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Robots O, X and Y are playing a game using a row of 9 boxes:

The three robots take turns to randomly add their symbol to an empty box, until the grid is

complete, e.g.

[ofv]vixjolo]y[x|x]

They use a scoring system where each row of 3 identical symbols in a completed grid scores a point
for that robot.

1. [9=2+42+2+43 marks]
a) Briefly explain why the total number of distinct completed grids is (g) X (g) X (2), and

evaluate this expression.
Fov cadn o'§ fle (g) e en for Ao Po‘s(‘h‘om of A ZXs)
Moe o (8) dios Ao A prmiiom of Do Y5, and

( 0{"4’10‘4 "6“ Po‘\l’g'ow)

(D) ()% (3) 21680 /it v

b) Calculate each of the following probabilities. Do not simplify your answers.
i Robots X, Y and O each score 1 point after a game.
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Question 1(b) continued

ii. Robot Y scores 1 point (and the other robots may or may not score points).

Mo o T potiom fov YVY  and Ar eade o Aeoe
,, ke = T (& S coludete, N
N o‘(" POSS\L"[A*H/) N 7 (3> o‘lL t)oss{la\'(/i{\'o;
_ o * 7"(43)
‘ =
F(\/ St 1) (040 cowect
valou-LJ\‘u"—j

iii. Robots X and Y each score 1 point, but Robot O scores 0 points after a game.

[Hint: begin by listing all arrangements without OO0, and where XXX comes before

YYV.]

Amw Wi X Lfoe ) Also 7] WM
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The three robots now decide to play using a 3x3 grid. Once again, they take turns to add their own
symbol randomly to one of the empty spaces on the grid, until a completed grid is obtained. They
use all nine squares, so that a completed grid always contains 3 of each symbol, e.g

O|X|Y
X|10|Y
Y | X|O

In a completed grid, each row of 3 identical symbols (horizontal, vertical or diagonal) scores a point

for that player. E.g. in the grid above, Robot O scores 1 point and Robots X and Y score 0 points

2. [16 =2+2+2+2+2+3+3 marks]

a) Calculate the total number of distinct completed grids
RN gk = () (3) V cchdetio
T £ " (3}"(3) <3> (accpt (S)*(8))

b) Calculate each of the following probabilities. Do not simplify your answers
i Robots X, Y and O each score 1 point after a game

0
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(630  Pobdbility
Robots X and Y each score 1 point, but Robot O scores 0 points after a game
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Robot Y scores 1 point (and the other robots may or may not score points)
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c) Given your answer to part b (ii), what is the probability that Robots Y and O each score 1
point after a game, but Robot X scores 0? Explain your answer.

Dole, of AL 2 nbsfs are &ll/m,:\/u/(bi/

tswed™
F\’Dlou.lax‘(/l'v
d) Calculate the probability that Robot Y scores 1 point after a game, but Robots X and O

both score 0 points.
[Hint: the Venn diagram below may be useful, together with your answers to previous

S0 SOt re,a/;mvtwj “‘{’f’u“'

Hovce P(Y,0 scone | @l X sives 0) = O

parts of the question.]
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e) Calculate the probability that Robots O, X and Y each score 0 points after a game.
[Hint: use the Venn diagram again.]
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Robot Y now has to depart, leaving Robots X and O to play together once again.

They decide to play a new game using a 4x4 grid. The rules are exactly the same as before (they take
turns to randomly add their symbol), except that now each row of 4 identical symbols (horizontal,
vertical or diagonal) in a completed grid scores 1 point for that player (a row of only 3 identical
symbols does not score any points).

E.g. scores a total of 2 points for Robot X (because there is both a vertical and a

0
X  diagonal row of 4 Xs) and 0 points for Robot O.
o]
X

X | XX |Xx
O|xX|O|0O

O|O|X|0O

3. [10=2+3+3+2marks]
a) Calculate the total number of possible completed grids, showing working.

e of gk - 'é’)*(i) / cadedation GCgr\t)
= 2470 /wwt

Wwwx‘oﬁ«w

b) Calculate the probability that Robot X and Robot O each score exactly 2 points after a
game. Do not simplify your answer.
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c) Calculate the probability that Robot X scores 2 points and Robot O scores 0 points after a
game. Do not simplify your answer.
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d) Calculate the probability that both robots score at most 1 point after a game.
[Hint: use a Venn diagram.]

an)

No o'(F JM l\/\ \»nN'”L' Lo/h«z rbLo“—S S
& mek | opedt =12870 -2281 -1

= (22490
XsSwm2 0z *
S
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