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LALA: Location Aware Load Aware Overlay Anycast

Animesh Nandi

Abstract

Anycast is a powerful paradigm for managing and locatingueses in decentralized dis-
tributed systems. Ideally, an anycast system must be dealalbation-aware and load-
aware. Location-awareness means that the anycast systend $ie able to locate a re-
source that is near the client in the network. Load-awarenme=ans that it must be able to
disperse load to avoid overloading group members in the afasigh demand in a certain
region of the network.

Existing anycast systems are either location-aware oréveate, but not both. We mo-
tivate LALA, a generic architecture for doing scalable dbon-aware, load-aware anycast
that realizes the following anycast functionality: Givediant request, our goal is to select
the closest anycast server that has enough resourcessfy fadi client’s request. We show
how LALA can be designed on some of the existing overlay astyaachitectures and close

with an evaluation that demonstrates its effectiveness.
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Chapter 1

Introduction of LALA

In this chapter, we first give some background on anycast ecehtly proposed scalable
overlay anycast services. We discuss the current limitatad these approaches and moti-
vate the need for a scalable, location-aware and load-afu&ieA) anycast architecture.
We define the goal of such an architecture and abstractlysksour idea in realizing this
goal. We highlight the main contribution of the thesis andlifinconclude with a descrip-

tion of the organization of the thesis.

1.1 Background: Overlay anycast

Anycast is a group communication paradigm. The anycastangdigm was designed to
aid in server selection by directing a client’s request tortharest among a relatively small
and static group of ‘functionally equivalent’ servers. Tdmgycast group members share
the same anycast address, and as originally defined in RFE€ IBMIM93], anycasting
provides: “ a stateless best effort delivery of an anycattgtam to at least one host, and
preferably only one host, which serves the anycast addre3$é anycasting paradigm
as originally designed to be implemented at the network WelJehad some drawbacks.
Network level anycast did not work well with highly dynamimogps because of the high
overhead involved in joining/leaving a group. Moreoveneaeded support from network
routers and its wide usage relied on the deployment of stipgorouters. Moreover, as
pointed out by Bhattacharjee et al. [BAZ7], itis beneficial to support a variety of metrics
such as server load while selecting an anycast server thetedways choosing the closest
server based on some shortest path metric like hop count |&tiito the motivation of

implementing anycast services on top of overlay networks.



Recently, scalable overlay anycast services [8$8Z, CDKR03,ZKJ01] built on struc-
tured peer-to-peer (p2p) overlays [RFBiL, SMK"01,RD01,ZKJ01] have been proposed.
Structured p2p overlays have recently gained popularity ptatform for building scal-
able, self-organizing, decentralized applications. €h&suctured overlays conform to a
specific graph structure that enables them to locate ohipgoexchanging) (logN) mes-
sages wherd/ is the number of nodes in the overlay using oflflog N) state. Common
to all these overlay protocols is the concept of a node, ribaedl identifier space and keys.
As defined by Dabek et al. [DZDD3], anoderepresents an instance of a participant in the
overlay (one or more nodes may be hosted by a single phyBiteldt). Participating nodes
are assigned uniform randonodeldsfrom a largeidentifier space Application-specific
objects are assigned unique indentifiers cakiegs selected from the same Id space.

All the existing systems provide higher level abstractibke distributed hash tables
(DHT). The DHT abstraction provides the same functiona#ya traditional hashtable, by
storing the mapping between a key and a value. The interfapkements a simple store
and retrieve functionality where the value is always st@igthe live node to which the key
is mapped, referred to as the root node for the key. Valuebearbjects of any type. For
instance, they can be disk blocks that are stored and rettien the basis of their content-
hashed keys in CFS [DKKD1]. Thus, with the DHT abstraction, each data item stored in
the overlay is associated a unique identifier that is usetbte and retrieve that data item
from the DHT.

While all nodes in the overlay play a similar role in the oagrhlgorithms, the P2P
system as such can be highly heterogenous. A P2P system fikeiza [GnuO0] and
Kazaa may consists of peers that range from old desktopadetwdem lines to powerful
servers connected to the Internet through high-bandwidésl Providing a first degree
of load balancing in these heterogeneous systems can bewdtingirtual servers A
virtual server resembles a single peer to the underlying 0T each physical node can
be responsible for a number of virtual servers proportidmdtls capacity. For example in

Chord or Pastry, although each virtual server is respoasdsla contiguous chunk of the



identifier space, a node with multiple virtual servers candsponsible for owning multiple
non-contiguous portions of the ring.

With the advent of the scalable anycast services [S8Z CDKRO03, ZKJ01] built
on these peer-to-peer overlays, the anycasting parademedtoeing viewed as powerful
building block for managing and locating resources in lesgale decentralized distributed
systems. As in original anycast, the anycast group was deseconsisting of ‘function-
ally equivalent’ group of resources and the anycastingdgigna was designed in helping
the client locate the ‘best’ resource among them. ‘Bestthedefined according to some
metric which optimizes the service received by the clienaddk having a particular re-
source join a group to advertise the availability of thabregse. Nodes that seek to locate
the resource send an anycast message to the group. The mesdativered to a nearby
member, thus matching provider and consumer of a resourde mimimizing delay and

network usage.

1.2 Motivation for LALA

Our motivation for this work arises from the need of a ovedaycast architecture that is
scalable, location-aware and load-aware. Consider a sgteots that issue requests and
a set of servers placed at different locations in the Intettmet can serve these requests.
Example of requests can be downloading a file, allocatingagiofor replicating popular
content, etc. Anycast aims to match each client requesteovaisthat optimizes (by some
metric) the service received by the client.

To enable efficient resource discovery in large-scale desiered systems, an anycast
service must (1) itself be scalable and decentralized; é2pbation aware, i.e., it must be
able to deliver anycast messages to a group member thatrisheedient in the network;
at the same time, it must be (3) load aware, i.e., it must be tbtlisperse load to avoid
overloading group members in the case of high demand in aiceggion of the network.

Previous anycast systems fail to meet at least one of thgegeenents. Existing scal-

able and decentralized overlay anycast services such ibe JODKRO03] anycast, delivers



messages to nearby group members. Once a group membetiscessare consumed, the
member is required to leave the group. This is appropriatediatively coarse-grained
resource allocation, but fine-grained resources requirera gontinuous strategy for load
shedding. The anycast service:th [SAZT02] lends itself to more fine-grained load bal-
ancing, but it does not necessarily deliver messages tbyegaoup members.

We assume a simple model in which the service provided teeatatiepends solely on
the server’s current load and the distance between thet erehthe server. Further, we

assume that

1. As long as the load of a server is lower than a threshglg,, a client will see little
difference in the service provided by the server. In otherdspthe client will be as
happy with the service provided by an idle server as with #éreise provided by the

same server when its load is just beldyy,,.

2. The shorter the distance (latency or hop count) betweegdhver and the client, the
better the service the client receives. Note that we intpliassume that the network
is not the bottleneck. We believe this is a reasonable assomip today’s Internet

where the congestion mostly occurs at the edge of the network

In particular, our location-aware and load-awdré [ A) anycast architecture strives to
realize the followinganycast functionality: given a client request, our goal is to select the
closest anycast server that has enough resources to sHissfylient’s request (i.e., whose

load does not exceel,; ).

