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53 Graphing to Solve Systems

of Linear Inequalities

Solve problems by modelling systems of linear inequalities.

EXPLORE...

» What conclusions can you make about the system of linear
inequalities graphed below?

SAMPLE ANSWER

Any or all of the following solutions are acceptable:

It represents a system of two linear inequalities, each with a straight
boundary and a solution region.

One linear inequality is v = —2x + 3, and the horizontal inequality is
v = —2. I determined y = —2x + 3 using the slope and y-intercept and
the form v = mx + b, and I was able to identify y = —2 because it’s a
horizontal line through —2 on the y-axis.

Both inequalities include the possibility of equality because the
boundaries are solid.

The solution set of the system is represented by the overlapping region
because it’s where the solution regions for the two linear inequalities
overlap. The solution set includes points along the boundaries of the
overlap.

The domain and range are from the set of real numbers because the
solution region is green and not stippled.

All four quadrants are included so there are no restrictions on the set of
real numbers.
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LEARN ABOUT the Math

A company makes two types of boars
on different assembly lines: aluminum
fishing boats and fibreglass bow riders.

When both assembly lines are
running at full capacity, a maximum
of 20 boats can be made in a day.

The demand for fibreglass boats
is greater than the demand for
aluminum boats, so the company
makes at least 5 more fibreglass
boats than aluminum boats each day.

November 19, 2015

@® What combinations of boats should the company make each day?

EXAMPLE 1
system of inequalities

Mary’'s Solution: Using graph paper

Let x represent the number of aluminum fishing boats.
Letyrepresent the number of fibreglass bow riders.

x € Wandy € W

The relationship berween the two types of boats
can be represented by this system of inequalities:

X +y'=20
X+ 5=y
X+ y=20
yintercept: x-intercept:
0+y=20 x+0=20
=20 =20
(0, 20) (20, 0)
x+3=y
frintercept: X-intercept:
0+5=y x+5=0
y=5 x=-5
0,5) (—=5,0)
x+5=y
S +s5s=y
0=y

(5,10)isa point on this boundar}'.
Test (0,0) in x +y = 20,

LS | Rrs

x+y 20

0+0 Tewe
0

Since 0 = 20, (0, 0) is in the solution region.

Fibreglass vs. Aluminum
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Test (0,0)inx + 5=y

LS | Rrs

x+5 y FA(/Z
0+5 0

5

Sinee 5 is not less than or equal to 0,
(0, 0 is not in the solution region.

Solving a problem with discrete whole-number variables using a

s

rl knew | could solve this problem by representing
the situation algebraically with a system of two
linear inequalities and graphing the system.

Since only complete boats are sold, | knew that
x and y'are whole numbers and the graph would
Gonsist of discrete points in the first quadrant
I ; B 5

The two inequalities describe
* a combination of boats to a maximum of 20.

® at least 5 more fibreglass boats than aluminum
| boats.

rTo graph each linear inequality, | knew | had to
graph its boundary as a stippled line, and then

_| shade and stipple the correct half plane.

To graph each boundary, | wrote each linear
equation and then determined the x- and
\}_"-intercepts so | could plot and join them.

For x+ 5 =y | knew (=5, 0) wasn't going to be a
point on the boundary, because it's not in the first
quadrant, so | chose another paint by solving the
equation for x = 5.

| tested point (0, 0} to determine which half plane
to shade for x +y = 20.

| drew a green stippled boundary connecting (0, 20)
and (20, 0) and shaded the half plane below it
orange, because the solution region is discrete.

| tested (0, 0) to determine which half plane to
shadefor x + 5= Y
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LEARN ABOUT the Math

A company makes two types of boats
on different assembly lines: aluminum
fishing boats and fibreglass bow riders.
* When both assembly lines are
running at full capacity, a maximum
of 20 boats can be made in a day.
* The demand for fibreglass boats
is greater than the demand for
aluminum boats, so the company

makes at least 5 more fibreglass
boats than aluminum boats each day.

© What combinations of boats should the company make each day?

EXAMPLE 1 Solving a problem with discrete whole-number variables using a
system of inequalities

Mary's Solution: Using graph paper @

Fibreglass vs. Aluminum g plotted the points (0, 5) and (5, 10) on the same
coordinate plane. | used these points to draw a
green stippled boundary for x+ 5=y

| shaded the half plane above the boundary orange,
since the test point (0, 0} is not a solution to the
linear inequality and the solution region is discrete.

| knew that the solution set for the system of
linear inequalities is represented by the intersection
or overlap of the solution regions of the two
inequalities. This made sense since points in this
region satisfy both inegualities.

