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1. Problem Deconstruction
A problem that many college project groups are facing is that they cannot find a regular time to meet up a number of times. Each member of the group has a number of lectures during the week, a part-time job, and other commitments. Thus, in order to complete a college project and work on it in the college, group members need to find a regular time to meet up in the college in order to work on their project in the college. Computational thinking is key to solving this problem for a number of reasons. The problem can be decomposed into a number of problems that can be solved independently. There are a number of levels of abstraction that can be used. There are a number of patterns that can be recognized in solving the problem. And, finally, an algorithm can be designed to solve the problem.
There are several stakeholders involved in this problem. There are the students in a group for a college project. The group leader is also a stakeholder in this problem. The lecturer for the students' courses is another stakeholder in this problem. The problem solver gathers the busy and available times for each member of the group. The possible meeting times or slots are then created. Some of the possible meeting times or slots are impossible so they are removed from the list of possible meeting times or slots. The remaining possible meeting times or slots are then ranked in some order. The members of the group are then notified of the possible meeting times or slots and asked to confirm their choice for a meeting time. For each member, the primary meeting time and a backup meeting time are recorded.
1.1 Requirements and Constraints
MoSCoW can be used to prioritize requirements to determine the Musts, Shoulds, Coulds and Won’t Haves [1]. Musts are the requirements that must be included in order to achieve the objectives of the basic solution. Musts, Shoulds, Coulds and Won’t Haves are categorized as hard constraints (constraints which cannot be broken) and soft (constraints which express preferences). The hard constraints for this problem are the meeting time limits (i.e. finishing before the weekly deadline), the meeting duration (i.e. long enough to discuss matters), and avoiding time conflicts with members’ compulsory classes and work shifts (i.e. declared work shifts). If no fully common time exists for a meeting, a solution may relax some soft constraints in order to maximize attendance. The time of the meeting must not conflict with the deadline.


	Priority
	Requirements for this solution

	Must Have:
	Collect all schedules, use the required duration, exclude hard conflicts, meet before weekly deadline, return single selected slot.

	Should Have:
	Minimize conflicts; Rank the preferences as fairly as possible; Provide a ‘backup’ time; Request confirmation from the attendee(s).

	Optional (Would Like To):
	Send reminders, support online attendance, reuse repeating availability, export to a calendar.