1.3 Central idea behind LALA

For an anycast architecture to be location-aware, we redbat anycast requests from a
particular geographic area should be delivered to anyeagéss residing in that area. For
instance, anycast requests arising from a region in TexasldHe delivered to anycast
servers residing in Texas. In the absence of anycast sarvéexas, the anycast request

should be delivered to anycast servers that lie in the \icwfi Texas. In order to achieve
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Figure 1.1 : Self-Adjusting Responsible Regions

this effect, each anycast server is associated wittsponsible region (RRegignyhich
approximately represents the geographic area centereddtbe location of the anycast
server. The responsible region of an anycast server ldgiegresents the willingness of
the anycast server to serve clients belonging to that regMmwould additionally like to
have the size of the responsible region of a anycast serber pooportional to its capacity
since a large capacity anycast server can potentially searg/ more clients as compared
to a low capacity server. Having static-sized responsiugons does not help since there
could be a sudden flashcrowd of requests from a particulasnedherefore for the archi-
tecture to be load-aware, the anycast server should dyadynstirink or increase the size
of its responsible region depending on whether the servevesloaded or underloaded,
respectively. This is shown in Figure 1.1. The notion of-s&ljusting responsible regions
is the key idea to realize our location-aware and load-aaayeast (LALA) architecture.
The concept of the responsible region of a server can hakeatit representations in
different anycast architectures. Amongst the recentlyppsed scalable overlay anycast
architectures [SAZ02,CDKRO03,ZKJ01], we have identified DHT-based anycasesys
like 13 [SAZT02] and tree-based anycast systems like Scribe [CDKROJpmesent two

different designs of how anycast systems might be built. €Déelpng on the representa-



tion of the responsible region in the anycast architectwe=then develop techniques to
dynamically adjust the size of the responsible region ireotd realize LALA's anycast

functionality.

1.4 Contributions of thethesis

We make the following contributions in this thesis:

1. We point out the limitations of the current overlay any@ashitectures and motivate
the need for a location-aware load-aware (LALA) anycashiéecture. We define

the goal of such an architecture and discuss abstractlydearin realizing this goal.

2. We sketch the design of the LALA architecture on two clagsfeanycast systems:
DHT-based anycast systems likeand tree-based anycast systems like Scribe. Sim-
ulation results show the effectiveness of our proposedydssh realizing the goal of
LALA.

1.5 ThesisOrganization

In Chapter 2, we will describe the design of LALA on DHT-based/cast systems like
i3. In Chapter 3, we will describe the design of LALA on treedxhsnycast systems like
Scribe. In Chapter 4, we will evaluate our proposed designsAdA on 33 and Scribe.
In Chapter 5, we discuss background and related work. FimalChapter 6, we will

conclude and discuss future work.



Chapter 2

Design of LALA on DHT-based anycast systemslike i3

In this chapter, we outline the design of the LALA architeeton DHT-based anycast
systems like3. We first give some background on how anycast is don8 end discuss
its limitations. We then identify how LALA can be applied toch an architecture. Finally,

we show how our design can be implementedn

2.1 Background: Anycast in 3

i3 [SAZ102]is an overlay-based Internet Indirection Infrastruetinat offers a rendezvous-
based communication abstraction. Instead of explicithydggg a packet to a destination,
each packet is associated with an identifier and this idenigi used by the receiver to
obtain delivery of the packet. In the simplest model, paxleet pairsifl, datg) where
id is anm bit identifier anddata consists of a payload. Receivers ugggersto indicate
their interest in packets. In the simplest form, triggess @airs {d, addr), whereid rep-
resents the trigger identifier adldr represents a node’s address, which consists of an IP
address and a port number. A trigget, @ddr) indicates that all packets with an identifier
id should be forwarded (at the IP level) by tfgeinfrastructure to the node identified by
addr. 73 uses inexact matching between identifiers. Assuming tleatdtiterrs aren bits
long, there exists somexact-match-thresholé with £ < m. Inexact matching implies
that an trigger identifiefd; matchesa packet identifieid if and only if id; is a longest
prefix match among all other trigger identifiers and this prefatch is at least as long as
the exact-match-threshoid

Anycast is achieved i by having all anycast group members maintain triggers that

are identical in thé& most significant bits. Thedebits serve as the anycast group identifier.



To send a packet to this anycast group, a sender uses atfietemtiose bit prefix matches
the anycast group identifier. The packet is then deliver¢ldedanember of the group whose
trigger identifier matches the packet identifier accordandpe longest prefix matching rule.
Basic server selection using the anycast paradigfi can be done by end-hosts choosing
the lastn — k bits of the identifier carefullyi3 proposes two ways of doing server selection:
(1) Given a set of web servers the goal is to balance the cheptests among these servers.
(2) Given a set of web servers the goal is to select a serveisthiose to the clientin terms
of latency.

Load balancing client requests among a set of web serverbedone by setting the
m — k least significant bits of both trigger and packet identiftersandom values. More-
over, if servers have different capacities then each s&aerinsert a number of triggers
proportional to its capacity. More generally, the servens dynamically adjust the number
of triggers on the basis of their current load. Selectingdlosest server can be done by
encoding the server’s location in the— & least significant bits of the trigger identifiers and
similarly encoding the client location in the last— £ bits of the packet identifiers. Loca-
tion encodings such as postal codes (zip codes) can be udedbaid cause the packet to
be forwarded to a server that is near the client. The abovesshyroposals if8 are either

load-aware or location-aware, but not both.

2.2 Responsibleregion (RRegion) in ¢3

As mentioned in Section 1.3, the concept of responsibleoreljas different representa-
tions in different anycast architectures. In this secti@wil try to identify the represen-
tation of a responsible region 3. Consider the way in which location encodings such
as postal codes is used to deliver an anycast request frolena td a close anycast server
whose postal code matches the client’'s postal code closélg (vas explained in detail
in Section 2.1 above). Here the entire geographic spacetitigraed into the responsible
regions of the different anycast servers. The responsgigien of each anycast server ap-

proximately represents the postal code zone in which theaatyerver is located. We will
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Figure 2.1 : Partioning of Geographic space using RRegions

describe later in Section 2.4 how different location enngdechniques other than postal
codes could be used. Observe that in general, the respemsdibns of different servers
could overlap and additionally there could be regions ofggaphic space which are not

covered within any responsible region. This is shown in FegQ.1.

2.3 LALA Algorithm

We will now describe abstractly how the LALA algorithm work&ssume for now, that
each serveg is associated a responsible region, dend&kgion(s, k)that represents
the region of network within distandeof servers.* As per our definition of responsible
region,RRegion(s, kxpresses the willingness of serweto serve any client that belongs
to the responsible region.

We are now in position to describe (1) how client requestsaasggned to servers, and

(2) how a server can avoid being overloaded.

2.3.1 Request Assignment

Consider a request issued by clientVe consider two cases:

*Distancek is also called the diameter of the responsible region.



10

1. If client ¢ belongs to at least one responsible region, then amongratrsewhose

responsible regions coverthe request is delivered to the closest one.

