	Background Information

	Content/Grade Level

	Algebra II

	Unit

	Unit 3 Modeling with Functions

	Lesson Topics

	· Modeling with Arithmetic and Geometric Sequences
· Representing Sequences as Functions
· Using a System of Equations to Model Authentic Situations

	Essential Questions/Enduring Understandings Addressed in the Lesson

	Essential Questions
· When and how is mathematics used in solving real world problems?
· How can modeling be used to represent the solution set to a real world problem?

· What characteristics of problems would determine how to model the situation and develop a problem solving strategy?
· What characteristics of a real world problem inform the selection of appropriate function to model a real world situation?
· How do the parameters of a function relate to a real world situation?

· When and why is it necessary to follow set rules/procedures/properties when manipulating numeric or algebraic expressions?
· How does the mindful manipulation of algebraic properties create equivalent forms of a model that are more useful or efficient?
· How does following set rules, procedures and properties of mathematics support the clear communication of conclusions and ideas?

Enduring Understandings
· Rules of arithmetic and algebra can be used together with notions of equivalence to transform equations and inequalities.
·  Using the rules of arithmetic and algebra, equations or inequalities can be written to represent a real world situation.
· Variables and constants can be identified to represent the essential features in a given situation.
· Analyzing and performing operations on relationships leads to conclusions that can be validated in the context of the original situation.
· The manipulation of algebraic models allows for the identification key features of a given situation.


· Relationships between quantities can be represented symbolically, numerically, graphically and verbally in the exploration of real world situations. 
· A model can be formulated to by creating and selecting geometric, graphical, tabular algebraic, statistical or concrete representations that describe relationships between the variables.

· Relationships can be described and generalizations made for mathematical situations that have numbers or objects that repeat in predictable ways.
· Recognizing patterns leads to the selection of an appropriate model to represent a given a situation.

· Multiple representations may be used to model given real world relationships.

· Mathematics can be used to solve real world problems and can be used to communicate solutions to stakeholders.
· Conclusions and reasoning can be presented and supported through modeling and mathematical representation.


	Focus
Standards Addressed in This Lesson

	F.IF.3  Recognize that sequences are functions, sometimes defined recursively, whose 
           domain is a subset of the integers. For example, the Fibonacci sequence is defined 
           recursively by f(0) = f(1) = 1, f(n+1) = f(n) + f(n-1) for n ≥ 1. (supporting) 

F.BF.1  Write a function that describes a relationship between two quantities. ★
a. Determine an explicit expression, a recursive process, or steps for calculation from a context. (major)

F.BF.2   Write arithmetic and geometric sequences both recursively and with an explicit 
              formula, use them to model situations, and translate between the two forms.★
   (major)
F.LE.2   Construct linear and exponential functions, including arithmetic and geometric 
              sequences, given a graph, a description of a relationship, or two input-output 
              pairs (include reading these from a table). (supporting)
      

	Coherence
Relevance/Connections

	How does this lesson connect to prior learning/future learning and/or other content areas?
Connections to prior learning
In Algebra 1, students became fluent with linear functions and had experience manipulating exponential and step functions.  Experience with domain and range will also be critical as that understanding is extended into arithmetic and geometric sequences.

While progressing through this lesson, students should become aware of the strong connections between standards F.IF.3 and F.BF.2, specifically the relationship between recursive, explicit form of a sequence and their functional representation.  While not required, students may also take advantage of A.SSE.4 to create a more efficient solution process.

Connections to future learning
Students will continue to analyze domain and range and consider the reasonableness of models throughout their mathematics careers.  It is the goal of this lesson to encourage students to appreciate the flexibility of models and have confidence in manipulation to create desired results, especially in contextually authentic situations.

	Rigor
	Procedural Skill
Conceptual Understanding
Modeling 




	Student Outcomes 

	The student will:
· [bookmark: _GoBack]Represent a real-life situation using arithmetic and geometric sequences in both explicit and recursive forms
· Express sequences as linear and exponential functions
· Determine reasonable domains and ranges for a given situation
· Use systems of equations to determine the solution to a dynamic problem.

	Summative Assessment
(Assessment of Learning) 

	What evidence of student learning would a student be expected to produce to demonstrate attainment of this outcome?
· Given a situation in context, students should be able to create arithmetic and geometric sequences and corresponding functions as models.
· Students should be able to judge the reasonableness of their models and determine solutions that accurately address the restrictions of a situation.  (i.e. integer quantities) 

	Prior Knowledge Needed to Support This Learning

	Students need to know:
· how to write an arithmetic and geometric sequence from a list of terms.
· how to write linear, exponential, and step functions from given data.
· By hand for straightforward data.
· By regression for more complicated situations.
· how to set up and solve a system of equation by graphing.

