Ch00: 51872

Ch00: 4 511

Introduction to Probability and Statistics

August 25, 2025



Sk

1. MR AR S8 B ) R
2. MR MGE T B R 52

3. RS HIIARAE A

4. MR A GETH I I AR AN X )



BRRIR: R BCIe)E

5 0.1 (BB OBLIORE-1) AAZIT—FHBEIE, 5 5 3 %, B4a2 4 1000; 1K
RHATEL A 2:1, ML K XM R BT AT AL

BlA: R CONFAIET R eH BT X?

XA A i F 1495 FF B R K MEE L PE B )2 (Luca Paci-
oli), FFLL | 150 F /5 4.



BERRRIR: R ELE)E

51 0.2 (= ECRIRE-2) A E BB AN L F T KT, A—F
N 2wy aw, MR E T A mAF AT R X 4



HLRAVERIR: RSB ALIe) R

5 0.3 (R oA EIRR-3) A T —FHBEANEFOZTHKF, LEF

FAT S AR, th4e 5 B 3 B (& A3 Best of 3 34 46 = Race to 3), 4R

FxtF 3 BB S (=5 Winby 3) . BLAWERMNT: 5 5 3, 3k

BHIRFIT AL e, (b R#ITE— 209k, HEMNRERFIRF L.

1. BIX B ATk 4 2:1

2B B ATe A 2:2

17 9]

. @mst EEARAHIF, B “AF— LR TFHRELHLL T ERT
A2

2. @A ERAMFR, K TR AR EHB T XA A2



=G i TS 1o)|a] GPT

©® XNIESRIAELEFHEFLINERT, ASESRRESNIE. AT EFEZXNDER, B
MATLAMNBERFIAFIERIBE LR, PDITARES TRRAIGFZERERMER, FLUCARMIRHS
ERREHEH .

1. SRR EE—BEFRELARE"NARSIE?
FELRBHTEIR—tEOIRLE, ER—REFRELMRSH T —EEAEN. A2 T S

IFELCRPRIS NIRRT ERILLRER, TEREENGWSBANER T, XFFNRETESE
BARYF., B, ERSHERT, BIEXMAEEEFASER.



2. AELLRD THIRFREFELI
HATPT LA I SRR ILRAOSRAER, R E SRR SRS,
1) Ltk 2:1
- BFAER2RB, BFBE 1B,
o FRHETEEEFMIER:
« ABR1B, BEEHH 3T, AL
- BIER 2B, MDA 32, BIREL

BRIgREZIEFLOEY, ST FRIRERITA 50%,
. AZERHGES P(A) — P(ATEFLR) = 0.5
o B3MAVE=R P(B) = P(Bi%Em2)7) = 0.5 x 0.5 = 0.25

EHitt, EXMERT, AFHEESHTEARE:
e ASFE LD x Wh (BB ABEE 2B, BESNHIER)

16



2) HEitbsA 2:2
o WHBIFTR 2:2 3F,
o REUERE—RB, BEEN&ZREE,

EXMER T, BTFRET—RF, BEX5EOHES, BEIHERIEHRERYA 50%,

Ft, SRAFHIREDECHIVE:
« A0 B ZIKIE 50% IRz,
&g
1. "ERE-REFRELBRE NAREETTE, HACRE 7 HUENRBEENAFE.
2. RERENREREHI:
o WRELEHD/ 2:1, A BRIREDECLLHINA 75% X 25%.
o WRLESZA 2:2, AT B FD1E 50% A=,



HLRAVERIR: RSB ALIe) R

5 0.4 (S SECICIER-4) A T#— T HEAANE T THAKTF, bR T
FAT S AR, th4e 5 B 3 B (& A3 Best of 3 34 46 = Race to 3), 4R
S35 3 BB R (4 =5 Winby 3) 5. ILAENZ: 5 B 3 L, K
JEEFIGAE R e, (b RFATH O 2:1 0, HEARH AT Pk,

ARIE ER T8, BiF “BBF— LR FHRFLENRELEL” Y FTELLH
A3 HARYE GPT 89 = &, £ F K A 3:1 a9tk B 4. 17191z “n-F
£ BT ARG —, A& GBI T E?



