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Probabilistic loold

概率模型 符合以下个特点的验叫试随机试验
可重: 可在相同条件下重进⾏

I
, 是 ib : 对个 umderlyingprocess, il.experiment的量化不确定性描述的 1 quantitive description) 多样性: 每次试验的结果可能不⽌⼀个,且能事先明确试验的所有结果hasaaele - definedset of possibleoutcomes intinitey nepeated

只考虑⼀个实验可冷拋抛硬印被视为印 dSinfeexperimeoht ,⽽不是三个实验 随机性 : ⼀次试验前不确定哪个果出会i现has morethanohe possibleouutorme ,anddlfesmimistic if ithasonyone
2

. 包括 2个元素 : 样本空间出欢满⾜的条件r
(1 )Sample Spad 样本空间⼯ rmuteally&xclusie 斥 :与抛⼦相关的样本空间不能既包含“

l

0 z3 “
包含

“|or 섯 ”作为可能的DutO感.否则当掷出I时 ,实验 Obutome不唯⼀

Det. The set of allJossisleoultcoznesIw )ofanexperirmerrt , { collectiolyexhaustive完全穷尽 :⽆论实验发⽣什么情况我们总能获得包含在样本空间内的Outcome □
( 21 Probability 2aw 概率律 at the right gramularity : 根据研究的⽬的确定适当的细带⽔平如对于“ GimFliy

"

随机试验可定义 ?

亦六或
: ”熊ran

. Def .假设我们已有确定了与实验相关的惮本空间 , 草; andrains

Gnadmorim

Iutuitinely ,这个话则规定任意结果Outome或任意事件 Ewent a subset of the sasmplespae iaolletion , Probabilitytxioms啊尔莫果洛夫公理holmogorow xiomsA
of outcormes ) 的

"likeihood ",hhore precisely,概率率为每⼀个事件A 予⼀个類数值PIA ),ie . the probabilityof A ,
Let A= Pot(2) Evemr spoad die llenge aller EreifnisseUber2所有可事件的集合

满⾜的公理 :⼆概率合理 Wonmefativity ⾮负性 OEPEA) ≤ I UAEA

A 可加性P( A ) ⼆号理解为可粗略在⼤量重复实验中,事件A ⼤的⾔会在的实验中出现 , dalitivity
. DisCrete Probasility LGw [ If Aand B aretwo hisjointevents :P [ AOB

] = P
1
A ) + B [ B ) PIAUA2 U… } =P (A , ] +BCA 2 ) +

概率事归单个元素组成的事件的概率指定 , If iRhasinfinitemumber ofhermerrtsarnd A, t2 ,
is thesequernce of disjoint erents ;

SpecaalCace
'sameprobabiity

. Ausingle-demeP( A3 =
# ementd ventsots

have the Wormalization归⼀性 P[ r 9 =

3 . 与zandomvaziable的系 Ef. Theexperissrent ofrobbinfapairof4-sided die

在许多概率模型中 ,
Dutormes具有数值性质 mumerical natere

.
⽐如OultConS OZhASBonolto StOE是 prids ,

在其它实验中 , Outoml并⾮数值,但它们可能与某些mumericalvallles of inteesE相免联⽐如家验是selece stuoernts from a

Siven popurlation , he maywightoconsicleztheirGBA ,处理这些数值时 , 可以通过随机变量的概念来为它们分配概率

. SormepropertiesofProbabilityLAus
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DisczeteRanhom vaziayles

离隨相变量

I
. Pef . X : 2 → IR

oAramodonvariable Xis areal -valeld flnotroon fromtheoutome of the axperisnent tothereal numbers.sis called discreteifits rapl(thesot of valelesthat itlantake) is finite oz Cotmostohntabbly intinite.

定义理解 ;

Our pobabilistic experiment isto pick a student Chtrandomaccordinyto someprosasiity (Gw,意味着选择每个学⽣的概率可能不同,这些概率是根据某种特定的值概率分勃来设置的
2= {a , bic , d } , and then necord their weights and nlifhts ,身体值本身不是与空间的部分,只是学⽣属性值的⼀个描述, 是造择某个学⽣后所记录的⼀个附加信息

样本空间的义是据 0 b his/ her实验设计⼀随配选择⼀个学⽣ 셆 acd ⽤武来表示"

Weight
”

这个拍象概念 , ⼀旦我们确定了哪位学⽣被选中 , 就能确定现具体的取值
,

stucleert ueight
G , b . C.d是实验的全部可能遗项 ,

H
Wight

从这印意义上说,Wis a functionthatassignsamumericalwalle ( 62) to eack possible Ouhtcoome la )of the experisment ,
ω

我们还可以根据已有的随机变量⽐和H创建新的随机变量Afunctionof araznlomvariableodef ines anotherzaznlomvaziable
2 5

紫( 1m

1 .↓ 1 . 8

m( )m

例如Body身体质量指数dassIndexB =也是定义在样本空间的上⼀个函数⼀旦Outonme确定, BMI也随之确定了

假定这次⿊验的OutCome是学⽣Q
B

I1 . 5码
随机过程的果是I由的素ω, 但是⼈们往购关注的不结果本身WεƩ. 不是对其产⽣过程的精确描述dieexakeBescmzibunfes 2ustandekozmzmeng ,

⽽是函,数值 /(ω ) . hh这个意义上说随机变量代表了对研究对象 UntersucnesSesemstand的注
e8

X [TTTTT ) = O X [THTHT] = 2

⾄
,
Fzamework to @scribe discrete ranloan rariable ,

( 13 PMF ProBability llassFunction概率质量函数
. Def , PMFfor unctions ofandomRaziables 9 = 8 (x)
描述了随相变量离散 X所有可能取值的概率 Y也是⼀个隨相变量,sine itproviesamumericalvalureforeachppossible outcome .

