
L
e
cture

3
4
:
D
istrib

ute
d

C
om

puting

L
ast

m
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D
e
finitions

•
S
equential

Process:
O
ur

sub
je
ct

m
atte

r
up

to
now

:
proce

sse
s
th

at
(ultim

ate
ly)

proce
e
d
in

a
single

sequence
of

prim
itive

ste
ps.

•
C
oncurrent

Processing:
T
h
e
logical

or
ph

ysical
d
ivision

of
a
proce

ss
into

m
ultiple

se
que

ntial
proce

sse
s.

•
Parallel

Processing:
A

varie
ty

of
concurre

nt
proce

ssing
ch

aracte
r-

ize
d
b
y
th

e
sim

ultaneous
ex

ecution
of

se
que

ntial
proce

sse
s.

•
D
istrib

uted
Processing:

A
varie

ty
of

concurre
nt

proce
ssing

in
w
h
ich

th
e
ind

ivid
ual

proce
sse

s
are

ph
ysically

se
parate

d
(ofte

n
using

h
e
t-

e
roge

ne
ous

platform
s)

and
com

m
unicate

th
rough

som
e
ne

tw
ork

struc-
ture

.

L
ast

m
od

ified
:
F
ri

A
pr

2
1
13
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2
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5
2
0
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C
S
6
1A

:
L
ecture

#
3
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Purpose
s

W
e
m
ay

d
ivid

e
a
single

program
into

m
ultiple

program
s
for

various
re

a-
sons:

•
C
om

putation
S
peed

th
rough

ope
rating

on
se

parate
parts

of
a
prob

-
le
m

sim
ultane

ously,
or

th
rough

•
C
om

m
unication

S
peed

th
rough

putting
parts

of
a
com

putation
ne

ar
th

e
various

d
ata

th
e
y
use

.

•
R
eliab

ility
th

rough
h
aving

m
ulitple

ph
ysical

copie
s
of

proce
ssing

or
d
ata.

•
S
ecurity

th
rough

se
parating

se
nsitive

d
ata

from
untrustw

orth
y
use

rs
or

proce
ssors

of
d
ata.

•
B
etter

Program
S
tructure

th
rough

d
e
com

position
of

a
program

into
logically

se
parate

proce
sse

s.

•
R
esource

S
h
aring

th
rough

se
paration

of
a
com

pone
nt

th
at

can
se

rve
m
ulitple

use
rs.

•
M
anageab

ility
th

rough
se

paration
(and

sh
aring)

of
com

pone
nts

th
at

m
ay

ne
e
d
fre

que
nt

upd
ate

s
or

com
ple

x
configuration.
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m
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A
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C
om

m
unica

ting
S
e
que

ntia
l
Proce

sse
s

•
A
ll
form

s
of

concurre
nt

com
putation

can
b
e
consid

e
re

d
instance

s
of

com
m
unicating

sequential
processes.

•
T
h
at

is,
a
b
unch

of
“ord

inary”
program

s
th

at
com

m
unicate

w
ith

e
ach

oth
e
r
th

rough
w
h
at

is,
from

th
e
ir

point
of

vie
w
,
input

and
output

ope
rations.

•
S
om

e
tim

e
s
th

e
actual

com
m
unication

m
e
d
ium

is
sh

ared
m
em

ory:
in-

put
looks

like
re

ad
ing

a
variab

le
and

output
looks

like
w
riting

a
vari-

ab
le
.
In

b
oth

case
s,

th
e
variab

le
is

in
m
e
m
ory

acce
sse

d
b
y
m
ultiple

com
pute

rs.

•
A
t
oth

e
r
tim

e
s,

com
m
unication

can
involve

I/O
ove

r
a
ne

tw
ork

such
as

th
e
Inte

rne
t.

•
In

principle
,
e
ith

e
r
und

e
rlying

m
e
ch

anism
can

b
e
m
ad

e
to

look
like

e
ith

e
r
acce

ss
to

variab
le
s
or

e
x
plicit

I/O
ope

rations
to

a
program

-
m
e
r.
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ast
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D
istrib

ute
d

C
om

m
unica

tion

•
W

ith
se

que
ntial

program
m
ing,

w
e
d
on’t

th
ink

m
uch

ab
out

th
e
cost

of
“com

m
unicating”

w
ith

a
variab

le
;
it

h
appe

ns
at

som
e
fix

e
d
spe

e
d

th
at

is
(w

e
h
ope

)
re

late
d
to

th
e
proce

ssing
spe

e
d
of

our
syste

m
.

•
W

ith
d
istrib

ute
d
com

puting,
th

e
arch

ite
cture

of
com

m
unication

b
e
-

com
e
s
im

portant.

