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Statistics (#LET=)

e Used in theoretical physics, chemistry (statistical
mechanics), Computer Science (Machine Learning,
Artificial Intelligence)

HIaPEF e E (AN FRY), 202 —8 =
1222 (BMWRFE., ATrb) I2BWIiHAIn5,

 Used in experimental sciences, clinical studies, social
sclences etc.

fgﬁﬂ'ﬁ%‘\ SHRFTH., A FR LI W TEHA A S n

O

* Also in Economy, Business, Mathematical Finance.
BRF, EDRRFE, FOET7 74 F v A,

Statistics is Essential Mathematics
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Basic principle of Statistical Inference

SAMPLE
STATISTICS (#f
ATE)

mean: X
Variance: s?
Stand. Dev. s
Median: m

Parameters (BH#):, SAMPLE

v

Infer HE A

 Population is too big to make direct
measurements observations.

— AR89 |2 iﬁ'%{. ji*@‘*’(%@/\?%?%@ﬁ%l:
/ﬁm@“ém E (H%‘cFeﬂéJ’] BIREIC L ) EIRT
wMake the obsegvetlons/ measurements on a
A % ETIT) 2 ¥,
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Some questions raised/answered by
Statistics

« What assumptions on the population can we reasonably
make ? FESIHT LIRED L PE?
Example’ the parameter sought for is normally distributed
Kb 6337 X ZITEH DA IZHE T,

* [s it sensitive to this assumption?
HENL ZDIRFENAT LU TR E G W RN A ?
Example: if the parameter sought for is not exactly normally
distributed, is it a problem? & ( KD L4537 X & (25 %/ IE
PN L DL L, B FBET 52

e How large shall the sample size be ?

BAIENEITRETMITL A ?

e How the confidence/precision varies with the sample size ©

AV A4 XN, 42 viEaEr o L ) IcZ84Ld %5
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Inference about two populations

POPULATION 2

Parameters
Parameters (B#): -
WSAMPLE 1 Mean &13: u,

. 2 Variance B7&: o

Compare pu4 and u,
< (when o, = 03)
Compare 64 and o,

etc .....

SAMPLE 1 SAMPLE 2
STATISTICS (#t5t2) STATISTICS (&1 =)
Size: ny Infer E;8I Size: 1,
mean: xX; mean: X,

; C 2 — _ ; C 2
Variance: sj Compare X; and X Variance: 55
- Compare s7 and s;
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Spring 2019: Statistics - PLAN

PART I Notions of Probability o3& e rEH 2y

1. Basic Probability. #&# & 35350

2. Random Variables. #EH X %
Important Examples (discrete and continuous).

SRR Y R EEFER KL KF L

3. Sampling Distribution & &% %,
Point estimation 7§ €.
Maximum likelihood zx A£.3# 7.
Central Limit Theorem Y~z [R % FE.
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Spring 2019: Statistics - PLAN
PART II: Statistical inference (FEH4.3H5)

4. Null Hypothesis Significant Test (NHST) % £ 18 34 €

e One—sample tests: z—test (JE#8. %% )
« chi2-test for variance (78D 7 1 —F#E)
e small and large sample Student t-tests (—&f Dtk E)

e Two (or more) —sample tests:
e t-test for comparing mean (equal variance or not %"
W BAWO ZBEOURE),
e paired data GtjxD H % 57— %),
e F—test or comparing variance (7 #? L F-test)
e chi2-test (goodness—of-fit) 77 1 =3 CGAASERTE)
e chi2 for independence Rt D A 4 —FERE)
e One-way ANOV A(F—test) — THLE 7 8 HAT
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Spring 2019: Statistics - PLAN

5. Confidence Intervals. 13 8 X f4]
e Comparison with NHST. &7 F ¥ lb#
e Case of polling. & &

6. Linear regression. 47 & J#

7. Joint distribution, Covariance, Correlation

Fleg oA, ok, Ha &

8. Additional topics (if time allows 7% ) &F X 5 ):
* Notion of nhon—parametric statistics
JURT ANy 2EH OB
 Example: Wilcoxon rank—sum & signed rank test.
o #] . WilcoxonBf=zfaiR® ¥ F54F 3 aftei e
« Multivariate analysis of variance (MANOVA)
T % K= AT
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Why do we study probability???

