1"" ..;, 

12, 14 
13, 14 

I)Llr .'a t i on 

5 
7 
~$ 

6 
2 
4 
9 
1 
:;.~ 

~S 
0:::' 
.. I 

:;:-
6 
1 
6 
(oj 

7 
2 

Resoul~ce 

Req. (1) 

0 
3 
0 
I) 

(I 

(I 

2 
0 
1 
(I 

1 
(I 

::.~ 

~) 

(I 

2 
2 
1 

ResoLlrc:e 
Req. (2) 

3 
4 
2 
(I 

(l 
oo;;r .... 
(l 

1 
1 
1 
2 
1 
4 
1 
(I 

3 
1 
2 

Resource 
Req. (3) 

2 
"'!' 
'-' 
1 
2 
4 
0 
2 
3 
1 
0 
2 
2 
3 
(I 

0 
2 
(l 

0 

--------------------------------------------------------
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Problem Name = CD.3 

No of Activities: 

.No o·F ResoLlr c: ~:s 

ResclLlrce 

Resol_lr-ce 

ResoLlrce 

Act! vi ·ty 
Labl:.~l 

1 , 2 
1 , 5 
? 3 ~, 

3, 4 
4, 6 
0::-..I, 7 
c· ..I, 9 
6, 7 
7, . 8 
7, 10 
8, 9 
9, 11 

10, 11 
10, 12 
10, 14 
11 , 1 :3: 
12, 14 
13, 14 

Limit 

Limit 

Limit 

. . 
(1) 

(2 ) 

(3) 

0::-
;.J 

22 
2 
6 
1 

11 
20 

2 
6 
7 
":r 
'-' 

1 :,:-j 
17 
15 
4~j 

8 
~\() 

~~() 

18 

3 

4 

~: 

4 

ReSOLlrc'f.:? 
F<eq. (1) 

(> 

2 
(> 

1 
(> 

(I 

(I 

0 
1 r, 
~ 

(> 

() 

1 
1 
1 
:~, 

1 
1 

Resource 
Req. (2) 

1 
1 
1 
(I 

1 
1 
1 
2 
1 
(I 

~, 

(I 

(I 

0 
1 
(I 

(I 

2 

ResoLlr-ce 
Req. (3) 

3 
(I 
oo;r ... ' 
(I 

(I 

1 
1 
(I 

(I 

0 
1 
1 
1 
2 
(I 
..... .... 
1 
2 
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Problem Name ~ CD.4 

No of Activities: 15 

No of Resources : 1 

Resource Limit (1) : 4 

Activity 
Label 

1 , 2 
1 , 3 
~ I!:' .... , ...I 

""::' 
._' 'I 4 
3, 6 
4, 6 
0:-
...I, 7 
6, 9 
7, 8 
8, 10 
8, :L ":> . -
9, 10 
9, 11 

10, 11 
11, 1 ,,:.' .... 

DL.lration 

""::' 
.j 

6 
1. :~: 

3 
8 
3 
4 

10 
r, 
..::. r, 
..::. 

11 
1 
1 
3 
4 

Resource 
Req. (:L) 

2 
1 
0 
r) .... 
1 
2 
2 
1 
2 .... 
..:. 
1 
0 
1 
1 
2 

-------------------------------
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Problem Name : ABD.l 

No of Activities: 24 

No of Resources : 2 

Resource Limit (1) 7 

Resource Limit (2) 7 

--------------------------------------------
(kti vi ty Duration F~esoLwce Resource 
Label Req. (1) Req. (2) 

--------------------------------------------
1 'J 2 8 

. ..., 
..::. 3 

1 , 3 8 7 7 
1 , 4 3 3 1 
1 , 6 "7 6 6 
1 , 10 9 -. .::.. 3 
.:) .... , 5 8 (I ":r 

'-' 
2, 6 7 ~~ 3 
2., 9 r.: 

...J 
-,.. 
.. ':1 3 

3, 4 3 ";r 
'-' 2 

·3., 5 8 ";'I' ... \ ~:: 

4, 5 0:;:' 2 -:r 
...J .... 

4, 6 9 3 1 
5, 6 L~ 3 (I 
c,-
...J, 7 "7 2 1 
r.: 
...J, 9 9 2 0 
6, 7 3 1 1 
6, 8 5 -:r .... 3 
6, 10 6 :::; 3 
7, 8 2 1 1 
7, 9 4 3 3 
7, 10 "1 -=r 

'-' 2 
8, 9 9 t) I) 

8, 10 9 0 (I 

9, 10 7 0 1 

------------------------------------~-------



Problem Name : ABD.2 

No of Activities: 27 

No of Resources : 3 

Resource Limit (1) 6 

Resource Limit (2) 8 

Resource Limit (3) 12 

Acti vi 'ty 
Label 

1 ~ ") 
.4, 

1 7 
..... 
-' 

1 , 4 
1 , 5 
2, < ",' 

2, 4 
2, 5 
~\ ., t::r 

...J 

'":!' 
"-' , 6 
4.) a .. ) 
4, 7 
4, 9 
C' 
...J, 6 
5, 7 
.::' 
..J, 8 
6, 8 
7, 8 
7, -~7 

8, 9 
B, 1(1 
9, 10 
9, 11 
9, 12 
9, 1 ..... .... ' 

10, 12 
11, 13 
12, 1< ... , 

DLlrai:i on 

~) 

...... 

3 
2 
6 
2 
1 
4 
3 
4 
4 
'--:" 
...J 

9 
2 
1 
""i!' 
",' 

1 
2 
4 
2 
7 
a;.:,;' 
...J 

6 
""ir ..... 
8 ... 
..J 

8 
9 

F<l~soLlrce 
Req. (1) 

2 
2 
2 
6 
2 
1 
":r 
'-' 
~3 ... .. ) 
3 
3 
6 
"" ..::. 

3 
6 
2 
2 
,OJ .... 
2 
"':r .... 
2 
1 
... r ..... 
-, ...... 

1 
(I 

(I 

ResoLlrce 
RE;)q. (2) 

3 
1 
3 
8 
2 
1 
2 
4 
4 
3 
2 
f:1 
4 
4 
8 
2 
3 
4 
-:' 
--\ 

4 
1 
3 
I.~ 

2 
1 
(I 

1 

F<esource 
Req. (3) 

3 
3 
3 
3 
2 
1 
3 
2 
2 
..... 
"" 
3 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
1 
1 
(l 

--------------------------------------------------------
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Problem Nama = ABD.3 

No of Activities: 24 

No of Resources = 2 

Resource Limit (1) 

Resource Limit (2) 

Activity Duration 
Label 

7 

&::." 
..J 

R£~SQLlrCe 

R(;:q. (1) 
F<esQurc:e 
Haq. (2) 

--------------------------------------------
1 , . ., 

..:.. 
&:: 
..J 7 3 

1 , :5 c,-
..J 1 1 

1 , 4 10 2 3 
1 , 6 19 1 (I 

1 , 10 12 5 ""-..J 

2, 5 6 1 -.' ..::. 
'i 6 6 -,. 3 "'"' 

,;, 

.... ..::., 9 6 
,.., 
..::. 

.,. 

...;. 

3, 4 5 2 2 
~:., 5 7 2 1 
4, 5 ... ) 

..:.. ~;) 3 
4, 6 9 2 1 
c:" 
..J, 6 7 2 1 
&:: 
..J, 7 10 1 2 

. C" 
..J, 9 5 2 -~ .,:., 

6, 7 ~\ ":r 
~. 1 

6, 8 8 1 0 
6, 10 ..,' 

~, 7 0 
7, 8 1:':' ":r 1 ..J '.' 
7, 9 7 2 (I 

7, 10 11 2 (I 

8, 9 '"") .... (I 0 
El, 10 6 (I (I 

9, 10 "I· 1 1 

--------------------------------------------

114 



115 

Problem Name : ABD.4 

No of Activities: 22 

No of Resources : 2 

Resour'ce Li mi t (1) : 3 

Resource Limit (2) 

Activity DUration ResoLlrce ResoLlrcl? 
Label Req. (1) Req. (2) 

--------------------------------------------
1 , 2 1.0 ~\ -::-

'-' 
1 , 3 ......... .:...:. 2 0 
1 , C' 

..J 29 1 1 
2, 3 12 3 3 
~) , 4 0:::- 0 (I ..J 

3, 11 15 1 (I 

'+, 5 2 -.. 
,~ 1 

4, 7 11 1 2 
4, 8 13 

,-, . .:. ... 3 
4, 11 20 () 1 
r: .J, 6 4 1 (I 

5, 7 9 2 2 
6, 7 C' 

..J :;" 1 
6, 8 7 (I (I 

7, 8 2 3 3 
7, 10 5 1 (I 

8, 9 6 (I 0 
8, 1(1 ... > 

~ 1 1 
8, 11 12 (l (I 

9, 10 3 (I 1 
9 ,. 11 6 (I 1. 

10, 11 .-, 
..::. c) (I 

--------------------------------------------



Problem Name : ACD.1 

No of Activities: 20 

No of Resources : 1 

Resource Limit (1) : 4 

Activity 
Label 

1 , 2 
1 , ..,.. 

"-' 
2, 4 
3, 4 
4, C" 

o..J 

4, 6 
4, 8 
5, 7 
6, 7 
7, 8 
7, 9 
8, 9 
9", 10 
9, 11 

10, 12 
11, 1 :::; 
12, 14 
13, 14 
13, 15 
14, 15 

DI..\I'" f.:~ t ion 

2 
2 
..,.. ... ' 
3 
1 
2 
r.;." 
o..J 

3 
2 
8 
5 
9 
2 
:-$ 
2 
::::: 

1 
2 
4 -, ..... 

ResQur"c:e 
F'eq. (1) 

3 
4 
1 
4 
"';:' .... 
1 
1 .,. 
...;. 

~; 

4 
4 
4 
3 
2 
~:~ 

4 
~\ 

4 
1 
4 

-------------------------------
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Problem Name : ACD.2 

No of Activities~ ,21 

No of Resources : 1 

Resource Limit (1) : 3 

Activity 
Label 

1 , 2 
1 , 3 
2, ..,. 

.::.. 
..,.. 
-' 'J 

4' 
4, co u 
C" 6 u, 
6, 7 
7, 8 
8, 9 
8, 11 
9, 10 

10, 11 
11 , 12 
12, 13 
12, 16 
1:~ , 14 
13, 15 
1 L~ , 17 
11::'" u, 16 
16, 17 
17, 18 

Durati on 

1 
2 
r, .... 
1 
:L 
1 
1 
r) .... 
2 
..,.. ._' 
C;" u 
3 
1 
1 
3 
3 
2 
4· 
'0) 
..:.. 

4-
1 

f(esoLlrce 
F'eq. (1) 

2 
2 
1 
3 
~.::: 

~:: 

3 -. .. : .. 
"'!' ..... 
3 
.. ;:-._' 
3 
3 
3 
2 
2 
2 ... 
..) 

3 
3 
3 

-------------------------------
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~rDblem Name ~ ACD.3 

~o of Activities: 21 

~o of Resources : 1 

~esource Limit (1) ~ 3 

-------------------------------
1ctivity DI.lrati on Resource I 

_abel Req. (1) 

-------------------------------
1 , 2 1 0 
1 , ..,.. 

.... ' 4 ..,.. 
.... ' 

2, 3 1 1 
3, 4 2 3 
4, 0::;' 

.,,) 
I::' 
.,,) 3 

a:::" .,,), 6 .. , 
..::. :!\ 

6, 7 10 --:r 
'.,;0 

7, 8 1 4 
8, 9 :5 1 
8, 11 8 oo:r ..... 
9, 10 "') 

". 0 
10, 11 1 2 
1 1 , 12 ') 

"'-
":!' .... ' 

12, 13 4 0 
12, 16 1"" • ..J 2 
13, 14 6 1 
1~, , 15 1 ~5 

14, 17 15 ":!' ..... 
10:::" .,,), 16 10 2 
16, 17 10 2 
17, 18 3 ::5 

-------------------------------



Problem Name : BCD.4 

No of Activities: 16 

No of Resources : 2 

Resource Limit (1) 

Resource Limit (2) 

C' 
...J 

C' 
...J 

I --------------------------------------------
?)cti vi ty Durc.'1ti Oil F\esOLlr"I:e ResourCf~ 

Li..'\bel Req. (1) Req. (2) 

--------------------------------------------
1 , 2 7 5 "'" ... ' 
1 ~ 3 10 """ ...J 

C' 
...J 

1 , c' 
...J 6 0::' 

...J 
..,. 
.... ' 

2'1 ~5 ~: C' 
...J 

r.:;o 
.J 

2, 6 17 0 1 

3" 4 a:::' 
...J (> 1 

4, 5 -=r ... ' 1 0 
4, 6 12 (I 0 
C' 6 3 (I 1 ...J, 

6~ 7 5 5 3 
6, 8 3 5 1;;," 

...J 

7'1 9 6 I::' . .} 
I:::' 
...J 

8, 9 8 0::,-

...J 4 
9, 10 6 (l 1 

10, 11 4 1 1 
1.1~ 12 15 (I 1 

--------------------------------------------
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Problem Name : BCD.3 

No of Activities: 21 

No of Resources : 2 

Resource Limit (1) u 4 

Resource Limit (2) 

--------------------------------------------
Activity Duration Resource ResoLlrce 
L':''1bel F~eq. (1) Req. ( 2) 
--------------------------------------------

1 ~ 2 1.2 4 3 
1, 4- 5 4· 2 
rJ ""::- t::" 3 

..,.. 
... 'I '-' ..J ..:.' 
2, 6 10 4 ":r ,-' 

2~ 7 15 4 2 
3, C" 3 0 1 ..J 

4, 8 8 4 "l~ ..... 
5, 6 r"' ..::. 1 1 
r.· 
0.11 8 2 1 1 
6., 10 11 ":r 

,-' 3 
7, 12 8 (.l 1 
8, 9 1 4 3 
9, 11 7 

..,.. 
-' 0 

10, 13 12 (I 0 
11, 12 2 

..,. 
'-' 

..,. 
'-' 

12, 13 10 (I (I 

13, 14 18 (I (I 

14, 15 2() 0 0 
15, 16 15 3 -:r 

'-' 
15, 17 10 3 ":r ..... 

16, 17 20 (I 0 

--------------------------------------------
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Problem Name : BCD.2 

No of Activitiesu 21 

No of Resources = 3 

Resour-ce Limit (1) 10 

Resource Limit (2) 9 

Resource Li mi t (3) 10 

--------------------------------------------------------
Activity DLlration Resour-ce F<esoun:e F,esoLlrce 
Label Req. <:L) lit".!q. (2 ) Req. ( 3) 

--------------------------------------------------------
1 , 2 6 0 0 2 
1 , 4 13 () 0 6 
? 3 "w 10 4 t: -, '-' ..;J 

2, 6 9 10 8 4 
2'1 7 15 L~ ::.:: 4 
3, t: .::- 1(1 9 6 ..J • .1 

4, 8 9 10 9 6 
t::" 6 2 7 7 3 0-1, ... ' 
"'" ..J, 8 "":!" 

