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Abstract

Traditional inter-domain routing protocols based
on superdomains maintain either “strong” or “weak”
ToS and policy constraints for each visible superdo-
main. With strong constraints, a valid path may
not be found even though one exists; with weak con-
straints, an invalid domain-level path may be treated
as a valid path.

We present an inter-domain routing protocol based
on superdomains, which always finds a valid path if
one exists. Both strong and weak constraints are
maintained for each visible superdomain. If the strong
constraints of superdomains on a path are satisfied,
then the path is valid. If the weak constraints of a
superdomain are satisfied but the strong constraints
are not, the source uses a query protocol to obtain
a more detailed “internal” view of the superdomain,
and searches again for a valid path. Our protocol
handles topology changes, including node/link failures
that partition superdomains.

1 Introduction

A computer internetwork, such as the Internet, is
an interconnection of backbone networks, regional net-
works, metropolitan area networks, and stub networks
(campus networks, office networks and other small
networks). Stub networks are the producers and con-
sumers of the internetwork traffic, while backbones,
regionals, and MANs are transit networks. (Most of
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the networks in an internetwork are stub networks.)
Each network consists of nodes (hosts, routers) and
links. Two networks are neighbors when there is one
or more links between nodes in the two networks (see
Figure 1).

Figure 1: A portion of an internetwork. (Circles rep-
resent stub networks.)

An internetwork is organized into domains. A
domain is a set of networks (possibly consisting of
only one network) administered by the same agency.
Within each domain, an intra-domain routing proto-
col is executed that provides routes between source
and destination nodes in the domain. This protocol
can be any of the typical ones, i.e., next-hop or source
routes computed using distance-vector or link-state al-
gorithms. To offer different type-of-service (ToS) con-
straints of applications (e.g. low delay, high through-
put, high reliability, minimum monetary cost), each
node maintains a cost for each outgoing link!. The
intra-domain routing protocol should choose optimal
paths based on these costs.

! The cost of a link equals a vector of values if the link is up;
each cost value indicates how expensive it is to cross the link
according to some ToS constraint such as delay, throughput,
reliability, etc. The cost of a link equals oo if the link is down.



Across all domains, an inter-domain routing pro-
tocol is executed that provides routes between source
and destination nodes in different domains. This pro-
tocol must satisfy various constraints:

o It must satisfy policy constraints, which are ad-
ministrative restrictions on the inter-domain traf-
fic [6, 7, 4]. Policy constraints are of two types:
transit policies and source policies. The transit poli-
cies of a domain U specify how other domains can
use the resources of U (e.g. $0.01 per packet, no traf-
fic from domain V). The source policies of a domain
U specify constraints on traffic originating from U
(e.g. domains to avoid/prefer, acceptable connection
cost). Transit policies of a domain are public (i.e.
available to other domains), whereas source policies
are usually private.

An inter-domain routing protocol must also satisfy
ToS constraints of applications. To do this, it must
keep track of the types of services offered by each
domain {4].

An inter-domain routing protocol must handle ar-
bitrary interconnection of networks [7] (e.g. we do
not want to hand-configure special routes as “back-
doors”).

Inter-domain routing protocols must scale up to very
large internetworks, i.e. with a very large number
of domains. Practically this means that processing,
memory and communication requirements should be
much less than linear in the number of domains.
Inter-domain routing protocols must automatically
adapt to link cost changes and node/link failures
and repairs, including failures that partition do-
mains [11].

A straight-forward approach to inter-domain rout-
ing is domain-level source routing with link-state ap-
proach [6,4]. In this approach, each router? maintains
a domain-level view of the internetwork, i.e., a graph
with a vertex for every domain and an edge between
every two neighbor domains. Policy and ToS informa-
tion is attached to the vertices and the edges of the
view.

When a source node needs to reach a destination
node, it (or a router in the source’s domain) first ex-
amines this view and determines a domain-level source
route satisfying ToS and policy constraints, i.e., a se-
quence of domain ids starting from the source’s do-
main and ending with the destination’s domain. Then,
the packets are routed to the destination using this
domain-level source route and the intra-domain rout-

2 Not all nodes maintain routing tables. A router is a node
that maintains a routing table.
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ing protocols of the domains crossed. That is, a
router uses its intra-domain routing protocol to for-
ward a packet towards the next domain in the packet’s
domain-level source route. This means that the intra-
domain routing tables must also contain a route (next-
hop or source route) for every neighboring domain.

