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Abstract

The research developesd Hybrid Erosion And Deposition Metaheuristic Universitgathing Timetabling
Algorithm (HEADMUTTA). The hybrid erosion and depositioretaheuristic university teaching timetabling
algorithm constructa university teaching timetable with very few iteratiombe Hybrid Erosion And Deposition
(HEAD) metaheuristic university teaching timetablinggaxithm adopts its behaviour from the HEAD
metaheuristic with some concepts adapted from Tabuclge@imulated Annealing, and Ant Colony
metaheuristics. The HEADMUTTA constructs a draft ursity teaching timetable and further improves it by
searching for the best feasible solution that satighe predetermined soft and hard rules or constrdihés.
research also proposed a Hybrid Erosion and Depositiomhdetistic University Teaching Timetabling
framework for implementation. The results indicate tiat use of hybrid metaheuristics to solve university
teaching timetabling problems improves the qualityhef produced university teaching timetables. The HEAD
metaheuristic algorithm has a unique feature that alibws further improve the draft university teaching
timetable. Further improvemeritsthe framework may reduce the complexity of NP-hard coatbital teaching
timetabling problems.

Keywords: Heuristics, Hybrid Erosion And Deposition, Combinatorialpti@isation, Constraints,
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1. Introduction
The university teaching timetabling problems are spegpes of timetabling problems that handle the
scheduling of events to critical limited resources sugdecturers, venues, days, and time slots. The teaching
timetabling problems have soft and hard constraints esrthlat should be satisfied to generate a feasible
teaching timetable. The timetable generation procssime-consuming, laborious, and repetitive activity
for university administrators (Muklason, Irianti, & Maro@Q19; Mittal, Doshi, Sunasra, & Nagpure, 2015)
Most universities in Zimbabwe are facing challenges inldpireg teaching timetables. Generally, coming
up with a non-conflicting event timetable is proving to be ammoth task for most education institution
administrators in Zimbabwe. Currently, university adntiaiers use manual methods to construct teaching
timetables and this results in conflicting teaching tahkes that affect the quality of services offered to
stakeholdersA study found that 11% of the learning institutions were strugglingonstruct feasible
teaching timetables during the Covid-19 pandemic (PhephauFUIRDHE)) The teaching timetabling
problems areNP-hard orNP-complete combinatorial optimisation problems (Murain2820; 2010; de
Werra, Asratian, & Durand, 2002) that require the applicatfonearistics, especially metaheuristics and
their hybrids to develop perfect teaching timetablirgpathms.

The third-generation heuristics such as the metaheuhighirids are key to the successful development of
event teaching timetabling algorithms because they are leapathandling NP-hard or NP-complete
timetabling problems. Murairwa (2020; 2010) proposed a thimbggion heuristic that was named the
Hybrid Erosion And Deposition (HEAD) metaheuristic thattateés the erosion and deposition proesss
during the development of a mature river. The HEAD metastc can handle the university teaching
timetabling problems because it ptil some imperative concepts from the Tabu Search (Glb986), Ant
Colony (Deneubourg, Aron, Goss, & Pasteels, 1990), and Siduaieealing (Metropolis, Rosenbluth,
Rosenbluth, Teller, & Teller, 1953Which most researchers employed successfully to solvestlent
timetabling problemsAccording to Muklason, Irianti, and Marof2019) manual teaching timetabling is
still creating recurring problems when generating univertgaching timetablesThe general university

teaching timetabling problem is presented in Figure 1.
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Figure 1. University Teaching Timetabling Proorem

