Intermediate
CHOOSING THE BEST ROUTE
Because time and money are limited resources, it’s important that we make well-informed decisions. Engineers go through a decision making process that involves collecting data, analyzing data, and then making a decision from there. This is demonstrated in the following example:
Fastest
Predict what you think is the fastest way to get from point A to point B. 

[image: ]
Your prediction, from fastest to shortest: ___    ___     ___
Now take the string in front of you and compare how long each one is. 
Were you correct? 

Notice that on all 3 routes, you start and end at the same two points. The only thing that changes is the way you get there. 
What kind of rule can you write about the shortest distance between two points?
Rule: 



So in real life, we are not going to use string to measure everything. We can use math to figure out what the shortest distance is. First we’ll need to learn a little bit more about numbers and math. 

Number Properties
There are 3 basic properties of numbers that you need to know: The Distributive Property, Associative Property, and the Commutative Property. 
 
Commutative
Addition: The order in which you add numbers does not matter. The answer will always be the same. 
5+3 = 8 		3+5 = 8
1 + 28 + 16 = 45		16 + 1 + 28=45
Multiplication: The order in which you multiply numbers does not matter. The answer will always be the same. 
 3 x 6 = 18		6 x 3 = 18
2 x 4 x 3 = 24		3 x 4 x 2 = 24
Associative
Addition: When three or more numbers are added together, the grouping does not matter. The answer will always be the same.
1+ (5 + 12) = 18		(1+5) + 12 = 18
Multiplication: When three or more numbers are multiplied together, the grouping does not matter. The answer will always be the same. 
(3 x 2) x 7 = 42		3 x (2 x 7) 42
Distributive:  This is best explained by showing the example first. Let’s say you have this problem:
3 ( 4 + 2) = ___
The distributive property tells us we have TWO options that will give us the same answer. One, add the two numbers in parentheses first and then multiply by the third number. 
3 ( 4 + 2) = ___
3 x 6 = 18
The second option we have, which will give us the same answer, is to “distribute” the 3 to each of the numbers within the parentheses:
3 ( 4 + 2) = ___
3 x 4 + 3 x 2 = 18

Powers
In math, there are different ways to write the same kind of operations! In this case, we are using powers to represent multiplication. The power number (number in top right corner) signifies the number of times that the number must be multiplied by itself. Try to do the next few examples. The first few have been done for you! 
	What you say
	How it’s written
	What it means
	Answer

	3 squared
	32
	 3 x 3
	9

	2 cubed
	23
	2 x 2 x 2
	8

	2 to the 4th
	24
	2 x 2 x 2 x 2
	16

	5 squared
	52
	
	

	10 cubed
	103
	
	

	11 squared
	112
	
	

	3 cubed
	33
	
	

	8 squared
	82
	
	

	3 to the fourth
	34
	
	


Functions
Functions are equations that define rules for number. Every function has an input, a transformation, and an output. If this is not clear- think about your toaster. You put a piece of bread in, define a setting, and out comes a piece of toast. You don’t always have to put bread in a toaster either- you can put in a pop tart, a bagel, and even a toaster strudel. This is similar to functions.  So here’s what we’re trying to understand then:
Baked Good  Toaster  Toasted Baked Good
Input  Transformation Output
Here is an example of a function: 
f(x) = 5x + 3
· f(x) tells us it’s a function
· 5x + 3 is our “transformation.” In other words, it’s our rule for the number we put in.
· “x” will be our input. 
Let’s say that we would like 2 to be our input, and see it transform. We would write that like this:
f(2) = 5 * 2 + 3
To solve this function, you simply compute the equation.
f(2) = 5 * 2 + 3 = 13

We now can say f(2)=13 


Try to do the following problems. The first one has been done for you. 
	Function
f(x)
	Input
x
	Rewrite equations with input
	Answer
f(x) = ?

	f(x) = 2(x+3)

	4
	f(2) = 2(4+3)
	f(2) = 14

	f(x)=x2-7

	3
	f(3) = 32-7
	f(3) = 2

	f(x)=

	7
	
	

	f(x)=

	25
	
	

	f(x)=9 - x3

	2
	
	



Functions are extremely important in Industrial and Systems Engineering. When engineers make decisions for a project, these decisions need to follow certain rules. The way they define these rules is often with functions.  

