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ABSTRACT

It isawidely acceptedhotionthatthenative layerof thecurrentinternet
hasbegunto stagnaten termsof the servicesoffered. Consequently
overlay networks have gainedattentionasa viable alternatve to over
comefunctionality limitations of the Internet. A commonapproach
to overlay network designholdsthe native network inviolable,imply-
ing thatthe overlay hasto take on all the tasksneededo provide the
desiredhigh-level services.This limits the performanceachieved and
can potentially overburdenthe overlay layer To solve theseprob-
lems, we ervision that, asoverlay applicationsproliferate,the native

layershouldgraduallyevolve to suittheoverlaynetwork requirements.

This paperproposes framevork for suchanoverlay-friendly na-
tive network (OFNN), which will caterto the overlay applications
without compromisingon the performanceof the non-overlay appli-
cations. However, it is arguablethatsucha modi cation to the native
network is contradictoryto the fundamentateasonoverlay networks
wereconceved. Weaddresshisargumentn our paperandclassifythe
OFNN approacheascontradictory or non-contradictory based
onwhetherthenative layermodi cation is invasive or not. Further we
discusgheoptionof tuningthenative layerparameterasasimple,yet
feasible non-contradictoryDFNN approach As exampleswe present
theoverlay-friendlytuning of thenative layerIGP hello-intenal, BGP
MED attributeandIGP cost.

1. INTRODUCTION

Overlay networks have recertly gainedattention asa vi-
able alternativ eto overcomefunctionalit y limitations (e.g.,
lack of QoS, dicult y in geo-positioning, multicast sup-
port) of the Internet. The basic idea of overlay networks
is to form avirtual network ontop of the native network so
that these specialized overlay nodescan be customizedto
incorporate complex functionality without modifying the
underlying native routers. Third-part y service providers
can usetheseoverlaysto o er services,currently unavail-
able in the native network, to their customers. Exam-
ples of sudh servicesinclude multicast (e.g., Narada[l],
Overcast[2]), optimized paths (e.g., RON[3], Detour[4], X-
Bone[5], Brocade[6]), customized forwarding (e.g., 13[7],
Scattercast[8]) and quality of service (e.g., OverQoS[9],
SONTJ10]).

The designof today's IP networks calls for the internal
network elemeris to concerirate on the simple forwarding
function, leaving the high-level functions to the end-points.
In accordancewith that designapproach, overlay networks
have emergedas an e ectiv e way to implemert function-
ality which would otherwise require signi cant change at
the native IP layer. Theseoverlay networks are constartly
ewlving to addressthe increasing demand for new ser-
vices, while the native network has been allowed to stay
unchanged-. Sudh an approach canoverburdenthe overlay
networks themselwesas they must assumethe full respon-
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1Theoverlaydoesnotexpectary helpfrom thenative layerbecausét
cannotbe modi ed andthe natve doesnot provide ary helpbecause
no overlay requiresit to - aninstanceof the classicchicken-and-gg
problem.
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Figure 1: The various degrees of freedom available
to overlay service developers.

sibility for any functions or servicesbeyond best-e ort uni-
cast forwarding. Further, evenif current overlay networks
can perform the servicesexpected from them, the amourt
of achievable performance gain is limited due to this in-
exible design approach. To overcome these long-term
problems, we suggestthe native network evolve gradually
to suit the overlay network and the new servicessough.
Hence,we investigate ways to improve the performanceby
moadifying the operation of the current native layer.

In particular, the performance of the overlay network
servicesis restricted becauseof unawarenessof the na-
tive layer information and a lack of cortrol over the na-
tive layer's decisions. Considering those reasons,there is
a wide spectrum of optimizations one can proposefor the
overlay services,as indicated in Fig. 1. In the gure, de-
sign choicesthat are furthest away from the origin tend
to provide the most benet. Past researh on improving
overlay serviceshas focusedpredominantly in two dimen-
sions namely controlling overlay layer and knowledge of
native layer. Examples include work on tuning the over-
lay layer parameters ([3, 11]), advanced overlay topology
design ([12, 13, 14]), and obtaining native layer informa-
tion ([6, 15, 16]). We explore a new degreeof freedom
that involvescooperation from the native layer for improv-
ing overlay services. The solutions in this direction are
generally classi ed as providing an overlay-friendly native
network (OFNN), briey de ned asa native network that
caters to the overlay applications without compromising
on the performance of the non-overlay applications. Such
a native network should also be easily deployable, back-
ward compatible and inexpensive to manageand operate.