Figure 1 presents the university teaching timetabpngblem and its vital stochastic and deterministic
variables. The increasing university new programmessturdent enrolments against the standard time slots
and fixed number of days per week demand high-qualityaeriiéxibility, and dynamic university teaching
timetabling systemsA university teaching timetabling problem demands thesicteration of théecturers’
areas of specialisation (courses taught) and preferestoegnt course enrolmentgnues’ capacities and
availability (classrooms for non-practical coursed Eboratories (computer and medical laboratories, and
moot court for practical courses), time slots, arelriamber of days per week. The main challenge is to
allocate all courses (stochastic varialtitedhe available venues, timeslots, and days per weekifuststic
variables) without creating conflictEhe availability and flexibility of teaching resoura@® limited despite
the increasing demand (Oude Vrielink, Jansen, Hans, &Hittegersberg, 2019) for evolving university
education The lecturers include sabbatical, visiting, graduate tegcassistant, volunteering (Murairwa,
2015; 2014)and full-time and part-time teaching staff memb@amoper(2018)disclosed that some teaching
timetabling systems are dedicated while some are wanany institutions suffer from instruments that have
been surpassed many years agdimetabling technology innovatioiMany universities in Africa and
Zimbabwe in particular are still using manual teaching tinleig systemsThe timetabling problem also
considers the soft and hard rules or constraints. Théisarsbhard rules or constraints affect the whole
university teaching timetabling problem as shownigufe 1. The objective of thresearch was to develop
the HEAD metaheuristic university teaching timetatplinlgorithm (HEADMUTTA) for solving the
university teaching timetabling problem.

Literature Review

Heuristics are general search and optimisation algorithatgre used to solve NP-hard or NP-complete real-
life problems (Murairwa, 2020; 2010) such as university teactimetabling problems. Elloumi, Kamoun,
Jarboui, and Dammak (2014), and de Werra, Asratian, and D({@806@) proved the event timetabling
problens to be NP-hard problems. The most powerful and dominant searchistiesirare metaheuristics
(Murairwa, 2022). Teaching timetabling is a challenge tha&nountered in most academic institutions
(Abdellahi & Eledum, 2017)The most popular metaheuristics for solving timetabivents are the Genetic
Algorithm (Mittal, Doshi, Sunasra, & Nagpure, 2015) anabT Search (Muklason, Irianti, & Marom, 2019;
Arntzen & Lgkketangen, 2005). Some researchers such as Awadpaiksi, and Mahmoo(2022)and, lu
and Hao(2008) apply the Adaptive Tabu Search to generate feasitletables. The teaching timetabling
problem involves the distribution of resources to aviadhes between or among them (Abdellahi & Eledum,
2017). The institutions’ teaching timetabling instruments should be in linehwite current teaching
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timetabling technology innovation (Cooper, 2018). This wei@h indicates that the current teaching
timetabling tools are archaic to handle the currentgexity ofallocating the available timetable variables
that include part-time and full-time lecturgessailable and preferred time slots, hybrid-flexiblefignx)
teaching methods, improved technologies, and ever-chadgngptive, volatile, uncertain, complex, and
ambiguous (DVUCA) (Murairwa, 2022) learning environment.

The hard constraints are compulsory while the soft caing$ are optional (Alencar, Dantas do Nascimento,
Soares, & Longo, 2019When the timetabling problem is NP-complete, it involNesturers who are
teaching at least three groups of courses (de Werra, Asr&tidurand, 2002)A survey conducted found
that 11% of learning institutions were struggling to compenith teaching timetables that reflect the true
reality on the ground since the outbreak of the Ca@gandemic (PhephauFUNDE, 2020). The Covid-19
pandemic brought in a social distancing challenge thatasesethe complexity of solving the teaching
timetabling problem. Hambali, Olasupo, and Dalli@@220)combined the Simulated Annealing and Genetic
Algorithm to form a metaheuristic hybrid named Heurigtaproach that was applied to solve the teaching
timetabling problem. The teaching timetabling prablis a search problem (Al-Jarrah, Al-Sawalgah, & Al-
Hamdan, 2017) that can only be handled by metaheuristics andhyheids. The teaching resources are
limited to the extent that classrooms are shared margstbut the demand for availability and flexibility is
increasing (Oude Vrielink, Jansen, Hans, & van Hillegersi28§9) These conditions make the teaching
timetabling problem more complex and byzantine to solve.