	Method for determining student readiness for the lesson

	How will evidence of student prior knowledge be determined?
· Students will demonstrate prior knowledge through warm up activities leading up to culminating activities.  Students will be able to successfully write linear and exponential functions when given data.
· Students will be able to set up a system of equations.
What will be done for students who are not ready for the lesson?
Students who have not demonstrated the prerequisite skills will be able to perform introductory components, such as completing the scaffolding and developing the sequences early in the lesson.  Teachers may elect to have students complete each of the tables in an exploration 1 and then use small group instruction to move students from the table to the sequence.  Students will then have several opportunities for guided practice and eventually independent work in the lesson.
Students with some knowledge of step functions will be able to move ahead in Exploration 2, but teachers may find that many students will need a brief reminder of range values for step functions and the meaning of the graph.  Several visual explanations of step functions are available on graphingstories.com and take only 3 minutes to view.
Exploration 3 will be new to most students.  Solving systems of nonlinear functions will likely need intensive guidance to remind students of solution strategies similar to those for systems of linear functions.



	Learning Experience

	Which practice(s) does this experience address?
	Component
	Details

	SMP#1 Make sense of problems and persevere in solving them. 
Students look for correspondence between equations, verbal descriptions, tables and graphs as they complete this introductory sorting activity. 
	Warm Up/Drill

	Self-Sorting Activity.

Materials Needed
· Cards for sorting activity (included)
· Graphic Representations of each Function (the graphs will serve as labels for the table groups) (included)

Preparation
· Group desks such that there are 6-8 groups of 3-4 desks, depending on enrollment
· Place a copy of one of the provided graphs in the center of each group of desks.  
· Make one copy of the set of sorting cards.  The sorting cards are the verbal, algebraic and numeric representations of either an arithmetic or a geometric sequence.
· Cut the sorting cards up.
· If you know that you would like a particular group of students to work together, you may choose to assign particular cards to particular students.

Implementation
· Note to teacher:  This Warm Up is to serve as a pre-assessment.  If students seem unfamiliar with terms or are unable to perform aspects of the Warm Up, such as writing an explicit rule for a sequence, look for opportunities to incorporate instruction into the primary lesson activities. There are enough cards for a class of 24.  If you have more than 24 students in your class you could duplicate some of the cards and make the groups a bit bigger.
· As students enter the room, hand him/her a sorting card.
· Cards include algebraic, numeric and verbal representations of the sequence.
· Instruct students to locate the group of desks which displays a graph that is the best match for the representation displayed on their card.
· Once students have formed their groups, instruct the students in each group to discuss how they determined that the graph was another representation for the relationship displayed on their card. 
· Instruct students to confirm that all members of their group are in the correct location.
· Once the class settles into their groups, ask student groups to decide if the relationship represented on their various cards is an arithmetic or geometric sequence.
· Ask each group to report out as to whether their sequences are arithmetic or geometric and describe the characteristics that allowed them to reach the stated conclusion. 

UDL Connections
The activity in this Warm Up adheres to UDL Principle #1 Provide Multiple Means of Representation. As students examine  multiple representations for the same mathematical relationship they are provided with the opportunity to make connections within as well as between concepts.

	
	Exploration 1 



	Materials Needed
· Handouts (provided)
Preparation
· Teachers may elect to group students by ability based on their performance on a pre-assessment of writing functions from tables or sets of data.  Pre-assessment might also include writing of recursive and explicit rules for sequences, depending on whether or not this lesson is used as a culminating activity or an instructional activity.
Implementation
· The scaffolding in the lesson provides guidance for using as a self-directed activity or can be modified as a teacher-directed lesson.
· Teachers will need to remind students that the bandwidth column will not be completed in this exploration.
· Teachers should provide opportunities through the exploration for students to share the patterns they recognize and the transformations that occur in the sequences and functions as various parameters change.
· Specifically focus on how the parameter affects the rate of increase of the viewership.
· As a summarizer for Exploration 1, students should order 3 sequences from “increasing the fastest” to “increasing the slowest” and provide justification for their ordering.

UDL Connections 




	
	Exploration 2 



	Materials Needed
· Handouts pages 13 to 15
· Calculator
Preparation
· Teachers may elect to group students by ability based on their performance on a pre-assessment of writing functions from tables or sets of data.  Pre-assessment might also include writing of recursive and explicit rules for sequences, depending on whether or not this lesson is used as a culminating activity or an instructional activity.
Implementation
· The scaffolding in the lesson provides guidance for using as a self-directed activity or can be modified as a teacher-directed lesson.
· Teachers will need to remind students that the bandwidth column from Exploration 1 will be completed in this exploration.
· Teachers should provide opportunities through the exploration for students to share the patterns they recognize and the transformations that occur in the sequences and functions as various parameters change.
· Specifically focus on which parameter has the greater impact on bandwidth, email checks per day or number of emails sent by a friend in each iteration.
· Additional discussion should consider the models as continuous or discrete.  Is it realistic to “connect the dots” when email is checked with specific frequency?  What are we assuming to create the discrete model?  Is it realistic to assume all email is checked at the same time?  By assuming this, it makes the model easier to understand, but what might the graph look like if email was checked sporadically throughout the day?
· Similar to Exploration 1, as a summarizer, students should order 3 sequences from “increasing the fastest” to “increasing the slowest” and provide justification for their ordering.  Sequences should be within the scope of the exploration.