2. If there is no responsible region covering clienthe request is delivered to a server
s with probability P(s), where P(s) is proportional to the size of's responsible
region. This heuristic is motivated by the fact that a sewigéh a larger responsible
region is in general willing to receive more requests. Weeddfectively adopting
a weighted random strategy of distributing anycast regu&gtere the weights are
proportional to the available capacities of the serversat&gies such as choosing a
close server in this scenario does not work, because a fagti@f requests from a
particular region would overload a nearby located servenevit has shrinked its
responsible region. Request assignment in this case eftlhedoad-aware only and
not location-aware. However, in a system with enough agdeegerver capacity we

expect this case to be invoked very rarely.

2.3.2 Overload Protection

Recall that the server’s primary goal is to maintain its |b&tbw theoverload threshold
Lyign. The overload protection algorithm is based on the follgnsimple observation: a
server receives a number of requests that is proportiotiaétsize of its responsible region.
This means that a server can control the number of requestsives by simply increasing
or decreasing its responsible region.

Let L be the current utilization of the server, and Igt,, be anunderload thresh-
old, where L;,,, < Lyign. Then, the server updates the diameter of the responsible re
gion, k, by using the algorithm outlined below. This algorithm istloé Additive-Increase
Multiplicative-Decrease (AIMD) [CJ89,Jac88] type simmita algorithms used for conges-

tion avoidance in computer networks.

1. Initialize & = k.., Wherek,,... is a value proportional to the server’s capacity.

2. If L < Ligy, thenk = ky e, Wherek,,, is such thaRRegion (s, knew) = RRegion(s, koq)+
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B. Thus, an under-loaded server increases its responsgtnrby an additive con-
stantg. Assuming clients are uniformly distributed in the netwspace, this will

also lead to an additive increase in the number of clienter@al/by the responsible
region (Experimental evaluations in Chapter 4 show thah@&vehe case of clients

not being distributed uniformly, our mechanism of overlgadtection is effective).

3. If L > Lpign, thenk = ke, Wherek,,,, is such thatRRegion(s, knew) = a X
RRegion(s, kuq). Thus, the server decreases the size of its responsiblenregia

multiplicative constantv < 1.

4. If k> ke, thenk = min(k, kpnag) -

2.4 Realization of LALA on DHT-based anycast systems

In this section, we will first describe how to employ alteimatlocation encoding tech-
niques, which will allow us to map the network distance spatethe DHT’s one-dimensional
identifier space. The original proposal for using postalexods location encodings in
13 does not work well in this regard because the postal codeefnark provides only

a very coarse level granularity in partioning the networkcg We advocate the use of
a system like Global Network Positioning (GNP) [NZ02] toigsscoordinates in al-
dimensional space to each overlay node, and then use sdawg dilrves (such as the
Hilbert curve [SSK02]) to map thé-dimensional GNP coordinates to the one-dimensional
ID space.

GNP uses coordinate based mechanisms to predict Intertvatnkedistance (i.e round
trip propagation and transmission delay). GNP computdanensional absolute coordi-
nates for nodes by modelling the Internet as a geometricespiad the inter-host distance
can be calculated from the coordinates of the two hosts. ANRiaes the problem of
on-demand network measurements, which are time-consuamicgostly. A space filling
curve linearizes a multidimensional space by assigning @aint in the space a unique

value or address on the curve and still preserving locatitthe multidimensional space.
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That is, points that are close to each other in the multidsieral space are with high prob-
ability close to each other in the one-dimensional space.uge of GNP together with the
space filling curve as the location encoding technique guees with high probability that

two overlay nodes which are close to each other in underlgetgvork space, will have

DHT identifiers that are numerically close to each other.

We will now give a realization of the LALA algorithm descritbén Section 2.3 using
DHTs. Consider a DHT that uses a circular ID space such asdCf®ivK*™01] or Pastry
[RD01] and a mapping of the underlying network space to th§ dentifier space using
the GNP and space filling curves. Assume each server is assdavith a number of
virtual servers, and each request is assigned to the vs&maér with the closest ID. In the
remainder of this section, we show how one can implement tieA algorithm in this
setting by (1) choosing location-aware IDs for both virts@tvers and requests, and by (2)
having each server dynamically adjust the number of videalers as its load changes.

Assume the ID space is divided intalé equal size intervals, wher® is greater than
the number of servers in the system. L&t be the ID at the center of interval Next
we explain how to assign IDs to virtual servers and requéxisisider a physical server
whose location-aware ID belongs to the interval centeredatLet RRegion(s,kbe the
responsible region of the anycast serveiServers with RRegion(s,k) maintain3k + 1

virtual servers as follows:

e 2k + 1 virtual servers (referred dscationVS with IDs: id,_, — k, ..., ids_1 —

1, ids, ’l:ds_|_1 +1,... ,ids+k + k, and

e k virtual servers (referred amndomV$ with IDs randomlydistributed in the ID

space.

Similarly, consider a clientwhose location-aware id belongs to the interval with center
atid.. Then every request issued bys assigned IDid,. We are now in a position to
describe the request assignment and the overload prat@tgjorithms. Using the ids of the

locationVS of a serves, we define the RRegion(s,k) to comprise of #ie+ 1 contiguous
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RRegion(2,2) with s=2, k = 2)

Server 2

A

Non-Existent

Overlap

No-Overlap erver 3

( RRegion(s,k

with s=1, k= )
O 1 - LocationVS of Server 1

O 2 - LocationVS of Server 2
O 3 - LocationVS of Server 3

Figure 2.2 : RRegions in Circular ID Space

intervals centred around, in which its locationVSes are present. In particular, theese
has one locationVS present in each of the 2k+1 intervalsmith RRegion. Depending on
the span of the respective RRegions, the request can dagmaither of the three cases as
shown in Fig 2.2 No-Overlap OverlapandNon-ExistentWe will first describe at a high
level what we want to accomplish in each of the following sassing the guidelines we
developedin Section 2.3.1. In the case of no-overlap, tkatalequest should go the server
which has the locationVS present in the interval with ceated,.. In the case of overlap,
more than one server has a locationVS present in the intestlalcenter atid,. Among
these locationVSes we must be able to choose the servertsatdhé id distance between
its locationVS and its locationldl, is minimum. In the case of non-existent, the request
should be delivered to a server with a probability proporicto the size of its RRegion
(Size of RRegion is proportional to k in this case). We canhielty delivering the request

to a server with probability proportional to the number adittrespective randomVS. We
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will now describe how choosing the Ids of the locationVS aaddomVS as mentioned
above accomplishes what we want with regard to requestrassigt in each of the three
cases of no-overlap, overlap and non-existent.

Request assgnment Using DHT mapping, a request is simply assigned to the Jirtua
server with the closest ID.

To see why this works consider a request withidlD. Let s be a physical server (if any)
with the location-aware I, whose responsible region covers the interval centergt .at
Then server will maintain a virtual server with IDd, + r — s. Among all servers that
cover the interval centered at, the request will be delivered to serwesuch thats — r|
is minimized. But|s — r| represents exactly the distance (in number of intervalsydsen
the client who generated the request and setvir other words, the request is mapped on
the closest server whose responsible region covers thd.clibis accomplishes the cases
no-overlap and overlap.