'-' 
c' 
0-1 6 2 

6, 10 1.4 (l 3 1 
7, 12 20 c' 

..J 
t: 
0-1 (I 

8, 9 14 (I (I 2 
9, 11 8 If 8 6 

10, 1 -:f .... 16 8 8 6 
11, 12 7 '7 '7 2 
1 ~) "-, 17 .... ' 8 (I (I I) 

13, 14 19 (I 0 1 
14· , 15 22 (I (I 2 
15, 16 &::,. .. (I 1 4 0-1 

15, 17 12 (I 1 6 
16, 17 7 1 (l 5 

--------------------------------------------------------
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Problem Name : BCD.1 

No of Activities: 18 

No of Resources : 2 

Resource Limit (1) 9 

Resource Limit (2) 7 

--------------------------------------------
{ .. kti vi ty Dw"ati on Rt-:source Resource 
Label Heq. (1) Req. (2) 

--------------------------------------------
1 , 2 15 0 0 
2, 3 B 0 (l 

2., 4 14- 0 (l 

3., 4 6 9 7 
3, 5 7 9 7 
4, 6 9 It 7 
c· ...J, 6 7 9 7 
t::" ...J, 7 7 9 7 
6, 9 18 i~ 4 
7, 8 :3 0 I) 

7, 9 4 0 0 
8./ 10 9 1 1 
9, 13 4 :; .," ,.:. 

10, 11 f:l 9 ,~ 

11), l' ..... 1 1 9 7 
11, 12 1 0 3 
12, l' ..... 1 ~S 4 
13, 1.4 ~::I) I) 0 

---------~----------------------------------



Problem Name : ACD.4 

No of Activities= 13 

No of Resources : 1 

Resource Limit (1) : 5 

Ac:tivity 
Label 

1 , 2 
2, 3 
'") .... , 6 
3., 4 
3, 5 
4, 5 
1:.-
..J, 7 
5, 9 
6, 7 
7, 8 
7, 9 
8, 10 
9, 11) 

Duration 

C" 
..J 

6 
2 
1 
4 
4 

1,2 
~5 

1 
0;:;' 
..J 

3 
8 

10 

ResOLlr"ce 
F<eq. (1) 

C" 
..J 

5 
4 
5 
t:" 
..J 

.l~ 
,:::-
..J 

5 
I) 
..," ..... ' 
2 
1 

0:;;-
..J 

-------------------------------
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Problem Name : ABeD.1 

No of Activities: 19 

No of Resources : 2 

Resource Limit (1) :lO 

ReSOLu'"ce Limit (2) 10 

--------------------------------------------
Plcti vi ty Our" ~~ 1: i on ResoLlrce ResoL\l'"C:e 
Label Req. (1) Req. (2) 

--------------------------------------------
1 , 2 3 0 1 
2, 

..,. ... ' 2 0 2 
3, 4 7 10 B 
..,.. ... ' , B 19 10 10 
4, c 

i.J 4 10 10 
4, 7 B 9 9 
4,\ B 8 B 9 
5., 6 3 C; 10 
6, 7 1 7 B 
6, 8 5 B 10 
7, B 3 8 8 
7, 10 11 10 9 
B, 9 8 7 1(1 

9, 1(1 2 (I 1 
10, 11 6 0 :-$ 
11 , 1 -=r .... 4 9 9 
11, 14 B 10 10 
1~) , 14 6 10 L~ 

14, 15 9 2 :2 

--------------------------------------------
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Problem Name : ABCD.2 

No of Activities: 15 

No of Resources : 2 

Resource Limit (1) 14 

Resource Limit (2) 13 

---------------------------------------------
Activity Duration Resource Resource 
L071bel Req. (1) Heq. (2) 

--------------------------------------------
1 , 2 11 14 12 
1 , 3 16 9 11 
2, a::;-

...I 18 14 13 
3, 4 6 10 10 
3, 6 15 12 10 
4~ ..,' • ..1 7 11 11 
c:-
...I, 6 2 (] 8 
~:' i.J, 8 16 1 L~ 1"'1' ..... 
6, 7 11 14 1 ..... . .;:. 
6, 9 20 11 8 
7, 8 3 12 12 
7, 9 16 14 13 
8, 9 12 11 10 
9, 10 14 1 1 

10, 11 13 0 1 

--------------------------------~-----------
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problem Name ~ ABCD.3 

No of Ac:ti vi ti et=.;: 19 

No of Re~30Llr e es . 2 . 
ReSC)Llree U.mit (1) ";r 

'-' 

ResoLly-ee Limit (2) 2 

--------------------------------------------
f4C"l: i vi t y Duration ResoL.lrl:e ResoL.lree 
Label F<eq. (1) Req. (2) 

--------------------------------------------
1 , 2 1 (I 2 
2, 3 ~~ 1 1 
3, 4 6 3 2 
~~ ., 8 B 3 2 
,~ , 0::- 5 -r 2 ..J .:..' 
.l~ , 7 15 3 2 
4, 8 0::-

..J 3 2 
5, 6 ~, 2 1 
6, 7 '7 ') .. - 2 
6, 8 4 ::' 2 
7, 8 8 3 1 
7, 10 15 ~\ 2 
8, 9 0::-

..J 
') ... 2 

9, 10 7 3 1 
10, 11 2 t) 1 
11, 12 .. ' 

..J 1 (l 

11 , 13 2 1 1 
12, 13 3 (l 1 
1~:; , 14 2 1 1 

--------------------------------------------
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Problem Name : ABCD.4 

No of Activities: 13 

No of Resources : 2 

Resource Limit (1) 4 

Resource Limit (2) 4 

Activity Durt:-ttion RI:~soL\I'" c e Resource 
Label Req. (1) Req. (2) 

--------------------------------------------
1 , 2 c::-

..J 4 4 
1 , 4 8 4 4 
2, :::;: ::.' 4 3 
"'=!O. 6 '7 '"') 0 .... , .... 
4, C' 

..J 4 4 0 
c:- 6 "";!' 0 4 ..J, '.' ... 
..J, 9 15 1 4 
6, 7 9 "";! 

'.' i~ 

6, 8 11 4 4 
6, 9 20 3 "::' .... 
7, 10 12 1 (I 

8'1 9 9 ... 
..::. 2 

9, 10 14 1 (I 

--------------------------------------------
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Problem Name : Fl 

No of I-kti vi ti es: ifJ 

1\10 o·f RE~SOLlr"CeS " LI-. 
ResoLII'"r.:e Limit (1) ..... 

'-' 

Eesollr c e Limit (2) 5 

ReSOLlr"Ce Limit (3) 4 

ResoLlrce Limit ( 1.1·) 2 

Activity DL.U'" at ion lie!:'"10llr"Ce ResoLlI'"ce F';ssoLlrce ResoLl!'"cl 
LeIbel F.;eq. ( 1 ) Req. (2 ) Req. (3) Req. (4 
-------------------------------------------------------------------, 

1 , 2 Co" 0 0 0 0 .J 

1 , :::;: B 1 0 <) 1 
2, -;r t::' 1 \ (I 0 0 ... ' ..J ,., ,-:' 6 -;- 5 1 2 -, ,.) '-' ..... 6 ':10' I) 0 ~:: 2 ..::. , • .J 

21} 7 20 3 5 1 () 

:~'J 4 15 3 to":' 4 2 .J 

-:r 
'-' 'I 6 0 (I (l 0 0 
4, 0::-

..J ~5 (I (I (l 0 
4, 7 5 (I I) (l (I 

4, 8 6 (I (I (I (I 

"". o.J, 7 if 1 (l (I 0 
Co" o.J, 8 9 1 1 (I 0 
6, 7 10 

. .,. 
,.) 

.:r 

.J 
..,. 
,.) 1 

7, 10 ""-.J (I (I (I (I 

8, 9 1 0 (I 0 (I 

8, 10 2 (I (I (I (I 

9'1 10 1 (I (I (I (I 
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Problem Name : F2 

No of Activities: 19 

No o'f ReSOLlr"CeS . ''') . .... 

Resc)u!"'ce Limit (1) 5 

Re~~oL\I~C£~ Limit '(2) t:' 
;;;J 

Activit.y DL\I~ati on ResoLI!'" C E': ResouY"ce 
Label Req. ( 1 ) Req. (2) 

--------------------------------------------
1 , 2 I:' (l 5 .,J 

2, 7",$ 8 4 1 
2, 4 5 0::," 3 .. / 
3, C' 2 3 :3 .,J 

3, 6 10 2 0:;;' 
.,J 

4, t:' 
.,J 

c' 
.,J 0 0 

I::' 
.,J, 7 6 2 1 
C' 
.,J, 9 8 1 1 
6, 7 ":!' 

'-' (l (l 

6, 10 5 3 t:' 
.,J 

6, 11 8 2 4 
7, 8 1 (I (I 

8, 9 "":~ 

'-' 1 . .". 
.,J 

8, 11 6 c:-
.,J 

O:;' 
.,J 

9, 11 2 4 5 

9, 12 1 (l (l 

10, 11 0:;:' 3 
~. .. / .,J 

10, 12 -, 
,<;. 2 1. 

11, 12 ~5 ";r 
~,' 1 

--------------------------------------------



'roblem Name = F3 

Jo Q'f Ac t i v:i t i Ef~: 1 L~ 

Jo of Re~iour·ce5 : 1 

~esource Limit (1) : 6 

.--------------------~---------
leti vi ty 
.abel 

1 , 2 
1 , ..,r 

..,;. 

1 , 4 
') 

""" 
~.::: 

"":~ -' , 0::;' 
...J 

"':!' ..... , 6 
4, 0::;' 

...J 

4, 7 
5, 6 
t::' 
...J, '7 
6, 8 
7, 8 
7, 9 
El, 9 

DL.U'" at, 1 (In 

5 
4 
5 
8 
::.;: 

6 
5 
") .... 
2 
3 
7 
4 
.. ~ 
'-' 
r:." 
.J 

F~eS(:lLWCe 
Req. (1) 

:!-
4 
6 
2 
6 
6 
5 
~5 

(I 

1 
4 
4 
(I 

6 
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~roblem Name : F4 

\10 o·f Activities: r>":r 
": .. --' 

\10 of F~e!:.,:;oL\r" c es : .,;" 
. ..:' 

iesoLII~ce Limit (1) 4 

ieSOL\I~ce Li Ird. t (2) 

iesoLII~ce Limit C::.:;) :L 

--------------------------------------------------------
Activity DL\I~ at tOil F<esource Resource fiesOLlrce 
Label ~,:e q • (1) Req. (2 ) Req. ( 3) 

--------------------------------------------------------
1 , 2 2 1 ":!" 

'-' (I 

1 , -~ 
'-' 4 3 4 0 

1 , 4 ":!" 
'-' 4 i~ (I 

2, 5 ~~ 
..,.. 
... ' 1 0 

2, 6 8 2 3 (I 
",. ...:- , 4 1 2 3 () 

4, 6 0:::-
...J 3 1 (I 

4, 7 10 2 
..,.. 
'-' (I 

4, 9 6 ~) .... 2 1 
t::' 8 6 '") 0 1 o.J, ..... 
6, 8 7 3 2 1 
7, I:} '") 4 4 1 .t... 

8, 10 c;- O 0 0 o.J 

9, 10 (I (l (l (l 

9, 11 2 -=!" ..... (I 0 
10, 12 8 1 (I 0 
10, 13 6 3 3 0 
11, 1~: 2 4 2 1 
11, 14 ~-

o.J 3 (I 1 
12, 1 :::;: 5 I) (l 1 
13, 14 ~.::. 1 1 (I 

1~: , 15 It 2 (I (I 

14, 1"'" • ...J 5 1 (l (l 

--------------------------------------------------------



Problem Name : F5 

No of Activities: 16 

Ne of Resources : 1 

Resource Limit (1) = 5 

Activity 
Label 

1 , 2 
1 , 3 
2, 3 
2, ..... 

..J 

3., 4 
3, C' 

..J 

3, 6 
4, 7 
c' ..J, 6 
5, 10 
,6, 7 
7, 8 
7, 10 
8, 9 
9, 11 

10, 1 1 

10 
8 
8 
7 
5 
,~ 

6 
8 
2 
4 
4 

il) 
I=' 
..J 

2 
1 

15 

F(eSOI.wc:e 
Req. (1) 

5 
2 
4 
3 
'"' ..::. 
t:' 
..J 

(l 
t:' 
..J 

1 
"Or 
',J 

oo:r ..... 
2 
5 
1 
(I 

3 

-------------------------------
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J..J.J 

poblem Name : F6 

J of Activitif?S= 14 

J of ResoLlI"'c:es . 2 • 

2S0Llrce Li mi·t (1) 10 

2S0L\rCe Limit (2) 12 

-------------------------------------------
c:ti vi ty DLlrati on Resource ResOl.lrce 
abel F<eq. ( 1 ) F~eq. (2) 

-------------------------------------------
1 , 2 15 8 10 
1 , 4 10 "=" ..J 7 
1 , .:.' 

..J 20 8 &;:" 
..J 

2, 3 10 9 8 
2, 6 15 {-) 12 
3, 4 E-3 10 10 
." ...:-, 5 12 5 I!:" 

..J 

4, J:" 
;;oJ 

-:' . .) 0 0 
4, 7 10 10 12 
5, 8 8 2 2 
6, 7 10 9 10 
7, 8 8 3 3 
7, 9 20 0 1 
8, 9 .... 

..J 
t:" 
..J 

&;:" 
.J 
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·obl em Name . F7 . 
j of ~Icti vi ti es: 82 

j of ResoL\I~c:es . 4 . 
aSOLu~ce Limit (1) 7 

aSQLlrce Limit (2) 11 

;soLlrc:e Limit (3) 20 

eSOLu'"ce Limit ('0 8 

-------------------------------------------------------------------
ctivity DUI'"·.::~tioll ResoLlrce liesoLu"cl= F~esoLlI"ce Resource 
abel F~eq. (1) Req. (2) Rl~q. (3) F.:eq. (4) 

-------------------------------------------------------------------
1 , 2 1 0 0 5 1 
1 , 3 :-"'::; 2 1 3 1 
1 , 4 8 1 3 (l 0 
1 y 14 6 l. (I 2 1 
1 , 18 10 ""-...J 8 15 4 
2, 19 C' It 6 12 7 ...J 

3, 11 7 ~~ 1 8 4 
3, 14 16 4 1 14 3 
3, 15 ::; 2 C] 6 4 
Ij. , 0::- 1 2 oo;!" 4 1 ...J ..... 

4, 6 4 3 ";r ..... 9 2 
... - 6 11 2 0::.- 11 c,-..J, --I W 

5, 7 1 (I 3 16 6 
5, 9 2 (l (l 8 2 
6, 12 "7 2 2 4 2 
7 y 8 (I (I t) (I (I 

7, 10 5 1 2 .t~ 1 
8, 9 4 (l (I I) 1 
8, 26 3 1 1 1'.j. 1 
8, 27 1 -, 9 (I (I 

9, 12 0 (I (I (I (I 

9, 24 2 1 (I 4 I) 

9, 25 1 0 0 (I 4 
10, 28 27 r, .. - i~ 8 2 
11 , 12 1 (I (I 0 1 
11 , 16 9 1 2 i.j. 3 
12, 13, 6 1 1 4 -;:-.... 
12, 17 12 4 7 15 i~ 
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13, 24 t:::' 2 2 4 (> ..J' 

14, 19 6 4 "7 16 7 
15, 17 8 2 Ci (> (I 

0::- 20 6 1 8 1.1 6 0:1, 

16, 
,.,,, I..; () 4 18 1 
..:;. .... 

17, ,.,'? 1 1 1 4 3 
ok. .. 

17, 2:3; 4 (I (l (I r::' 
.J 

17, 33 1.t~ 1 1 13 4 
18, 19 12 -,.. 

