Pachyderm: The Web Proxy That Never Forgets

Haonan T an Fujun Zhang

Abstract

Pachyderm is a web proxy that offers more functionalities than traditional proxy caches do. It provides web object versioning and per - user browsing history so that users can access multiple ^back issues~ of a single web object. In the mean time, user advice is used for cache management as well as system stats. This eliminates the gap between user and system and helps maximize the cache utilization.

Instead of building the cache directly atop a file system, we use a commodity SQL database as the cache storage backbone. Given our testing workload, it offers good performance in both basic cache performance metrics and its unique functionality measurements.

1 Introduction

A p roxycache (Figure 1) is a proxyserver that sits near the network gatewayand implements web caching. Web caching provides a temporarystorage of web objects (HT ML documents, images, style sheets and so on) for later retrieval. T he advantage of a proxyca che is significant. First, it reduces bandwidth consumption. With more requests that can be served fromthe cache locally, fewer requests have to go out onto the Internet. T his is a benefit for the network infrastructure. Second, it alleviates the load of web servers. T he proxycache can often times cover up for the actual sever so that the server does not have to serve everyclient request. T hird, on the client side, a lower latencycan be expected. T his becomes particularlyeffective when the cache holds some web components that requires a long - haul retrieval otherwise. Fourth, a cache can isolate end - users fromnetwork failures. Even though the source server might be unreachable, its objects might still be accessible fromthe cache. More and more ISP’s th ese days start using proxycaches for all the reasons mentioned above.

One might argue that a proxycache seems to be redundant because manyweb applications (say web browsers) todayalreadyhave their own caches. T hat is not true though. One reason is tha t usually application cache capacityis insignificant compared to that of a proxycache server. Another reason is that application caches are more application - specific and user - specific. In other words, it discourages sharing and has relativelylowcache u tilization. It is obvious that a proxycache is a proxyin the first place. And literallyit can do everything that a common proxycan do, filtering, monitoring and whatever. Moreover, sometimes a proxyis mandatory. Manyfirewalls disallowdirect connecti on to web servers and there must be some application layer to relaydata between clients and servers.

Our work tries to go beyond the existing proxycaching mechanisms and we have sketched out a prototype for the possiblynext - generation proxycache. Our goal is to support caching multiple versions of a same web entity. As the disk gets large and cheap, we worryless about the cache capacityand versioning becomes affordable. T he same argument has been used in Elephant file system[3]. T his makes it much

Cache

C

C

C

WWW

Proxy

Figure 1. The role of a prox y c ache easier to keep track of web content updates. Another goal is to make the proxycache more user - friendly.

With versioning, the proxycache is no longer transparent to users but this enables it to provide better

services. Pachydermis such a web proxythat c an serve as a personalized web content manager while

preserve content sharing. Also, cache management can be aided byuser knowledge to achieve higher

efficiency.

Here is the basic layout of this paper: Section 2 is an overviewon various proxycaches; Sec tion 3

is a description of our methodology; Section 4 gives details on how we implemented Pachyderm; Section 5

reports the results of our performance evaluation; Section 6 is for related work; Section 7 describes some

possible future work; Section 8 conclu des this paper.

2 A Brief Survey on Proxy Cache

In this section, we give a quick glance over some of the proxycaches available today. In our

study, this helped us to probe the problemin a broad scope and to understand the functionalityof a proxy

cache better. T his also gave us a guideline on howto distinguish Pachydermfromall the other products in

the market.

2.1 Commercial vs. Non - commercial Products

Proxycache development is active in both commercial and non - commercial areas. Commercial

proxyc aches are abundant these days. Some of themcan be more hardware specific. For example, Cisco

Cache Engine [7] is almost always paired with Cisco Router/Switch. Another example is F5´s EDGE - FX

Cache [8], which provides good integration with its own network traffic management controller. More and

more manufacturers are making proxycache as a part of their product line.

T he most successful non - commercial instance of proxycache must be Squid [14]. Derived from

Harvest Project (no longer active) [4], it is a full - featured proxycache that supports cache hierarchywith

various inter - cache protocols. Funded bythe National Science Foundation, it is a freelyavailable and open -

source software.

