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The Grid
l

D
riven originally by high energy physics

com
m

unity
l

D
istributing/m

anaging/processing a high volum
e

of data to a sm
all num

ber of sites round the
world

l
Globus is the current m

iddleware used by m
ost

Grid projects  (described by som
e as shell

scripts to do secure rem
ote job entry)
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The Grid: W
hat’s Interesting ?

l
Large scale distributed com

puting and networking
–

Lots of com
puters where “involvem

ent” is dynam
ic but

where resources m
ust be allocated intelligently / N

ot big
supercom

puters
–

Large N
etworks

l
D

iscovery of inform
ation, understanding of

inform
ation, assurance of inform

ation
l

Virtual organisations, conflicting and m
ulti-dom

ain
adm

inistrative, security, or m
anagem

ent m
odels

l
Rapid deploym

ent of applications/ services
l

Som
e applications…
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The Grid: W
hat’s

Challenging for “Infrastructure”?
l

H
igher capacity dem

ands
l

H
igher reliability

l
N

o longer just the elephants and the m
ice?

–
N

eed for better resource m
anagem

ent
–

N
eed for better perform

ance m
onitoring

–
N

eed for self-provisioned and dynam
ic SLA

s
–

N
eed to open up control

l
Provision of Com

putational Platform
s with guaranties

l
Provision of N

etworking Resources with guaranties
l

A
utonom

ous and rapid provisioning of applications / services
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N
etwork, Storage, Com

putational
Resource M

anagem
ent

l
N

eed a better handle on what’s going on
l

N
eed better handle on user utility (no longer

just the elephants and the m
ice.)

–
Eg D

iffServ with autom
atic SLA

 provisioning

l
FCA

PS m
anagem

ent of resources (network,
storage and com

putational resources)
l

……
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Grid and D
ynam

ic Virtual N
etworks

l
Virtual N

etwork -“Looks like a network” (Q
oS VPN

s )
to those who are m

em
bers and it has real resources

and can give guarantees
l

O
ne of the aim

s was for safe network
program

m
ability (control your own virtual network but

no one elses)
l

W
ant the ability on various tim

escales (the sm
aller

ones are m
ore interesting) to configure a subset of

network resources to support a particular application.
l

Virtual organisation m
aps to virtual network
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O
utline

l
The Grid

l
N

etwork Im
plications

l
Program

m
able N

etworks
l

Virtual N
etworks/Virtual

N
etwork Service & the GRID
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Introduction to
Program

m
able/A

ctive N
etworks

l l
routers (nodes) exam

ine destination addresses, then determ
ines

routers (nodes) exam
ine destination addresses, then determ

ines
which neighbour to forward the packet
which neighbour to forward the packet

l l
sm

art hosts on network edges, connected by routers
sm

art hosts on network edges, connected by routers
l l

network 
network A

PIs
A
PIs define 

 define virtual m
achine

virtual m
achine that interprets a specific

 that interprets a specific
language for the 
language for the Internet Protocol (IP)

Internet Protocol (IP)
l l

lim
ited

lim
ited values can be placed in that field in the IP header of a

 values can be placed in that field in the IP header of a
packet
packet

l l
lim

ited
lim

ited user control over network
 user control over network’ ’s behaviour

s behaviour

P
resen

tly in
 IP

 n
etw

o
rks,

P
resen

tly in
 IP

 n
etw

o
rks,
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Present IP Packet Routing

l l
M

odel: Store and Forward
M

odel: Store and Forward

1. D
equeue P

acket from
 Input P

ort
2. D

eterm
ine “best” O

utput P
ort

3. Q
ueue P

acket on O
utput P

ort

In
p

u
t

P
acket

O
u

tp
u

t
P

ackets
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Introduction to A
ctive N

etworks
(cont’d)

l l
routers (nodes) extensively 
routers (nodes) extensively program

m
ed

program
m

ed  by the packets passing
by the packets passing

through them
, under the end-user

through them
, under the end-user’ ’s control

s control
l l

interm
ediate routers perform

 com
putations up to the 

interm
ediate routers perform

 com
putations up to the application

application
layer
layer

l l
seen as providing program

m
able network

seen as providing program
m

able network
l l

if IP header seen as 
if IP header seen as input data

input data to virtual m
achine, packets in active

 to virtual m
achine, packets in active

networks contain 
networks contain program

s
program

s as well as 
 as well as input data

input data

A
ctive N

etw
o

rks,
A

ctive N
etw

o
rks,
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A
ctive N

ode Packet Routing

In
p

u
t

P
acket

O
u

tp
u

t
P

ackets

• • M
o

d
el: S

to
re, 

 M
o

d
el: S

to
re, C

O
M

P
U

T
E

C
O

M
P

U
T

E
 an

d
 F

o
rw

ard
!

 an
d

 F
o

rw
ard

!