PMF oX , denotedPxistheprobasitityaw"or pobatsititydistribution"of dhiscrets zanhom variableX Pyly ) x 18x) =φx (x ]对于 ×每⼀个可能的数值xPxx) 给出事件{λ= x}的概率 , 即 X取到该值x的概率셆 P(x ] = P({ x = x} ) = P { / = x ]
. PMF Properties 从已知的 X的 PMF推导出 Y的 PMF : 为计算 Y在某⼀特定值y处的概率 Pyly ] , 需找到所有使爆 g (x] =φ 的 x值

xxp (x) = I 事件 { 섯 = x了不相交( 红频满是的条件了 x
遍历↑所有可能的数值根据AdditiviEy和 dormaliation理可推导得出 并将这些x值的概率相加

e
.8

计算对于X 的每个可能取值x. colect所有可以使事件{x =x 了发⽣的Possibleoutomes ;

将这些結果的概率相加以获셆(x]
Let Y = ax+ b }

(y) = Py[ y= ax+b )=
p . 4出 )
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I Mean and VGriGne 计算
Expectation wlheam Expected vallle

xxP(x )可能概率直的加权平均,

. lotivakion . Expected Vablle RuleforFunations ofRandonvariaslesE[g( X1 ]
=
x8(x )-x (x)

多次打⾊转⼀个fortumewhed .每次旋转出现数字代表⾦钱奖励的Mi( i ε [ n] ]的概率是i, ⽅法 I
. AuergingovezyE [Y ]

= yyPyly )
UHat is the azmoune of momey that you" exfpect

"

to get
"

perspin
" ? Averge in larfe mumber of rage over the valiles of y one at a time. E[ Y] = 3 ( 01 + o.2 ] + 4 . ( 03 + 0. 4 ]

假设共旋转 K次 ki是outa挑为mi的浪数 inchependent repetitions ofthe experirment , n法I.Averaginf over x E [ Y] = E[g(x ]] =×δ [x ] - ☆ {x]

total armountrecired = m , k , +ME2+ . … t mnkn rage over the valuues ofX one at a tiome , and take into accounttheir inolividual Contrisahtions
.

m ,k .5mE + … ⼗ mnlkn
total arzmount reeived per spir

=

n [[Y ] = 3 .O | + 3 . 0. 2 + 4 . 0. 3 + 5 . 0 . 3 Proof ; xg(x) . Pacx) fixayparticolar waeee ofy , and aaldover ale those 5
'
s torat

= M :箭 + 州2箭 + … + Hn筑 10% otue time , X isgoing o Be 2 ,
cosz把sBondtothat pazticelary ,

and when that happens ,Y takes on thewalele of 3 ,

y x : g(x1 =y[x] R× (x]

-

Interpretation

= mi3, t M2 .PzttHnupn ( Pi : = relativefrequerng )
应⽤ : E[ ↑]

8 l丸 3 = xx

xx
3
. Pxlx yx: gux) = y

섻 Rx (x)

y 尽(x )将所有眼射到同川值的⻛⼦概率相加
假没有⼀个打ar , 在每个点 x处放置⼀个weift多⻛了 , 且收化 ) 30 y ⻜ : {(九1 = y 其就等实同于这个⻔的魏率 ,

则在重⼼ C处 , ⼗九侧種的⼒矩定和等于存侧极重的⼒矩和x (
x-C)x(x) =ω , OrC =

x
☆ (x] yyPyly)

The cerrter ofgravityis thepointwhereyouwobldplaceyourfinfertobalancethe diafzam so
E[Y]

时

tmat it Eloesrn' tEipin either ohirectioh .E[ x ]反映可X既率分布的中⼼位置 ,

. Properties !

hinearity of Expectation E [Al + b ] = GE 1 ] + b

If , 0 , thenE [X ] ≥ 0 3 , 0 ie .θ w : λ( w ) ≥ In feneral , Ef ( ) + f( 区 ) 当8性函数时 , 等式成⽴

IF G ≤ X ≤ b
,
then G ≤ E[X ] ≤ b A ≤ X ≤ b i. e

.EW : G ≤ X(ω ) ≤ b

sketch proof :E[x ] =
x λ Px (x) ≥ xGRx[x) = axPx[x) = a 1 = a

IfC isa anstarrt , E[c ] = C

We Can think of Costant hslisfa rindosm vaziase of a very spebial type .

D In this case , there will se omly ome terrm in the forrzrula

C
x E(|= C - P悲

= C

时

. 计算 8(x) = (x-2
Varian@ VarlX ] var { x ) = [[ [ x-ωP ] E [ g ( x ] ]

=
x8(x)1x( x

)x [x -
β
- Px (x)

. The Variane provides a measure of dispersion of Xaround its mean Uar [ × ) = [[UP] = E[P-×+]= 区 [ X] - E [ 2U] + 区섰]= 区 [ X ]- IUE [1 ] + 4 ←= 区 []- E [ K]
2

. Standazd deviation of X 6x = Varcx ) hinearity of Variane Var(ax+ b } = a
^

Uaz(λ ]

detY =xtb 4 = E[X]

E[ Y ] =E[×+b ]= tb
[Var (y) = E Y-E[Y

]

^ = EX+ b -( φ tb
]

" = + -xp = var (x )

het Y = GX
E[Y] = E[ax ] = au
VarlY ) = E Y - E[Y] ^= E a-

^= E [& [ x -U ]=☆ E [[ × -UP] =② Uar(x)
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伯努利分布 O ⼀ 1 分布 Bermouli Distribution 离散型均勻分布oliscretl uiiform distribution ⼆分布BiMomialDisEriblution ⼏何分布GeazmetricBistribbhtiorr

Pararmeter PE [ O , I ] pazarnelers : a, 5 a ≤ b Pararneters : positive ihtefer n ,
PE [O , I ] Parineter 归 : OEP<I

. Befi 及 (九} . Satting . settin Settinf
= {

( wp P
"☆

凸 Experirment :Picrone of a , at 1

,

… , 的atzanhom , Experijmert : M independenttossas of acoil ,shead) = p Experiznert :infimitemanyindepenodent tosses of a Goin
O w , P. 1 -P . l x

abl equallly lirely Descrine the # of successes inm inhepenoleot Bermoulletzicals .

Shead )P = p .
Describe the # of trials until h success

0 ±

Sampe space : {a , a+ 1 , … ,
b} b -a+1possiblevallres Sammplespace : setofquenes oftand 4 , of lenfth n . Saomplespace :set of infinite sequuences of IHand 9

,

期望E [X] = I - P + O . ( 1 - p} = P Randoomvariatsle : X : X (W = w Randormvariable : X
,# Heads obgerved Ranlomvariable : X

, #tossesbintil thefirstHeads

IfX is the indicator of an event ot , X = IA . Def . Bet
E[ IA] = P[A ] Px( k ) = (

[ pk . ( 1-p ]
n- k

, K = 0 , 1 , … , M Pa ( k |= ( 1 -P)
KP IKEINO PE {O , I]

, 的差 Var (λ ) =
x
( x - E[ R] ]β P× [x ] P=室

BSH 1 = 号

PCTD 1 +] 1 -17 - D

BITTH ] = [-P3 P= ( 1 - P)
β
. P + ( ω - PJP . [ 1 - P] atb the center of the symmetrg PMF i' ssymmetzicGround是 PCTTTH|= Ec -p3 p2

= P- p
2

⽔

i

= P( 1- P)
, 期望 E[X ] = a b-at + . + s b -at1 .期望⽢[ × ]=

Var (x ) =E[X ] -E[X
]

-

(a+ b ) , ( } -Qt1 )
셆 的 -a+)

= ⽐盐
섯

法⼯ :

FormuaE[X 7 =
plugin.