2.2 Attached Caching M odules vs. Standalone Server Packages

Some pro xycaches simplycome in the formof a module among a service bundle. T he well -

known Apache web server [6] has such a module. But more proxycaches are standalone servers, such as

Viking [12] and Microsoft ProxyServer [10]. Some developers offer both solu tions. SoftRouter Plus [15], a

product fromVicomsoft, has its own caching module. On the other hand, Vicomsoft also announced

RapidCache, a Windows - based dedicated proxycache. Cache modules are usuallysimpler and offer fewer

features than dedicated prox ycaches do.

2.3 Proxy Caches vs. Server Accelerators

Proxycaches sit closer to the clients on the network. Applying the same web caching idea on the

server side, we can have server accelerators, also known as reverse proxies. A server accelerator can g reatly

ease the server load and reduce server response time, especiallywhen the server has to generate large

amount of web contents dynamically. SpiderCache [13] is a member in this family. Indeed, there are

products that can do both depending on their co nfigurations. Examples are the WebSphere Edge Server [5]

fromIBM and Netplicator fromUnitech Networks [11].

Server accelerators, however, are beyond the scope of our discussion in this paper. Pachyderm

emphasizes more on client side caching.

3 M ethodolo gy

Various forms as today´s proxycaches have, theyshare some properties in common: First,

Caching behavior is transparent to users. Users are never aware of the existence of the proxycache (except

when theyset up the browser configurations to use the proxy). T he good side of it is that the original

client/server illusion is not affected at all and users have less to worryabout. T he downside would be there is no effective wayfor a user to control the cache and adjust it more towards his interest. Not much about

user friendliness can be done in a traditional proxycache system.

Second, at most one copyof a certain URL can be cached. When a user sends out a request, the

cache will search its repositoryto see if it has the requested URL. If this is true , we have a cache hit and the

cached object will be served. Otherwise the proxycache will forward the request to the genuine web server

and cache the result. But sometimes even if a hit will occur, a user can issue a ^refresh~ to force an up - to -

dated copy to be loaded. Or the proxyitself believes the cached copyis too old to be used again. On these

occasions, the proxyfetches the document fromthe outside server and overwrites the possiblystale copyin

its cache. Nevertheless, staled information is not necessarilyuseless. We would rather use the name ^back

issues~ when referring to it. T his is a good analogybetween web publishing and traditional publishing.

T hird, largelydue to user - transparent caching, cache management is totallytaken care of byth e

system. T he proxykeeps track of certain cache reference stats such as the age of web components and the

access frequency. When the cache is full (or nearlyfull), the proxycache uses certain algorithm(usually

some LRU - variant) to decide what to be rem oved out of the cache to make roomfor the incoming new

objects. T his is somewhat effective but can certainlybe more effective if the systemhas some knowledge

about howthe user will actuallymake references in the future.

Given these considerations, we decided to extend the functionalityof a proxycache so that users

can have more control over the cache and the cache management can be more efficient. T he keyis to add

an information path between the proxyand the user. T his will have to break the schem e of transparency,

but the gain could be much bigger. Here are the unique features that Pachydermcan offer.

First of all, based on the large - disk assumption, Pachydermcan hold multiple copies of a single

URL. It also records per - user reference informatio n: ^Who visits where, when?~ Essentially, this provides a

per - user browsing history. A user can manage his back issues byhimself or tell Pachydermhowto manage

them. T his is done within the Pachydermuser interface.

In addition, since the user knows the URL´s that he has visited better than the server does, he can

pass this knowledge to the server to make cache management more future - oriented to achieve higher

efficiency. Such user - assisted management has alreadybeen used in some file systems [2]. Besid es implicit

information such as systemstats, Pachydermnowhas explicit information fromusers. T his will help

improve the cache utilization.

Moreover, per - user prefetch schedule can be used to address cache compulsorymisses, although

this is not impleme nted in the current version of our prototype. Also, enhanced features like search on back

issues become possible to improve file manageability.

4 Implementation Details

Our prototype consists of three functional units: server, cache storage and user int erface. In this

section we examine each part.

4.1 Server

T he server is our control center. All the user requests are handled here. T he server requires user

authentication so that it can tell apart requests fromdifferent users and record themto the brow sing history

accordingly. It also performs multiplexing between the cache service and true web service. Our server is

implemented in Java. T his is a multi - threaded server. T he main thread simplywaits for a client connection.