UDL Connections 




	
	Exploration 3



	Materials Needed
· Handouts pages 16 to 19
· Calculator
Preparation
· Teachers may elect to group students by ability based on their performance on a pre-assessment of domain and range (of nonlinear functions) and setting up systems of equations.
Implementation
· The scaffolding in the lesson provides guidance for using as a self-directed activity or can be modified as a teacher-directed lesson.
· Teachers should provide opportunities through the exploration for students to share the patterns they recognize and the transformations that occur in the sequences and functions as various parameters change.
· Specifically focus on the domain and range of the functions generated in the exploration.  Also discuss the relationship between the term number of a sequence and that is may not necessarily match with the domain value in a data set.
· Ultimately, students will calculate the sum of a geometric sequence.  Teachers are encouraged to let students “struggle” with the topic and try and generate a rule for calculating the sum, prior to direct instruction.
· As a summarizer for Exploration 3, students should order five geometric and arithmetic sequences from “increasing fastest” to “increasing slowest”.  Students will need to justify their ordering.
· As a final takeaway from these three explorations, students need to recognize how parameters affect arithmetic and geometric sequences.  Students also need to detect the relationship between the parameter, term number, and resulting domain and range elements from an arithmetic and geometric sequence.  This, in turn, will allow students to create systems of nonlinear equations and effectively generate reasonable solutions.

UDL Connections 





	Supporting Information

	
	Details

	Interventions/Enrichments
· Special Education/Struggling Learners
· ELL
· Gifted and Talented

	NEEDS ADDITIONAL INFORMATION

	Materials
	All handouts provided within this document.

	Technology

	Graphing calculator (TI-84 or similar)
Projector if teacher elects to use a graphingstories clip in instruction.

	Resources
(must be available to all stakeholders)
	http://www.graphingstories.com
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	Warm Up/Drill : Sorting Cards/ 
· Make one copy of this and the next page. 
·  Cut into squares. 
· Give each student a card. 
· Instruct the student to find their group by matching their representation to the appropriate graph. 

	Martin has $2 in his piggy bank.  Each Sunday, he adds $3 to the bank.
	
		[bookmark: OLE_LINK1][bookmark: OLE_LINK2]x
	y

	0
	2

	1
	5

	2
	8

	3
	11




	Danai has a collection of 17 vampire novels.  On the 13th of each month, she buys another novel.
	
		x
	y

	2
	19

	5
	22

	8
	25

	11
	28




	Bill has $5000 in a trust fund.  On January 5 of each year, he donates $800 to charity.
	
		x
	y

	0
	5000

	2
	3400

	4
	1800

	6
	200




	Latrice is trying to grow 32 tomato plants in her garden.  Each morning, two plants die.
	
		x
	y

	3
	26

	9
	14

	12
	8

	16
	0




	Corbin has 17 fungus spores in his running shoes.  Each day, his shoes have 13 times as many spores as the previous day.
	
		x
	y

	0
	17

	1
	221

	2
	2873

	3
	37349




	Jessie spends $2 with her credit card.  Each Saturday, she spends three times as much as the previous Saturday.
	
		x
	y

	2
	–18

	4
	–162

	6
	–1458

	8
	–13122




	There are 5000 bubbles in a sink.  Initially, five bubbles burst.  In each following minute, eight times as many bubbles burst as in the previous minute.
	
		x
	y

	0
	4995

	1
	4960

	2
	4680

	3
	2440




	Esther has 32 rabbits on her farm.  When she counts the rabbits on the first of the month, she finds that there are twice as many rabbits than in the previous month.
	
		x
	y

	2
	128

	5
	1024

	8
	8192

	11
	65536







	Warm Up/Drill/Labels for the Desks
· Make one copy of this sheet.
· Cut out each graph.
· Place a copy of one of the  graphs on each table grouping.
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Exploration #1
Chain Mail Sequences		
Background
You have just finished filming a new video to review what you learned in Algebra 1.  You call it Some Sequence That I Used to Know, a parody of Gotye’s song Somebody That I Used to Know.  Of course you want to your friends to view your video. You send two people the email message shown below and ask that they view the video and then send the same email on to two more friends and ask that they do the same thing.
Text of Email message
“What’s Up?  Check out my new video at Algebra2b.com/SomeSequence
Can you view the video and then forward this link to two more people. Ask that they view the video and then forward the message as well?  Let’s see how many views we can get!
Thanks!”
Exploration 1
For these first few questions, let us assume that two new people receive the email and then view the video each day.  (Don’t worry; we will be more realistic later!)

