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O
utline

1.
W

hy
Linux

C
lusters?

�

H
igh

P
erform

ance
+

Low
C

ost

2.
W

hatM
akes

C
lusters

H
ard?

�

A
dm

ins:
M

aintenance!

�

U
sers:

D
istributing

Tasks

3.
T

he
Tools

�

M
O

S
IX

:E
asier

for
U

sers

�

C
luster-N

F
S

:E
asier

for
A

dm
ins

4.
M

O
S

IX
+

C
luster-N

F
S

in
A
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T
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B

ioH
ive

C
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5.
C
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R
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F
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P
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W
hy

U
se

Lin
ux

C
luster

s?

1.
H

igh
perform

ance

�

C
lose

to
1:1

speedup
(m

odulo
C

P
U

speed
differences)

for
our

parallel

application.

�

P
erfect1:1

speedup
for

batches
ofindependentsim

ulations

2.
Low

C
ost

�

D
iskless

D
ualC

eleron-500:
$800/ea

�

D
iskless

A
thlon-850:

$1000/ea

3.
R

elatively
E

asy
to

B
uild

and
M

aintain
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W
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Lin
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C
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H
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# C
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W
hy

Lin
ux

C
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H
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S
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# C
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W
hy

Lin
ux

C
luster

s?
Lo

w
C

ost

V
iew

 M
y O

rder!
D

epartm
ents:

B
uild Y

our O
w

n
S

ystem
H

ard D
rives

H
om

e C
om

puters
B

usiness C
om

puters
N

otebooks
C

om
ponents:

A
uctions

C
ases

C
D

-R
ecordable D

rives
C

D
/D

V
D

-R
O

M
s

C
ontrollers

C
P

U
s

D
igital C

am
eras

E
xternal H

D
D

E
nclosures

F
loppy D

rives
K

eyboards
M

edia
M

em
ory

M
ice

M
odem

s
M

onitors - F
lat P

anel
M

onitors 14" - 17"
M

onitors 19"+
M

otherboards
N

etw
ork C

ards (N
IC

’s)
N

etw
orking H

ubs
O

perating S
ystem

s
P

D
A

’S
P

ow
er P

rotection
P

rinters
R

em
ovable M

ass
M

edia
S

canners
S

ervices
S

oftw
are

S
ound C

ards
S

peakers
T

ape B
ackup D

evices
V

ideo C
ards

V
iew

sonic

 

D
escription

P
rice

 Intel C
eleron 500 P

P
G

A
 66M

H
z S

ocket 370     Q
ty =

 2 $238.00 
 1.44 F

loppy 
$14.00 

 A
bit B

P
6 A

T
X

 100M
H

z D
ual S

ocket-370 M
otherboard 

$147.00 
 256m

b P
C

-133 S
D

R
A

M
     Q

ty =
 1 

$239.00 
 K

M
E

 Jum
bo-M

ini T
ow

er A
T

X
 

$42.00 
 A

open S
iS

 6326 4m
b A

G
P

 
$27.00 

 S
ystem

 A
ssem

bly 
$29.00 

 3C
O

M
 F

ast E
therlink X

L 3C
905B

-T
X

N
M

 P
C

I 10/100
M

pbs 
$53.00 

T
O

T
A

L
$789.00

A
dd T

o O
rder R

eturn to B
uild A

 C
om

puter 

[B
uild A

 C
om

puter] [H
om

e C
om

puters] [B
usiness C

om
puters] 

[Laptops] [H
ard D

rives] [C
om

ponents] [V
iew

 m
y basket] 

[S
ervice] [A

bout H
D

N
W

] [N
ew

s] [H
om

e] 
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orthw
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ll rights reserved.
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W
hat

M
akes

C
luster

s
H

ard?

1.
S

etup
-

A
dm

inistrator

�

S
etting

up
a

4
node

cluster
by

hand
is

pretty
easy.

