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5 4 Optimization Problems I:
Creating the Model

Create models to represent optimization problems.
b x = ¥ & bredenda
b = # ok s bt

« A florist is ordering bracken fern and baby's breath for bouquets
and centrepieces.

» No more than 100 stems of baby's breath will be ordered. é. ‘00
* More than 100 stems of bracken fern will be ordered. S \w
* The florist has space to store no more than 250 stems, in total. X

e ls eiclh of thesfellowing a combination she can order? Explain. X _\,“ 4_-'360
~J

Ba@ s | Bracken
Breath Fern
0 150 Ve
25 25 >(
50 150 v
100 100 >(
95.5 1145 ) )< )
100 150 \’/
150 125 Y

Only points (0, 150), (30, 150) , (100, 150) are possible solutions because
they are in the solution region and belong to the correct number set (whole
numbers). Points (25, 25), (100, 100), and (150, 125) are not in the solution
region, even though they have whole-number coordinates. Point (95.5, 114.5)
looks like it is a possible solution. However, it is not from the correct number
set, so it is not a solution.
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INVESTIGATE the Math

A toy company manufactures two types of toy vehicles: sport-utility vehicles
and racing cars.
* Because the supply of materials is limited, no more than 40 mcin?cars

and 60 sport-utility vehicles can be made each day.
* However, rh?%ompany can make 70 or more vehicles, in total, each day.
* It costs $8 to make a racing car and $12 ro make a sport-utility vehicle. *
There are many possible combinations of racing cars and sporc-urility
vehicles that could be made. The company wants to know what
combinations will result in the minimum and maximum costs, and
whart those costs will be.

2,649 mm

4432 mm

@ How can this situation be modelled?
A.  What are the two variables in this situation?

B. Write a system of three linear inequalities to represent these
conditions:
« the total number of racing cars that can be made b <40
o the toral number of sport-uriliry vehicles thar can be made % & 00
« the total number of vehicles that can be made XA 270

C. What do you know about the restrictions on the domain and range of
the variables? Explain.

D. Graph the system. Choose at least two points in the solution region
that are possible solutions to the system.

E. What quantity in this situation needs to be minimized and
maximized? Write an equation to represent how the two variables
relate to this quantiry.

Answers

A. number of sports utility vehicles and number of racing cars

B. Let x represent the number of sports utility vehicles, and let y represent
the number of racing cars.

Total number of racing cars: y= 40 — SO‘l)
Total number of sports utility vehicles: x = 60— S0 Ia
Total number of vehicles: y+X =70 — S o\
C. The restrictions are X = W and y € W, because only whole numbers of
vehicles make sense.
D. e.g., (50, 20) and (40, 35)

y=40
X =60
y+XxX=70

Racing Cars and Sports Utility Vehicles

1001,
90
80
701
60

so\ion
sk

(3¥ Ieaaé \aQ Cansk
XEV e

50
401

Number of racing cars

30
20
10

L X
1020 30 40 50 60 70 8O 90 100
Number of sports utility vehicles

E. The total cost of producing the mo types of toys, C.

=Byt Iax CO&;\\«@. w ?u\l'\(\
\)o ‘\OSY S(G\V\\

mugt be optimized:

November 25, 2015



foundations11ch5lesson4 after.notebook November 25, 2015

Reflecting

F.  Each combination below is a possible solution to the system of linear
inequalities:
i) 40 racing cars and 60 sport-utility vehicles
ii) 40 racing cars and 30 sport-utility vehicles
iii) 10 racing cars and 60 sport-utility vehicles
iv) 30 racing cars and 40 sport-utility vehicles

Use your equation from part E to calculate the manufacturing cost for
cach solution. Whar do you notice?

Answers
G -
F. i) S$1040 — %b-l‘ Ix = O{\@ ’t\b(@) = 3501/ _IBO = (d-fo
ii) $680
iii) $800
iv) §720
Each combination costs a different amount; the combination of 40 racing

cars and 30 sports utility vehicles costs the least of these combinations,
and 40 racing cars and 60 sport-utility vehicles costs the most. The other

combinations are in between.
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APPLY the Math

EXAMPLE 1
whole-number variables

Three teams are travelling to a basketball tournament in m%ﬁvans

and cars.

* Each téam has no more than 2 coaches and 14 athletes.

* Each car can take 4 team members, and each minivan can take
6 team members.

* No more than 4 minivans and 12 cars are available.

The school wants to know the combination of cars and minivans

that will require the minimum and maximum number of vehicles.

Create a model to represent this situation.

Juanita’s Solution

Let x represent the number of minivans.
Let y represent the number of cars.

November 25, 2015

Creating a model for an optimization problem with

The two variables in the problem are the number
----==---1 of cars and the number of minivans. The values of

these variables are whole numbers.

X €E Wandy € W

Constraints: ' N
| knew that this is an

optimization problem

because the number of vehicles
has to be minimized and

x=4 maximized.