In the case of non-existent (no server covers the intervaleced atid,), the request
will be most likely mapped to a virtual server with a randdi, which is exactly what we
want. Indeed, since each server maintains a number of Vstugers (with random IDs)
proportional to the size of the server’s responsible regiomrequest will be delivered to a
server with a probability proportional to the size of selveesponsible region.

Overload Protection Each server executes the algorithm in Section 2.3.2. Again,
sume the location-aware identifier of sergenelongs to the interval centered:dt, and
assume the responsible regionsa§ RRegion(s, k)Since in this cas®Region(s, kjepre-
sents an interval in the ID space, changingduces either to an additive increase operation
(k = k + (), or a multiplicative decrease operatign=£ «k).

There are three things to note about our DHT-based algoritfirst, the algorithm is
completely decentralized, and thus highly scalable. S#cas will be shown in Section

2.5, the algorithm can be trivially implementedit Finally, as will be shown in Chapter 4,

tThis is under the assumption that each interval contairsast lone server with a random ID with high

probability.



15

the algorithm provides a good approximation of the anyaasttionality.

25 LALA in i3 (i3-lala)

The DHT-based solution described in Section 2.4 can beyeagidlemented in3, which
was briefly described in Section 2.1. In particular, a virgexver joining the network is
equivalent to inserting a trigger with the same 1D, whileraual server leaving the network
Is equivalent to removing the trigger with the correspogdid from ¢3. To compute the
location encoding of a node we use the Global Network Pasiigp (GNP) to assign a
3-dimensional coordinate with each node. Then, we use a Hlitheve to map these
coordinates into the one-dimensionallD space. One advantage of tiBesolution over
the generic DHT solution is that trigger insertion and real@perations are significantly
cheaper than virtual server joining and leaving operatio@ the downside, with the
currenti3 implementation, all triggers belonging to the same anygesip are inserted at

the same&3 server, which can become a bottleneck.
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Chapter 3

Design of LALA on Tree-based anycast systemslike Scribe

In this chapter, we outline the design of the LALA architeeton tree-based anycast sys-
tems like Scribe. We first give some background on how anyisadbne in Scribe and
discuss its limitations. We then identify how LALA can be dgged on such an architec-

ture. Finally, we show how our design can be implemented oi&c

3.1 Background: Anycast in Scribe

The Scribe anycast functionality is built on Pastry. We iliefly describe Pastry and

Scribe and describe how to do anycast using Scribe.

311 Pastry

Pastry is a scalable, self-organizing structured pegeta- overlay network similar to
CAN [RFH'01], Chord [SMKF01], and Tapestry [ZKJO1]. In Pastry, nodes and objects are
assigned random identifiers (calladdeldsandkeys respectively) from a large id space.
Nodelds and keys are 128 bits long and can be thought of asuarses| of digits in base
2 (b is a configuration parameter with a typical value of 3 or@)ven a message and a
key, Pastry routes the message to the node with the nodelid thamerically closest to the
key, which is called the key®ot. This simple capability can be used to build higher-level
services like a distributed hash table (DHT) or an applacatevel group communication
system like Scribe.

In order to route messages, each node maintains a routilegeiath a leaf set. A node’s
routing table has aboubg,; N rows and2® columns. The entries in row of the routing

table refer to nodes whose nodelds share thefidigits with the local node’s nodeld.
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0]2128-1

enodeld

Figure 3.1 : Routing a message from the node with no@&dd f ¢ to keyd46alc

The ¢ + 1)th nodeld digit of a node in columnof row r equalsc. The column in row-
corresponding to the value of the 1)th digit of the local node’s nodeld remains empty.
At each routing step, a node normally forwards the messag@&dtale whose nodeld shares
with the key a prefix that is at least one digit longer than tiedip that the key shares with
the present node’s id. If no such node is known, the messdgenarded to a node whose
nodeld shares a prefix with the key as long as the current sodefeld but is numerically
closer. Figure 3.1 shows the path of an example messagedretwe nodes. The dots in
the figure depict the nodelds of live nodes in Pastry’s cacnamespace.

Each Pastry node maintains a set of neighboring nodes inathelch space (called the
leaf set), both to ensure reliable message delivery, antbte seplicas of objects for fault
tolerance. The expected number of routing hops is lessithgnV. The Pastry overlay
construction observes proximity in the underlying Intérfgach routing table entry is cho-
sen to refer to a node with low network delay, among all nodés an appropriate nodeld
prefix. As a result, one can show that Pastry routes hawesvadelay penaltyi.e. the
average delay of Pastry messages is less than twice thed# loetween source and des-
tination [CDHRO02]. Similarly, one can show tlhacal route convergencef Pastry routes;
i.e. the routes of messages sent to the same key from neadeyg imothe underlying Inter-
net tend to converge at a nearby intermediate node. Botlesétproperties are important

for the construction of efficient multicast/anycast trekesscribed below. A full description
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of Pastry can be found in Rowstron et al. [RD01] and Castrd. eflGDHRO02].

3.1.2 Scribe

Scribe [CDKRO02, CDKRO03] is an application-level group coomitation system built
upon Pastry. A pseudo-random Pastry key, known agihepld is chosen for each mul-
ticast group. A multicast tree associated with the groupisneéd by the union of the
Pastry routes from each group member to the groupld’s robicfwis also the root of the
multicast tree). Messages are multicast from the root taxteenbers using reverse path
forwarding [DM78].

The properties of Pastry ensure that the multicast treesfbceent. The delay to for-
ward a message from the root to each group member is low dine tiow delay penalty
of Pastry routes. Pastry’s local route convergence enshetghe load imposed on the
physical network is small because most message transmisstoirs at intermediate nodes
that are close in the network to the leaf nodes in the tree.

Group membership management in Scribe is decentralizeldighly efficient, because
it leverages the existing, proximity-aware Pastry overl&glding a member to a group
merely involves routing towards the groupld until the megseeaches a node in the tree,
followed by adding the route traversed by the message torthgpgnulticast tree. As a
result, Scribe can efficiently support large numbers of gsp@arbitrary numbers of group
members, and groups with highly dynamic membership.

The anycast primitive was recently added to Scribe. Cadta.e [CDKRO03] de-
scribes in detail how to perform distributed resource discy using Scribe. Tree-based
anycast systems like Scribe [CDKRO3] represent an anyaastpgby a location-based
spanning tree embedded in a structured overlay networkuies proximity neighbor se-
lection. Anycast is performed by routing a message in thelaydérom the client towards
the root, which intersects the tree at a node that is nearliget in the network. From
there, the message is forwarded in a depth-first search dfagbeuntil a group member is

reached.
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Figure 3.2 : Responsible regions in Tree-based anycagmyst

3.2 Responsibleregion (RRegion) in Scribe

As mentioned in Section 1.3, the concept of a responsiblemdtas different representa-
tions in different anycast architectures. In this sectiw@will try to identify the represen-
tation of a responsible region in a tree-based anycastraydte Scribe.