The conceptof an OFNN, however essetial, comesacross
as a contradiction in terms. This is becauseoverlay net-
works were conceived to obtain new network functionality
without modi cation of the underlying native network. If



it werefeasibleto modify the native network, the needfor
the overlay application is obviated. Therefore, modi ca-

tion of the native network to suit the overlay application
seemsto be a contradiction to the purpose. However, this
is not the casealways. There are modes of changein the
OFNN which we argue doesnot constitute such a cortra-

diction. For example, consider a certain feature that is
currently implemented by meansof an overlay and whose
performancewe would like to improve. Making a distinc-
tion that native layer operations are carried out by pro-
grammed functions which receive parameters (from man-
agersor other functions) to guide their operation, we are
facedwith seweral choicesto better support the feature at
the overlay layer. Among theseare:

A. Add a new function to the native layer.

B. Modify the existing functions in the native layer.

C. Tunethe native layer parameters, without altering the
functions at the native layer.

Clearly, the solutions put forward by options A and B are
invasive procedures,requiring alteration of the nativelayer
code. Hence,we do not seethem as a feasiblesolution. In
this paper, we advocate the use of option C, where we do
not needto rebuild the native network and the functions
used at the native layer remain fundamenally the same.
We believe that this native layer tuning is a pragmatic
approad to constructing an OFNN.

From the discussionabove, we can seethat someOFNN
approades represen a cortradiction and some do not.
Basedon this obsenation, we classifythe OFNN approaches
into two categories- contradictory and non-contradictory.
Furthermore, we presen native layer tuning as a non-
contradictory OFNN approad and illustrate the overlay-
friendly tuning of the native layer IGP hello-interval, BGP
multi-exit discriminator (MED) attribute and IGP cost.

Recert work on network virtualization highlighted the
importance of addressingthe impassein progressof the
current Internet[17, 18, 19, 20]. It suggeststwo perspec-
tiv esin targeting the problem - that of a purist who consid-
ersthat the overlay network is a tool to experiment a fea-
ture beforefull- edged deployment in the native network,
and a pluralist who considersthat the diversity brought
about by overlay networks should becomea fundamerntal
part of the native network. In this paper, we advocate
an intermediate viewpoint where we considerthe needfor
overlay networks to be inevitable, in addition to requiring
someminor alteration of the native network. Our work on
the OFNN is a step in that direction.

The remainder of the paper is organized as follows. We
elaborate on the de nition and designgoalsof the OFNN
in Section 2. Someexamplesof the cortradictory OFNN
approach are briey described in Section 3. We presert
our novel approac towards native layer tuning and iden-
tify someof the parametersthat can be tuned in Section
4. Section 5 summarizesour position and suggeststhe
required future work.

2. OVERLAY-FRIENDLY NATIVE NETWORK

We motivated the need for the overlay-friendly native
network in Section 1. This section preseris the designin
better detail.

2.1 De nition and DesignGoals

We de ne an overlay-friendly native network as a na-
tive network that incorporates special changestargeted
towards the benet of the overlay applications, without
causing a negative e ect on the performance of the non-
overlay applications. We usethe term friendly to highlight
the special treatment renderedto the overlay application,
irrespective of whether the native layer is aware of its exis-
tence. The changeincorporated may not help all services,
but is rather an optimization on a case-ly-casebasis. We
refer to somechangesas invasive to indicate whether the
nativ e layer functions needto be altered (reprogrammed).

The following are someof the design criteria mandated
by the framework:

The foremost concernis that adjusting the native layer
must yield a signi cant performance gain for the over-
lay application. The performancemetric dependson the
type of serviceprovided by the overlay network. For ex-
ample, resiliency servicesare metered by recovery time,
and multicast servicesby stressfactor.
It should have no negative e ects on the way non-overlay
applications and their trac are handled. For instance,
we should take special care that a change made in the
native layer to support special packet scheduling of the
overlay trac must not lead to starvation of non-overlay
trac. In the presenceof multiple coexisting overlay
applications, the modi cation should have no negative
e ects on the trac of the other overlay applications.
The alteration madeto the native layer must be conser-
vativei.e., it should generatenegligible, if not zero, extra
overhead(in terms of processing,protocol, memory, and
other resources)and must not causea deterioration in
existing performance of the overlay trac (in terms of
the classicmetrics like throughput, forwarding rate, la-
tency, recovery time).
It should facilitate a practical roadmap for wide-spread
deployment. In caseswhere the change to the native
network is invasive, the bene ts should gradually accrue
asmore native routers are altered to support the feature
at the overlay layer. Sudh a changeis consideredincre-
mental. To satisfy this requiremert, the overlay network
must provide minimal expected serviceseven when the
change is unavailable or partly available in the native
network.
The native network must be backward compatible in
that it should still processlegacy overlay applications
(without the new functionality) in the expected manner.
For example, considera changein the native layer which
aids in overlay path diversity (minimal overlap of the
native route used by the overlay links). An overlay ap-
plication that is incapable of using this added support
from the native layer must still receive the basic connec-
tivit y betweenits overlay nodes.