On day 0, you send your message to two friends and when they receive the email message, they view the video.  This information is already in the table below.
· On day 1, how many new people receive the email and then watch the video?  Assume that friends will not receive the email more than once.
Complete the table below to help model the number of new email recipients/views of the video each day.
	Day
	New email Recipients/Views of the Video

	0
	2

	 1
	

	2
	

	3
	

	4
	

	5
	



· How can the pattern be described in words?  


· Write a recursive rule for this sequence.

· Write an explicit rule for this sequence.


· How would the recursive and explicit rules change if you begin the process with 3 people instead of 2 people? 4 people?  Complete the tables to help you with your answers to these questions.


	Day
	New email Recipients/Views of the Video

	0
	3

	 1
	

	2
	

	3
	

	4
	

	5
	


[image: ]



	Day
	New email Recipients/Views of the Video

	0
	4

	1
	

	2
	

	3
	

	4
	

	5
	








Exploration #2
Background
Believe it or not, your music video was the first video ever uploaded to Algebra2b.com.  The company will use your 60 second video to conduct a research study on how much bandwidth they will need to purchase.  
In computer networks, bandwidth is often used as a synonym for data transfer rate - the amount of data that can be carried from one point to another in a given time period (usually a second). This kind of bandwidth is usually expressed in bits (of data) per second (bps).

Bitrate, as the name implies, describes the rate at which bits are transferred from one location to another. In other words, it measures how much data is transmitted in a given amount of time. Bitrate is commonly measured in bits per second (bps), kilobits per second (Kbps), or megabits per second (Mbps).


Exploration 2
According to industry website ciena.com, a standard definition streaming video has a bitrate of approximately 2.2 Megabytes per second (Mbps).  
To calculate how much bandwidth Algebra2b.com needs to show the video to all of your friends, use the following formula.
*
*Assume that all of the email recipients on a given day watch simultaneously.













1. Use the data from the three friends to complete problem #1.
a. Use the Bandwidth formula to complete the Required Bandwidth column for the three friend’s data.
	Day
	Email Recipients/ 
Views of the Video
	Required Bandwidth



	0
	3
	

	 1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	



b. Write a function to model this data in which bandwidth, B, is dependent on the days since the video was uploaded, d for this data.

c. Create a graph on the grid below to communicate the bandwidth requirements for each day based on this data.
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	






2. Suppose you find that this process is moving more rapidly then you thought.  You discover that 3 new people receive the  email  and then view the video every 12 hours (or every half of a day) and that each of those people then forward the information to three more people. 
a. Complete the table below to illustrate this scenario.
	Day
	Email Recipients/ 
Views of the Video
	Required Bandwidth (MB)



	0
	3
	

	 0.5
	
	

	1
	
	

	1.5
	
	

	2
	
	

	2.5
	
	

	3
	
	




b. Write a function to model this data in which bandwidth, B, is dependent on the days since the video was uploaded, d for this data.


c. Create a graph on the grid below to communicate the bandwidth requirements for each day based on this data.
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	




3. What would the bandwidth function be if you find that people are checking their email and then viewing the video every 6 hours (or every ¼ of a day)?  
a.  Complete the table below to illustrate this scenario.
	Day
	Email Recipients/ 
Views of the Video
	Required Bandwidth (MB)



	0
	3
	

	 0.25
	
	

	0.5
	
	

	0.75
	
	

	1
	
	

	1.25
	
	

	1.5
	
	

	1.75
	
	

	2
	
	


b. Write a function to model this data in which bandwidth, B, is dependent on the days since the video was uploaded, d for this data.

c. Create a graph on the grid below to communicate the bandwidth requirements for each day based on this data.
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	




4. Write a bandwidth function for the “three friends” data, but assume the friends now check their email 10 times per day or every 2.4 hours.
a. Complete the table below to illustrate this scenario.
	Day
	Email Recipients/ 
Views of the Video
	Required Bandwidth (MB)



	0
	3
	

	 0.1
	
	

	0.2
	
	

	0.3
	
	

	0.4
	
	

	0.5
	
	

	0.6
	
	

	0.7
	
	

	0.8
	
	

	0.9
	
	

	1
	
	


b. Write a function to model this data in which bandwidth, B, is dependent on the days since the video was uploaded, d for this data.

c. Create a graph on the grid below to communicate the bandwidth requirements for each day based on this data.
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	