4 11 4 .... ' 
19, 20 8 :2 8 1(1 6 
19, 21 7 1 1 9 6 
20, 21 5 3 1:,-

8 1 ..J 

21, 34 7 3 2 1 8 
21, 35 1":" 4 4 1 ~;) &:::' ... ' .J 
22, 34 28 1 2 12 I:::-

.J 
23, 37 29 2 2 6 1 1")00;:" 46 19 1 1 18 4 ... w, 
24, 32 15 1 1 1'7 1 
25, 26 (> (l I) (I 0 
"'" 31 1 :2 2 (I 0 -.;..J , 

25, ..,.. ... 41 2 2 5 :2 
. ..),.;:. 

.,'" 38 25 (I (I 14 0 

.. ..J, 
26, 31 7 1 :2 .,.. 

1 .... ' 26, 40 I::' 0 0 :2 0 ..J 

27, 30 16 3 (I 1 0 
27, 40 6 (I 0 I) "I" ... ' 28, 2'7 4 2 1 3 1 
28, 3(1 2 1. ? 0 1 ... 
29, 41 4 1 4 1 4 29, 4·2 2 2 .,. 

">' (> ... ' .... ' 30, 43 7 :2 2 2 2 31 , 39 8 1 0 &::.- 0 ..J 
32, 38 3 2 1 4 0 "'., 47 1 0 0 (I 2 
,",,,, , 
33, 34 6 1 1 (I 0 34, 36 "'" 2 1 (I 4 ..J 

34, 37 42 ~$ 2 9 1 35, 36 8 7 I~ -. .., 
~, ... 36, 37 6 1 (I 0 (I 

36, 47 '7 4 2 (I 2 37, i~6 15 1 0 2 3 37, 4'7 (I 0' (I 0 (I 
38, 3 C) .. ::- 1 3 .,.. 

4 ..... ...;. 
39, 40 6 2 4 4 1 39, 45 (> 0 0 0 (I 
QO, 45 l'P' (I 4 11 :2 ... ' 
H, 43 10 2 Ioi:' 

4 1 ..... 
t2, 44 .::.' 7 (I 1 (1 1 ..J 

l3, 44 9 (I (I ~7 (I r' 48 12 1 1 (I 1 
~, 
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44, 48 17 2 6 17 1 
45, 46 6 1 6 6 0 
46, 48 29 3 4 11 3 
47, 48 16 2 1 0 t) 

--------------------------------------------------------------------



1~ 

~robl ern Name . F8 . 
~Cl of Activities: 57 

Jo of Resources : 4 

~e50Llrce Limit (1) 6 

le50L\I~ c e Limit (2) ~ 8 

le50Llrc:e Limit (3) 10 

leSOLlrc:e Limit (10 10 

-------------------------------------------------------------------
leU vi t y DLwati on F<esoLwce Resol.lrc:e F<esol.\I~ c f:? Resol.lrce 
.abel Req. (1) Req. (2) Reqo ( 3) Reqo (4 ) 

-------------------------------------------------------------------
1 , 2 1 1 1 1 1 
1, oo:r ..... 8 4 6 t;' 

..J 5 
1 , 5 5 3 2 6 2 
1 , 6 4 ... ) 

..:.. 2 1 2 
1 , 8 3 3 4- 6 4 
2, 15 2 3 C' 

..J I) 7 
3, 4 15 1 -. ..::. 1 :::.~ 

3, 5 0 (I 0 (I (I 

4, 15 1 r, 
..:.. 0 2 (I 

4, 16 6 2 6 .'" ... \ 5 
co ..J, 13 .... ,,;. 0:::-

..J 1 "'" ;:J (> 
c-..J, 14 4· 3 6 9 1 
6, 7 {, 2 4 3 1 
6, 12 t;' 

.J ~5 7 8 1 
7, 1(1 17 2 8 1 1 
7, 12 7 6 1 (I (I 

7, 20 (I '0 (I (I (I 

8, 9 5 (I 0 3 .... ... \ 
8~ 10 6 0 0 2 1 
9, 20 1 0 0 (I 2 
9, "')7 ... ,:.. 4 (I 0 7 8 

10, 1.1 8 6 5 1 (I 

10, 22 2 (I :.::- 1 5 
11, 21 6 2 1 2 2 
12, 14 1 ':r ..... 1 0 ,~ 0 
13, 113 1 (I 2 (I 1 
14, 18 I) (I 0 CI (I 

14, 19 2 2 4 '") .... 2 



14, 20 3 5 1 0 (I 

15, 17 19 2 1 -,. ... ' 1 
16, 18 8 CI (I (I 3 
17, 27 38 ..,. 

... ' 6 Co' 
.. I 4 

18, 26 6 ~: 5 1 5 
18, 27 '")0::-

.,..J 1 (l 2 1 
19, 25 18 3 2 1 0 
20, 24 21 "r ,,' 2 1 3 
20, 25 8 2 4- 6 1 
21 ~ 22 11 2 2 4 6 
21, 34 8 1 0 2 7 
22, -:t"a:;. ... 

,_'..J 18 2 3 2 3 
23, 32 1 2 0 2 1 
".,r 
,L. ... :a., 33 13 4 o::r 

..J 1 1 
24, 32 8 2 -=:- ..,.. ..... ... ' ... ' ... ' 
25, 30 22 1 4 2 1 
25, 31 I::" 1 5 1 (I ..J 

26'1 27 9 1 2 1 9 
26, 28 ..,.. 

.,.:. 6 7 (I (I 

27, 29 "'" 1 2 0::- 2 ,..I t;;J 

28, 3(1 1 (I (I 3 0 
29, 37 18 3 6 C} 7 
30, 37 1 ::::: 1 (l 2 (I 

31, 37 6 3 2 0 0::-w 

32, 33 6 0 CI 0 5 
..,. ... 
..,:' .... 'J , 37 7 2 2 ~J 1 
34, 37 6 1 

..,.. ... ' ""-..J 8 
35, ::=":;6 4 4 i~ 1 (I 

36, 37 1 r, 
..::. u 

..J 1 1 

-------------------------------------------------------------------

\ 



~rob 1 em Nc.'\me : F9 

~o of Activities: 21 

~ of Resources = 2 

ie~'O\..lI'"l:e Limit (1) 

~eso\..lrce Li 011 t (2) 

7 

,::" 
...J 

--------------------------------------------
Acti vi ty DLlr .:;\"1: ion ResOLlrce Rt~SOLlrce 
Label Req. (1) Req. (2) 
--------------------------------------------

1 , 2 1 (I 0 
1 , 3 5 1 (I 
1, 4 6 2 1 
1 , 5 7 1 (I 
1 , 9 4 2 1 
2, 

..,.. 

.... ' 3 1 1 .., 
~. , 7 10 ~5 1 
2, 9 12 1 2 
~~ , 4 '"' .... 0 (I 
":! .... , 7 8 2 2 
L~ , 

..... 

...J 1 (I (I 
4, 6 8 :l 1 
4, 7 5 2 .. ::-.... 
CO' ..J, 6 2 if 1 
"" .J, 7 2 3 3 
6, 7 1 1 (I 

6, 8 :5 3 3 
6, 9 5 2 3 
7, 8 7 2 1 
7, 9 11 ,~ 3 
8, 9 2 '"' ... 2 

--------------------------------------------

'" 

139 ~ J '. . 
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prob1 em !\lame . FlO . 
No of Activities: 71 I 
No of Resourc:es : 3 I 
ResoL1rc:e Limit (1) 8 I 
Resourc:e Limit (2) 12 I 
Resourc:e Limit (3) : 10 

--------------------------------------------------------
Activity I)LlI~ at i on F<esoLu'"c:e Resourc:e ResoLlrc:e 
Label Req. (1) Req. (2) Req. (3) 

--------------------------------------------------------
1 , 2 1 6 2 8 

2, "'" 7 2 2 2 ...;. 

2, 5 11 7 ..,. 18 .... ' 
2, 7 5 1 6 0 
":r 4 4 1 4 4 .... ' , 
3, 6 13 6 11 6 

4, 9 7 '+ 6 8 

4, 10 6 1 (I 1 

4, 1 1 8 1 (I CI 

5, 7 ·1 3 3 .... ... ' 
5, 8 8 1 4 2 
c- 18 (I I) (I 0 
..J, 

6, 7 4 1 I) 4 

6, 16 ';:;' 4 ') 9 
\..J .... 

7, 16 6 oo;r (I 
..,.. 

..... .... ' 
8, 17 r: 1 4 8 

\..J 

8, 19 6 1 1 1 

9, 15 1"'" 2 8 9 ... ' 
10, 16 5 

.;: 3 4 

..J 

11, 14 11 6 
"r" '" .... ' '" 

11 , 12 (I (I (I (I 

12, 1 ..,. 5 
0:: 5 3 

..,;. ..J 

13, 14 8 1 10 9 

13, 23 18 2 4 8 

13, 24 6 1 1 1 

1 iJ., 22 7 7 6 7 

14, 23 6 
c' 1 6 
\..J 

15, 20 17 1 5 2 

15, 21 35 
-:r 1 3 .... 

15, 28 10 1 6 6 

16, 18 14 2 3 1 
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17, 19 1 .,.. 
2 --' 1 17, 30 2(1 2 8 8 18, 20 12 0 5 0 19, 20 (I 0 0 (I 19, 29 6 3 2 1 19, 30 4 3 4 8 20~ 

.... ..., 41 3 2 
__ '4 

4 21, ........ 11 2 ._ ......... 
4 2 22, 27 23 2 0 -2 22, "?""":'" 1"" 5 7 

..... ..:". ....' 6 23, 25 19 8 (I (l. 
24, . 27 21 3 ..,. 

3 ... ' 25, 26 28 1 3 1 25, 35 15 2 2 3 25, 36 .... ..., 
3 4 2 

._ .. ..:.. 
26, 36 4 (I (I 4 26, 38 6 6. 1 1 27, 34 4 2 4 2 28, 33 6 1 4 1 
29, 31 6 2 1 .,.. 

.... ' 29, ..,...., 
12 4 8 6 ........ 

30, 31 5 5 5 5 
31, 40 1 . 1 1 3 
31, 41 6 5 11 3 .,....., 

40 8 2 3 4 
__ '.,L. , 

-:1"":) ·43 6 0 0 4 .......... ., 
'33, 39 9 0 9 0 
34, 39 16 2 1 2 
34, 43 8 I) 0 1 
35, 38 6 2 1 2 
36, 37 6 3 (I 3 
37, 38 8 2 1 4 
37, 43 12 6 9 7 
38, 39 0· ° (I (I 

38, 43 7 2 3 4 
39, 42 17 1 2 (I 

40, 41 3 2 4 6 
40, 42 7 7 ° 10 
41, 42 7 1 4 5 
42, 43 11 ..,. 

.... ' 3 .,.. 
.... ' 

--------------------~-----------------------------------
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Problem Name : Fi1 

No of Activitiesl 23 

No of Resources : 2 

Resourc~ Limit (1) 8 

Resource Limit (2) 6 

--------------------------------------------
Activity DLiration ResoLirce ResOLtrCe 
Label Req. (1) Req. (2) 

--------------------------------------------
1 , 2 6 6 2 
1 , 5 5 4 5 
2~ 

.... 4 -:P .. ::-

.... ' ...:. ..... 

3~ 4- 2 (I -.. .... ' 
3, 6 12 4 5 
4, I:" 

.J 1 (I (l 

5, 6 4 "2 1 
0::-
.J, 7 8 ... 

-' 
-:r 
'-' 

0::-
.J, 9 10 :L (I 

6, 11 8 4· (I 

7, 8 4 1 1 
7, 11 6 (l 3 
8, 1(1 5 (I 1 
8, 12 2 2 (I 

9, 12 
..,. 

0 2 ...:. 

9, 17 .... ' 5 1 1 
9, 14 6 3 1 

10, 11 3 2 2 
1(1, 15 7 3 1 
11, 14 6 6 1 
12, 13 1 (I (I 

13, 14 2 0 1 
14, 15 I:" 

o.J 3 1 

--------------------------------------------



143 

F'r"obl em Name : F12 

NCI of Activities: 65 

No of ResoLlr-c es n i~ . 
RE:-~SOLIr-Cl:;; L.i mi t (1) 6 

ResOI"Ir-ce Limit (2 ) 6 

ResoLlY"ce Limit (3) 9 

ReSQL\I~Ce Limi t (4) 9 

Ac.tivlty DLlr at i on F{esoLlrce Resource ResoL\r-ce Res.Duree 
L'::1bel Req. (1) Req. (2) Req. (3) Req. (4) 

--------------------------------------------------------------------
1 , ..... 7 3 0 9 7 ..::. 

1 , 16 6 4 t:" 1 0 .... 
1 , 19 12 -=!'" 

'"' 
.'.). 7 6 

2, 3 B 1 1 6 6 
~, ..::., 4 1:'. 4 .'.). 2 2 
3., 16 0 (I I) 0 (I 

31J 17 11 ~: 2 c:-
>oJ 7 

3., 21) 6 2 3 0:::- 8 .... 
4, 0:::- 13 3 

.,. -, .,. 
~I ",;, ..::. ",;, 

4, 8 0:::- 4 1 0 1 ..J 

4, 20 19 3 2 if 4· 
C" 
>oJ 'J 6 4 1 0 4 1 
I:::' .... , 27 6 2 5 I) 7 
6, 7 7 3 4 7 7 
6, 8 "' 2 1 ..," [) '-' ' .. ) 
6, 9 1":-'-' 2 4 I) I) 

7, 9 6 ::::; 1 (I 4 
7, 27 12 1 1 If 2 
8, 1(1 6 0 (I 7 8 
8, 11 17 2 2 3 -:0' 

'-' 
8, 27 I) (I 0 0 (I 

9, 11 6 t: 1 8 0 ..J 

9, 13 6 ,"\ 4 1 2 ..::. 

9, ........ -
",:...J 15 1 2 :~ 0 

10, 11 1 1 1 (I 0 
10, 12 4 2 4 6 0 
10, 14· t::" 1 3 il· -=!" ..J ~, 

11 , 12 18 ";0' 

.' :;.:~ 1 4 
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11, 1-" 22 (I 0 1 -:r ',;.- '-' 
11 I'"\c' 1 1 -:;:: 1 :3 , ..:~..J 

12, 1--':;'1 ( 0 (l (> (> (I 

12, 15 12 2 
..,. (> I) . ..:-

13, 15 6 1 3 4 9 
13, ,",'::-

..:...J 8 6 0 <) (I 

14, 15 "'=:"= 
'_'..J 2 4 

,., 
~ 2 

14, 30 18 1 1 "l 6 
15, ,..,.:- 7, 1 1 2 "" ~..J .. ::. 
15, 3() '':!' .,. 

3 1 -=!' 
'-' .... ' '-' 

16, 18 5 5 '''' (> 0 ..J 

17, 19 6 3 1 ..,. (I '-' 
18, 19 17 1 0 1 (> 

18, 20 8 7 
,..) 5 7 (> 

19, 20 1 (I (I 9 9 
19, 21 4 ''') 

..:. 2 0 4 
20, ::~2 4 ~; 1 1 1 
20, 24 28 " 2 6 1 ..:. 

20, 27 1 4 6 (I :L 
21, ,., -,0 ..... _" 1 ~\ "" 0 (> ~ 

21, 26 18 "') 0 1 2 "-

21, 28 6 6 (I (I (I 

22, 24 U, 1 1 -::--' 4 
22,/ 26 17 ,..) (I 1 2 l. 
23., 26 1 c; 2 3 6 8 ,.,.,. 
.;... .... ' , 28 26 .,. 

.... ' 1 (I 1 
23, 29 12 2 1 1 1 
24, 26 (I (> I) (I 0 
24;, 29 5 1 1 3 

.,. 