&R : ¥4

[BIRR: N [ HE— B AN G TS EUKF, BT 28T 25 3R, i 5 =/ 3 1 (8
Jm 3% Best of 3 {3 48 = Race to 3), 25Xt 3 R RIS ((F#1E = /5 Win by 3) &5, IL7E
LE SR E: 7 7 4 B, SR RIS A 22 4. LLERIHAT R 70 2:1 B, B 3ERh R AN A
Fb. iR B ie, B IR R TIRE RS W RCAHEH, HRYE
GPT Mj[H1%r, e FKH 3:1 BBl 2 Ec 4. G “AFEE” ol 2B E—,
T AR HANR T 522

FRERRRE . R AMEFREET RV SR E K& 0BT 3\
o B EE R RPN IE T IR 22 1:1
o 1R Bk S XS R P NI T O R 2 2:1



fREOE . S E-4

[BIRR: N [ HE— B AN G TS EUKF, BT 28T 25 3R, i 5 =/ 3 1 (8
Jm 3% Best of 3 {3 48 = Race to 3), 25Xt 3 R RIS ((F#1E = /5 Win by 3) &5, IL7E
LE SR E: 7 7 4 B, SR RIS A 22 4. LLERIHAT R 70 2:1 B, B 3ERh R AN A
Fb. iRYE Bl Tie, BEF IR R TIRE R E” MR CAHEH, HIRYE
GPT Mj[H1%r, e FKH 3:1 BBl 2 Ec 4. G “AFEE” ol 2B E—,
T AR HANR T 522

FRE B WY MAIE T T RIS R E X &0 0T, R RN ER N EF
FRERZ 1:1, Wz BB E 7 e i e 3R B /DFE AT 2 1, AT 4 1. PhLLiE T
A TRIIBER Y. LUR =R EO0R A IR EIET B mAIBER e ?

o AT 2 37, 1T A WMHIMEZ: (1/2)?
o AT 337, IEF A WMIIAER C3(1/2)%(1/2)
o 1T 4 37, 1IEF A MIIAER C2(1/2)%(1/2)?

20



fREOE . S E-4

[BIRR: N [ HE— B AN G TS EUKF, BT 28T 25 3R, i 5 =/ 3 1 (8
Jm 3% Best of 3 {3 48 = Race to 3), 25Xt 3 R RIS ((F#1E = /5 Win by 3) &5, IL7E
LE SR E: 7 7 4 B, SR RIS A 22 4. LLERIHAT R 70 2:1 B, B 3ERh R AN A
Fb. iRYE Bl Tie, BEF IR R TIRE R E” MR CAHEH, HIRYE
GPT Mj[H1%r, e FKH 3:1 BBl 2 Ec 4. G “AFEE” ol 2B E—,
T AR HANR T 522

FRE B WY MAIE T T RIS R E X &0 0T, R RN ER N EF
RURERZ 2:1, Wz B 2 T e i bE 3R B /AD /AT 2 1, AT 4 1. P+
A TRIIBER Y. LUR =R EO0R A IR EIET B mAIBER e ?

o HEAT 2 3%, LT A WAIMER: (2/3)?
o BT 3 37, T A MR C1(2/3)%(1/3)
o 1T 4 37, 1IEF A MIWINER: C3(2/3)%(1/3)*

21



HLRAVERIR: RSB ALIe) R

5 0.5 (RETECOIRR-5) A T #t—F B ANE FEHAKF, vk S
FAT S AR, th4e 5 B 3 B (& A3 Best of 3 34 46 = Race to 3), 4R
St F 3 BBEPpEEl (84 PE =5 Winby 3) . AR &£ F A & 10
R, 5 B M 7 BRI, RIEE BT A R &, ILREATE — 28
P, MEMBREATEFERF L BIZSATtb A 6: 3. FlA: @it L
AR, | CONTFAIE” R AEHSETT X0 F A9



NG RS ECIR) R

AN WY
Ll FrTTE N T FEE YN e e e
— Jey i %1 0.2
7E Je) 3% %1 0.3 %1 0.4
AP &) % %1 0.5




BRAEIR

LR VR T8 76 1650 FE 4 4 VA, 85 % T I 15

o W TRLALAT ELIN 1), AN 52353 R il

o METH AR B N A%, KU 38 K

o A BRI HUF TR KT H R

o VEE IR EAFAR (De Mere) J<0» 1057 BiK ) @it

o vt LI 75 22 « B FH T (Christiaan Huygens) £ (1M EH RHE)
St 1 R B R A R B A, I T B