* This is the language of Statistics L3+ F D 53 /<

 But it relies on Calculus.
BT IHEERORIRE 5 B, (2
 Understanding probability w» Avoia common
misunderstandings in the use of Statistics
MATHLEERLIERT 5 2 X THHEFE ) B
SHrEBTE 5,

e Statistics 1s a huge field, and in this class we only
touch the tip of the iceberg. ‘
BHFIE, RELTHL L CAER TRLO—A L)
2% T 5,
But thanks to probability, it is easier to learn by
oneself materials not taught in this class.
ERGEPRWT, ZbobLWwWwinitgsrsad TRy
HDOTELNVEETH S,
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About the class =RZED AL

« Mathematical notions will be used the less possible
BREFZOFEGQUORELFYBEL 2 HFOFH A
2 TCELETMZ 5,

e Focus on concepts and concrete examples (no
mathematical proofs)

WA, BIRBl 2 Pic L TIRERED B,
FIOWAEITLAY L LW,

e Assessment ZH{ih

 Attendance. Short reports.
B, U R — B,

* During class: Lecture + problem solving.

R or BRE M % A S
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Questions ?....let’s start |
PART I Notions of Probability &3 % rEH

1. Basic probability sEH X% PLAN

1.1 Counting

e Venn diagrams, inclusion—exclusion principle~ » X, &L[p/E %
* Rule of product : |S; X S,| = [S{] - |S,]

« Permutations of set (%47 & i)

e Permutations (Ml&a%|) and Combinations (48&-%)
Number of subsets in a set of cardinal n

NBDOELS»L YN LR 7ELS DB
1.2 Probability rules
e vocabulary: experiment, sample sﬁgace, event probabilitiy@

function (FIZZ#EH h  E8R. ZATMH. FR. HEY
1.3 Conditional Probability, Independence, Bayes theorem
s XM EER, IRtk N4 XD EIE,
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1. Basic Probability FEsRsgELHE :
1.1 Counting #zx % &

» Motivating example: coin tossing(2 4 ~ B
#ZI1F) (heads=H —> %&. tails=T > %,

« What is the probability of getting exactly 1 heads
in 3 tosses of a fair coin? 24 » % 3 &&KIT T,
KE21®@bL ;) G5 DERIITH Y

« Answer:
e HTT ,THT ,TTH 3 possibilities
« Over all possible 3 tosses: 23 = 8.

p |favourable outcomes| 3

lall possibilities| 8"

2019/4/15 - 22 Essential Math. | 13



More difficult example.
Poker hands="needs more tools !

e Deckof 52 cards (5 2D b 7 v 7/ — K 1 41)
e 13ranks (7> 7) : 2.3.4,..... 9 10, J, Q, K, A
e 4 suits (X—F) . V. 8,0, %

e Poker hands (5 cards)

e A one—pair hand consists of VAT D FH %2 %7~
INY R¥YIETT UoX_XTYrwy) |
w'['wo cards having the same rank.
w-'Three other cards have different ranks.

» Example: {20, 24,50, 8&, KO }

* The probability p of a one—pair is
A) p <5% B) 5% <p<10% C) 20% <p <40% ' D) p>40%

2019/4/15 - 22 Essential Math. | 14



Inclusion-Exclusion Principle E1f&[RIE

to represent sets: (45 % &I 7 %)

@
@ | @

LUR LNR

®
o [o

L—-R

e Inclusion—exclusion principle:
ILUR| =|L|+ |R| —|L NR|.

2019/4/15 - 22 Essential Math. | 15



Example: inclusion-exclusion principle

* A music band (B) consists of singers (S) and
guitar players (G)
FFQeXx sV A MG LL BNV F(B),

e 7 people sing
e 4 play guitar
e 2 do both

« How many people in the band?
e |Bl|=|SUG|=|S|+|G|—-|SNG|=7+4—-2=09

2019/4/15 - 22 Essential Math. | 16



Rule of product

* Given two sets § and T, the set of pairs (s,t) of
elements with s€Sand t €T 1s denoted S X T, and
called product set. EASS Y BAET DO X7 HZ(s,t) 0 5
RHEBRSESXTYEL ., BfEbvii,

Example: 3 shirts , 4 pants = 12 outfits (—3i\v» & 4AR)

e The number of pairs (s,t) in the product set S X T is
equal to |S]| - |T|.

e Generalization (—#iz4L) Number of elements
(51,52, .., Sp) €S X 8§, X -+ X S, is
1S1] - 1S2] - ==+ 1Sy

« Example: number of secret codes of 4 digits between
0-9 ?AHT D B 3E K5 DB S 2

e S, =5,=5=5,={012..,9) = 10* = 10000.
2019/4/15 - 22 Essential Math. | 17



Another example.

