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LALA: Location Aware Load Aware Overlay Anycast

Animesh Nandi

Abstract

Anycast is a powerful paradigm for managing and locating resources in decentralized dis-

tributed systems. Ideally, an anycast system must be scalable, location-aware and load-

aware. Location-awareness means that the anycast system should be able to locate a re-

source that is near the client in the network. Load-awareness means that it must be able to

disperse load to avoid overloading group members in the caseof high demand in a certain

region of the network.

Existing anycast systems are either location-aware or load-aware, but not both. We mo-

tivate LALA, a generic architecture for doing scalable, location-aware, load-aware anycast

that realizes the following anycast functionality: Given aclient request, our goal is to select

the closest anycast server that has enough resources to satisfy the client’s request. We show

how LALA can be designed on some of the existing overlay anycast architectures 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 and recently proposed scalable

overlay anycast services. We discuss the current limitations of these approaches and moti-

vate the need for a scalable, location-aware and load-aware(LALA) anycast architecture.

We define the goal of such an architecture and abstractly discuss our idea in realizing this

goal. We highlight the main contribution of the thesis and finally conclude with a descrip-

tion of the organization of the thesis.

1.1 Background: Overlay anycast

Anycast is a group communication paradigm. The anycasting paradigm was designed to

aid in server selection by directing a client’s request to the nearest among a relatively small

and static group of ‘functionally equivalent’ servers. Theanycast group members share

the same anycast address, and as originally defined in RFC 1546 [PMM93], anycasting

provides: “ a stateless best effort delivery of an anycast datagram to at least one host, and

preferably only one host, which serves the anycast address ”. The anycasting paradigm

as originally designed to be implemented at the network IP level, had some drawbacks.

Network level anycast did not work well with highly dynamic groups because of the high

overhead involved in joining/leaving a group. Moreover, itneeded support from network

routers and its wide usage relied on the deployment of supporting routers. Moreover, as

pointed out by Bhattacharjee et al. [BAZ�97], it is beneficial to support a variety of metrics

such as server load while selecting an anycast server instead of always choosing the closest

server based on some shortest path metric like hop count. This led to the motivation of

implementing anycast services on top of overlay networks.



2

Recently, scalable overlay anycast services [SAZ�02,CDKR03,ZKJ01] built on struc-

tured peer-to-peer (p2p) overlays [RFH�01,SMK�01,RD01,ZKJ01] have been proposed.

Structured p2p overlays have recently gained popularity asa platform for building scal-

able, self-organizing, decentralized applications. These structured overlays conform to a

specific graph structure that enables them to locate objectsby exchanging
� ����� �

mes-

sages where
�

is the number of nodes in the overlay using only
� ����� �

state. Common

to all these overlay protocols is the concept of a node, nodeId and identifier space and keys.

As defined by Dabek et al. [DZD�03], anoderepresents an instance of a participant in the

overlay (one or more nodes may be hosted by a single physical IP host). Participating nodes

are assigned uniform randomnodeIdsfrom a largeidentifier space. Application-specific

objects are assigned unique indentifiers calledkeys, selected from the same Id space.

All the existing systems provide higher level abstractionslike distributed hash tables

(DHT). The DHT abstraction provides the same functionalityas a traditional hashtable, by

storing the mapping between a key and a value. The interface implements a simple store

and retrieve functionality where the value is always storedat the live node to which the key

is mapped, referred to as the root node for the key. Values canbe objects of any type. For

instance, they can be disk blocks that are stored and retrieved on the basis of their content-

hashed keys in CFS [DKK�01]. Thus, with the DHT abstraction, each data item stored in

the overlay is associated a unique identifier that is used to store and retrieve that data item

from the DHT.

While all nodes in the overlay play a similar role in the overlay algorithms, the P2P

system as such can be highly heterogenous. A P2P system like Gnutella [Gnu00] and

Kazaa may consists of peers that range from old desktops behind modem lines to powerful

servers connected to the Internet through high-bandwidth lines. Providing a first degree

of load balancing in these heterogeneous systems can be donewith virtual servers. A

virtual server resembles a single peer to the underlying DHT, but each physical node can

be responsible for a number of virtual servers proportionalto its capacity. For example in

Chord or Pastry, although each virtual server is responsible for a contiguous chunk of the
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identifier space, a node with multiple virtual servers can beresponsible for owning multiple

non-contiguous portions of the ring.

With the advent of the scalable anycast services [SAZ�02, CDKR03, ZKJ01] built

on these peer-to-peer overlays, the anycasting paradigm started being viewed as powerful

building block for managing and locating resources in large-scale decentralized distributed

systems. As in original anycast, the anycast group was viewed as consisting of ‘function-

ally equivalent’ group of resources and the anycasting paradigm was designed in helping

the client locate the ‘best’ resource among them. ‘Best’ here is defined according to some

metric which optimizes the service received by the client. Nodes having a particular re-

source join a group to advertise the availability of that resource. Nodes that seek to locate

the resource send an anycast message to the group. The message is delivered to a nearby

member, thus matching provider and consumer of a resource while minimizing delay and

network usage.

1.2 Motivation for LALA

Our motivation for this work arises from the need of a overlayanycast architecture that is

scalable, location-aware and load-aware. Consider a set ofclients that issue requests and

a set of servers placed at different locations in the Internet that can serve these requests.

Example of requests can be downloading a file, allocating storage for replicating popular

content, etc. Anycast aims to match each client request to a server that optimizes (by some

metric) the service received by the client.

To enable efficient resource discovery in large-scale decentralized systems, an anycast

service must (1) itself be scalable and decentralized; (2) be location aware, i.e., it must be

able to deliver anycast messages to a group member that is near the client in the network;

at the same time, it must be (3) load aware, i.e., it must be able to disperse load to avoid

overloading group members in the case of high demand in a certain region of the network.

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

able and decentralized overlay anycast services such as Scribe [CDKR03] anycast, delivers
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messages to nearby group members. Once a group member’s resources are consumed, the

member is required to leave the group. This is appropriate for relatively coarse-grained

resource allocation, but fine-grained resources require a more continuous strategy for load

shedding. The anycast service in�� [SAZ�02] lends itself to more fine-grained load bal-

ancing, but it does not necessarily deliver messages to nearby group members.

We assume a simple model in which the service provided to a client depends solely on

the server’s current load and the distance between the client and the server. Further, we

assume that

1. As long as the load of a server is lower than a threshold�����, a client will see little

difference in the service provided by the server. In other words, the client will be as

happy with the service provided by an idle server as with the service provided by the

same server when its load is just below����� .

2. The shorter the distance (latency or hop count) between the server and the client, the

better the service the client receives. Note that we implicitly assume that the network

is not the bottleneck. We believe this is a reasonable assumption in today’s Internet

where the congestion mostly occurs at the edge of the network.