5. If the pattern in the number of views of the video were to continue as described in problems 1-4 the data would be as shown. Notice to make it easier to compare the various scenarios, only the data for the actual whole number days has been included in this table.
	Day
	Email Recipients/ 
Views of the Video
(one a day data)
	Email Recipients/ 
Views of the Video
(twice a day data)
	Email Recipients/ 
Views of the Video
(4 times a day data)
	Email Recipients/ 
Views of the Video
(10 times a day data)

	0
	3
	3
	3
	3

	 1
	9
	27
	243
	177147

	2
	27
	243
	19683
	531441

	3
	81
	2187
	59049
	1594323

	4
	243
	6561
	177147
	4782969

	5
	729
	19683
	531441
	14348907



a. For each column describe the pattern that is being displayed.
i. Column 2
ii. Column 3
iii. Column 4
iv. Column 5
b. What is the name of the type of sequence being displayed in columns 2 through 4 of this table?


c. For each scenario, write an explicit function to model the relationship between the day and the number of views of the video.
i. Column 2
ii. Column 3
iii. Column 4
iv. Column 5


6. Write an explicit and recursive rule for the bandwidth sequence for the “three friends” scenario where they check email four times a day.





7. For the “three friends” function, what is a realistic domain?  Is all real numbers a good choice?  Why or why not?





8. How does the frequency of checking email affect the domain?  




9. What assumptions need to be made in order to create a continuous bandwidth function?  Does this mean that the friends are continuously checking their email? Explain your answer. 





10. Is it possible to write a recursive or explicit rule for these continuous scenarios? Explain your answer. 

11.  If this process were repeated with the 4 friend’s data what would be the similarities and the differences between what happened with the three friend’s data in problems 1-4?


Exploration #3
Background
The staff at Algebra2b.com has concluded their research study and is now ready to purchase servers to host videos.  They decided that the most likely scenario for a viral video is “three friends checking email 5 times a day.”
Exploration 3
· Write the bandwidth function for this scenario.  Use your work from pages 13 –15 and the table below to help you.


The servers that Algebra2b.com will be purchasing are capable of handling 500 GB of traffic.  
Note that 1 GB = 1024 MB
Complete the table below to help determine the number of 500GB servers needed.
	Day
	New email Recipients
	Required Bandwidth (MB)
	Servers Needed

	0
	3
	
	

	 0.2
	
	
	

	0.4
	
	
	

	0.6
	
	
	

	0.8
	
	
	

	1.0
	
	
	

	1.2
	
	
	

	1.4
	
	
	

	1.6
	
	
	

	1.8
	
	
	

	2.0
	
	
	





· Is it possible to write a function for the number of servers needed, N, dependent on the day, d?




· Would this be a continuous function?  Why or why not?


After seeing your predictions about the number of servers required, they are going to start streaming videos with just one server on Day 0.  A new server will be installed every four days to try and meet demand.
· Write an arithmetic sequence to represent the number of servers.  Include both explicit and recursive forms.




· What does the first term represent?  What does the second term represent?



· Considering the time that passes between each term, write a function to model the number of servers installed, I, dependent on the day, d.  Consider the domain and range of the situation when choosing which function type to use.


· On what day will the bandwidth demands exceed the capacity of the available servers?  Explain your solution strategy using words, symbols, or both.



The staff at Algebra2b.com realizes that adding a 500 GB server every four days will not meet the needs of their potential viewers.
· If they have one server on day 0 and install a server at the beginning of every day after that, will this improve their ability to stream the video to their potential viewers?  Why or why not?





The staff is very optimistic and decides that they should purchase servers with a bigger capacity.  Algebra2b.com will use 1 TB servers, where 1TB = 1024 GB.
· If they have one 1 TB server on day 0 and install a 1 TB server at the beginning of every day after that, on what day will the bandwidth demand exceed the capacity of the available servers?





· What is happening to the bandwidth demands that makes it difficult to keep up with server capacity?  Is it reasonable to expect the website to keep up with demand day after day?







· What is a reasonable number of total unique views for a viral video?


The staff at Algebra2b.com has checked their budget and is willing to keep up with demand until there are one million total unique views.
· Use what you know about geometric sequences and your table from page 16 to help you determine at what time, in days, one million total unique views occurs.  Round your answer to the nearest tenth of a day.









· How many simultaneous views are occurring at that time?






· If Algebra 2b.com has one 1 TB server at the beginning of day 0, how often should they install a new 1 TB server to keep up with demand until they reach one million total unique views?  For example, “Algebra2b.com should install one 1 TB server every 8 hours.”