Number Of team membcrs:

4y+6x =48

Number of cars available:
y =12
Number of minivans available:

| wrote three linear inequalities
to represent the three limiting
conditions, or constraints .

The maximum number of
team members is the number
of teams multiplied by the
maximum number of coaches
and athletes:

3(14) + 3(2) = 48
“

pu
| created an equation, called

the objective function ,
to represent the relationship

Objective function:
Let Vrepresent the total number

of vehicles.

V=y+ x between the two variables
{number of minivans and
number of cars) and the quantity
to be minimized and maximized

Jnumber of vehicles).
Number of Cars and
Minivans &
Ay i | graphed the system of three
144 7y inequalities.

. Lo i i y=12 ] One of the solutions in the

g10¢ - . feasible region represents the

5 o A combination of cars and minivans

g c e that results in the minimum

E G TR Y 6 x =48 total number of vehicles and

Z 4 [S another solution represents the

, N maximum. | think | could use the
IR X objective function to determine
0 L T W = each paint, but | am not certain

Number of minivans khow yet.

optimization problem

A problem where a quantity
must be maximized or
minimized following a set
of guidelines or conditions.

constraint

A limiting condition of the
optimization problem being
modelled, represented by a
linear inequality.

objective function

In an optimization problem, the
equation that represents the
relationship between the two
variables in the system of linear
inequalities and the quantity to
be optimized.

feasible region

The solution region for a system
of linear inequalities that is
modelling an optimization
problem
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Let x represent the number of minivans.
Let y represent the number of cars.
X EWandyE W

Constraints:

Number of cars available:
y=12

Number of minivans available:
X=4

Number of team members:
4y+ 6x = 48

yen | x4 | hy+bx <43

®© y=1 Ox=4 1p ‘hyr(ox:%&

® x mt (y=0) Y ik (x<0)

HO)vox= 4R | Hy+6)=1
X=3 =19

(,Q) (0,12)

4 UE  shade the
<O){ %O) ?(&hﬂ. &,J‘ulr(

©0) Ir%

Y <\o /((“Q

,‘\A

solubion of 4 o vans
1S S‘\lvp\d \oecause )(é\«\,‘ﬁé\ﬁ
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Key Ideas

* To solve an optimization problem, you need to determine which
combination of values of two variables results in a maximum or
minimum value of a related quantity.

* When creating a model, the first step is to represent the situation
algebraically. An algebraic model includes these parts:

- a defining statement of the variables used in your model

- astatement describing the restrictions on the variables

- a system of linear inequalities that describes the constraints

- an objective function that shows how the variables are related to
the quantity to be optimized

* The second step is to represent the system of linear inequalities
graphically.

+ In optimization problems, any restrictions on the variables are
considered constraints. For example, if you are working with positive
real numbers, x = 0 and ¥ = 0 are constraints and should be included
in the system of linear inegualities.

Need to Know

* You can create a model for an optimization problem by following
these steps:

Step 1. Identify the quantity that must be optimized. Look for key
words, such as maximize or minimize, largest or smallest,
and greatest or /east.

Step 2. Define the variables that affect the quantity to be optimized.
Identify any restrictions on these variables.

Step 3. Write a system of linear inequalities to describe all the
constraints of the problem. Graph the system.

Step 4. Write an objective function to represent the relationship
between the variables and the quantity to be optimized.

Assignment: page 248

Questions 1, 2, and 3

November 25, 2015
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Qptimization Problems I ¢

RUAUTTONS => SN Creating he Model

L. @QS\%—%S of fruit+ are being prepared To sell.

. E:qc,h basl{et contains at+" least § apples
and at leas+ & oranges-

* Apples <ost+ 20¢ cach, ond oranges 35¢ each.
The budget allows no more +han ‘37) I '5'0‘5‘01,
for Hhe’Fruit in €ach basket.

Answer each part below +o create G mode!
+Hat could be used 4o determine +he
combination of apples and oranges that
Will result 'n +he maximum number of
pleces of fruit (n a basKet.
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a) What are +he +wo variables n +his situation?
Pescri be any restrictions.

Defining Statements

e+ X represent the number of apples.
KEt y represent the number of oranges.

muwst sit
b) Write a system of linear i\we%uala‘+\‘es

+0 represent each constraint :
Constraints

Restrictions YEAN , U €0 (# of aggtclg é'oroé}ggs

1) The number of apples In_each baskKet
3_&,5)\ 25, XEW, YeW}

Solid Line
1) the number of orances in each basKet-

1 (xyy)| Y6, XEW, YyEw}

Solvd Line



foundations11chblesson4 after.notebook November 25, 2015

i) The cost of each basket (in cents).
$6C,9) | 20x +35y £ 100 , XEW, YyeW ]
\id Uine

d) Graph the system.
0) E’.cumh'ons of boundaries.
Ly X=5 L;,H:G: u@omssa---:oo
@ Two points on each boundary Oeint & y-int)$
L x=5 (0.K) L5Y=6 (0K) Ly DOX +35y=T00
* Verticalfine % Morizontal X-int! —int:
Aine. 2ox=100 3¥\ =700
D6 OO0 9 J5 35
X =39 N =00