= 区[×] -E☆ 11== ]
,

02 = 0 ]

P1x =R 1 =P ( HATI +P (HTH )TPITHH ) 法□:随机变量
= , (
≥

(

1

==的期望值包括兩部分
“

⼀
p

1 p
= P ⼀ p

3 , ⽅差 Var [ λ] = E[X ] - E[ X ]
2

e.8 期望的线性性质
= Y3( 1- P] = b-a + 1(a ' + …

+ b }
-⼝些了 = 可[ 1 -P] ppH

!↑= 1

Interprethton :差是对随相变量的 uncertainty的度量 ,

= 12( b-a} ( b-a+ ⾄ ) =( 清 ]
p

≥ [ 1- P) ⾸先我们⽆论如何会有⼀次损掷剩余 X - 1次投掷

即对 zanGhommess的度量只有ain的随相性最⼤ , 即正两⾯出现
" "

Tiix 31 E[X ] = P( X = I)EEI = IJ + PXD -EEN)— ~

的概率都是当时顺 = 1- 第 = 亡 ,@in>公平S . Calculation Prepezation 全期望值宫理 乃 Iotry is aSUCCESS 印 1 + E[X ]
↓

Bernoelli janalormvariabla的家差的确验证予这乐种直觉 ;
Let X se the inlicaror Uaziasle = ⼟

We
'

eWGt张dom{ try , and ne

另⼀⽅⾯在极端情况下,若都 = O , 即oin总是朝上 (或朝下 ) ,我们没 xi= { I ifi - thtricol is ar sllcess E[Xi ] = P
B[ [x] = P + 11 - p). ( 1+ E[X ] ]

Gze bGEk ueehe started.

.

有任何随相性相应地 ,⽅差为O ① Otherwise ⇒ E[↓] = ⽅
# successes in n depenanttricels 1 = X, + … t Xn Interpretation : 当 P较⼩时意味着观察到head的概率较⼩

. Application Application 每次试验都是独⽴的且具有相同的成功概率护 也就是说我们要等幸较⻓的时间才能第⼀次看到正⾯随机变量 X⾃的

alloels a trical thalresolltsin. alternative lloalel of
:

oomplete ifnorand
,

ho easonto Belillne 因⼀个⺟此就都有相同的分布 , liisaBezmocellerandozm waziable 值也会变得较⼤ ,

1 - P

Oiltorzres : success failune,Heads Tail
,
CEc

,

that ome valleei' smore likely than the other .
rith parazneter J ⽅差 Var( {) = pa

onnect ueortsarndrazndomvariasle, i .l . ,the X是⼏次独⽴试验申成功的总次数 ,
因此X是签独随机变量Xi的和 ⼏何分布具有⽆记忆性 , 即使已经进⾏了张次失败的试验 (/ > k 了

,

indecator ramolorn variable IA of en ewent it X is d binomicalranaloomvariablewithparazzheters namdp剩余的试验次数X -1E仍服从与原⼏何分布相同的分布
时

吃'
I☆

.
=

IA = 1 iff Aoccurs

E[Y] = P(烈E[X1 ×—
—

3 + P(烈 [1 × [1×+ 1 P]期望E [X] =mp p ⼟ 1 - p
Ac ! . 0 PIa [ 1 ) = P ( IA = 1 ] = P [A ] . ⽅差 VGZ [ λ) = Uaγ (x . 1 + … + Var (Xn ] = E [ {3+ 2X + 1 ]

= n- Vaγ (xi ) ⼆ - 户
1 - D

IA is a Bernooblli ranalormvariabble,WiEhhpazarmetez p = MP[ ( -P) Var ( x) = E[X
2] - E[X]

2
= p

2

eqrals to the probability ofthe erent of intezest ,

IA AlLOWsUstotranslate Amanipulation of ewents
to a manipuelationof randorm variables ,
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13 ) Joint PMF 联合概率质量函数 PMFfor Functions of llaultipleRandom variables 2 = 8 ( λ , Y )

. llotivation P ( z ) = P[ = 2 ) = P [ g (x , y ) = z ) = Bx,y (x ,y ]

当我们要同时处理多个与同⼀实验相关联的随机变量时如随机变量X和丫单独的Rx和Py⽆法提供X 和Y相互作⽤的信息,
{(x. g 118x ,y = E }

. Def .

BMF
thre function clependson ⾄azfumerts , xandy

. Expefed vallee Rulefor Functions ofMubtiple Randoonvariables E [ 8 ( X
, yI]=x yf

[

x,y1 -x , y 1

Thejoirt PMF of X and y isdofined byPx, y( x, y1 = [ Px= x , Y =y ) Interpretation:
Suyscripts : the ranCloam rariasles heape aldaliny Luith 函数 8 ( xiY)的输出值依赖于特定的 λ Y灯值对 , 每⼀对 (xY ] 发⽣的概率由它们的联合PMFPa,Y (xY ] 多合出

表示随机变量 X 取值x的同时随机变量丫取值Y的概率 每⼀对 (λ,Y )对函数期望值的贡献是 g [x, y) -ailxy 1

最后要累加⼾有的( x, y ) 时,
. Properties

xyxyp[ λ , y ) = I所有可能的红了pair 的概率总和为⼯.因为联合PMF盖了覆随机变量×和 Y在其整个取值范围內的组合, ⼀

E [++ε] = 区 ] tbEEY ]tciscalwaystrue
, mo rmatter X

,
y , ase indpendert or Mot ,

收 (λ } = P{ X = x ] themarginal distrislution of x
=

, } x
= x , Y= y ) 事件 {{ = x} 的概率是disjointeuerts{x = x ,Y = y }在 Y遍历

Y

的所有值的并集
= yYx, y (x , y ] 4re marfinal pobability is the Phobability of

a single event oCCberirf ,indqpendent ofother events ,

yP (y )
=

xx,<P (x , Y ]
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( 4 ) ConditionalPMF条件概率质量函数 . Coznalitional PMF

. lotiwation Conlitioninf s random variasle X on an Event ot Conditioiinf aranlom rariable 1 om anothez
条件概率让我们, 能够"

-

divideand-onqez", 将复杂的Pobabilitymoels分解为更简单的Submodds, 然后逐个分析 x1 s
(x ) =β [ x = x | A ) =