In particular, our location-aware and load-aware (LALA) 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 satisfythe client’s request (i.e., whose

load does not exceed�����).

1.3 Central idea behind LALA

For an anycast architecture to be location-aware, we require that anycast requests from a

particular geographic area should be delivered to anycast servers residing in that area. For

instance, anycast requests arising from a region in Texas should be delivered to anycast

servers residing in Texas. In the absence of anycast serversin Texas, the anycast request

should be delivered to anycast servers that lie in the vicinity of Texas. In order to achieve
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Server 1

Expand RRegion
when underloaded

Shrink RRegion 
when overloaded

Server 2

Server 3

A high capacity
server

server
A low capacity 

Figure 1.1 : Self-Adjusting Responsible Regions

this effect, each anycast server is associated with aresponsible region (RRegion), which

approximately represents the geographic area centered around the location of the anycast

server. The responsible region of an anycast server logically represents the willingness of

the anycast server to serve clients belonging to that region. We would additionally like to

have the size of the responsible region of a anycast server tobe proportional to its capacity

since a large capacity anycast server can potentially servemany more clients as compared

to a low capacity server. Having static-sized responsible regions does not help since there

could be a sudden flashcrowd of requests from a particular region. Therefore for the archi-

tecture to be load-aware, the anycast server should dynamically shrink or increase the size

of its responsible region depending on whether the server isoverloaded or underloaded,

respectively. This is shown in Figure 1.1. The notion of self-adjusting responsible regions

is the key idea to realize our location-aware and load-awareanycast (LALA) architecture.

The concept of the responsible region of a server can have different representations in

different anycast architectures. Amongst the recently proposed scalable overlay anycast

architectures [SAZ�02,CDKR03,ZKJ01], we have identified DHT-based anycast systems

like
��

[SAZ�02] and tree-based anycast systems like Scribe [CDKR03] to represent two

different designs of how anycast systems might be built. Depending on the representa-
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tion of the responsible region in the anycast architecture,we then develop techniques to

dynamically adjust the size of the responsible region in order to realize LALA’s anycast

functionality.

1.4 Contributions of the thesis

We make the following contributions in this thesis:

1. We point out the limitations of the current overlay anycast architectures and motivate

the need for a location-aware load-aware (LALA) anycast architecture. We define

the goal of such an architecture and discuss abstractly our idea in realizing this goal.

2. We sketch the design of the LALA architecture on two classes of anycast systems:

DHT-based anycast systems like�� and tree-based anycast systems like Scribe. Sim-

ulation results show the effectiveness of our proposed designs in realizing the goal of

LALA.

1.5 Thesis Organization

In Chapter 2, we will describe the design of LALA on DHT-basedanycast systems like

��. In Chapter 3, we will describe the design of LALA on tree-based anycast systems like

Scribe. In Chapter 4, we will evaluate our proposed designs of LALA on �� and Scribe.

In Chapter 5, we discuss background and related work. Finally in Chapter 6, we will

conclude and discuss future work.
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Chapter 2

Design of LALA on DHT-based anycast systems like
��

In this chapter, we outline the design of the LALA architecture on DHT-based anycast

systems like��. We first give some background on how anycast is done in�� and discuss

its limitations. We then identify how LALA can be applied to such an architecture. Finally,

we show how our design can be implemented on��.

2.1 Background: Anycast in
��

�� [SAZ�02] is an overlay-based Internet Indirection Infrastructure that offers a rendezvous-

based communication abstraction. Instead of explicitly sending a packet to a destination,

each packet is associated with an identifier and this identifier is used by the receiver to

obtain delivery of the packet. In the simplest model, packets are pairs (id, data) where

id is an� bit identifier anddataconsists of a payload. Receivers usetriggers to indicate

their interest in packets. In the simplest form, triggers are pairs (id, addr), whereid rep-

resents the trigger identifier andaddr represents a node’s address, which consists of an IP

address and a port number. A trigger (id, addr) indicates that all packets with an identifier

id should be forwarded (at the IP level) by the�� infrastructure to the node identified by

addr. �� uses inexact matching between identifiers. Assuming that identifierrs are� bits

long, there exists someexact-match-threshold� with � � � . Inexact matching implies

that an trigger identifier�� � matchesa packet identifier�� if and only if �� � is a longest

prefix match among all other trigger identifiers and this prefix match is at least as long as

the exact-match-threshold�.

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

are identical in the� most significant bits. These� bits serve as the anycast group identifier.
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To send a packet to this anycast group, a sender uses an identifier whose� bit prefix matches

the anycast group identifier. The packet is then delivered tothe member of the group whose

trigger identifier matches the packet identifier according to the longest prefix matching rule.

Basic server selection using the anycast paradigm of�� can be done by end-hosts choosing

the last� � � bits of the identifier carefully.�� proposes two ways of doing server selection:

(1) Given a set of web servers the goal is to balance the clientrequests among these servers.

(2) Given a set of web servers the goal is to select a server that is close to the client in terms

of latency.

Load balancing client requests among a set of web servers canbe done by setting the

� � � least significant bits of both trigger and packet identifiersto random values. More-

over, if servers have different capacities then each servercan insert a number of triggers

proportional to its capacity. More generally, the servers can dynamically adjust the number

of triggers on the basis of their current load. Selecting theclosest 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 used and would cause the packet to

be forwarded to a server that is near the client. The above anycast proposals in�� are either

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

2.2 Responsible region (RRegion) in
��

As mentioned in Section 1.3, the concept of responsible region has different representa-

tions in different anycast architectures. In this section we will try to identify the represen-

tation of a responsible region in��. Consider the way in which location encodings such

as postal codes is used to deliver an anycast request from a client to a close anycast server

whose postal code matches the client’s postal code closely (This was explained in detail

in Section 2.1 above). Here the entire geographic space is partitioned into the responsible

regions of the different anycast servers. The responsible region of each anycast server ap-

proximately represents the postal code zone in which the anycast server is located. We will
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Overlapping of

responsible-regions

Geographic region 

not covered within 
any responsible-region

Server 1

Server 3

Server  2

Figure 2.1 : Partioning of Geographic space using RRegions

describe later in Section 2.4 how different location encoding techniques other than postal

codes could be used. Observe that in general, the responsible regions of different servers

could overlap and additionally there could be regions of geographic space which are not

covered within any responsible region. This is shown in Figure 2.1.

2.3 LALA Algorithm

We will now describe abstractly how the LALA algorithm works. Assume for now, that

each server� is associated a responsible region, denotedRRegion(s, k), that represents

the region of network within distance
�

of server�.� As per our definition of responsible

region,RRegion(s, k)expresses the willingness of server� to serve any client that belongs

to the responsible region.

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

(2) how a server can avoid being overloaded.

