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Exponential Distribution

N

Def: For so continuous random variable X is an exponential random

variable with parameter A if it has the following P /\e:"\x e x>0
Flx)= m le- S
‘ otherwise,

> <
wl DE-oTOperties /\>0

can write X ~ Exp(A) if is an exponential random variable =X
et’'s check that M satisfies t

QO £0020 7 A v
@ § Qx(x):\ = /\Q’I\Yo\x = 'S)‘e"\xdx
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Expectation & Variance of Exponentlal \V

For a random vari X ~ EXp(A), I @'
A —" A
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Expectation & Variance of Exponential

For a random variable X ~ Exp(A), Var(X) 1 )

\/av CX)-= QCYZ) QQX)Z
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Example Exponential

Going back to our terrible alarm clock, we know the behavior is:

Once plugged in, the alarm will randomly ring once after some amount of time,
however we know it goes off at a rate of 1 time every 10 minutes.

Let X be the amount of time it takes the alarm to sound. X ~ Exp(1/10), because
our rate of rings is 1/10 per minute. T

How many mlw before the alarm rings?
QCX ) FD‘““ e C (Q Wan
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Exponential Relation to Geometric

Let's try to draw a more rigorous connection between Exponential and Geometric
distributions. Take our Geometric r.v. and consider running trials after every o
seconds. The probability of a success is p = Ad.

Then, let Y denote the amount of time/seconds before a successful trial:
PlY > k8] = (1 —p)* = (1 - A8),

To translate our trials to a continuum, consider taking the limit of d — 0. Then, for

any time t,
PlY >t =Py > (£)8]=(1-218)/° me™
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Continuous Example!

Let V and W have the joint density 12e>" for 0 < v < w < <. Find the distribution
of V. — -

_v-2W
$  uw) = 2677 & (Jevewcea
vyw v

O o\’lﬂawisg
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Continuous Example e

— @

Let V and W have the joint density 12e>" for 0 < v < w < <. Find the distribution

of V. :2_ L\/\) LE_.
OevcWa =0 —
Gk

N~ 3\I~7 _V-3W

= 26 = -
c
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Continuous Example : H ‘L(\:\ \/‘\)QXPU\)

Let V and W have the joint density 12e™3% for 0 < v <w <, Find P(W > 3V)

W W=2V

oY V= W=3v
v S y W >3V

w w/3 N
073 OSJ% 26" = dvdw






Continuous Example

Let V and W have the joint density 12e™" for 0 < v <w < «. Find P(W > 3V)

Lecture 4A - Slide

UC Berkeley CS70 - Nikki Suzani 11



Another Continuous Example!

Let f(x) = k(2x+3) for -1 <= x <= 2, and 0 otherwise. What is k?
————

L(2ZX¥3) -1&€X< 2

Y ) =
O oHenn
9
N $,00dx = |
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Another Continuous Example! Q_,

Let f(x) = k(2x+3) for -1 <= x <= 2, and 0 otherwise. What is k?

514(27@5)(&\( =\
N

\ / h <
fg@kx ¥ 3)dx
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Oax?' + %g]g @E

= (Ue+6k)-(k—=3k)
= (10k)=(~2k)



Min of Uniforms A m\» oA\ “\xw““)’; \R.

\
We have n{:lform 0, 2) random variables. For O <X < 2 what is the probability
that the minimum of the RVs |s <= X7

u\/ ul, ui\ ~ \.X‘(\\'QOVM D 2>
M: vun aul/ul/ U ’S
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Min of Exponentials
(N

We have n;e;ponentlal random variables wi iﬁerent éarameters Fln!i the

€xg()‘3/w qu\’ Exe(A2) QW(/\,\)

] POX %) = "-T'
M,WW\ ZXA/Xz/"‘ X“’S V(Xz_”‘) e

AM > X)) =PCX, >X N> .. >X>
= POX, >x) PO ax). F(Xm X)

Lecture 4A - Slide



SAVXx -Ae % e-/\v\x

- (X'I"' ’\l‘\'- - A\t\} X

o
:

M~ GXY (A . ,\,0 Tormoda fpabeRms

‘ ?CX>+):e-E-'E+ ‘




Tran?f&r%r?é ZE>><ponvent2|xs. l P (X - ) T_J
ﬂ' Y=exp(3 ) = expCl

Let X be exponential {Q—and letY = 3X What distribution does Y follow?

X QWCX) \=3X

7 for ony velve ¥

PCY >+) - p(aX>+) = (X5
(X e5) O
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Exponential T‘ 7

Let T have the exponential(A) distribution and lef N bg fhe integer part of T. What is
A
the distribution of N?

P(N=k) - Pck <Tc< kﬂé—

= P(Tak) - PCT> kex\)
7 M

s —¥ >
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X
Exponential (cont.) -—,\\c -—X\L-—/\

Let T have the exponential(A) distribution and let N be the integer part of T WTJ{ IS

T A -€t) f U
= Qe*)‘(l- ") S
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Combining Exponentg? and Uniform
Let X ~ Exp(A) and let YDe Uniform [0, X]. What is the joint distribution of X and
Y?

X ~Exp(\) M~ Unikorm (O, X)
—2<\='L \ 1 D< b
OB MpTio "

— 7

o . ecture ide
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A,
Combining Exponential and)yfomx =X 2 X

Let X ~ Exp(A) and let Y be Uniform [0, X]. What is the joint distribution of X and
Y?

c A&
A “IKX
’QY/U (X/ ‘33 P T
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X doedn > teke Oon nessiive Velues

Continuous Tail Sum n_oul_e&tlveﬁ_éég() Z: (X>E)

EX)= | [1- F(x)]dx P(X > x)dx -% )f\w whlt mg

5 [ o) > wang
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Continuous Tail Sum (non-negative RV X)
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Memoryless Exponentials

For X ~ Exp(h) find POX> 5 + 1 [ X > n) = PR 5)

~ A
K expd) 20X 30 Orxsm)
rOGsnlXon) = oG 0y

P sin) gt
T oo T e . S




Memoryless Exponentials

For X~ Exp(A) find P(X>s + 1| X>1)
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Recap

Practiced Continuous R.V.s:

e Finding marginals from joint densities
e Finding constants of integration, E(X), Var(X) from PDF

More Properties of Exponential/Uniform:

e Min of Exponentials/Uniforms
e Memoryless Property of Exponential
e Continuous Tail Sum
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