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Object = html page, image, etc.

Focus on corporate network boundary caches.
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Dedicated hardware. WHY? In some large organizations in the north-west, they 
use clusters of as many as 30 machines. Overprovision resources for peak loads, 
why?

Administrative costs, both in terms of configuring those machines, and for 
cooperative web caches, setting up the hierarchy or mesh or whatever. Why? 
Much nicer to have it self-configuring; typically there is some software 
dissemination mechanism, so installing is like a few clicks, and done.

Constant pressure for upgrading the cluster. With p2p, number of “clients”  = 
number of “servers” , so it is potentially self-scaling.

Many people don’t use web caches because they fail and their connections go 
bang. In this model, so what if some nodes die?!

Again, these are only potential benefits. They do not automatically happen.
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å ½¸æç·å ½¸æè·å ½¸æç·å ½¸æè·
é�ê<ëé�ê<ëé�ê<ëé�ê<ë ìmí�îmï�ð�í�ï�îìUí�îmï�ðkí�ï�îìmí�îmï�ð�í�ï�îìUí�îmï�ðkí�ï�î

ñ6ò¸éñ6ò�éñ6ò¸éñ6ò�éó�ôgõ]óó�ô±õ]óó�ôgõ]óó�ô±õ]ó

Now that we have a routing protocol, I’ ll propose two schemes for mapping 
Squirrel onto it.
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Ú�ÕU¼m·G¾�»Ú�Õm¼m·G¾¸»Ú�ÕU¼m·G¾�»Ú�Õm¼m·G¾¸»

å ½¸æè·å ½�æç·å ½¸æè·å ½�æç·
ö » å ºG»°÷k¿ å ½©ø�¼m»<øù½ ¹�Ã�¿Gúö » å ºF»¬÷�¿ å ½ ø'¼m»@øù½©¹"Ã�¿Túö » å ºG»°÷k¿ å ½©ø�¼m»<øù½ ¹�Ã�¿Gúö » å ºF»¬÷�¿ å ½ ø'¼m»@øù½©¹"Ã�¿Tú

Verry simple.
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Objects are always stored at clients; in the home-store model, they are stored at 
home nodes too. Why? Suppose the home node does not store the object, but 
merely maintains a pointer to nodes that recently accessed the object, and 
forwards subsequent requests to these nodes.
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Ú�Õm¼m·G¾¸»Ú=Õm¼m·G¾¸»Ú�Õm¼m·G¾¸»Ú=Õm¼m·G¾¸»

å ½¸æè·å ½¸æç·å ½¸æè·å ½¸æç·
ìmí�îmï�ð�í�ï�îìUí�îmï�ðkí�ï�îìmí�îmï�ð�í�ï�îìUí�îmï�ðkí�ï�î é�ê<ëé�ê<ëé�ê<ëé�ê<ë

Home says “go get it yourself” . … Meanwhile … creates a directory and stores a 
pointer to this client. By pointer I mean, of course, the IP address.
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(explain protocol). What’s the motivation? One is that we don’t store objects at 
the home. But more interestingly, we expect that for an object accessed by many 
nodes, the directory of most recently accessing nodes keeps rapidly changing. So 
a randomly chosen entry will achieve some kind of load balancing. Whether this 
happens, we’ ll see.
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Appreciate that these two designs are the two endpoints of the design space, 
based on what choice you make regarding object storage location.

If an object is in the centralized cache, it should be on some client node in both 
p2p caching schemes; so we expect, roughly, that hit ratio is the same. User-
perceived latency is overshadowed by accesses outside the network, so if the 
hops within the LAN aren’ t too many, then all methods are roughly similar.
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There’s a strange quirk in the directory scheme. … … When some node later 
accesses this html page with many images, all these requests pounce on a single 
client, and its load shoots. Does this matter? We don’t know; simulations will 
tell.
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Two traces with very different characteristics, and hoping to bring out the 
fundamental properties of the protocols. All clients act as Squirrel nodes. Wide 
variation in number of requests. Peak request rate high, so we need a cluster of 
machines (or a powerful machine in the latter case) for a centralized cache. 
About half the objects are cacheable; others are sent out by the client directly. 
There is some reuse of cacheable objects; otherwise web caching would be 
pointless.
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/*  First metric, external bandwidth. Define.

1. Two blue lines depict extbw with a centralized cache of infinite size and no 
cache; this difference is the benefit of web caching in terms of extbw.

2. X-axis is logscale; even for small values of per-node cache, there is 
performance close to centralized. This shows that there is good pooling of 
disk space from around the network.