The disadvantage of this straightforward scheme is
that it does not scale up for large internetworks. The
storage at each router is proportional to Np x Ep,
where Np is the number of domains and Ep is the av-
erage number of neighbor domains to a domain. The
communication cost is proportional to Ng x Eg, where
Nr is the number of routers in the internetwork and
ER is the average router neighbors of a router (topol-
ogy changes are flooded to all routers in the internet-
work).

Figure 2: An example of superdomain hierarchy.

To achieve scaling, several approaches based on ag-
gregating domains into superdomains have been pro-
posed [10, 12, 5]. Here, domains are grouped hierarchi-
cally into superdomains: each domain is a level 1 su-
perdomain, “close” level 1 superdomains are grouped
into level 2 superdomains, “close” level 2 superdo-
mains are grouped into level 3 superdomains, and so
on (see Figure 2). Each router z maintains a view
that contains the level 1 superdomains in z’s level 2
superdomain, the level 2 superdomains in z’s level 3
superdomain (excluding the z’s level 2 superdomain),
and so on. Thus a router maintains a smaller view
than it would in the absence of hierarchy. For the
superdomain hierarchy of Figure 2, the views of two
routers (one in domain d1 and one in domain d16) are
shown in Figures 3 and 4.

The superdomain approach has several drawbacks.
One drawback is that the aggregation results in loss of



Figure 3: View of a router in d1.

E

Figure 4: View of a router in d16.

domain-level ToS and policy information. A superdo-
main is usually characterized by a single set of ToS and
policy constraints. Nodes outside the superdomain as-
sume that this set of constraints applies uniformly to
each of its children (and by recursion to each domain in
the superdomain). If there are children superdomains
with different (possibly contradictory) constraints in a
superdomain, then there is no good way of deriving the
ToS and policy constraints of the superdomain. The
usual techniques [10] are to obtain either a strong set
of constraints or a weak set of constraints®. If strong
(weak) constraints are used for policies, the superdo-
main is assumed to enforce a policy constraint if that
policy constraint is enforced by some (all) of its chil-
dren. If strong (weak) constraints are used for ToS
constraints, the superdomain is assumed to support
a ToS if that ToS is supported by all (some) of its
children.

Both techniques have problems. With the strong
constraints, a valid path may not be found even
though one exists. With the weak constraints, an in-
valid domain-level path may be treated as a valid path.
For the example in Figure 2, suppose d16 allows tran-
sit traffic from d1 while d19 does not. If the constraints
of E, F and G are obtained by strong version, then G
would not allow transit traffic from d1, even though
there are transit paths through d16 and avoiding d19.
If the weak version is used, G allows transit traffic

3 “strong” and “weak” are referred to as “union” and “in-

tersection” in [10]
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from d1, forcing d19 to allow transit traffic from d1.

Another problem with superdomains is that even
if a valid superdomain-level path is determined for an
application, it is not straight-forward to implement
that in terms of superdomain-level source routes. This
is because routers in different superdomains main-
tain views of different sets of superdomains. Thus,
a superdomain-level source route can be meaningless
at some intermediate superdomain’s router  because
the next superdomain in the source route is not visi-
ble to z. For example, superdomain-level source route
{d2, B, G, C) created at a router in d2 becomes mean-
ingless once the packet is in G, where C is not visible.

Node/link failures can partition superdomains at
various levels. The varying visibility of routers com-
plicates the handling of such changes.

Our Contribution

In this paper, we present an inter-domain routing pro-
tocol based on superdomains, which always finds a
valid path if one exists. Both strong and weak con-
straints are maintained for each visible superdomain.
If the strong constraints of superdomains on a path
are satisfied, then the path is valid. If the weak con-
straints of a superdomain are satisfied but the strong
constraints are not, the source uses a query protocol
to obtain a more detailed “internal” view of the su-
perdomain, and searches again for a valid path.

We overcome the superdomain-level source routing
problem by having the source insert exit and entry do-
mains whenever the next superdomain in the source
route is not visible to routers in the previous superdo-
main.

We use a link-state view update protocol to han-
dle topology changes including failures that partition
superdomains at any level.