•
In

particular,
costs

can
b
e
com

e
unce

rtain
or

h
e
te

roge
ne

ous:

–
It

m
ay

take
longe

r
for

one
pair

of
com

pone
nts

to
com

m
unicate

th
an

for
anoth

e
r,

or

–
T
h
e
com

m
unication

tim
e
m
ay

b
e
unpre

d
ictab

le
or

load
-d

e
pe

nd
e
nt.
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S
im

ple
C
lie

nt-
S
e
rve

r
M
od

e
ls

se
rve

r

clie
nt

clie
nt

clie
nt

clie
nt

•
E
x
am

ple
:
w
e
b
se

rve
rs

•
G
ood

for
provid

ing
a
se

rvice

•
M
any

clie
nts,

one
se

rve
r

•
E
asy

se
rve

r
m
ainte

nance
.

•
S
ingle

point
of

failure

•
Prob

le
m
s
w
ith

scaling
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V
a
ria

tions:
on

to
th

e
cloud

•
G
oogle

and
oth

e
r
provid

e
rs

m
od

ify
th

is
m
od

e
l
w
ith

re
d
und

ancy
in

m
any

w
ays.

•
F
or

e
x
am

ple
,
D
N
S

load
b
alancing

(D
N
S

=
D
om

ain
N
am

e
S
ystem

)
al-

low
s
us

to
spe

cify
m
ultiple

se
rve

rs.

•
R
e
que

sts
from

clie
nts

go
to

d
iffe

re
nt

se
rve

rs
th

at
all

h
ave

copie
s

of
re

le
vant

inform
ation.

•
Put

e
nough

se
rve

rs
in

one
place

,
you

h
ave

a
server

farm
.
Put

se
rve

rs
in

lots
of

place
s,

and
w
e
h
ave

a
cloud

.
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C
om

m
unica

tion
Protocols

•
A
t
th

e
low

e
st

le
ve

l,
com

pute
rs,

pad
s,

laptops,
and

ph
one

s
(th

e
d
ata

facilitie
s,th

at
is)

are
ab

le
to

se
nd

out
and

re
ce

ive
arb

itrary
stre

am
s

of
b
its

into
som

e
ne

tw
ork.

•
N
ot

ve
ry

use
ful

unle
ss

th
e
re

is
som

e
agre

e
m
e
nt

(protocol)
as

to
w
h
at

th
e
se

b
its

are
suppose

d
to

m
e
an.
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Protocol
L
a
y
e
rs

•
In

fact,w
e
use

a
w
h
ole

stack
of

protocollaye
rs,e

ach
using

th
e
laye

r
b
e
low

,
and

e
ach

provid
ing

som
e
com

m
unication

ab
straction

:

–
T
h
e
IP

Protocolis
provid

e
s
a
w
ay

to
spe

cify
d
e
stinations

and
se

nd
raw

segm
ents

of
m
essages

to
th

ose
d
e
stinations,

w
ith

no
guaran-

te
e
of

d
e
live

ry.

–
Inconve

nie
nt

to
d
e
alw

ith
th

is
low

le
ve

ld
ire

ctly,so
th

e
T
C
P
(T

rans-
m
ission

C
ontrolProtocol),b

uilt
on

top
of

IP,provid
e
s
th

e
ab

strac-
tion

of
se

nd
ing

a
com

ple
te

m
e
ssage

re
liab

ly.
T
h
e
softw

are
take

s
care

of
b
re

aking
th

e
m
e
ssage

into
se

gm
e
nts,

se
nd

ing
th

ose
se

g-
m
e
nts

(via
IP),

re
asse

m
b
ling

th
e
m

in
ord

e
r
on

th
e
oth

e
r
e
nd

,
and

se
e
ing

th
at

th
e
y
h
ave

b
e
e
n
corre

ctly
re

ce
ive

d
.

–
T
h
e
D
N
S

(D
om

ain
N
am

e
S
e
rvice

),
b
uilt

on
IP

and
T
C
P,

is
a
d
is-

trib
ute

d
d
atab

ase
th

at
h
and

le
s
conve

rsions
b
e
tw

e
e
n
h
um

an
re

ad
-

ab
le

nam
e
s
(U

R
L
s),

such
as

(h
ttp://cs6

1a.org)
and

IP
ad

d
re

sse
s

(e
.g.

10
4
.19

9
.12

1.14
6
).

–
T
h
e
H
yperT

ex
t
T
ransfer

Protocol
(H

T
T
P),

b
uilt

on
T
C
P,

h
and

le
s

transfe
r
of

re
que

sts
and

re
sponse

s
from

w
e
b
se

rve
rs.
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E
x
a
m
ple

:
H
T
T
P

•
W

h
e
n
you

click
on

a
link,

such
as

th
e
syllab

us:

h
t
t
p
:
/
/
c
s
6
1
a
.
o
r
g
/
a
r
t
i
c
l
e
s
/
a
b
o
u
t
.
h
t
m
l

your
b
row

se
r:

–
C
onsults

th
e
D
N
S
to

find
out

th
e
IP

ad
d
re

ss
for

c
s
6
1
a
.
o
r
g.