�

S
etting

up
a

16
node

cluster
by

hand
is

m
ind-num

bing
and

prone
to

errors.

2.
M

aintenance
-

A
dm

inistrator

�

E
ver

tried
to

update
a

package
on

every
node

in
the

cluster?

�

H
ow

about3
configuration

files?

�

H
ow

do
you

know
ifyou

m
issed

one
m

achine?

3.
R

unning
Jobs

-
U

sers

�

R
unning

a
parallelprogram

or
a

setofsequentialprogram
s

requires
that

the
users

figure
outw

hathosts
are

available
and

m
anually

assign
tasks

to

nodes.

�

U
sers

usually
don’tw

antto
see

this
m

uch
detail.
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T
he

Tools:
M

O
S

IX

D
escription:

M
O

S
IX

is
an

enhancem
entto

the
Linux

kernelthatprovides

adaptive
(on-line)

load-balancing
and

m
em

ory
ushering

betw
een

x86
Linux

m
achines.

Ituses
preem

ptive
process

m
igration

to
assign

and
reassign

the

processes
am

ong
the

nodes
to

take
bestadvantage

ofthe
available

resources.

Translation:
M

O
S

IX
m

oves
processes

around
the

cluster
to

balance
the

load,

using
faster

m
achines

first.

S
ource:

A
m

non
B

arak,C
S

D
epartm

entofthe
H

ebrew
U

niversity
ofJerusalem

U
R

L:
h
t
t
p
:
/
/
w
w
w
.
m
o
s
i
x
.
c
s
.
h
u
j
i
.
a
c
.
i
l
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T
he

Tools:
C

luster-N
F

S
(cN

F
S

)

D
escription:

cN
F

S
is

a
patch

to
the

standard
U

niversal-N
F

S
server

(uN
F

S
)

code
that“parses”

file
requests

to
determ

ine
an

appropriate
m

atch
on

the

server.

W
henever

a
clientrequests

the
file

f
i
l
e
n
a
m
e,the

server
check

for
the

existence
ofone

ofthe
follow

ing
files,returning

the
firstm

atch:
f
i
l
e
n
a
m
e
$
$
U
I
D
=
x
x
x
x
$
$

user’s
id

f
i
l
e
n
a
m
e
$
$
G
I
D
=
x
x
x
x
$
$

user’s
group

id

f
i
l
e
n
a
m
e
$
$
H
O
S
T
N
A
M
E
=
s
s
s
s
$
$

clienthostnam
e

f
i
l
e
n
a
m
e
$
$
I
P
=
x
x
x
.
x
x
x
.
x
x
x
.
x
x
x
$
$

clientip
num

ber

f
i
l
e
n
a
m
e
$
$
C
L
I
E
N
T
$
$

alw
ays

m
atches

f
i
l
e
n
a
m
e

default

E
xam

ple:
W

hen
clientm

achine
b
e
e
3

asks
for

file
/
e
t
c
/
h
o
s
t
n
a
m
e

itgets
the

contents
of

/
e
t
c
/
h
o
s
t
n
a
m
e
$
$
H
O
S
T
=
b
e
e
3
$
$.

S
ource:

G
regory

W
arnes,Fred

H
utchinson

C
ancer

R
esearch

C
enter

U
R

L:
h
t
t
p
:
/
/
q
u
e
e
n
b
e
e
.
f
h
c
r
c
.
o
r
g
/
C
l
u
s
t
e
r
N
F
S
/
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M
O