[image: ]To conclude this exploration, consider that Gangnam Style now has more than one billion views on YouTube and Google is estimated to own millions of servers around the globe.  Algebra2b.com has a long way to go! 














































	


Exploration #1/Answer Key
You have just finished filming a new video to review what you learned in Algebra 1.  You call it Some Sequence That I Used to Know, a parody of Gotye’s song Somebody That I Used to Know.  Of course you want to your friends to view your video. You send two people the email message shown below and ask that they view the video and then send the same email on to two more friends and ask that they do the same thing.
Text of Email message
“What’s Up?  Check out my new video at Algebra2b.com/SomeSequence
Can you view the video and then forward this link to two more people. Ask that they view the video and then forward the message as well?  Let’s see how many views we can get!
Thanks!”

Exploration 1
For these first few questions, let’s assume that 2 new people receive the email and then view the video each day.  
(Don’t worry; we will be more realistic later!)

On day 0, you send your message to two friends and when they receive the email message they view the video.  This information is already in the table below.
· On day 1, how many new people receive the email and then watch the video?  Assume that friends will not receive the email more than once.
Complete the table below to help model the number of new email recipients/views of the video each day.
	Day
	New email Recipients/Views of the Video

	0
	2

	 1
	4

	2
	8

	3
	16

	4
	32

	5
	64



· How can the pattern be described in words?  
The number of people who open the email and then view the video doubles each day.
· 

Write a recursive rule for this sequence. 
· 
Write an explicit rule for this sequence.  

· How would the recursive and explicit rules change if you begin the process with 3 people instead of 2 people, and each of the three people email 2 people? Complete the table to help you with your answer to this question.
 (
Recursive 
Explicit
)
	Day
	 (
[Type a quote from the document or the summary of an interesting point. You can position the text box anywhere in the document. Use the Text Box Tools tab to change the formatting of the pull quote text box.]
)New email Recipients/
Views of the Video

	0
	3

	 1
	6

	2
	12

	3
	24

	4
	48

	5
	[image: ]96



· How would the recursive and explicit rules change if you begin the process with 4 people instead of 2 people, and each of the four people email 2 people? Complete the table to help you with your answer to this question.
	Day
	New email Recipients/
Views of the Video

	0
	4

	1
	8

	2
	16

	3
	32

	4
	64

	5
	128


 (
Recursive 
Explicit
)



















· How would the recursive and explicit rules change if you begin the process with 3 people instead of 2 people, and each of the three people email 3 people? Complete the table to help you with your answer to this question.
 (
Recursive 
Explicit
)
	Day
	 (
[Type a quote from the document or the summary of an interesting point. You can position the text box anywhere in the document. Use the Text Box Tools tab to change the formatting of the pull quote text box.]
)New email Recipients/
Views of the Video

	0
	3

	 1
	9

	2
	27

	3
	81

	4
	243

	5
	729



· How would the recursive and explicit rules change if you begin the process with 4 people instead of 2 people, and each of the four people email 4 people? Complete the table to help you with your answer to this question.
	Day
	New email Recipients/
Views of the Video

	0
	4

	1
	16

	2
	64

	3
	256

	4
	1024

	5
	4096


 (
Recursive 
Explicit
)












· Write a concluding statement based on the observations made during Exploration 1.







Exploration #2/Answer Key
Background
Believe it or not, your music video was the first video ever uploaded to Algebra2b.com.  The company will use your 60 second video to conduct a research study on how much bandwidth they will need to purchase.  
In computer networks, bandwidth is often used as a synonym for data transfer rate - the amount of data that can be carried from one point to another in a given time period (usually a second). This kind of bandwidth is usually expressed in bits (of data) per second (bps).

Bitrate, as the name implies, describes the rate at which bits are transferred from one location to another. In other words, it measures how much data is transmitted in a given amount of time. Bitrate is commonly measured in bits per second (bps), kilobits per second (Kbps), or megabits per second (Mbps).


Exploration 2
According to industry website ciena.com, a standard definition streaming video has a bitrate of approximately 2.2 Megabytes per second (Mbps)[footnoteRef:1].   [1:  http://www.ciena.com/connect/blog/What-Netflixs-1-billion-video-hours-streamed-means-for-bandwidth.html] 

To calculate how much bandwidth Algebra2b.com needs to show the video to all of your friends, use the following formula.
*
*Assume that all of the email recipients on a given day watch simultaneously.










12. For this problem use the scenario that begins with you emailing three friends and each of your three friends then emails 3 friends.
a. Use the Bandwidth formula to complete the Required Bandwidth column for the three friend’s data.
	Day
	Email Recipients/ 
Views of the Video
	Required Bandwidth



	0
	3
	396

	 1
	9
	1188

	2
	27
	3564

	3
	81
	10692

	4
	243
	32076

	5
	729
	96228



b. Write an explicit and a recursive function to model this data in which bandwidth, B, is dependent on the days since the video was uploaded, d for this data.


                       
c. Create a graph on the grid below to communicate the bandwidth requirements for each day based on this data.




