.~I 

25, 29 4 1 4 c- 7 ..J 

25, ~~O 18 0 (> I·, 
~ 1 

26, 28 7 2 6 1 1 
26, 29 .::-

..J 1 (I 2 (> 

27, 29 itJ 1. 3 8 1 
28.) 29 3 1 

.,. ,.., 
1 ..:. ..::. 

28, 30 6 2 2 2 :2 
29, 30 1 2 .,. 

.... ' 4 5 

--------------------------------------------------------------------



Problem Name : F13 

No of Activities: 23 

No of Resources.: 1 

Resource Limit (1) : 4 

Activity 
Label 

1 , 2 
1 , 4 
1 , 6 
2, o,:!" 

~. 

2, 7 
2, 10 
3", 4 
3., 6 ... ..:.0, 9 
4, 5 
4, 6 
4, 8 
C' ..J, 7 
6, 11 
7, 10 
7, 12 
8, 11 
9, 10 

10, 11 
10, 13 
11; 12 
11, 13 
12, 13 

OW'" at i on 

5 
2 
.... . .:., 

10 
4 
8 
7 
5 

15 
2 
2 ... .0_" 

1 
":!' ..... ... 
~, 

1 
6 

18 
20 

2 
12 

6 
10 

F<esourcs 
Req. (1) 

(l 

1 
2 
1 
0 
2 
(l 

0 
2 
3 
1 
1 
2 
1 
·2 
3 
2 
1 
1 ... 
.... ' 
2 
4 
3 

-------------------------------
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Problem Name : F14 

No of Activities: 15 

No of Resources : 2 

Resource Limit (1) 3 

Resource Limit (2) 3 

Activity 
Label 

1 , 2 
1 ~ .3 
1 , 4 
2, -,.. 0_' 
3, 5 
4, J::" 

>oJ 

4, 6 
5, 6 
t::" 7 ...J, 

6" 7 
6, 8 
7, 9 
8, 9 
8, to 
9, 10 

DLlration 

3 
5 
7 
2 

12 
2 
6 

12 
20 

8 
J::" 
...J 

12 
2 
7 
8 

Resource 
Req. (1) 

3 
1 
2 
1 
3 
I) 

:-::. 

1 
2 
3 
1 
:;.\ 
(I 

1 
3 

Resource 
Req. (2) 

..,.. 
0_' 
(I 

1 
(> 

2 
(I 

3 
1 
(I 

3 
(I 

3 
0 
1 ..,. 
...:' 

146 
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Problem Name F15 

No of Activities: r::""':'" 
w'_" 

No of Resources . 3 . 
Resource U.mi t (1) 0::-..., 

Resour-ce Limit (2) 4 

ReSOL\r"Ce Limit (3) 4 

---------------------------------------------------------
Activity DLlrat i Oil ResoLwce ReSOL\rCe F\E?SOLw·ce 
LabE·I Req. (1) Req. (2 ) Req. (3) 

--------------------------------------------------------
1 , 2 19 3 3 3 

2'1 
..,.. ... \ 2 4 1 1 

2, 4 "':'" ._' 4 1 1 
2'1 5 12 3 2 2 
3, 6 6 0 1 2 
-:- 7 1.6 

,., 1 1 .. .,:- , ""-

4, 9 6 0 (I 1 
4, 13 12 1 (I 4 
5, 6 7 1 1 3 
6, 7 I) 0 (I (I 

6, 10 8 2 
,.., ":" ..::. ,.; . 

6, 13 1 0::.-..., 1 1 
6, 15 6 1 4 1 
7, 8 8 .. , 

..::. 2 1 
8, 15 :L8 1 2 1 
8, 18 6 (I 1 (I 

9, 12 28 2 2 '") 
"'-

10./ 11 6 1 1 1 
11, 12 16 2 1 2 
11, 13 18 "Z 1 1 .... 
11, 21 24 (I 2 2 
12, 21 '''rot') .'::14- 1 1 0 
12, 22 18 2 (I (I 

13, 14 15 1 (I 1 
14, 15 (I 0 (I (I 

1 L~, 16 6 (I I) .2 
14, 17 4 1 4 (I 

15, 18 9 -I 2 2 
16, 21 6 1 2 2 
16./ 2/~ 13 3 ~; 3 
17, 18 10 2 (I (I 
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17, 3.9 6 (I 2 (I 

17, 24 3 2 1 2 
17, ~~5 1 5 (I 0 
18, 19 1 1 1 1 
18, 20 13 I) 0 2 
19, 20 "1 2 1 2 
19, 26 16 r'\ (I (I ..::. 

20, 26 1 2 1 2 
21, 24 5 ..,. 

-' 2 
..,. 
'-' ..,? ........ , 23 8 1 1 1 ?.., ........ , 24 15 1 ~: 2 

23, 24 17 2 4 1 
23, 28 6 (I 1 (I 

23" 29 8 1 0 2 
24, 27 11 0 0 2 
25, 26 4 ,.., 

2 1 ..::. 
""C:- 0 

"::'..J, 27 6 (I (I 
..,. 
'-' 

26, 27 7 0 0 4 
27, 30 1 2 (I 2 
28, 29 2 3 (> 0 
28, 3(1 1 (l 3 (I 

29, 30 c:- 4 3 0 ..J 

--------------------------------------~-----------------
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PrOblem Name . F16 . 
Ho of Activities: 101 

!Io of Resources : 6 

Resource Limit (1) 3 

Resource Limit (2 ) 5 

Resource Lim1 t (3 ) 1 

Resource Limit (ll) 10 

Resource Limit (5 ) 3 

Resource Limit (6) II 

-------------------------------------------------------------------------~------------------
Activity 
Label 

Duration Resource 
.Req. (1) 

Resource 
Req. (2) 

Resource 
Req. (3) 

Resource 
Req. (ll) 

Resource 
Req. (5) 

Resource 
Req. (6) 

~-------------------------------------------------------------------------------------------

1, 2 1 1 li- 1 9 1 0 
1, 3 II 2 3 3 6 1 3 
1, 7 12 0 1 0 5 1 II 
1, 6 0 0 0 0 0 0 0 
2, 3 1 3 5 0 0 0 0 
2, li- 6 0 0 0 0 0 II 
3, II 0 0 0 0 0 0 0 
3, 5 13 3 1 i 6 1 2 
3, 6 2 2 2 2 3 1 2 
3, 6 0 0 0 0 0 0 0 
l!, 5 6 1 1 3 1 2 2 
Il, 17 8 0 0 7 1 0 0 
5, 6 III 1 li- 1 0 0 0 
5, 17 0 0 0 0 0 0 0 

. 5, 19 li- 0 0 3 0 0 0 
5, 20 6 2 1 II li- 1 II 
6, 18 3 3 0 0 0 0 1 
6, 19 5 3 5 0 0 0 0 
6, 22 11 1 2 II 0 2 1 
7, 8 0 0 0 0 0 0 0 0 
7, 9 6 2 li- 2 0 0 2 
7, 12 8 3 3 3 1 3 1 
7, 1 I!- 21 2 2 2 1 0 0 
8, 11!- 1 0 0 0 2 0 0 
8, 16 18 0 2 5 6 0 3 
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9, 10 0 0 0 0 0 0 0 
9, 11 1 0 0 6 0 0 4 
9, 12 4 1 2 1 1 0 0 

10, 11 5 1 1 0 9 1 1 
10, 12 16 1 2 2 0 2 1 
11, 13 0 0 0 0 0 0 0 
11, 26 13 2 0 2 0 2 1 
12, 13 6 1 4 1 2 3 1 
12, 14 0 0 0 0 0 0 0 
12, 15 0 0 0 0 0 0 0 
12, 16 5 2 5 1 0 0 0 
12, 16 30 1 1 0 1 0 0 
13, 24 14 1 3 3 1 0 1 
13, 25 6 1 4 0 0 0 0 
13, 26 22 0 1 5 6 1 3 
14, 15 12 2 4 1 0 0 0 
14, 18 8 0 0 2 0 0 0 
15, 16 9 1 2 3 1 1 3 
15, 22 18 1 2 1 1 1 1 
15, 23 16 2 0 2 1 1 1 
16, 23 0 0 0 0 0 0 0 
16, 24 3 3 tl- 6 1 1 1 
16, 25 13 1 0 0 1 1 2 
17, 20 0 0 0 0 0 0 0 
17, 31 21 1 3 4 6 1 1 
18, 22 12 0 2 0 6 1 0 
18, 23 0 0 0 0 0 0 0 
19, 20 6 1 1 6 6 1 1 
19, 21 1 0 2 6 0 0 0 
19, 22 2 1 1 1 0 2 4 
19, 30 2 0 0 0 10 3 0 
20, 30 6 2 2. 3 1 1 4 
2O, 31 6 1 1 2 1 0 0 
21, 22 0 0 0 0 0 0 0 
21, 30 29 1 2. 3 1 2. 4 
21, 32 9 2 2 2 0 2. 3 
22, 23 0 0 0 0 0 0 0 
22, 26 31 1 3 4 1 0 0 
22, 29 5 1 1 3 1 1 3 
23, 28 I) 0 0 0 2 0 2. 
23, 34 16 1 0 0 0 2 0 
21!, 25 0 0 0 0 0 0 0 
21l, 21 5. 1 1 1 0 0 0 
25, 26 0 0 0, 0 0 0 0 0 
25, 27 18 1 2. 1 0 1 0 25, 35 9 1 2 2 4 1 1 26, 27 0 0 0 0 0 0 0 26, 35 39 2 1 5 8 0 0 26, 36 21 1 1 0 1 0 1 27, 311- . 11 2 3 4 1 0 0 
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2.1, 35 1 0 0 0 0 0 3 

2.1, 37 0 0 0 0 0 0 (I 

2.8, 33 25 2 2 O~ 0 0 0 

2.9, 32 ll· 2 1 2 1 3 1 

29, 39 23 3 1 5 £> 1 1 

30, 31 3 0 0 1 2 1 0 
30, 32 0 0 0 0 0 (I 0 
30, IlO 18 1 3 1 1 . 0 2 
31, IlO II 1 2 I!- 7 1 (I 

32, 33 (I (I (I 0 0 0 (I 

32, 39 8 1 2 O' (I (I 0 
32, IlO 12 2 1 II 7 1 1 
33, 311 11!- 1 2 1 2 2 3 
33, 37 0 0 0 0 0 0 0 
33, 38 0 0 0 0 0 0 0 
33, 39 2 1 2 3 0 1 1 
311, 35 13 0 0 5 7 0 0 
311, 37 (I 0 0 0 0 0 0 
311, 38 I!- 0 II 0 1 0 0 
35, 36 6 3 d 3 0 0 0 
35, 37 5 2 1 2 0 0 0 
36, 37 2 1 2 0 0 2 1 
31, 38 II 1 II II 0 0 (I 

31, 39 17 1 2 3 II 0 0 
38, 39 8 2 1 0 0 1 2 
39, LJO 15 1 3 5 8 1 3 

._------------------------------------------------------------------------------------------



Problem Name : F17 

No C)"!: ,:kt.i vi ti es ~~ 

ND D+ F.: t? !5 {j Ll I'"" C i:': ':i. .. 

(.'1ctivity 
L.abel 

1 , ~, 

.L 

1. 
..,. 

~ 
.,,:.. 

1 ~I 

r;:' 
d 

,-, :: ..::. '/ 

2') Lj. 

~ r.:" 
~~ .J 

~\ 

"::'1 8 
~. ~-
..... 'j .J 

4 , <::" 
.J 

If , 6 
4 ? "7 
4./ E1 
J:' 6 ..J~ 

6 ? 7 
6, 8 
7,/ \:1 
8./ 9 
D , 10 
9 1 

1:) 

~~ 

1 
'=" .... , 
..," ._' 

t 
.-, .. ::. 
"7 
6 
(.1· 

:: 
1 
2 
6 
1::-
\ ... ' 
r-, -, 
L' 1 

1 
1.0 

6 

J.9 

1 

F\esDur-ce 
Ri?q. ( 1 ) 

(I 

~2 
.':" 
.";1 

1 
,-, 
.~ 

]. 

0 
~5 

:::: 
0 
1 
0 
"":!" -
1 
:~ 
:,'2 
() 

3 
1. 

-------------------------------
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Problem Name : F18 

No of Activities: 18 

No of Resources : 2 

Resource Limit (1) "8 

Resource Limit (2) 3 

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

--------------------------------------------
1 , 2 5 &::" 2 ...J 

1 , 
..,.. 
'-' 10 7 -, 

..;, 

2, 
..,.. 
'-' 5 ::~ 

..,.. 
"-' 

2, 5 14 ..,.. 
--' 3 

3'1 4 6 t:' 1 .J 

3, 6 8 6 (I 

4'1 
C' 
...J 

..,.. 
-' 6 2 

4, 7 5 
..,. 

0 ... ' 
C" 8 11 3 1 ...J, 

6, 8 12 6 
..,. 
'-' 

7, 9 5 2 (l 

8, 10 7 (> 0 
8, 11 12 0 1 
9, 10 5 1 0 
9, 11 10 I) 1 

10, 12 11 1 1 
11, 13 15 2 (I 

12, 13 5 (> 
..,. 
... ' 

------------------------~-------------------



Problem N~me : F19 

No of Activities: 17 

No of Resources = 1 

Resource Limit (1) ~ 4 

----------------~--------------
Activity 
Label 

11 2 
1 , 3 
1 , 4 
2, 

..,. 

.,.) 

'"' 5 .<:, -... ;;. .. , 5 
4, 5 
4, 7 
4, 9 
0::-
oJ, 6 
C" 
oJ 'I 7 
5, 8 
6, 7 
6, 8 
7, 8 
7, 9 
8, 9 

DLlr"ati on 

8 
J::" 
oJ 

2 ..,. 
~, 

9 
0::-
oJ 

<" ~, 

2 
12 

1 
4 
8 
6 
<" 
'-' 
8 
2 .,.. 
~, 

ResoLirce 
Req. (1) 

2 
4 
(I 

i 
.L~ 

(I 

1 
(I 

4 
1 
2 . ., .... 
2 
0 
4 
1 
4 

-------------------------------
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Problem Name : F20 

No of Activities: 23 

No of Resources : 3 

Resource Limit (1) .... 
. .::. 

Resource Limit (2) ..,. 
'-' 

Resource Limit (3) 

----------------~---------------------------------------
Activity DLlrati on ResoUl~ce Resoul'"ce Resour"ce 
Label Req. (1) Heq. (2) Req. (3) 

--------------------------------------------------------
1 , 2 5 1 1 1 
1 , 3 2 0 I) 0 
1 '1 4 C' 1 (I (l ...J 

1 ~ c' ' .... 1:' 2 3 
.,.. 

oJ "::'oJ ~. 

2, 3 6 0 1 (l 
r~ ..:., 4 10 1 (I 1 
2, C' 11 (I 0 1 ...J 

3 y 4 3 1 (I 1 
-,r 
.... ' , 6 

.,. 

... ' 2 1 I) 

4, 5 6 2 0 1 
4, 6 1 

.,. 

.... ' 1 1 
4, 7 7 2 (I 2 
4, 8 9 (> 0 1 
C' 
...J, 6 1 (> 0 (I 
C' 
oJ, 8 4 (I 1 2 
6, 7 ..... 3 2 (I ..::. 

6, 8 3 1 2 (I 

6, 9 12 (I 1 
,., .... 