BMERNEAM LR (18 L)

DNZF] (James Bernoulli): (FEREFIAEA) |, 1713 F
o NEER
o AR AR E MEEL IR AL
o FFHR IA] 0 2 — AR PR 18

BRI (Abraham de Moiver): (HLEJEEE) , 1718 £
o M2 3632572 |
o IEZS A A
o HHLUMK PR %€ BRI — 45151



BMENHE—T LR (19 D)

$i - F7 17 (Pierre-Simon Laplace) :

o {Theorie Analytique des Probabilities) , A mathematical theory of prob-

ability with an emphasis on scientific applications

Greats emerge.

o =141 (Carl F. Gauss)
o 22 i 15 (James C. Maxwell)
o T A (Josiah W. Gibbs)



R HAR R (20 D)

1900 4, 5 /R1A%F (David Hilbert) $ig2 i 125 44 1) 23 N E55 )
o Nt A HH4L (Axiomatic Probability)

P /R B A& R (Andrey Kolmogorov):

» published {Foundations of the Theory of Probability ) or {Grundbegriffe
der Wahrscheinlichkeitsrechnun) , 1933
o e th TR AL =2
ARMEL BIVEYE. mIA R nE
o FEMEE AN PRI EIRAA 2R, T FH A B R e SUMERE, AT SE T-BR L
AR U A B4

AR St WA 18 (Measure Theory)

27



Recommended Readings

o (20 22 Gi T EAEAR L | B} 5% 4 4% ) by David Salsburg, #(5: e
7N, Wi IERECE S b e Wik

o (IR 1T 52) by Charles Wheelan

o (TR I 22 ) by Leonard Mlodinow, il 4By iEEEFENLTE . EIRME
FIME=R

o (TR BLGTTH27: WA IR — AR IEL B BHU /A& ) by Gary Smith, —
J7 TH FH Tl B ) S it o SR B A 2 AR R 1 S PR GRS R, T — T T4
FMEG A S 1R (= A E A B iy A A e 1)

oAGF I I AL) by David S. Moore, L \V 35 5E& 8 {3 1524



RN BEGT

o 1832 F, B AL THC I, 57 6500 AFET:. i i ST ML N E L
& IR B A 5 | .

o 1849 £, 36 X HIEAZ1my « #ri (John Snow) KE T —hmit (18
ERLIMEIRE D | WNESLRH I FHis K 2.

o HPiE %52 1 1854 SEEFLIRAT AT 7 NEMM T E W AILT L%, i H.
WRE 1 X R 27K 55 2 ml S /K IR B 2K 2.

RKEHZE | EILETH#H=E B—APFXENRTH=
5% 5 AR T S R A F] | 40046 1263 315
== DL N =] 26107 98 37
e S A b X 256423 1422 59




“HiERY” R

0 20 28 70 FAR, 5 NFEFINMN K A48 FE A 3 WA 7T 2E B Bl 2 1 H
iHA.

FRIG A | SREEE

B | 8842 | 44%
2o | 4321 35%




“HHIFRT BRI
o VEBE A B T — I RL, LU W6 2R 1) R Ay

iS8a ST 7k

2 ST PN s HUE HE A s HUE AN s

| 933 64% 825 62% 108

2 585 63% 560 63% 25

3 918 35% 325 593

4 792 34% 417 33% 375

5 584 25% 191 @ 393

6 714 6% 373 6% 341 7%
Et 4526 39% 2691 45% 1835 30%

31




“HHIFERY BRI - FERIFR

o ARG BRI MR He b B SUR AL T B AR,

o MRREHAEAT L2 —MRxT (0 F1orth) B iss, miXstia
e BT “E X7 ORI

9 1 1
o 25 7é1§+1 2 1
but - > — d —< -
o5y At oy



“THIFHY” BEZRGi: BENIERR

REa7 X (Vatican City) 72— aER /M E 2K, HAE A HKZI7E 800
NEA . BERFEAMAN “TRFHETE” o, H MR R =R
ZHHT, H ek T UL AR R HE.