Several approaches have been proposed based on
the superdomain hierarchy [12, 10, 8, 5, 14] and land-
mark hierarchy [13]. In each case, the approach either
suffers from the loss of ToS and policy information
(and hence not find a valid path which exists), or it
is still in a preliminary stage. In our opinion, solv-
ing this problem without loosing scalability requires
a query mechanism to obtain ToS and policy details
wherever it is needed to find a valid path.

In [2], we introduced a new wviewserver hierar-
chy. Here, special routers called viewservers main-
tain the view of domains in a surrounding precinct.
Viewservers are organized hierarchically such that
for each viewserver, there is a domain of a lower
level viewserver in its view, and views of top
level viewservers includes domains of other top level



viewservers. An addressing and route discovery
schemes are introduced. Even though this approach
does not use superdomains, it scales well to large in-
ternetworks and does not lose detail ToS and policy
information.

Organization of the paper

Section 2 describes the mapping of links to
superdomain-level edges and the superdomain-level
edges visible to routers. Section 3 introduces exit and
entry domain attributes for superdomain-level edges
as a way to achieve superdomain-level source routing
using intra-domain routing service. Section 4 intro-
duces the update mechanism by which routers main-
tain superdomain-level edges and their attributes.
Routers exchange “higher resolution” superdomain-
level edges referred to as raw-edges. Section 5 intro-
duces the query protocol used by a source router to
obtain a valid path. Section 6 shows how to modify
the results of Sections 2-5 to handle topology changes
including those that cause partitions. In Section 7, we
give concluding remarks.

For precise specification of the protocols in this pa-
per, the reader is referred to [1].

2 Superdomain-level Edges

The superdomain hierarchy defines the following
parent-child relationship: a level ¢ super domain is
the parent of each level ¢ — 1 superdomain it contains.
Note that top level superdomains have no parents, and
level 1 superdomains, which are just domains, have no
children. Let ancestor, descendant, and sibling have
the usual meanings in the parent-child relationship*.

Each router maintains a view of a subset of super-
domains, referred to as its visible superdomains. The
visible superdomains of a router z are (1) z’s domain
itself, (2) siblings of z’s domain, and (3) siblings of an-
cestors of 2’s domain. Note that if a superdomain U is
visible to a router, then no ancestor or descendant of
U is visible to the router. In Figure 2, the visible su-
perdomains of a router in d1 are d1,d2,d3, B, C,G, J.

We say that (d;,d;), where d; and d; are domain
ids, is a d-edge (for “domain-level” edge) iff there is
one or more links from nodes in d; to nodes in d;. We
say that (U, V), where U and V are superdomain ids,
is an sd-edge (for “superdomain-level” edge) iff there

% A superdomain X is an ancestor (descendant) of a su-
perdomain Y iff X is Y’s parent (child) or X is an ancestor
(descendant) of Y's parent (child). X is a sibling of Y iff X and
Y have the same parent and X # Y.

7%

is one or more d-edges from domains in U to domains
in V. Each of the d-edges is said to participate in the
sd-edge. Two superdomains (domains) are neighbors
if there is an sd-edge (d-edge) between them.

Note that a d-edge can participate in many sd-
edges. Specifically, a d-edge (d;,d;) participates in
sd-edge (U, V) for every ancestor U of d; and every an-
cestor Vof d; such that U # V. However, to a router
at most one of these sd-edges is visible; namely the
(U, V) edge where U and V are visible to the router.
None of the sd-edges are visible to the router if the d-
edge is completely inside a visible superdomain. For
example in Figure 2, the d-edge (d6, d16) participates
in the sd-edges (d6,d16), (d6,E), (d6,G), (C,d16),
(C,E), (C,G), (D,d16), (D, E), and (D, G); of these
edges, only (d6,G) is visible to a router in d6, and
only (C, G) is visible to a router in dl.

The view maintained by a router consists of the
visible superdomains and the visible sd-edges. Strong
and weak constraints are associated with each super-
domain and each sd-edge. In addition a cost is associ-
ated with each sd-edge. The cost of an sd-edge (U, V)
equals a vector of values if the sd-edge is up; each cost
value indicates how expensive it is to cross the sd-edge
according to some ToS constraint. The cost equals co
if all links from U to V are down.

Each cost value of an sd-edge (U, V) can be derived
from the cost values of the links in U and links from
U to V {3]. For example, if U and V are domains, the
cost of the d-edge (U, V) can be calculated as the max-
imum/average cost of the routes from any router in U
to the first router in V. For higher level superdomains
U and V, cost of the sd-edge (U, V) can be derived
from the costs of sd-edges between the children of U
and from the costs of sd-edges from the children of U
to the children of V.