7, 8 1 1 0 1 
7, 10 4 1. 2 1 
8, 9 

~, 

..:. 1 2 1 
8, HI 6 1 (I 1 
9, 10 1 1 (I (> 



Problem Name : F21 

No of Attivities: 17 

No of R'esources : 1 

Resource Limit (1) : 4 

-------------------------------
Activity 
Label 

DLlI~ati on ResoLlrce 
Req. (1) 

-------------------------------
1 , 2 8 1 
2, 3 1 :L ,., .... , 4 :l 2 ,., ..:.., 6 3 4 
3, 7 6 (I 

4, C' 1 (l ...J 

4, 6 2 (I 

LJ., 7 6 1 
r.:- 6 1 1 ...J, 
C' 7 5 3 .J, 
6, 8 10 ::::: 

6, 10 22 1 
7, 8 6 1 
7~ 9 ''') 

-"- 2 
8, 9 2 1 
8, 10 12 2 
9, 10 

..,. 

.... ' 
~ . 
..::. 

-------------------------------
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'robl em t~ame : F22 

~o of Activities: 21 

~Cl of ResoLlrces : 5 

~esoLlrce Limit (1) 6 

iesOLlrce Limit (2) 4 

tesoLlrce Limit (3) 7 
/ 

~esoLlrce Limit (4 ) 10 

:eSOLlrce Li rntt (5) t:" 
...J 

\cti vi ty Duration ResoLlrce ResoLlrce ReSOLlrce ReSOLlrce ReSOLlrCE 
. abel R~q. (1) Req • (2) Req. (3) Req. ( 1+) F(eq. ( 5) 

-------------------------------------------------------------------------------

1, 
..., 5 4 2 c- 8 2 ..::. ...J 

1. , 3 ') .... 0 0 (I 1 "T 
.... ' 

1 , 4 6 1 <) ..,. 
.... ' 1 0 

1 , t".:" 8 1 1 1 (J (I ...J 

" 4 7 2 ..,. 
7 9 "'" ... , .... ' ...J 

2, 6 -:r 3 1 (J 1 <) .... ' .,.. 
.... ' , t:" 

-' 11 0 (I (I (I 2 
3, 7 2 0 0 (I (I (I 

3, 9 t:" 2 1 3 2 5 ...J 

4, .:" u 2 1 1 0 (I (I 

4, 6 --::" 
'-' (I 0 6 1 2 

4, 8 1 t:" -,.. 7 10 4 ...J .... ' 
c:" 6 5 2 2 3 c:- O W, -.I 

c:" 7 2 0 (I 1 (I 3 w, 
C" 8 

..,. 
3 1 2 c- O w, .... ' ...J 

6, 8 2 6 0 (I (I 1 
6, 10 6 0 0 "7 0 (I 

7, 9 10 2 1 3 (I 0 
7, 10 8 1 1 0 (I 5 
8, 1 (l .. 1 I) (I 1 <) 1 
9, 1(1 12 (I (I "7 (I 1 



Problem Name : F23 

No of Activities: 36 

No of Resources : 1 

Resource Limit (1) : 10 

P,c'ti vi ty 
Label 

1 , 2 
1 ~ :-,::; 

1 'I 4 
1 ~ 6 
") 3 -'t 

2./ 13 
::::: , 11· 
"';;1' 6 . ..: . ., 
..,. 

9 . .:. , 
4, .:.-

~} 

4, 7 
r.::- 6 ,J , 
r-
..I, 7 
0::.-
..I~ 8 
6, 7 
6, 9 
6, 10 
7, 8 
7./ 9 
7, 11 
8'1 9 
8, 10 
8, 12 
B, 13 
9, 12 
9, 15 

10, 11 
10, 13 
10, 14· 
11, 12 
11 , 1'7 .... ' 
1.1 , 11.1· 
1 '''1 ..::., 11~ 

1 ') .<;. , 1 ::i 
13, 14 
14, 1 ~5 

DLlrati on 

~\ 

..::. 

8 
r:-: 
..I 

1 
8 

1 "' . ..::. 

6 
l:l 
20 

2 
1 
" .i... 

It 
'7 . ..:, 

1 
[-; 
'":; 
'-' 

10 
2 
9 
-~ 

'-' 
1 

2() 

14 
8 
6 

10 
",M: 
,.J 

lo::." ,J. 

8 
-, 
I 

5 
~\ 

..::. 
r-
..I 

10 
L':' 
• .J 

ResoL.li~ce 

Req. (1) 

a:::' 
..I 

<) 

8 
1 
c:-
. ..1 

:l 
6 
c-
,J ..,. 
. ..:, 
4 
c;. 
..I 

2 
4 
. .,. 
..... 
(I 

'5 
2 
1 
6 
.") 

2 
1 
(I 

3 
7 
8 
6 
(l 
c' 
..I 

4 ..,. 
..:,. 

1 
I) 

9 
:L (I 

3 

---------------------~---------
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Problem Name : F24 

No of Plctivitie~:;: 18 

No of ResoL,lr"ces . 2 . 
Resource Limit (1) ,:=;' ..... 

ResoL,lI~ce Limit (2 ) 8 

Act.ivity DLlratic.m ResoLtr"cE ResourcE 
Label Req. (1) Req. (2 ) 

--------------------------------------------
1 , 2 C" . 

'-J 3 5 
l. , 3 8 1 (I 

1 , 4 6 1 1 
2, 4 0::- 2 C" ..... ..... ,.., 

6 2 -;!" 3 ..::., '-' 

3, 5 2 I::' 
..J 1 

4, 6 -:r 
'-' 1 5 

C' 
~I , 6 1 I) (I 
e.-
..J~ 8 a:::-

..J :;.' 4 
6, 7 6 3 .",:!" 

'-' 

6, 9 10 ..... ..::. 6 
7, 9 11 

..,. 
2 ..:.' 

7, 1(1 a:::- t::' 1 ..J ... ' 
8, 9 4 I) 1 
8, 10 5 1 -:r 

~, 

8'1 1 1 8 -:r 
~, 5 

9, 11 7 2 ..... ..::. 

10, 11 2 0 2 

--------------------------------------------



Problem Ni:."'Ime . F25 . 
No of Activities: 14 

No of ResoLlrces . 3 . 
Resourl:e 

Resource 

Resoul'"l: e 

Activity 
Label 

Limit (1) 

Limit (2) 

Limit ( ~:) 

Duration 

4 

4 

4 

Resource 
He q. ( 1 ) 

ReSOLu"'ce 
Req. (2) 

Resource 
Req. (3) 

-----------------------------------------------~--------

1 , 2 5 1 
..,.. 
.... ' (l 

1 , 4 8 2 1 2 
2, 3 2 .... 3 1 ..;;. 

2, 5 1 (l (l 1 ..,. 
'-' , 4 3 (l 3 2 
4, c,-

... 1 12 4 (I 1 
4, 6 6 (I 4 :.::: 

""-...J¥ 6 2 '-:eo 
.... ' -:r 

.... ' 1 
C' 
...J, 7 4 1 I) 3 
6, 7 8 1 2 (I 

6, 9 -:r 
.... ' 3 1 2 

7, 8 3 2 1 2 
7, 9 6 4 (I (I 

8, 9 2 I) 1 (> 

. --------------------------------------------------------
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F'robl em Name : F26 

No of Activities: 48 

No of Resources : 5 

Resource Limit ( 1 ) 5 

Resource Limit (2) C' 
...J 

Resource Limit (3) &::' 
...J 

Resource Limit (4) C' 
...J 

Resource Limit (5) 5 

-----------------------_._-------------------------------------------------------

Acti vi ty Dl.lI"'ation ReSOl.lrCe Resource Resource Resource ResoLlrce 
Label Req. (1) Req. (2) Req. (3) Req. (4) Req. ( 5) 
--------------------------------------------------------------------------------

1 , 2 12 2 3 5 (I Cl 
1 , 3 4 1 0 0 3 5 
1 , 4 5 3 1 Cl 0 0 
'1 , 12 8 4 3 1 (l 0 
2, 4 .". 3 3 

..,. 1 1 ~. ~, 

2, 5 4 3 1 0 (I 1 
2", 6 6 (I 0 5 0 2 ..,. 
~, , 4 2 4 1 0 ·1 0 
3, 6 1 0 0 5 Cl 0 
3, 7 8 0 0 2 3 1 
3, 8 9 1 2 Cl (I 5 
3, 15 20 (I 0 1 (I 2 
4, 6 2 1 2 1 (I Cl 
4, 7 1 2 1 0 (I 1 
co ..J, 6 1 (I 3 1 0 (I 
e:-
...J, li 6 2 2 0 (I (I 
co ..J, 12 5 0 0 0 1 3 
"" OJ, 13 8 0 1 1 1 2 
6, 7 2 (I (I 0 0 Cl 
6, 10 18 3 1 5 (I 1 
6, 11 15 2 1 0 3 2 
7, 8 3 (I 1 2 (I 1 
7, 9 1 (I 0 2 0 1 
7,. 14 4 0 3 2 1 1 
8, 9 2 1 2 3 (I 1 
8, 11 7 5 1 4 0 1 
9, 10 2 1 0 1 2 1 
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9, 14 16 2 1 0 0 0 
9, 15 8 1 5 0 5 0 
9, 16 2 1 1 2 1 1 

10, 13 5 1 2 0 1 2 
11, 12 6 1 2 1 (l 4 
11 , 14 2 0 (I 1 0 0 
12, 13 2 0 2 0 2 0 
12, 17 8 1 0 1 0 1 
12, 18 5 0 0 3 0 3 
12, 19 1 1 2 0 (I 0 
13, 14 5 4 (l 5 (l 0 
13, 19 10 ..,. 

-' 4 0 (I (I 

14, 15 3 5 (I (I 0 (I 

14, 17 15 0 0 (I 4 5 
14, 18 2 4 1 3 0 0 
15, 16 1 0 0 0 0 1 
15, 17 2 0 1 (I 2 3 
16, 17 2 5 (I (I 1 (I 

16, 18 5 0 4 (I 1 0 
17, 18 6 2 0 3 (I (I 

18, 19 1 0 2 0 3 1 

--------------------------------------------------------------------------------
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Problem Name : F27 

1\10 of Activities: 37 

No of Resources . 2 . 
Rc-=sour- c: e Limit (1) 6 

Resour-ce Limit (2 ) 6 

---------------------------~----------------
Activity DLlration Resource Resource 
Label R(;:q. (1) ~-;:eq. (2) 

--------------------------------------------
1 , 2 12 4 4 
1 , 4 3 2 2 
1 7 5 8 1 2 
2, '";0' L':' 

.... ' ...J 
... 
--' 1 

2, 4 11 2 1 
? 11 15 0 1 -, 
:~:: 'I 4 1 0 

.,.. 

.... ' 
":! .... , 5 6 2 4 
::.~ , 6 &::' 

...J 1 1 
4, 5 6 1 1 
4, 6 10 1 0 
4, 7 9 ,.., 

~ .,;" 

4, 11 
..,. 
.... ' 2 0 

5, 6 5 2 0 
I:' 7 ."') 6 0 ...J, .k. 

c' 8 2 1 3 ...J, 
e:-
...J, 10 1 (I 2 
6, 7 8 1 2 
6, 9 10 2 (I 

6./ 11 21 3 1 
7, 8 2 1 (I 

7, 9 10::" • ...J 1 (I 

7, 10 1 ::~ 2 2 
8.) 10 4 0 2 
9, 10 4 1 2 
9, 11 6 1 2 
9, 12 2 1 (I 

9, 13 c:" 2 0 ...J 

9, 1.4 3 1 1 
10, 12 6 1 1 
10, 1.4 1 " ,.:.. (I 1 
:L 1 , 12 1~5 (I 1 
11. , 1 '";0' . ...:, 20 1 2 
11, 14 9 1 2 



1 ~J ""-, 13 
12, 14 
13, 14 

11 
10 

5 

.2 
1 

1 
1 
1 
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Problem Name : F28 

No of Activities~ 21 

No of F\esoLlrces . ..,.. . .,;, 

ReSOLlrCe Limit ( 1 ) 4 

ReSOLlrce Limit (2 ) 4 

F~esoLlrce Limit (3) 4 

--------------------------------------------------------
Activity Dw"ation ResoLlrce ReSOLlrce ResoLlrce 
Label Req. (1) Req. (2) Req. (3) 

--------------------------------------------------------
1 ? 2 3 1 (I (I 

1 ~ 
..,. 
'-' 4 2 1 (I 

1 'I 4 12 2 2 2 
2, 

..,. 
... ' 2 3 1 2 

2, 4 1 (l 1 (I 

3'1 5 4 2 1 (I 

3, 6 8 2 (l 2 
4, 0:::' ..,.. 

1 1 (I ...I ... ' 
4, 7 """ .J (I 2 4 
4, 8 1 4 1 (> 

0:::-
...I, 6 10:::-• ...1 3 1 2 
I:' 
...1'1 9 12 (I (I 1 
6, 7 6 (I 4 (I 

6, 8 1 (I 2 
..,. 
'-' 

6, 9 7 1 (I 1 
6, 10 6 0 2 (I 

-
7, 8 1 1 1 1 
7, 10 2 0 (l 2 
8, 9 1 (I 0 (I 

8'1 10 &:::' 
...I 1 1 (I 

9, 10 1 1 (I 1 

------------------------------------------------~-------



Problem Name : F29 

No of Activities: 21 

No of Resources : 1 

Resource Limit (l) ~ 5 

Activity 
Label 

1 , 2 
1 , ~o .... 
1 , 4 
1 , 0::-

...I 

2, ":0" ... ' 
2, 4 
2, 6 
2, 9 
3, 4 .,0 ... ' , 7 
4, 5 
co 
... 1 , 6 
C" 
oJ, 7 
C" 8 oJ, 
c:" 
oJ, 9 
6, 7 
6, 8 
6, 9 
7, 8 
7, 9 
8, 9 

DL\I~ C'.1 t ion 

1 
6 
9 
S 
2 
1 
8 

12 
":0" 
...:0 

15 
2 
6 Os 
7 
6 
3 
1 
2 
1 
l::-
oJ 

10 

ResoLlrce 
Req. (1) 

1 
4 
2 
1 
0 
":0" ... ' 
4 
5 
c:" 
... 1 

1 
1 
1 
2 
1 
2 
C" 
...I 

4 
1 
0 
e" 
oJ 

2 

-------------------------------
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Problem Name : F30 

No of Activities: 25 

No of Resources : 1 

Resource Limit (1) : 3 

Activity 
Label 

1 , 2 
1 ~ 4 
2, 3 
3, .4 
4, C" ..., 
4, 7 
5~ 6 
6, 7 
6, 8 
7, 9 
8, 9 
8~ 10 
9, 12 
9, 14 

10, 11 
11, 12 
12, 13 
13, 14 
14, 15 
14, 17 
15, 16 
16, 17 
17, 18 
17, 19 
18, 19 

DL\I~ at i 011 

6 
1 
7 
2 
6 
1 
4 
3 
t:" w 

8 
3 
8 

10 
-r 
~, 

.0::-
W 

6 
7 
-,. 
.,j 

5 
2 
1 
2 ..,. 
.,j 

1 
2 

ReSOLtrCe 
Req. (1) 

1 
1 
3 
2 
2 
0 
1 ..,. 
~\ 

2 
1 
2 ..,. 
.~ 

2 
1 ..,. 
.~ 

3 
1 
2 
1 
0 
1 
2 
1 
1 
2 

-------------------------------
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Problem Name : F31 

No of Activities: 20 

No of Resources ~ 2 

Resource Limit (1) : 5 

Resource Limit (2) 8 

Activity DLlrati on ResoLlrc:e ResoLII"'c:e 
Label Req. (:l) Req. ( 2) 

--------------------------------------------
1,/ 2 1.2 

..,. 

