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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, cach with a straight
boundary and a solution region.

One linear inequality is v = —2x + 3, and the horizontal inequality is
v = —2. 1 determined y = —2x + 3 using the slope and y-intercept and
the form v = mx + b, and I was able to identify v = —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 boats

on different assembly lines: aluminum

fishing boat”am(ﬂbreglass Eow rideri)

* 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 cach day.

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

EXAMPLE 1 Solving a problem with discr

system of inequalities
Mary’s Solution: Using graph paper

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

Whola #Y
wawr Wl Gafe
ma\ktn3 book

X E WandyE W

The relationship herween 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:

v+ y=20 x+0=20
y=20 x =20

(0, 20) (20, 0)

xts5=y

y-intercept: X-intercept:

0+5=y x+5=10
y=>5 X= =5

(0, 5) (=5,0)

x+ts5=y

5)+5=y R

10=1y

(5, 10) is a point on this boundary.
Test (0, 0) in x+y = 20,

LS | Rs
x+y 20
0+ 0

0

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

Fibreglass vs. Aluminum

2030, 20)
g .
g I
z 154 |
3
_* .
[T:]
L 10 .
0 -
(=4
6 X+y=20 |
3
£ 37 I
=1
z
(2040) x
(©.0) 5 10 15 20

Number of aluminum fishing boats

Test (0,0)inX+5=y

LS | Rrs
X+ 5 y
0+5 0
5

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

ete whole-number variables using a

il

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
kcc:nsis1 of discrete points in the first quadrant.

The two inequalities describe

® 3 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
\)_f-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 point 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
shade for 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 @
y Fibreglass vs. Aluminum il plotted the points (0, 5) and (5, 10) on the same
20: . ¥ coordinate plane. | used these points to draw a

. xt5=iy T 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.

15

| knew that the solution set for the system of

. ! linear inequalities is represented by the intersection

Vi Rl or overlap of the solution regions of the two

59(0,5) X+ y=20 N inequalities. This made sense since points in this
region satisfy both inequalities.

Number of fibreglass bow riders
)
1

X | knew that the triangular solution region included

{0,0) 5 10 5 23' discrete points along its three boundaries, including
the y-axis from y = 5 to y = 20.

-

Number of aluminum fishing boats

Fibreglass vs. Aluminum

20
w ; X4 5
g B/ y it
2 b I p
z 15- R : Since the solution set for the system contains only
2 § [:3 :12-} ~ NEM discrete points with whole-number coordinates,
F A | stippled its solution region.
Bg L ] e ————————— 02 m====
5 10- IR N | knew that any whole-number point in the
:'o- S . triangular solution region is a possible solution.
5 il I For example, (3, 12) is a possible solution.
. -
-g 3 X y 20
=1
z
X
0 g 10 15 20
Number of aluminum fishing boats
{(‘X:yJ [ x+ y=20,x€E W, y& Wi
{(X,yJ [ x+>= y,xE W, y= Wi
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.

Is 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?

D. All points with whole-number coordinates in the solution region are
valid, but 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=25

The solution region would be larger, because its boundary would

move up.

x+y=15
y=x+5

Fibreglass vs. Aluminum

p— [ S N R
w o o ;& ;A
2
- -

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

Number of fibreglass bow riders

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.
If there was a low demand for fishing boats, then points with low
x-coordinates, such as (0, 20), would make more sense.
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APPLY the Math

Solving graphically a system
continuous variables

EXAMPLE 2

of two linear inequalities with

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

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

Peter’s Solution: Using graph paper

xERyer T
x+2y>=—06
x-intercept: y-intercept:
3x 4+ 2(0) = —6 3(0) + 2y = —6
x__6 6
3 3 2 2
x= -2 y=-3
(=2.0) (0, =3)

Test (0,0)in 3%+ 2y>—-6.
LS RS

3x+ 2y -6

3(0) + 2(0)

0

Since 0 = —06,

(0, 0) is in the solution region.

v
‘\\ 4
\
N2
(30 |©0.0) x
I T T T T 717 T
-4 -2‘3\_ ST TR
N0, -3)
—4—\\
-] \\\ In+2y=—6
b
-8 \\
10 5
i % b
JJE:_?) Semoroz ol
o
,\/y
G
(-15,3)2 ha=lE
\ X
L | T T B it
= '2\i\- 2 4 6 8 W 12
Ea 1t
-4\ ’
e \\\ I +2y>=—6
\
\
S| .
=10 \\
W L]

The overlapping solution region represents

the solution set of the system of lincar -memmmoe-

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 quadrants.

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

P
| knew that | should draw a solid horizontal green

-| boundary because the ineguality has one variable,

¥, the sign is = and the solution set is continuous.
L.