From the designcriteria stated above, we note that one
key designgoalis to avoid negative impact on non-overlay
trac. In somecasesthe changemadeto the native layer
might even be bene cial to certain non-overlay applica-
tions. To provide these potential bene ts to non-overlay
trac, the OFNN should not distinguish betweenthe dif-
ferert applications sharing the native network, wherever
possible.



We also infer from the design criteria above that the
changeincorporated in the native layer doesnot necessar-
ily depend on the proportion of nativetrac that belongs
to the overlay layer. However, certain invasive changesto
the native layer becomemore justi able in the presenceof
a high volume of overlay tra c.

2.2 Implementation Options

Having establishedthe basic designgoals of an OFNN,
we proceedto list someof the possibledesignchoicesavail-
able, on top of the samplesetlisted in Section 1, for mod-
ifying the native layer?:

A. Add a new function to the native layer.

B. Modify the existing functions in the native layer.

C. Tunethe native layer parameters, without altering the
functions at the native layer.

D. Create padket level lters at strategic points of the na-
tiv e network to identify the overlay trac or to provide
functionality that can only be exploited by the overlay
trac. Once identied, the native layer can render
some special treatment to these padkets. This senes
as a form of di eren tiated service.

E. Use a particular native layer function in a dierent
manner, in combination with overlay-speci ¢ hacks.
For example,the usageof native IP multicast for prop-
agating queriesin P2P networks, in assaiation with
reserving a permanert IP multicast addressfor ead
P2P network, is yet another approach for building an
OFNN.

F. Make the native layer subsumethe overlay featurei.e.,
add the whole feature that is currently beingo ered at
the overlay layer to the native layer.

We can seethat options A, D and E are inherertly badk-
ward compatible by not a ecting the set of functions cur-
rently in place. They treat all legacytrac (both overlay
and non-overlay) in the samemanner as before. On the
other hand, options B and C need special care that this
change does not negatively impact the non-overlay appli-
cations. Option C is the only scheme that does not re-
quire a changeto the native layer. It is interesting to note
that option F obviates the need for the overlay applica-
tion. Hence,it represers the highestlevel of modi cation
at the native layer.

2.3 The Contradiction

We briey explained the presenceof a cortradiction in
Sectionl. The contradiction arisesin the OFNN whenthe
overlay network, which was conceived to avoid modi ca-
tion of the native layer for obtaining new network func-
tionalit y, demandsa changein the native layer to improve
its performance.

We would like to add that the contradiction arisesbe-
causethe overlay serviceis unable to provide the best per-
formance autonomously. This inability can be attributed
to the fact that overlay nodesarelimited in number, mostly
located at the edgeof the network and are basically users
of the native network services. For example, considerthe
following problemsin previously proposedoverlay services:

2This list is by no meansomprehense.

Resiliert overlays[3]- su er from high chanceof irresolv-
able overlay network partition, owing to lack of cortrol
over path diversity.

Multicast overlays[1]- su er from high stressand stretch,

relative to native multicast.

QoS overlays[9] - suer from lack of absolute service

guararntee, owing to presenceof other non-conforming

non-overlay tra c.

These problems motivate the needfor support from the
native layer, thereby leading to the contradiction.

We argue that some of the implementation options in
Section 2.2 do actually represen a contradiction. Hence,
based on the type of change, we classify the approaches
adopted into the following two categories:

Contradictory OFNN - when the required changeis in-

vasive, leading to alteration of the native layer functions.

Options A,B,D,E and F in Section2.2 represernt this ap-

proach. We presert existing proposalsfor these OFNNs

in Section 3.

Non-Contradictory OFNN - when the required change

is non-invasive. Option C in Section 2.2 represerts this

approach. We present someinstancesof this OFNN in

Section 4.

3. EXAMPLES OF CONTRADICT ORY OFNN

The following are some OFNN proposalsthat require
modi cation of the native layer to bring about a perfor-
manceimprovemern for the overlay service.