Whenever a connection comes in , it spawns a child thread to handle that connection, then gets back to wait

for the next connection. T his enables the systemto handle multiple requests at a time thus increases

parallelism. For simplicity, we onlysupport GET method in HT T P protocol at t his moment. Fromour own

experience, Java makes it easier to programa web application. Our major concern at the coding stage was

about the Java virtual machine overhead. It turns out to be acceptable and we will see that in the evaluation

section.

4. 2 Cache Storage

Most proxycaches todaybuild their cache storage atop the file system. Our decision is to use a

commoditySQL database to serve as the cache storage. Compared to a solution using file system, it has

advantages as well as disadvantages.

T h e obvious disadvantage is the extra database management software required. However, fromthe

other side, this can reduce development cycle significantly. Another concern is that we cannot

communicate with a DBMS without specific API and this additional lay er is likelyto incur performance

degradation. We will address this issue later.

Because web documents are part of the file systemin nature, it would be easier to preserve the

original directoryhierarchyif we use a file systembased cache. But in fact, not manyproxycache

implementations (if there are any) choose to mirror the directorytree. On the contrary, manyof them

rearrange the file layout for faster access. For example, Squid builds a certain number of directories on the

disk, each with more s ubdirectories. It uses a hash function to dispatch web objects into different

directories and subdirectories according to the URL. It maintains a hash index in the main memory.

T herefore, to look up for a certain URL, Squid can save the number of I/O opera tions byeffectivelyusing

the in - memoryhash index because its own directorystructure is a ^fat~ tree with onlytwo levels and this

^shallow~ structure helps reduce the translation time used byoperation such as namei . Nonetheless, all

optimization like this is merelyan imitation to the database B+ tree indexing, and chances are database can

do it in a more effective way. T hat is one of the main reasons whywe chose a DBMS as the storage

backbone.

Byconverting a web object (or a web file) into a databa se record, we are able to assign meta - data

other than specified bythe file systembyadding more fields to the record. T his would not be trivial for a

cache that is built directlyupon a file system. Among these meta - data, version information might be the

most important attribute in Pachyderm. Moreover, database can well take care of all the queries, either on

the meta - data or on contents of the web documents. Consequently, some enhanced features such as search

on back issues become much more straightforwa rd within the context of a DBMS. Furthermore, besides the

web objects to cache, we can store user information in this database as well. T he user profile includes the

user´s account information, a personal browsing historyand personal preferences on web ob jects. T his

integration provides a centralized management environment and makes the administrator´s life a bit easier.

Last but not the least, since SQL has become such a standard, it would be much easier for others to

understand our work. Because we will make Pachydermopen - source and freelyavailable, it is verylikely

that using SQL can greatlyshorten the learning curve if some third partydecides to make its own

contribution to the software.

In practice, we used MySQL as our database server. T here is s ome tradeoff though. It is free for

non - commercial use. It is easyto install, configure and use. Managing a MySQL database is simple and

intuitive. It has a large number of built - in functions so that users generallydo not have to define their own.

Also, the performance of MySQL is quite impressive.

T he downside is that some important features are missing in MySQL, such as referential integrity

checks, foreign keys, transactions, views and triggers, each of which is more or less relevant to Pachyderm

impl ementation. We could have chosen PostgreSQL, another open - source DBMS that addresses these

problems well. Anyhow, the decision is not critical in that we have decoupled the proxyserver and the

storage. T he server will use JDBC to communicate with the data base and it does not reallycare who is

behind the scene. As far as Pachydermprototype is concerned, we can get around these problems relatively

easily. For instance, transaction support is important when the cache deals with concurrent client requests.

A transaction can make sure that such handling has ^ACID~ properties [1] (atomicity, consistency,

isolation and durability). MySQL uses onlytable locks to ensure mutual exclusiveness. It certainlymakes it

difficult in terms of recovery. But we can assume that a small amount of information loss is tolerable for

web browsing activities.

Our database consists of four tables.

Account : T his table represents the user entity. It holds personal data such as user id, login name

and password. It is mainlyused for user authentication.