2.3.1 Request Assignment

Consider a request issued by client�. We consider two cases:

�
Distance� is also called the diameter of the responsible region.
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1. If client � belongs to at least one responsible region, then among all servers whose

responsible regions cover�, the request is delivered to the closest one.

2. If there is no responsible region covering client�, the request is delivered to a server
� with probability

� ���, where
� ��� is proportional to the size of�’s responsible

region. This heuristic is motivated by the fact that a serverwith a larger responsible

region is in general willing to receive more requests. We areeffectively adopting

a weighted random strategy of distributing anycast requests, where the weights are

proportional to the available capacities of the servers. Strategies such as choosing a

close server in this scenario does not work, because a flashcrowd of requests from a

particular region would overload a nearby located server even if it has shrinked its

responsible region. Request assignment in this case is therefore load-aware only and

not location-aware. However, in a system with enough aggregate server 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 loadbelow theoverload threshold,

�����. The overload protection algorithm is based on the following simple observation: a

server receives a number of requests that is proportional tothe size of its responsible region.

This means that a server can control the number of requests itreceives by simply increasing

or decreasing its responsible region.

Let � be the current utilization of the server, and let� ��� be anunderload thresh-

old, where� ��� � �����. Then, the server updates the diameter of the responsible re-

gion, �, by using the algorithm outlined below. This algorithm is ofthe Additive-Increase

Multiplicative-Decrease (AIMD) [CJ89,Jac88] type similar to algorithms used for conges-

tion avoidance in computer networks.

1. Initialize � � ���� , where���� is a value proportional to the server’s capacity.

2. If � � � ��� , then� � �	
� , where�	
� is such that���� ��
 �� � �	
� � � ���� ��
 �� � ���� ��
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�
. Thus, an under-loaded server increases its responsible region by an additive con-

stant
�

. Assuming clients are uniformly distributed in the networkspace, this will

also lead to an additive increase in the number of clients covered by the responsible

region (Experimental evaluations in Chapter 4 show that even in the case of clients

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

3. If � � ����� , then � � �	
� , where�	
� is such that���� ��
 �� � �	
� � � � �

���� ��
 �� � ���� �. Thus, the server decreases the size of its responsible region by a

multiplicative constant� � �.

4. If � � ���� , then� � min
�� � ���� � .

2.4 Realization of LALA on DHT-based anycast systems

In this section, we will first describe how to employ alternative location encoding tech-

niques, which will allow us to map the network distance spaceinto the DHT’s one-dimensional

identifier space. The original proposal for using postal codes as location encodings in

�� does not work well in this regard because the postal code framework provides only

a very coarse level granularity in partioning the network space. We advocate the use of

a system like Global Network Positioning (GNP) [NZ02] to assign coordinates in a�-

dimensional space to each overlay node, and then use space filling curves (such as the

Hilbert curve [SSK02]) to map the�-dimensional GNP coordinates to the one-dimensional

ID space.

GNP uses coordinate based mechanisms to predict Internet network distance (i.e round

trip propagation and transmission delay). GNP computes�-dimensional absolute coordi-

nates for nodes by modelling the Internet as a geometric space and the inter-host distance

can be calculated from the coordinates of the two hosts. GNP alleviates the problem of

on-demand network measurements, which are time-consumingand costly. A space filling

curve linearizes a multidimensional space by assigning each point in the space a unique

value or address on the curve and still preserving locality in the multidimensional space.
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That is, points that are close to each other in the multidimensional space are with high prob-

ability close to each other in the one-dimensional space. The use of GNP together with the

space filling curve as the location encoding technique guarantees with high probability that

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

DHT identifiers that are numerically close to each other.

We will now give a realization of the LALA algorithm described in Section 2.3 using

DHTs. Consider a DHT that uses a circular ID space such as Chord [SMK�01] or Pastry

[RD01] and a mapping of the underlying network space to this DHT identifier space using

the GNP and space filling curves. Assume each server is associated with a number of

virtual servers, and each request is assigned to the virtualserver with the closest ID. In the

remainder of this section, we show how one can implement the LALA algorithm in this

setting by (1) choosing location-aware IDs for both virtualservers and requests, and by (2)

having each server dynamically adjust the number of virtualservers as its load changes.

Assume the ID space is divided into a� equal size intervals, where� is greater than

the number of servers in the system. Let�� � be the ID at the center of interval�. Next

we explain how to assign IDs to virtual servers and requests.Consider a physical server�

whose location-aware ID belongs to the interval centered at�� �. Let RRegion(s,k)be the

responsible region of the anycast server�. Server� with RRegion(s,k) maintains�� � �
virtual servers as follows:

� �� � � virtual servers (referred aslocationVS) with IDs: �� ��� � � � � � � � �� ��� �
� � �� � � �� �� �

� � � � � � � �� ���
� �, and

� � virtual servers (referred asrandomVS) with IDs randomlydistributed in the ID

space.

Similarly, consider a client� whose location-aware id belongs to the interval with center

at ��� . Then every request issued by� is assigned ID��� . We are now in a position to

describe the request assignment and the overload protection algorithms. Using the ids of the

locationVS of a server�, we define the RRegion(s,k) to comprise of the�� � � contiguous
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Figure 2.2 : RRegions in Circular ID Space

intervals centred around
���

in which its locationVSes are present. In particular, the server

has one locationVS present in each of the 2k+1 intervals within its RRegion. Depending on

the span of the respective RRegions, the request can originate in either of the three cases as

shown in Fig 2.2 :No-Overlap, OverlapandNon-Existent. We will first describe at a high

level what we want to accomplish in each of the following cases using the guidelines we

developed in Section 2.3.1. In the case of no-overlap, the client request should go the server

which has the locationVS present in the interval with centerat
���

. In the case of overlap,

more than one server has a locationVS present in the intervalwith center at
���

. Among

these locationVSes we must be able to choose the server such that the id distance between

its locationVS and its locationId
���

is minimum. In the case of non-existent, the request

should be delivered to a server with a probability proportional to the size of its RRegion

(Size of RRegion is proportional to k in this case). We can do this by delivering the request

to a server with probability proportional to the number of their respective randomVS. We
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will now describe how choosing the Ids of the locationVS and randomVS as mentioned

above accomplishes what we want with regard to request assignment in each of the three

cases of no-overlap, overlap and non-existent.

Request assignment Using DHT mapping, a request is simply assigned to the virtual

server with the closest ID.

To see why this works consider a request with ID��� . Let � be a physical server (if any)

with the location-aware ID�� �, whose responsible region covers the interval centered at��� .
Then server� will maintain a virtual server with ID��� � �

�

�. Among all servers that

cover the interval centered at��� the request will be delivered to server� such that
��
�

� �

is minimized. But
��
�

� �
represents exactly the distance (in number of intervals) between

the client who generated the request and server�. In other words, the request is mapped on

the closest server whose responsible region covers the client. This accomplishes the cases

no-overlap and overlap.