MR R B R, R E BRG], R RIE R “BF 10
FNEO R RAERERE” KitE. Hik, A
5 A AN
ISYNINE |
45 R ] LS HoAth B ZA800) b
o 32 E IR R FRLN 5-6
o 1 PH B 4L = U SR ML X ] fEIA B 30-40

X 1eb =125

) X
TR



BRI E A FiE1E

H KRSt

o AT BC B Th, A FMEZR G TR DR 56 ZE IR 22 4570 i 7] AL
o WA EE WL S TS P, A F R EE SR A6 AN G v A ST AL
o tHIZM P Tohe 5a 38 A1

MTERIER Se it

o UCB JJ 2ok N E MR, A =B AR T2 1e;
o JEA KRR R R, AN K =

BER GG RIS R R, B2 “AEASTHN

34



AR RE U EFAE

A B 1B F A FETF B AR SCHEIS 21 5 AT 522
o AL GETH RN ZIE T A A B BIAS 7015 L

EF | 1S190 | B57 | 89F | iR | HER
EFA| 99 0:2 | 81. 80% 0 0%
H®FEB| 00 2:9 | 22.20% 1 100%

o T I]: 1ZEAF 72 15 A8 LSCRFIR LY



“EANITHRY” BEERG: EFAIE

_/—I:A
|:t

AR 3T A IR T B WEFE BRI %1 5 A]

o AL GETH RN ZIE T A A B BIAS 7015 L

EF | 1S190 | B57 | 89F | iR | HER
EFA| 99 0:2 | 81. 80% 0 0%
H®FEB| 00 2:9 | 22.20% 1 100%

o 15 ] 1IZRHIE TS A LASCFRIL 1
W BT A Al g, JEI 555 % 81. 80% : 22. 20%
WS T kT B BERIEE, R W 0% : 100%

W=7



“EATIRYT BRSO WE T &KF
L A I CHRER T RMSEAR TR, W T SR R
SR | S | §ET R BRAa | R&a

100w | 50w 25w 18w | 15w | 21w

/
/

° ﬂzi@'fﬁ 375W
o TATEL: 25.5w
o INEL: 18w

RS AR A S A 7 9 T K TR



BRI “EAFTH”

ERELINL S
o AT BC B Th, A FMEZR G TR DR 56 ZE IR 22 4570 i 7] AL
o HIT U FE L SR A, ) FH O EU SR 56 AT St T i b S I A1
o tHIZM P Tohe 5a 38 A1
TR gt
o UCB T 2ok XN E W R, A == B AR 218
o JEAT MR R ZEHIH, TN S5 F MR,
MRS RISAR, H22 “MEATIHH” , why?!
o T A MIIET B YEEICHERS ZI BE Al 587 O —, ICH EiR)
o LB/, Ie Z A FE AR B AT =3 1 S Bk T 557K HE (5 R A1)

38



B G TRY “EF”

S I MUTE X S HORE T, 925 25 F O I L 1] W) _E R 3L
PRI B IOFIRE) — . A

S —: 35 IR) AT DA R I B SR £52 () 45 R 15 2

W = IR — & R R SL N B ER A R VR AR, 2 ST XY
A SR AT R i TN 2



T

BEG I : RSB S5 ANEE

A — P P HE T A Se vt A, BRI I BE MR IR R A R e
B R R g “Cae kAR LR SR, AR
— € BE SR AR R ) A

O FEhRE ST HE sl wox | Sor | wER | WRR | SRR

s e (s e |t e | s o) s

n=100 | 47 | 047 | 54 ] 054 | 53 | 053 | 48 | 048 | 43 | 043

n=1000]503]0.503|498]0.498|510]0.5101469]0.469]512]0.512

n-10000} 5008]0.5008 4974|0.4974 491840.4918 5074r).5074 5003I0.5003

O e F5lEY “RE”
Gt ARRME R ENRE

|

T

1996 2000 2004 2008 2012 2016 2020 ) n0z4

wn

o

n

40



BERGOTRIYT R TR
S — LIRSS R S (B RTJR P RS s R0, AR A LRt
T YR SRS Y TN,

o XU FEEK
o THZS

41



BMERITHT R AMHEESUAERNERX

ERFI =, R — G RERBEYL LR B EE T &R, &6 a]
DI 4l 450 235 RBEAT A A T 2

R HEN. Nt ale?