S
IX

+
C

lusterN
F

S
in

A
ction:

the
B

ioH
ive

C
luster

Q
ueenB

ee

D
ual P

entiu,−
II 300

256 or 384M
B

 R
A

M
3.25" F

loppy D
rive

Intel E
therE

xpressP
ro 10/100 ethernet

V
ideo C

ard

B
ee3

B
ee4

B
ee5

B
ee6

B
ee7

B
ee8

40 P
ort 10/100 S

w
itch

B
ee2

D
ual C

eleron−
500

A
bit B

P
6 M

B
256M

B
 R

A
M

3.25" F
loppy D

rive

V
iceo C

ard

D
ual C

eleron−
500

A
bit B

P
6 M

B
384M

B
 R

A
M

3.25" F
loppy D

rive
24G

B
 ID

E
 Q

uantum
 F

ireball
2x 3C

om
 3C

905B
 10/100 ethernet

V
iceo C

ard

L
A

N

3C
om

 3C
905B

 10/100 ethernet

h
t
t
p
:
/
/
q
u
e
e
n
b
e
e
.
f
h
c
r
c
.
o
r
g
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M
aking

C
luster

s
E

asy
:

M
O

S
IX

+
C

luster-N
F

S

1.
S

etup
-

A
dm

inistrator

�

S
etup

server

�

C
om

pile
rootN

F
S

kernel.
M

ake
floppies.

�

P
lug

in
sw

itch

�

P
lug

in
nodes.

InsertF
loppy.

�

B
oot.

2.
M

aintenance
-

A
dm

inistrator

�

C
hanges

m
ade

to
server

im
m

ediately
take

effecton
allclients.

�

A
dding

a
node

requires
changing

or
copying

�

files
and

m
aking

a
bootdisk.

3.
R

unning
Jobs

-
U

sers

�

U
sers

log
into

a
“m

aster”
node,M

O
S

IX
distributes

tasks.

N
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M
aking

C
luster

s
E

asy
for

U
sers:

M
O

S
IX

M
O

S
IX

(
h
t
t
p
:
/
/
w
w
w
.
m
o
s
i
x
.
c
s
.
h
u
j
i
.
a
c
.
i
l

)
is

a
dynam

ic
load-balancing

system

thattransparently
m

igrates
tasks

betw
een

m
achines.

1.
U

sers
log

into
“m

aster”
node

2.
Jobs

started
on

the
m

aster
node

autom
agically

m
igrate

to
fastest/least

loaded
m

achine.

�

P
aralleljobs

need
notspecify

nodes

�

S
equentialjobs

started
as

ifon
S

M
P

3.
Job

C
ontrol(ps,top,kill)

occurs
as

ifw
hole

cluster
is

one
system

U
sers

ne
ver

need
to

kno
w

details
of

cluster
configuration.

N
ov

23,1999
S

im
plifying

Linux
C

lusters
12



D
iskless

S
ervers:

Traditional
M

ethod

S
erver:

�

B
O

O
T

P
server

�

N
F

S
server

�

S
eparate

rootdirectory
for

each
client

C
lient:

�

B
O

O
T

P
to

obtain
IP

�

T
F

T
P

or
bootfloppy

to
load

kernel

�

rootN
F

S
to

load
rootfile

system
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D
iskless

S
ervers:

Traditional
M

ethod

T
his

m
ethod

requires
a

separate
rootdirectory

structure
for

each
node.

H
ard

to
S

etU
p

�

Lots
ofdirectories

w
ith

slightly
differentcontents.

�

E
ven

w
ith

sym
links

this
gets

m
essy

fast.

D
ifficultto

M
aintain

�

C
hanges

m
ustbe

propogated
to

each
directory.

�

N
o

easy
w

ay
to

see
w

hatdiffers
betw

een
directories.
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D
iskless

S
ervers:

C
luster-N

F
S

M
ethod

S
erver:

�

B
O

O
T

P
server

�

C
luster-N

F
S

server

�

S
ingle

root
director

y
for

server
and

clients

C
lient:

�

B
O

O
T

P
to

obtain
IP

�

T
F

T
P

or
bootfloppy

to
load

kernel

�

rootN
F

S
to

load
rootfile

system
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D
iskless

S
ervers:

C
luster-N

F
S

M
ethod

C
luster-N

F
S

allow
s

allm
achines

(including
server)

to
share

the
rootfilesystem

�

A
llfiles

are
shared

by
default.