13. Suppose you find that this process is moving more rapidly then you thought.  You discover that 3 new people receive the email and then view the video every 12 hours (or every half of a day) and that each of those people then forward the information to 3 more people. 
a. Complete the table below to illustrate this scenario.
	Day
	Email Recipients/ 
Views of the Video
	Required Bandwidth (MB)



	0
	3
	396

	 0.5
	9
	1188

	1
	27
	3564

	1.5
	81
	10692

	2
	243
	32076

	2.5
	729
	96228

	3
	2187
	288684




b. Write an explicit function to model this data in which bandwidth, B, is dependent on the days since the video was uploaded, d for this data. Why would it be a problem to write a recursive function to model this scenario? 

          
 A recursive function makes use of a domain that is always an integer. In this scenario the domain now includes values that are not integers.    
  
c. Create a graph on the grid below to communicate the bandwidth requirements for each day based on this data.















14. What would the bandwidth function be if you find that people are checking their email and then viewing the video every 6 hours (or every ¼ of a day)?  
a.  Complete the table below to illustrate this scenario.
	Day
	Email Recipients/ 
Views of the Video
	Required Bandwidth (MB)



	0
	3
	396

	 0.25
	9
	1188

	0.5
	27
	3564

	0.75
	81
	10692

	1
	243
	32076

	1.25
	729
	96228

	1.5
	2187
	288684

	1.75
	6561
	866052

	2
	19683
	2598156


b. Write an explicit function to model this data in which bandwidth, B, is dependent on the days since the video was uploaded, d for this data. Why would it be a problem to write a recursive function to model this scenario? 

          
 A recursive function makes use of a domain that is always an integer. In this scenario, the domain now includes values that are not integers.    
c. Create a graph on the grid below to communicate the bandwidth requirements for each day based on this data.







15. Write a bandwidth function for the “three friends” data, but assume the friends now check their email 10 times per day or every 2.4 hours.
a. Complete the table below to illustrate this scenario.
	Day
	Email Recipients/ 
Views of the Video
	Required Bandwidth (MB)



	0
	3
	396

	 0.1
	9
	1188

	0.2
	27
	3564

	0.3
	81
	10692

	0.4
	243
	32076

	0.5
	729
	96228

	0.6
	2187
	288684

	0.7
	6561
	866052

	0.8
	19683
	2598156

	0.9
	59049
	7794468

	1
	177147
	23383404


b. Write a function to model this data in which bandwidth, B, is dependent on the days since the video was uploaded, d for this data.


c. Create a graph on the grid below to communicate the bandwidth requirements for each day based on this data.








16. If the pattern in the number of views of the video were to continue as described in problems 1-4 the data would be as shown. Notice to make it easier to compare the various scenarios, only the data for the actual whole number days has been included in this table.
	Day
	Email Recipients/ 
Views of the Video
(one a day data)
	Email Recipients/ 
Views of the Video
(twice a day data)
	Email Recipients/ 
Views of the Video
(4 times a day data)
	Email Recipients/ 
Views of the Video
(10 times a day data)

	0
	3
	3
	3
	3

	 1
	9
	27
	243
	177147

	2
	27
	243
	19683
	531441

	3
	81
	2187
	59049
	1594323

	4
	243
	6561
	177147
	4782969

	5
	729
	19683
	531441
	14348907



d. For each column describe the pattern that is being displayed.
v. Column 2  each term is the previous terms times 3
vi. Column 3  each term is the previous terms times 9
vii. Column 4  each term is the previous terms times 81
viii. 
Column 5  each term is the previous terms times 
e. What is the name of the type of sequence being displayed in columns 2 through 4 of this table?
                   geometric
f. For each scenario, write an explicit function to model the relationship between the day and the number of views of the video.
v. 
Column 2  
vi. 
Column 3   
vii. 
Column 4   
viii. 
Column 5   
17. Write an explicit and recursive rule for the bandwidth sequence for the “three friends” scenario where they check email four times a day.


           Recursive

 
18. For the “three friends” views of the email function, what is a realistic domain?  Is all real numbers a good choice?  Why or why not?

The set of real numbers is not a good choice for the domain of the three friends function.   A continuous domain would imply a continuous range which is this scenario would translate to partial views of the email.
19. How does the frequency of checking email affect the domain?  

The frequency of checking email defines a pattern that will determine the description of the domain.

20. What assumptions need to be made in order to create a continuous bandwidth function?  Does this mean that the friends are continuously checking their email? Explain your answer. 



21. Is it possible to write a recursive or explicit rule for these continuous scenarios? Explain your answer. 


22.  If this process were repeated with the 4 friend’s data what would be the similarities and the differences between what happened with the three friend’s data in problems 1-4?


Exploration #3/Answer Key
Background
The staff at Algebra2b.com has concluded their research study and is now ready to purchase servers to host videos.  They decided that the most likely scenario for a viral video is “three friends checking email 5 times a day.”
Exploration 3
· Write the bandwidth function for this scenario.  Use your work from pages 13 –15 and the table below to help you.


