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Module Planning Template 
Using Computers to Solve Graph Coloring Problems
Total Number of Lessons: 3
Total Time for Module: 165 min

SECTION 1: MODULE OVERVIEW AND CURRICULAR CONNECTIONS

· Module overview: In this module 8th grade students will be introduced to a real-world problem involving airline scheduling, learn a graphical way to solve the problem, test several algorithms for heuristic solutions, and learn basic coding to implement a chosen algorithm. 
 
· Module goal: Students will be able to look at a problem and think of ways to break it down into pieces. They will then look for models to represent the scenario. They will understand the sequential flow of programming and the necessity to have feedback in the system to check their progress. 

· Module scope and rationale: This module requires several days in order to introduce students to new ways of thinking (graph coloring) as well as training them in basic coding skills. It has an interactive component as well, when the students in groups attempt to find the best algorithm “by hand” solving the problems on the board without the computer. 

· Connection to standards: Indiana Standards: Computer Science 6-8.DI.1, 6-8.PA.2, Science and Engineering Process Standards SEPS.1, SEPS.2, SEPS.3; NGSS Standards: Engineering Design MS-ETS1-2; ITEEA Standards: 8.F, 12.J; CSTA Standards: Algorithms and Programming 2-AP-10, 2-AP-11. 

· RET materials/ideas to be leveraged: Graph coloring is a real-world methodology to solve scheduling problems (as well as other np-hard problems). In this RET a new way to compute the solutions is being tested. Vanadium oxide devices can be coupled together in tunable ways that can mimic the parameters of the problem to be solved. The devices synchronize their oscillatory features and sort out into groupings that can give good solutions to the problems. The theory for this has been demonstrated for problems of a certain size and experimental confirmation supports even smaller problems. Motivation for this work is to find a computationally more efficient way to solve big problems like airport transportation schedules, nursing, conference, or even school schedules.

· Prior knowledge needed for module: This module does not require any prior knowledge. Counting is an important feature in determining the algorithms by hand.





SECTION 2: OVERVIEW OF MODULE FRAMEWORK

· Real-world context: Scheduling Problems

· Possible Lesson Ideas: An explanation of the types of problems that can be solved by graph coloring needs to be discussed. Explore the immensity of the problem by looking at airport and nurse scheduling. Connect to the scheduling of our own schools’ classes. Some information about the current status of computing/power limitations can lead into the need to use alternative physics-based computing modalities like the VO2 coupled oscillator. The connection between these two topics is that the very large graph coloring problems takes exponential time to solve!


· Background STEM content: Engineering Design and Process with Algorithms

· Possible Lesson Ideas: The graph coloring that we will be doing in the project can be solved using very many different algorithms. The students will work in small groups (3-4 people) to solve some graph coloring problems, paying attention to the steps they used. They will formalize their algorithm and test it with other groups on new problems. After gathering data they will reassess and modify their algorithm and turn in a final draft.


· Final Project: Implementation with Python Code

· Possible Project Ideas: Here the students will be working individually on the Colaboratory platform to learn some basic python programming commands. Then they will run code that solves the same graph problems they did by hand. Lastly, they will choose among some different graph problems using the same code (advanced students can modify/update the algorithm to match their favorite methods from the first step).

· Possible Project Deliverables: The students will be able to run code that solves the graph problem of their choice, using the algorithm of their choice. 








SECTION 3: MODULE SEQUENCING AND ASSESSMENT

· Description of sequenced learning objectives: This module should be able to be completed in three class periods. On the first day the students are introduced to the ideas of the module concepts (described below) and begin the work of coloring graphs. On the second day the students focus on developing and testing algorithms for solving graph coloring. On the third day the students are in the computer lab and see how the algorithms are incorporated into code.
· Day 1 – Open with a real-world scheduling problem. Ask for suggestions how to solve it. Introduce the super visual method of graph coloring. (Mention this can be used to represent maps, seating plans and sudoku puzzles as well!) Together work through a simple schedule (see Resources) – translating to a graph and color it together. Explain that as the number of nodes increases the time it takes to check all solutions becomes VERY LARGE. Transition into a little information about computer processing and how the current architecture has limitations unless you can compute in parallel. Then state that research is investigating various natural process approaches. Linking together semiconductors and letting them find their natural oscillations can represent solutions to problems! Lastly, perform the assessment for day 1.
· Day 2 – Place students in small groups of 3-4 students each. It may be a good idea to place them by ability (ie. strong students together in a group, as opposed to mixed abilities). Give all groups the same medium difficulty graph problem to solve and the question guide to help them formalize the steps they take to color their graph. Then the students test their algorithm by having other groups follow their steps on one of two new graphs. They compare their results (how many colors it took for each graph) with the rest of the class and then possibly modify their algorithm. They turn in a final copy at the end of the period.
· Day 3 – At the beginning of the class two groups who had different, but successful algorithms present their steps the rest of the class. Then we move to the computer lab to see how these processes can be performed quickly by the computer. Each student works independently and accesses the Google Colaboratory file shared with them. They will input the graphs we studied on the previous day using some standard algorithms. They will investigate the code and look for ways to modify it to incorporate their preferred method.

· Description of formative assessment approaches: 
· Both Day 1 and Day 2 has work collected which will enable to the teacher to confirm that the students understand the framework of how to solve these puzzles and the logical thinking process necessary to minimize the colors needed.
· Day 3 is more of an exploration, and no formal assessment is needed. Each student will be able to gain some experience with the text-based and widely used coding language, python. More advanced students will have ample time to find ways to manipulate the program to perform other tasks.

SECTION 4: FINAL COMMENTS AND ATTACHED FILES

· Recommendations for implementation: 
· It is great to have space to spread out, tables and/or whiteboards, with colored pencils or dry erase markers, for the Day 2 activity.
· Day 3 requires access to the internet with a gmail account.

· List of attached files:

· LessonAssessment.docx
· This should be used for individuals to color a graph on their own, to see if they understand the main principles
· There is an extension included that connects the graph to a scheduling problem. 

· DeltaFlightMap.pdf
· This should be used as a visual for the real-world example opening.

· Resources.docx
· This includes some info and web addresses for videos and other info.

· GroupAlgorthm.docx
· This has three graphs to color and questions to guide the students through the thinking process.

· [bookmark: _GoBack]The Google Colaboratory file is still in the process of being created.
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