Murairwa (2020; 2010) proposed a Hybrid Erosion And DepositiorA(®)Enetaheuristic that adapts some
concepts from Tabu Search (Glover, 1986), Simulated Anmeéhfetropolis, Rosenbluth, Rosenbluth,
Teller, & Teller, 1953), and Ant Colony (Deneubourg, Aron, Gésfasteels, 1990) metaheuristics. The
HEAD metaheuristic has a feature for further enhancinglth university teaching timetable (UTT). The
feature is very useful in constructing the final feasliler. A mature river to the Oceds a successful
allocation of the course to the lecturer, time sletjue, and day with all the soft and hard rules or contdra
satisfied. However, other heuristics such as dual betitimeal (multi-start) heuristics (Murairwa, 2021) can
also handle teaching timetablingP-hard problems because of the search mechanism used d&y the
algorithms.

M ethodol ogy

The university teaching timetabling system requiremerdsatations are

e Colleges () with u number of colleges;

e Departments (D) witld number of departments;

e Courses (C) with n number of coursEsach course must hagesstudent enrolment number and unique
identifiers of degree and semester ledgdch course must be identified as eithgractical or non-
practical courseA practical course must also be identified by its pcattdiscipline area. A course
cannot be offered more than once per week. Lecture attendamandatory and that plays an important
role in the development of the university teaching tahkhg system;

e Lecturers (L) with | number of lecturers. A lecturer migstch all courses allocated per week. A lecturer
can repeat as long he or she is not scheduled at theetisaensiot on the same day;

e Venues (R, Q, B, E) must be identified as non-practicgiractical venuesClassroors (R) with r
number of classrooms. Each classroom must have aityapEtte classrooms are for non-practical
courses from all colleges and departmef@smputer laboratories (Q) with g number of computer
laboratories. Each computer laboratory musteha capacity The computer laboratories are for
computer-related practical coursbtedical laboratories (B) with b number of medical labatia® The
medical laboratories are for medical-related practioaksesLaw practical (E) with e number of moot
courts and law clinics. The law practical courses dnedwded in the moot court or law clinic;

e Days (V) with v number of days per week (Monday, Tuesday, Welhye Thursday, and Friday).
decision can also be made on whether to include Sgtuattel Sundays to decongest the traditional five
working days. National holiday days are excluded. Eacthdayseveral available three-hour time slots
excluding the & 2 pm lunch hour;

e Time slots (T) with t number of days and h number of hdurgler normal circumstances, lectures
commence at 9 am and end gbrb daily. However, the 8 am up to 8 pm could be considered or th
smooth implementation of the university teaching tirlatg systemEach time slot must be three hours
excluding the & 2 pm lunch hour every day;

o Degree levels (M) with m number of degree levels. Eathise code must identify the degree level of
the course. This may be taken care of by the coursefaodatting approach used;
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e Soft and Hard rules or constraints. Soft constraints {8) svnumber of soft constraints and hard
constraints (X) with x number of hard constraints. Each aunle€onstraint has a penalty value for
breachingt.

The edge, which is the mature river, is an allocatioi® course to the venue, day, time slot, and lecturer
with all the hard and soft rules or constraints satisfighe search duratiditD) in seconds for c cycles of
the HEAD metaheuristic enhancement process (Murair@20;2010) is computed with

c

SD=i(l+yl+yz)i=z<%+h+yz) (1

i=1 {

The search rate function is computed with

g = <0292952K> s 2

The best parameters for the HEAD metaheuristic tatcoat the feasible UTT are the erodibility factor (K
= 0.5) gradient angle (0 =0.7071), flow power to erod@ = 8.2570gm™2), erosion rat¢f = 1.51gs™1),
tolerable soil loss level == 100kg), & = 0, upslope{ = 49), depth of the river (h = 1m), length/slope<(S
0.366m), density o = 0.9982gm™3), viscosity (1 = 1.002mPas.sec), gravitfy = 9.81ms~2), cover-
management factor (C = 1), flow rafe = 2.303m3s™1) and support practice factor (velocity/speed/
friction/carried particles) (P = 1) (Murairwa, 2020; 2010he HEAD metaheuristic university teaching
timetabling algorithm (HEADMUTTA terminates when either f or Tn is reduced to of = 0. The
HEADMUTTA search concept is shown in Figure 2.
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Figure 2: The HEAD Metaheuristic Search Concept