B{ { x =x} ^ A )

Ry (x / y }
= P [ x = x | Y =y |=

P [ x=[ y=gY
=

] =

p,y (xig }

PCA ] Pyly ]
⽐奶定anexperiment,a arrespondingsample spad and a probability(aw ,假没我们知道某个特定事件 B已发⽣ , 那么我们可班只最注

那些在事件 B发⽣的前提下可能发⽣的事件,只关注样本空间中与事件B相⾼的部分 ,宿⼩了样本空间 ,

x=1
九= 2

x3

. Conditional Probability PCAMB
. 不同的九值对应的事件 {x= x } ^ A 之间互斥 ,

Def , PCAIB ] = PEB ) PCB ] 3 且这些事件的并集是 A , 即 P[ A ) = xP[ { x = x} OA Interpretation:当固定Y并考察RlY[ x 1 Y ]时
,实际上是在考察⼀个以

Comditional Probabibities forom alfitiomateprosability Lab 出吉合上⾯沿式可得 xx( a (x )
= ] λ为变量的逐数.ie, 合定Y=Y的条件下 ,

X取每⼀个可能的值的概率
onW- mefativity aditivityt Worzmalization ef 因此 , 我们实际上有⼀个归所有可能的丫值义的PMFfammly , 每⼀个不

P(B)
For any two disjoint elehts t, otz : P [2 IB ] =

P[IMBP(B) =

P[B]
= I 了cxla Eveortt ={ x≥23 PE管 同的Y值都会定义⼀个不同的y1y (x | y) 且 xPy (xly ) = 1 ,⽆论 Y取何

0 PCA, UA2 ( B ) =
P( A, UA2 MB )

所有相概率测度都集中在事件 B的范围内 ,

它 has ocEared 值
,
X的条件分布都是合张的概率分布 ,B [B ]

=

P((A . MB ) U [A2MB3 ] 九 i 234
九

BCB) 相当于将整个概率空间查宿⼩到了 B
E [ R ]
=

逾 4

E[ ↑ 1 A ] =

G是 = ⽅
ef

P (Y= 2 ) =0= B [A, ( B ] + B [A| B } il.条件概率定义⼸在neweiverseB內的概率律 ⾄
= 2

. 5

Px1 y ( 1 | z ]= 品( =2 )Pxy ( 2 | 2 ) =p(y
=
2) = ⽅( b-a) < b-at2| 5

Var( x) = 江
⼆ G VaZ ( × 1 A ) ⼆号 14 -3 P + 分3 -3 P +☆ ( 2 - 33

⾄ P(Y=☆]

Calalation Reles =

哥 Pxy (| 2 } = 号 Pxy ( 4 | 2 ) = 六

I
. llhltislication Rule PCIAi} = P (A , ) - PIAIIA 1) . PIASIA , OA2 ) : P[ An 1 ∴ ti )

Settiony : Experiomesrts that haue sequential character X
, Yareinpenart ! NO .P ×[ I )=+ P× 1s ( I图 = O

乘法规別反映了“个每事件在前⼀个事件已经发⽣的基础上发⽣的依赖性 ,每⼀步的成功都依赖前⼀步的成功 , 这种类型的问题通常⽤树状图表示, what if weGonditionon { ≤ 2andY≥ 3 ? Yes .

e.f Lecafi =-vent of intezest 13 19S 719

BrGmch := onitional Probasility
213

,13219013419 x

.

셅

pimissed dtection 1 =PCAMBC ) Calcelation Rules
.

= B[A ) . P( B<| A ] I
. wllseetilication Rule 收

,[, z
(x ,y , τ 7 =β (x) .↑ x

{y | x 1 -1 x ,y
[ z | x,y ]

.

.

= 0. 05 . 001 =00005 I
.
onditional Expectation 条件期望

条件期望与並通期⽇望的概念在本质上是相同的是加算计的式都相随机变量的所有可能值
I

.
Total ProbabiletyTheom全概率定理PIBI

= PIA , MB)+ … → PCAnMB] 但条件期望不是在原有的概率框架内进⾏计算,是⽽在⼀个通过条件改变了概率分布的 newuhierse中进影
= BIA } - BEB|A ,) + … + P (An). B[B 1 An ) E[X 1 A ]

=
x x ☆ 1a ( x ( A )

Setting :事件的发⽣个互斥的途经决定 E[X ]YJ = xx . ↑ (9 ( x | Y =g )y
Let ot . ,…, otnbepartition ofr . ie.lachpossible ostcomeisinludedinoneandonlyone oftheevents tsi, otn

.The probabilitythat3 occhrs is a weighted Averafe of E[ g (×) 1 A ]
= xg(x )×1 (x / A )

its conlitional probabiiEs under Cach SEenazio evert oti, where eaah scenario 亞 Total ProbabilityTheoren 全才 定理

is weightedaccordinf to its hnconalitional Pobability . BeEtation 定理其望值

E[x] =
i = ,

"

P(Ai ) . E[X 1 Ai ]

PCAIB) cAptizesthePArEial inormaltiornthcat evert3 proviolesABouut QCrt t .

Interppethtion :

E [ ] = xxx[x ]区 [] 8( 3 = xg(x) P× (x]

E [ 8 ( x ) | Y = y ] = xg (x) . ↑1 y( x | Y= g

既率 tB = { = x } p (x)= P (A, ) . Y 1a , (
x)+ … + P [An)Pxlan[x)

IU
.
TotGulEx 个heoram 全

THe total prosasiitytheoreonis Erheforalk x 's.xL xLx=PIAII - xx xlA, lx ) t+PCAn
)
xλPx1 An [x )

⼀ ~ ⼀

ECX] E[X 1 A , ] E[X 1 A可
het A= { ↑= y }

= gPy(y ) -E[ a 1Y=y 了定理期望值全将⼀个γ.u 为的期望分解为
= 区区[ 排] Y ⻔

X在家合定另⼀个 γQY的不同条件下的期望的加相平均
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( 5] Imolepemalene 3 Indepenene of a anodorn ariablefroman Erene P( X-xandot |= P ( X= x ) .PIA)=p . (x), PIA), forallx
1 Indapenence ofthoEwents A ,B PIAMBI= PIA ] P[B ] . InterpretationI
PIAIBI capEires the particalinforomation that ewentpprovides aboutent t y1 z (x)

= . (x) , forall x .⽆论A是⾕发害 ,
X的概率分布保持不变

When the ocEilrend of Bprovidesnoinorzmationand does not elterthe probatsility thatt thasoccured , using the definition of theconditional PMFP ×(A (
x) =P1X =
1A)

A 了

ie,PCAIB ) = PIA), we sly that ot isindependesrt of B .