Functions and Graphing
 (
y
)Functions define a rule for numbers. When it comes to graphing, functions define the relationship between x and y where one x corresponds to only one y. 
 (
A graph consists of a vertical y-axis, and a horizontal x-axis.
)This is what a graph looks like: 				 
 (
x
)								

Using the terms we learned earlier, you graph your input as “x” and your output as “y”. 
Our function is  f(x) = 2x
Let’s graph a point on this function. 
If x= 2, f(x)= 4, which is also our y-value. When you write a point on a graph, you write it in the form (x,y). So this point on our graph is written as (2,4). We first move along the x-axis 2, and then up the y-axis 4. 
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)The more inputs you put into your function, the more points you will get. Eventually you will be able to just “connect the dots” to the get the line of your graph. Will in the following table for the function f(x)=2x and graph the points on the graph below. 
	x
	f(x)

	1
	

	2
	4

	3
	

	4
	

	5
	 (
1     2    3   4    5   6   7    8    9   10
)

	


 Now connect the dots to form a straight line. 
[image: ]Here are some common functions, along with their graphs: 


		y = x			    y = x2			y = x3


		y=			  y = | x |			y = 
Math Baseball
Now we are going to play some math baseball! 

The class will now be split into two groups. This will be your baseball team. A baseball diamond is drawn on the board.

Each team will be given a list of math problems.

Whichever team is playing defense, or in other words out in the field, will decide which problems they want to “pitch” to the team at bat. The team who is up at bat sends a batter to attempt the problem. If this team member gets the problem right, they go to first base. If they get it wrong, it is an out. The game has the same rules as baseball from here!



Project Networks
Complex projects require many activities that must be completed in either sequential order or simultaneously. Project networks help visualize these relationships by showing the activities in an easy to follow chart. These networks will show what is required from a project’s start to its completion.
Chair Building Activity
Think of how you would go about building a chair. In the space below list the tasks that would be required to build a chair and then place the tasks in order. 




Could any of these activities be done at the same time (simultaneously) instead of sequentially? If so list these activities in the space below.

 

Activities/Nodes
Activities are any specific task and can have these properties:
· Predecessors – Activities that must be completed before the current activity can be completed.
· Durations – Each activity will have a timed duration.

Nodes can be thought of as a junction or meeting place where previous activities meet and can have these properties:
· Number – Each node is numbered in sequential order.
· Earliest/Latest Time – The earliest and latest times the activity must be started in order for the project to remain on schedule.

	Earliest Time
	Latest Time

	Node #





                                                            
                                                                Example of what a node looks like.

The first note always starts with an earliest and latest time of 0.

With earliest time you start from the starting node and work your way to the ending node.
Earliest time for each node = earliest time of previous node + activity duration

Note: If a node has 2 or more activities flowing into it from other nodes, calculate the earliest time from each previous node and use the LARGEST value.

With latest time you start from the ending node and work your way to the starting node.
Latest time for each node = latest time of previous node – activity duration

Note: If a node has 2 or more activities flowing out of it from other nodes, calculate the latest time from each consecutive node and use the SMALLEST value.

Critical Activities/Path

Critical activities are activities that must be completed without a delay in start time; otherwise it will cause a delay.

To determine if an activity is critical use the equation: 
Latest time from consecutive node – earliest time from previous node – activity duration
If this equals 0 then the activity is a critical activity.

Each activity network will have a critical path that connects the start and end events of all critical activities.


