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Discipline/Course: Discipline: Mathematics

Course: Modern Mathematics

Course Title:

Modern Mathematics B: Management Science

Prerequisite(s):

Algebra 2 and Teacher Recommendation Advised

Program of Studies

Course Description:

Modern Mathematics is a discrete mathematics survey course that explores mostly non-algebraic
contemporary mathematics topics. The topics provide glimpses into other ways of thinking mathematically,
and have interesting applications to everyday life. Together, they highlight algorithmic, graphical,
algebraic, statistical, and analytic approaches to solving problems. Modern Mathematics is a course for
students who want to learn about mathematical topics that have been discovered in the past 100 years and
can be applied in modern times. In this course, students develop quantitative reasoning, mathematical
modeling skills, and communication of ideas.

In Modern Mathematics B: Management Science, students learn the mathematical approaches to efficiency
and how to manage valuable resources, like time, money, or energy. Students learn the mathematics of
getting around, travel and touring, networks, and scheduling. Students learn to design efficient pathways,
manage valuable resources, and create networks that connect people and things. They learn effective ways
to manage a project through scheduling. Students engage in problem-based situations and may have
varying outcomes. The challenge is to get the optimal solution when dealing with in actual situations.
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Course Essential
Questions:

e What happens when we put mathematical theory into practice?
How can mathematical approaches help us manage effectively?
e How can models help us describe and solve complex real-life situations?

Course Enduring

e Using mathematical algorithms, theorems, and graphical models, we can create more efficient

Understandings: solutions.
e Using models, we turn a real-life problem into a mathematical one.
e Reaching an optimal solution depends on evaluating options and choosing strategically.
e Modeling allows us to take a large-scale issue and make it a simpler problem to solve. The methods
of solving the model can be applied to solve the large-scale problem using technology.
Duration: Semester 0.5 Credit (s)
Credit: O Full-Year O 1.0 Credit(s)
[J 1.5 Credit(s)
0 N/A
Course Excursions in Modern Mathematics (10th), Peter Tannenbaum, Pearson
Materials/Resources:
FPS Course Exploring and Understanding (EU)
Academic [J Synthesizing and Evaluating (SE)
Expectation(s): [J Creating and Constructing (CC)

Conveying Ideas (CI)
[J Collaborating Strategically (CS)
[J Using Communication Tools (UCT)

Year at a Glance
(Units):

Unit 1: The Mathematics of Getting Around (~8 classes)
Unit 2: The Mathematics of Touring (~8 classes)

Unit 3: The Mathematics of Networking (~8 classes)
Unit 4: The Mathematics of Scheduling (~12 classes)

Mathematics Modern Mathematics B_ Board of Education Proposed 4



FAIRFIELD

PUBLIC SCHOOLS

Mathematics Modern Mathematics B Board of Education Proposed 5



FAIRFIELD

PUBLIC SCHOOLS

Mathematics Modern Mathematics B Board of Education Proposed 6



FAIRFIELD

PUBLIC SCHOOLS

Unit Number and Title: | Bnitd—TFhe Mathematies-of Paths-and—Jouring ireuits;
Problems;<&The-Cost-of Being-Conneetedy
Unit 1: The Mathematics of Getting Around

Duration: ~ 8 classes
Resource(s): Fextbook-Excursions in Modern Mathematics (10th). Chapter 5
Unit overview: In Unit 1, students are introduced to Graph Theory. Using street routing problems, students explore

ways to create efficient travel routes. They look at different settings and applications, in a
scaled-down size, knowing that the learning can be applied on a larger scale. They look at graphs, a
key mathematical tool that allows them to tackle street routing problems. They apply mathematical
theorems and algorithms to these problems to develop strategies to solve street-routing problems in
general.

Learning Goals

Standard(s):

MP.2 Reason abstractly and quantitatively.
MP.3 Construct viable arguments and critique the reasoning of others.

MP.4 Model with mathematics.

MR.8 Look for and express regularity in repeated reasoning.
Note: The concepts in Unit 1 extend beyond the CCSS for high school mathematics

Essential Question(s): o—Whatis-the-differenee-betweenrapath-and-aetrentt?
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e What happens when we put mathematical theory into practice?
e How can mathematical approaches help us manage effectively?
e How can models help us describe and solve complex real-life situations?

Enduring
Understanding(s):

e Using mathematical algorithms, theorems, and graphical models, we can create more
efficient solutions.

e Using models, we turn a real-life problem into a mathematical one.

e Modeling allows us to take a large-scale issue and make it a simpler problem to solve. The
methods of solving the model can be applied to solve the large-scale problem using
technology.