3.1 ResourceSharing

Onethemein past work on overlay network designis the
addition of an intermediate layer to interface betweenthe
nativeand overlay layers. This newlayer helpsimprovethe
performance of the overlays without exercisingany con-
trol over the native layer. As suggestedby Fig. 1, these
schemesaid overlay servicesby obtaining a higher level of
information (about topology, routes, and resources)from
the native layer. However, there are obstaclesto achiev-
ing that. The Internet has attained its current level of
scalability mainly by information hiding. Hence,there is
a fundamertal limit on the amourt of information one
can obtain, which current probing schemescannot sub-
vert. Therefore, obtaining privileged information requires
an invasive changeat the native layer.

The work on network virtualization[17], diversi ed Inter-
net[18, 19], Opus[21],routing underlay[15], service-orierted
Internet[16], and Brocade[6]proposeusing this intermedi-
ate resourceprovisioning layer to allocate resourcesto the
dierent overlay networks on top. In certain cases,this
intermediate layer serves as a repository for routing ser-
vices, high-level performance measuremets and BGP in-
formation. It canalsobe usedto provide optimized routes
betweenpeersby exploiting knowledge of underlying net-
work characteristics.

All solutions listed above, albeit better than overlay net-
works that operate completely independert of the native
network, are still plaguedwith the problem of limited gain
(SeeSection 2.3 for details). Hence,we arguethat greater
performancegainscanbe obtained only whenthe function-
ing of the native layer is altered to bring about a synergy
with the overlay layer.



3.2 Network Support for Overlay Networks

Jannotti proposedtwo new primitiv es for implementa-
tion in the native layer - packetre ection and path paint-
ing[22] - to provide advancedrouting serviceslike padet
duplication and route examination. Thesetwo primitiv es
support the e cien t construction and operation of certain
overlay networks. The work alsoshovedways to incremen-
tally deploy the primitiv esin the Internet. Howewer, this
modi cation of the native network is invasive and inhibits
widespreaddeploymernt.

3.3 Active Networks

Activ e Networking is an architecture proposedto ad-
dressthe problems of network stagnation[23, 24]. It sug-
gestsenhancing the network elemers with more process-
ing abilities, sothat the applications at the end user can
obtain higher benets by uploading new protocols and
code to the intermediate routers. This results in a higher
programmability of the native layer. One can seethat the
active network is very much an OFNN, where the native
layer helps enhancethe performance of the overlay appli-
cations by being programmable. However, the active net-
working approad is highly complex and needssigni cant
modi cation of the native layer.

4. EXAMPLE OF NON-CONTRADICT ORY OFNN:
TUNING NATIVE LAYER PARAMETERS

The current native layer parameters are tuned for the
existing users of the native network services. Howevwer,
there are parameters which can be tuned in an overlay-
friendly manner without any negative impact on other ap-
plications. We focus on the tuning of native layer pa-
rametersthat a ect functions like routing (IGP or BGP),
scheduling (IP priorit y), multicast, and security (rew alls,
addresstranslators).

In general, network administrators may leave some pa-
rameters at the default value con gured by the equipmert
vendor. In sucd cases,it is usually easierto justify the
overlay-friendly tuning. It is perhapsinadvisable to tune
parameters that have been purposefully set at a particu-
lar value, so asto avoid any conict with pre-established
policies.

From our literature survey of existing overlay services,
we obsenethat it would help the overlay layer if the native
layer provided the following support:

Earlier failure detection by the native layer[11]

Symmetric routing for nativeroutes betweenendhosts[11,
15, 25]

Coherert cost metrics betweenthe two layers[11,26, 27,
28]

The following subsectionsdiscusssomeideasabout how
tuning can help the three requiremerts stated above. In
particular, wetune the routing protocol hello-interval, BGP
MED attribute and the IGP costof ead link, respectively,
at the native layer, to aid the overlay applications. We as-
sumethat both the native and the overlay layers employ
a dynamic routing protocol to adapt to changing network
conditions.

(Overlay nodes = 20 / Native nodes = 100)

g 1] § n
g78 2748
S 400} SRS g3
% S%z 2%3
B O > ® [
< I oz oz
2 - z__4o= _________
Z 300t
[
[}
£
[
3 200f
é ,,,,,,,,,,,,,,,,,,,,,,
o
S
& 100 ]
[INative
Il Overlay
0
Before After
Figure 2: Example to Iillustrate the overlay-

friendly tuning of the nativ e layer hello-in terv al for
a particular top ology combination.