In the case of non-existent (no server covers the interval centered at���), the request

will be most likely mapped to a virtual server with a random� ID, which is exactly what we

want. Indeed, since each server maintains a number of virtual servers (with random IDs)

proportional to the size of the server’s responsible region, the request will be delivered to a

server with a probability proportional to the size of server’s responsible region.

Overload Protection Each server executes the algorithm in Section 2.3.2. Again,as-

sume the location-aware identifier of server� belongs to the interval centered at�� �, and

assume the responsible region of� is RRegion(s, k). Since in this caseRRegion(s, k)repre-

sents an interval in the ID space, changing� reduces either to an additive increase operation

(� � � � �
), or a multiplicative decrease operation (� � ��).

There are three things to note about our DHT-based algorithm. First, the algorithm is

completely decentralized, and thus highly scalable. Second, as will be shown in Section

2.5, the algorithm can be trivially implemented in��. Finally, as will be shown in Chapter 4,

�
This is under the assumption that each interval contains at least one server with a random ID with high

probability.
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the algorithm provides a good approximation of the anycast functionality.

2.5 LALA in
��

(i3-lala)

The DHT-based solution described in Section 2.4 can be easily implemented in��, which

was briefly described in Section 2.1. In particular, a virtual server joining the network is

equivalent to inserting a trigger with the same ID, while a virtual server leaving the network

is equivalent to removing the trigger with the corresponding ID from ��. To compute the

location encoding of a node we use the Global Network Positioning (GNP) to assign a

�-dimensional coordinate with each node. Then, we use a Hilbert curve to map these

coordinates into the one-dimensional�� ID space. One advantage of the�� solution over

the generic DHT solution is that trigger insertion and removal operations are significantly

cheaper than virtual server joining and leaving operations. On the downside, with the

current�� implementation, all triggers belonging to the same anycastgroup are inserted at

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

Design of LALA on Tree-based anycast systems like Scribe

In this chapter, we outline the design of the LALA architecture on tree-based anycast sys-

tems like Scribe. We first give some background on how anycastis done in Scribe and

discuss its limitations. We then identify how LALA can be designed on such an architec-

ture. Finally, we show how our design can be implemented on Scribe.

3.1 Background: Anycast in Scribe

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

Scribe and describe how to do anycast using Scribe.

3.1.1 Pastry

Pastry is a scalable, self-organizing structured peer-to-peer overlay network similar to

CAN [RFH�01], Chord [SMK�01], and Tapestry [ZKJ01]. In Pastry, nodes and objects are

assigned random identifiers (callednodeIdsandkeys, respectively) from a large id space.

NodeIds and keys are 128 bits long and can be thought of as a sequence of digits in base
�� (b is a configuration parameter with a typical value of 3 or 4).Given a message and a

key, Pastry routes the message to the node with the nodeId that is numerically closest to the

key, which is called the key’sroot. This simple capability can be used to build higher-level

services like a distributed hash table (DHT) or an application-level group communication

system like Scribe.

In order to route messages, each node maintains a routing table and a leaf set. A node’s

routing table has about
������

rows and�� columns. The entries in row
�

of the routing

table refer to nodes whose nodeIds share the first
�

digits with the local node’s nodeId.
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Figure 3.1 : Routing a message from the node with nodeId��� �� � to key���� ��

The (
� � �)th nodeId digit of a node in column� of row

�
equals�. The column in row

�

corresponding to the value of the (
� � �)th digit of the local node’s nodeId remains empty.

At each routing step, a node normally forwards the message toa node whose nodeId shares

with the key a prefix that is at least one digit longer than the prefix that the key shares with

the present node’s id. If no such node is known, the message isforwarded to a node whose

nodeId shares a prefix with the key as long as the current node’s nodeId but is numerically

closer. Figure 3.1 shows the path of an example message between two nodes. The dots in

the figure depict the nodeIds of live nodes in Pastry’s circular namespace.

Each Pastry node maintains a set of neighboring nodes in the nodeId space (called the

leaf set), both to ensure reliable message delivery, and to store replicas of objects for fault

tolerance. The expected number of routing hops is less than
������

. The Pastry overlay

construction observes proximity in the underlying Internet. Each routing table entry is cho-

sen to refer to a node with low network delay, among all nodes with an appropriate nodeId

prefix. As a result, one can show that Pastry routes have alow delay penalty; i.e. the

average delay of Pastry messages is less than twice the IP delay between source and des-

tination [CDHR02]. Similarly, one can show thelocal route convergenceof Pastry routes;

i.e. the routes of messages sent to the same key from nearby nodes in the underlying Inter-

net tend to converge at a nearby intermediate node. Both of these properties are important

for the construction of efficient multicast/anycast trees,described below. A full description
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of Pastry can be found in Rowstron et al. [RD01] and Castro et al. [CDHR02].

3.1.2 Scribe

Scribe [CDKR02, CDKR03] is an application-level group communication system built

upon Pastry. A pseudo-random Pastry key, known as thegroupId, is chosen for each mul-

ticast group. A multicast tree associated with the group is formed by the union of the

Pastry routes from each group member to the groupId’s root (which is also the root of the

multicast tree). Messages are multicast from the root to themembers using reverse path

forwarding [DM78].

The properties of Pastry ensure that the multicast trees areefficient. The delay to for-

ward a message from the root to each group member is low due to the low delay penalty

of Pastry routes. Pastry’s local route convergence ensuresthat the load imposed on the

physical network is small because most message transmission occurs at intermediate nodes

that are close in the network to the leaf nodes in the tree.

Group membership management in Scribe is decentralized andhighly efficient, because

it leverages the existing, proximity-aware Pastry overlay. Adding a member to a group

merely involves routing towards the groupId until the message reaches a node in the tree,

followed by adding the route traversed by the message to the group multicast tree. As a

result, Scribe can efficiently support large numbers of groups, arbitrary numbers of group

members, and groups with highly dynamic membership.

The anycast primitive was recently added to Scribe. Castro et al. [CDKR03] de-

scribes in detail how to perform distributed resource discovery using Scribe. Tree-based

anycast systems like Scribe [CDKR03] represent an anycast group by a location-based

spanning tree embedded in a structured overlay network thatuses proximity neighbor se-

lection. Anycast is performed by routing a message in the overlay from the client towards

the root, which intersects the tree at a node that is near the client in the network. From

there, the message is forwarded in a depth-first search of thetree, until a group member is

reached.
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Figure 3.2 : Responsible regions in Tree-based anycast system

3.2 Responsible region (RRegion) in Scribe

As mentioned in Section 1.3, the concept of a responsible region has different representa-

tions in different anycast architectures. In this section,we will try to identify the represen-

tation of a responsible region in a tree-based anycast system like Scribe.