.... ' 4 
1 , 3 5 3 2 
1 , 4 2 0 1 
2, 5 6 

..,. 

.,;.. 7 
3, 7 2 1 0=-

..J 

4, 5 3 0 1 
4, 6 7 1 2 
c- 8 8 2 6 ..J, 

6, 9 -,. ._' ·0 1 
7, 8 10 1 4 
7, 9 c: 

.J 2 2 
8, 10 1 0 1 
9, 10 15 2 6 

10, 11 c- .... , 
2 ..J ..::. 

11, 12 9 4 0 
11, 1 :~ 6 0 8 
12, 1'::-..J' 11 4 5 
13, 14 ·5 1 3 
14, 15 1 1 1 
15, 16 2 0 5 

--------------------------------------------
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Problem Name : F32 

No of Activities: 21 

No of Resouroces . ":r . '-' . 

ResoLu'""ce Limit (1) 4 

Resource Limit (2) 

ReSOLlr"Ce Limit (3) 2 

---------------------------------------------------------
Act.ivity DLU'""ation FiesoLu'""ce Resource ResoLlrcE 
Label Req. ( 1 ) Req. (2) Req. (3) 

--------------------------------------------------------
1 , 2 8 1 3 2 
1 , 4 5 <) 2 (I 

2, 
..,. 
.... ' 4 1 1 (I 

2, 6 6 4 (I 1 
2, 7 0::-

>oJ 0 2 1 
~: ., 5 ..,. 

.... ' 2 0 2 
4, 8 10 1 1 1 
0::-
>oJ, 6 2 (I 1 2 
5, 8 l (I 1 (> 

6, 1(1 2 0 ::.:: (I 

7, 12 9 1 " 0- 2 
8, 9 0::-

>oJ 1 2 2 
9.) 11 4 1 0- 1 

10, 13 1 '+ 1 2 
11, 1" ° ~ 1 (I 1 1 
12, 13 3 1 

..,. 
0_' 2 

13, 14 1 (l 1 1 
14, 15 '"' ..::. 1 2 .o~ 

..::. 

15, 16 c- O 0 1 ...} 

15, 17 
..,.. 
.... \ 3 0 (I 

16, :L 7 7 1 (I 2 
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Problem Name : F33 

No of Activities: 24 

No of Resources : 2 

Resource Limit (1) 6 

Resource Limit (2) 4 

--------------------------------------------
Activity DLlration ReSOLlrce ResoLlrce 
Label F<eq. (1) Req. (2) 

--------------------------------------------
1. , 2 1 6 4 
1 , 3 3 2 2 
1 , 4 7 3 1 
1 , 5 11 1 0 -, 3 1 2 -:r "'-, . .;.. . 

2, 6 c' 
..J (I 2 

2, 7 4 1 1 
2, 8 2 (I 0 
2, 9 12 3 3 

3" 4 5 3 3 
.,.. 
~, , 7 10 0 2 
4, 5 1 (> 1 
4, 7 6 4 1 
5, 8 8 1 2 
C' 
..J, 10 6 2 0 
6, 7 .... 1 1 ..::. 

6, 9 8 1 0 
. 6, 10 6 2 4 

7'1 8 2 0 1 
7, '1' 1 -:r 3 ..... 

7, 10 15 1 I) 

8, 1(1 1 (> 3 
9, 10 

.,.. 
'-' 1 3 

10, 11 12 6 2 

--------------------------------------------
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Problem Name : F34 

No of Activities: 22 

No of Resources : 2 

Resource Limit (1) 8 

Resource Limit (2) 10 

Activity DLlrati on Resource Resource 
Label f~eq. (1) Req. (2) 

--------------------------------------------
1 , 2 2 4 4 
1 , 3 3 1 1 
1 , 4 6 c:-

oJ 2 
1 , 6 12 0 2 
2, 

..,. 
.... ' 5 c:-

oJ O 
2, 4 2 1 4 
2, C" 1 ~5 1 1 oJ 

3., ,~" 4 1 4 
3, t::- 2 '" '" oJ "-' ..... 
4, 5 5 1 2 
4, 6 6 1 '" 2 
5, 6 6 3 3 
t::" 
oJ, 8 7 1 2 
t::-
oJ, 9 11 1 t::" 

oJ 
e:- 10 15 1 I) oJ, 

6, 7 1 0 (> 

6, 8 2 4 4 
7, 8 <=" 

>.J 1 2 
7, 9 6 3 (I 

7, 10 12 1 (I 

8, 9 1 0 1 

9, 10 2 1 (l 

---------~----------------------------------



r'robl em Name : F""''''' _'...J 

No of Ac:tivities: 1"7 -' 

No of Resourc:es . 4 . 
Res(::lurc:e 

ResoLu~c:e 

Resourc:e 

ResoLlrc:e 

Activity 
Label 

1 , .2 
1 , 4 
2, 3 
21f e-

...J 

2, 6 
3,., 5 
4, 6 
4, 7 
4, 8 
J:::' 
...J, 8 
6, 7 
6, 8 
7, 8 

Limit (1) 

Limit (2) 

Limit ( :;;,) 

Limit (4 ) 

DLlrati on 

:!I 
a:::-
...J 

2 
II 

8 
J:::' 
...J 

18 
15 
12 

7 
3 

10 
4 

4 

4 

3 

2 

ResoL\I~ce· 

Req. (1) 

0 
l 
:!' 
1 
2 
l 
2 ..,. 
-' 
(I 

I) 

1 
2 
1 

Resourc:e 
Req. (2) 

1 
1 
3 
(I 

4 
3 
2 
(I 

(I 

(I 

1 
1 
4 

Resourc:e 
Req. (3). 

(I 

(I 

1 
1 
(I 

1 
1 
..,.. 
-' ..,. 
'-' 
I) 

1 
I) 

1 

172 

ResoLIY"c:e 
Req. (4) 

2 
0 
(I 

0 
2 
I) 

2 
1 
(I 

2 
1 
0 
(I 
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Problem Name : F::,6 

1\10 of Activities: 39 

1\10 of ResoL\I~ces : 4 

Resourc:e Limit (1) : 10 

Resourc:e Limi t (2 ) 10 

ReSOLtrc:e Limit (::' ) 12 

Resour-c:e Limit (4 ) 12 

--------------------------------------------------------------------
Ac:tivity Duration Resourc:e Resourc:e ResoLlrce ResoLlrc:e 
Label Req. (1) Req. (2) Req. (3) Req. (4 ) 
--------------------------------------------------------------------

1 , 2 15 9 7 11 10 
l. , if 6 2 5 10 8 
1 , 9 20 6 7 10 11 
2, <" 0_' 11 1 5 8 9 
3, 4 1 (I 0 2 1 
-,0 6 20 1 10 11 12 ... ' , 
3 .. 7 15 8 8 7 0 
4, 5 10 &:::" 

o.J 
&:::" 
;.;j 0 (I 

5, 6 8 9 8 9 (I 
1:.-
o.J, 8 22 1 10 5 5 
6, 7 8 1 .0 8 1 
6, 9 15 2 0 10 (I 

7, 10 25 8 10 0 0 
7, 11 18 6 3 8 8 
8, . 9 9 (I 0 1 3 
9, 13 12 2 0 11 12 
9, 14 18 5 5 if 3 

10, 10.,. ... ' 8 8 8 1 (I 

10, 15 17 1 10 0 (I 

10, 16 19 8 co 
o..J 6 2 

11 , 12 7 0 5 8 9. 
11, 15 15 10 5 5 (I 

012, 15 12 2 4 10 4 
1" .... , 19 2 (I 1 2 12 
13, 14 9 9 8 6 1 
13, l.7 18 6 6 ..,. ... ' 4 
14, 16 28 1 (I C" 

o.J 4 
14, 2() 16 4 0 4 0 
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14, 21 5 7 6 4- 8 
15, 17 4 co 4 3 1 .... 
16, 18 6 1 Cl 5 4 
17, 18 12 1 .,.. 

~, 5 6 
17, 19 2(1 8 (I 9 5 
18, 19 18 2 (I 5 (I 

18, 21 9 5 5 (I (I 

18, 22 8 2 1(1 5 0 
19, 22 7 9 0 11 C" .... 
20, 21 8 (I (I 3 9 
21, 22 6 i C" 7 (I .... 

--------------------------------------------------------------------
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Problem Name : F37 

No of Activities: 74 

No of Resources : 5 

Resource Limi t (1) 8 

Resource Limit (2) 8 

Resource Limit (3) 10 

Resource Limit (4) 10 

Resource Limit (5) 12 

--------------------------------------------------------------------------------

Activity Duration Resource Resource Resource Resource ResourCE 

Label Req. (1) Req. (2) Req. (3) Req. (4) Req. (5) 

--------------------------------------------------------------------------------

1, 2 8 1 5 10 8 8 

1 , 3 8 0 6 6 1 2 
1, 4 6 0 0 10 0 0 
1, 6 3 6 2 5 7 11 
1, 7 1 0 0 0 3 0 
2, 3 10 1 0 5 0 5 
2, c: 2 0 0 0 <=' 0 oJ ..., 
3, 4 5 4 3 2 0 0 
3, 6 1 2 5 8 0 0 
.,. 
-' , 9 12 3 2 1 0 0 
4, 5 2 1 7 0 0 0 
4, 9 13 1 0 c-..., O 3 
5, 6 5 1 1 2 0 0 
c: 9 4 1 0 2 0 c: ... , ... 
c: 
..." 10 18 2 2 2 0 0 
5, 19 9 4 0 4 0 1 
6, 11 0 0 0 0 0 0 
6, 12 6 6 .6 0 0 0 
7, 8 2 0 5 0 0 5 
7, 13 11 8 0 0 5 0 
8, 14 8 

.,. 5 0 5 11 ...:. 

8, 15 .. -... 2 2 0 0 0 
9, 20 6 1 1 0 1 1 
9, 34 7 5 1 9 10 0 

10, 19 6 6 (I 8 2 8 
10, 20 15 0 I) 2 1 (I 

10; 21 7 1 2 
.,. 
-' 0 4 
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11, 12 6 2 1 0 5 4 
11, 18 4 4 3 1 (I 3 
11, 19 5 7 0 1 3 6 
12, 17 18 3 3 0 4 6 
12, 24 1"" -' 1 1 (I 5 1 
13, 16 12 0 1 0 1 2 
14, 15 6 1 .,.. 

-' 1 (I I) 
14, 16 5 0 5 0 5 0 
15; 26 7 0 2 2 0 I) 
15, 28 11 2 1 ... 

-' 1 (I 
16, 25 5 4 2 (I 3 4 
16, 26 8 1 (I 2 4 4 
16, 27 10 (I 0 c-

;;J O 4 
17, 24 12 0 0 5 10 (I 

17, 25 1 r: . 7 0 9 0 ...J 

18, 22 0 0 0 0 0 (I 

18, 23 1 2 2 co 
;;J (I 0 

18, 24 0 0 (I 0 (I (I 

19, 22 1 0 0 2 0 5 
20, 21 5 1 .... 

-' 2 0 1 
20, 33 10 5 O· 0 4 3 
21, 22 1 1 0 "" 3 2 ...J 

22, 33 3 0 0 co 
i;;J 0 7 

23, 32 8 1 2 0 6 6 
24, 31 0 0 (I 0 0 0 
24, 31 0 0 0 0 0 0 
24, 36 ... 

;;J 1 0 1 4 2 
25, 30 12 6 2 10 1 11 
25, 3~ 5 1 4 (I 0 0 
26, 28 5 2 5 0 0 0 
26, 29 0 0 0 0 I) I) 

27, 30 7 7 7 0 0 0 
28, 38 8 8 0 1 8 1 
29, 37 11 6 6 0 1 0 
29, 38 0 0 0 0 0 0 
30, 31 1 3 0 5 0 1 
30, 37 6 0 0 2 4 0 
31, 37 9 (I 0 1 0 0 
32, "53 3 3 2 4 5 6 
32, 36 6 1 5 (I 6 1 
32, 37 13 8 6 9 10 0 
.."..". 
'I-".~ , 34 8 0 0 0 1 0 
33, 35 12 1 0:.' 

;;J 8 0 2 
34, 35 1 0 "" 10 0 0 oJ 
.,-C' . 
""w, 36 5 1 0 5 6 0 
36, 37 2 2 4 0 0 4 
37, 38 8 1 8 1 1 0 
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Problem Name : F38 

No of Activities: 66 

No of Resources : 4 

Resource Limit (1) 5 

Resource Limit (2) 6 

Resource Limit (3) 10 

ResoLirce Limit (4) .- 8 

--------------------------------------------------------------------
Activity DLiration ResoLirce ResoLirce ResoLirce ResoLirce 
Label Req. (1 ) Req. (2) Req. (3) Req. ( 4) 
--------------------------------------------------------------------

1, 2 9 1 0 6 4 
1 , 8 6 1 2 0 3 
.... ..:., 

..,.. 
~, 1 1 (I 1 2 

2, 5 5 (I 4 0 I) 

3, 4 .3 3 (I 3 1 ..,. 
~, , 5 8 1 0 4 1 
4, 5 7 2 2 1 2 
4, 6 6 1 4 1 0 
4, 15 2 1 2 3 4 
~---..J, 6 8 1 4 9 0 
5, 7 4 0 1 0 1 
C" oj, 9 0 0 (I 0 0 
6, 9 1 0 1 C" 5 ..., 
6, 14 18 0 1 3 2 
6, 15 7 1 2 0 1 
6, 16 0 0 (I (I 0 
7, 8 1 0 (I (I 1 
7, 9 2 0 (I 0 1 
8, 10 8 1 1 7 1 
8, 11 if 2 2 1 4 
8, 13 15 2 2 (I 1 
9, 13 6 (I (I 2 1 
9, 14 18 1 2 4 6 
9, 18 5 4 1 3 4 

10, 12 5 3 5 1 (I 

10, 1< ~. 4 0 4 (I 1 
11 , 12 (I (I (I (I 0 
11, 21 2 0 (I 9 1 
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12, 19 11 2 (l 4 7 
13, 18 13 .,-

~, 3 0 (I 

13, 20 4 (l 1 (I 4 
14, 15 I) (l (l I) (l 

14, 16 5 (l 1 0 2 
14, 17 0 0 0 0 I) 

14, 18 6 4 3 1 1 
15, 17 12 1 0 2 4 
16, 17 '" ..J 1 0 1 :2 
16, 25 14 0 0 1 1 
16, 27 16 3 1 0 2 
17, 18 7 .,-

~, 2 1 0 
18, 19 8 4 2 7 1 
18, 25 0 0 0 0 0 
19, 23 12 2 4 0 1 
19, 25 10 0 0 5 4 
20, 22 18 2 4 2 0 
20, 24 0 0 0 0 (I 

21, 22 5 5 6 (I 7 
22, 23 4 4 .,.. 

~, 1 0 ..,., 
..:....:;., 32 11 5 0 (I 8 
22, 33 8 0 6 7 1 
23,. 26 1 0 0 10 7 .,.,.. _ .... ', 29 20 1 (I 5 1 
23, :::',0 8 3 2 1 1 
23, 31 10 5 4 5 3 
24, 26 2 5 0 5 3 
25, 27 8 1 1 3 1 
26, 28 6 2 3 5 4 
27, 28 1 (I (l 5 1 
28, 29 2 0 0 5 6 
29, 34 1 0 0 o. 8 
30, 33 8 1 3 (I 7 
30, 34 5 3 3 2 2 
31, 32 (I 0 0 0 0 
31, .... .,-...: ..... \ 2 1 2 1 2 
32, 34 6 1 5 9 0 
33, 34 3 3 .,.. 