3 Addressing and Superdomain-Level
Source Routing

A node h in domain d is totally identified by d:h.
But a router cannot use this id t6 route packets des-
tined for the node unless d is a visible domain of the
router. For routing purposes, each domain (and node)
has an address, defined by concatenating the superdo-
main ids starting from the top level and going down
to the domain (node). For example in Figure 2, the
address of domain d16 is G.E.d16, and the address of
a node h in d16 is G.E.d16.h.

We assume that each router’s intra-domain rout-
ing table contains a route (e.g. next-hop node) for



(1) each node in the domain, (2) each neighbor do-
main (whether or not it is visible), and (3) each visible
superdomain (obtaining this route is described later).

Each packet contains its destination’s address. To
a router, only one of the superdomains in the destina-
tion address is visible. The router forwards the packet
using its route for this visible superdomain. For exam-
ple, in figure 2, to forward a packet destined to d16, a
router in d1 uses its route for G.

However, routing based only on the destination
address may not provide a valid path. It may
be necessary to follow a superdomain-level source
route®. But superdomain-level source routing is not
straight-forward. As we saw in the Introduction, a
superdomain-level source route created at one router
can become meaningless at an intermediate domain’s
router, because the next superdomain in the source
route is not visible.

We propose a simple solution to this. In a
superdomain-level source route (Uy,Us,...,U,), for
every superdomain U;4; that is not visible to the
routers of U;, the source inserts between U; and Ujy
the address of a domain d in U; and the id of a domain
e in U;4y such that d and e are neighbors. We refer
to d as an ezit domain (of U;), and to e as an entry
domain (of U;41). For example in Figure 3, suppose
a router x in d2 chooses the superdomain-level source
route (d2, B, G, C) to some node in C. Because C is
not visible to a router in G (see Figure 4), z inserts
G.E.d16 and d6 between G and C in the source route.
In G, packets are forwarded to the exit domain using
the address G.E.d16, and then forwarded to the entry
domain d6 using the intra-domain routing table. Thus
the packet reaches C.

When a packet is forwarded using a superdomain-
level source route (Uy,Us,...,U,), routers in U;
should only forward the packet to routers in U; or
Ui+1 (otherwise, if a router in U; forwards the packet
to an intermediate domain d that is neither in U; nor
in Us41, then the resulting path may not be valid).

Hence, a router maintains for each visible sd-edge in
its view an exit domain address and an entry domain-
id (these attributes are in addition to cost, strong con-
straints and weak constraints). For the superdomain
hierarchy of Figure 2, the views of two routers (one in
domain d1 and one in domain d16) with these addi-
tions are shown in Figures 5 and 6.

5 In fact, a domain-level source route may be needed, as we
shall see later.

76

Figure 6: Full view of a router in d16.

4 Update Protocol using Raw-edges

Topology changes (e.g. nodeflink failures, cost
changes) can affect the status of sd-edges. For ex-
ample in Figure 5, if the d-edge (d6, d16) failed, then
the entry domain of sd-edge (C, G) would become in-
valid and its cost would change. Thus the attributes
of sd-edges in the views of routers must be regularly
updated. For this, the routers of each superdomain
U must inform routers in U’s parent of changes in sd-
edges outgoing from U to every visible neighbor super-
domain V. But it is not sufficient to report updates
in terms of sd-edges (U, V'), because of the differences
in visibility between routers in U and routers outside
U. For example in Figure 2, it is not sufficient for a
router in d6 to report to d16 an sd-edge (D, G). This
is because in the views of routers in d16, there are two
edges (D, d16) and (D, F) from D that participate in
(D,G).

Hence routers in U need to identify the outgoing
sd-edges with more resolution. Our solution is for the
routers of U to report outgoing sd-edges (U, d) where d
is a domain, along with the following attributes: (1) a
cost, reflecting an “aggregate” cost of paths from any
node in U to d over the edges participating in (U, d);
(2) an exit domain address, which is the address of a
domain e in U such that (e, d) is a d-edge; and (3) an
entry domain address, which is the address of d. We
refer to such sd-edges as raw-edges.