Since the Scribe tree is built in a locality-aware fashion, members in a particular net-

work region will with high probability have the same intermediate node as parent in the

tree. Depending on the location of the client making the anycast query, the request hits

with high probability an intermediate node in the tree whosesubtree consists of members

that are close to the client. Figure 3.2 shows such a scenariowhere an anycast request from

a client in California hits with high probability the intermediate node whose children are

members in California. Therefore, anycast servers that areclose to each other in network

proximity will with high probabality belong to the same lowest level subtree. In this archi-

tecture therefore, the responsible region of an anycast server is defined by the lowest level

subtree in which the anycast server resides. All anycast servers residing in the same subtree

share the same responsible region. Moreover, the entire geographic space is approximately

partitioned into the responsible regions corresponding tothe lowest 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 anycast system, we make the

following observation. As we go higher up each level in the tree, the responsible regions

of the lower level subtrees can now be collapsed to representa larger geographic space. In

Figure 3.2 when we go up one level in the tree, the RRegions of California and Texas can

be collapsed to represent a larger region representing U.S.A.

We will now describe a way in which servers can update the sizeof their responsible

regions. Note that the anycast request first hits an intermediate node in the tree and from

there is sent down to the children. In the scenario when the anycast servers in a particular

subtree are overloaded, the parent of the nodes in that subtree could be requested to send

the anycast request up the tree instead. The anycast requestwould therefore go up one

level in the tree and could then be sent down another sibling subtree. As shown in Figure

3.3, in the scenario when anycast servers in the California region are overloaded, a client

request originating from California is sent up one level in the tree and then sent down to

some anycast server in the Texas subtree (assuming that the Texas subtree of servers is

underloaded). Effectively, California anycast servers will have shrunk their responsible

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

region.

Having given the intuition of the mechanism to adjust responsible regions in tree-based

anycast systems, we are now in a position to describe how client requests are assigned to

servers. Consider a request issued by client�, which hits a intermediate node in the tree.

We have two cases:

1. If the subtree attached to this intermediate node is not overloaded, the request is sent

down its children with probability
� ���, where

� ��� is proportional to the aggregate

capacity of the anycast servers in the subtree hanging beneath the child. Thus within

a subtree, high capacity children receive a greater proportional share of the anycast

requests hitting the intermediate node, as compared to low capacity children. To

achieve this effect, the anycast servers monitor their own load and run the AIMD

style overload protection algorithm described in Section 2.3.2, where the� value in

the algorithm now corresponds to the server’s willingness to accept a request from its

parent. Thus, within a subtree, low capacity members have lower � values than high

capacity sibling members in the same subtree. Children propagate their� values to

their parent. Aggregated load information in the form of� values is propagated up

the tree, all the way up to the root.

2. If the subtree attached to this intermediate node is overloaded, the request is sent up

one level in the tree. The request then arrives at the parent of this intermediate node

where the same two cases are then checked for and corresponding action taken.

We however need to be able to determine if the subtree beneathan intermediate node is

overloaded or not, to be able to take the corresponding action as per defined in the two cases

above. An interior node in the tree calculates its own� value, which is representative of

the load in its subtree, by averaging the� values of its children (In future, we plan to study

the use of other strategies like using median etc.). When the� value at the parent node is

less than a threshold (we use
� ��� � � � ��), the entire subtree is considered overloaded.
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When all the children in a particular subtree are overloadedthereby having low� values,

the parent node will also have a low calculated average� value.

We point out the following observations of the above algorithm: (1) Anycast servers

that lie within the same subtree receive requests in proportion to their capacities, although

they share the same responsible region. This differs from the LALA algorithm for DHT

based anycast system where anycast servers always receivedrequests in proportion to the

size of their responsible regions. This anomaly arises fromthe fact that in the tree-based

anycast system, the responsible regions are defined at a moregranular level, the granularity

depending on the number of levels in the tree. As a result of this we needed a mechanism

where different capacity servers, inspite of having the same responsible region, could con-

trol the amount of traffic they received from that region. (2)Whenever an anycast message

is forwarded up the tree due to overload, it tends to move toward groups members that are

farther and farther away from the client in the network. However, this only happens if and

when more nearby group members are overloaded. This property of the algorithm is in

synergy with the goal of LALA’s anycast functionality i.e.,select the closest anycast server

that is not overloaded.

3.4 LALA in Scribe (Scribe-lala)

The LALA algorithm describe above can be trivially implemented in the Scribe architec-

ture. The propagation of load information up the tree can be piggy-backed on the periodic

Scribe tree maintenance traffic as well as control traffic sent in the 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 architectureon the DHT-based and tree-

based anycast systems. In particular, we evaluate the implementations of our design on

�� (i3-lala) and Scribe (scribe-lala) and show that our design is successful in realizing

LALA’s anycast functionality: select the closest anycast server that is not overloaded.

We evaluatei3-lala andscribe-lala against the original mechanism of doing only location-

aware anycast (without overload protection) in�� and Scribe, referred to asi3-simple and

scribe-simple. These approaches resolve each anycast request to a nearby server while

ignoring load.i3-simpleis the approach where we use only one trigger per anycast server,

which encodes the location of the server. The anycast request which contains the location

encoding of the client is resolved to the server whose trigger is numerically closest to the

anycast request’s encoding. The location encoding technique is the same as that ofi3-lala

(i.e using GNP and Hilbert curves). Withsimple-scribe, an anycast request is resolved to a

nearby member in the anycast tree [CDKR02]. In this approach, the anycast request hits an

intermediate node in the Scribe tree and is then sent down a randomly chosen child. Note

that thei3-simpleand thescribe-simpleapproaches could be modified with mechanisms

of doing coarse grained overload protection in the form of removing the trigger when the

server is overloaded in the�� approach or the server unsubscribing from the anycast group

in the case of Scribe. These mechanisms however, incur high network traffic overhead

resulting from repeated trigger insertions/removals or group subscribe/unsubscribe opera-

tions even in the case where the anycast traffic follows a steady pattern over time. Moreover

these coarse grained overload protection algorithms are stable only at low utilizations val-

ues. Since thei3-simpleand thescribe-simpleapproaches ignore load and try to resolve the
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anycast request to the closest anycast server, they serve asour baseline comparison with

regard to the ability of selecting a nearby anycast server.

4.0.1 Simulation settings

We consider an overlay network consisting of�� � ��� nodes and an anycast group consist-

ing of
� �� ���� randomly chosen nodes in the network. To generate the network, we used

the GT-ITM topology generator [Geo]. The server capacities are uniformly distributed 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 requestsfollow a Poisson distribution.