Since the Scribe tree is built in a locality-aware fashioenmbers in a particular net-
work region will with high probability have the same interdi&te node as parent in the
tree. Depending on the location of the client making the asyquery, the request hits
with high probability an intermediate node in the tree whegbktree consists of members
that are close to the client. Figure 3.2 shows such a scaewhgee an anycast request from
a client in California hits with high probability the inteediate node whose children are
members in California. Therefore, anycast servers thatlase to each other in network
proximity will with high probabality belong to the same lostdevel subtree. In this archi-
tecture therefore, the responsible region of an anycagtiser defined by the lowest level
subtree in which the anycast server resides. All anycage¢rseresiding in the same subtree
share the same responsible region. Moreover, the entigrgeloic space is approximately

partitioned into the responsible regions correspondingedowest level subtrees.
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Figure 3.3 : Adjusting size of RRegions in Scribe

3.3 LALA Algorithm

Before we describe the design of LALA in the tree-based astysgstem, we make the
following observation. As we go higher up each level in treefrthe responsible regions
of the lower level subtrees can now be collapsed to represkamtjer geographic space. In
Figure 3.2 when we go up one level in the tree, the RRegionsabfothia and Texas can
be collapsed to represent a larger region representind\U.S.

We will now describe a way in which servers can update the ciizbeir responsible
regions. Note that the anycast request first hits an intelateedode in the tree and from
there is sent down to the children. In the scenario when tljeast servers in a particular
subtree are overloaded, the parent of the nodes in thatesubtuld be requested to send
the anycast request up the tree instead. The anycast ragoelst therefore go up one
level in the tree and could then be sent down another siblibiyse. As shown in Figure
3.3, in the scenario when anycast servers in the Califoegan are overloaded, a client
request originating from California is sent up one levelhe tree and then sent down to
some anycast server in the Texas subtree (assuming thaexas Subtree of servers is
underloaded). Effectively, California anycast serverfl laave shrunk their responsible

region. On the contrary, the anycast servers in Texas fubbe receive anycast requests
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from Texas as well as California, thereby effectively iragiag the size of their responsible
region.

Having given the intuition of the mechanism to adjust resiae regions in tree-based
anycast systems, we are now in a position to describe howtckeuests are assigned to
servers. Consider a request issued by clignthich hits a intermediate node in the tree.

We have two cases:

1. If the subtree attached to this intermediate node is neloaded, the request is sent
down its children with probability?(s), whereP(s) is proportional to the aggregate
capacity of the anycast servers in the subtree hanging tretiesachild. Thus within
a subtree, high capacity children receive a greater pragpattshare of the anycast
requests hitting the intermediate node, as compared to &paaty children. To
achieve this effect, the anycast servers monitor their avaa land run the AIMD
style overload protection algorithm described in SectioB.2 where thé& value in
the algorithm now corresponds to the server’s willingnessctept a request from its
parent. Thus, within a subtree, low capacity members hawverlb values than high
capacity sibling members in the same subtree. Childrenguaie theik values to
their parent. Aggregated load information in the formkofalues is propagated up

the tree, all the way up to the root.

2. If the subtree attached to this intermediate node is oaddd, the request is sent up
one level in the tree. The request then arrives at the paféhisantermediate node

where the same two cases are then checked for and corresp@utiion taken.

We however need to be able to determine if the subtree bearatitermediate node is
overloaded or not, to be able to take the correspondingraaiger defined in the two cases
above. An interior node in the tree calculates its dwwalue, which is representative of
the load in its subtree, by averaging thealues of its children (In future, we plan to study
the use of other strategies like using median etc.). Whelk tradue at the parent node is

less than a threshold (we uB#®5 x k_max), the entire subtree is considered overloaded.
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When all the children in a particular subtree are overloatedeby having lowk values,
the parent node will also have a low calculated averagalue.

We point out the following observations of the above aldnt (1) Anycast servers
that lie within the same subtree receive requests in praguotd their capacities, although
they share the same responsible region. This differs frarL&LA algorithm for DHT
based anycast system where anycast servers always reoeijezsts in proportion to the
size of their responsible regions. This anomaly arises fiteerfact that in the tree-based
anycast system, the responsible regions are defined at agnaon@ar level, the granularity
depending on the number of levels in the tree. As a resultisfwle needed a mechanism
where different capacity servers, inspite of having theesaesponsible region, could con-
trol the amount of traffic they received from that region. \(@enever an anycast message
is forwarded up the tree due to overload, it tends to move\geoups members that are
farther and farther away from the client in the network. Herethis only happens if and
when more nearby group members are overloaded. This pyopkthe algorithm is in
synergy with the goal of LALA's anycast functionality i.sglect the closest anycast server

that is not overloaded.

34 LALA in Scribe (Scribe-lala)

The LALA algorithm describe above can be trivially implenbeshin the Scribe architec-
ture. The propagation of load information up the tree caniggypbacked on the periodic
Scribe tree maintenance traffic as well as control traffi¢ setie tree traversal during the

delivery of the anycast request.
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Chapter 4

Evaluation

In this chapter, we evaluate our design of LALA architectonethe DHT-based and tree-
based anycast systems. In particular, we evaluate the mepiations of our design on
13 (i3-lala) and Scribe gcribe-lala) and show that our design is successful in realizing
LALA's anycast functionality: select the closest anycaswer that is not overloaded.

We evaluaté3-lala andscribe-lala against the original mechanism of doing only location-
aware anycast (without overload protection)drand Scribe, referred to a3-simple and
scribe-simple. These approaches resolve each anycast request to a nearby shile
ignoring load.i3-simpleis the approach where we use only one trigger per anycasrserv
which encodes the location of the server. The anycast reguesh contains the location
encoding of the client is resolved to the server whose trigggaumerically closest to the
anycast request’s encoding. The location encoding teakrigjthe same as that i3-lala
(i.e using GNP and Hilbert curves). Wigimple-scribean anycast request is resolved to a
nearby member in the anycast tree [CDKRO02]. In this appraehanycast request hits an
intermediate node in the Scribe tree and is then sent downdonaly chosen child. Note
that thei3-simpleand thescribe-simpleapproaches could be modified with mechanisms
of doing coarse grained overload protection in the form afaeing the trigger when the
server is overloaded in th8 approach or the server unsubscribing from the anycast group
in the case of Scribe. These mechanisms however, incur fegkork traffic overhead
resulting from repeated trigger insertions/removals ougrsubscribe/unsubscribe opera-
tions even in the case where the anycast traffic follows algteattern over time. Moreover
these coarse grained overload protection algorithms abdesonly at low utilizations val-

ues. Since thi&-simpleand thescribe-simplepproaches ignore load and try to resolve the
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anycast request to the closest anycast server, they seoug &daseline comparison with

regard to the ability of selecting a nearby anycast server.

4.0.1 Simulation settings

We consider an overlay network consistinglof 000 nodes and an anycast group consist-
ing of N (= 256) randomly chosen nodes in the network. To generate the nietwerused
the GT-ITM topology generator [Geo]. The server capacities are unifodistributed in
the interval[MIN-CAP, 8*MIN-CAP], and the request sizes are uniformly distributed in the
range[MIN-SIZE, 20*MIN-SIZE]. The client issuing the request is randomly selected from
the nodes in the network and the arrival times of the requeltsv a Poisson distribution.

