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5DQGRP�YDULDEOHV



5DQGRP�YDULDEOHV
Ŏ $�UDQGRP�YDULDEOH�LV�D�QXPHULF�TXDQWLW\�ZKRVH�
YDOXH�GHSHQGV�RQ�WKH�RXWFRPH�RI�D�UDQGRP�
HYHQW��

Ŏ :H�XVH�D�FDSLWDO�OHWWHU��OLNH�;��WR�GHQRWH�D�UDQGRP�
YDULDEOH�

Ŏ 7KH�YDOXHV�RI�D�UDQGRP�YDULDEOH�DUH�GHQRWHG�ZLWK�D�
ORZHUFDVH�OHWWHU��LQ�WKLV�FDVH�[�

Ŏ )RU�H[DPSOH��3�;� �[��

X Rt Rcmappng
區ple space



5DQGRP�YDULDEOHV
Ŏ 'LVFUHWH�UDQGRP�YDULDEOHV�RIWHQ�WDNH�RQO\�LQWHJHU�
YDOXHV�

Ŏ ([DPSOH��QXPEHU�RI�VWXGHQWV�SUHVHQW��JHQGHU�RI�DQ�
XQERUQ�EDE\�

Ŏ &RQWLQXRXV�UDQGRP�YDULDEOHV�WDNH�UHDO��GHFLPDO��
YDOXHV�

Ŏ ([DPSOH��WRPRUURZŇV�30�����OHYHO��\RXU�ƉQDO�JUDGH�

當 randomtrial只有有限有種可能結果時

I
male
female

GO no GOD



3UREDELOLW\�0DVV�)XQFWLRQV
$�SUREDELOLW\�PDVV�IXQFWLRQc�SPI������������������������RI�
D�GLVFUHWH�UDQGRP�YDULDEOHc����LV�D�IXQFWLRQ�WKDW�
JLYHV�WKH�SUREDELOLW\�WKDW�DcGLVFUHWH�UDQGRP�
YDULDEOHcLV�H[DFWO\�HTXDO�WR�VRPH�YDOXH��,W�VKRXOG�
VDWLVI\�WKH�IROORZLQJ�SURSHUWLHV��

�� ��

�� �

P(X = x) = f(x)
X

P(X = x) = f(x) ≥ 0

∑ f(x) = 1



3UREDELOLW\�0DVV�)XQFWLRQV
Ŏ 6LQFH�WKH�LPDJH�RIc;cLVcFRXQWDEOH��WKH�SUREDELOLW\�
PDVV�IXQFWLRQcI�[��LV�]HUR�IRU�DOO�EXW�D�FRXQWDEOH�
QXPEHU�RI�YDOXHV�RIc[�



&XPXODWLYH�'LVWULEXWLRQ�
)XQFWLRQ

Ŏ 7KH�FXPXODWLYH�GLVWULEXWLRQ�IXQFWLRQ��F�G�I���IRU�D�
GLVFUHWH�UDQGRP�YDULDEOH�LV�

F(x) = Pro b(X ≤ x) = ∑
t≤x

f(t)

Dincreasing

BFMEGD

禁比 0



3UREDELOLW\�GHQVLW\�IXQFWLRQ
$�SUREDELOLW\�GHQVLW\�IXQFWLRQc�SGI��RI�DcFRQWLQXRXV�
UDQGRP�YDULDEOH�LV�DcIXQFWLRQ�VDWLVI\LQJ�WKH�
IROORZLQJ�SURSHUWLHV��

�� ��

�� ��

��

fX(x) ≥ 0, − ∞ < x < ∞

∫
∞

−∞
fX(x)dx = 1

Pro b(a < X ≤ b) = ∫
b

a
fX(x)dx

Note that 批 t Pix
likelihood

a taxi

PCXEca的 Ǜx



3UREDELOLWLHV�IURP�FRQWLQXRXV�
GLVWULEXWLRQV�

Ŏ )RU�D�FRQWLQXRXV�UDQGRP�YDULDEOH�����WKH�
SUREDELOLW\�������������LV�GHƉQHG�DV����

Ŏ

P(X = x)
X

P(a < X ≤ b) = FX(a) − FX(b) = ∫
b

a
f(x)dx

otherwise fix 1⼆二 0

ECbl E.ca



&�G�I��IRU�D�FRQWLQXRXV�UDQGRP�
YDULDEOH

Ŏ 7KH�F�G�I��IRU�D�FRQWLQXRXV�UDQGRP�YDULDEOH�LV

FX(x) = ∫
x

−∞
fX(t)dt Fine Pax

表知 ⼆二 批

increasing
蕊如1

想 EM ⼆二 0



8VHIXO�SUREDELOLW\�
GLVWULEXWLRQV



%HUQRXOOL�GLVWULEXWLRQ
來來⾃自只有 2 種可能結果的 random trial

X
tl with prob p

Bernoullitrial

1 u t P

仁
with prob p

0 a P
Bernoulli random variable



%LQRPLDO�GLVWULEXWLRQ
X hi ⼈人䬂 Bernoulli 如 ÒYY 品
Y⼆二点xā BinlnP

YET 1.2 以
p.mf.PK⼆二 0 tpi

PG u p illlf
叫⼆二 0 ⼆二⽇日 iupǐto ò àp h



1RUPDO�GLVWULEXWLRQ
X continuous randomvariable

杺 ⼆二点 expl j
ehxn.NU⼦子



&HQWUDO�OLPLW�WKHRUHP
⼈人 么 xuǜdfyb任意Pdfc

If Y ÌÈXE ⼆二 T Nlu.fi if uso
or Ygxcu ⼦子

分配收斂⾄至 converge in distribution



'LVWULEXWLRQV�GHULYHG�IURP�
QRUPDO�UDQGRP�YDULDEOHV

D Za Zzi Znǖ Not X ⼆二点 É nxi
卡⽅方分配

If Z NOD and U 合 ZLV

T n.to Students t distribution⼩小6

If U 娘 and V E.ci v

F f Fu.io E distribution



*HQHUDWLQJ�SVHXGR�UDQGRP�
QXPEHUV�LQ�3\WKRQ

Ŏ UDQGRP�WDEOH�

Ŏ QXPS\�UDQGRP�

Ŏ VHHG



5HDGLQJV
Ŏ $SSHQGL[�$�DQG�&KDSWHU���������RI�,QWURGXFWRU\�
6WDWLVWLFV�ZLWK�5DQGRPL]DWLRQ�DQG�6LPXODWLRQ�

Ŏ &KDSWHU���RI�RXU�ƉUVW�UHIHUHQFH