-
| 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.

| 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.
L

p
Any point in the solution region is a possible
solution.

b
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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

=3

Your Turn

How would the solution region change if x € land 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
Xx+y 1 2 x—2y
2+ 2 2 =2(2)
4 -2
4 =1 valid 2= -2 valid

* Use an open dot to show that an intersection point 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 peint 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, 4c, 7ab
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+o Solve G\Qs-l-e.ms

M—> 5 3 Grap%ng ineqr I’ncqu lities

Gra h +he solution set for each system
of :r\e ualities . Determine a solution-
C*Le,ck S Vql;d:-l-y

a) N+Y =2 x <Y, *X’E%S,‘g“é‘é
L, Salid i:r\e. L dQSI‘LCd N ne L @ﬁ‘a nuous

® E%m-h‘ons of the boundaries:

> x+y=2 Ly X =4
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@ Two points on each boundary x-intd B*t'n-l-}i

Ly X+Y=2 Ly X=4 (O.K)
Forx=0, For y=0, - *Vertical \ine
C+y = X+O=D

=Q X =2

8—m+=>2, X-int=>2,

S fr;-'S*‘ Point (0,0)5% Test point not rc%.{ircd I
LS | R-S, Ly Shade to Fhe left
Y+ 2, of ’H‘\E: lf\’Lt,-

O+
@]

Since 0<2,(0,0)
'S Not located
i(\*\-\\g Soluhon
Fc&fon
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@ Graph s ® Saolution $
e 3 . For example=>(2,3)
| x4 'Uen‘?yi ng Oolutions

1

'r e X Foex+y=2. For x<MNe
e T Ls &S kS [R.S
= s o s L2 S 2L 2 4
— o - 522, Valid 244 Vald
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4. Graph each 888+cm. Determine a
solution for €ach.

¢) 1) By-2Axs6, XEN EN % Discrete
{ J l | J S%tid, Lj HL } 5 (Stippled)
{('xn\j) |2y-3x$ 6, XEN,YEN § x Discretc
Solid. bsa ( y (Stippled)

Qq)um\"\'ons of +he boundariess

Ly 63"2)7( =G Ly dy-3%X =6

12
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@ Two points on each boundary (x-inté& wd—fnJr):

Ly 3y-Ax=6 L> OY-3x =6
For ™ X=0, For u=0, For X=0, For H" ;
68—2110) [ 30)2%x=6 2,3 3(.O)=Q> DW)»-3%= &
BYU=6 %’i 5 6 L T
v.{ 3 -2, 3 3
}=a). X ==3 B -3 x= .
B-i At=> 2 '><—1'n+=> | 3—1'n+=>3 X~ nt=>-2
©) "fes*‘r Point(0,0): 'T)es-\* Point (0,0)%
| R.S. R.S.
G b
\3(3\3j ) qu :z_ggra(o)
O O
Since 046, (0,0) Since 026, (Q,0)
1S located m -‘rhc is located in +'ne

Solutiyon FC3lcn Solution rcatcm

13
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@ G\‘Oph ° @ Solution &

For example=>(5,3)

14
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Ta) Graph the Solution set for +the Foi\owing
svystem of inequalities. Determine a
solution. Check i+s Vql'"df-l-li'

A
9x+18y <183 Bx-G\4I§ XEWYR
x+ - )
D‘i&:,hg_d Hasﬁ'. 'd Figh¥t s

® Ei&ua-l—fcns of The boundariess

L q'x+1'88=h% Ly Ox-Gy=18
@ Two points on each boundary (x-iot &B-irﬁ-)i
Ly 9X+ 18y =18 L, 3X-by=18&
For X=0, For u=0, For x=0, For y=0,
q{0)+I%}3=\‘8 Ci':t*l-qu(D):‘lg 3(0)—(:,3:\8 3%-600)= (8
O+ 18y=13 9x+0=18 O-cy=18 3x-0=18
VAVERTS =18 -gy=18  Fx=1g
13 ¥ 9 -~ 6 ¥ 3
=1 2l =-3 xX=6

B-i r'g =1 A-int=>2 ﬂd-i pt=>=3 A Int=>¢

15
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@ Tes¥ Pornt (0,0) 3

L.S. | R.S.

9%+ 18 18
qo)+18
0+0
O

Since 0< 18, (0,0)
1S located inthe
Solution resion-

@ er.qphz

it N't?

= oy 't- - .-

=11

Test Point (0,0) 8

i - -
3x-6 18
30)-60)
0-0
O

Since 0418, (0,0)
1S located In+he
Solution rtsron.

=Y Q%

April 18, 2019
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b) Ts each point below a possible Solution
+o the sSystem? How do You Know ?

1) (4,-1) = NFO) not located inthe solution
region.

in 2,2)= l\(o, not located in the solution
resicnh-

i) (-42)=> Yes, located inthe Solution region.

iv) (9,1) => No, not located inthe Solution
res(on-

V) (—2.5;1.5) => VE’-S, located n +he Solution
reS\'Oh .

vi) (2,72) => Ves, located in +he solution
I“ES[DF\.

17
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