RUOAEE SRS IR RS “VHER” T Jascads o R BENLIE (B FELA
=),

B2 BENLA A TR




BRI R: MAEMESINREMERE X

2545 F LA T 1898 42 06 H 29 Hh4- 12 &

Z AL S T

o MK . R KPHEHE - E#FE (Cancer)

 PEAG: BUK, BRFEE . BEUXKE. 28R A B EELG RN, BR
(EEA PN T B8 )

o FRIEE: RKFHAEJHE + H 2 — RAIVEAERFERE (Libra)
o IR PH: X 5K RE AR 5 ¢ R BUK
e NE A& BEGREAE. P, 4E3ZRE 150

o BANKIE: KPHAEE + AR FE + bR B - RAEIEITEE (Leo)
 MNAXPAEI TG BE. AE. BERI)
 SEORE IERARFE. 1BRAE, R E M

o ANKLSE: KFHEME + Hu AR + FFHE R + 1T 25040

43



BRSO RGF m e ANRE M S N
2545 F LA T 1898 42 06 H 29 Hh4- 12 &

ZLEFIMRLE S T
o FRIFE: B R R
e H3cZ0K, WLRH), REEZ A
o AR TEK, Ab B 55
e ZPIE G, B IEE A A WIY

o AMRLEE: KEL T E=x R
« H3CZ0K, WORHl, AR EZR (&)
e =ANRAETOK, AbSEW S Cin i)
« 2P IS, BEIEE AW FAET )

EFERBE X

A B, PERS R B A EIE 2 R Gl R )

44



BRI R: MAEMESINREMERE X

2545 F LA T 1898 42 06 H 29 Hh4- 12 &

2% MRLE S T

o LLESEREMR: X T Bz T
e KpE BEMGROVERE, LR AR R
DERIATEN T SRR B, THE RSN TROR (I EEORE TER)
c FERIFE G B CERE, WK S RIKEUE M, B85 R H] £
o PRI RN, EEEIPUE A&, AR ZHK, Wis=wiE

AMETTIH, WOERE R L, MRS AR — E A )
JERTTHH, RAKIEE R
AP B EE A AR

45



KM HEM VS RANFHE M
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AN FHBE L.
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151 0.6 (Poker Hands)

X 5l: 151 0.6

o B 52 FK A mk 89 3] 52 %, Decks of 52 cards

. 13 ranks: 2, 3,4, ...
.4 suits: S, H, C, D

o Gaming:

I, Q. K, A

. a one-pair hand consists of 5 cards

» Questions: the probability of a one-pair hand is

. count less than point 12

. all cards are “S”
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There are two ways to handle the problem of “count less than point 12”

» combination-based:
1. the target one-pair hand comprises {2, 2, 2, 2, 3}
2. possible counts 4

3. all combination (552) = 2,598, 960

4. the probability 5o

» sampling-based:
1. build a trial by sampling a one-pair hand from 52 cards
2. repeat n trials
3. count the number m of “appropriate” trials

4. regard the frequency -* as the probability
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» Probability means possibility, a branch of mathematics concerned with
analyzing random phenomena. The possibility indicates how likely an
event is to occur, expressed as a number ranging [0, 1] or [0%, 100%].

. logically self-contained
. a few (mathematical or physical) rules for computing probabilities

. ONE correct answer

o Statistics is a branch of applied mathematics that collects, describes, an-
alyzes, and infers conclusions from quantitative data.
. messier and more of an art
. get experimental data and try to draw probabilistic conclusions

. NO single correct answer
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m Artificial Intelligence é] Computer Science

ﬁ &‘. Finance, Economy ---
Probability and Statistics
Physical Science

J] Military Science and Technology
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o Mathematical Analysis
o Advanced Algebra

o Computer Programming

Ja SRR FE

o Machine Learning

o Statistical Learning

» Data Mining

» Design of Experiments, DOE
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o HAT]
. Annals of Statistics (AoS)

LR RBI TR E PR T S 2

. Journals of the American Statistical Association (JASA)

. Annals of Probability
. Journal of Machine Learning Research (JMLR)

. [ICML.: International Conference on Machine Learning

. COLT: Annual Conference on Learning Theory

. STOC: ACM Symposium on Theory of Computing

. FOCS: IEEE Symposium on Foundations of Computer Science
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