. Intezypretation 丘 .

.

By oletinitionPIAIB } =
PCAMBJ
P (B3 ,
incase ofindepenentot arodB , P [ AMBI =P[ A 7PEB )我们采⽤此公式作为 P[A ] = P [ A | X = x) ,forallx对事件A的概率判断不随机⾥变量 X取值的影响

,

独⽴性的定义 ,因为即使 P(B 7 = 0 .
,公式依然成⽴

,
⽽PIAIBJisumolefimed,

inodependentt adisjoint 4 Indapenence ofamdon ariables xiy (xiy1 = plx) ply), forall xi时
独⽴事件 :⼀个事件A的发⽣不影响另⼀个事件B的发⽣概率独⽴事件可以联合发⽣ , 其联合概率各⾃概率的乘积 . Interpretation:PayIxly 1 -Lx), forablywithycy)30 , azndallx

Imalependence isnoteasilyvisucelired in tezzys of the saryplaspae . If Xand Y ame inolependent variables , then :

不相交事件 : 两个事件不能同时发⽣셆

P[ AMB } = 0 E[XY ] = E[K]
E

[ Y] Var ( x+ Y) = Uaz ( x ) + Vaz [ Y ]

如果两个不相交的事件 A , B都有正概率 , 即 P[A / > 0 , P[B ) > 0 , 那么它们绝对不可能是独⽴的 , Proof : ExpeckedVebell RuuleforFumctions ofillaltkipleRandomvariables Proof: he ⽐E[{ ]: = @E[↑ ]: = bE [ItY ] =atb

E[g(x, y ) } =
xy

g(x, y ) :

a ,(x, y )Le⽐ g ( x , Y } = xY Var { xtY} = 区[ ( ↓+ Y]- latbl' }

. Conditional Indpenene oftihoEwents ot , BgicenarebertC E[XY] =
x y
xy - p(x) - y(y ) BYinoleapemclene

= [ [ -Q } + { Y - ] ]

- P [ AMB | E ) = P ( AIE 7 . PEBIE ) [* ] =

x
友x)x ykY

= E [ ( -a>+XI ( { G). ( Y - b) + ( ^ /- bP ]

条件独⽴性表明 , 在巴知事件E发⽣的情况下 , 事件 A和 B的发⽣相互独⽴ — —
= 区 [[ X -G} ] + 2 E[( ×-a} . ( Y- b] ] + E[ ( Y - bP 了

区[X] EFY ] = VGr ( X] + ⾄区 [[-G]· E[Y- b ] + VGZ ( Y )
P( AIE 7 = PCAIBMC ]

B( AMBME ]
= VGz ( X ) + UGz ( Y ]

推导 : P [ AMBIc } = PCC ] Bef. Comlitiomal P8obability E[ 8 (k) h(Y} ] = E[ g {×] ] ETh(y1 ]
=

PCC) . P[BIC) . PEAIBBC ]

PCC ] ollultiplscationRule

= P( BIE ) . P ( A 1 BMC ] Covariana : E [ X - EX ] ( Y - E Y ) =

P[AIE} - PCBIE ] = PIBIE ) . PEAIBMC 了 ( * ) Proof :
= E[ I - E[↓ ] - E[ ( Y - E[Y ] ) ] =

P[A ( C ) = PCAIBME] . Infemeral : Vaz ( x + y ) + Uar (x ) + Uar ( Y )

在星件JC发⽣的前提下 , 事件B的发⽣对事件A的发⽣概率沒有额外的影响 , e 8 .

x = Y Var ( xty ) = Var ( 2x) = 4 Vaz [ x )

从信息您的⻆度来看,Altheinforomations that Bproviadsegardiny the odberene of t ase Gomypletely encapgulated x = -Y Var ( x +Y ) =Vaz(o ) =

inC . 某些看似重要的条件实际上不提供额外信息 In feneral E[X+ Y ] = E[ X ] + E [ Y ]
.

enomalitionally indepenolent ⇒conolitionallyindeperndert conditioncallyinalependent 3um conditiomally indepenolent
2inalepencentfair coin tosses 2 Coins P(Head] = 0. 99 PEHead ] = 0o 1

HI = { Ist toss is a head } Choose orhe of the twoat randorm Imolepenoen
Hr = { 2nd toss is aheaad} withProceed a independesnt Coin tosses
D = {thetwotogseshavedifferent rescults 了 Hi = { i -thtossisa head 了

B= { the bllecoinwasselacaead了 ,
P[B ) = 主

H , and HIare umonlitionallyiralependert H, andHs areomolitiomallyinalependent :

Bht WOTconlitionallyirdepenolent ; 选定硬币后 , 两次拋抛掷都是独⽴的
P( H. MH = ID ) = PCH . MH2 IB ] = P( (H , 1 B) , P(H2 ( B ) = 0. 99 . 0 . 99
P (H | ] ] = B[ H2 | B } = 主 ppttoNoT onditiomallyn inodepandent :

PCIH , MIH2 ID) F PCH , IB } PCHEIB ] 若没有合定硬币信息 , 但知道 H发⽣ , 我们⾃然会倾向于选择认为
若已知抛出了⼀还反, 那么 H发⽣时必有H2不发⽣ 的是蓝⾊硬币 ,远将直接提⾼对H发⽣的预期

P [ H , ] =β[B] P[H , B ] + P [ BG] , P [ H. |BC ) = 定 099 + i 0 .01 =元同样PCH2] =当

P( H, Λ Hc}=B [ B} P[ H, MH | B} +R { BC ). P ( H, MH |B ε ]= 些 . ☆ .{9'+☆ 0 .01β= 0.490I

5 onolitional e oftwo arndormariableV sxiygiven an vert t

x
,y 1 a (x , y )

= Y 1Alx ) . P1aly), forall xiy
Again .eqrivalent to fy,Atxty )islx )for allxandys . t. 1 Aly ) 30

{Y=y } 和事件 A同时拔⽑的条件下 ,
X歌值为λ的概率
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Contincloes Random Vaziables
( II EDF CuzmulatineDensityFunction(累)分布函数
llotioation

连辣隨机变量
⼀些性质在离散随机变量和连随I变量之间是共通的CDF提供了⼀个额⼀的随机变量分布的框架表示情: 况 :{ X ≤x } is lhlagsan

I
. Def ecert oinal therefore Mas a well -dafinedprobability

ArasndoomvariableX isantinuousifitspossiblevalilescotmprorlise sither asingle interual ofaehion of hisjoint CDF是⼀个单参数函数 , 它给出随机变量取某个具体值x的概率,
intez vals on themceontserbine

. Looselyspeaking ,the EDF FEx)" aCCeMEates "psobability" ep to" the valece
x

,Fx[xP [ λ≤ x)

A random variable X is contimuous if its probability law Caanse desaribedby aPDF
. Bef ,and properties

2
.