3. Home-store performs better than directory. This is because some node in the 
latter stores a large page with many images, or many web pages; when it fills 
up and evicts something, the subsequent clients need to go out. Home-store’s 
natural load balancing helps avoid hotspots of storage. This is interesting, 
because although home-store stores more, its storage utilization is 
significantly better than directory. * /

New:

This graph depicts the total data traffic to the organization, in GB over the 
period of the entire trace. The two blue lines represent the cases for no web 
cache, and a centralized cache with sufficient disk capacity; the difference is 
the benefit due to web caching in terms of external traffic. The x-axis is the 
storage contributed per node in MB. Two key observations here. Firstly, with 
as little as about 100MB contributed by each node, Squirrel performs 
comparable to a centralized web cache in terms of external traffic. Secondly, 
home-store is better than directory, even though home-store stores more. 
This is because home-store distributes objects across nodes randomly, 
whereas directory relies on clients for storage. So an active client caches a 
lot of popular objects, whereas an inactive client essentially wastes its disk 
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Similar behaviour, only scaled down in extbw. Again, Squirrel is as good as a 
Centralized cache for about 100MB of contribution.
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/*  Latency is overshadowed by external accesses if LAN hops are few (not like 
50). Centralized to and fro. Home-store 3-to-4 + 1. Directory +1 sometimes 
when it forwards; when home node says “go get it yourself”  there is no 
forwarding. Very rare occasions when delegate has failed and two more hops. * /

New:

The other benefit of web caching is to improve client latency. Notice that 
Squirrel and a centralized cache use the same cache expiration policy, so they 
achieve the same hit rate given enough disk storage. So requests that miss in 
Squirrel also miss in the Centralized cache and achieve the same latency. 
Requests that hit in the cache have latency corresponding to the number of LAN 
hops, and that’s this graph. Under the corporate LAN assumption, internal 
latency is small compared to external latency, provided there are not too many 
hops within the LAN. That’s being depicted here; even for a 36000 node 
network, Squirrel only takes 3-4 hops to get to the home node, possibly one 
forwarding hop for directory, and one hop for the return path. This is basically 
comparable to the two hops – to and fro – in the centralized cache.
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Same thing, only shifted left: Home-store 1-to-2 hops + 1.
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Finally, load. This is a problem that isn’ t there with a centralized cache, that we 
need to maintain bursty and sustained load low. <click> Consider this point: it 
means that there are a hundred occasions during the entire trace when some node 
in the network services as many as 23 requests in some second. So a narrow, 
left-stacked set of bars is a good thing. Means there is one occasion during the 
day when some node services 50 requests/sec: which is a tad on the high side. 
Home-store’s natural load balancing keeps load always as low as 10 req/sec.
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Fact that both peak loads are almost the same numbers as in the Redmond trace 
speaks for the scalability of the system.
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We talked of sustained load; it can be illustrated by measuring per-minute load. 
370 requests per minute is rather high, compared to 60 per minute.

Recall we talked of two reasons for the directory protocol quirk: a page with 
many images, and a previously heavily browsing client. The former can result in 
a few-seconds-long burst of requests, but can hardly be expected to sustain 370 
requests for a minute. So the latter reason is important too.
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Moral: the simpler Home-store scheme beats the complicated Directory scheme 
hands-down.
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P2P is a distributed computing paradigm where protocols are decentralized, all 
nodes do the same thing, and somehow the entire network collaborates to 
perform the desired function. The trick is to decentralize your standard 
distributed protocol, such as network file storage, event notification, 
anonymization, etc. It becomes scalable, … (expand).

Curious to note that these benefits do not come automatically; the protocol has 
to be decentralized just right. In this talk, I’ ll try to give a flavour of this using 
the specific problem of web caching.



37

m�·#°on<µ�²»·m�·�°Mn<µ
²5·m�·#°on<µ�²»·m�·�°Mn<µ
²5·

m�·#°on<µ�²»·m�·�°Mn<µ�²»·m�·#°on<µ�²»·m�·�°Mn<µ�²»·

m�·�°Mn<µ
²5·m�·#°on<µ�²»·m�·�°Mn<µ
²5·m�·#°on<µ�²»·
p$qÃº:r ²p$qÂº�rj²p$qÃº:r ²p$qÂº�rj²

m�·�°Mn<µ
²5·m�·#°on<µ�²»·m�·�°Mn<µ
²5·m�·#°on<µ�²»·
p$qÃº:r ²p$qÂº�rj²p$qÃº:r ²p$qÂº�rj²

s ²Pts ²�ts ²Pts ²�t
u:²»· Ì ²»·us²5· Ì ²5·u:²»· Ì ²»·us²5· Ì ²5·

é�êzëé�ê<ëé�êzëé�ê<ë ìmí�îmï�ðkí�ï�îìmí*îmï�ðkí�ï�îìmí�îmï�ðkí�ï�îìmí*îmï�ðkí�ï�î

