ON-SETS WORKSHEET
2A

PRINCIPLES

1. V means the Universe; that is, all the cards that were dealt.
2. /\ means the empty set; that is, no cards.
3. "behind a set means NOT. So R' means “not red.”

EXAMPLES
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1 2 4 5 6
For the Universe above:
Set-Name Meaning Number of Cards | Which Cards
Vv All the cards 6 1,2,3,4,5,6
A No cards 0 none
R’ Cards that are not red 4 1,3.5. 6
B’ Cards that are not blue 3 2.4.6

What happens if you put two 's behind the same set, like this? R"
Think it out with parentheses, like this: (R")'

a. R'means the cards that are not red. So that’s cards 1, 3, 5, and 6 in the Uni-
verse above.

b. Then (R')’ means that cards that are not in the set R'. That jumps us back to 2
and 4, the red cards.

c. Conclusion: R" = R. That is, two 's cancel each other.

EXERCISES

“= For the Universe above, how many cards are in each set?
1. 6 _ 2. G _ 3. Y a4 Yy __ 5.V _ 6. N
7. R"____ 8 B"____ 9. G"____ 1o Yt 11Nt 12 p4m

=== For the Universe below, how many cards are in each set?
The blank card is a card in the Universe. It is not in the empty set,
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1 2 3 4 5 6

13. B' 14. R’ 15. G' 16. v
17. V 18. V' 19. I 20, N\
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NAME

PRINCIPLE

X U Y (read "X union Y" or "the union of X and Y*) is the set of all
cards in the Universe that are in either X or ¥ (or both).

EXAMPLES
B B B
R R
G G G G
Y
1 2 3 4 S 6
For the Universe above,
Set-Name Number of Cards | Which Cards
BUR 5 1,2,3,4, 5
GUY 4 1,2,3,6
B'UG S 1,2,3,4,6
ROUY 6 1,2,3,4,5,6
BUA 3 1. 5,8
RUVY 6 1,2,3,4,5,6
EXERCISES

For the Universe above, how many cards are in each set?

1.BUG 2.RUY 3. BUY
4G UR — 5BUR _____ 6.GUA
7.VUYy . BBV . B UR
10.B UB — 11.BURUG _—____ 12.RUGUY
13.BBUGUR ____ 14RUGUY____ 15B'UY UG
16.RUR’ 177BUB  ___ . 18BUGUA

MORE CHALLENGING EXERCISES

Circle the number of each statement that is true for any sets X
and Y.

19.XUX=X 20.XUY=YUX
21.XUV =X 22 X UA = X
23,X'UY:K[_,FY' 24.)(LJ)(:\_/
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NAME

PRINCIPLE
X NY (read "X intersect Y" or "the intersection of X and Y*)is
the set of cards in the Universe that are in both X and Y.

EXAMPLES
B B B
R R
G G G G
¥ Y
1 2 3 4 S 6
For the Universe above,
Set-Name Number of Cards | Which Cards
BNG 2 |
BOR 0 none
B'ny 1 6
R'0OY 2 1,5
BO A 0 none
ROV 2 2,4
BnGNY 1 3
(BUR)NG % 1,2,3
ROGUY) 3 1,3,6
EXERCISES
For the Universe above, how many cards are in each set?
1.BNG - 2.RNY 3.BNYy
4 6G'NR s 2. B OR 6.G 0OA
7.¥NY 8.B 0Y e, 9, FDE -
10.BNB ieve 11.B0OR NG 12RNOGUY)
13.(B'UG)NR 14ROGHYUY. - 15 B0 AG
16.RNOR’ 17.B0B 18.BOGNA

MORE CHALLENGING EXERCISES
Circle the number of each statement that is true for any sets X
and Y.
19.XUX=X
21.X0YV =X
23.XnYy=Xx0y

20X0Y=YNX
22. X0ONA =X
24X0X =V
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NAME

PRINCIPLE

For any sets X and Y, X - Y (read “X minus Y” or “X without Y") is the set of all cards
in the Universe that are in X but notin Y.

EXAMPLES

1 2 3 4 5
1. For the Universe above, B — G is worked out as follows.
a. Start with the set of B cards; that is, cards 1, 3, and 5.

b. From the set of B cards, subtract (remove) any that are G. So remove cards 1 and 3.
c. SoB -G =1, card 5. That's the only card that is B but not G.

Notice that cards 2 and 6, which are G, are not involved since they are not B.