« Example:
DNA is made of sequences of nucleotides: A, C,
G, T

* How many DNA sequences of length 3 are
there®
(1) 12 (i) 24 (iii) 64 (iv) 81

e Answer: (iii) 4 X 4 X 4 = 64

e How many DNA sequences of length 3 are there
with no repeats?

(i) 12 (i1) 24 (iii) 64 (iv) 81
e Answer: (ii) 4 X 3 X 2 = 24

2019/4/15 - 22 Essential Math. | 18



More difficult example

e Idon t wear green and red together
e Black or Denim goes with anything
e Here is my wardrobe ($ & R%&

Shirts: 3B, 3R, 2G; Sweaters 1B, 2R, 1G; Pants 2D,2B

THTTTTTN
mmma ARARR

« How many outfits can I wear?

2019/4/15 - 22 Essential Math. | 19



Solution (fE%5)

« Answer: Suppose we choose shirts first, next the
sweater and finally the pant.
FTFor—VEBAT, RiTE—F—%:BBA T, KK
AL TR SN

: 3 ‘
Shirts R //B-\Z\ G

3 4 2

Sweaters R.Be RB.GCe +B.G
4 4 4
Pants B..D B..D B..D

 Multiplying down the paths of the tree:

« Number of outfits = (3 X3 x4)+ (3 x4 x4) +
(2Xx2x%x4)=100.

2019/4/15 - 22 Essential Math. | 20



Permutations of a set 18}

4

e ‘abc’ and ‘cab’ are different permutations

of {a, b, c}.

« How many ways can you do it?

e abc, ach, bac, cab, bca, cba. 6 ditterent
permutations. 6 = 3! =3 X2 X 1

* In general, in {1,2, ...,n} there are
nl=nxXxn—1x--X2xX1 permutations.

2019/4/15 - 22 Essential Math. |
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Permutations (JI[E#!) of k from a set of n

« Get all permutations of 3 things out of {a, b, ¢, d}
(ways of picking 3 elements in a set of size 4- order
matters). 234D TH 6 % 5 3-Na 5| DB FK ?

abc abd acb acd adb adc
bac bad bca bcd bda bdc
cab cad cba cbd cda cdb
dab dac dba dbc dca dcb

4!
(4-3)!

e We get 6 X4 =24 =

100 10!
(10 —7)! 3!

2019/4/15 - 22 Essential Math. | 22
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Combinations (#f&1H)

» Choosing subsets out of a set of cardinal n (order
doesn’ t matter).

PEENELS DR TELSDZNF (MEFIZEE W)

Let S be a subset of {1, ...,n —1}.
Then S is a subset of {1, ...,n}, and S U {n} as well.

w  |subsets of {1,...,n}| = 2|subsets of {1, ...,n — 1}]

 And there are 2™ subsets of {1, ...,n}.
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Combinations of k from a set of n

« Give all combinations of 3 things out of {a, b, ¢, d}.
 Answer: {a, b, c}, {a,b,d},{a,c,d}, {b,c, d}.

o Permutations (JJa%|) and combinations (4145-+)

abc acb bac bca cab cba {a, b, c}
abd adb bad bda dab dba {a,b,d}
acd adc cad cda dac dca {a,c,d}
bcd bdc cbd cdb dbc dcb {b,c,d}

Permutations: P Combinations: C5 = (‘3‘)

n! p
k k!(n-k)! k!
2019/4/15 - 22 Essential Math. |
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Question (application)

a. Count the number of ways to get exactly 3 heads

in 10 flips of a coin.
24/§10@&i< RH73@L )k bl
W oOh L0

b. For a fair coin, what is the probability of exactly 3
heads in 10 {flips.
éj(§10@&i< 3@ bL p ) R LHER

Answer: a) Choose 3 out of 10: (130)

b) There are 2'° outcomes from 10 flips (this is the rule of
products). Thus the probability is:

10
; /210 =120/1024 = 0.117

2019/4/15 - 22 Essential Math. | 25



Back to poker hands

e Deck of 52 cards (5 2D s 7 v 7H — K 1 41)
e 13 ranks: 2, 3,4, ...., 9,10, J, Q K, A
e 4suits OV, MW, &

e Poker hands (5 cards)

e A one—pair hand consists of CAT D FF4) ) 2o ¥/~ R
37 o X7%%T) .
wT'wo cards having the same rank.
w'Three other cards have different ranks.