A
ctive

N
o

d
e
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Program
m
able/A

ctive N
etworks

l l
A

ctive/Program
m

able N
etworks

A
ctive/Program

m
able N

etworks is about program
m

ing
 is about program

m
ing

the network infrastructure to support custom
ised

the network infrastructure to support custom
ised

com
m

unication services
com

m
unication services

– –
A
ctive 

A
ctive = dynam

ic program
m
ability and control

= dynam
ic program

m
ability and control

– –
Custom

isation
Custom

isation = user/consum
er centric network and services

 = user/consum
er centric network and services

– –
Store - 
Store - Com

pute
Com

pute - Forward
 - Forward

l l
Expected m

ajor im
pact: 

Expected m
ajor im

pact: rapid service/application
rapid service/application

creation and deploym
ent

creation and deploym
ent
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M
ain  Issues : A

ctive vs Passive
l l

Com
putation in the network

Com
putation in the network

l l
U

sers can introduce program
s

U
sers can introduce program

s
l l

delegate control and responsibility
delegate control and responsibility

l l
Im

proved utility
Im

proved utility
l l

Im
proved resilience to change

Im
proved resilience to change

B
alance betw

een F
lexibility and Safety

B
alance betw

een F
lexibility and Safety

l l
Greatly im

proved flexibility
Greatly im

proved flexibility

l l
… …. but increased risks from

 sharing
. but increased risks from

 sharing
control
control
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M
ain  Issues (II) : W

here to put
the activeness/program

m
ability ?

l l
 Router O

S / Kernel (active network program
m
ability )

 Router O
S / Kernel (active network program

m
ability )

– –
potentially high node perform

ance
potentially high node perform

ance
– –

harder to m
anage and m

ake secure
harder to m

anage and m
ake secure

– –
contam

inates fast data path
contam

inates fast data path
– –

longer term
 evolution

longer term
 evolution

Perform
ance vs Safety vs  Flexibility vs U

sability
Perform

ance vs Safety vs  Flexibility vs U
sability

Program
m
ability Vs A

utonom
y Vs E2E view

Program
m
ability Vs A

utonom
y Vs E2E view

l l
Edge Router  (active server program

m
ability)

Edge Router  (active server program
m
ability)

– –
lower  node perform

ance
lower  node perform

ance
– –

higher flexibility
higher flexibility

– –
evolution straightforward
evolution straightforward

l l
Service layer (active service program

m
ability)

Service layer (active service program
m
ability)

– –
lower perform

ance
lower perform

ance
– –

high flexibility and com
plexity

high flexibility and com
plexity

– –
autonom

ic & dynam
ic reconfiguration of resources

autonom
ic & dynam

ic reconfiguration of resources
– –

local & global self organisation
local & global self organisation
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The D
ata Path

Looku
p

 
an

d
fo

rw
ard

in
g

D
em

u
ltip

lex
in

g
/

classificatio
n

m
u

ltip
lex

in
g
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Configuration

C
onfiguration

Tables
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Control

C
o

n
fig

u
ratio

n
T

ab
les

“In
tellig

en
ce”
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Control Path

C
o

n
fig

u
ratio

n
T

ab
les

“In
tellig

en
ce”

C
o

n
fig

u
ratio

n
T

ab
les

“In
tellig

en
ce”

data 
p

ath

con
trol 

p
ath
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A
ctive N

ode : A
lternative

Perspective

R
outer

E
E

 1
(C

ap
su

le)
E

E
 2

E
E

 2
(IP

v4)
(IP

v4)
E

E
 3

E
E

 3
(o

th
er)

(o
th

er)

H
ard

w
are (P

h
ysical reso

u
rces

H
ard

w
are (P

h
ysical reso

u
rces) )

N
o

d
e O

S
N

o
d

e O
S

• •R
esource M

anagem
ent &

 C
ontrol

R
esource M

anagem
ent &

 C
ontrol

• •S
ecurity E

nforcem
ent E

ngine
S

ecurity E
nforcem

ent E
ngine

E
xecu

tio
n

 E
n

viro
n

m
en

ts
E

xecu
tio

n
 E

n
viro

n
m

en
ts

• •Im
plem

enting different N
etw

ork A
P

Is
Im

plem
enting different N

etw
ork A

P
Is

• •E
ach netw

ork A
P

I contains a com
position m

echanism
 for

E
ach netw

ork A
P

I contains a com
position m

echanism
 for

service creation
service creation
• •N

etw
ork A

P
Is go beyond static A

P
Is taking the form

 of a
N

etw
ork A

P
Is go beyond static A

P
Is taking the form

 of a
program

m
ing language.

