Journal of Advancesin Mathematics and Computer Science

25(6): 1-12, 2017; Article no.JAM CS.32569

ISSN: 2456-9968
(Past name:British Journal of Mathematics & Computer Sciend®astISSN: 2231-0851)

A Conceptual Approach to Resources Allocation Scheduling

A. A. Eludire and C. O. Akanbi?

'Department of Computer Science, Joseph Ayo Babalola tsitiudkeji Arakeji, Nigeria.
’Department of Information Communication Technology, Osun Statetsitjy Osogbo, Nigeria.

Authors’ contributions

This work was carried out in collaboration between both argthauthor AAE designed the study,
performed the conceptual analysis and wrote the first adrfattte manuscript. Author COA managed the
analyses of the study and the literature searches. Both auteéad and approved the final manuscript.

Article Information

DOI: 10.9734/JAMCS/2017/32569
Editor(s):
(1) Junjie Chen, Professor, Department of Electizejineering, University of Texas at Arlington, USA
Reviewers:
(1) Mohammed Aboud Kadhim, Middle Technical Universitag.
(2) Ankur Singh Bist, Krishna Institute of Engineerimalechnology, India.
(3) C. A. Oyeleye, Ladoke Akintola University of Techagy, Nigeria.
(4) Shinsuke Tamura, University of Fukui, Japan.
Complete Peer review Historfitp://www.sciencedomain.org/review-history/22389

Received: * March 2017
Accepted: 12 December 2017
Published: 28" December 2017

| Original Research Article

Abstract

The problem of scheduling and allocation of resources, both spacéme, has generated a lot of isspies
and has become of great concerns in daily human activities. choice of best or appropriate
computational algorithms for solving this problem has bden gubject of several seminars
conferences organized to discuss the allocation ouress in different fields. The problem of resoufce
scheduling deals with various criteria that are involuedhe allocation of resources and associated
variation on how the resources are to be allocated. Triedlating of an allocation of resources requires
proper management of resources and time for various usewotid clashes in timing of events. This
paper presents a conceptual framework for solving resaaitoeation scheduling problems using
timetabling as a representative scheduling problem requirimgepmanagement of resources and time
for various users to avoid clashes in timing of events. Wbkk identifies the constraints involved |n
algorithms that have been used to solve several tinegalproblem like airplane roster, lecture
schedules, etc. The paper attempts to identify a goodefrank for the use of fuzzy algorith
implementation that will be of great value to those raagltimetabling oriented problems.
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1 Introduction

Scheduling problem is an assignment problem, which canfbedes the assigning of available resources
(machines) to the activities (operations) in such a maitimr maximizes the profitability, flexibility,
productivity, and performance of a production system [LheS8aling of operations is one of the most
critical issues in the planning and managing of manufagysiocesses. The literature review indicates that
meta-heuristics may be used for the advanced scheduling in awaumirig systems and the genetic
algorithm is one of the meta-heuristics that has attractedy researchers. Therefore, one of the main
objectives of this paper is to present a survey of tbentedevelopments of evolutionary-based methods for
the advanced scheduling.

The review of existing literature showed the availabitifyspecial algorithms that will suit the achievement

of the objective of this work. A timetable is a placemef a set of meetings in time where a meeting is a
special combination or scheduling of resources (e.g. ropatple and items of equipment), some of which
may be specified by the problem, and some of which muatibeated as part of the solution [2]. Resource
allocation scheduling has long been known to belong to the ofagroblems called NP-complete, i.e. no

method of solving it in a reasonable (polynomial) amounineé is known.

With respect to timetabling, Wren in [3] defined timetablis the allocation of subjects to constraints of
given resources to objects being placed in space tinseicima way as to satisfy as nearly as possible some
set of desirable objectives. Various papers in thisarekearea had been published in conference
proceedings such as [3] and [2].

The objectives of this work are to study existing schHadutonstraints in resource allocation, gather the
necessary constraints that will be needed for efficiesduree allocation and propose a framework for
automated resource allocation according to the constraitiiergd or defined.

Timetabling problems are usually subjected to many caings but for ease the constraints are divided
mainly into two according to [3] which includes Hard andt &pnstraints. In this work, after considering
the possible constraints, an algorithm was developed faletbign of course timetable. The result from the
designed timetable was implemented in order to ensumecatoor proper co-ordination of scheduling
resources in the organisation.

The major problems in timetabling are the occurrenceooflicts in time and place of event during the
process of scheduling the available resources and the iegffigse of the resources. The occurrence of
conflicts in course timetabling usually is at;

I.  Venues where activities clash.

II. Clashes of compulsory courses of the same level ataime period of time.

[ll. Same lecturer assigned to two or more coursediftérent level at the same period (hour) of the
same day.