�

F
iles

for
allclients

are
nam

ed
f
i
l
e
n
a
m
e
$
$
C
L
I
E
N
T
$
$

�

F
iles

for
specific

clients
are

nam
ed

f
i
l
e
n
a
m
e
$
$
I
P
=
x
x
x
.
x
x
x
.
x
x
x
.
x
x
x
$
$

or

f
i
l
e
n
a
m
e
$
$
H
O
S
T
=
h
o
s
t
.
s
u
b
d
o
m
a
i
n
.
d
o
m
a
i
n
$
$

.
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D
iskless

S
ervers:

C
luster-N

F
S

M
ethod

�

E
asy

to
setup

Justcopy/create
the

files
thatneed

to
be

different.

�

E
asy

to
m

aintain

–
C

hanges
to

shared
files

are
global.

–
E

asy
to

m
ake

custom
izations.

–
E

asy
to

look
for

custom
izations:

f
i
n
d

/
-
n
a
m
e

"
*
\
$
\
$
*
\
$
\
$
"

–
E

asy
to

add
nodes,add

node
to

4
server

files
and

create
7

m
achine-specific

files.
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C
luster-N

F
S

R
ecipe

O
n

the
S

erver

1.
Installand

configure
D

ebian
Linux

2.
InstallC

luster-N
F

S

3.
D

ow
nload

and
C

om
pile

M
O

S
IX

and
K

ernel,enabling
B

O
O

T
P

and
R

ootN
F

S
.

4.
C

opy
the

K
ernelto

F
loppies

5.
A

dd
entries

for
each

clientto

�

/
e
t
c
/
h
o
s
t
s

,

�

/
e
t
c
/
m
o
s
i
x
.
m
a
p

,

�

/
e
t
c
/
b
o
o
t
p
t
a
b

,

�

/
e
t
c
/
e
x
p
o
r
t
s

,and

�

/
e
t
c
/
h
o
s
t
s
.
a
l
l
o
w

.

6.
C

reate
files

thatare
the

sam
e

for
allclients,

f
i
l
e
n
a
m
e
$
$
C
L
I
E
N
T
$
$

.
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7.
C

reate
files

thatare
specific

to
individualclients

f
i
l
e
n
a
m
e
$
$
I
P
=
x
x
x
.
x
x
x
.
x
x
x
.
x
x
x
$
$

8.
rebootserver

to
restartallservices
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C
luster-N

F
S

R
ecipe

O
n

the
C

lient

1.
Insertbootfloppy

2.
B

oot

3.
R

ecord
E

thernet
M

A
C

address
displayed

by
kernel

4.
A

dd
to

\
e
t
c
\
b
o
o
t
p
t
a
b

on
server

5.
R

eboot
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P
lans

and
Ideas

�

N
eed

to
w

rite
this

up
as

a
paper.

W
anted:

V
olonteer

to
do

the
w

riting
in

exchange
for

co-authorship.

�

InstantC
luster:

P
ile

ofW
indow

s
D

esktops

P
ile

ofB
ootF

loppies

+
1

Linux
S

erver
running

C
lusterN

F
S

InstantLinux
C

luster

N
o

configuration
on

the
client!
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P
lans

and
Ideas

�

U
se

ofD
H

C
P

instead
ofB

O
O

T
P

?

�

A
uto-configuration:

U
nrecognized

M
A

C
address

causes
server

to

1.
A

ssign
a

new
IP

num
ber

and
hostnam

e

2.
A

dd
appropriate

entry
to

/
e
t
c
/
b
o
o
t
p
t
a
b

3.
C

reate
new

m
achine

specific
files

using
tem

plate
scripts,say

f
i
l
e
n
a
m
e
$
$
T
E
M
P
L
A
T
E
-
S
C
R
I
P
T
$
$,

�

??
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