« Example: {2@, 246,50, 8. K<>}

* Question

a) How many 5 card hands have exactly a one—pair?
T oRXTPEII—D22F 2NV Flgwnwl29?

b) What is the probability of getting a one—pair poker hand?
TURXTOVEINY FE2RLERIT N

2019/4/15 - 22 Essential Math. | 26



Answer

« Can be solved using permutations (Jla%]) or
combinations (484-4).

1. Be consistent (stick to combination if you use
them)

R 52U
2. Break the problem into sequence of actions and
use the rule of product.

Note that there are many ways to organize this.

FOMEML AT L) ICE o) FHxs D, 2
ZTHEHA R THEL,

 Combinations approach
 Permutations approach



Combination approach

a) Count the number of one-pair hands. Order
doesn t matter. {20, 24,50 8& KO}

Action 1: Choose the rank of thelgairi choosing one

among 13 different ranks gives ( 1) ways to do this

Action 2! Choose 2 cards from this rank: 4 cards/rank,
choosing 2 among 4 —> (;)

Action 3: Choose the 3 different ranks of the 3 other
cards: 12 remaining ranks, so (132) ways to do this.

Action34i Choose 1 card in each of the 3 ranks: there
are (‘1}) ways to do this.

Answer: (using the rule of product)

13 (4) 12 43 = 1,098,240
1 2 3 T

2019/4/15 - 22 Essential Math. | 28



Combination approach |l

b) To compute the probability we have to stay
consistent and count the combinations.

EER 2B T AR, @R L TS 2 - T2
2

To make a 5 card hands we choose 5 cards out
of 52, so there are

52
( . ) = 2,598,960

possible hands. Theretore the probability is:
1,098,240 /2,598,960 = 0.42257

Next we use permutations.

2019/4/15 - 22 Essential Math. |
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Using permutations (§HI[EZFAALYT)

This is a little trickier. X W34y Th 5
a) Count the number of one—pairs, where order matters.

Action 1: Choose the position of the pair of same rank

among the 5 positions possible: there are (g) ways to do this.
BIUZ7 7 D7 OILE %85

Action 2: Put a card in the 15t position of the pair: 52 ways
todothish 7 ¥ 7—K %2 RWMOLLEIZE

Action 3: Put a card in the 274 position; it remains 3 cards
of the same rank, so 3 ways to do this.

Action 4 - 5 - 6 : Put a card of different rank: there are 48,
then 44 and 40 ways to do this.

2019/4/15 - 22 Essential Math. | 30



Using permutations ||

« Answer: Using the rule of product
5
<2) +52-3-48-44-40 = 131,788,800

ways to deal a one—pair hand where we keep track

of order.
NS ROBEIZEET 57 v XT 2825,

b) There are
P2? =52-51-50-49-48 = 311,875,200.

five card hands (where order matters).

Thus the probability of a one—pair hand is
131,788,800/311,875,200 = 0.42257

2019/4/15 - 22 Essential Math. | 31



Homework #& & w8

1. Suggest sample spaces for the following
experiments R D EEIZxt L TIEEREM 23 E ¢ L
1. 3 dices are rolled and their sum is computed

4 a2 =2%IF, &Roft Y5,

2. A Japanese person is chosen at random and is

classified by age and gender.
HARAL 7V 7L TEE, FRCEN TR INS,

3. Two different integers are chosen at random
between 1 and 10 and are listed in increasing order.
1251 0ETRLL OO L 72 5L TED,
yehalaF THEN5,

2. How many passwords with 5 letters, 2 digits in any
order are there in the following case:

a. Repetitions are allowed
b. Repetitions are not allowed

2019/4/15 - 22 Essential Math. | 32



Homework. Problem 3

* After one pair the most common hands are and a
three-of—-a-kind: %7 ~ ’\°”0)/‘)’( 2. R b Y3nsENy Neia
XA — « F 7 - - A4 N Th b,

-2 cards have one rank, two cards have another rank,
and the last card has a third rank {)@ 28. 50, 5. I{O}
BILZ v 70hb2KE, CO7 2 YRN 5707 %R8T 5%
2RYE, REDIRD 7V 73 Z2DMD DD 727 XE),

o Three—of-a—kind:3 cards have one rank, and the remaining two
cards have two different other ranks. {QQQ 200, 2, Odbe. K<>}
FIL7y270bbh—F3KY, 207V 7R b7 07>
D H5H2K,

m-Calculate the probability of each type of hand Which is most
likely? OV R ZNFNoRZLEFL2RKD L, YLLK

hZ ) BNV R THENT?
2019/4/15 - 22 Essential Math. | 33



1. Basic Probability ff 32 5
1.2 Probability rules 3
Probability cast (B21%)

* [Kxperiment: a repeatable undetermined
procedure.