Timetabling as a topic has an history of several waorkedon it especially in the area of the education and of
which a perfect solution has not been given simply becdese are several constraints that needs to be
considered to avoid conflict in resources (e.g. Classrobatdurers, etc.) even after considering what seem
to be the complete or perfect constraints.

This paper consists of four sections. Section | presegéneral overview of the whole concept of resource
allocation scheduling. Section Il deals mainly with tiberature review of other related works done in the
past, also relevant materials are considered with thieadelogical approach used in carrying out the work.

Section Ill details the design and implementation segnfeheqroposed a working framework for resource
allocation including the program coding, documentation and othes tmsgld in carrying out the work are
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shown in this section. The last section presents the conclasidrrecommendation for further studies
arising from the implementation of the design.

1.1 Resour ce allocation scheduling constraints

Some views on the term scheduling are found in literatWvesn [3] emphasized that scheduling often aims
to minimize the total cost of resources used, whilengryio achieve the desirable objectives as nearly as
possible. For example, the process of generating a uitwemirse timetabling does not usually involve
specifying which lectures will be allocated to a patac course. This information is usually described upon
well before the timetabling is actually constructed.

In a school environment, resource allocation problem existlireduling a sequence of lectures between
teachers and student in a prefixed period of time (typiealyeek) satisfying a set of constraints of various

types.

Resource allocation scheduling is subject to many consrdihese constraints are mainly divided into two
main categories according to [2]. Each constraint definesbset of the set of all possible designs in which
it is satisfied. When several constraints are specifiad only the possibilities within the intersectionaif

the subsets that we are interested in. The two maisifitasions are hard constraints and soft constraints.

1.1.1 The hard constraints

Hard constraints are those which we definitely want to bearuigidly enforced when considering resource
allocation constraints. Each hard constraint, is an eleofehe timetable that is equally weighted and must
be abided by. Simply put — if they are broken, the timetalil not work. Examples of such constraints are:

i. Noresources (Student or staff) can be demanded torhergthan one place at a time.
ii. For each time period there should be sufficient regsu(e.g. lecture room, lecture etc) available
for all the events that have been scheduled for that timedpe

1.1.2 The soft constraints

The soft constraint are those we would like to be truelesirable - but not absolutely essential at the
expense of the others. The soft constraints, are the otheofside coin and are made up of the elements
which can turn or enhance a working timetable into a gimatable. Examples of soft constraints are:

i. Time assignment:- An event may need to be scheduleg@antigular period of time

ii. Time constraint between event:- One event may neéd g&cheduled before / after the other

iii. Spreading Events out in time: - Users should not medeof resource in consecutive period or two
resources on the same day.

iv. Coherence: - Resources may be used in a number of dagscuitively in order to have a number
of free days.

v. Resources assignment: - Resources may be prefeisdalyin a particular location or venue.

vi. Room Capacity: - the number of users in a location/vehoeld not exceed the venue’s capacity.

The basic quality of these feasibility studies candzessed on the basis of how the constraints are satisfied.
However, some problems are so complex that it will Bcdit to find a feasible solution. The resource
allocation scheduling process is made difficult by thé et so many entities are affected by the outcome.

Romero [4] identified three main stakeholders in thixess each with their own set of aims and wants.

i. The administration sets the minimum standards that thetable must conform to for example,
some universities specify that no student should have tawakexams in consecutive periods.
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ii. The department concerns are more likely to be promiimethe course timetable. They will want
the “schedule to be consonant with the developmenthefsubject taught” as well as making
specific demands for particular classrooms or labs. In amiegion context, they are likely to
request that large exams be placed early in order t aflore time for marking.

iii. The third groups of stakeholders are the students, evkiesv of the timetable will be restricted to
the parts that affect them. Given the number of studentsvied, it is difficult to obtain specific
criteria as to what is the best timetable for studevitmy student prefers not to have lectures on
Friday, and to have a break between consecutive courses/exams.

The set of constraints considered earlier varies sgmifly from university to university due to several
feasibility researches. The overviews of different constsaimposed by most universities are stated in
literature [5,2].

2 Materialsand M ethods

2.1 Methodology of conceptual framework for models

Resource allocation scheduling problems at many organisasbare characteristics with the general
models. Consequently, attention will be focused more on thedlypecisions included in this model than
the institution involved. Although, the objective of this workdsletermine an acceptable resource sharing,
the criteria for an acceptable resource schedulingsually modelled by means of constraints and objective
function. This then reflect the division of criteria inemnirements that must be fulfilled as well as possible

There are basically two types of resource allocatahreguling models according to [1] which are Dynamic
and Functional models.