Number of fibreglass bow riders

X | knew that the triangular solution region included
(0,0, 5 10 15 20 discrete points along its three boundaries, including
Number of aluminum fishing boats Jhe y-axis fromy = 5 toy = 20,

Fibreglass vs. Aluminum
20+

=
1 Since the solution set for the systern contains only
| discrete points with whole-number coordinates,

| stippled its solution region.

i i [ | knew that any whole-number point in the
.. . triangular solution region is a passible solution.
¥ I For example, (3, 12) is a possible solution.

-

Number of fibreglass bow riders

(0.0) 5 10 15 20
Number of aluminum fishing boats
{x,y) | x+ y=20.x € W, y€ W}
I,y [x+>=yxEW, y= W

Any point with wnole-number coordinates in the | knew that (3, 12) worked because this gives a

intersecting or overlapping region is an acceprable ... total of 15 boats with 9 more fibreglass boats
combination. For example, 3 aluminum boats and than aluminum boats.

12 fibreglass boats is an acceptable combination.
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Reflecting

A.

[s every point on the boundaries of the solution region a possible
solution? Explain.

B. Are the three points where the boundaries intersect part of the solution
region? Explain.

C. How would the graph change if fewer than 25 boats were made each day?
All points with whole-number coordinates in the solution region are
valid, bur are they all reasonable? Explain.

Answers

A. No. Only whole-number coordinate points on the boundaries are

part of the solution region, because the variables represent numbers
of boats and only whole numbers of boats make sense.

Yes. Equality is possible for both inequalities, and all of these points
have whole-number coordinates: (0, 5), (5, 10), and (0, 20).
X+y=20— x+y=125
The solution region would be larger, because its boundary would
move up.

x+y=125

y=x-+5

Fibreglass vs. Aluminum

- [ S S T
w O @ O w»n O O
-

- -

Number of fibreglass bow riders

a
5 10 15 20 25 30 35
Number of aluminum
fishing boats

D. This would depend on the market. For example. if there was a high

demand for boats, then points in the solution region with high
coordinates, such as (7, 13), would probably make more sense.
[f there was a low demand for fishing boats, then points with low
x-coordinates, such as (0, 20), would make more sense.

November 19, 2015
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APPLY the Math

EXAMPLE 2
continuous variable

S

November 19, 2015

Solving graphically a system of two linear inequalities with

Graph the solution set for the following system of inequalities. Choose two

possible solutions from the set.
3x+2y> —6
y=3

Peter's Solution: Using graph paper

xERyER

dx+2y>—6

x-intercept: y-intercept:

3x+2(0) = =6 3(0) + 2y= -0
B__6 y__6
303 2 2

x=-2 y=-3
(—=2,0) (0, =3)

Test (0, 0) in 3x + 2y = —6.

LS RS
3x+ 2y -6
3(0) + 2(0)

0

Since 0 > —6,

(0, 0) is in the solution region.

Ny

X

(0,0) x
I 1 !
o 12

6 8

+2y=—6

The overlapping solution region represents
the solution set of the system of lincar

inequalities. Therefore, (2, —3) and (—1.5, 3)

are two possible solutions.

| assumed both x and y are in the set of real
numbers because restrictions on the domain and
range were not stated. | knew the graph would
have a continuous solution region and could be in
all four guadrants.

To graph 3x + 2y = —6, | identified the x- and
y-intercepts of the linear equation of the boundary
Ix+ 2y = —6.

| used the test point (0, 0) to determine which
region to shade.

p
| drew a dashed green line for the boundary since
the > sign does not include the possibility of

equality and the solution set is continuous.

| shaded the half plane that included (0, 0), since

(0, 0) is a solution to the linear inequality. | used

green shading to show a continuous solution
\Jegion.

-
| knew that | should draw a solid harizontal green
boundary because the inequality has one variable,
¥. the sign is = and the solution set is continuous.
S~

-
| shaded the half plane below the boundary, since
all the points in this region have y-coordinates that

are less than 3.