32’%% (GUT) (8B HiRESL, BEEINTWEWFIE,

« Sample space: Set of all possible outcomes Q.
EREM 2 TOTRAEEDES.

 Event: a subset of the sample space.
FROEROFTRSL

* Probability function, P (a))i gives the probability
for each outcome w € Q.

BDERICHERL2E|N) H 5,
1. Probability is between O and 1.
2. 'Total probability of all possible outcomes is 1.

2019/4/15 - 22 Essential Math. | 34



Example:

* [“xperiment: toss a fair coin, report heads or tails.

Fi 2 KT, RO ELHVREDERET 5,
» Sample space (f- 472 F4) Q= {H, T}
e Probability function: P(H) = 0.5, P(T) = 0.5.
 Another experiment: toss a coin 2 times.

« Sample space: O = {HH,HT,TH,TT}
» Probability function (using table):

Probabilty 1/

2019/4/15 - 22 Essential Math. |
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m@EwMdS Events, sets and words

 Kxperiment: toss a coin 3 times.

» Which of the following is the event “exactly
two heads

a. A={THH HTH HHT, HHH}

b. B ={THH HTH, HHT}

¢. C={HTH THH}

(1) A (2) B (3) C (4)A or B

Answer: 2)B

The event “exactly two heads’ 1is a unique
subset.

2019/4/15 - 22 Essential Math. |
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B@EEEMNS : Events, sets and words

 Experiment: toss a coin 3 times.

« Which of the following describes the event
(THH,HTH, HHT}

“exactly one head” £ r 9 ¥ 1™
“exactly one tail” Z4'L ¥ 1w

“at most one tail” E A2 K1 &

None of the above ¥ L6 T3HIEL S LW

=~ W o=

Answer: 2) “exactly one tail”
(it could be “exactly two heads’ as well)

2019/4/15 - 22 Essential Math. | 37



BfEEENHB Events, sets and words

 Experiment: toss a coin 3 times.

* The events “exactly 2 heads™ and “exactly 2
tails are disjoint. B
o RXbh 2FLLW)

(O (@) (@) %%2\1\ L:? :O O
(1) True (2) False

e Answer:
True: {THH,HTH, HHT} N {TTH,THT,HTT} = @

* The event “at least 2 heads™ implies the event
exactly two heads .

(1) True (2) False

« Answer: False. It is the other way around
{THH,HTH,HHT} c {THH,HTH,HHT,HHH}

2019/4/15 - 22 Essential Math. |
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Probability rules in maths notations
HFMFEL =S CTDMERE

e Sample Space  (FFAREMH) :Q={w,wy,.., 0, }
« Outcome (&%) ‘w € Q.

* Probability between O and 1: 0 < P(w) <1

» Total probability is 1:
?=1P(w]') =1, Yweq P(w) = 1.

cEvent(F%) AcQ: Pl =Y,4P(w).

2019/4/15 - 22 Essential Math. | 39



Probability and set operations on events
HEREFERADIEHR
e Threeevents A,L,R c Q (Q: sample space)

e Rule 1: Complements (#%#4) P(A°) =1-P(4).

» Rule 2: Disjoint events. (ZWIZETHHLE %)

e [f L and R are disjoint then
P(LUR) = P(L) + P(R).

» Rule 3! Inclusion—Exclusion principle (&Lf&/&3E)

 For any L and R:
P(LUR) =P(L)+ P(R) — P(LNR).

©0 @

Rule 1 Rule 2 Rule 3
2019/4/15 - 22 Essential Math. | 40




Rule 1: example of application

* You roll a 20-sided die 9 times.
E20&@ANY 4 2v 29Kl 5,

« Event A: there is a match among the 9
outcomes.

B A HODERDOF T oA LIT—KT 5 ¥\
FRLAYT 5,

* Questions:

1. For this experiment how would you define the
sample space, probability function, and event?

CHOERTIE, ABREM, EREMKEELL Y
DEIICERT H07?