Frazmeworkto@sczibe arhtinloks ramdom variable DiscreteRamalom variable X Continceous Ranolorn variable X

( 1 ) PPF ProbabilityPensityFunction概率密度函数 F× (λ } =<≤xPx (k ] Fx(x ) =ffslt3ol ⽐
, Intuition

We carr thhirnha ofthebarsin the PMF GIS BOIrEzYa8sesWith positiune weighut , eaah sittinf on top Fa(x ) has Crcontinuouslyvaryinf frm .

of a speafic murmezical valbe . Tocalarlate the probabititythot therandosn variable fabls Fa (x) nas a pieewise consEart azndstircaase- like forrm .

Tme a- step proceodbee to find a general PDF
wituin a specific interwal ,he add oep oall the zmassesthatsitom topof themuizrericalwallnes P× ( k } = P[λ≤ K ] - P[X ≤ E- 1 } = F× [E ] - F× [ 1c- 1 )

,
DKER Y= g (X ) of eorntinoohsZalomVGZiablk

rwithin that interual , 每当随机变量离散 X的PMF在新值 K上有正值 PxCk) ,
, FindtheCBF of Y : F[ [y ) = P{ Y ≤Y ]

In the case of PDF, there' sstil a totcal of one lrit of fsrotsasility mEssAEsifnedtothe possible valleues o Falk )在 K处会有⼀个跳跃其⼤⼩等于Pa [ k ) . Differeneiaate: 9
the ranlom variabie . Howeer , this yass is spread across the entine zcal lime,rathertmanseingomcentrated Fxlx) is monotonicallynon -decreasing : x ≤y =⇒ [ (x) ≤ Facy )
at specitic points .The histzibuutiom of this ronass is mot luniform ; some partsof the real hine contirmorezmalss λ→∞ , Fx(λ) → I λ→-

∞ , Fx[ λ) 3

operunithanfththanothezs.我们可以想象有1蹭磅雪落在⽅数残上 PDF告诉我们在特定点上积累的雪的⾼度然后我们通过计算
曲线下⾯的⾯积来得到在某个区间上积累的整体雪量的重量 . FPD for unctions of ancdomR ariablesV
. PDF Properties Y = ax+ b

, P ( a ≤ X ≤ b ) - faf (x) dx [ a, b ] ≤② PBF⽤于确定⼩枢间的概率 fyly ) = 1afx yd St
. BPFintegates 8 y

2 flx) ≥ 0 , foreweryx ( G 30} (Q<O ]

3 J
∞

f [x) = P [-∞< X <+∞ ) = I The entine arearunder the graph of the PDF tmalst be equal to I . Fy(y ] = P(
Y≤ Y) ] Fy (y ) = PlY ≤Y ]

4 P[ X =a] = O 在连的范围内选取⼀个点的概率⽆官⼩ = P(ax+ b ≤y ] = P(axtb ≤y ]
For an interwal [ x , xto ) With veryssmall lenfthf , ue have : 1⽇此可以看出 ,PDFf) 的单位是 = P( X ≤ Y品 = P( × 3,器 )

pl [x , x+f ] ) - f*ffit )dt ≈ fx(x )f → fx(x ] ≈
P ( [x , x+f 3 ] "

probarsiity Mass per eni 't lenfth
"

xY 品 =| 1 -P ( X ≤
Y
⿏8

连宁卖随机变量X取值花某个⾮常⼩的区间内的概率≈PDF在该点的取值⼩⼩区间的⻓度 , 随着这个区间⻓度趋向于① ,

= 1 - Fay品
P[ [x , x+f])趋于 O → P [ X- θ= fyig ) ff gd af 9ly) = - ff 4d a□

PBF在某⼀点x处的值连⽽卖是随红变量 X在点x附近取值概率质量密度的 ,⽽不是概率本身

理解公式或代⼊ : P (a ≤ x ≤a ) ={afx) dx = 0
5 PLGck < b ] = P(G ≤ X < b) = PCG < X ≤ b ) = B ( G ≤ XEb ]

6 PDFs don't rare tobeoortimlousfuznctions.

⼀旦我们为累到了 PDF, 可以不再关注其样本空间的构成 ,PBF为我们提供了计算和推导连卖随变量⾏为的所有必要信息
之后我们默认□= 1

R

若2 组, 我们可以通过将不属于λ的x值在级上的黎曼密度定义为O来将模型扩展到整个R

,

.

N

- (y1 = dFylyldy

Y=δ (X) , gis strictly monotonic and differentiable
fply)- fx{hiy')dhiyldy

,

9 momotoricably increadsiong Smomotorricably Glecreasing
Fyly ) = P ( g ( x ) ≤y ] Fy(y ) = P [ g ( x ) ≤y )

= P(x ≤ mly 1 )
= P [λ≥ hcy 7 ]

= F× lhcy] =| - FxChay ) )
fyly] = falhly1) . dmcyldy fyly) = - fx( hcy 1 ) , duiydy
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(3 ) JointPD联合概率质量函数 .Fzomthejointtothe marginals
. Def fx (x ) = ffxixlx,yJdy fyhg1 = {fxiylx,ydx

Two cortindoals ranElozmvaziablesAssoCicatedwith dcommonexperimentarejointlyontinuous (联合连卖]
efici )ifthey can se olescrisedby ajointPDFfxiYthatsatisfies :

fx, y ( x, y 13, 0 §

{ pl (xi(EB ) fxiykxiy1dxdyforeverysubsetB of the toodimensionad plane. 时

. Interpzetoltion liil We aretoldthatthejoirt ppF of therando mvariables Xand ' Yis aonstant c on the sets

我们不直接定义 PDF联合为新具体的概率值 , ⽽是通过定义联合 PPF的间接定义功能来其概念 ie .合PBF被⽤于计算概率,本身不表示概率 ShouninFif, and is2ero outside.Findthe valdeof Candthemarginal PBFsof Xand %

