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•
T

he C
hallenge

•
P

rotocol O
verview

•
S

caling P
roblem

s

•
T

he D
etails

•
T

he R
em

aining P
roblem

s

O
verview
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T
h

e C
h

allen
g

e
•

A
 custom

er asked us to com
bine M

O
S

P
F

 and R
S

V
P

 to 
provide Q

uality of S
ervice routing in a W

A
N

 environm
ent

•
T

he W
A

N
 w

as m
ostly T

-1 links but sufficiently redundant that 
there w

ere m
ultiple paths betw

een m
ulticast sources and 

destinations

•
T

he application closely m
atched the “C

able T
V

” type of 
environm

ent

–
S

ingle sender

–
M

ultiple receivers com
ing and going

–
F

ast receiver JO
IN

 tim
es needed (<

 2 sec)
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E
xam

p
le T

o
p

o
lo

g
y

T
-1

T
-1

L
in

es
L

in
es

S
en

d
er

R
eceiver

If R
eso

u
rces are

n
o

t availab
le o

n
 

u
su

al p
ath

A
 p

ath
 is calcu

lated
 th

at
h

as th
e reso

u
rces to

 
su

p
p

o
rt th

e flo
w
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B
asic P

ro
to

co
l S

tep
s

•
N

etw
ork resources are advertised to the area

•
T

rigger event causes calculation of Q
oS

 route (dem
and 

driven)

–
R

S
V

P
 m

essages containing resource requirem
ents

•
Q

oS
 route is com

puted as needed by routers on path

•
N

otification of actual reservation of resources to assure that 
path com

putation w
as correct and “store state”

•
Q

oS
 route is rem

oved w
hen trigger events disappear (R

S
V

P
 

P
A

T
H

 state tim
es out)
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P
ro

to
co

l O
verview

:  R
eso

u
rce 

A
d

vertisem
en

ts
•

N
ew

 O
S

P
F

 LS
A

s for advertising router link resources

–
C

ontrolled Load M
odel used

–
A

dvertise Largest chunk of reservable B
W

–
A

dvertise Largest buffer/burst reservable

–
F

or each link

•
O

ther service m
odels/param

eters can/should be added

•
P

rovides inform
ation for Q

oS
 routing calculation
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P
ro

to
co

l O
verview

:  R
o

u
te C

o
m

p
u

tatio
n

•
Q

oS
 D

ijkstra calculation triggered by receipt of new
 R

S
V

P
 

P
A

T
H

 m
essage

–
 O

ther triggers such as different signaling protocols and 
flow

 thresholds can be used

–
M

ulticast uses G
roup M

em
bership LS

A
s for m

em
ber list

–
Q

oS
 route com

puted for S
ource->

D
estination pair

–
T

his m
eans all traffic for S

ource->
D

estination pair is routed 
on sam

e path

•
O

nly Links w
ith adequate resources are used for D

ijkstra

–
R

ecovery to best-effort path possible
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P
ro

to
co

l O
verview

:  C
o

n
firm

atio
n

/
R

ecalcu
latio

n

•
S

uccess on R
E

S
V

 triggers O
paque LS

A
 indicating 

reservation on link for S
ource->

D
estination pair

•
R

ecom
putation could occur on R

E
S

V
 if resources different 

from
 P

A
T

H

•
R

outes m
ay be pinned (e.g. not changed by new

 links or 
m

ore resources becom
ing available)

•
N

ew
 resource LS

A
s (reserved and available) and topology 

changes cause recalculation favoring links currently reserved 
for flow
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E
xam