2.1.1 Dynamic moddl

Dynamic models are expressed in such a way that at the begioihthe scheduling time, relevant events
are collected and assigned venues and activities period asedapi€tg. 1.

Fig. 1. Dynamic model diagram

2.1.2 Functional model

The functional or generic model was proposed by [6] for thileng problems consisting of a set of
resources, a set of activities, and a set of dependdreti®sen the activities.
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According to this model, time is divided into the time slafith the same duration. Every slot may have
been assigned constraints either hard or soft one: a bastraint indicates that the slot is forbidden for any
activity, while a soft constraint indicates that the &atot preferred. This type of constraints is calledh&ti
preference”. Every activity and every resource may H@men assigned a set of time preferences, which
indicates forbidden and not preferred time slots.

Fig. 2. Functional model diagram

Activity (which can be directly mapped to a lecture) is tdfexd by its name. Every activity in this model is
described by its name. Every activity in this modeleésatibed by its duration (expressedsasumber of
time slots), by time preference, and by a set ofuess. This set of resources determines which resources
are required by the activity. To model alternative as waslirequired resources, we divide the set of
resources into several subsets-resources groups. Each graither conjunctive or disjunctive. The
conjunctive group of resources means that the actieiegs all the resources from the group, the disjunctive
group means that the activity needs just one of theuress (we can select among the alternatives). An
example can be a lecture which will take place in ond@fctassroom and it will be taught for all of the
selected classes. However, usage of both conjunctive apthaive groups simplifies modelling for the
users. This assist in generating a functional dependeiagyach where the realization of one event is
dependent on the availability of a previous event as depitteidi 3.

The example of the problem defined by the above modal ésurse timetable, where every scheduled
activity is assigned its start time and a set oémesd resources, which are needed for its execution (the
activity is allocated to respective slots). The tiatdé model proposed by Muller in [7] satisfies all tlaech
constraints namely:

i. Every scheduled activity has all required resourcserved, i.e. all resources from the conjunctive
groups and one resource from each disconjunctive group of resource
ii. Two scheduled activities cannot use the same res@irthe same time.
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iii. No activity is scheduled into a time slot where thedtgt or some of its reserved resources has a
hard constraint in the time preferences.
iv. All dependencies between the scheduled activities brusttisfied.

In the majority of these models, the problem under cordideris decomposed into course timetabling. In
further consideration we then have the student sectionimgoblem.

In [8] students were first assigned while roughly minimigithe number of lectures that are manually
conflicting, then a timetable can be constructed arally the section assignment is then revised.

In [9], sections which are taught simultaneously ar& fietermined and then student sectioning is carried
out. This then made it possible to start with the desigroofse timetabling and improve solving the student
sectioning sub-problem for each timetable they examine.

In [1] students were first assigned to sections and thed ta cluster sections that are taught at the same
time.

In practice, each organisation will have a differemaly of evaluating the quality of developed timetable in
many clauses. The quality is calculated based on a pduaatition which represents the degree to which the
constraints are satisfied.

Venue
Database

Produce Produce
Course Exam Venue

Timetable Timetable Timetable

Produce

Produce
Lecture
Timetable

Produce
Leture
Timetable

Produce
Lecture
Timetable

Fig. 3. Functional dependency diagram

2.2 Cour se timetabling problem statement

From the review of existing literature the algorithmatttwill suit the achievement of the objective were

identified. During the construction of timetable, thereaisieed to take different constraints into account
simultaneously. These constraints may be conflicting insérese that an attempt to satisfy one of the
constraints might lead to the violation of another. Fomgxta, suppose there is a situation where trying to
schedule two lecturers which needs to be scheduled imradisfore/after each other. Suppose also that
there is a constraint that requires an even spread ofrdeperiod, in such a situation, it can be seen that
satisfaction of the first constraints can probably |lesithé violation of the second. In addition, the violations

of different constraints are measured by different urti different scale (the number of students involved

in the violation, the number of courses involved in the viofatite.).

Such observations motivated a multi-criteria statemenitmatabling problems where criteria measure the
violations of the corresponding constraints. A university raegess the quality of a timetable from very
different points of view (expressed by departments, studartisjetable officer etc.). Most departments
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often assign importance to the constraints that are imposetie timetabling problem. For example, a
department may have strong demand for a specific olassfor certain course, while students are usually
concerned with the order in which courses are schedulethaimgroximity, etc.