Learning Goal(s): Content (Students will know...)
Students will be able to

use their learning to:

e street routing problems: finding ways to route the delivery of goods and/or services to an
assortment of destinations.

o graph concepts and types.
m simple connected graph.
m simple disconnected graph.
m graphs with names and not letters.
m airline route maps.
m friendship graphs.
m bridges.

o Euler’s paths and circuits.

o Euler’s circuit theorem.

o Euler’s path theorem.
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o Fleury’s algorithm.
Skills: (Students will be able to...)

e find the valence of each vertex in a graph.

e represent the vertices and edges of a graph as an adjacency matrix, and use the matrix to
solve problems.

e investigate and describe valence and connectedness.

e determine whether a graph is planar or non-planar.

e determine that every planar graph has a chromatic number that is less than or equal to four,
based on the four-color map theorem.

e apply the four-color map theorem to multiple maps.

e apply the elements of graph theory to solve street routing problems.

e solve the Bridges of Konigsberg problem.

e cxplore the differences between a path and a circuit.

e determine if a graph has an Euler path or circuit and find one if either exists.

e apply the Euler circuit algorithm to solve optimization problems.

e determine the number of edges in a complete graph.
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Unit Number and Title: | Enpit—FheMathematies-of Paths-andTouring ireuits;
SatesmanProblems; & The-Cost-of Being-Connected)
Unit 2: The Mathematics of Touring

Duration: ~8 classes

Resource(s): Fextbook-Excursions in Modern Mathematics (10th), Chapter 6

Unit overview: In Unit 2, students build on the previous unit through the lens of optimizing the route of the traveler.
The traveler has to visit specific locations and may have a set of costs. The street-routing problems
that were used in unit 1 now change to a traveling salesman problem. The solution to the traveling
salesman problem is a “trip” that starts and ends at one site and visits all the other sites. The optimal
solution is a trip of minimal cost. Using knowledge about paths and circuits, students apply various
algorithms to find the best routes possible.

Learning Goals

Standard(s):

MP.2 Reason abstractly and quantitatively.
MP.3 Construct viable arguments and critique the reasoning of others.

MP.4 Model with mathematics.

MR.8 Look for and express regularity in repeated reasoning.

Note: The concepts in Unit 2 extend beyond the CCSS for high school mathematics
Essential Question(s): o—Whatts-the-differenee-betweenapath-and-aetrentt?
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e What happens when we put mathematical theory into practice?
e How can mathematical approaches help us manage effectively?
e How can models help us describe and solve complex real-life situations?

Enduring
Understanding(s):

e Using mathematical algorithms, theorems, and graphical models, we can create more
efficient solutions.

e Using models, we turn a real-life problem into a mathematical one.

e Modeling allows us to take a large-scale issue and make it a simpler problem to solve. The
methods of solving the model can be applied to solve the large-scale problem using
technology.

Learning Goal(s): Concepts (Students will know...)
Students will be able to
use their learning to: e traveling salesman problems: a metaphor for problems that have a common mathematical

structure dealing with paths, sites, and costs.
o Hamilton circuit and paths.
m Brute-Force algorithm.
o Nearest Neighbor algorithm.
o Repetitive Nearest Neighbor algorithm.
o Cheapest Link algorithm.

Skills: (Students will be able to...)

e determine if a graph has a Hamilton path or circuit and find one if either exists.
e count the number of Hamiltonian circuits for a complete graph with # vertices.
e compare and contrast the differences between Euler and Hamilton.
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e define the different types of algorithms that exist: optimal, inefficient, efficient, and
approximate.

e calculate the optimal solutions to graphs and charts that have Hamilton circuits using one of
the following algorithms: brute-force, nearest neighbor, repetitive nearest neighbor, and
cheapest link.
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Unit Number and Title:

Problems;&The-Cost-of Being-Connected)
Unit 3: The Mathematics of Networks

Duration: ~8 classes
Resource(s): Fextbook-Excursions in Modern Mathematics (10th), Chapter 7
Unit overview: In Unit 3, students are introduced to networks and related structures such as trees and spanning trees.

The unit starts with real-life networks: social networks, six degrees of separation, power grids, and
small networks that are easy to manage. They are introduced to the concept of trees and spanning

trees of a network. They then look at optimization of networks and an algorithm for finding an
optimal solution.