Figure 2 shows the HEAD metaheuristic search concepcfieduling the courses to the lecturers, venues,
time slos, and days during the construction of the feasible untyetsaching timetable (UTT)The
HEADMUTTA selects the best combination of the varahbf the university teaching timetabling problem
to schedule a course. The HEADMUTTA constructs a tour thrdagvard and backward passes. The
algorithm’s forward pass starts from the source (colleges) to the Ocean (krstuand the reverse process is
the backward pass to constracound tour as shown in FigureThere are predetermined soft and hard rules
or constraints that are applied during the constructigdgheofeasible UTT. However, there is a penalty for
breaching each of the rules or constraiffise conditions that are important for the HEADMWA To
successfy construct a feasible UTT are

e A student must attend a lecture per time slot per day.
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The capacity of the venue (R or Q or B grnust be greater than or equal to the number of students
enrolled in the course being scheduled. The practical argescheduled in the discipline-related
practical venues {computer laboratories (Q) or medical &bdes (B) or moot court (E)}. The non-
practical courses across all colleges are scheduled ioldbsrooms (R) that meet the timetabling
criterion.

A lecturer per venue per time slot per dAylecturer can have more than one lecture per day with
different courses and time slots.

A course is scheduled in a venue (R or Q or B or By iénrolment is equal to or greater than three

quarters of the venue’s capacity but less than the capacity of the ve;nuie Venue Capacity <

Course enrolment < Venue Capacity.

A courseis assigned to a venue (R@ or B or E) at a time slot that is available arekts the capacity
requirement criterion. A course offered once per week. A course is offered for at lefisefi weeks
per semester.

University-wide courses should be available to all sttedlefihe university-wide courses cannot be
scheduled at the same time gletourses of the same degree level.

All courses(C) registered must be scheduled per wadlus, each course must be allocated to a venue
lecturer, and time slot every week.

Lecturesstart at aamand end at 5 pm excluding the- 2 pm lunch period. Nevertheless, this condition
can be adjusted according to the university’s operating hours per day.

Tabu moves
The tabu moves are tiNP-hard or NP-complete or simply hard rules or constralitits.tabu (forbidden
or restricted) moves (Murairwa, 2020; 2010) during the cortfruof the UTT are
e A course must be assigned to a venue if and onlyéhitsiment is less than or equal to the vénue
capacity but greater than or equal to thyesters of the venue’s capacity i.e.
% Venue Capacity < Course enrolment < Venue Capacity.

e The practical courses must be assigned to practicakgesnd the non-practical to classrooms.

e A selected course or venue must not be selected againef@ame three-hour time slot per day
despite meeting other timetabling criteria. Thia $&lection without replacement (Murairwa, 2021,
2019) and the concept creates a pool of tabu moves. Tiseptaeduces duplications and conflicts
of the timetabling problem variables.

e The national holidays must be respected by not timatablburses. The national holidays must be
identified and classified as tabu moves.

Soft Rulesor Constraints

e A student must have at most a lecture for the same ttmagtime slot per day. The HEADMUTTA
does not consider repeated courses.

e A lecturer must take only one lecture per three-hour sloeper day. Thus, a lecturer can take

morning and afternoon time slots per day for different sesir

The capacities of the venues must be respected.

A lecturer must teach all allocated courses per week.

The lectures start at 9 am and end at 5 pm. The lumeh(1- 2 pm) should be respected.