1.2 IPO Model and Variables
The IPO Model contains inputs, processes and outputs for the proposed solution. The inputs are the member’s schedules, meeting duration, member preferences and solution deadline. The processes for the proposed solution are validation, generation, filtering, ranking and solution confirmation. The outputs are the selected meeting, an alternative meeting, a list of meeting participants and meeting reminders. The relevant variables for this IPO Model are the members, availability, busySlots, meetingDuration, weeklyDeadline, candidateSlots, attendanceCount, conflictCount, selectedSlot and backupSlot. Constants for this IPO Model are the deadline and the required duration for one run of the scheduling solution. Other variables change for each run of the scheduling solution.
2. Proposed Solution and Explanation
There are many scheduling problems which can be represented as small constraint-satisfaction problems and/or optimization problems. Thus, we use Constraint-based scheduling, treating problems as a set of constraints that have to be satisfied before preferences are considered [2]. A real meeting scheduling model represents participant’s availability as a central constraint [3]. Therefore, for the meeting scheduling problem the following control structures are relevant: sequence (for normal sequence of actions), selection (for choices between Yes/No options) and iteration (for checking all members and all candidate slots).
2.1 Logical Process
1st Step - Input Data: The Group Leader inputs the Weekly Deadline for the meeting and the Meeting Duration. Each group member inputs his/her hard commitments as well as his/her unavailable periods for the meeting. Optional preferred periods for the meeting by each group member are also input by the Group Leader. The system checks for completeness of all input data. If any data is missing, the system prompts for input of missing data again and again until all data is complete.
Next, filtering is applied to the candidateSlots to remove any slots that will finish after the given deadline, are too short, or hard and/or soft conflict with one or more members' commitments. First, any invalid meetings are removed from the candidateSlots. Then, the system checks if all of the required information has been entered by each of the group members. If not, the system prompts the group members for the required information until all of the necessary information has been entered for all group members. Thus, filtering first removes any invalid meetings and then checks for completeness of data entered by group members. In other words, an invalid meeting should never gain a high score merely because several members prefer it. Thus, if one or more slots allow everybody to attend a meeting, only those fully feasible slots are continued. If none of the slots allow everybody to attend a meeting, the system keeps the deadline fixed but searches for the highest attendance. The system may recommend online participation or a short follow-up meeting for absent members. The reasons for absence are recorded as timetable conflicts and not as personal reasons. Therefore, the reasons for absence are recorded transparently.
To ensure the best meeting for the group, candidateSlots are ranked based on the rules of primary, then secondary, then tertiary, and finally fourthly to ensure the best meeting for the group. In ranking candidateSlots, the primary rule is to increase attendance. The second rule is to decrease the total number of conflicts, both hard and soft. The third rule is to satisfy any member’s preferences for dates and times. The fourth rule is to include as useful a buffer as possible to the agreed upon weekly deadline. To rank candidateSlots, a simple score function can be used: Score = (10 * attendanceCount) - (6 * conflictCount) + preferencePoints + deadlineBufferPoints. Again, the weights for attendance, conflict, preference and buffer are agreed upon by the group leader and are only used after all hard constraints have been enforced.
When selecting a slot for a meeting, the system picks a slot for the meeting and a backup slot for it in case the first fails to meet the needs of the members of the group. In that case the system asks for confirmation from the agreed minimum number of members of the group for scheduling a meeting and for sending out a reminder to attend the meeting. If in the end the minimum agreed number of members fail to confirm attending the meeting, the system offers the backup slot for a meeting or picks, within an agreed time frame, other candidates for a meeting within the given deadline. The system will finally display details for the meeting, i.e. the date of the meeting, the start time for it and the end time for it, the members attending it, the type of the meeting (physical or virtual meetings) and the confirmation status of the members of the group attending the meeting.
2.2 Pseudocode Representation
We could then transfer this to a visual or text-based programming language. For starters we could make a list of all the intervals before the weeklyDeadline and of length meetingDuration to add to candidateSlots. For each of the slots we would then initialize attendanceCount and conflictCount to 0. We would then count the number of times each member would be available for the current slot (i.e. the slot does not overlap with busySlots of the member) and add this to attendanceCount. If the member is not available for the current slot (i.e. the slot overlaps with busySlots of the member) then we would add the number of times the member is not available for the current slot to conflictCount. We would repeat this for every member in the group. If every member is available for the current slot then we would add the slot to validSlots. After checking all of the slots for all of the members in the group, if validSlots is empty then we would look for the candidates with the maximum attendance and add them to validSlots. We would then look for the score of each valid slot and find the slot with the highest score, which would be selectedSlot, and the next highest scoring slot, which would be backupSlot for the selectedSlot. We would then output both of the selected slots to the user and request input for confirmations from the user. We would then check if the minimumAttendance value was met for the selectedSlot. If it was, then we would output the final meeting to output to the user. If not, then we would set the selectedSlot for the selectedSlot to the backupSlot for the selectedSlot and request input for confirmations from the user again. The selectedSlot would then be the backupSlot for the selectedSlot and the final meeting would have been found.
[image: ]
2.3 Decision Points, Assumptions and Testing
The important decisions for this solution are described in this section, along with the many assumptions that the solution makes. The input schedule is checked for completeness. Valid slots (i.e. time slots that are contained in a number of schedules) are searched for in the schedules of all members. All slots in which all members can attend are searched for, and the maximum number of members that can attend a given slot is determined. Finally, whether enough members confirm a given meeting is determined.
I intend to use a trace table to test out the normal cases as well as the exceptional cases. For instance, the following scenarios would be tested out. Case A: A 60 minute schedule for before Friday would pick this. Case B: Several common slots are found. The highest ranked of these is picked. Case C: No fully common slots are found. In such a case the solution would aim to maximize the number of people attending the meeting and at the same time adhere to the deadline constraint. Case D: The input contains missing data. In such a case we would return to the input. Case E: Post-deadline availability only is found. In such a case we would return and report that no valid meeting can be scheduled for this group at this time.
These so called boundary tests have to be done. A schedule ending at the deadline of a weekly schedule is a valid schedule. A schedule ending one time slot after the deadline of a weekly schedule is not a valid schedule. A slot equal in length to the meetingDuration is a valid slot. A slot shorter than the meetingDuration is a removed slot. These tests check for the correct usage of the comparison operators in the most important decisions of the program. Before tracing the algorithm through all the cases, the expected output for every case has to be written in order to make visible an incorrect result instead of accepting it because the algorithm finished.
The Decomposition method is very effective for me. First of all the data collection and validation is “unwrapped” and made into a linear process of generating, filtering, ranking and confirming candidates for time slots. This made it a lot easier for me to organize the solution. Abstraction was also effective as it enabled me to compare personal schedules without looking at any private details.
As for an alternative to an informal poll in a group chat, I think the above solution is more solid. First of all, the same constraints are always applied. Then there is a backup of the solution, a record of the reasons for the choice made and the solution is generic. This means that, for example, changing the members, the duration of the meetings, or the deadline does not change the underlying process of the solution. This is why constraint-based scheduling is justified in the first place on the basis of the requirement for feasibility before optimization [4]. MoSCoW is used to ensure that only the essential requirements for calendar integration and reminders (optional) do not distract from the essential requirements for the deadline and the availability of the members.
Upon developing the above solution, several limitations were encountered with the above approach. Firstly, incorrect or outdated schedules could form the basis of the solution. Secondly, no algorithm can create time that does not exist. The above decomposition of the task maximises attendance at meetings. Thus each member of the group could be disadvantaged on each occasion. The group should return to and review the fairness of the schedule on a regular basis, i.e. every few weeks. Lastly, the scoring weights are subjective and thus would require redefinition at a later date.
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