We simulate a web like application, where the load of a serveris measured as the av-

erage size of its request queue. Each server uses thresholds� ��� � ��, and����� � ���,

respectively. As described in Section 2.3.2, each server does overload protection using an

AIMD algorithm with the following parameters,
� � �, � � � ������ �� ��� ����� ���� �
� ����,

where� � � � ��, and��� �
� ���� represents the service rate requested by the incoming

requests. Note however that this AIMD algorithm is slightlydifferent to that proposed in

Section 2.3.2, since� is not a constant. In our simulations, we found this slightlymodified

version of AIMD to be significantly more stable. In future, weplan 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:

� Maximum waiting time The maximum time a request waits in the server’s queue

across all the requests in the system. This metric evaluatesthe ability of a scheme

to provide overload protection. Note again, that this time does NOT include the

network delay associated with getting the anycast request packet delivered to the

chosen anycast server.
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� Weighted rank. This metric is computed as� ����� � � � � ��� �� �
� � �
�
, where

� ��� �� �
� � �
�

represents the fraction of anycast requests that are resolved to

servers with rank�. The rank of a server is defined with respect to each request
�
,

and represents the index of the server in the list of all servers ordered by their dis-

tance from the client that has issued
�
. Thus, given a client� that issues a request

�
,

the closest anycast server from� has rank�, the second closest anycast server from

� has rank�, and so on. This metric evaluates the accuracy of a scheme to select the

closest anycast server. Ideally, ignoring the server overload, each request should be

delivered to the closest server, in which case the weighted rank is�.

As mentioned above, themaximum waiting timemetric evaluates the ability to provide

overload protection and theweighted rankmetric evaluates the ability to select nearby

anycast servers. Both metrics together, evaluate the effectiveness of our mechanisms in

realizing LALA’s anycast functionality (i.e. selecting the closest anycast server that is not

overloaded). In the future, we also plan to evaluate our mechanisms with respect to the

total response timeof the anycast requests. The total response time of the request has

two components - (1) network delay associated with sending and receiving of the anycast

request and reply between the client and the selected anycast server; and (2) the waiting

time of the anycast request in the selected anycast server’squeue. Based on the assumptions

stated in Section 1.2, realizing the anycast functionalitywould imply optimizing with

regard to the total response time metric also. We plan to evaluate the total response time

metric when we have the prototype of our system ready for deployment on the Planetlab

testbed.

4.0.3 Simulation Methodology

To evaluate our schemes, we vary the utilization� of the system between
� �� � and �. �

is defined as the ratio of (1) the total amount of service requested by all clients to (2) the

aggregate capacity of all servers in the anycast group. For each utilization value, we run

the simulation long enough for the system to stabilize. The stability 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 the average waiting time of the anycast

requests with simulation time. A monotonic increase in the average waiting time of anycast

requests with simulation time suggests that the system did not stabilize for that utilization

value. Note that for values of� close to� the system does not stabilize. If the system does

not stabilize, we report a maximum waiting time of� � ���.

4.0.4 Simulation Results

Figures 4.1 plots the maximum waiting time versus the systemutilization. Even for uti-

lizations as low as
� ��, i3-simpleandscribe-simpleexhibit large maximum waiting times.

This is to be expected since both these schemes ignore the server load when resolving the

requests. The primary reason for this is that the anycast servers have heterogeneous capac-

ities. Moreover, as we observed in some of our unreported experimental results, even in a

group with homogeneous server capacities, these approaches result in server overloading

since the servers and clients could potentially be scattered non-uniformly in the geographic

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

requests. Additionally, flashcrowd-like effects can severely result in server overloading.

This motivates the need for overload protection in locality-aware anycast architectures.

As shown in Figure 4.1,i3-lala andscribe-lalaare successful in preventing overload

even for very high utilization values. Between the two schemesscribe-lalaperforms bet-

ter thani3-lala. This is because the overload protection algorithm inscribe-lala is more

localized, involving only members in the same anycast groupsubtree. Ini3-lala however,

the feedback mechanism essentially operates over the entire anycast group together and is

therefore more susceptible to fluctuations resulting from over-reacting.

Figure 4.2 plots the averageweighted rankmetric as a function of the system utiliza-

tion. Note that a weighted rank value of� corresponds to all requests being resolved to

the closest server, a value of
� �� ���� corresponds to all requests being resolved at the

farthest server, and a value of
� �� �� ���� corresponds to selecting a random server to

resolve each request. The weighted ranks of the baseline schemes,scribe-simpleand i3-

simple, are flat lines. Again, this is because none of these schemes take into account the

server load.
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As shown in Figure 4.2, for lower values of utilization, the weighted ranks of our

schemes (i3-lala andscribe-lala) are relatively close to their baseline counterparts. This

is because, at lower utilization values, the need for aggressive overload protection does

not arise and therefore our schemes perform as good as their baseline counterparts. With

increasing utilization, the weighted rank metric increases. Also observe that the rate of

increase in the weighted rank metric ofi3-lala with utilization is more than the rate of

increase in the case ofscribe-lalaand this is because of the previously mentioned fact that

distributed overload protection works less robustly ini3-lala as compared toscribe-lala.

Even for utilizations as high as
� �� the weighted rank of thei3-lala is only about two times

larger than the weighted rank ofi3-simple, while the weighted rank ofscribe-lala is less

than��� larger than the weighted rank ofscribe-simple.

Also observe in Figure 4.2, that as expected, the average weighted ranks ofscribe-lala

andscribe-simpleare basically the same for very low utilizations, this is notthe case for the

i3 schemes. This results from the fact that in ouri3-lala implementation we partition the

ID space in� � ��� intervals and the requests are approximated as originatingfrom the

center of those intervals. By increasing the number of intervals, the weighted rank ofi3-

lala approaches the weighted rank ofi3-simplefor small system utilizations. In summary,

Figures 4.1 and 4.2 show that LALA successfully prevents server overload, while at the

same time resolving requests to nearby servers.

We also experimented with a more skewed request distribution to simulate flash-crowd

scenarios. That is, instead of generating requests from randomly chosen clients in the

underlying network topology, we generated��� of the requests from clients lying in a

hot-spot zone which represents only��� of the total network space. Both our schemes

i3-lala andscribe-lalawere successful in preventing server overloading, but, as expected,

they exhibited slightly higher weighted ranks. This is depicted in Figures 4.3 and 4.4.

We also evaluated the system for varying sizes of the anycastgroup, while keeping the

utilization U to be constant at 0.5 and generating anycast requests from a randomly chosen

client. Note that the earlier experiments were performed for N=256. In this experiment,
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we vary N between 16 to 496. For the purpose of this experimentwe propose aScaled

Weighted Rankmetric, which is defined as
�� ��� ����� �
�� ��� ���� �

� ���. Basically,

this metric evaluates the effect of varying anycast group sizes on the ability of different

approaches in locating a close anycast server. For instance, in the experiments performed

earlier with N=256, the weighted rank metric for thei3-simpleandscribe-simpleapproach

were 21.3 and 35.0 respectively. This translates to respective scaled-weighted-rankmetrics

of 8.3 and 13.7 respectively when the group size is 256.