We simulate a web like application, where the load of a ses/aeteasured as the av-
erage size of its request queue. Each server uses thredhglds 10, and Ly, = 150,
respectively. As described in Section 2.3.2, each serves deerload protection using an
AIMD algorithm with the following parameterg, = 2, « = «o'*server_capacity/demand_rate,
whereo’ = 0.9, anddemand_rate represents the service rate requested by the incoming
requests. Note however that this AIMD algorithm is slighdifferent to that proposed in
Section 2.3.2, since is not a constant. In our simulations, we found this slightlydified
version of AIMD to be significantly more stable. In future, wkan to theoretically study

the stability of the system and derive the AIMD parameters.

4.0.2 Evaluation metrics

We use two metrics to evaluate our schemes:

e Maximum waiting time The maximum time a request waits in the server’s queue
across all the requests in the system. This metric evaltlagesbility of a scheme
to provide overload protection. Note again, that this tinoesiNOT include the
network delay associated with getting the anycast requastep delivered to the

chosen anycast server.
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e Weighted rank. This metric is computed aS=: x frac(Rank = 1), where
frac(Rank = i) represents the fraction of anycast requests that are ezbdtv
servers with rank. Therank of a server is defined with respect to each request
and represents the index of the server in the list of all sergedered by their dis-
tance from the client that has issuedThus, given a client that issues a request
the closest anycast server franas rankl, the second closest anycast server from
c has rank2, and so on. This metric evaluates the accuracy of a schensdeict she
closest anycast server. Ideally, ignoring the server oaelrleach request should be

delivered to the closest server, in which case the weiglstekl is1.

As mentioned above, theaximum waiting timenetric evaluates the ability to provide
overload protection and theeighted rankmetric evaluates the ability to select nearby
anycast servers. Both metrics together, evaluate thetiwt#eess of our mechanisms in
realizing LALA's anycast functionality (i.e. selectingdltlosest anycast server that is not
overloaded). In the future, we also plan to evaluate our esims with respect to the
total response timef the anycast requests. The total response time of the se@as
two components - (1) network delay associated with sendigigraceiving of the anycast
request and reply between the client and the selected drsea®r; and (2) the waiting
time of the anycast request in the selected anycast sequarise. Based on the assumptions
stated in Section 1.2, realizing the anycast functionalibuld imply optimizing with
regard to the total response time metric also. We plan taiat@lthe total response time
metric when we have the prototype of our system ready forayepént on the Planetlab
testbed.

4.0.3 Simulation Methodology

To evaluate our schemes, we vary the utilizatiof the system betweeih(01 and1. U
is defined as the ratio of (1) the total amount of service rstgaeby all clients to (2) the
aggregate capacity of all servers in the anycast group. &ar atilization value, we run

the simulation long enough for the system to stabilize. Tiabikty of the system at a
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Figure 4.1 : Maximum waiting time vs. utilization

particular utilization value is judged on the basis of therage waiting time of the anycast
requests with simulation time. A monotonic increase in therage waiting time of anycast
requests with simulation time suggests that the systematidtabilize for that utilization
value. Note that for values &f close tol the system does not stabilize. If the system does

not stabilize, we report a maximum waiting timelgf00.

4.04 Simulation Results

Figures 4.1 plots the maximum waiting time versus the sysigiization. Even for uti-
lizations as low a$.1, i3-simpleandscribe-simpleexhibit large maximum waiting times.
This is to be expected since both these schemes ignore thex $@ad when resolving the
requests. The primary reason for this is that the anycastisehave heterogeneous capac-
ities. Moreover, as we observed in some of our unreportedraxgntal results, even in a
group with homogeneous server capacities, these appmaebglt in server overloading
since the servers and clients could potentially be scattesa-uniformly in the geographic

space, thereby resulting in some servers requiring to kangdteater fraction of the anycast
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Figure 4.2 : Weighted rank metric vs. utilization

requests. Additionally, flashcrowd-like effects can selyeresult in server overloading.
This motivates the need for overload protection in locadityare anycast architectures.

As shown in Figure 4.li3-lala andscribe-lalaare successful in preventing overload
even for very high utilization values. Between the two scasstribe-lalaperforms bet-
ter thani3-lala. This is because the overload protection algorithmsdribe-lalais more
localized, involving only members in the same anycast gsulyree. In3-lala however,
the feedback mechanism essentially operates over the amtycast group together and is
therefore more susceptible to fluctuations resulting froeraeacting.

Figure 4.2 plots the averageeighted rankmetric as a function of the system utiliza-
tion. Note that a weighted rank value bfcorresponds to all requests being resolved to
the closest server, a value df (= 256) corresponds to all requests being resolved at the
farthest server, and a value 8f/2 (= 128) corresponds to selecting a random server to
resolve each request. The weighted ranks of the baselimeadscribe-simpleandi3-
simple are flat lines. Again, this is because none of these scheakesrito account the

server load.
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As shown in Figure 4.2, for lower values of utilization, theighted ranks of our
schemesiB-lala andscribe-lalg are relatively close to their baseline counterparts. This
is because, at lower utilization values, the need for aggresoverload protection does
not arise and therefore our schemes perform as good as #salite counterparts. With
increasing utilization, the weighted rank metric increas@lso observe that the rate of
increase in the weighted rank metric iBflala with utilization is more than the rate of
increase in the case etribe-lalaand this is because of the previously mentioned fact that
distributed overload protection works less robustly3rala as compared tgcribe-lala
Even for utilizations as high a@s9 the weighted rank of th-lala is only about two times
larger than the weighted rank td-simple while the weighted rank ddcribe-lalais less
than40% larger than the weighted rank séribe-simple

Also observe in Figure 4.2, that as expected, the averagghteei ranks ocribe-lala
andscribe-simpleare basically the same for very low utilizations, this istha& case for the
I3 schemes. This results from the fact that in @#tala implementation we partition the
ID space inM = 512 intervals and the requests are approximated as originabngthe
center of those intervals. By increasing the number of valer the weighted rank a8-
lala approaches the weighted ranki8fsimplefor small system utilizations. In summary,
Figures 4.1 and 4.2 show that LALA successfully preventsesenverload, while at the
same time resolving requests to nearby servers.

We also experimented with a more skewed request distribtwigimulate flash-crowd
scenarios. That is, instead of generating requests fromoraly chosen clients in the
underlying network topology, we generatéd% of the requests from clients lying in a
hot-spot zone which represents oly% of the total network space. Both our schemes
i3-lala andscribe-lalawere successful in preventing server overloading, butxpsaed,
they exhibited slightly higher weighted ranks. This is d@égd in Figures 4.3 and 4.4.

We also evaluated the system for varying sizes of the angecasp, while keeping the
utilization U to be constant at 0.5 and generating anycagtasts from a randomly chosen

client. Note that the earlier experiments were performed\ie256. In this experiment,
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we vary N between 16 to 496. For the purpose of this experimenpropose &caled
Weighted Ranknetric, which is defined a@Veighted RankMetric/N) x 100. Basically,
this metric evaluates the effect of varying anycast groupsson the ability of different
approaches in locating a close anycast server. For instanttee experiments performed
earlier with N=256, the weighted rank metric for ti3esimpleandscribe-simpleapproach
were 21.3 and 35.0 respectively. This translates to resspextaled-weighted-ranketrics
of 8.3 and 13.7 respectively when the group size is 256.