Learning Goals

Standard(s):

MP.2 Reason abstractly and quantitatively.
MP.3 Construct viable arguments and critique the reasoning of others.

MP.4 Model with mathematics.
MR.8 Look for and express regularity in repeated reasoning.

Note: The concepts in Unit 3 extend beyond the CCSS for high school mathematics

Essential Question(s): +—Whatts-the-differencebetweenapath-and-aetreuit?
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e What happens when we put mathematical theory into practice?
e How can mathematical approaches help us manage effectively?
e How can models help us describe and solve complex real-life situations?

Enduring Manetv orte
Understanding(s): he-ch re-to

e Using mathematical algorithms, theorems, and graphical models, we can create more efficient
solutions.

e Using models, we turn a real-life problem into a mathematical one.

e Modeling allows us to take a large-scale issue and make it a simpler problem to solve. The
methods of solving the model can be applied to solve the large-scale problem using
technology.

Learning Goal(s): Concepts (Students will know...)
Students will be able to
use their learning to: e networks: a connected graph, simple networks.

o social networks.

o six degrees of separation.

o power grids.

e trees: a network with no circuits.

O spanning trees: a subtree of the network that spans all the vertices.

© minimum spanning tree (MST): in a weighted network, a spanning tree with the least
total weight.

© maximum spanning tree: in a weighted network, the spanning tree with the highest
total weight.

o efficient and optimal algorithms for MSTs: Kruskal’s algorithm.
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Skills: (Students will be able to...)

e define the following vocabulary words: tree, spanning tree, shortest network, network,
minimum spanning tree.
e use Kruskal’s, Prim’s, and Dijkstra’s algorithms to find the shortest spanning tree.

+—fnd-the-vatenee-ofeachvertexinagraph
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Unit Number and Bait2:-Unit 4: The Mathematics of Scheduling: Chasing the Critical Path

Title:

Duration: ~12 classes

Resource(s): Fextbook: Excursions in Modern Mathematics, 10th edition, Chapter 8

Unit overview: In Unit 4, students explore the coordination and organization of a project, which is about scheduling. In

any scheduling problem, there are processors, tasks, processing times, and formal restrictions.
Scheduling then becomes a directed graph. Students learn the common algorithms for solving
scheduling problems, keeping in mind the general rules of creating schedules- that there is a priority
list.

Learning Goals

Standard(s): A.CED.1: Create equations and inequalities in one variable and use them to solve problems.

MP.2 Reason abstractly and quantitatively.

MP.3 Construct viable arguments and critique the reasoning of others.
MP.4 Model with mathematics.

MR.8 Look for and express regularity in repeated reasoning.

Note: The concepts in Unit 4 extend beyond the CCSS for high school mathematics

Essential
Question(s):
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e What happens when we put mathematical theory into practice?
e How can mathematical approaches help us manage effectively?
e How can models help us describe and solve complex real-life situations?

Enduring rery-scheduter’s-dream: hest™ 94 rotgh &
Understanding(s): e Using mathematical algorithms, theorems, and graphical models, we can create more efficient
solutions.
e Reaching an optimal solution depends on evaluating options and choosing strategically.
e Modeling allows us to take a large-scale issue and make it a simpler problem to solve. The
methods of solving the model can be applied to solve the large-scale problem using technology.
Learning Goal(s): Content: (Students will know...)
Students will be able

to use their learning
to:

e scheduling “characters.”
processors or “workers.”
the tasks.
processing times.
precedence relations (formal restrictions).
optimal schedules.
o optimal finishing times.
directed graphs or digraphs: a graph in which the edges have directions associated with them.
priority-list scheduling: tasks prioritized in the order we prefer to execute them.
decreasing time algorithm: prioritize bigger jobs first, then leave small jobs to last.
critical paths and the critical path algorithm: the greater the amount of work that lies ahead of
that task, the sooner that task should be started.

O O O O O

Skills: (Students will be able to...)
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schedule tasks on two or three “machines.”
create critical paths.
schedule independent tasks.
find efficient ways to pack “bins.”
solve conflicts using colors.
solve scheduling problems by:
o determining precedence relations.
O creating a priority list.
o creating a project digraph.
O using one or more processors or workers.
e optimize solutions via the:
o decreasing time algorithm.
o critical path algorithm.
e discuss the efficiency of these algorithms.

(13 b 2
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http://www.corestandards.org/Math/Content/HSG/MG/A/1/
http://www.corestandards.org/Math/Content/HSG/MG/A/3/
http://www.corestandards.org/Math/Content/HSG/SRT/A/2/
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