Receiver Aggregation

When a router outside U receives a raw-edge (U, d),
it treats the information as pertaining to the sd-
edge (U,V), where V is the superdomain visible to
the router in the address of d. That is, the exit
domain address, the entry domain id, and the cost
of the raw-edge are used to update the correspond-
ing attributes of the sd-edge (U,V) in the router’s
view. Note that the router can receive raw-edges
(U,d1), (U, da),...,(U,d,) where the d;’s are different
but the visible superdomains in their addresses are the
same. In this case, the router uses the exit domain ad-
dress and the entry domain id from one of these raw-
edges, but aggregates the costs in these raw-edges into
one cost. We refer to this as “receiver aggregation” of
raw-edges. For example in Figure 2, a router in J
would aggregate raw-edges from D with entry domain
address G.E.d16 and G.F.d19 into the sd-edge (D, G).

Reporter Aggregation

We now describe how a router obtains for each of its
ancestor superdomain U the outgoing raw-edges and
their attributes.

If U is a domain, then the router constructs the
raw-edges using its intra-domain routing table. Specif-
ically, it obtains the entry domain address of each raw-
edge (U,d) directly from the table (we assume that
intra-domain routing table contains the addresses of
the neighbor domains). It computes the cost of raw-
edge (U, d) from the costs of the links in U and the
costs of the links from U to d (these link costs are
available in the routing table). The exit domain ad-
dress is of course the address of U.

If U is a superdomain (and not a domain), then the
router constructs the outgoing raw-edges from (1) the
sd-edges between visible descendants of U, and (2) the
raw-edges outgoing from the visible descendants of U
to domains outside of U. This requires the router
to maintain some additional information in its view,
namely: raw-edges (V,d), where V is a visible super-
domain and d is a domain outside V’s parent (which
is also a parent of the router). The router obtains this
information from the raw-edges disseminated by the
routers in V. For the example of Figure 2, the raw-
edges maintained by routers in domain d1 and domain
d16 are shown in Figures 7 and 8 respectively.

Let V range over the visible descendants of U. The
router obtains the cost of a raw-edge (U, d) from the
cost of the visible sd-edges in U and the cost of raw-
edges (V,d). The router obtains the exit domain ad-
dress of raw-edge (U, d) by arbitrarily choosing an exit
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Figure 8: Raw-edges of a router in d16.

domain address of a raw-edge (V,d). We refer to this
as “reporter aggregation” of raw-edges. For exam-
ple, in Figure 2, when constructing raw-edges from D,
a router in d1 can aggregate raw-edges (B, d16) and
(C,d16) into the raw-edge (D,d16) and use entry do-
main address G.E.d16.

5 Query Protocol

When a source wants a superdomain-level source
route to a destination, it queries a router in its do-
main, which examines its view and searches for a valid
path using the destination address®. We refer to this
router as the source router. Even though the source
router does not-know the constraints of the individual
domains that are to be crossed in each superdomain, it
does know their strong and weak constraints. We refer
to a superdomain whose strong constraints are satis-
fied as a valid superdomain. If a superdomain’s weak
constraints are satisfied but strong constraints are not
satisfied, then there may be a valid path through this
superdomain. We refer to such a superdomain as a
candidate superdomain.

6  We have assumed that the source has the destination's
address. If that was not the case, it would first query the name
servers to obtain the address for the destination. Querying the
name servers can be done the same way it is done currently in
the Internet. It requires nodes to have a set of fixed addresses
to name servers. This is also sufficient in our case.




A path is valid if it involves only valid superdo-
mains. A path involving a superdomain which is nei-
ther valid nor candidate cannot be valid. We refer to a
path involving only valid and candidate superdomains
as a candidate path.

If there is a candidate path (and no valid path) to
the destination in the view of the source router, then
for each candidate superdomain U the source router
queries any router of U to obtain an internal view of
U. The internal view of U consists of the children of
U and the sd-edges between them, and the raw-edges
from these children to domains outside of U (and at-
tributes of the children and edges). When the source
router receives the internal view of U, it merges this
with its view and searches for a valid path again. If
there is still no valid path but there are candidate
paths, the process is repeated. For example in Fig-
ure 2, the internal view of G is shown in Figure 9, and
the resulting merged view at a router in superdomain
dl is shown in Figure 10. If d16 allows transit traf-
fic from d1 while d19 does not, a valid path through
d16 (since strong constraints of E are satisfied) can be
discovered using this merged view.

<DB.dI2>
<D.C.d6> ——
<D.Cd8> — Q

Figure 9: Internal view of G.

