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A
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R

esou
rce m

an
agem

en
t is a fu

n
dam

en
tal problem

 in
 grid-based system

s.
P

roviders of com
pu

tation
al service w

an
t to be su

re th
at grid u

sers do n
ot u

se
m

ore resou
rces th

an
 th

ey sh
ou

ld, u
sers w

an
t to be su

re th
at th

ey get th
e re-

sou
rces th

ey w
an

t w
h

en
 th

ey n
eed th

em
, an

d both
 parties are con

cern
ed abou

t
accu

rate resou
rce accou

n
tin

g. In
 th

is poster, w
e presen

t a n
ew

 arch
itectu

re for
perform

in
g resou

rce m
an

agem
en

t in
 grids based on

 “resou
rce con

tain
ers”. O

u
r

arch
itectu

re gen
eralizes previou

s w
ork don

e on
 distribu

tin
g resou

rce con
tain

-
ers to provide a flexible an

d exten
sible fram

ew
ork for grid resou

rce m
an

age-
m

en
t.

T
h

e P
rob

lem
A

n
 im

portan
t requ

irem
en

t of grid system
s is effective resou

rce h
an

dlin
g,

w
h

ich
 in

volves:

(i)
R

esou
rce d

iscovery - th
e location

 of available resou
rces in

 th
e grid

en
viron

m
en

t,
(ii)

R
esou

rce allocation
 - th

e assign
m

en
t of discovered resou

rces to spe-
cific application

s, an
d

(iii)
R

esou
rce m

an
agem

en
t - w

h
ich

 oversees th
e u

se of allocated resou
rces

to verify th
at resou

rce allocation
s are n

ot exceeded, to en
su

re th
at

application
s can

 u
se th

e allocated resou
rces to m

eet th
eir execu

tion
requ

irem
en

ts, an
d to record in

form
ation

 on
 actu

al resou
rce u

sage.

G
rid

 R
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rce M
an
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en

t R
eq

u
irem

en
ts

•
D

istribu
tion

 - an
 obviou

s requ
irem

en
t for grids

•
A

u
ton

om
y of system

s - can
n

ot tru
st rem

ote jobs to n
ot abu

se u
n

m
an

aged
resou

rces
•

F
lexibility - m

u
st be capable of su

pportin
g as yet u

n
forseen

 resou
rce u

se
pattern

s
•

A
ccu

racy - in
 con

trol an
d accou

n
tin

g
•

C
ooperation

 - betw
een

 h
osts in

 th
e grid to en

able oth
er fu

n
ction

alities, su
ch

as co-sch
edu

lin
g.

•
P

erform
an

ce - m
in

im
ize overh

ead

C
on

tain
ers - T

h
e C

on
cep

t
•

C
on

tain
ers [1] are gen

eral u
n

its of resou
rce m

an
agem

en
t th

at are n
ot tied to

processes or oth
er sch

edu
lin

g u
n

its

•
D

eveloped to allow
 for accu

rate accou
n

tin
g an

d con
trol of resou

rce u
se in

server system
s

–
w

h
ere resou

rce m
an

agem
en

t sh
ou

ld be tied to application
s, n

ot a sin
gle

execu
tion

 u
n

it.

•
S

ou
n

ds like th
ey m

igh
t m

ake sen
se in

 grids

•
It is possible to allow

 con
tain

ers to be allocated from
 w

ith
in

 oth
er con

tain
ers

–
resu

ltin
g a “h

ierarch
y” of con

tain
ers, su

ch
 as th

e on
e show

n below
:
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G
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on

tain
ers - S

om
e D

etails
•

E
ach

 ph
ysical con

tain
er en

capsu
lates a set of resou

rces, su
ch

 as com
pu

te,
m

em
ory, an

d storage
–

m
ay be n

ested
•

E
ach

 virtu
al con

tain
er represen

ts a collection
 of resou

rces provided by a set of
ph

ysical con
tain

ers
–

directly or in
directly (th

rou
gh

 oth
er virtu

al con
tain

ers)
•

P
h

ysical con
tain

er m
an

agem
en

t
–

provided by h
ost operatin

g system
s (O

S
es)

–
grid application

s in
teract w

ith
 th

e h
ost O

S
 th

rou
gh

 a local application
(e.g., a grid resou

rce m
an

ager daem
on

) th
at con

trols th
e grid-assign

ed
resou

rces
•

V
irtu

al con
tain

er m
an

agem
en

t
–

on
e or m

ore levels of m
an

agem
en

t for grid jobs
–

requ
est resou

rces be added or deleted to grid jobs by low
er level re-

sou
rce m

an
agers (u

ltim
ately, n

ode-local grid resou
rce m

an
agers)
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tain
ers - th

e M
od

el
•

E
ach

 grid n
ode creates a ph

ysical (n
ode-level) con

tain
er th

at captu
res th

e
resou

rces it w
ill m

ake available to grid
•

A
 grid job w

ill u
se a su

bset of th
ese resou

rces on
 m

u
ltiple m

ach
in

es
–

exploits n
estin

g of con
tain

ers
•

V
irtu

al (grid-level) con
tain

ers perm
it m

an
agem

en
t of grid resou

rces
–

at m
u

ltiple levels, if appropriate (e.g., h
ierarch

ical jobs)