~, 2 .,.. 
~, 

---------------------------------------------------------------------



179 

Problem Name F39 

No of Activities: 75 

No of ResoLlrces . ..". . ~ . 
ResoLlrce Limit (1) 8 

Resource Limit (2) 8 

ResoLlrce Limit (3) 6 

--------------------------------------------------------
Activity Duration ResoLlrce Resource ResoLlr"ce 
Label Req. (1) Req. (2) Req. (3) 

--------------------------------------------------------
1 , 2 12 3 5 2 
1, 3 22 5 0:-

'-J 4 
2, 4 4 (I (I 1 
'? "" 12 2 (I 4 -, ~ 

2, 6 5 1 (I ·0 
2, 7 18 4 6 6 
3, 4 1 (I 0 4 
3., 14 1">' 'J 4 (I 2 
4, 5 ~ 1 1 (I 

4, 13 
..,. 
_\ (I (I 3 

4, 14· 1 C' ..... 0 ...J ..::. 
C' ..J, 10 8 1 2 4 
C' 
...J, 11 6 ">' 

~, 3 2 
5, 12 7 1 1 (I 

"" 13 15 2 2 (I ...J, 

6, 7 (I (I (I (I 

6, 8 2 2 2 3 
6, 10 6 1 0 6 
6, 18 4 (I 1 0 

7, 10 '"I' .' 1 (I 1 
7, 19 4 2 0 1 
8, 9 1 1 1 1 
8, 19 7 7 (I 1 
9, 18 3 3 8 (I 

9, 19 4- 2 (I 1 
10, 11 4 3 2 1 
10, 18 6 8 0 1 
11, 12 7 0 ..... 1 ..::. 

11 , 17 1 0 0 2 
11, 18 6 8 (I 1 
12, 16 4 3 

..,. 

.' 1 
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12, 17 9 1 'I 
-r;'. 1 

1'-::> :-~5. 1 ,-) "\ ' .... (I ..... , ' .<.. ..::. ..::. 
13~ 15 4 (I it 1 
13, 16 27 1 (I 1 
1 ~5? 26 15 2 ~\ 

..::. (I 
14, 15 [:; :3: '"' 1 ..::. 
14, 27 (I 0 0 I) 
14, 28 0 0 (I (> 
15, 26 12 1 1 1 
16, 17 4 1 3 1 
16, 26 r, 

.,:. :3 1 (I 
17, 18 .. =!" 0 1 (I ~. 

17, 20 4 (I 0 1 
17, 24 6 1 8 2 
17, '"II: 12 8 4 "":!' .a::.~ 

'-' 
18, 19 (l (I (l 0 
18, "''':a' ..::,.,:" 8 1 (I 1 
19, 21 J::" -:r 5 1 ..J '-' 
11:;> '} 22 (l 0 (I (I 

20.} 21 1 (I 0 r.::-
..J 

20, '"I~\ -':. .. ::. :2 1 2 4 
21 , 33 4 1 2 3 
22, 23 2 1 2 ~, 

..::. ......... 
..::...::., :3:~: 3 (I 3 -,. 

'-' 
23" ::::::3 4 (I 1 1 
2'~ , 31 4 I) (> 0 
24, 32 0:::- 1 1 1 .J 

'''11:::-.,;':'_1, 26 (I (I (I (I 

'"' c:-"'::''-'., 30 12 1 1 (I 

25'1 31 15 0 1 (I 

26, 27 4 0 (> 4 
26, 29 2 1 2 3 
26, ,":r a;:-

"":-;:,:J 1 (I 1 (I 

27, 28 2 1 1 2 
27, 29 1 0 (> (I 

28, 29 "7 

'-' (> 1 3 
29, '71:" 4 (I 1 (I .. .:~ .. J 

30, 34 'I, 1 1 (I 

31 , 32 (> (I (I (I 

31 -,.c," 2 1 .... '") , ,_'..J ..::. ~ 

32, ~53 (I (I I) (I 

32, 34 1 (I (I 1 
~:3 , :;::4 10 1 2 1 
34, ~55 2 -:r 

'-' -:r 
'-' 3 

---------------------------~----------------------------
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Pr'oblem Name : F40 

No of Activities: 47 

No of RE-:source5 . 4 . 
ResoLlrce Limi t (1) 2 

Resource Limit (2 ) I:::' 
...J 

Re~;ource Limit (3) 10 

.':escILu~ c e Limit (4 ) 0= 
...J 

Activity DLlrc.'Iti on F<esoLwce ResoL.u~ce liesource Resource 
Label F\eq. (1) Req. (2 ) Req. (3) F(eq. (4) 
--------------------------------------------------------------------

1, 2 6 0 1 c:- ~, 

...J ..::. 

1 , -:r 12 1 4 0 1 .... ' 
~ ..,' (I I) 0 0 (I ..::., .... ' r, 
.::., 9 6 1 5 4 1 
..,. ... ' , 4 1 (I 0 1 2 
.... 
--.. IJ 7 4 1 2 .1- "'1' ...... 

3, 8 (I 0 0 (I (I 

4, 0::" 2 (I (I 1 (I ...J 

4, 6 12 2 4 6 4 
J::' 
...J, 6 0 (I (I (I (I 
C' 7 r, 2 (I 1 (I ...J, ..::. 

6~ 11 4 (I 1 I) 1 
6, 12 8 1 4 8 ..,. 

.... ' 
6, 1 ,,:r '-' 2 (I 1 0:::-

.,.:. ..::. ...J 

7, 10 7 1 (I I) 1 
7, 11 0 0 0 0 (I 

8, 9 22 2 (I 1 2 
8, 16 13 1 1 1 (I 

9, 17 18 (I 2 8 2 
10, 14 15 I) 4 10 ,'::' 

oJ 

10, 15 3 1 2 4 1 
" 10, 17 I) I) (I (I I) 

11 , 14 13 1 1 (I 0 
12, 13 "'! ,,- 2 C' 

oJ (I (I 

12, 14 1 (I (I 1 (I 

13, 14 (I (I I) (I I) 

13, 22 5 1 2 4 1 
14, 21 12 I) 2 7 3 



182 

15, 19 9 l. I) 4 
..,. 
'-' 

15, 20 2 1 1 (I 0 
16, 17 1 I) (I (> (> 

16, 18 5 2 (I 7 I::-
~I 

17, 18 3 1 ..,. ..,. 1 ...:' ._' 
17, 2'+ 0 (I (I i) (> 

18, 19 '"";0 1 (I '"::- 1 .... '-' 
18, :2L~ 6 (I 4 ""-..J 4 
19, 23 1 '-). 1 0 r:: ::::; ..J 

19, 24 18 1 1 (I (I 

20, 21 2 1 0 (> 1 
20, ~~3 0 0 (I 0 (I 

21, 22 4 1 1 10 c:" 
..J 

21 , '"iL":' ..;;.w (l (I (I o. (I 
...,,.., 

23 6 0 c:" 9 (I ,,:':'.'-.., ...J 

22'1 25 12 r\ 0 1 4 .,;;. 

23, 26 4 (I 4 '-~ (I 

24, 26 8 1 1 6 1 
25, 26 :l (I (I 2 2 
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oblem Name : F41 

of Activities: 90 

, of ResoLirces : 5 

'SOLirce Limit (1) 
..,.. 
~, 

'SOLirce Limit (2) ..,.. 
,-' 

'SOLirce Limit (3) 4 

~soLirce Limft (4) 5 

~soLirce Limit (5) 3 

-------------------------------------------------------------------------------
:ti vi ty DLiration ResoLirce ResoLirce ResoLlrce ResoLirce ResoLirce 
\bel Req. (1) Req. (2) Req. (3) Req • UD Req. (5) 

. _-----------------------------------------------------------------------------

1, 2 3 ..,. 
~, 1 4 1 0 

2, 3 1 (I (I 4 5 3 
2 , 5 2 1 1 0 1 0 
2, 6 6 2 2 4 0 0 
..,.. 
~', 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 

..,. 

... ' 4 3 
4, 9 6 2 (I 1 

.,. 

... ' 1 
t::' 12 4 3 0 (I (I (I .." 
t::' 
.." 13 5 1 1 0 3 3 
C' 14 12 2 2 (I 1 0 >-I, 
6, 7 3 0 0 4 4 0 
6, 12 4 1 (I 0 2 1 
6, 13 7 1 0 0 4 1 
7, 8 16 1 1 0 0 0 
7, 11 8 2 0 3 (I 1 
7, 12 0 0 (I (I 0 0 
8, 9 2 1 1 (I 1 (I 

8, 10 0 9 (I 
..,. 
.,;, (I 4 2 

8, 11 6 2 ~~ 0 0 1 
9, 10 13 1 (I 2 1 2 
9, 20 0 (I 0 (I (I 0 
9, 21 26 

..,. ... ' (I 0 2 (I 

9, 22 21 1 1 (I (I 0 
10, 19 12 1 (I 3 4 2 
10, 20 8 (I (I 4 0 3 
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11, 18 17 2 . 1 0 1 (I 11 , 19 11 2 3 1 1 1 12, 17 (I 0 0 0 (I 0 12, 18 12 2 0 2 0 2 12, 25 14 1 (I 2 (I 1 13, 16 2 3 0 3 0 0 13, 17 6 1 (I 4 (I 1 14, 15 4 0 .,.. 
4 0 1 ~, 

14, 16 8 1 1 0 0 3 15, 26 7 1 0 1 2 . 1 16, ..,0::- 8 1 2 0 '? .,.. ,,-..J 
~, ...:. 16, 27 17 2 2 1 (I 0 17, 18 0 (I (I (I 0 0 17, 26 1 0 0 (I 1 0 18, 19 23 1 0 2 0 1 18, 24 19 ..,. 

(I 3 .... 1 
~, 

..::. 18, 25 () (I (I 0 (I 0 19, 20 1 (I 0 2 1 0 \ 19, 23 4 0 0 4 0::- ..,. 

..J ~, 19, 24 6 1 0 2 3 1 19, 31 0 0 0 (I 0 (I 20, 21 1 2 0 2 (I 2 20, 22 (I 0 0 0 0 0 20, 23 18 0 3 0 4 1 21, 22 2 2 0 0 3 1 21, 33 4 1 1 0 2 1 22, 34 32 1 0 2 I) 2 22, 36 10 3 0 0 2 1 ..,7 32 12 0 0 3 3 3 
.... ...:., 
23, 33 8, 1 1 0 1 (I 24, 25 0 0 0 0 (I (I 24, 29 16 1 2 0 1 1 24, 30 0 (I 0 (I 0 (I 24, 31 4 (I 3 7 0 (I ~, 

25, 26 ..,. .,. 
1 0 1 0 

~, ~, 

25., 28 (I 0 0 (I 0 0 ?C' 29 11 1 ..,. 
(I 1 0 

_..J, 
~, 

26, 27 1 .,. 
(I 1 3 1 

~, 

26, 28 2 1 2 1 2 (I 
27, 28 0 0 0 (I 0 0 27, 40 1 2 3 1 0 1 28, 4(1" 8 1 3 (I 4 3 29, 39 9 (I 0 4 1 1 30, 39 0 (I (I 0 0 (I 
31, 32 1 0 0 (I 4 3 31, 39 1 (I (I 1 (I (I 32, 38 16 (I 1 2 0 (I .,.., 

39 7 (I 1 (I 2 2 .... '~, .,..,. 
37 13 3 (I 1 0 1 

__ ''1000\ , 

33, 38 6 1 1 0 1 2 
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34, 35 8 1 1 .0 1 0 
34, 36 0 0 0 I) 0 0 
34, 37 5 1 I) 1 0 3 
35, 36 12 1 0 3 1 3 
36, 37 7 1 2 0 0 0 
36, 42 6 1 2 1 0 0 
37, 42 11 () 0 1 0 0 
38, 41 19 1 0 1 4 1 
38~ 42 2 0 0 0 0 3 
39, 40 1 1 1 0 0 0 
39, 41 8 0 0 0 

.,.. 
~\ 0 

40, 41 3 1 (I 1 2 2 
41, 42 4 0 1 0 2 2 

------------------------------------------------------------------------------' 
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Problem Name : F42 

No of Activities: 41 

No of ResoLlrces : 
..,.. 
-' 

Resource Limit (1) 5 

ResoLlrce Limi"t (2) 6 

Resource Limit (3) 6 

-----------------------------------------------------~---
Activity DLlration Resource Resource Resource 
Label Req. ( 1 ) Req. (2) Req. (3) 

--------------------------------------------------------
1 , 2 6 1 2 1 
1 , ".,. 8 3 C" 6 .;.. .., 
.-. ..:., 4 3 1 3 

.,. 
-' 

~, ..:., 8 2 0 6 1 
2, 9 t: 1 1 1 .., 
3, 4 21 1 1 4 
::~ , C" 

• ....J 17 2 1 3 
.,. 6 7 2 2 4 -', 
4, C" 

....J 13 3 0 0 
4, 7 8 2 1 

..,.. 
-' 

4, 8 6 c:-
....J 1 1 

c.-.J, 6 6 1 4 4 
<:" 
....J, 7 0 0 0 0 
6, 7 11 2 1 2 
6, 13 12 1 3 0 
7, 8 7 1 3 0 
7, 10 0 0 0 0 
7, 12 18 2 .2 2 
7, 13 6 1 2 4 
8, 11 1 0 3 0 

8, 15 5 1 1 1 

9, 10 6 1 2 0 

9, 16 9 2 1 
.,. 
-' 

10, 15 12 2 2 2 

10, 16 3 3 4 2 
11, 12 7 1 0 1 

11, 14 6 1 .-. 1 ..:. 

11, 15 8 1 3 1 

12, 14 3 1 3 (l 

12, 17 4 
.,. ~. 2 "-' "-' 

13, 14 14. .-. 1 0 ..:. 
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14, 17 ~ 1 3 4 ~ 

14, 18 8 ~ 1 1 ~ 

15, 16 1 1 0 0 
15, 20 ~ 1 ~ 0 ~ ~ 

16, 20 7 1 0 1 
17 I , 19 18 3 1 ~ 

~ 

17~ 20 4 0 4 0 
18, 19 6 1 2 0 
18, 20 1~ ~ 0 3 1 
19, 20 1 0 4 " ~ 



Problem Name : F43 

No of Activities: 48 

No of ResoLlr-ces . ..,. . ..,:, 

ResoUl~ce 

ResoLlrce 

ResoLII~ce 

(~ctivii:y 

Label 

1 , 2 
1 , 7 ..;, 

1 , 12 
2, ..,. 

-' 
2, 12 
2, 17 .... ' 
3, 4 
3., 0::-

'OJ 

3, 6 
4, 0:::-

>...J 
C" 
..J, 6 
0:::-
.J , 8 
5, 14 
6, 7 
6, 13 
6, 15 
6, 16 
7, E:1 
7, 9 
7, 16 
8, 9 
8, 10 
8, 17 
9, 10 
9, 17 
9, 19 

10, 11 
10, 18 
10, 19 
11, 20 
11, ..... 