Cache : Each web object is stored in this table. So this is indeed our central storage. In our current

implementation, this is a big flat storage space. Each object is identified byits URL string and a version

number. A version number is a timestamp indicating when the object was brought into the cache. T he granularityof the version is down to one second. T his should be adequate (if not too fine - grained) for web

components. Bydefault, when a cache hit occurs, the server always serves the latest version of the

requested URL. T o access a back issue, the user can either go to the Pachydermuser interface or add a

special version request string after the URL when theyopen a location using a browser. T he object content

is stored in a BLOB (binarylarge object) field. Sometimes if an object is too large to fit into a single

record, multiple records will be used to hold that object in segments (each segment is 64KB in our

implementation). T o preserve the order among segments, a sequence numbe r has been used as another field

in the record. In other words, (URL, version, sequence) constitutes the primarykeyof this table.

History : T his is where we store user browsing historythat answers the question ^Who visited

where, when?~ T his is a relatio nship between the user and web objects. T herefore, the user id, URL string

and the access time is needed. T o differentiate which exact version the user referred to, the version number

should appear as well. When the user looks at his personal browsing hist ory, the historyis actually

^selected~ bythe underlying database fromthis one big table according to the user id.

Preferences : T his is a relationship representing the user´s knowledge about the URL. T he fields

are user id, URL string and one or more opt ion fields depending on howcomplicated the preferences would

be. T hus, for a single URL, preferences could varygreatlyacross different users.

Since we use JDBC for communication between the server and the database, we are curious about

howthe performan ce is affected with this additional API layer. T his will be shown in the evaluation

section.

4.3 User Interface

T he most natural and convenient wayfor a user to access the user interface would be to use a

browser so that the user interaction with Pachyd ermcan be integrated seamlesslywith web surfing.

A common technique to achieve this is to use CGI programming. Or, if we want it to be more

lightweight, Java servlet is also a good candidate. In practice, we used a CGI script written in Python

(greatlyd ue to the fact that we are never good at Perl scripting). Similar to JDBC, Python itself has an API

module so that it can talk to MySQL database.

T he script resides on a well - known URL for easyaccess. Because browsing historyis more of a

privacyissue, t he interface requires user authentication. Once a user enters the Pachydermuser screen,

everything is non - cacheable. T his eliminates some possible complexityand confusion. Beloware the

features supported byour user interface at the moment.

History mana gement : A user will see a list of URL´s accompanied bythe time when he accessed

them. He can browse these back issues. Also if he no longer cares about some back issues in the history, he

can delete those so that theywill not showup again. Note that thi s kind of deletion onlymodifies the

^History~ table instead of deleting the corresponding web object in the ^Cache~ table.

Preference configuration : T his is where the user gives his advice to the system: howoften this

web site is updated, howfrequently he actuallyvisits that web page, howvaluable the back issues fromthis

web site are, or howmanyback issues of that web page he particularlywants to keep. Some information

can help the systemdecide what to keep in the cache. Other information might e ven enable the proxycache

to download the updated web document in advance to avoid compulsorycache misses. Although not

implemented in the current version of Pachyderm, per - user based prefetch schedule at least sounds like a

promising feature of the prox ycache. Right nowin our prototype, user advice onlytakes place in its

simplest form, a one - digit number indicating user priorityof the web object. T his scheme is rather coarse -

grained and not veryuser - friendly. However, we see no baffling obstacles th at prevent further extension to

this mechanism.

Back issue query : T his functionalityenables users to fullyexploit their back issues. It is a personal

search engine in contrast to those online search engine giants. Since its search scope is limited to th e

documents actuallyvisited bythe user, fromtime to time it can serve user´s interest better. We nowprovide

keyword search with access date constraints. A user can specifyone or more keywords in a query. T he

implied logical operation for multiple keyw ords will be an ^and~. It is also possible to limit the searching

scope within the documents visited over a certain period, bysupplying the beginning and ending date of

that period.

T o summarize, the user interface is responsible for system - user interacti on. It is the bridge

between these two parties.

4.4 Cache M anagement

In this section we elaborate a bit on cache management. T his is mainlyabout cache replacement

policies. Ideally, this should never happen because we have claimed that our storage is so large that it can

never be filled up. T o be more realistic, however, this is bound to happen if we put the systemto use. T here

is no wayfor us to have infinitelylarge disks and some upper bound must exist in a system. Huge storage

as we can provide, the re is no guarantee that the user cannot come up with a wayto consume it all.

T herefore, replacement policyis still worth discussion and this is similar to the situation in Elephant File

System[3].

4.4.1 User Assistance

User preferences on web objects are used to forma user voting system. T he overall importance of

a web element that users attach to it can be determined fromall users´ votes. T herefore, an object is likely

to survive in the cache when most of the users believe it is important, so this i s a ^hot~ page. T hose pages

that serve onlypersonal interests are more readyto be swapped out. T he goal here is to maximize the cache

utilization.