As shown in Figure 4.5, we observed that ftaled-weighted-ranketric of both the
scribe-simpleandi3-simpleapproach improve with increasing size of the anycast group
for the following reasons. Iscribe-simpleincreasing group sizes cause the Scribe tree
to be built in a more locality-aware fashion, which resultniore effectively locating a
close anycast server. IB-simple the ability to locate close anycast servers using the
GNP/Hilbert technique improves when the mean geograpbktauice between a randomly
chosen client and its closest anycast server decreasesis@cause, when two nodes are

relatively close to each other in the underlying topolobg, telative error in mapping their



31

1000 T —p = S

scribe-lala ———

by scribe-simple ——<—

<5} i3-simple ——=—

> 800 | -

w

5}

=

9]

= 600 | -

D

R=

'_

=

= 400 -

<

=

e

=

£ 200 | =

(3] 4/47 — -+

= +7+/ﬁ/’\",,

0 1 1 1 1

100 200 300 400 500
Anycast Group Size (N)

Figure 4.6 : Maximum waiting time vs Anycast Group Size

physical location to their corresponding location encgdising the GNP/Hilbert technique

is less. Figure 4.5 also shows in corroboration to our eagk@eriments that the scaled
weighted rank metrics a8-lala andscribe-lalaare only slightly greater than the values for
their corresponding baseline counterp@tsimpleandscribe-simplevhen the utilization

U is low or medium (U=0.5 in this case).

Figure 4.6 shows the effect of increasing group sizes onhiigyato do server over-
load protection. Figure 4.6 corroborates our earlier teghhti3-simpleandscribe-simple
approaches are not able to prevent server overloading éveadaum values of utilization.
(Observe the reported maximum waiting timel1a800 for both these approaches for all
group sizes). Theé-lala and thescribe-lalaapproach are however able to bound the max-
imum waiting time approximately within the desired threlshddowever, as observed and
mentioned in our earlier experimensgribe-lalaperforms better thai8-lala in the abil-
ity to prevent server overloading. This is clear from thet fdbat the maximum waiting
time at server’s queue increases at a greater rate with gieeafor the3-lala approach as

compared to thecribe-lalaapproach.
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Before concluding this chapter, we would like to mentiort tiha results in this chap-
ter only serve the purpose of showing that the anycast fomality can be realized in the
DHT-based system like3 as well as the tree-based anycast system like Scribe. Thksres
of the:3 approach and the Scribe approach should not be comparecdhas/.of he experi-
mentation done so far is in no way comprehensive to allowpnéting one type of anycast
system to be superior over the other. See Chapter 6 for theralit experiments that still

need to be performed.
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Chapter 5

Background and Related Work

Resource discovery has been the subject of extensive chskarmore than a decade.
The problem is to find the desired resource over the networadalyessing the resource
or service with a name or property that characterizes the tfpesource. Several initial
solutions were provided like broadcasting the client'suesj to all possible locations where
the resource might reside (e.g [BAA95,0D83]), in the ho tine of the servers having
the resource would respond. An alternative to using bragtdeas to send the client request
to a name server [Moc87,GS88] in order to lookup the locatifdine resource.

There are a number of situations in networking where a hosser wishes to locate
a host that supports a particular type of service [Gut99{,dmes not particularly care
which server amongst the group of servers supporting theceeis used. Researchers
came up with the notion of anycast to simplify the proces&sburce discovery or service
discovery. Anycast was first proposed in RFC 1546 [PMM93]e @locument proposes
anycast as a means of service discovery and describes a vemcaiplishing it at the
network IP level. In particular, a host transmits a datagrarmn anycast address and the
internetwork is responsible for providing best effort dety of the datagram to at least
one, and preferably only one of the servers that accept dategfor the anycast address.
It also points out the challenges faced in deploying IP asiycehe alleged unscalability of
IP anycast has limited its acceptance by the community. G&&V/(Q0] is an architecture
for doing global IP anycast in a more scalable fashion bubwédwver retains some of the
drawbacks of network level approaches: i.e., it requireseromodifications and it cannot
exploit application-level metrics to guide the processest/sr selection.

To alleviate these problems, several proposals for progidin anycast service at the
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application layer [FBAZ98,FBAZ98, FIP9,MDZ99, SSK97] were made. Most of these
approaches attempt to build a directory system which whemigd with a client address
and the service name, returns the address of the nearest s&ithe client that provides
the service. These directory based application-layerastysystems are not scalable for
the reasons mentioned below. Two types of information nézie collected in this type
of directory system : (1) Information of which servers pawia particular service and
which of them are currently up; and (2) the network distare@vben the client and these
available servers in order to be able to determine the diaseger. Collecting this type
of information incurs repeated probing of the servers fairtavailability and collecting
up-to-date estimates of the network distance between.hdkts makes the directory the
bottleneck and limits the scalability of such a system. aithh not scalable, the application
layer anycast systems however made the fundamental olisertfzat it was not sufficient
to only locate the closest server. In particular, the seseaction procedure should at least
be guided by both the information about the proximity of teevers from the client as well
as the server load. This is because, under scenarios of edeaggnd of resources from a
particular region of the network, resolving the anycastiesf to the closest anycast server
would result in overloading that anycast server.

Several proposals [CC95,SBSV98,CC97,GECZ99] for doifigieht server selection
were made. The algorithms for server selection in thesesystise a combination of met-
rics to determine the best server to serve the client’s atyeguest. These systems employ
measurements from clients. In the work by Carter et al. [CCED7], the selection is
based primarily on the characteristics of the path leadiogpfthe client to the server. The
authors acknowledge the desirability of using server lodormation as a guide to server
selection. In the work of Sayal et al. [SBSV98] and Karaulletf KKO97], server load is
incorporated into the client-side selection.

Active anycast [MYNIOO] proposes to handle IP anycast incatmn-aware and load-
aware manner. The solution relies on active networkingrteldgy [TW96, TSS97]. In

particular, it relies on active routers maintaining loafbimation about the anycast servers
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lying in their network proximity. This proposal however fars from the drawback that the
anycast is implemented at the IP level and thus requiregroubdifications.

Recently, scalable overlay anycast services1ikgdSAZ*02], Scribe [CDKRO03] and
Tapestry [ZKJO1] have been built on structured peer-ta{p@p) overlays [RFFOL1,
SMK*01, RD01, ZKJ01]. The scalability of these anycast serviseattributed to the
scalability of their underlying p2p substrates, which haseently gained popularity as
a platform for building scalable, self-organizing, decahited applications. The anycast-
ing paradigm henceforth, started being viewed as a powkdilding block for managing
and locating resources in large-scale decentralizedregste

Section 3.1 briefly describes the anycast architecture dab& [CDKRO03] and rea-
sons why it is location-aware but not load-aware. Like SgriBayeux [ZZ301] and
CAN-Multicast [RHKSO01] are group communication systemdtlan top of structured
p2p overlays of Tapestry [ZKJO1] and CAN [RFEHL] respectively. Although these cur-
rently do not support the anycast primitive, they could bealified to support the anycast
primitive. Like Scribe, they belong to the class of treedshanycast systems and are not
location-aware and load-aware for the same reasons that apgiicable to Scribe. The
object location approach used in Tapestry [ZKJO01] and Blastwork [PRR97] can be
viewed as a special case of the anycast mechanism used lie Scrithese systems, point-
ers to the nearest replica holder is maintained at everynmr@diate node of the the tree
that is formed by the overlay routes from each replica hotddean object to the object’s
root. Lookup messages which, when routed to the object’s intercept the tree at an
intermediate node and use the replica pointer at that nodiet¢b a copy of the object.
These anycast services, although scalable have their owtations. In particular, they
were either location-aware or load-aware but not both.