Where the solid and dashed boundaries intersect,
| drew an open dot to show that this point is not

-1 part of the solution region. It made sense that the

intersection point is not included because none of
the points on the boundary of 3x + 2y > —6 are
included in its solution region.

I knew that all the points in the overlapping
solution region, which included points along its
solid boundary, represented the solution set,

because x and y are in the set of real numbers.
b

__fAny point in the solution region is a possible

solution.
<
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EXAMPLE 2 Solving graphically a system of two linear inequalities with
continuous variables

Graph the solution set for the following system of inequalities. Choose two
possible solutions from the set.

3x + 2y > —6

y=3

Your Turn

How would the solution region change if x € Tand y € I? m

How would it stay the same?

Answer

The solution region would have the same shape and size, and
cover the same four quadrants, but it would include only
discrete points with integer coordinates inside the solution
region and along the boundary for y = 3. If graphing by hand,
it would be stippled to show this. The stippling would include
the boundary of y = 3.
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In Summary

Key Ideas

* When graphing a system of linear inequalities, the boundaries of its
solution region may or may not be included, depending on the types of
linear inequalities (=, =, <, or =) in the system.

* Most systems of linear inequalities representing real-world situations are
restricted to the first quadrant because the values of the variables in the
system must be positive.

Need to Know

* Any point in the solution region for a system is a valid solution, but
some solutions may make more sense than others depending on the
context of the problem.

* You can validate a possible solution from the solution region by
checking to see if it satisfies each linear inequality in the system.

For example, to validate if (2, 2) is a solution to the system:

x+y=1

2=x— 2y
Validating (2, 2) forx + y = 1: Validating (2, 2) for 2 = x — 2y
LS | RS LS | RS

X+y 1 2 x—2y

2+ 2 2 —=2(2)

4 -2

4 =1 valid 2=-2 valid

* |lse an open dot to show that an intersection peoint of a system'’s
boundaries is excluded from the solution set. An intersection point is
excluded when a dashed line intersects either a dashed or solid line.

¢ Use a solid dot to show that an intersection point of a system’s
boundaries is included in the solution set, This occurs when both
boundary lines are solid.

Assignment: page 235 - 236
Questions 1a, 3, 4c, 7ab
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+o Solve S\@+ems

W*> 5 3 Gro.piymg inear Inequalities

Gro h +he solution set for each system
of mc uali+ies . Determine a solution-
Chﬂeck S vc;hdrl-y

Q) X+y=2 X <Y . ﬁé%ﬁ&“gg
L)Sohd hrke. L dO-Sl'LCd i ne L @n—h nuous

® E,%Jo‘h'ons of +he boundaries?

L ')(-1-5 =2, L X=X
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@) Tw lwo points on each boundqr3 (x-inté

B-l‘n-l-}‘é
Ly X+Y=2 L.z, x=4 (0.K)
Forx=0, For y=0, * Vertical kine
O+'\\j—é.b X+OCS=D
=3 =2

'\\j—-in'\-—#Z X=-int+=D>2,

@ Test+ Point (0,0)3

Test point not I‘-:cb.m-c:di
L.g | R.S, Ly S adc JmD?c \eF+
KL+ 2 O“F ‘H’\E: hmt
O+
@]

Since 0<«2,(0,0)
'S Dé)_‘_'_r located
0.8 Soluchon
(‘c&fon

10
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® Solution S

= =N

X<

FIREBY I

X FoexX+yx225%

to LS |®S
A\ 2
NE
S
522 Valid

For example=>(2,3)
(Uen'-FS i nS Solution s

For x<M%

L.S | R.S
2 14
2.4 Van'el

11
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3. For each System of linear inequalties, €xplain
whether the bDoundaries and their points
of intersection are par+ of +he solution
reaion.

a) {(X,H)HHE“ZX,‘XER ’BG'R}
'{-Lx,y)j“3<x-}j,'xeﬂ,3€.l2}

The boundary line 32"2?( wou \d be included

in the Solufon region. The boundary line
-3< %y would ne be included in th&
Solution reagion. Since a Solid line would be
intersecting a dashed line, the intersection
po(nri- WwWou ldjl’\O"r be included in +he Solution
rcafon-

12
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b) {(%HH'X*'B 5—2,33(&:1,551”}
100Yl 2yzx, XET, yEe L]

‘gﬁ'{e poinTs with m-\-cacv coordinates on
+hé boundar “Q Wou ld be
included in hc olution reqion. The
points Wi+h integer coordinates
on +he bounerU 2 X wou ld also
be included rn¥+Ne& solution reqion.
The point of 1n+€rsec+10h would onl y
be included in +he solution r von (' f
1+ had ereSer‘ coordinates.! ?zu wou |d
d +o graph
+o Aind cut!)