4.4.2 SystemJudgment

Under some circumstances, user knowledge could be imprecise. T his usuallyhappens w hen a user

overestimates the priorityof a document, or simplybecause the user is irresponsible. T herefore Pachyderm

still needs systemstats to studythe actual use pattern. T he source of information is richer for Pachyderm

due to the existence of the us er interface. Besides file access time and access counter, Pachydermcan

collect query - oriented stats (has not yet been incorporated in our prototype): hit - by - querycounter, most -

recently - queried - time, matching score on queries and so forth. A synthetic sy stemprioritycan be obtained

fromthese stats. Generallyspeaking, the more frequentlya document is viewed or searched byusers, the

more likelyPachydermwill keep it in the cache.

4.4.3 SystemCleaner

T he cleaner is a process that picks candidates fo r deletion fromthe cache storage. It can either be

activated periodicallywhen the systemload is relativelylow(usuallyover late night or weekend) or

triggered bythe proxywhen it believes the watermark is too high. In practice, both should be used to

complement each other. Currently, we onlyimplemented the first scheme. Everytime the cleaner launches,

it recalculates the overall priorityof each web object if there is a need for cleaning. Right now, we set the

watermark at 95% of the cache capacity and the cache needs cleaning if this watermark is reached. After

priorityrecalculation, beginning with the objects with the lowest priority, it deletes up to 15% of the cache

content. Similar strategyhas been used in Squid and Microsoft Internet Explorer .

T his sounds to be a reasonable solution, but one tough decision that systemadministrators have to

make is howto achieve a balance between the user votes and the systemjudgment. No wonder there is a

familyof policies we are discussing here. Lots of ex periments need to be done before we can find the

appropriate weights for each factor. But the mechanismitself is not unfamiliar [2].

5 Performance Evaluation

As a web caching system, there are various aspects about Pachydermwe would like to investigate.

Some are relativelyeasyto obtain while others are more difficult within the current development context.

In this section, we will list our interests along with the reasons whywe are interested. We will also give

some explanations if we feel that some aspects cannot be verywell addressed. T he results will be presented

afterward. But the first thing we have to do is select one or two existing proxycaches to make comparison

possible.

5.1 Reference Systems

Squid : T his full - fledged proxycac he supports manyweb protocols such as HT T P, FT P plus SSL.

Its support for inter - cache protocols (ICP, HT CP, CARP, Cache Digests) makes it ideal for building cache

hierarchies.

WWWOFFLE (short for WWW Offline Explorer) [9]: T his is a personal contribution from

AndrewBishop, starting from1996, currentlyat version 2.6. It is noticeable that versioning had already

been introduced in this system. It can keep up to 3 versions for the same URL and the user is able to browse

the cached content. Nevertheless, it is onlysuitable for individual user in that the proxycache does not

differentiate requests between users and everyitemin the cache pool can be accessed byother people using

the system.

In a sense, it is difficult to find a systemthat is highlycompa rable to Pachyderm. Squid is

appropriate for large - scale use and WWWOFFLE is handyon a personal computer. Pachydermseems to sit

somewhere between these two extremes, probablycloser to WWWOFFLE.

5.2 Points to Ponder On

T he cache hit latency determines howmuch the clients can benefit fromusing a proxycache. We

can compare it with the cache miss penalty to see the performance gain we can actuallyhave. Another

important measure of cache performance is the hit rate. Usuallyit can be obtained via trace studyor test

under real workload. But neither was feasible when we developed Pachyderm. It is also difficult to define a

fair comparison in terms of the cache capacitybecause Pachydermkeeps more back issues. So we left that

out for the time being.

Anot her issue is scalability. It is a two - fold question. First, what if the cached content gets large in

volume? Second, what if there are more users linked into the system? We cannot afford a multi - user test at

the moment and we will focus on the first questi on.

Needless to saythat the back issue queryfeature is helpful. But howabout its performance? If it

costs too much time, users might not even bother to use it.

It is well known that a database depends heavilyon its indexes to achieve efficiency. With

i ndexing, a large number of disk operations can be spared. But to what extent does indexing benefit a web

proxysystemlike Pachyderm?