Lecturers take courses from all colleges and departmetitsiimspecialisation areas.

The university teaching timetable (UTT) must eventubdlygenerated.

HEADMUTTA Approach

The HEADMUTTA starts by creating rivers through erosiod daposition processes from the colleges
(V) through the departments (D), courses (C), venues (R, B, E, @a® (V), time slots (T) to the
lecturers (L) and return to the starting point to competeir as presented in Figure 2 above. The best
river that meets the soft and hard rules or constrafriteedeaching timetabling problem is selected as a
successful course allocation. The scheduled course mwedstot are stored in the update manager
memory as tabu moves in the next process of credimgiters. The process continues until all the
courses are allocated the venues and time slotsdagedhe initial feasible university teaching timetable
(UTT). The update manager memory stores all tabu movesféoence purposes during the construction
of the feasible UTTThe general structure of the university teaching tinlietglsystem adapted from
Mittal, Doshi, Sunasra, and Nagpure (2015) is presentedjumer3.
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Figure 3: HEAD MetaheuristidJniversity Teaching Timetabling Structure

Figure 3 presents the structure of the HEAD metaheunsiieersity teaching timetabling algorithm
(HEADMUTTA). The HEAD metaheuristic university teaching timetagplgtructure has three phases,
namely, the Input, Construction, and Output (ICO) phases Input phase loads all the requirements of
the university teaching timetabling algorithifine inputs include the names of the colleges, departments,
courses with student enrolments and degree levels, destdays, time slots, and venues (classrooms,
computer laboratories, moot court, and medical laboeso with capacities and locations. The
Construction phase allocatal courses to the lecturers, days, and time slots and £kduither all the
predetermined soft and hard rules or constraints asfiedtiThe Construction phase is divided into two
sub-phases and these are the construction of theaddafinal university teaching timetabl@herefore,

the Construction phase develops and improves the drafblieainiversity teaching timetable into the
final feasible UTT for users through the HEAD Metaligtic University Teaching Timetable
Enhancement (HEADMUTE) process The Output phase displays and prints the draft and the fina
university teaching timetables for the is&he HEADMUTTE process adapted from Murairwa (2020;
2010) is presented in Figure 4.
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Figure 4. HEAD Metaheuristic University Teaching Timetable Entement Process

Figure 4 presents the process of improving the quafitthe draft feasible university teaching timetable
(UTT) produced by the Construction phase. The update managie&x hemory that stes the selected
teaching timetabling problem variables as tabu movée HEAD metaheuristic university teaching
timetable enhancement process (HEADMUTTEP) is the quadiyrance engine of the HEAD metaheuristic
university teaching timetabling algorithffihe algorithm generates a draft UTT in the Constructiongohas
The quality assurance engine improves the draft UTTobyparing the capacities of the venues to the class
enrolments to make sure that high couesmlments are allocated to venues with high capacilibe
Evaluation phase checks whether improvements to &sibfe UTT have been done. The phase also checks
whether all the predetermined soft and hard rules orraintsthave been met and switches off (or terminates)
the enhancement proce3tie Development phase receives the draft (or initiakasible) UTT from the
Evaluation phase. It develops another feasible UTT antpares it with the draft UTT it received from the
Constructioo phase A better feasible UTT as guided by the objective funct®rforwarded to the
Improvement phase for further improvement. The Impr@mnstage employs the gradient chardfg, X

method in the erosion and deposition processiasprove the feasible UTT it received from the Deypehent
stage.