4.1 Tuning the Routing Protocol hello-interval for
Faster Detection

In our previous work[11], we investigated the function-
ality overlap betweenthe two layers - native and overlay,
with respect to rerouting around link failures. We con-
cluded that it is better to allow the native layer to detect
the failure rst for the following three reasons:

The overlay paths experiencea large number of route os-
cillations when the overlay layer attempts recovery rst,
owing to the independert operation of the routing pro-
tocol at the overlay and native layer.

The overlay layer failure detection is vulnerable to con-
gestione ects becauseof the lack of priority in the hello
padkets, leading to false positives. Moreover, the prob-
lem of false positivesis ampli ed in the caseof the over-
lay layer asead hello padket is sert over multiple native
links, in contrast with native layer hello padketsthat are
sen over a single native link.

The native layer rerouting yields the optimal (shorter)
alternate paths.

We achieved this earlier detection by decreasingthe na-
tive layer routing protocol hello-interval from the default
value®. Previous work on IGP corvergence[29]llustrated
how the hello-interval canbe substartially reducedto achieve
earlier detection, without incurring any stability problems.
However, this has not beenwidely adopted for reasonsof
high protocol overhead[30].In [11], we proposeto increase
the overlay layer hello-interval, which decreaseshe over-
headat the overlay layer and compensatesfor the increase
in protocol overheadat the native layer.

We would like to adhereto the following two constraints
that keepthe tuning operation consenative:

Maintain the sameoverall protocol overhead(de ned as
the sum of the protocol overheadat both layers).
Maintain the same e ectiv e detection time (de ned as
the minimum of the native and overlay layer detection
times).

3The default value of the OSPFhello-intenal for a Cisco7600series
routeris 10 secs.



In accordancewith the above constraints, we tune the
hello-interval used by the routing protocol in ead layer.
As illustrated by Fig. 2, the protocol overhead has the
samevalue of 310 packets/sec and the e ectiv e detection
time is 9 seconds(Assuming that the layer declaresa fail-
ure after the lossof three hello packets). Oncetuned, the
native layer hello protocol detects the failure before the
overlay layer and helps the overlay network achieve the
best performancepossible. This tuning doesnot have any
negative impact on the non-overlay applications sharing
the native network, but rather has the positive e ect of
earlier failure detection on all applications.

4.2 Other Examples

We presert someof our preliminary ideason the overlay-
friendly tuning of two native layer parametersin this sub-
section.

A) Tuning the BGP Multi-exit
Route Symmetry:

There are many overlay servicesthat require the IP rout-
ing to be symmetric[11, 15, 25]. Howeer, this is not true
with the current Internet[31]. This can potentially cause
the following problems:

Discriminator  for

Unevenfailure recovery process[11and complicatedtrou-
bleshooting, as either direction of the overlay link may
not sharethe samenetwork elemeris[31].

Added complexity in having to maintain state informa-
tion for either direction of an overlay link[15, 25].

Consider the scenarioin Fig. 3 where the native layer
picksroute K | GDBA in onedirection and route ACEFHJ
in the other. Toimprovethe chancesof symmetric routes?,
we needto ensurethat the domain usesthe sameborder
router for the exit asthe entry. As the neighboring AS
prefersexit routers with lowest MED value®, one can tune
the BGP MED attribute to pick the required exit router
and thereby achieveroute symmetry. Sincethe default sce-
nario of hot-potato routing does not really usethe MED
value, we do not have any conict with pre-established
BGP policies.

As shown in Fig. 3, when advertising a route to a neigh-
boring AS, the network administrator should setthe MED
value of eadh entry point to re ect the relativevaluesof the
IGP distanceto the entry point. We do this setting only
when the AS number of the current domain is bigger than
that of the neighboring AS. This causeshot-potato routing
in onedirection and cold-potato in the other, thereby en-
suring piecewisesymmetry at the inter-domain level. We
can seein Fig. 3 that AS100prefersto usethe exit router
G to reach AS200basedon the MED valuesadvertised. In
the opposite direction, AS200 usesthe closestrouter | as
its exit router to reach AS100,asAS100did not advertisea
particular MED value. Ultimately , the MED tuning causes
route ACEGIK to be selectedin both directions. This
helpsthe overlay servicein question, without harming the
non-overlay applications that just look for basicconnectiv-

4Thisdoesnotguarante@nend-to-encdymmetricouteor asymmetry
in link properties.