2.3 Thealgorithm

Over the years, numerous approaches have been investigatdevahaped for resource allocation , such

approaches includes Constraints programming, Graph colouringaainds meta-heuristic approach which

include Direct heuristic approach, Genetic Algorithm, Fabarch, simulate-annealing, the Great Deluge
Algorithm. Some recent important research works thag¢cethese broad ranges of activities are [10] with
[11,12].

Heuristic approaches has been used in trying to solviesshe of scheduling problems using an inductive
reasoning by evaluating past experience and moving tribéaor to a solution as shown in [13].

Direct heuristic approach is based on successive augmentdgorg direct heuristic approach a partial
timetabling is extended until all lectures are scheatlulthe most important aspect of this approach is to
schedule the most constrained classes first untiladkels are scheduled. Direct heuristics usually filhep t
complete timetable with one lecture or group of lecturetemea as far as no conflict arises. At the point they
start making some swapping so as to accommodate otherelecA typical example of this method is the
system SCHOLA described in [14]. The system is baseatefollowing three strategies;

I.  Assign the most urgent lecture to the most favourabiegéor that lecture.

II. When a period can be used only for one lecture, then atbsgreriod to that lecture.

lll. Move an already-scheduled lecture to a free periodsso éeave the period for lecture that we are
currently trying to schedule.

The system SCHOLA schedules the lectures alternatiagegies | and Il as much as possible. When no
more lectures can be scheduled in this way, it stang)ssiategy IIl.

Genetics Algorithm (GAs) is analogous to Darwinian evoluti8n:Population” of feasible timetable
is maintained. The “Fittest” timetable (those with tlogvest penalty values) are selected to form the
basis of the next iteration. The most common genetic rapeggm for its timetable is a long bit string
encoding when and where each meeting is to take place, also @mwoahich order courses prior to
assignment of a timeslot has been discussed by sevénal @s mentioned earlier and also including [14]
and [15].

Fuzzy Methodologies has been successfully applied inde vange of real world application since it has
been introduced in 1965. Example of scheduling, planning andatifireg problem domains include fuzzy
evaluation functions utilized in generator maintenanceduled [7] and who used fuzzy target gross sale to
find optimal solution to manpower allocation problems.

Fuzzy methodology is an algorithm that has been inyetstdl for other timetabling problems such as aircrew
rostering. Furthermore, fuzzy technique can represent @aldnith multi-criteria decision making described
by [16,17]. As far as we are aware, fuzzy method haveyabtbeen implemented in the context of
examination timetabling.

In this research a fuzzy system can be used to rankenbased on an assessment of how difficult it is to
schedule the course taking into account multiple criteria.

By considering more than one criterion to run the counsasking are produced better by reflecting the
actual difficulty of placing the courses as several facimssimultaneously taken into account.



Eludire and Akanbi; JAMCS, 25(6): 1-12, 2017; Adino.JAMCS.32569

2.4 Generalised algorithm

As it was stated in the beginning of this work, a setoofstraints must be satisfied in order to have a valid
timetable. The number and the type of constraints vary tnganisation to organisations, and it also varies
from one department to another. As it can be easily deeget a complete solution for a particular

timetabling problem with all the constraints satisfisdery difficult, possibly sometimes, even impossible
to accomplish [18]. A generalised algorithm is proposed &sifsi

Determine the total number of Level to be considered
Determine the total number of courses to be assigned
Pick a course based on stated conditions

Check the number of possible slots possible

Run the constraint(s) on the course(s)

Save the result in a target table.

Check if a slot is still remaining or finished.

If still remaining run (5) else run (9)

. Check if all course(s) have been assigned

10. If not GOTO (2)

11. STOP

©CoNoGOR~ONE

2.5 Information flow in timetable production

Firstly, the process of timetable production can be dédfime a process that starts when the data for the
timetable period p of validity are entered. The period p Eemester, period p data are essential to the
construction of a timetable for a given period. They dantourses offered during that period, the
availability of lecturers for that period etc. These datamerequisite for timetable construction, and must
be entered for each construction.

The process ends when all the concerned people receisetibgules on paper and the period of the validity
of the schedule comes to an end. Multiple data will bereditimto the system, for example, courses offered
during period p, format of courses (2 hour or 2 hour + 1 ho@rtwour), assigned or potential lecturers for
certain courses, assigned or potential or class roovadiahility of lecturers and classrooms, etc. It was
found that in some institution pre-selection was used vimitghers the timetables were made with no pre-
selection.

3 Framework System Design

This comprises of several Forms, Modules, Database aftdia@®® which will work in autonomous and
coordinated way or pattern. This system includes two mairponents which are ability to save data and
the timetable construction software.