Figure 10: Merged view at d1.

When router z receives a request for the internal
view of an ancestor superdomain U, it can construct
the internal view of U as follows. Let superdomain
V be the child of U that contains z. (1) z’s view
includes the siblings of V and the sd-edges between
them. (2) z constructs the constraints of V from the
constraints of the visible descendants of V. (3) =z
constructs the sd-edges outgoing from V into siblings
of V by doing both reporter and receiver aggregation
of raw-edges from the visible descendants of V to do-
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mains in siblings of V' (these raw-edges are maintained
since V is an ancestor of ). (4) z constructs the
raw-edges outgoing from children of U into domains
outside of U by doing reporter aggregation of the raw-
edges leaving U.

When the source router receives the internal view
of a superdomain U, it does the following. It removes
U and its sd-edges (both into U and outgoing from
U) from its view. It adds the children superdomains
in the internal view of U to its view. It does receiver
aggregation on the raw-edges from the children of U
to superdomains outside of /. However, it treats a
superdomain as visible during aggregation if the su-
perdomain is in the current view of the source router.
For each sd-edge (V, W) added to view, it also adds the
sd-edge (W, V) to its view. The entry and exit domain
addresses are copied by reversing those of (V, W). The
cost of (W, V) is already in a raw-edge maintained by
the router if this edge also leaves the parent of W.
Otherwise, the cost of (W,U) is used as the cost of
W, V).

6 Topology Changes

Link cost changes and link/node failures and re-
pairs correspond to cost changes, failures and repairs
of sd-edges. Since a d-edge participates in many sd-
edges, a topology change, such as a link failure, may
cause a set of sd-edge failures.

Link/node failures can also partition a superdomain
into cells, where a cell of a superdomain is defined to
be a maximal subset of nodes of the superdomain that
can reach each other without leaving the superdomain.
In the same way, link/node repairs can merge cells into
bigger cells. Superdomain partitions can occur at any
level in the hierarchy.

To handle such topology changes, we use “cell-ids”
instead of superdomain-ids. We identify a cell of a
superdomain U by U:x, where z is the minimum total-
id of the routers in the cell.

If a superdomain gets partitioned, its vertex in the
views of routers should be split into as many pieces as
there are cells. And when the cells merge, the corre-
sponding vertices should be merged as well. Thus, the
vertices in a view now stand for visible cells, sd-edges
are now between superdomain cells, d-edges are now
between domain cells, and raw-edges are now from su-
perdomain cells to domain cells.



7 Conclusion

We have presented an inter-domain routing pro-
tocol based on superdomains, which always finds a
valid path if one exists. Exit and entry domain
attributes for sd-edges are maintained as a way to
achieve superdomain-level source routing using intra-
domain routing service. Routers exchange raw-edges
to update sd-edges and their attributes.

Both strong and weak constraints are maintained
for each visible superdomain. If the strong constraints
of superdomains on a path are satisfied, then the path
is valid. If the weak constraints of a superdomain are
satisfied but the strong constraints are not, the source
uses a query protocol to obtain a more detailed “in-
ternal” view of the superdomain, and searches again
for a valid path.

Our protocol preserves the logarithmic space com-
plexity of the classical area hierarchy approach [9],
with the exception of merging views, where the stor-
age requirement may be more than logarithmic in the
worst case. Heuristics to choose candidate superdo-
mains to query and to choose superdomains to delete
from merged views should be investigated. Note that
merged views need not be stored in fast expensive
memory, since they are not used in packet forward-
ing.

The cost of merging views and forwarding pack-
ets over superdomain-level source routes can be amor-
tized over packets by using connection-oriented rout-
ing (other approaches [6, 10, 5, 8] have similar cost).

In this paper, we have ignored how source policy
constraints of a domain are adapted to the super-
domain hierarchy. Having source policy constraints
only at the domain level is not sufficient, since source
routers do not necessarily know which domains would
be crossed in each superdomain. Hence, source policy
constraints should also be stated for superdomains.
This can also be done using strong and weak bound-
ing techniques”. We have ignored source policy con-
straints because source routers have more flexibility
expressing their own constraints in any level of detail
(for example, a source router, for a specific superdo-
main, can always obtain the internal view, and apply
source policy constraints to children superdomains).

7 E.g. if the strong (weak) policy constraints is used, source
has a policy constraint for a superdomain if it has that policy
for some (all) children superdomains.
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