具本来说联合描述两个连实随机变量PDFAY在任意定的落⼆雍区域 B内的概率
fxiy[ λ,y)在点(xY )的值可以想象为点⻛ Y了上⽅的⾼度,这个⾼度代表了随相变量 ( X , Y] 落在此点的概率密度
若在点 xY了附近有⼀个⾮常⼩的矩形区域 OxXOY . 那么 x和 Y同时落在这个⼩矩形内的概率的为

fpxiy 1oxoy
将这种⼏何理解扩展到⼆准区域 B时 , 计算 P[ (x,Y ) ε B |过程的本质上是计算由本y( λφ )步成的旧⾯与区域B所围成的体积 . Expected VablelRileforFunctions ofhluhtipleRandoonvariaslesEIS( X , Y 1 ]-ffi

"

gixiy 3 . fxiy cxig) dxdy
这个体积代表⼸在区域B上对xy(xy )和 dxdy的乘积进⾏整体积分 E[Xa + Yb + a ] = E[XG ] + E[Y]b + G

. Properties
I PCA≤ X ≤ b , EEY ≤ d )=ffafxiyixy) dxdy

y
d⼀

B is a recEangular of the foron B = [a, b] x [C ,
d ]

s 绍

a

你
x

2 ffofxiix,g) dxdg = 1
b

3 azeG{B ] = O ⇒ P [ [ x,( ] EB ] = 9
.fB是⼀条⼝线H

如果矩形的边⻓都是很⼩的数值蒜
—

⼦ :

PLAEXE atf , C ≤ Y ε ctf) = ffaeffxiylxiy)dxdy≈ fxi{( a, c ).δ
z

fxiela,6) ≈ PLA ≤ x ≤atf, C ε Y ε Ctf 1⽇此可以看出 , fx섰 的单位是“(aic)Probakilityperunitazea inthe vinicity of (a,c)
"

f⼿

4 X
, Yae Continalous3 XandY are jointly ontirnlous

,

&f λ= y
可以确定实验的结果将会落在xY这条钱上, ie.所有的概率都集中在这条钱上 , ⽽这条线的⾯积为Q
我们在⾯积为 O的集合上得到了正的概率,看似与性质可相⽭盾 , 但这实际上意味着 x和Y并不是联合连⽽的

Joirtcontinlityequiresmorethanindivideral ogrtinoiity oftheran dom rariables involoed ; it neqhires a

geninetho-limensionalspeadofprosability.
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4 JointCDF 联合函数分布 (的 ) llean aznd Variane

. Def E[X] = F"xfcx)dx
IfXandY ae tho Aorhinlous rarlol variables associetedWith h Gommon experiment , ue define thir 5oirtCDF: by 离敬随相競量X: E [X] = xxp(x )trintgralis juesta immiting formof a sum )

Fxiylx,yI 1 =P ( XEx ,Y≤ y 1 =fiofxiyls,
t) dsdt PDF → CDF Canbe interpreted as : oAverageinarfe mumber of independert opetitionsof the experiomert .

& " Center of gravity of"the probarbility
. CBF → BDF

区 y(ay对偏导:剥Fy(x,Y ] = f-∞ fxy (s,yJds X ≤x且Y= Y条件下的marfinalPDF var ( x) = E[1-x]= f -∞ ( λ -uPfxlx1 dx
对第⼀步的结果再对x偏导: 最 (ff%y8 ,g}ds)= fx,i {(hiy /X 和Y 在点x处的 jointPDF = E [ X

]- E [⽐( JP
y
凹 Linearity ofvariandVarlax + b ) =avar(x )

fxiy(x,y
)

=
2

Fx, xlxg
)xay

(λ
,y )

九 x
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( 6 ) GonditionalPDF条件概率密度函,数 . onditioning a random variable X on another fxiy (xly ) =
fxiycx"
yly) iffely ) > 0

.

Conditiorminnf aranalomvariable XonanEvent oA 推导 P{x← A | Y=y ] = SAfxiy {xly ) dx

PLXEBIAI = SBfxA( x)dx, PIA1 30 , forangsubsef B of the neal line fxAlx) . f ≈ PIxsX≤xtfA )whereP 1A 3 > ConditionalProbasility Detinition
Intution 在事件A发坐的条件下 , ⼩区间 [x , λ+f] 的条件概率

PMF PBF 我们不使⽤ A = {Y= y } .
因 PDF⽤于确定⼩区间的概率 , P ( Y= Y ) =

Ordimary Probability Definition P, (x) = P[X= x] ff(x) J ≈PLx ≤ X ≤ x+f ) (**] 所以定义 셆
A= {Y ≈ y } , il , YEY ≤Y+ε

CalCeulation P[XEB
)
= x

σBy.(x) P [XEB) = Bfxlx3 dx P (x ≤ X ≤ x+f | g ≤ Y ≤g+ε } 利⽤条件概率的定义 P[AIB ] =
P{AMBP[B ) ,P [BJ 3

ConditionalProbabiityBefinitionYIACxI = P( NFxIA )STIJNPILEIExt δ A )*]
=

P{x ≤ X ≤ x+f , Y ≤ Y ≤ Y +ε ]
(x , y )附近有⼀个⾮常⼩的矩形区域 { X和 Y同时落在这个⼩矩形内的概率的为 fy(xiy 1δε

CalCulation PLXEB | A) = xGBR1 A
(x ] P[XGB | A ) ={3 fxn (x)dx P(Y ≤YEY+E )

=

*y (x ,y}f ε fxy (xly ) =
fxiylx,
fycy )

special hase : Conditional PDFof X ,Siventhat XEA tisasubsetof the real line ,

y (y 1f - q

PCNEXExtfIXEAI ≈ xE [x)-f (*3
= fx |{ (x |y )

δ表示 Y落在⼩区间 [Y , Y+E] 时 ,
× 落在⼩区间 [λ , λ+f] 內的概率

fxqx了 由旷瞅 xly ) f不依赖于 E可以考当E趋近于0的情况极限得到 PCx ≤ X ≤ xtf 1=y ] ≈ fxly( xly1
=

BCx≤ X ≤ x+8 , XEA 了 FEACx)= PCXEA) if XEA lore ganerably: P ( XEA1 Y= g ) =fAfxyixly ) dxP(REA ) {
⼀

=
P(x≤ X≤ x+δ }

≈
ffx).