2. Evaluate the exact probability P(A) that the
event A occurs.

FRAVHRZ LHERP(A) 2B L

2019/4/15 - 22 Essential Math. | 41



Answer

« Sample space Q: Sequences of 9 numbers between 1
and 20. 1 »*56 2 0o & X 9 D EKF|
e Cardinal of Q: (Q»1E%k) U%e the rule of product !
Q] = 20

* It is not very easy to count directly the nbr. of
occurrences of the event A ---because there might be

2.3, 4 - or 9 rolls that are e%ual.
BT RADER 2B T 2013 LW, V4 200E R
20, 32, ., 9DFITHELWTHATTRELH L0006,

* But it is much easier for the complement A°.
MESDERLALHETLHIIIVEHETH 5,

e A¢: there is no match (& L W&ERK 78 \\)

e |[A°| =20-19-----12 = PZ = 20!/11!.

e P(A)=1-P(A°) =1 — 'lAQCl' ~ 0.881.




Rule 2: Example of application Q

e A group of 50 mice (XX I D5 01E)

e 20 have white halrs (W), and 25 have | black eyes (B).
EEVEGW20E (W), B»EW2 5E (B)

 For a randomly chosen mouse, what is the range of
possible values p = P(W U B) ?

7 YL TERINEF éi’ﬁtf FEREDp =
g

P(W U B) D T it 7 i, B 13 ?
a p=<.4
b. 4s<p=<.5
d .5s<p<.9 4. &%
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Answer

« Common sense (%3 2 1# 9 ): there are at least 25
mice in W U B and at most 45. Therefore the

bability is:
proa11y1505_25< <45_09
P T50=P=50" "

* Or use the inclusion—exclusion principle:
FLAREICEA Y
P(W U B) = P(W) + P(B) — P(W n B).

e Extreme cases aree W NB =@and W c B.

e First case P(W N B) = 0 and 2" case P(W N B) =
20

. Giving: 0.9 — % — 0.5 < P(W UB) <0.9.



More difficult example with uncertainty
RHEEMHZFFOLYEH A

e Lucky Lucy has a coin that you  re quite sure is not fair.
FTyvFx— ==l D—22FE -, bu-8%
I SN b i ER DALY

e She will flip the coin twice (214 v %2 2&@%IT %)

« [t’ s your job to bet whether the outcomes will be the same
(HH. TT)or different (HT, TH)
ERXROFR I VE CHHTD 2705 (HT, TH) 28T 5

« Which should you choose®

a. Same

b. Different
c. It doesn’ t matter, same and different are equally likely

« Hint: Use the probability of heads p (and a little of

algebra)
KOEFR Lpr L, BB LREZ2E-> THIT 5,
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Solution (£ER)

Answer: a) same (same is more likely than different)

 P(H)=p thus P(T)=(01—-p) =q.

Since the flips are independent (Cf. Section 1.3) the probabilities
multiply. This gives the following 2x2 table.

T4 Y PRIBRELTH L0 L., BEE D, VATO 2727k
25.’ 5’ Z. % o

H T (2" flip)
15t flip H| p? pq
T| pq q°

P(same) = p*> +q%, P(diff) = 2pq.
Algebra: (p — q)? = p? + q? — 2pq = P(same) — P(diff) > 0
So P(same) > P(diff) if p # q.
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Homework: Mari’s dice

e Mari has jt,hree S
TVREFLEN GO L 6@ 14 T2 FO,

& B
T

* A game consists of two players each choosmg a dice.
DT7VX—DFX—LTIIH A4 T0%2EATERITS,
They roll once and the highest number wins.
RADERIIHO,

* Question: Which dice would you choose?
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Hints:

A. You can proceed as follows for white and red.

1. For red and white dice make the probability
table.
TA MYV N AL 200EFEREERT 5,

2. Make a prob. table for the product sample space
of red and white.

Ly RY T4 N i 5 EHEAEMOMER 2
VMt 2,

3. What is the probability that red beats white®?
Ly R34 N2 A0 THERIIRIIHT?

B. Then do the same for white and green dice.
C. And for the green and red dice as well.
D. Conclude which dice is the best for the game.



Answer to question A

* Red beats white is the event (R > W):

* The answer is P(R > W) = 7/12. Find it by fulling
the tables below.

 Probability table for white and red.

Qutcomes

Red die
3 6

White die
Outcomes 2 5

Probability

Probability

« Both R and W outcomes in a 2x2 probability table:

2

5  White

Red

3
6

5/12

e Red entries: outcomes where red beat white.

e PR>W) =

2019/4/15 - 22
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