2. Here’s how V' — R is worked for the Universe above.
a. Start with the set of V' cards; that is, cards 1, 2,4 and 5.
b. From the set of V' cards, remove any that are R. So remove cards 2 and 4.
c. So V'—Ris 2, cards 1 and 5. Those are the cards that are V' but not R.
3. Work out G — R' like this.
a. Start with the G cards — 1, 2, 3, and 6.

b. Remove all G cards that are not R. So remove cards 1, 3, and 6.
c. Thatleavesjustcard2. SoG-R'=1.

O
O

EXERCISES
= For the Universe above, how many cards are in each set?

1. B-R __ 2. B-Y 3. R-B 4. R-G

5. R-Y 6. G-B 7. G-R 8. G- L
9. Y-B 10. Y-R _ M"1. Y-G 12. B-R'
13. B-G' 14. R-B' _ 15. R-Y' 16. G-B' _
17. G-Y' 18. B'-G 19. B'"-Y _ 200 RR-B
21. R"-G 22, Y'-B 23. Y'-G 24, G-R"
2. G-y 26. R"—-B" 27. R"-G'" 28. v'-B'
29. V-B 30. V-R 3. V-6 32. V=Y _
3. B-V 34. G-V 35. \-G _ 36. A—Yv"
37. R-R 38. YV'-Y' 39. G-\ 40. B'-/\

=== What set does each of the following equal for any Universe?
41. V-G 42. V'-V 43. R-N\ 4. N\-PB
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NAME

PRINCIPLES

The order of operations in On-Sets is as follows.

1. Operations within parentheses (or brackets) are done first,
from the innermost parentheses outward.

2. Any complements (') are done from left to right.

3. Union, intersection, and subtraction are equal in standing.
Parentheses must be used to show the order among them.

EXAMPLES

1. In the expression R UG, the G' is done first, then the U. Thus
R UG is the same as R U (G’) and the same as G' UR. If the
player writing this Set-Name wants the U done first, paren-
theses must be used: (RUG)".

2. Consider the expression (YNR') - G.
8. The set within parentheses must be worked out first. How-

ever, the parentheses contain two operations: N and ' Be-
cause of the built-in order of operations, ' is done first, then
n.

b. After the set in parentheses has been determined, the last
operation, -, is performed.

The order of operations can be indicated like this: (YNR') - G.

@06

3. What is the order of operations in [R'U (VY - B)] - Y2

The numbers show the order. [RRU(V-B)]-Y

® O ®

EXERCISES

Write numerals under each expression to show the order of

operations.
. 6 Y 2.0 -8B _ S.R. =6
4 (G UY)NR 3. BULY =G) 6.(B"-6G)U A
7.(BUY) -G 8.B"-(GUA) 9. [Y U (G-R)I-Y
10.[(V-R)QYI'UB 11.YUIG-R)-V] 12. (Y-R)U(Y'UB)

MORE CHALLENGING EXERCISES
13.(B°-GYURNY) 14 [(RUG)-(V-B) 15.B"U(R -G")
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NAME

PRINCIPLE
A Set-Name that may be interpreted in more than one way is
ambiguous. An opponent may put parentheses anywhere that

makes sense in an ambiguous Set-Name in order to produce a
set that does not contain the number of cards in the Goal.

EXAMPLES

1.R UG - B is an ambiguous expression. "Ambiguous” means
“having several possible meanings or interpretations.” Accor-
ding to the order of operations of On-Sets, U and - are equal in
priority. Therefore, either one may be worked out first.
Thus, RUG - B couldmean(RUG) -BorRU (G - B). For most
Universes the number of cards in these two sets would be
different. If the player writing this Set-Name does not put
parentheses, an opponent may interpret the expression in
whichever way would meake it not have the number of cards in
the Goal.

2. An expression like RUB U G is not ambiguous. Both interpre-
tations, (RUB) UG and R U (B U G), contain the same cards.