p
le

S
en

d
er

R
cvr 1

R
cvr 2

R
cvr 3

1. R
C

V
R

s 1,2,&
3 h

ave jo
in

ed
 g

ro
u

p
 G

2. R
S

V
P

 P
A

T
H

 M
essag

e sen
t  fro

m
 sen

d
er to

 G

3. R
1 C

o
m

p
u

tes Q
o

S
 P

ath
 to

  R
C

V
R

s 1,2,&
3

  -  L
in

k L
1 d

o
es n

o
t h

ave ad
eq

u
ate reso

u
rces fo

r flo
w

 
     b

ased
 o

n
 R

S
V

P
 T

S
p

ec
   - T

ree is co
m

p
u

ted
 u

sin
g

 L
2, L

3, an
d

 L
4

4. P
ro

cess is rep
eated

 fo
r R

2, R
3, an

d
 R

4 as P
A

T
H

 m
essag

e
    travels d

o
w

n
 tree

5.  R
cvrs sen

d
 R

E
S

V
 m

essag
e b

ack to
w

ard
 sen

d
er, 

    reservin
g

 reso
u

rces

6.  R
o

u
ters sen

d
 R

eso
u

rce reserved
 ad

vertisem
en

ts 
     in

d
icatin

g
 th

e reso
u

rces u
sed

 fo
r th

e S
o

u
rce, G

ro
u

p
 p

air

7.  If sig
n

ifican
t reso

u
rces are u

sed
, ro

u
ters sen

d
 n

ew
 

     R
eso

u
rce A

vailab
le ad

vertisem
en

ts

R
1

R
2

R
3

R
4

L
1

L
2

L
3

L
4
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W
h

y are R
eso

u
rce R

eserved
 A

d
vertisem

en
ts 

N
eed

ed
?

•
N

eed to save tree state som
ehow

 

–
F

or adding new
 m

em
bers and know

ing w
hat branches are 

currently in use

–
S

o new
 resource available advertisem

ents don’t affect 
paths currently in use (A

K
A

 “S
tepping on your ow

n 
S

hadow
”)
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S
calin

g
 P

ro
b

lem
s

•
R

esource A
vailable LS

A
s can be sent out too frequently

–
S

olution:  U
se w

aterm
arks and/or resource reserved >

 
resource available com

parisons

•
R

esource R
eserved A

dvertisem
ents are flooded for every link 

on source->
destination path generated on receipt of R

E
S

V

–
S

olution:  E
xplicit R

outing
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E
xp

licit R
o

u
tin

g
 (E

R
O

S
P

F
)

•
A

 router, usually the source router, com
putes the Q

oS
 route 

path from
 source->

destination

•
T

he route com
putation is passed dow

n the tree using opaque 
LS

A
s (E

xplicit R
oute A

dvertisem
ents, E

R
A

s)

•
E

R
A

s encode the route in such a w
ay that no recom

putation 
is necessary for each router along the path 

•
R

outes can be broken up into m
ultiple E

R
A

s to avoid M
T

U
 

lim
its

•
R

esource R
eserved A

dvertisem
ents need only be sent back 

to the com
puting/source router

•
F

lushing E
R

A
s are used to rem

ove routes
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E
xp

licit R
o

u
tin

g
 E

xam
p

le

S
en

d
er

R
cvr 1

R
cvr 2

R
cvr 3

1. R
C

V
R
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3 h

ave jo
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ro
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 G

2. R
S

V
P
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essag
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 sen

d
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 G

3. R
1 C

o
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p
u

tes Q
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ath
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C
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in

k L
1 d

o
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o
t h
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eq

u
ate reso

u
rces fo

r flo
w

 
     b

ased
 o

n
 R

S
V

P
 T

S
p

ec
   - T

ree is co
m

p
u

ted
 u

sin
g

 L
2, L

3, an
d

 L
4

4. R
1 sen

d
s E

R
A

 to
 R

3 w
ith

 su
b

tree o
f R

2 an
d

 R
4

5. R
3 in

stalls E
R

A
 state an

d
 sen

d
s E

R
A

s to
 R

2 an
d

 R
4

6. P
ro

cess is rep
eated

 o
n

 R
2 an

d
 R

4 in
stallin

g
 state

7.  R
cvrs sen

d
 R

E
S

V
 m

essag
e b

ack to
w

ard
 sen

d
er, 

    reservin
g

 reso
u

rces

8.  R
o

u
ters sen

d
 R

eso
u

rce reserved
 ad

vertisem
en

ts  o
n

ly to
     R

1 in
d

icatin
g

 th
e reso

u
rces u

sed
 fo

r th
e S

o
u

rce, G
ro

u
p

 
    p

air

R
1

R
2

R
3

R
4

L
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L
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O
S