4. Results

4.1 Univerdty Teaching Timetabling Framework
The HEAD metaheuristic concept, the university t@aghimetabling structure, and the metaheuristic
university teaching timetabling enhancement process (MUJT&P integrated to form the HEAD
metaheuristic university teaching timetabling frarodew The HEAD metaheuristic university teaching
timetabling framework is presented in Figure 5
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Figure 5: HEAD Metaheuristic University Teaching Timetablingafework

Figure 5 shows the ICO phases of the proposed HEAD metati@ university teaching timetabling
framework. In the first phase, the HEADMUTTA loads tiequired inputs. The inputs of the university
teaching timetabling algorithm include the colleges (U), depents (D), course€C) (name and course
code) with their enrolments and degree levels (M), vefiBe), B, and E} with their capacities, and

WWw.ijrp.org



Sanley Murairwa / International Journal of Research Publications (1JRP.ORG) ‘.\ JJ RP.ORG

ISSN: 2708-3578 (Online)

76

locations and lecturers (L) with their areas of sgesziion (allocated courses) and days (V) with time slots
(T). The venue selection loop can be adjusted accorditng toumber of practical courses that are offered
by the learning institutiarThe second phase involves the construction of the iditidt university teaching
timetable (CIDUTT) The HEADMUTTA selects the college, department, and coansedecidson the
venue (R or Q or B, or E) to schedule the selected comidninas guided by the type of course, whether
practical or non-practical. In this phase, all the sodt laard rules or constraints mustdasfied to produce

an initial draft UTT. All the courses (C) must be altechto days (V), time slots (T), and lecturers (L) while
the soft and hard constraints (X anfl&e satisfied. The third phase is the output. In this ptteese
HEADMUTTA displays and prints the final feasible UTT foethsers.

4.2 HEADMUTTA Pseudo Code
Procedur e GeneratelnitialDraftFeasibleSolution(IDFS)
FeasibleSolution = 0;
Read Input();
Function Allocate Course to time slot();
Select C;
Check
if Cis Non-practical;
Select R;
else
if Cis Medical practical;
Select B;
else
C is Law practical;
Select E
else
Select Q;
endif
endif
Check
if %Capacitys Enrolment< Capacity;
Schedule C;
else
Select a new venue (R or Q or B or E);
endif
Schedule V;
Schedule T
Schedule L;
whileC< n
Schedule the next C;
endwhile
Solution = CRIDFS_CP)
endprocedure
Function improve IDFS_CP
Procedure HEADMUTTA
Best_FeasibleSolution = 0;
Read_Input();
Function Allocate Course to time slot();
For k=1,2, ... , MAX_ITERATIONSIo
Solution = EP(FS_EP);
Solution = DP(FS_DP);
Solution = IP(FS_IP);
If(FS_IP is better than the best_feasibeSolutiber)
UpdateFeasibleSolution (FS_IP, Best_FeasibleSolution);
endif
endfor
end improvelnitialDraftFeasibleSolution();
return (Best_FeasibleSolution)
print Best_FeasibleSolution
end HEADMUTTA
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5. Conclusion and Recommendations
The hybrid erosion and deposition metaheuristic was emehted to solve the university teaching
timetabling problem. The variables of the universggching timetabling problem are the details of the
colleges, departments, courses (names and course codedhewitanrolments and degree levels, venues
(practical and non-practical) with their capacities aedtions, and lecturers with their areas of speciatisati
(allocated courses) and days with time slots. The peabdybrid erosion and deposition metaheuristic
university teaching timetabling framework develops and avgs the feasible draft and final teaching
timetable respectivelynithree phases, namely, Input, Construction, and Output phiEses, the proposed
Hybrid Erosion And Deposition Metaheuristics Universitfeaching Timetabling Algorithm
(HEADMUTTA) has a feature for improving the draft féds university teaching timetable. The best
feasible university teaching timetable is producechadinal deliverable of the HEADMUTTAThere is a
need to implement the proposed hybrid erosion and deposigtaheuristic university teaching timetabling
framework to construct the university teaching timetabkurther improvement of the framework can be
done to perfect the development.

Areasfor further studies

The researchers can improve the developed universithiteg timetabling framework by introducing different
hybrid metaheuristics in solving the university taagtimetabling problem. The improvement of the ungity
teaching timetabling involves further fine-tuning tid@ncement process for further improving the draft feasible
university teaching timetable produced in the Constructiosgha
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