SThedefault valuefor the MED attributein a Cisco7600seriesrouter
is 100.
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Figure 3: Example to illustrate setting of the MED
attribute. The numbers indicated over each iBGP
session represent the IGP distance between the
two BGP routers. The dashed line indicates the
path selected between the two pre xes.

ity. The MED tuning inherertly requires cooperation be-
tweenISPs belonging to di erent administrative domains
and hencebrings in the question of incertiv e, which is out
of the scope of this paper.

B) Tuning IGP Cost for Coherence between Na-
tiv e and Overlay Layers:

A misalignmert in the route computation strategy be-
tweenthe native and overlay layerscan potentially leadto
the following problems[11,26, 27, 28]:

Route oscillations that take longer to stabilize
Defeat of trac engineering

Longer overlay paths (in terms of hop court, overall la-
tency etc.)

Theseproblems may also be causedwhen the two layers
adopt mismatching cost schemes. The cost of the individ-
ual IGP links at the native layer can be basedon hop-
count, delay, Euclidean distance, special weights, load or
capacity. Similarly, the overlay application might adopt
a particular cost scheme basedon the type of service of-
fered. Thesetwo cost schemesmay not necessarilymatch.
For example, an overlay link L; with 10 native hops and
a delay of 300 ms may be consideredlonger than link L,
with 8 native hops and a delay of 400 ms.

In most cases,the overlay application might be able to
determine the type of cost metric usedby the underlying
native layer by meansof high-level performance measure-
ments[3]. However, the overlay application might not be
able to do that when the cost is basedon special weights
establishedby the ISP policy. Suc caseswill exacerbate
the problems due to misalignmert. Hence, it is desirable
that the native layer IGP costsbe con gured using easily
determinable metrics like propagation delay or hop-court.

5. DISCUSSION

In this paper, we stressthe needfor change at the na-
tive layer to suit the ewlving overlay servicesand make
the casefor deploying an overlay-friendly native network.
We also presert the minimum criteria for designinga na-
tive layer changeto support a particular overlay service.
However, this modi cation of the native layer may be con-
strued as a contradiction to the reason overlay services



were conceived. We argue that while invasive changesare
indeed contradictory , other typesof changes(such astun-
ing of the native layer parameters) are non-cortradictory .

We consider the ewlution of an overlay-friendly native
network to beimperative, owing to the high resourceusage
by the overlay - causedby the potential for widespreaduse
of overlays in the modern Internet, presenceof multiple
coexisting overlay networks on the same native topology,
and usageof multiple native elemerts (links and nodes) by
ead overlay link.

The following questionsthat arise from our design sec-
tion areworth answering soasto get a better understand-
ing of the design:

Does the construction of OFNNSs risk reducing the net-
work transparency? And, does it involve an assaiated
lack of predictability?

How much cost will the ISP bear for these value-adde
overlay services? Is there su cient economic incentive?

Can suchanalysis be extendel to other multi-layer mod-
els (as the network layer is nothing but an overlay of the
link layer)?

After describingthe basic designof the OFNN, we pre-
serted exampleson tuning existing nativ elayer parameters
to improve the performance of the overlay services,as an
instance of non-cortradictory OFNN design. This form of
changeat the native layer is non-invasive and is quite eas-
ily done by the network administrator. Such a changeis
not a cortradiction in terms. Future work in this direc-
tion involvesidentifying other parametersthat needto be
tuned.

Though we adopt a stand againstthe contradictory OFNN
in this paper, it is perhapswise not to eliminate it alto-
gether as an option for supporting overlay services. One
possiblefuture of the Internet is where overlay servicesare
widely in useand, in sudch casesit is easierto justify sub-
stantive changesto the native layer. If this doesindeed
becomethe case, future work should consider the devel-
opmert of overlay-friendly native network primitiv es(e.g.,
the onesproposedby Jannotti[22]) and study the deploy-
ability of such modi cations. These changesmust foster
modularity and reusability, sothat they can be applicable
to a broad range of overlay applications.

We seethe following as someof the required follow-up
work:

Develop more macrosthat satisfy our design criteria to
incorporate in the native layer to help the existing over-
lay services.

Designing other overlay servicesof interest to the con-
sumers, under the assumption that the native layer is
willing to cooperate.

Creating arealistic testbed for thesenativ e layer changes.
Most testbedscurrently available only provide accessto
the overlay layer and do not yield to a multi-la yer test
ernvironment.

Develop ways to prevert a misuseby the overlay layer.
When the native layer o ers better control of its op-
eration to the overlay layer, there is a chancethat the
overlay layer might violate the designsemarics we spec-
ied.
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