The Internet Indirection Infrastructuré3j] [SAZ*02] proposes a generic indirection
mechanism supporting unicast, multicast, anycast andlityold8 uses triggers to represent
indirection points between senders and receivers. A triggeepresented by a unique Id.

Receivers subscribe to triggers and senders publish wetisg Section 2.1 describes how
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anycast is done im3 and also points out its limitations in being location-awardoad-
aware but not both.

Rao et al. [RLS03] motivate the need for load balancing mechanisms in bgéer
neous p2p systems. It explores some load balancing algwitising the notion of virtual
servers. The algorithms revolve around transferring &lrsgervers from a heavily loaded
physical node to a lightly loaded physical node. Their sab&nely on nodes doing prob-
ing to find out other heavily or lightly loaded nodes, or byngsdirectories that store load
information about a set of lightly loaded nodes in the systenour approach however, we
advocate that doing overload protection instead of finengrhload balancing ( which was
the goal of Rao et al. ) is sufficient. The benefit of this rethgenstraint is that the server
can do overload protection by simply monitoring its own I@ewd controlling the number
of virtual servers it has without requiring any form of progiof load on other servers.
Adjusting the number of virtual servers based on a servevis load, is fundamentally a
feedback-driven approach to overload management.

The notion of feedback-driven approach to overload managehas been prevalent in
several systems. Welsh et al. [WC02] make the case thatoaterhanagement should be
a critical design goal for Internet-based systems andsesviThey argue that the right ap-
proach to overload management is to explicitly signal @aaticonditions using feedback-
driven control. Based on this observation, they sketch ésegth of their SEDA architecture
[WCBO01] which is designed to provide adequate primitivasmf@naging load in busy In-
ternet services. The feedback-control approach to owére@nagement can also be seen
in most of the congestion avoidance algorithms [Jac88, G-IEEB] in computer networks.

In our thesis, the first step was towards identifying the gdal location-aware load-
aware (LALA) anycast architecture. The question here is tmwo about optimizing
both the metrics of location as well as load in our servercsiele process. Choosing
lightly loaded servers could result in resolving clientuests to a server located far away
from the client. Similarly, resolving client requests toangy servers would very likely

result in server overloading in scenarios of client regubsing generated unevenly in the
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geographic space. Amongst the various possible stratdgaésould be devised to strike
the correct balance between the two metrics, we take a ssamdar in nature to that taken
by LARD [PAB*98]. LARD, a framework for doing content based request itistion

in cluster-based network servers also faced a similar probh which the front-end of
network servers had to direct the incoming requests to orteeoback-ends in a way to
optimize performance with regard to load on the back-endslacality in the back-ends
main memory caches. LARD resolves this problem by resolveguests by observing
locality and ensuring only that the back-ends are not oaeid instead of doing perfect
load balancing. Motivated by LARD’s way of optimizing betaretwo metrics, we decided
to resolve anycast requests to closeby anycast serversgaasdahey were not overloaded.
We thereby defined LALA's anycast functionality as resolyitme client request to the

closest anycast server that is not overloaded.
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Chapter 6

Conclusions and Future Work

In this work, we make the following contributions. First, wiotivate the need for a
location-aware and load-aware (LALA) anycast architextand then define the goal of
such an architecture. In particular, the LALA architectamns to achieve the following
anycast functionality: given a client request, select floseast anycast server to the client
that is not overloaded. We also develop the concept of silfsting reponsible regions
as being the central idea in designing the LALA architecti8econd, we investigate the
current overlay anycast systems and identify two classesmptast systems which differ
radically in their mechanism of doing scalable anycast. e classes of anycast sys-
tems are : DHT-based anycast systemsiikand tree-based anycast systems like Scribe.
Thirdly, we investigate mechanisms in which we could malesétypes of anycast systems
location-aware and load-aware by employing different restations of LALAS central
idea of self-adjusting responsible regions. Finally, waleate the performance of LALA
on 73 and Scribe. Simulation results employing GATech’s Trasitb topology model
showed the effectiveness of our proposed architecturelizieg the anycast functionality
in both DHT based anycast systems liBeand tree based anycast systems like Scribe. To
the best of our knowledge this is the first proposal and ddsigascalable, location-aware,
load-aware anycast architecture for decentralized Higtd systems.

We are currently investigating the overhead associatethplementing LALA oni3
and Scribe. For instance, in th&approach, we want to quantify the overhead associated
with trigger insertions/removal. We also want to quanttig bverhead resulting from the
network traffic resulting from the fact that the overlay nedeed to compute their Global

Network Positioning (GNP) coordinates. In the Scribe apphp we want to quantify the
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overhead in propagating load information up the tree. We\akmnt to quantify the network
traffic that would result from the fact that we keep the unged overlay substrate locality-
aware while building the routing tables of the overlay nodsgg proximity neighbour
selection (PNS).

We are also investigating ways in which we could make theloadrprotection algo-
rithm more stable. Our current overload protection algponiis not stable in the presence
of long-tailed distributions of the sizes of anycast redgsie¥/e plan to theoretically study
the stability of the system and derive the AIMD parameterghe overload protection al-
gorithm. We are also investigating the use of other overlmadection algorithms which
need not be of the AIMD type. We also intend to study how goadomerload protection
algorithm works in more dynamic settings. For instance, wtine load on a server rises
above the threshold, it decreases the number of virtuaksenDepending on how long
the virtual server adjustment takes, the load on the seoxdd@otentially rise beyond its
desired value. In particular, how agile should an anycasesée in doing feedback-driven
control in the overload protection algorithm.

We are currently working on evaluating our architecture loPlanetlab testbed. We
expect the testbed results to quantify the overhead coskeomplementing LALA on3
and Scribe. We also hope to get insights on how agile the ahgeavers need to be with
regard to preventing overload but the same time keepingueehead traffic to acceptable
limits.

We started looking into potential applications which cobé&lbuilt on this type of ar-
chitecture. We have identified two such applications : (1adgme that you have a content
distribution network like Akamai, where the client requisstiynamically redirected to an
appropriate server. The chosen server in such an envirdnmasually located close to
the client. However, in the event of a flashcrowd of requestsifa particular region, the
servers could potentially become overloaded. In such air@mment, we could employ
LALA to ensure that the chosen server is close to the clientelbkas is not overloaded.

(2) Imagine, an Internet scale Grid Computing platform. $&esers in this platform share
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their resources to perform compute-intensive tasks teitidy other clients. When a client
submits a job request, the architecture tries to locate \@es&rhich has resources (CPU
cycles) and is reasonably close to the client. The requin¢éofehe server in being close to
the client is that when the task is completed, potentialigdaamounts of trace files might
need to be shipped to the client. In order to keep the unaeyiyetwork usage to a mini-
mum we should be able to locate compute-servers which ase ttothe client and which

at the same time have sufficient resources to serve the.client
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