C
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tain
ers - U

se in
 G

rid
s

•
C

on
tain

ers, as defin
ed by B

an
ga, et al. [1] are local to a sin

gle m
ach

in
e

•
T

h
ey m

u
st be exten

ded to operate in
 a distribu

ted en
viron

m
en

t to be u
sefu

l in
grids

•
A

ron
, et al. [2] exten

ded con
tain

ers as “clu
ster reserves” for u

se in
 a clu

ster-
based system

•
V

ah
dat [3] first proposed con

tain
ers for u

se in
 grids (focu

sed on
 secu

rity is-
sues)

G
rid

 C
on

tain
ers - an

 E
xam

p
le

G
ridR

esou
rces—

a
virtu

alcontainer

J
o

b
1:

U
n

allocated
(U

)

J
o

b
2:

L
ocal

R
esou

rces

M
achine

1

L
ocal

R
esou

rces

M
achine

2

L
ocal

R
esou

rces

M
achine

3

L
ocal

R
esou

rces

M
achine

5

L
ocal

R
esou

rces

M
achine

4

G
rid

assigned
resou

rces

G
ridR

esou
rces—

a
virtu

alcontainer

J
o

b
1:

U
n

allocated
(U

)

J
o

b
2:

L
ocal

R
esou

rces

M
achine

1

L
ocal

R
esou

rces

M
achine

2

L
ocal

R
esou

rces

M
achine

3

L
ocal

R
esou

rces

M
achine

5

L
ocal

R
esou

rces

M
achine

4

G
rid

assigned
resou

rces

G
rid

assigned
resou

rces

G
rid

assigned
resou

rces

R
a

sit Eskic
io

g
lu

U
n

ive
rsity o

f M
a

n
ito

b
a

C
o

m
p

u
te

r Sc
ie

n
c

e
 D

e
p

a
rtm

e
n

t
W

in
n

ip
e

g
, M

a
n

ito
b

a
 R

3T 2N
2 C

A
N

A
D

A
ra

sit@
c

s.u
m

a
n

ito
b

a
.c

a

C
on

tract In
form

ation

R
elated

 W
ork

[1]
G

. B
an

ga, P
. D

ru
sh

n
el, an

d J. C
. M

ogu
l. R

esou
rce C

on
tain

ers: A
 N

ew
 F

acility
for R

esou
rce M

an
agem

en
t in

 S
erver S

ystem
s. In

 P
roceed

in
gs of th

e 3rd
U

S
E

N
IX

 S
ym

posiu
m

 on
 O

peratin
g S

ystem
s D

esign
 an

d
 Im

plem
en

tation
(O

S
D

I’99), pp 45-58, Jan
u

au
ry, 1999.

[2]
M

. A
ron

, P
. D

ru
sh

n
el, an

d W
. Z

w
aen

epoel. C
lu

ster R
eserves: A

 M
ech

an
ism

for R
esou

rce M
an

agem
en

t in
 C

lu
ster-based N

etw
ork S

ervers. In
 P

roceed
in

gs
of th

e In
tern

ation
al C

on
feren

ce on
 M

easu
rem

en
t an

d
 M

od
ellin

g of C
om

pu
ter

S
ystem

s (S
IG

M
E

T
R

IC
S

2000), pages 90-101, Ju
n

e, 2000.

[3]
A

. V
ah

dat. T
ow

ard W
ide-A

rea R
esou

rce A
llocation

. In
 P

roceed
in

gs of th
e

In
tern

ation
al C

on
feren

ce on
 P

arallel an
d

 D
istribu

ted
 P

rocessin
g T

ech
n

iqu
es

an
d

 A
pplication

s (P
D

P
T

A
’99), pages 930-936, Ju

n
e, 1999.

A
ch

ievin
g R

eq
u

irem
en

ts
•

D
istribu

tion
 - via virtu

al con
tain

ers
•

A
u

ton
om

y - n
odes con

trol w
h

at resou
rces are given

 to th
e grid

•
F

lexibility - arbitrary h
ierach

y an
d application

-specific algorith
m

s for virtu
al

con
tain

ers
•

A
ccu

racy - provided by con
tain

ers
•

C
ooperation

 - provided by flexible algorith
m

s w
ith

 au
ton

om
y con

train
ts

•
P

erform
an

ce - im
plem

en
tation

 depen
den

t, bu
t com

m
u

n
ication

 is m
in

im
al

C
on

clu
sion

s
•

D
istribu

ted con
tain

ers offer prom
ise for grid m

an
agem

en
t

–
m

eet all th
e stated requ

irem
en

ts
•

C
om

patible w
ith

 oth
er grid algorith

m
s, su

ch
 as resou

rce discovery
•

C
an

 be u
sed to h

elp provide advan
ced fu

n
ction

ality
–

co-sch
edu

lin
g for H

P
C

 application
s

–
Q

oS
 gu

aran
tees