The goal of this talk is to get rid of this box. When a node doesn’t have an object 
in your local cache, it “somehow” discovers that a different node has it, and gets 
it from there. Kinda like a cooperative cache. So these nodes export their local 
caches to other nodes in the network, and these combine to form a large virtual 
cache.
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If we want to go about constructing a p2p cache, the easiest way, I believe, is to 
leverage a p2p routing protocol. For instance, Pastry. The fancy name is a p2p 
object location and routing substrate; what it really gives you is distributed hash 
table functionality. (explain)



40

/>��58�9E"���/>��58�9E����/>��58�9E"���/>��58�9E���� (  58�(  58�(  58�(  58��ÝÝ ÝÝ����  ���
���¸(���58����  �*�
����(
��58����  ���
���¸(���58����  �*�
����(
��58� 36�M(��°� �����CE  36:36��(
�°� �����CE  36:36�M(��°� �����CE  36:36��(
�°� �����CE  36:
7936E°36���M�"�9;�7z� (�36�)(á��D9���M���  ����36�
:  58�¬Þ´36���  � }7936E¬36�������9; 7z� (
36�S(á�=D9�����=�  �'��36��:  58�°Þ´36�=�  � }7936E°36���M�"�9;�7z� (�36�)(á��D9���M���  ����36�
:  58�¬Þ´36���  � }7936E¬36�������9; 7z� (
36�S(á�=D9�����=�  �'��36��:  58�°Þ´36�=�  � }

B
�"�*�����  �J� ����(���58�B
���������  �y� ����(
��58�B
�"�*�����  �J� ����(���58�B
���������  �y� ����(
��58� ��58�9E���������Em� ����E������  ��36�����������58�9E��"�M�"�=E`� ����E������  �'36�����������58�9E���������Em� ����E������  ��36�����������58�9E��"�M�"�=E`� ����E������  �'36���������
�936���������
�4�  � E  36:�:9�����J����79D9�J�  � }�936�=���������?�  � E  36:�:9�����J����79D9�J�  � }�936���������
�4�  � E  36:�:9�����J����79D9�J�  � }�936�=���������?�  � E  36:�:9�����J����79D9�J�  � }



41

+ �  ��:9�4���  ������;ßD9���
���M�6����36�y�ý�  �9�����  �  79û°������� }+ �  ��:9�4���  �*�"�
;ßD9���������6����36�y� �  �9�����  �  79û¬�����=� }+ �  ��:9�4���  ������;ßD9���
���M�6����36�y�ý�  �9�����  �  79û°������� }+ �  ��:9�4���  �*�"�
;ßD9���������6����36�y� �  �9�����  �  79û¬�����=� }

��36�9��:9E��ý�M(�36��;<���9;&:9���������  �y�ý�  � �  �9D9E¬36���36�9��:9E��ý��(
36��;@���9;ß:9���������  �y� �  � �  �9D9E°36���36�9��:9E��ý�M(�36��;<���9;&:9���������  �y�ý�  � �  �9D9E¬36���36�9��:9E��ý��(
36��;@���9;ß:9���������  �y� �  � �  �9D9E°36�
 79û¬�����=�4������D9E����?�"�áE  36:�7936E�36�
������; } 79û°�������?������D9E"�=�4���áE  36:�7936E�36�������
; } 79û¬�����=�4������D9E����?�"�áE  36:�7936E�36�
������; } 79û°�������?������D9E"�=�4���áE  36:�7936E�36�������
; }

Appreciate that these two designs are the two endpoints of the design space, 
based on what choice you make regarding object storage location.

If an object is in the centralized cache, it should be on some client node in both 
p2p caching schemes; so we expect, roughly, that hit ratio is the same. User-
perceived latency is overshadowed by accesses outside the network, so if the 
hops within the LAN aren’ t too many, then all methods are roughly similar.
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There’s a strange quirk in the directory scheme. … … When some node later 
accesses this html page with many images, all these requests pounce on a single 
client, and its load shoots. Does this matter? We don’t know; simulations will 
tell.
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