P
F

/M
O

S
P

F
 E

xten
sio

n
s

•
R

esource A
vailable LS

A

•
R

esource R
eservation A

dvertisem
ent

•
E

xplicit R
oute A

dvertisem
ents

•
B

order R
outer A

dvertisem
ents

•
R

oute C
om

putation C
hanges
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R
eso

u
rce A

vailab
le L

S
A

 (R
E

S
-L

S
A

)
• F

lo
o

d
ed

 th
ro

u
g

h
 A

rea

•T
o

ken
 B

u
cket p

aram
eters 

  are sin
g

le p
recisio

n
 

  flo
atin

g
 p

o
in

t (In
tS

erv std
)

•L
in

k D
elay is u

sed
 in

 p
lace

  o
f T

O
S

 0 m
etric fo

r Q
o

S
  ro

u
te calcu

latio
n

•C
o

u
ld

 b
e exp

an
d

ed
 fo

r 
  o

th
er service m

o
d

els
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R
eso

u
rce R

eservatio
n

 A
d

vertisem
en

t (R
R

A
)

•F
looded “A

rea Local” w
ithout    

 E
R

•F
looded “N

o F
looding” and 

 “Link Local” w
ith E

R
•S

ource and D
estination are 

 the IP
 source and destination 

 addresses
•P

in F
lag indicates w

hether 
 route pinning has been 
 requested
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E
xp

licit R
o

u
te A

d
vertisem

en
t (E

R
A

)
•

“N
o F

looding” scope

•
E

R
A

 header indicates source->
 

destination pair

•
E

R
A

 body encodes path

•
A

djust O
ffset is used to avoid 

recom
puting offsets for 

subsequent E
R

A
s

•
C

hild offset indicates next child 
in for interface

•
LS

A
 A

ge =
 M

A
X

A
G

E
 indicates 

flushing LS
A
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B
o

rd
er R

o
u

ter A
d

vertisem
en

t (D
A

B
R

A
)

•
Indicates to “dow

nstream
” 

areas how
 to root a tree 

(w
hich area border router to 

use) for source->
destination

•
F

looded to all dow
nstream

 
areas from

 borders that 
receive flow

 w
ithout E

R

•
S

ent only to border routers 
on path w

ith E
R
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R
o

u
te C

o
m

p
u

tatio
n

 C
h

an
g

es

•
T

opology C
hange - all routes recom

puted (conventional or 
Q

oS
)

–
M

ust use R
R

A
s to determ

ine resources used by current 
path and pinned routes

•
N

ew
 M

O
S

P
F

 G
roup M

em
bership LS

A
s

•
N

ew
 R

E
S

-LS
A

s - all Q
oS

 routes recom
puted

•
N

ew
 R

R
A

s - all Q
oS

 routes related to the R
R

A
s recom

puted

•
N

ew
 D

A
B

R
A

s- all Q
oS

 routes related to the D
A

B
R

A
s 

recom
puted
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M
u

lticast Issu
es

•
A

dding m
em

bers/branches can be tricky so you don’t “avoid 
your ow

n shadow
”

–
M

ust know
 w

here current distribution tree passes

•
B

order router issues are interesting

–
E

nough inform
ation to prevent loops

–
N

ot too m
uch to keep sum

m
arization

•
S

olutions m
ay be very different for shared tree protocols

•
Interdom

ain solutions w
ill be very interesting...
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P
o

ssib
le R

S
V

P
 A

d
d

itio
n

s

•
R

oute pinning flag so receivers can request a “pinned” route

–
P

ossible length of tim
e to pin a route?

•
Indication that a R

E
S

V
 differs from

 a P
A

T
H

 to help determ
ine 

if recalculation is needed
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R
em

ain
in

g
 P

ro
b

lem
s

•
U

nicast can possible suffer from
 route loops if packets “fall 

off” the Q
oS

 com
puted path

–
M

ay need to tag or m
ark packets on Q

oS
 paths to note 

different treatm
ent (T

O
S

 bits or F
low

 ID
?)

–
If packets “fall off” Q

oS
 path m

ark is rem
oved

•
N

eed to think through other R
S

V
P

 reservation styles (S
E

 &
 

W
F

)

•
N

eed m
ore experience, sim

ulation, and real use