As shown in Figure 4.5, we observed that thescaled-weighted-rankmetric of both the

scribe-simpleand i3-simpleapproach improve with increasing size of the anycast group

for the following reasons. Inscribe-simple, increasing group sizes cause the Scribe tree

to be built in a more locality-aware fashion, which result inmore effectively locating a

close anycast server. Ini3-simple, the ability to locate close anycast servers using the

GNP/Hilbert technique improves when the mean geographic distance between a randomly

chosen client and its closest anycast server decreases. This is because, when two nodes are

relatively close to each other in the underlying topology, the relative error in mapping their
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Figure 4.6 : Maximum waiting time vs Anycast Group Size

physical location to their corresponding location encoding using the GNP/Hilbert technique

is less. Figure 4.5 also shows in corroboration to our earlier experiments that the scaled

weighted rank metrics ofi3-lala andscribe-lalaare only slightly greater than the values for

their corresponding baseline counterpartsi3-simpleandscribe-simplewhen the utilization

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

Figure 4.6 shows the effect of increasing group sizes on the ability to do server over-

load protection. Figure 4.6 corroborates our earlier results thati3-simpleandscribe-simple

approaches are not able to prevent server overloading even at medium values of utilization.

(Observe the reported maximum waiting time as� � ��� for both these approaches for all

group sizes). Thei3-lala and thescribe-lalaapproach are however able to bound the max-

imum waiting time approximately within the desired threshold. However, as observed and

mentioned in our earlier experiments,scribe-lalaperforms better thani3-lala in the abil-

ity to prevent server overloading. This is clear from the fact that the maximum waiting

time at server’s queue increases at a greater rate with groupsize for thei3-lala approach as

compared to thescribe-lalaapproach.
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Before concluding this chapter, we would like to mention that the results in this chap-

ter only serve the purpose of showing that the anycast functionality can be realized in the

DHT-based system like�� as well as the tree-based anycast system like Scribe. The results

of the �� approach and the Scribe approach should not be compared as ofnow. The experi-

mentation done so far is in no way comprehensive to allow interpreting one type of anycast

system to be superior over the other. See Chapter 6 for the different 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 research for more than a decade.

The problem is to find the desired resource over the network byaddressing the resource

or service with a name or property that characterizes the type of resource. Several initial

solutions were provided like broadcasting the client’s request to all possible locations where

the resource might reside (e.g [BAA95,OD83]), in the hope that one of the servers having

the resource would respond. An alternative to using broadcast was to send the client request

to a name server [Moc87,GS88] in order to lookup the locationof the resource.

There are a number of situations in networking where a host oruser wishes to locate

a host that supports a particular type of service [Gut99], but does not particularly care

which server amongst the group of servers supporting the service is used. Researchers

came up with the notion of anycast to simplify the process of resource discovery or service

discovery. Anycast was first proposed in RFC 1546 [PMM93]. The document proposes

anycast as a means of service discovery and describes a way ofaccomplishing it at the

network IP level. In particular, a host transmits a datagramto an anycast address and the

internetwork is responsible for providing best effort delivery of the datagram to at least

one, and preferably only one of the servers that accept datagrams for the anycast address.

It also points out the challenges faced in deploying IP anycast. The alleged unscalability of

IP anycast has limited its acceptance by the community. GIA [KW00] is an architecture

for doing global IP anycast in a more scalable fashion but it however retains some of the

drawbacks of network level approaches: i.e., it requires router modifications and it cannot

exploit application-level metrics to guide the process of server selection.

To alleviate these problems, several proposals for providing an anycast service at the
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application layer [FBAZ98,FBAZ98,FJP�99,MDZ99,SSK97] were made. Most of these

approaches attempt to build a directory system which when queried with a client address

and the service name, returns the address of the nearest server to the client that provides

the service. These directory based application-layer anycast systems are not scalable for

the reasons mentioned below. Two types of information needsto be collected in this type

of directory system : (1) Information of which servers provide a particular service and

which of them are currently up; and (2) the network distance between the client and these

available servers in order to be able to determine the closest server. Collecting this type

of information incurs repeated probing of the servers for their availability and collecting

up-to-date estimates of the network distance between hosts. This makes the directory the

bottleneck and limits the scalability of such a system. Although not scalable, the application

layer anycast systems however made the fundamental observation that it was not sufficient

to only locate the closest server. In particular, the serverselection procedure should at least

be guided by both the information about the proximity of the servers from the client as well

as the server load. This is because, under scenarios of a hugedemand of resources from a

particular region of the network, resolving the anycast request to the closest anycast server

would result in overloading that anycast server.

Several proposals [CC95,SBSV98,CC97,GECZ99] for doing efficient server selection

were made. The algorithms for server selection in these systems use a combination of met-

rics to determine the best server to serve the client’s anycast request. These systems employ

measurements from clients. In the work by Carter et al. [CC95, CC97], the selection is

based primarily on the characteristics of the path leading from the client to the server. The

authors acknowledge the desirability of using server load information as a guide to server

selection. In the work of Sayal et al. [SBSV98] and Karaul et al. [KKO97], server load is

incorporated into the client-side selection.

Active anycast [MYNI00] proposes to handle IP anycast in a location-aware and load-

aware manner. The solution relies on active networking technology [TW96, TSS�97]. In

particular, it relies on active routers maintaining load information about the anycast servers
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lying in their network proximity. This proposal however suffers from the drawback that the

anycast is implemented at the IP level and thus requires router modifications.

Recently, scalable overlay anycast services like�� [SAZ�02], Scribe [CDKR03] and

Tapestry [ZKJ01] have been built on structured peer-to-peer(p2p) overlays [RFH�01,

SMK�01, RD01, ZKJ01]. The scalability of these anycast servicesis attributed to the

scalability of their underlying p2p substrates, which haverecently gained popularity as

a platform for building scalable, self-organizing, decentralized applications. The anycast-

ing paradigm henceforth, started being viewed as a powerfulbuilding block for managing

and locating resources in large-scale decentralized systems.

Section 3.1 briefly describes the anycast architecture for Scribe [CDKR03] and rea-

sons why it is location-aware but not load-aware. Like Scribe, Bayeux [ZZJ�01] and

CAN-Multicast [RHKS01] are group communication systems built on top of structured

p2p overlays of Tapestry [ZKJ01] and CAN [RFH�01] respectively. Although these cur-

rently do not support the anycast primitive, they could be modified to support the anycast

primitive. Like Scribe, they belong to the class of tree-based anycast systems and are not

location-aware and load-aware for the same reasons that were applicable to Scribe. The

object location approach used in Tapestry [ZKJ01] and Plaxton’s work [PRR97] can be

viewed as a special case of the anycast mechanism used in Scribe. In these systems, point-

ers to the nearest replica holder is maintained at every intermediate node of the the tree

that is formed by the overlay routes from each replica holderof an object to the object’s

root. Lookup messages which, when routed to the object’s root, intercept the tree at an

intermediate node and use the replica pointer at that node tofetch a copy of the object.

