
L
e
ctu

re
#

1
:

C
o
u
rse

In
tro

d
u
ctio

n

R
a
n
d
y

C
o
g
ill

S
Y

S
6
0
5

-
S
to

ch
a
stic

S
yste

m
s

F
a
ll

2
0
0
7

2

B
a
sic

co
u
rse

in
fo

rm
a
tio

n

•
C
o
u
rse

:
S
Y
S

605
-

S
tochastic

system
s

•
In

stru
cto

r:
R
andy

C
ogill

(rcogill@
virginia.edu)

•
T
e
a
ch

in
g

A
ssista

n
t:

H
im

anshu
G

upta
(him

anshu@
virginia.edu)

•
T

im
e
/
p
la

ce
:

T
ues.

&
T

hurs.,
2P

M
-3:15P

M
in

M
E
C

216

•
O

ffi
ce

h
o
u
rs:

•
R
a
n
d
y
:

T
ues.,

10A
M

-12P
M

in
O

lsson
102G

•
H

im
a
n
sh

u
:

M
on.

and
W

eds.,
4P

M
-6P

M
in

O
lsson

105B

•
W

e
b
:
h
t
t
p
:
/
/
p
e
o
p
l
e
.
v
i
r
g
i
n
i
a
.
e
d
u
/
~
r
l
c
9
s
/
s
y
s
6
0
5
/
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W
o
rk

lo
a
d

a
n
d

g
ra

d
in

g

•
H

o
m

e
w
o
rk

:
E
xp

ect
ab

out
10

assignm
ents,

one
each

1.5
w
eeks

•
A
ll

hom
ew

ork
due

in
class

on
due

date

•
Y
ou

are
allow

ed
o
n
e

24-hour
extension.

U
se

it
w

isely...

•
E
xa

m
s:

O
ne

m
idterm

and
one

fi
nal,

b
oth

take-hom
e

•
G

ra
d
in

g
:

H
om

ew
ork

50%
,
M

idterm
20%

,
F
inal

30%

4

B
o
o
k
s

a
n
d

n
o
te

s

•
M

y
slides

w
ill

b
e

available
on

the
class

w
eb

page...

•
...how

ever,
I
w

ill
use

b
oth

slides
and

blackb
oard

•
T

here
is

no
required

textb
ook

for
the

class

•
S
om

e
good

references
you

m
ight

w
ant

to
look

at:

•
“M

arkov
C
hains”,

by
J.R

.
N

orris
h
t
t
p
:
/
/
w
w
w
.
s
t
a
t
s
l
a
b
.
c
a
m
.
a
c
.
u
k
/
~
j
a
m
e
s
/
M
a
r
k
o
v
/

•
“Introduction

to
P
robability”,

by
D

.
B
ertsekas

and
J.

T
sitsiklis

h
t
t
p
:
/
/
w
w
w
.
a
t
h
e
n
a
s
c
.
c
o
m
/
p
r
o
b
b
o
o
k
.
h
t
m
l

•
“M

atrix
A
nalysis

and
A
pplied

L
inear

A
lgebra”

by
C
.D

.
M

eyer
h
t
t
p
:
/
/
w
w
w
.
m
a
t
r
i
x
a
n
a
l
y
s
i
s
.
c
o
m
/
D
o
w
n
l
o
a
d
C
h
a
p
t
e
r
s
.
h
t
m
l
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T
o
p
ics

co
ve

re
d

•
A

rough
outline

of
the

topics
covered:

•
P
robability

review

•
Introduction

to
M

arkov
chains

•
L
inear

algebra
review

•
F
inite-state

M
arkov

chains:
steady-state

b
ehavior

•
F
inite-state

M
arkov

chains:
transient

b
ehavior

•
C
ountable-state

M
arkov

chains

•
A
pplications

of
M

arkov
chains

•
P
oisson

processes

•
M

artingales

•
E
xam

ples
and

course
w

rap-up

6

Y
o
u
r

b
a
ck

g
ro

u
n
d

•
I’m

assum
ing

that
you:

•
H

ave
taken

an
undergraduate

level
probability

course

•
A
re

som
ew

hat
fam

iliar
w

ith
basic

linear
algebra

•
I
plan

to
review

basic
probability

and
linear

algebra...

•
...how

ever,
these

review
s

w
ill

m
ove

at
a

very
quick

pace
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M
a
tla

b

•
S
om

e
hom

ew
ork

and
exam

questions
w

ill
require

use
of

M
a
tla

b

•
M

atlab
is

a
num

erical
linear

algebra
softw

are
package

•
M

atlab
is

available
to

users
connected

to
the

U
V
a

netw
ork:

•
h
t
t
p
:
/
/
w
w
w
.
i
t
c
.
v
i
r
g
i
n
i
a
.
e
d
u
/
r
e
s
e
a
r
c
h
/
m
a
t
l
a
b
/

•
M

any
tutorials

can
b
e

found
on

the
w
eb

•
O

cta
ve

is
a

free
(m

ostly
com

patible)
alternative

to
M

atlab:

•
h
t
t
p
:
/
/
w
w
w
.
o
c
t
a
v
e
.
o
r
g

8

S
to

ch
a
stic

p
ro

ce
sse

s

•
T

his
is

an
introductory

level
class

on
sto

ch
a
stic

p
ro

ce
sse

s

•
W

hat
is

a
stochastic

process?