Example
	Activity
	Predecessors
	Duration
(Days)

	A
	--
	5

	B
	A
	4

	C
	A
	5

	D
	A
	3

	E
	B
	2

	F
	C,E
	2

	G
	D,F
	1
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)Building a Bridge 
You will now apply your new project network skills to a real life application of building a popsicle stick bridge. The project will consist of 5 main activities:
A. Construct  Bases (Total of 16 glue applications)
B. Construct Connecting Arches (Total of 4 glue applications)
C. Construct Main Section (Total of 16 glue applications)
D. Construct Arches (Total of  5 glue applications)
E. Integration (Total of 36 glue applications)
Before drawing a project network you will need to calculate the activity duration for each activity listed above. In order to do this we will need the number of glue applications required (in numbers of pairs), and the average time required to glue 2 popsicle sticks together. 
To find the time required to glue 2 popsicle sticks together each group member will have a turn and be timed. Fill out your results in the table below:
	Group Member Name
	Time (seconds)

	
	

	
	

	
	

	
	



You will now average results by adding up all the times and dividing by the number of group members. This time is now your group’s average time to glue 2 popsicle sticks together. Record the number below:
Average time to glue 2 popsicle sticks together: _________ seconds
Now that you have the time required to glue 2 popsicle sticks together we can use the following formula to calculate activity duration.
Activity duration = [(average time to glue 2 popsicle sticks together) X (# of glue applications)] + 6(# of glue applications)
Note: We assume the glue takes 6 seconds to dry for each application.
Use this formula to fill out the table below:
	Activity
	# of Glue Applications
	Total Activity Duration (seconds)

	A
	
	

	B
	
	

	C
	
	

	D
	
	

	E
	
	



With the activity durations now determined you can write out the project network in the space below:




Based off of the project network above provide the estimated total project duration time (in seconds):
_____________ seconds

Using the instructions below, start constructing the bridge. Your total time will be recorded and compared to the result you found above from your project network. 
Bases (need 2):
1. Construct a square out of popsicle sticks by gluing 4 popsicle sticks at 90 degree angles. (see figure 1)
2. Repeat step 1 to create a second square.
3.  (
Figure 2
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Figure 1
)Attach the 2 squares together by using 4 more popsicle sticks as pillars with the bottoms of the 4 popsicle sticks attached to 1 square and the tops of the 4 popsicle sticks attached to the another square. [Hint: make sure to use extra glue to ensure the pillars are attached right.] 




Connecting Arches (need 4) Connects to the ends of the bridge
1. Take 2 popsicle sticks and glue them together at a 45 degree angle (see figure 3).
 (
Figure 3
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Main Section (need 2):
1. Construct a rectangle with a length of 2 popsicle sticks and width of 1 popsicle stick by gluing the popsicle sticks at 90 degree angles. To create a length of 2 popsicle sticks, simply take the 2 and overlap the ends by about 1/5 of an inch (see figure 4).
2. At the midpoint of the length of the rectangle, lay another popsicle stick across the rectangle and glue it to both length sides of the rectangle. This will effectively turn the rectangle into 2 squares (see figure 5).
 (
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Arches (need 2):
1. Glue 2 popsicle sticks at a 45 degree angle.
2. Lay another popsicle stick in such a way that it will bisect the 45 degree angle. The tip of the 3rd popsicle stick should be glued where the other 2 popsicle sticks connect to each other (see figure 6).
3. Repeat steps 1 and 2 to create a 2nd set of 3 popsicle sticks.
4. Glue the ends of the 2 sets together in such a way that the 2 bisecting popsicle sticks are parallel to each other and the sets are opening the same direction. Glue the two ends at a 45 degree angle (see figure 7).
 (
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Integration:
1. Use the arches to attach the main section of the bridge together. Glue the arches so that the bottom of the arches are glued to the side of one of the main sections and the top of the arches are glued to the side of the other main section. Further reinforce the main sections by gluing another popsicle stick at each of the 4 corners of the main section. Do this for both sides (see figure 8)
2. Glue the ends of the connecting arches to the main bridge section in such a way that the connecting arches open towards the main section Do this for both ends (see figure 9).
3. Glue the bottom parts of the connecting arches (now attached to the main section) on top of the top portion of the bases. The bottom section of the connecting arches should be completely overlapping the top part of the bases on both ends of the bridge (see figure 10).

 (
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