3. The expression R NY'is not ambiguous. According to the order
of operations, ‘' is always done before (). Therefore, an oppo-
nent may not interpret the expressionas (RNY)"

EXERCISES
Circle the number of each ambiguous expression.
1. BUG 2.8 —¥ 3.(R -VY)
4 B-YUG SRNG-A 6.BUV)-YUG
7. ROBNY 8.BNOGUR 9. BUR-G)UY

MORE CHALLENGING EXERCISES

10. In the space below, recopy each ambiguous expression of Ex-
ercises 1-9. Add parentheses or brackets to the expression
to show each possible interpretation.
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NAME
EXERCISES
B B B B
R R R
G G G G G
Y Y Y
1 2 3 4 5 6 7 8
For the Universe above, give the number of cards in each set.
e B = e 2.V-R S 3. 6LUY -
4 R - Y - S (RU¥J~B e 6.RN(Y-B) ____
7.(RNOG) 8.(BNAR-Y ____ 9.BAOR-Y)
10.B"UR’ 1.(RNBHYUY 12.R'NY
1I3.A0G-Y)___ 14BUR-Y ____ 15 V-(YUB)
16.R-(G-B) ___ 17(R-G)-B __ 18.Y'-(BNR)
19.(YNG) U (BNR) - 20.(R-B)U (B - G)
21.[6NnB-WVIUY 22.RUI[G-(B-¥I
MORE CHALLENGING EXERCISES
B B B B
R R R R
G £ G G
¥ Y Y
1 2 3 4 5 6 7 8

For the Universe above, the given expression is intended to name
a set containing the number of cards listed. If the expression is
ambiguous, add parentheses or brackets so that it does not give
the desired number of cards. If there is no way to misinterpret
the expression, write »a ey,

No. of cards Expression No. of cards Expression
23. 2 BUR-G 24, 2 B- B
25. 4 B-GUR 26. 3 ¥ ~R
27: 4 (RUGYUB-Y 28. s B-(Y-R)
29. 0 BNRUG-V) 30. 2 (B-R)-G' UA
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NAME
MORE CHALLENGING EXERCISES
B B B B B
R R R R R
G G G G G G
Y y Y Y
1 2 3 4 5 6 7 8 9 10

23,
25.
27.
29,

31

33.

35.
37,

.4,5,7,9 e 2.2,4,6,7,9
. 1,3,9,6,7 - 4.1,245,7,10

For the Universe above, write a Set-Name for the set of cards
listed. Choose from the Resources B, R, G, Y, and ".

Write a Set-Name for the set of cards listed. Choose from the
Resources B, R, G, Y, U, and .

. All except 9 - 6.6,7
: 197 - 8.45.7
. 10. All except 5
.1,3,45,7,8,9,10 12.4,7,9
: 1,358,789 14.1,3,5,6,7,8,10
Repeat the directions for Exercises 5-14. However, now you may
use U and 'in a Set-Name multiple times.
. All except 8,10 16. All except 7
: 15,58 18. All except 2,10
. All except 4,7 20. All the cards
. 7 only 22.1,2,45,7,9,10
Write a Set-Name that contains the cards listed. Choose from
the Resources R, B, G, Y, N, and ".
1,3,5 24. All except 8,10
24,9 26.2,45,6,7,9
9 28, 1.3 486,178
1,2,10 30. All except 8,9
Repeat the directions for Exercises 23-30. However, how you
may use 'in a Set-Name multiple times.
: 8.7 32. 15,7
4,7,9 3. 457
Write a Set-Name that contains the cards listed. Choose from
the Resources R, B, G, Y, U, N, and ".
4,5,9 36.1,3,5,6,7,8

3,5,6,7,8,9 38. 1,5
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ON-SETS WORKSHEET
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MORE CHALLENGING EXERCISES

B B B B B
R R R R R
G G G G G G
Y V Y Y
1 e . 4 9 6 7 B 9 10

— 0 ~ Ul

13.
12
17.

19.
21,
23.
23,

27.
29.
31
33.
35,

LEN.

39,

. 1.3.5 - 2.4,9
3.9 T 4.1,5,10

50 _— 6.6,7
. 3,8 e 8.4,7,9
: 28,10 10.8,9
.2,4,7 12.3,6,8

For the Universe above, write a Set-Name for the set of cards
listed. Choose from the Resources B, R, G, ¥, and -,

Write a Set-Name for the set of cards listed. Choose from the
Resources B, R, G, Y, -, and ".

Repeat the directions for Exercises 5-12. However, now you may
use - and ' in a Set-Name multiple times.

2,49 14. 9
4,8,9 Ib. 1,5;10
2,4 18. 2

Write a Set-Name that contains the cards listed. Choose from
the Resources R, B, G, Y, N, U, -, and ".