•
T

h
e

id
e
a
:

A
quantity

evolving
over

tim
e

in
an

uncertain
m

anner

•
D

e
fi
n
itio

n
:

S
et

of
random

variables
X

t ,
indexed

by
param

eter
t

•
L
et’s

see
som

e
exam

ples...
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E
x
a
m

p
le

:
Q

u
e
u
e
s

•
F
or

exam
ple,

passengers
arriving

at
an

airp
ort

security
line

•
T
ypical

questions
w
e

w
ould

like
to

answ
er:

•
B
efore

w
e

arrive
at

the
airp

ort,
how

long
of

a
w
ait

do
w
e

exp
ect?

•
A
fter

seeing
the

line,
how

long
of

a
w
ait

do
w
e

exp
ect?

•
H

ow
likely

is
it

that
w
e

m
iss

our
fl
ight

due
to

a
long

line?

•
S
ystem

s
sim

ilar
to

the
w
aiting

line
arise

in
a

num
b
er

of
areas:

•
C
om

m
unication

netw
orks

•
T
ransp

ortation
netw

orks

•
Inventory

m
anagem

ent

10

E
x
a
m

p
le

:
Q

u
e
u
e
s

(co
n
t.)

•
M

odel
passenger

arrivals
by

a
stochastic

process

•
M

odel
individual

service
tim

es
by

a
stochastic

process

•
C
an

then
estim

ate
w
aiting

tim
es,

etc.
from

this
m

odel

•
W

e’ll
see

m
ore

on
queueing

m
odels

later
in

the
course...
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E
x
a
m

p
le

:
C
o
m

m
u
n
ica

tio
n

syste
m

s

•
F
or

exam
ple,

transm
ission

b
etw

een
laptop

and
w

ireless
router

•
R
outer

sends
a

string
of

bits,
say

0000000011111111

•
E
xternal

noise
can

corrupt
som

e
of

the
bits

•
S
ay

w
e

receive
0010000011110111

instead

•
C
an

w
e

guess
w

hich
bits

w
ere

sent?

12

E
x
a
m

p
le

:
C
o
m

m
.

syste
m

s
(co

n
t.)

•
H

ave
som

e
notion

of
‘typical’

transm
issions

and
errors

•
M

odel
transm

itted
bits

as
generated

by
a

stochastic
process

•
M

odel
noise

as
generated

by
a

stochastic
process

•
C
an

use
stochastic

m
odel

to
fi
nd

m
ost

likely
transm

itted
bits

•
W

e’ll
see

how
this

is
done

later
in

the
course...
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E
x
a
m

p
le

:
F
in

a
n
cia

l
d
e
riva

tive
s

•
D

e
riva

tive
:

F
inancial

contract
w

ith
value

derived
from

som
e

assets

•
G

lobal
derivatives

m
arket

estim
ated

at
$300

trillion

•
A
n

exam
ple

of
a

derivative
is

a
ca

ll
o
p
tio

n
:

•
H

ave
option

of
buying

stock
at

a
given

price
in

the
future

•
“C

an
buy

shares
of

IB
M

one
m

onth
from

now
for

$120
each”

•
E
xercise

option
if

value
in

one
m

onth
is

greater
than

$120

•
H

ow
m

uch
should

you
pay

for
this

opp
ortunity?

14

E
x
a
m

p
le

:
F
in

a
n
cia

l
d
e
riva

tive
s

(co
n
t.)

•
O

ption
pricing

relies
heavily

on
stochastic

process
m

odels

•
T

he
underlying

stock
price

is
m

odeled
as

a
stochastic

process

•
O

ption
price

is
derived

from
the

stock
price

m
odel

•
C
an

learn
m

ore
ab

out
this

in
S
Y

S
6
5
4

-
F
in

a
n
cia

l
E
n
g
in

e
e
rin

g
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E
x
a
m

p
le

:
E
p
id

e
m

ics

•
S
upp

ose
there

is
an

outbreak
of

a
new

disease

•
W

hen
sick,

individuals
can

infect
others

•
A
fter

a
short

p
eriod,

individuals
recover

•
S
om

e
questions

ab
out

this
disease:

•
A
t
any

given
tim

e,
w

hat
p
ercentage

of
the

p
opulation

is
infected?

•
D

oes
it

eventually
die

out,
or

does
it

continue
to

spread?

•
If

this
disease

eventually
disapp

ears,
how

long
w

ill
this

take?

16

E
x
a
m

p
le

:
E
p
id

e
m

ics
(co

n
t.)

•
T

he
num

b
er

of
infected

individuals
is

m
odeled

as
a

stochastic
process

•
In

each
tim

e
p
eriod:

•
A
n

individual
infects

n
others

w
ith

som
e

probability

•
A
n

individual
recovers

w
ith

som
e

probability

•
A

reasonable
m

odel
for

this
process

is
given

by
a

M
arkov

chain

•
Y
ou’ll

probably
see

a
hom

ew
ork

problem
related

to
this...
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E
x
a
m

p
le

:
G

o
o
g
le

’s
P
a
g
e
R
a
n
k

•
P
a
g
e
R
a
n
k

w
as

fi
rst

m
ajor

innovation
of

the
G

oogle
search

engine

•
G

ive
every

w
eb

page
an

‘im
p
ortance’

score...

•
...return

search
results

ranked
by

im
p
ortance

•
T

he
w
ay

G
oogle

ranks
pages

is
related

to
M

arkov
chain

theory

•
I’ll

show
the

details
later

in
the

course...