3.1 Data

The data required to produce the timetable were providedheglbssary data were saved in a data back-up
system. It was indicated that modules of the timetable produsystem can handle data. For example, the
pre-choice acquisition modules will save the courses offeretubgrsts, data construction module then take
its inputs from the database, and when construction arerpexf,, the data obtained are saved in a data
warehouse. Once the timetable had been created, the ofithataystem will be saved in a file in order to
output to appropriate media. The data flow process is shotig.id.
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Fig. 4. Data flow implementation

3.2 The architecture

Further to the Implementation of data flows in timetapteduction, architecture for implementing the
system was developed. Abstractly speaking, softwarétectlre describes the elements of a system. It also
shows the interaction between these elements, the model gavisnaomposition and constraints of these
models [10].

Generally, when facing a complex problem, the best apprisathbreak it down into parts that become
easier to solve with simple solutions, then all th&wall solutions were combined to allow finding solution
to complex problems [4].

Of all architecture now available for the development ofwgn®e productions, the one most appropriate to
timetable production system is that in layers. The arctite shown in Fig. 5 divides the system into three
layers, each one with a well-defined function.

e The Interface: This Layer presents the data to the user in orderléw alata input and ensure
exchanges with other layer.

e The business logic Layer: This layer ensures data exchanges with the interfyee, lahecks and
validates the data input and sends the data to be presergecaglequate format. It also ensures
data exchanges with the data persistence layer. Busineszreulised to ensure the coherence of the
system.

e« The data persistence layer: This layer manages the physical storage of the datdem With a
certain format, or in a traditional database (Microsaficess/MySQL) system, or in other
persistence models able to manage complex databases.

3.3 Instances of the ar chitecture

There are three options of architecture instancaedst@ee Table 1). For the implementation, the third
instance (i.e. Instance 3) in Table 1 was chosen.

Using Instance 3, element are opened if built approve stasdard built with a private specification which
may be made public by the developers.
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Table 1. Possible instances of ar chitecture

Technology Instance 1 Instance 2 Instance 3
Language for thbusiness logir  Jav Java /Applet Ja\ Visual Basit
Logic

Data Databas Databas Databas

Fig. 5. System architecture

It is important to consider that an element is extensihteis easily adaptable to specific changes [19,20].
Bearing this consideration in mind, there are analyteglanations that prompted the third Instance
architecture as one of the choices. These are:

¢ Language to Code the Business Logic: The Microsoft Visual Basic was chosen. Visual Basic
(VB) is an interpreter / compiler language that usesrtimime Libraries of windows operating
system.

« Data persistence: For the Implementation of the data persistence Laymlational database was
considered. A database is an entity in which it is possibktore data in a structured way with
minimum redundancy. This data must be used by the prograittsrwn different languages by
resorting to ODBC standard technology (Open Data Basedtivity).

3.4 Technology requirements

To implement the architecture, the technological efgmeequired were first considered. The needs are as
follows:

* Alanguage to facilitate data display by the user, andréfetion of forms to enter data.
« Aset of rules to define how data exchanges are edtetlwith other systems.

« Alanguage to code the business logic.

¢ Atool to manage data persistence.

Through the analysis, it was found out that there was rhare dne option. There are actually several ways
of implementing this architecture. Table 1 shows an opendeigi®f possible instances.

For the construction of each instance, we put together #maeet sharing common characteristics, or
belonging to the same software family, and are opentte database section, there is no need to mention

10
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any specific name of a database management systenth®le remains open to the designer but in this
work MySQL database was used.

The architecture is an open one since it accepts semstahces. The architecture is also extensible, because
the module could easily be changed [21]. For examplecanestart with an element of data persistence like
a file in text format; also it would be necessaryrtake changes in the interface layer and to program the
data persistence element.

4 Conclusion

This work has been able to achieve its major objectivielwis the proposal of a conceptual framework for
the design and implementation of resource allocation sahgddi used the identified concepts to build a
foundation for the generation of timetable for a departménaro educational system. It also gives
opportunity to view some resources allocated and thoserthgeato be allocated.

The needed future works include implementation of these frankevoncepts for the grouping of resources
when there are no venue capacities to handle such resofreesh implementation of the framework is

highly desirable and also the development of other cinstbased scheduling activities like examination
timetable could be incorporated into it.

The following are strongly recommended to the proper ushthe dramework:
I.  All system requirements must be strictly satidfie
II. All necessary information must be provided beforemafting to generate needed timetable.
lll. Program must be properly installed by following tiit of instructions provided in the course of

installation.
IV. Only authorized user should be allowed in the manageaiehé timetable software.
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