The servers that Algebra2b.com will be purchasing are capable of handling 500 GB of traffic.  
Note that 1 GB = 1024 MB
Complete the table below to help determine the number of 500GB servers needed.
	Day
	New email Recipients
	Required Bandwidth (MB)
	Servers Needed

	0
	3
	
	

	 0.2
	
	
	

	0.4
	
	
	

	0.6
	
	
	

	0.8
	
	
	

	1.0
	
	
	

	1.2
	
	
	

	1.4
	
	
	

	1.6
	
	
	

	1.8
	
	
	

	2.0
	
	
	





· Is it possible to write a function for the number of servers needed, N, dependent on the day, d?




· Would this be a continuous function?  Why or why not?


After seeing your predictions about the number of servers required, they are going to start streaming videos with just one server on Day 0.  A new server will be installed every four days to try and meet demand.
· Write an arithmetic sequence to represent the number of servers.  Include both explicit and recursive forms.




· What does the first term represent?  What does the second term represent?



· Considering the time that passes between each term, write a function to model the number of servers installed, I, dependent on the day, d.  Consider the domain and range of the situation when choosing which function type to use.


· On what day will the bandwidth demands exceed the capacity of the available servers?  Explain your solution strategy using words, symbols, or both.



The staff at Algebra2b.com realizes that adding a 500 GB server every four days will not meet the needs of their potential viewers.
· If they have one server on day 0 and install a server at the beginning of every day after that, will this improve their ability to stream the video to their potential viewers?  Why or why not?





The staff is very optimistic and decides that they should purchase servers with a bigger capacity.  Algebra2b.com will use 1 TB servers, where 1TB = 1024 GB.
· If they have one 1 TB server on day 0 and install a 1 TB server at the beginning of every day after that, on what day will the bandwidth demand exceed the capacity of the available servers?





· What is happening to the bandwidth demands that makes it difficult to keep up with server capacity?  Is it reasonable to expect the website to keep up with demand day after day?







· What is a reasonable number of total unique views for a viral video?


The staff at Algebra2b.com has checked their budget and is willing to keep up with demand until there are one million total unique views.
· Use what you know about geometric sequences and your table from page 16 to help you determine at what time, in days, one million total unique views occurs.  Round your answer to the nearest tenth of a day.









· How many simultaneous views are occurring at that time?






· If Algebra 2b.com has one 1 TB server at the beginning of day 0, how often should they install a new 1 TB server to keep up with demand until they reach one million total unique views?  For example, “Algebra2b.com should install one 1 TB server every 8 hours.”





[image: ]To conclude this exploration, consider that Gangnam Style now has more than one billion views on YouTube and Google is estimated to own millions of servers around the globe.  Algebra2b.com has a long way to go! 


	Warm Up/Drill : Sorting Cards/ 
· Make one copy of this and the next page. 
·  Cut into squares. 
· Give each student a card. 
· Instruct the student to find their group by matching their representation to the appropriate graph. 

	Martin has $2 in his piggy bank.  Each Sunday, he adds $3 to the bank.
	
		x
	y

	0
	2

	1
	5

	2
	8

	3
	11




	Danai has a collection of 17 vampire novels.  On the 13th of each month, she buys another novel.
	
		x
	y

	2
	19

	5
	22

	8
	25

	11
	28




	Bill has $5000 in a trust fund.  On January 5 of each year, he donates $800 to charity.
	
		x
	y

	0
	5000

	2
	3400

	4
	2800

	6
	200




	Latrice is trying to grow 32 tomato plants in her garden.  Each morning, two plants die.
	
		x
	y

	3
	26

	9
	14

	12
	8

	16
	0




	Corbin has 17 fungus spores in his running shoes.  Each day, his shoes have 13 times as many spores as the previous day.
	
		x
	y

	0
	17

	1
	221

	2
	2873

	3
	37349




	Jessie spends $2 with her credit card.  Each Saturday, she spends three times as much as the previous Saturday.
	
		x
	y

	2
	–18

	4
	–162

	6
	–1458

	8
	–13122




	There are 5000 bubbles in a sink.  Initially, five bubbles burst.  In each following minute, eight times as many bubbles burst as in the previous minute.
	
		x
	y

	0
	4995

	1
	4960

	2
	4680

	3
	2440




	Esther has 32 rabbits on her farm.  When she counts the rabbits on the first of the month, she finds that there are twice as many rabbits than in the previous month.
	
		x
	y

	2
	128

	5
	1024

	8
	8192

	11
	65536




	Warm Up/Drill/Labels
· Make one copy of this sheet.
· Cut out each graph.
· Place a copy of one of the  graphs on each table grouping.
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