All except 2,6 20.1,2,4,5,10

1,3,6 22 210

1,2,3,6,10 24.8,9,10

1,3,5,8,9,10 26.4,6,7,9

Circle the number of each statement that is true for any Universe.
B-R=BNR 28.(BUR)-B=R
B-R=B={(B QR 300B-R=B-(VNR)
.(B‘R)‘.{\:B—(R“/_\) 32.(Y"B)"R:\_/‘(B"R)
B'-R =(B-R) 34BU(R-B)=BUR
G-6G'=6 26 -Y=W
A-(RUG)=A 38.V-B' =B
YUG)Y-V=A 40.Y' - Y = A
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NAME

PRINCIPLE
Operations with sets can be shown by Venn diagrams..

In a Venn diagram a rectangle represents the Universal set and
circles inside the rectangle stand for sets within the Universe.

\'4 v \%

A

X' XuUy Xy X-¥

In each case the shaded region represents the set named below

the diagram.

EXERCISES Y
Complete each of these exercises, which ; E
refer to the Venn diagram at the right. The
first one is done for you as an example. a4
Region(s) Shaded Set
1,2, and 3 only U
1.
2. 2 only
3. RNB
4. 3 and 4only
9. B=ik
6. R'OYV
7. 1,3,and 4 only
8. B'UB
9. R -R'
10. V-8B

pa—y
—

4 only

N
Al
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NAME

PRINCIPLE
The relationships among three sets can be shown by a Venn

diagram.
Y
5 2
%;%G

EXAMPLES
(BQG) U (RQG)

4
R

B

G
BQR

MORE CHALLENGING EXERCISES
Write a Set-Name for the shaded region in each diagram.

Y
B R
G
1 2.
Y
/

.

™
A fie
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PRINCIPLES

The first DeMorgan Law states:

For any sets X and Z, X'NZ = (XU2).

In words, "the intersection of the complements of the sets is
the complement of the union of the two sets.”

The second DeMorgan Law states:

For any sets X and Z, XUz = XNz

In words, "the union of the complements of two sets is the
complement of the intersection of the two sets "

The first DeMorgan Law can be checked by Venn diagrams.

U U
A ‘“ﬂ‘"'m‘u{'i 7
el = () 2
| MHA" 7
roOr z (XUuz)

In the diagram on the left, X' is shaded across while 7' is shaded
up and down. Where the two shadings cross is X' N Z'. This is the
region outside both circles, which matches the region shaded in
the diagram on the right.

What good are these laws in On-Sets? B N R’ involves three op-
erations; (B U R)' contains only two. So if the set to be deter-
mined is B'N R’, it is quicker to work out (BUR). With one fewer
operation, the chance of error is reduced.

MORE CHALLENGING EXERCISES

Use DeMorgan’s Laws to rewrite each expression and reduce the
number of operations by one each time.

LB QY 280 ¥
3. ¥YUR 4.G'UY
S.(BUR) UG 6.R" 0 (YU G)

7. Shade the Venn diagrams below to show the truth of the

second DeMorgan Law.
u U

XUz (X 0 zZ)

]
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THE PRINCIPLE OF DUALITY

If a given statement holds true about sets, then another true
statement is obtained by interchanging U and N and interchang-
ing V and Athroughout the original statement.

EXAMPLES
Statement - -Dual-Statement

1. BQG:GUB BQG:GQB
U becomes N

2 RUA =R RNV =R
Y becomes A

5 YNY = A YUY =V

4. VUR" = 'V HOR = K

EXERCISES

Write the dual of each statement.

. RUR = R

2 BDA = A

3.G'UG =V

4 BUY)=B NY

5.YNG6 =6nNY

6. RU(RNG) =R

7.BUKYNG =MBUY)N(BUG)

8. GU(WUR)=(GUY)UR

MORE CHALLENGING EXERCISES

10.

11.
12.

Does the Principle of Duality apply to the - operation? To
answer this question, write the "dual” of each of the following
true statements. Replace V with /A and vice-versa. |s the
“dual” true or false?

Statement "Dual” True/False?

.R-A=R

G-Y=A
V-Y=V

Does the Principle of Duality apply to the - operation?
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Name

Venn Diagrams

<

i Give a set name for each numbered region in the diagram above. #1 is done for
you as an example.

B-(RUG)

1

2
4
6

8

¢ List the number(s) of all the regions in the diagram above that correspond to each
set.

Sample RUG Answer 2,3,4,5,6,7
9 BUR 10 B-R
11 G-R 12 B-G
13 G'QB 14 B QR
15 (BUG)-R 16 (RUG)-PB
17 (BQR) -G 18 (RQG)-B’
19 (B-R)-G 20 B-(R-GQ)
21 (G-R)-B 22 G- (R'-B)
23 (R-B)UG 24 BUG)-R