These anycast services, although scalable have their own limitations. In particular, they

were either location-aware or load-aware but not both.

The Internet Indirection Infrastructure (��) [SAZ�02] proposes a generic indirection

mechanism supporting unicast, multicast, anycast and mobility. �� uses triggers to represent

indirection points between senders and receivers. A trigger is represented by a unique Id.

Receivers subscribe to triggers and senders publish to triggers. Section 2.1 describes how



36

anycast is done in�� and also points out its limitations in being location-awareor load-

aware but not both.

Rao et al. [RLS�03] motivate the need for load balancing mechanisms in heteroge-

neous p2p systems. It explores some load balancing algorithms using the notion of virtual

servers. The algorithms revolve around transferring virtual servers from a heavily loaded

physical node to a lightly loaded physical node. Their schemes rely on nodes doing prob-

ing to find out other heavily or lightly loaded nodes, or by using directories that store load

information about a set of lightly loaded nodes in the system. In our approach however, we

advocate that doing overload protection instead of fine-grained load balancing ( which was

the goal of Rao et al. ) is sufficient. The benefit of this relaxed constraint is that the server

can do overload protection by simply monitoring its own loadand controlling the number

of virtual servers it has without requiring any form of probing of load on other servers.

Adjusting the number of virtual servers based on a server’s own load, is fundamentally a

feedback-driven approach to overload management.

The notion of feedback-driven approach to overload management has been prevalent in

several systems. Welsh et al. [WC02] make the case that overload management should be

a critical design goal for Internet-based systems and services. They argue that the right ap-

proach to overload management is to explicitly signal overload conditions using feedback-

driven control. Based on this observation, they sketch the design of their SEDA architecture

[WCB01] which is designed to provide adequate primitives for managing load in busy In-

ternet services. The feedback-control approach to overload management can also be seen

in most of the congestion avoidance algorithms [Jac88,CJ89,FJ93] in computer networks.

In our thesis, the first step was towards identifying the goalof a location-aware load-

aware (LALA) anycast architecture. The question here is howto go about optimizing

both the metrics of location as well as load in our server selection process. Choosing

lightly loaded servers could result in resolving client requests to a server located far away

from the client. Similarly, resolving client requests to nearby servers would very likely

result in server overloading in scenarios of client requests being generated unevenly in the
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geographic space. Amongst the various possible strategiesthat could be devised to strike

the correct balance between the two metrics, we take a stancesimilar in nature to that taken

by LARD [PAB�98]. LARD, a framework for doing content based request distribution

in cluster-based network servers also faced a similar problem in which the front-end of

network servers had to direct the incoming requests to one ofthe back-ends in a way to

optimize performance with regard to load on the back-ends and locality in the back-ends

main memory caches. LARD resolves this problem by resolvingrequests by observing

locality and ensuring only that the back-ends are not overloaded instead of doing perfect

load balancing. Motivated by LARD’s way of optimizing between two metrics, we decided

to resolve anycast requests to closeby anycast servers as long as they were not overloaded.

We thereby defined LALA’s anycast functionality as resolving the 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, wemotivate the need for a

location-aware and load-aware (LALA) anycast architecture and then define the goal of

such an architecture. In particular, the LALA architectureaims to achieve the following

anycast functionality: given a client request, select the closest anycast server to the client

that is not overloaded. We also develop the concept of self-adjusting reponsible regions

as being the central idea in designing the LALA architecture. Second, we investigate the

current overlay anycast systems and identify two classes ofanycast systems which differ

radically in their mechanism of doing scalable anycast. Thetwo classes of anycast sys-

tems are : DHT-based anycast systems like�� and tree-based anycast systems like Scribe.

Thirdly, we investigate mechanisms in which we could make these types of anycast systems

location-aware and load-aware by employing different manifestations of LALA’s central

idea of self-adjusting responsible regions. Finally, we evaluate the performance of LALA

on �� and Scribe. Simulation results employing GATech’s Transit-Stub topology model

showed the effectiveness of our proposed architecture in realizing the anycast functionality

in both DHT based anycast systems like�� and tree based anycast systems like Scribe. To

the best of our knowledge this is the first proposal and designfor a scalable, location-aware,

load-aware anycast architecture for decentralized distributed systems.

We are currently investigating the overhead associated in implementing LALA on��

and Scribe. For instance, in the�� approach, we want to quantify the overhead associated

with trigger insertions/removal. We also want to quantify the overhead resulting from the

network traffic resulting from the fact that the overlay nodes need to compute their Global

Network Positioning (GNP) coordinates. In the Scribe approach, we want to quantify the



39

overhead in propagating load information up the tree. We also want to quantify the network

traffic that would result from the fact that we keep the underlying overlay substrate locality-

aware while building the routing tables of the overlay nodesusing proximity neighbour

selection (PNS).

We are also investigating ways in which we could make the overload protection algo-

rithm more stable. Our current overload protection algorithm is not stable in the presence

of long-tailed distributions of the sizes of anycast requests. We plan to theoretically study

the stability of the system and derive the AIMD parameters for the overload protection al-

gorithm. We are also investigating the use of other overloadprotection algorithms which

need not be of the AIMD type. We also intend to study how good our overload protection

algorithm works in more dynamic settings. For instance, when the load on a server rises

above the threshold, it decreases the number of virtual servers. Depending on how long

the virtual server adjustment takes, the load on the server could potentially rise beyond its

desired value. In particular, how agile should an anycast server be in doing feedback-driven

control in the overload protection algorithm.

We are currently working on evaluating our architecture on the Planetlab testbed. We

expect the testbed results to quantify the overhead costs ofthe implementing LALA on��

and Scribe. We also hope to get insights on how agile the anycast servers need to be with

regard to preventing overload but the same time keeping the overhead traffic to acceptable

limits.

We started looking into potential applications which couldbe built on this type of ar-

chitecture. We have identified two such applications : (1) Imagine that you have a content

distribution network like Akamai, where the client requestis dynamically redirected to an

appropriate server. The chosen server in such an environment is usually located close to

the client. However, in the event of a flashcrowd of requests from a particular region, the

servers could potentially become overloaded. In such an environment, we could employ

LALA to ensure that the chosen server is close to the client aswell as is not overloaded.

(2) Imagine, an Internet scale Grid Computing platform. Theservers in this platform share
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their resources to perform compute-intensive tasks initiated by other clients. When a client

submits a job request, the architecture tries to locate a server which has resources (CPU

cycles) and is reasonably close to the client. The requirement of the server in being close to

the client is that when the task is completed, potentially large amounts of trace files might

need to be shipped to the client. In order to keep the underlying network usage to a mini-

mum we should be able to locate compute-servers which are close to the client and which

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