10
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Test Point(0,0)5

K25
¥ Test point
not recbufred
(Shade on the
riaht of +he
boundar\j)

L >0
% Tes+t point
not re_cLuivce!
(Shade above
+he boundar\\j)

November 25, 2015

Ly DOX +35tl <700

L.S R.S.
DOoX+385y | 100
D0 (0)+35(0)

O+ O

@

Since <700,
(0,0) is lacated
in the solution
rea{on .

11
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Graph:
Fruit+ BoskKe+ (ontents.

il

0
g

c

1%
O
B bk g " i. il ] ~
- o i -« -« i RS . S ’ 5

o 24 10 12 M 1!1 0 21 24 2% zl 30 4 JC I 40 ’:(.
[ Apples | |

12
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d) Wrte the objective function that cepresents
how +he guaontity to be maximize
relates +8 the Vvariables.

l\:e:,i“ l\.{rrepreserﬁ' +he number of preces
of fruit iIn +he basket

Ob\);cc;-ﬂ-;‘ve function s N = x+vy

13
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2. A tost-food concession stand sells
hotdogs and hamburgers.

« DailySales can be as high as 300
hamburgers and hot do combined.

+ TThe 6+§mcl has room +¢ Stock no more
+Han 00 hot d@gs and No Mmore +han
IS0 hombumers.

+ Hot dogs ate sold for 83.25, and
hamburgers are sold for \ﬁ"-hs.
Create mode! +hat could be used
+o0 determine +he combination of
homburaers and hotdogs +hat will
result ¥Yin maximum ales.

14
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SoruToN
P P W

Defining Statements

ket x represent the number of hotdogs.
L&t Y represent +he number of hamburgers.

het R represent +he sales revenue.

Constraints Restrictions

{069 X = 200 ,'x&w,}jew}

{(.Xﬂjﬂ Y£150 , XEW, YEW]

1oyl X+ £300, X EW,YEWS
Obyjective Function: R= 3.25 X+ 475y

15
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To Grophi

@ Ecbucﬁr{ons of boundaries:

Ly X = 200 Ly B"—- \ 50O Ly X+ =300
@ Two points on each boundary -t & y-int) ¢
Ly X=200 (OK.) x% 150 (O.K) Ly X+ =300
% Vertical line cizontal (ine  X-in: Vit

X+0=300 O+\=300
X=300 3=500

16
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@ Test Point (0,0) 2

Ly, X< 200 L)_‘;ﬁﬁ 150 Ly X+y<£300
¥ Test point ¥ Test pc)irﬂ' 1.8, R.S.
not required. ot required. X+ 300

(Shcxde. onthe (sShade Below O+ 0O

left+ of Hhe He boundqrtj) o
bOundOt‘S)

vince O<£300,
(0,0) S locoted
inthe solution
rf:S\'on :

17
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@ Graphs

November 25, 2015

Fast-Food Stand Sales

18
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3. A vendx‘na Machine GeHSJufce and pop -

* The machine holds, a+ moS'ﬂ')cDLlO cans of drinks.
¢ Sales From +he vending Machine Show
+hat gt least 9 cans o Juice are Sold

for each can pop -
+ Fach can of Juice sells for \M.OO, and

each can of pop Sells for ## 1.5
Create a mode! +hot could be used to
determine the maximum revenue $rom
the \rcndmg machine -

19
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Dolutrion

Definin State'r'nen-ts

(&t X represent the number of cans of juice.
het Y represent the number of cans of pop

Let+ R represent the revenue.
Constraints Restrictions

{(:x)&)i X2y, REW, 36@}

16y x vy £940, XEW, Yyew}

Objec-'ri\(e Function e PC"- |.OOX + ﬂ.é)S'j

20
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To Graph?
® 5%.1&*'1‘0{\5 of boundaries §
Ly X':Q.\'; Ly X+Yy=240

@ Two points on eadh boundary x-int & Y-t

L> X=2y Ly X4y =240
X-ints  y-ints X-1nte y-ints
%= 2(0) “_9_3_=h X +O=Q40 O+ty=240
X=0 2 Z X =240 W= 2R,
=N

% We need o
£ind another point-

AL x=20,

QO =
ol
IO= N

(20,10)

21
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@ Test Point(0,20)3

Ly &.S. R.S.
K PR

O 2020)

0O

Since 0£40,(0,20)
'S not located in

+he sSolution regn'on.

November 25, 2015

Test Point (0,0)2

LS. ] R.S.
X Ty 240
O+ 0O

O

Since 0<240,(0,0)
13 located in
The sSolution region .

22
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