13
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)3 (%) | x+3y =0, XET,YET
{(’X,g) L%y 22, AET, YET [

Ine points with in-\-egcr coordinates on
+Hhe boundar X+3Yy X0 wou ld be included
INn+he solutidn reqgion. The bouhdﬁrj
Xty >2 Wou ld NS* de included in“the
So\dton region and as Such ncither
would +he %om'ﬁ' of intersecction.

14
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4. Graph €ach s\stem. Determine a
Solution for €ach.

c) 'E('X;}j)ﬂ 63- 7(.46 'XEN’,H&ZN } % Discrete

Seuid L~ (Stippled)
{('X U) 2.3"37( @ "X.EN, '& E N } % Discretc
Sonid. y (Stippled)

E)q)ua-hons of +he bouncﬂoncso
Ly 63*23( =6 Ly 9y-3X =6

15



foundations11chblesson3 after.notebook November 19, 2015

@ Two pom*rs on each boundary (x-inté y-int):

Ly 6'3 LX=06 Y cD'd"3'X =G
For™X=0Q, For u=0, For X=0, For y=0,
%—2(0) - BO)2%x=6 2,3 3(_0)=Q> 0(.0“12:6:
'_—._%- et 'x =é 6 -._-.é
%’% 3 %’ -2, 2~ 2 3 3
=3 X=-3 Yy=3 x.=-0.
Bﬂ‘ nt=>2, X-Iint=>-3 3—1'n+=>3 K- Int=-2
© ’r’es+ Point(0,0): 'T)es+ Point (0,0)%
| R.S. R.S.
G &
\30\:? ) 2(.0) zctclra(o)
O O
Since 0£6,(0,0) Since 0£6,(0,0)
1S located m ‘H‘\c is located in the

Solutiyon rc&lon Solution rcaxon

16
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@ Solution $

For example=>(5,3)

17
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Ta) Graph the Solution set for the Poilowmg
syustem ofF incqualities. Determine a
golution. Check +s \(Qh’dﬁ-}j.

* Ass c

9 18y <183 3x-6ys% I8 “E‘*ﬁ?ﬂ

X + - ;
B‘ié.alu:d Hasﬁs.‘d Ftivucs

@ 5&\.10:{“(01‘\3 of The boundaries:

Ly q"x+h'88=h% Ly 6-><-633=h9
@ Two points on each bound&ry Cx-iovt (%H—in+)3
Ls Q‘x+l'8'5=l% L.>8x-63=!8’
For X=0, For u=0, For x=0, For y=0,
CI(O)+I%B=\% Qx + T8CO)= 1§ 3&0)—@B=18 3x%-60)= 8
O+18y= 13 9x+0=18 O-6y=18 3x—-0=18
12 = 18 A= 1% -gy-18  Fx= 18
'3 ¥ 9 -8~ 6 ¥ 3
=4 x=2 s X=6

B-m =1 A-int=>2 B-in‘\' =>=3  A-Int=>¢

18



foundations11chblesson3 after.notebook November 19, 2015

@ Test Point (0,0)3 Test Point (0,0)8
L.S. | RS, L.S | R.S.
9x + 18 18 3x-6 18
Q(0)+18 3W0)-6T)

O+ O 0-0
O o}
Since 0< 18, (0,0) Since 0«18, (0,0)
IS located in+he s located in+the
Solution resion- Solution rcsion.

19
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b) Ts each point below a possible Solution
+o the System? How do You Know ?

) (4,-1) = NFO) not located inthe solutvon
regron.

in G2,2)= l\fo, not located in +he Solution
resim‘m-

i) (=4 ,"Z)=> Yes, located inthe Solution resion-

iv) (9,1) =» [\(oJ not located inthe solutvon
res(on-

V) (~2.S’—I.S) => Ve‘s, located 1n Hhe Solution
resx'or‘u .

vi) (2,72) => Yes, located in +he solution
rea-{on.

20
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DD DD
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