program
m

ing language.
• •W

ithin E
E

s different program
m

ing m
ethodologies and

W
ithin E

E
s different program

m
ing m

ethodologies and
netw

ork technologies are realised
netw

ork technologies are realised

N
o

d
eO

S
N

o
d

eO
S
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N
etwork-wide service

deploym
ent

A
A

A

M
anagem

ent
station or
application

A
A

A

Service description
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O
utline

l
The Grid

l
N

etwork Im
plications

l
Program

m
able N

etworks
l
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N
etwork Service & the GRID
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U
sing D

ynam
ic GRID

VPN
s

l
Resource partitioning  (networking,
storage & com

putational resources;
VPN

 SLA
s )

l
Can m

ove resource dynam
ically

between virtual networks (eg tim
e of

day, disaster recovery)
l

Can have relatively short lived virtual
networks
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Building GRID
 VPN

s
l

Take a specification of a VPN
:

l
endpoints, traffic m

atrices, reliability, etc,
Control Policy, Services

•
A

llocate resource and create dynam
ically the

link service-to-resources, find com
putational

resource and instantiate Control Policy
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Som
e key  GRID

 VPN
Issues

l
U

seful to think of four activities
l

Control path configuration
l

Com
ponent control for resource

partitioning
l

N
etwork resource m

anagem
ent

l
Com

putational Resource m
anagem

ent
l

Virtual N
etwork Service Provision
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Thank you for your attention
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A
ctive N

ode M
odel

l
N

odeO
S

S
e

rvice
 E

xe
cu

tio
n

F
P

G
A

 E
n
viro

n
m

e
n
t

M
a

n
a

g
e

m
e

n
t

E
xe

cu
tio

n
E

n
viro

n
m

e
n

t

N
o
d
e
O

S

S
e

rvice
 E

xe
cu

tio
n

K
e

rn
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l E
n

viro
n

m
e

n
t

S
e

rvice
 E

xe
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tio
n

C
o

rb
a

 E
n

viro
n

m
e

n
t

A
ctive

 N
o

d
e

H
a
rd

w
a
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D
em

ux

S
C

E
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N
ode-local service deploym

ent
l

Service m
odel

–
Com

ponent based

l
N

ode local service deploym
ent m

echanism
–

Resolution of the node independent service
specification to a node specific service im

plem
entation

–
Resolution controlled by the node
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D
em

ultiplexing, resource control

l
M

anagem
ent EE

–
Service Creation Engine (SCE) loads and configures service com

ponents
according to service spec

–
Instantiates and m

anages service EEs and configures nodeO
S

l
Service EE
–

Runs service com
ponents

–
Provides a particular program

m
ing m

odel (user space / Java, kernel / C,
reconfigurable H

W
 / VH

D
L)
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A
 taxonom

y for A
ctive N

ets
approaches

Service installation

Program
m

able 
functionality

M
anagem

ent

C
ontrol

T
ransport plane

Virtual
M

achine

Special 
purpose

Processor 

ASIC/FPGA

Platform
General 

purpose
Processor

“C
apsule”

approach

O
ut-of-band

code
installation

Stream
C

ode or
FPX

N
P

-based
N

P
-based

H
igh

H
igh

perf.
perf.
E

E
E

E

K
ernel-

K
ernel-

based
based
high
high
perf.
perf.
E

E
E

E
M

obile
A

gent
E

E

C
O

R
B

A
E

E

A
 Virtual Environm

ent
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Program
m
able GRID

s
Key Characteristics

N
etwork 

m
odification

Enablers for 
m
odification

  Autonom
y

A
utonom

y
  Program

m
ability

Program
m
ability

Reconfigurability
A
utonom

ic 
reconfiguration

Peer layers/overlays
Top D

own 
Layered O

verlays
S
ystem

s

N
et requirem

ents
for change

Service requirem
ents 

for change 

Target

Results

Local/global system
optim

ization
Local / global

self-organization
D
riven by

N
et m

odification
N
ode m

odification

Initiated
 by

 e2e View
e2e View

D
ynam

ic Enablers & 
net m

odification 

D
ynam

ic 
reconfiguration

Top D
own & Vertical 

Layered O
verlays

Business requirem
ents 

for change 

Business
organization

N
et & N

ode D
ynam

ic
m
odification

N
etwork Com

ponents
N
ode com

ponents 
Inter-

operability
Service, N

et, N
ode

Com
ponents 