8**]

O Othezlise
我们之前⽆法定义在给定O概率事件 {↑= y }下的条件概率 ,但现在可以通过公式P (× EA |Y=φ ) ={ 0fxy (xly )dx 处理这种情况 ,

时

xxtJ x y+f
P ( XEA ) B[XEA ]

In addition . it allowsusto wielothe ornditional PDF fylxly)asafunckionof x asa descripstiorn of the probasility
fAlx)hasexaotlythe sazneshape as thelrconditionalOhe ,xEst that it' sSEldbytReCOnStartfaozPEA) haw of X , giventhat the eent {
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Calaelation Rieles

Propefxy(x,y )dx =∞fxi< ( xil 1dx
I
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lotal promabilityTheorem 全概率定理 fx( x] = i =, "

P

{ Ai ) -f + 1ai[x) fycy) = ]

验证 : P (XEx ) = P(A , ) - PEX ≤ x ( Ai ) ++ P (An>. P ( { ≤ x | Am ] 当我们将Y视为 afixedmumpez , 并将yλ lY )视为单变量 x的函数 : 条新件PDF↑y (λ|Y)和联合BFY(xY )
⇒ 斥 (x了 = P(A 1 ) . Fa 1a , ( λ ) + … + P [ An ) . Fx 1au [x ] Yazrethe derivatives of bsoth sides W .r :t . x 具有相同的形状 ,

因为normalizinfactorfyly )不依赖于丸
⇒ ff(x ) = P ( A . ) -fx ( A

. ( x ) + … + P (An ) , fxlanlx)
ITotorl pectationEx heorem定理期其望值全 CarlaulationRules

验证 ; Mutiplybothsidesoffxlx1: ii "plAi鑷
: "Pyxx"E [ XNAilandthen

integrat from
- nto t ∞

,

I
. llchbtiplicationRull fxiy (x ,y ) 1 =fy(y ) .fxy ( x |y )

= fx (x) , fy1 × {y 1 x ]

oAplicakion : rixed odistributioms I
.
Conolitional ExBectation 条件期望

-E[X 1 A ] = f∞x fx1( x)alx

E[X = gJ= f - "x. fxiylxly 1 dx
t∞E[ g ( x31 Y= y ]f fxiycxly ) dxδcx) ,

E[ g (× 1 | A ] = f∞gix). fx1nlx) dx
= fai" (λ ,y )

亞
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Total ProbabilityTheorem 概率全定理 fx (x3 = f"fyly). fxly (xby 3 dy

IU
. TotaalpectationxTheorem定理期望值全 E[X ] =f"fyly) . E[X 1Y =yJdy

⼀ ∞

验证 : {∞fy( φ)E [×1Y =y ]dy代⼊区 [ ×|Y = y ]
=

f "x.fxxly 7 dx

= f-
h

"faly).fxfxyxly ) dxdy
= f-"f" fyly1 xfxy xly)dxdy
f-fi" falyxfxiylxly 3 dy dx
= f-i

"

fi fyly}.fxiy( xly)dydx(全概率定理了
= f-

h

∞ xfalxldxdx
= E[X ]
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pararmeters : a, s a ≤ b Pazametez : λ> PGzazrre{erg :W (O , I ) Parazneters :NC ,6 ] UER , 63必
- x

起/2
⼀{x-R

fx (x) = { p
-a

. if a ≤ x ≤ b fx(x ) ={λe ifx≥ 0 fx( x ) = 21 e fx (x ) = 216 e 262

0 . othezuise , Ot孔erωi{e recall :fioexxdx =Ʃπ
Fx (x) : standard mormal table Fx (x) : standard mormal table

F死x

= if xca Fx(x ) = {re !
ifx30therwise

P( x ≤ x ) =β (
*- ≤λ- ]

ifaε x ε b , 期望 E[X ] = = P ( Y ≤λ
-

些 ]

0 if xsb xs is SyMmetric Qroundo = 可(九些
p ( > ,a ) = fa"

\

e☆xx ⇒PDFfx( x)issymmetricaroend o
Y衡量 X与均值ψ之间的偏差除以标准差后 , 丫以标准差为单位dx

. P( XEI) = f
[a.b]oI

b-adx = b-a fea,
bonIdx =λfae dx reccle:Jeaxdx =aeax 来量化这个偏管 , 若丫 = 可 , 则意味着 X与均值之间有 3个标准差的距离 ,

= ⼊ -λ e
-xx ∞

let a = -λ ⽅差Var( ×) = I Y是⼀个标准正态随机变量 :d

=
lengthof[ a ,以]MI
lengtn of I = - e

-⼊∞
- ( - exa} E[Y ] = O ( : ×- ]

= e
-λG

Waz ( Y) = 02- Var { x } = I
atb

, 期望 E[X ] - f"xf(xldx-fa "x
.

b -adx = a Obsezwatiosn : det a = 0 , he ostalthe integral of the
PBF over the ontireranfe ofX , 期望 E[ X ] =U

⽅差 Var ( x ) = E[X] - [[↓ ]
2
=

{ b-ar
IM this Case , P( X 3, 01 = I .

TMus , we hane verifieod that e
-

x器
is symomltricaroumod u1

E* f"xflx )dx-fa "xs. b-a odx =ba等管 the integral of PDF is I , as it shoulal be .

⽅差 VGr ( x ) = G
2

, 标准差 6 = 吃 , 期望E [ λ] = S 0∞

x

λ exxdx = x,

b- a

2 ispropozEiomal to the wicdthof theuzriform
distribution .This hhifns wittrthetnhuitionthat Ehe

⽅差 Vaz (x ) = [[×3 ] -E[ x
] ==λ셆

≥
stamolard oleviationCGaftiresthe

"

width
"

or olispersion of ER = {셆 "xλexlx =
⼊

a Particalar olistribution ,

OBsE5Uation :
.

Noromality is preservedby lineartransormations
当⼊较⼩时 , PBFF降得较慢 ,

这意味着 X取较⼤值的概率增加 ,
het XrNlx ,

6 ) Y = axtb

因此 X的均值会变⾼较⼤值的分布跨越范围更⼴, 所以⽅差变⼤ E [ Y ] = aE[λ ]+ b =atb
Var ( y) = a? var [x ) = a62

或利⽤之前得出的⾹论 fyly |=[afx( 装 |=(al 欢息
eY 品⼀些“ 6

(yb-a ☆了代6⽉

Application Apphication = nG 1al

Model the armoune oftirmeunkil apiee ofequipneme .t moollls vell the adlitive effect of marny Y~ W(aytb ,
a
6
z

=
n π O | a

| .
e -y-(nta ] 2raG]

breatas down , hntil a lighht buulb burorsout , or entil an independentfacors in a variety of contexts . It
'
s 若 a =☆

, 则丫 = b, 即丫退化为⼀个常数 ,但我们仍可使⽤正态分布
ACaent OCCE☆}g

. important in the Eneory ofpobasiity ,e . f .Contzar 2imit 的表示的法 : Y ~ [ b , ① )

Thararn
.

ApBication
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Insignal processif and omomlmicationernfinelring ,

model roise amod olnpreliotable disortions of sigmals

.