–
S
e
nd

s
a
m
e
ssage

to
port

8
0
at

th
at

ad
d
re

ss:

G
E
T
a
r
t
i
c
l
e
s
/
a
b
o
u
t
.
h
t
m
l
H
T
T
P
1
.
1

–
T
h
e
program

liste
ning

th
e
re

(th
e
w
e
b
se

rve
r)

th
e
n
re

spond
s
w
ith

H
T
T
P
/
1
.
1
2
0
0
O
K

C
o
n
t
e
n
t
-
T
y
p
e
:
t
e
x
t
/
h
t
m
l

C
o
n
t
e
n
t
-
L
e
n
g
t
h
:
1
3
5
4

<
h
t
m
l
>
.
.
.

tex
t
of

w
eb

page

•
Protocol

h
as

oth
e
r
m
e
ssage

s:
fore

x
am

ple
,
PO

S
T

is
ofte

n
use

d
to

se
nd

d
ata

in
form

s
from

your
b
row

se
r.

T
h
e
d
ata

follow
s
th

e
PO

S
T

m
e
ssage

and
oth

e
r
h
e
ad

e
rs.

L
ast

m
od

ified
:
F
ri

A
pr

2
1
13

:2
2
:3
5
2
0
17

C
S
6
1A

:
L
ecture

#
3
4

10

S
till

A
noth

e
r
L
e
ve

l
O
f
A
b
stra

ction:
S
e
ssions

•
T
h
e
H
T
T
P
protocol

w
as

originally
conce

ive
d
as

stateless:
th

e
se

rve
r

to
w
h
ich

your
b
row

se
r
se

nd
s
m
e
ssage

s
d
oe

s
not

re
liab

ly
know

w
h
o

se
nd

s
th

e
m
e
ssage

s
and

th
e
re

fore
w
h
ich

m
e
ssage

s
are

part
of

th
e

sam
e
conve

rsation.

•
S
o,

e
arly

on,
d
e
ve

lope
rs

cre
ate

d
an

ab
straction

of
a
conve

rsation
(“se

ssion”)
on

top
of

H
T
T
P.

•
A

m
e
ssage

from
th

e
se

rve
r
can

contain
cookies:

pie
ce

s
of

d
ata

th
at

th
e
b
row

se
r
re

tains,and
se

nd
s
b
ack

to
th

e
se

rve
r
w
h
e
ne

ve
r
it
se

nd
s

a
m
e
ssage

to
th

e
sam

e
ad

d
re

ss.

•
F
or

e
x
am

ple
,
a
cookie

can
h
old

a
session

id
,
a
num

b
e
r,

cre
ate

d
ran-

d
om

ly,th
at

th
e
b
row

se
r
se

nd
s
b
ack

to
th

e
se

rve
r
so

th
at

th
e
se

rve
r

can
use

it
as

a
ke

y
to

re
trie

ve
th

e
state

of
th

e
conve

rsation.

•
A
lte

rnative
ly,a

se
rve

r
can

se
nd

th
e
actualstate

of
th

e
conve

rsation
to

th
e
b
row

se
r
and

le
t
th

e
b
row

se
r
store

it
and

se
nd

it
b
ack.

(H
ave

to
b
e
care

ful,
or

th
is

can
b
e
a
path

w
ay

to
sub

ve
rting

th
e
se

rve
r).
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Pe
e
r-

to-
Pe

e
r
C
om

m
unica

tion

0

1

2

3

4
5

6

7

•
N
o
ce

ntral
point

of
failure

;
clie

nts
talk

to
e
ach

oth
e
r.

•
C
an

route
around

ne
tw

ork
failure

s.

•
C
om

putation
and

m
e
m
ory

sh
are

d
.

•
C
an

grow
or

sh
rink

as
ne

e
d
e
d
.

•
U
se

d
for

file
-sh

aring
applications,

b
ot-

ne
ts

(!).

•
B
ut,

d
e
cid

ing
route

s,
avoid

ing
conge

s-
tion,

can
b
e
tricky.

•
(E
.g.,

S
im

ple
sch

e
m
e
,
b
road

casting
all

com
m
unications

to
e
ve

ryone
,
re

quire
s

N
2
com

m
unication

re
source

.
N
ot

prac-
tical.

•
M
aintaining

consiste
ncy

of
copie

s
re

-
quire

s
w
ork.

•
S
e
curity

issue
s.
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C
luste

ring

•
A

pe
e
r-to-pe

e
r
ne

tw
ork

of
“su-

pe
rnod

e
s,”

e
ach

se
rving

as
a

se
rve

r
for

a
b
unch

of
clie

nts.

•
A
llow

s
scaling;

could
b
e
ne

ste
d

to
m
ore

le
ve

ls.

•
E
x
am

ple
s:

S
kype

,
ne

tw
ork

tim
e

se
rvice

.
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