.<:..L 

Limit. (1) 

Limit (2) 

Limit (::~; ) 

DUI~ati on 

c:-
>oJ 

4 
12 

6 
11 

4 
0 
r:.,-
,oJ 

7 
6 
2 

11 
5 
7 
(I 

6 
1"':!' '-' 

&::.-
..J 

.-,&:::' 

.t..t-J 

6 
2 

1~:: 

7 
4 
1 
6 
8 
8 

13 
4 
:;., 

5 

c-
0-1 

5 

Resol_lI~ce 

Req. (1) 

O 
Il 
(I 

1 
2 
(I 

(I .., .... 
1 
1 
1 
1 
(I 

1 
(I 

1 
2 
1 
2 
1 
1 
3 
1 
4 
(I 

1 
1 
1 
1 
:l 
3 

ReSOLlr-ce 
Req. (2) 

4 
"':!' -' (I 

2 
2 
4 

.0 
1 
2 
4 
2 
2 
5 
3 
(I 

(I 

(I 

2 
1 
..,.. 
.... ' 
2 
(I 

2 
1 
'"' .<:. 

3 
(I 
&:::' 
>...J 

2 
it 
3 

ReSOLIr-ce 
Req. (3) 

1 
1 
4 
4 
-:r ... ) 
(I 

(I 
-,. 
-' 
2 
1 
1 
1 
(I 

1 
0 
2 
2 
(I 

2 
1 
.. ; .. 
...:' 
(I 

I.J. 
4 
1 
r_-
,oJ 

(I 

1 
1 
1 
1 

188 
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11 , 22 c.-
;.J 1 5 4 

12, 13 7 5 1 (> 

12, 1<;-• ..J 18 1 1 1 
13, 14 12 (I 1 4 
14, 10::' wi 4 1 4 1 
15, 16 11 3 3 3 
1"'" ;.J, 17 '") ..:.. 4 2 4 
16, 17 12 2 3 1 
17, 18 6 1 1 0::-

• ..J 

18, 19 21 1 (I ~, 

..::. 

18, ~~() 7 2 0 
..,.. 
'-' 

18, 21 1 3 3 -:r 
...;. 

19, 20 6 1 0 .") 
..:.. 

19, 21 2 3 4· 1 
20, 21 3 2 1 -:r 

~, 

20, 22 2 4 1 4 
21, 22 1 1 1 1 
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Problem Name : F44 

No of Activities: 57 

No o·f Resources . 4 . 
Resource Limit (1) 4 

ResoLlrce Limj. t (2 ) 4 

Resource Limit ( 3) 5 

ResoLlf"ce Limit (4) 6 

-------------------------------------------------------------------
Activity DLII~ati on Resource ,Resource ResoLlrce ResoL1rcl 
Label Req. (1) Req. (2 ) Req. (3) Req. (4 

-------------------------------------------------------------------, 
1 , 2 1 (I 0 (I 4 
1 , 4 

..,.. 
_\-. 2 

..,. . 
~, 2 1 

1 , I:" 
...I 2 1 1 1 1 

1 , 8 12 
..,.. 
~, 2 3 4 

2, 
..,.. 
~, (I 0 0 0 0 

2., 5 8 1 
..,.. 
~, 4 0 

7 ... ' , 6 "' '-' 0 
..,.. 
~, 0 6 .,. 7 r: 4 3 1 e:-

~, ...I o..J 

3, 9 18 1 1 0 4 
4, 6 5 0 0 

..,.. 

... ' 
..,. 
... ' 

4, 10 11 2 4 1 (I 
e::-
...I, 10 19 2 1 1 (I 
e:- II 7 2 1 2 1 ...I, 
c:-
oJ, 12 C" 

oJ 1 1 1 1 
6, 9 9 4 0 (I (I 

6, 10 6 1 0 1 0 
7, 8 2 1 

..,. ... ' 1 (I 

7, 9 29 1 (I (I 4 
8, 15 17 -' 2 2 0 0 
8, 17 17 1 1 1 (I 

9, 10 4· 1 4 (I 4 
9, 15 2 1 <' '-' 4 1 
9, 16 22 2 4 (I 1 

10, 11 8 0 (I 1 (I 

10, 13 12 0 0 0 1 
10, 14 14 2 0 (I 1 
11 , 17 ~, 5 2 1 2 1 

11, 14 6 
..,. 
'-' 1 3 1 
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1'" -, 13 4 1 4 2 1 
13, 20 17 3 1 4 .: 

.J 

13, 21 1 ::" 1 0 0 1 
14, 15 1 0 0 2 6 
14, 20 7 (I 0 5 1 
15, 18 9 1 0 1 2 
15, 19 4 1 (I 1 2 
15, 20 3 3 3 1 1 
15, 25 6 1 2 1 0 
16, 18 19 2 1 ":'" 

~, 1 
16, 26 28 ..., 

1 0 (I .:.. 

17, 18 0 0 0 0 0 
17, 25 45 1 1 0 1 
18, 19 18 0 0 1 1 
18, 25 24 1 (I 2 1 
19, r;>":'" .... --.. 4 1 2 0 2 
19, 24 1 3 1 1 0 
19, 27 6 4 0 5 0 
20, 21 16 1 (I 0 2 
20, 23 22 2 2 0 3 
21, 22 4 4 4 0 0 
21, ")":!' 

#--' 2 ..,. 
"-' 1 2 0 

22, 23 31 1 2 1 1 
23"1 24 1 0 1 0 2 
23, 27 14 1 2 1 0 
24, 27 6 2 1 2 0 
25, 26 2. 1 (I 1 0 
25, 27 1 (I 0 (I 6 
26, 27 8 1 I) 2 1 

-------------------~------------------------------------------------
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Problem Name : F45 

No of Activities: 40 

No of ResoLlrces = 3 

ResoLllrce Li mi t (1) 6 

F<eSQLlrCe Limit (2) 6 

ResoLlrce Limit (3) 6 

---------------------------------------------------------
Acti vi ty DLlY"ati on ResoLllrce ResoLlrce ResOLlrce 
Label Req. (1) Req. (2) Req. (3) 

--------------------------------------------------------
1 , 2 5 5 4 3 
1 , 3 5 

..,. 
'-' 5 2 

1, 4 3 5 2 2 
2, ~:: (I (I (I (I 

2, c::' (I 0 (I 0 oJ 

3, C' 0 (I (I (I oJ ..,. ... ' , 10 4 4 1 4 
4, 6 1 5 5 4 
4, 8 6 3 5 -. ..::. 
C' 
oJ, 9 2 2 4 4 
6, 7 0 (I 0 '0 
6, 12 (I I) (I (I 

7, 18 3 3 3 2 
8, :L1 (I (I 0 (I 

8, 12 0 0 0 0 
9, 11 (I (I 0 (I 

9, 12 (I 0 (I (I 

10, 11 (I 0 (I (I 

10, 13 1 4 1 4 
11, 15 6 

..,. 

... ' 2 .... ..::. 

12, 15 ::,:; -. 2 4 ..::. 

13, 14 6 ,:) 2 1") 
..:. .... 

14, 22 '?' 3 2 3 ... ' 
l.5, 16 3 1 4 4 
15, 20 (I (l (I (I 

16, 17 ~5 <= ..,. .,. 
oJ ..;. -.; . 

17, 22 (I (I 0 0 
17, '1r.:' 4 1 (I 4 ..:.~ 

18, 19 4 1 '= 4 oJ 

19, 21 (I (I (I (I 

19, 24 1 
.... 4 6 ..::. 
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20~ 21 -:0' r: c.- 4 '-' ....J ~I 

21 2:-':;, 4 4 t::' ,+ , ....J 

22, :-~6 4 1 6 " .k. 

23., 24 0 (I (> 0 
2:2;: ., 26 1 2 2 1 
24, 26 {:, ":!' '-' 1 ~. ..::. 
I"IL-...... 
..:.....J~ 26 (I (I (I () 
l""ll::" 
./; • ....J , 27 3 2 2 

,-, 
.k. 

26, 27 
..,. 

(I 1 " ..,:. '-' 
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Problem Name : F46 

No of Activities~ 76 

No of Resources : 3 

Resource Limit (1) 6 

Resource Limit (2) 6 

Resource Limit (3) 6 

---------------------------------------------------------
Activity Durati on ResoLII~ce Resour-ce ReSOLu""ce 
Label Req. ( 1 ) Req. (2) Req. (3) 

--------------------------------------------------------
1, 2 4 1 3 2 
1 , 3 1 4 4 4 
1 , 14 6 5 1 4 
1 , 21 12 -,.. 1 ..". ... ) .... ' 
..... .<:.., ::::: 8 1 (I I) 

? 
,.1_ .., 

0;:' 
...J 1.3 2 1 L' t 

2, 15 28 1 (I '"' ..::. 

31) 4 1. 1 1 1 
3, 6 5 ~:; 5 -. 

.::.' 
4, 6 L8 2 (I 2 
4, 15 4 1 (I 4-
~; , 6 4 . .., 

..::. 1 2 
I::" ..J, 7 6 1 I) 4-. .". 
_I Y 

1 c.-. ~J (I (I (I (I 

C" 17 7 .5 2 -:r ..J, '-' 

6, 7 6 1 3 '; ..:.. 

6, 8 7 2 1 2 

6, 10 12 (I 1 () 

7, 8 8 3 0 (I 

8, 9 4 0 0 ~, 

"'~ 

.8, 10 6 
..,. 4 ~; --' 

8, 17 (I 0 0 (I 

9, 10 11 (l 2 1 

9, 1.2 15 
..,. 
--' 3 (I 

9., 19 5 1 1 1 

10, 11 1 (I ,~ 2 

11 ? 12 18 1 2 (I 

11, 19 (I (I (I (> 

11 , 34 25 3 1 I) 

12, 1"" 5 5 c- O ... ' ~J 

12, 20 (I (I (I (I 
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12, 19 13· 1 (I 2 
13, 2(1 (I (I 0 0 
13, 31 0 (I 0 (I 
13, 3'~ 1 2 5 5 
14, 15 2 0 0 2 
14, 16 1 I) 0 4 
14, ::~2 1 0 (I 0 
14'1 '"'c:-.e:: .... } 3 3 1 4-
15, 17 6 1 6 1 
16, 17 22 1 (I 2 
16, 18 18 (I 2 0 
16, '"'C' 

":'..J 0 0 (I 0 
17, 18 13 4 (I 0 
17, 19 31 1 (I 1 
18, 19 1 (I (I 6 
18, ~,4 2 2 2 2 
19, 20 4 1 ..,. 

... ' 1 
20, 29 (I (I I) 0 
20, 34 23 2 0 (I 

21, 22 14 1 4- 1 
21, 23 (I (I 0 (I 

21, 24 23 oo:!" ... ' 1 2 
22, 1'11-:-" .(:....:. 7 ...' 0 (I 4 
22, '"'.". '''::'..J (I (I 0 0 .... ..,.. 
."t.._'\ , 24 1 (I 1 2 
.,7 25 17 2 3 ,.., 
Lo_' , ..::. 
"i"":!" 
,4.0_' 'J 26 8 6 1 (I 

24, 26 t:" 1 4 2 ..J 

24, 28 8 2 2 2 
25? 27 11 0 0 3 
26, 27 (I 0 (I (I 

26, 28 3 3 2 3 
26, 29 .") 

..:.. 6 6 1 
27, 28 (I 0 0 0 
27, 29 17 .-.' ..::. 2 (I 

27, 31 6 1 4 -:r 
'-' 

28, 3() 7 6 (I (I 

29, 30 11 (I 2 1 
:,(1, :::~2 1 1 2 (I 

30, 33 18 (I 0 5 
::;1 , :)3 6 2 (I 2 
31, 34 7 1 4 

..,. 

... ' 
32, ~:'3 -:r 

'-' 1 1 6 
7'-' ...: . ..::. , ~::'4 1 (I (I 4 
33'1 ~::'4 1 ":' 2 

..,.. 
(I 

~, .... ' 



196 

Problem Name : F47 

No of Activities: 67 

No of Resources : 5 

Resource Limit (1) 6 

F<esOl .. lrce Limit (2) 6 

Resource Limit (3) 5 

Resource Limi t (4) 5 

Resource Limit (5) 4 

-------------------------------------------------------------------.-------------

'. Activi ty DLlrati on Resource Resource Resource Resource Resource 
Label Req. (1) Req. (2) Req. (3) Req. (4) F<eq. (5) 
--------------------------------------------------------------------------------

1 , 2 1 0 0 0 2 0 
1 , 3 2 5 1 1 4 3 
1 , 4 3 4 1 2 

..,. 
~, 2 

1 , 22 18 1 1 0 1 2 
1 , 23 c- O 0 5 0 0 w 
2, 5 12 0 0 2 (I 2 
..,. 

6 c- '?' 4 3 0 0 oJ, W ~, 

4, 7 0 0 (I 0 (I 0 
4, 8 

..,. 
~, 1 3 0 1 1 

C" w, 6 23 1 0 0 1 0 
6, 9 18 (I 0 0 0 3 
7, 9 1 0 2 1 0 3· 
8, 10 5 1 2 4 1 0 
8, 11 17 2 (I (I 0 3 
8, 29 (i (I 0 0 0 0 

9, 12 32 1 4 3 0 1 
10, 13 1 (I 0 0 0 (I 

1O, 36 9 1 4 2 3 1 
11, 14 2 (I 3. 1 4 1 

11, 15" 1 6 1 0 (I (I 

12, 16 15 0 2 (I 0 0 

13, 37 6 2 4 2 4 0 

14, 17 6 2 1 3 1 4 

14, 18 13 2 0 1 3 0 

15, 17 0 , (I 0 0 0 0 

15, 20 4 
..,. 0 (I 0 0 '-' 

16, 20 7 '?' 2 0 4 0 ~, 
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17, 19 1 (I 1 (I 1 (I 
18, 19 5 3 C" 3 (I 0 o.J 

19, 21 1 2 1 2 1 2 
19, 43 15 (I 0 3 0 3 
20, 21 8 1 (I 2 (I 1 
21, 43 8 1 2 0 -... 

"-' o· 
22, 24 1 (I (I 0 (I 2 
22, 25 0 (I 0 0 0 0 
22, 29 9 2 2 3 4 1 
23, 24 5 4 4 (I (I 0 
23, 25 3 (I 0 2 0 0 
23, 26 (I 0 0 0 0 0 
23, 27 8 1 1 2 3 1 
24, 29 8 2 ..,.. 

~, 2 1 0 
25, 28 8 (I 0 2 0 0 ,,0:;-.... ~, 31 9 1 2 5 1 (l 

26, 32 12 2 2 3 c:" 1 o.J 

27, 33 13 1 0 1 0 1 
27, 34 6 1 2 4 1 4 
28, 31 18 0 1 0 2 (I 
29, 30 6 0 (l 0 1 2 
29, 36 8 1 0 2 0 1 
30, 36 13 4 2 4 1 4 
31, 38 13 1 2 0 1 1 
32, "';'I'C' 

~'>oJ 11 (I 1 2 (I 2 
32, 39 19 (I 0 1 2 ..,.. 

~, 

33, 40 14 4 2 (I 0 2 
34, 39 5 (I 1 2 (I 0 
35, 38 7 3 3 (I (I 0 
35, 40 28 1 1 0 2 1 
35, 42 6 1 4 0:.-

>oJ 0 0 
36, 43 2 0 1 2 () 2 
37, 43 8 1 1 1 0 0 
38, 43 25 (I 4 (I 0 0 
39, 41 0 (I (I 0 0 0 
39, 44 3 3 3 "":r 

'"' 0 
..,.. 
~, 

4(1, 41 7 3 1 (I 0 (I 

41, 44 21 (I 2 4 0 0 
42, 44 11 1 0 2 0 0 
43, 44 16 ..., .... 6 1 1 0 

--------------------------------------------------------------------------------
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