We have a fewquestions regarding the cleaner as well. Howoften does the cache need to be

cleaned? Howexpensive is a cle an operation after all? T he first question depends on howbig the cache is

and howaggressive our users are. T here is no easyanswer. We will discuss the expense of the cleaning

process in the following subsection.

5.3 Results

Our testing plat formwas an Intel PentiumCeleron 533 MHz running Debian Linux 2.2 with 128

Mb RAM. Figure 2 shows the impact of indexing. We sent requests for web documents with size varying

from1 Kb to 200 Kb (most web objects fall in this range) and timed the latency. Since the server needs to

do lookups on the ^Cache~ table, two indexes are involved, one on URL, the other on version. As we can

see, indexes can lower the latencybyorders of magnitude. An interesting observation is that hit latencyis

longer than miss penaltywhen the table is not indexed. T his is because when the content is served from

cache, the index on version will be used if it exists. Without this index, the process will be slow. But if a

Cache Late ncywithinde x

0

200

400

600

1835526986103120137154171188

Fi l e si z e (KB)

Latency (ms)

hit

mis s

Cache Late ncywithout inde x

0

10000

20000

30000

1937557391109127145163181199

Fi l e si z e (KB) hit

mis s

Figure 2 Hit/miss latency for various file sizes w hen cache almost empty

Cach e lat e n cywit h o u t in d e x

0

10000

20000

30000

Fi l e si z e (KB) hit

mis s

Cach e lat e n cywit h in d e x

0

200

400

600

173349658197113129145161177193

Fi l e si z e (KB) hit

mis s

Figure 3 Hit/miss lat ency for various file sizes w hen cache is 100MB miss occurs, the proxyforwards the request to the server. When the response gets back, it sends it to client

before caching it into the database. T herefore user will not feel the latencyof caching. T here is just no way

to hide the retrieval latencyon a hit. In this sense a cache hit suffers more fromlack of in dexes than a cache

miss does (the network latencyis verylowin our experiment, but since our host machine is not isolated

fromother part of the network, some burstiness can be observed). T his experiment was carried out when

the cache was almost empty. W ith indexing, the hit latencyis too lowto be observed. We will showthis in

more details shortly.

Figure 3 shows the same test carried out when the cache was loaded with 100 Mb of web contents.

T here is no significant difference in latencies between thi s one and the previous one. Considering a proxy

cache usuallyhas huge storage, it is desirable to test the cache size at the level of gigabytes. Unfortunately,

due to hardware limitation, we were not able to performa test like this.

Figure 4 compares th e miss penaltyacross three proxycaches. T heyare generallycomparable

except for some systemburstybehavior. When the cache is almost empty(left), the curve of Pachyderm

appears to be more outstanding while Squid and WWWOFFLE are veryclose. We ascribe this to the

overhead of Java virtue machine and JDBC layer (the other two servers are both written in C). When the

cache is at 100 Mb, however, we can no longer easilydistinguish Pachyderm´s curve fromthe other two.

T his mayimplythat latencies of Squi d and WWWOFFLE scale up faster than that of Pachyderm.

Figure 5 is the hit latencyfor three systems. Again we see no impact fromthe cache size. It is

somewhat surprising to see the latencyof Squid is much higher. Also its latencyincreases linearlyal ong

with the file size at a rate of 1 sec/Mb. When it comes to Pachyderm, the rate is around 25 ms/Mb, about 40

Figure 4. Miss penalty comparison across prox y caches. Left:

cache almost empty; Right: cache loaded w ith 100MB

0

200

400

600

800

121416181101121141161181

Fi l e S i z e (KB)

Latency (ms)

P ac hy derm S quid

W W W OFFLE

0

200

400

600

800

12039587796115134153172191

Fi l e si z e (KB)

P ac hy derm S quid

W W W OFFLE

0

5

10

15

20

1937557391109127145163181199

Fi l e S i z e (KB)

P empt y P 100MB

W empt y W 100MB

0

200

400

600

800

1000

1200

Fi l e si z e (KB)

E mpt y 100MB

Figure 5. Hit latency comparison across prox y caches. Left: Squid;

Right: WWWOFFLE and Pachyderm

10 times faster than Squid. Its behavior is also more stable compared to WWWOFFLE. T he variance is much

smaller. It is possible that overhead has b een introduced when Squid and WWWOFFLE implement their

own features. T hus, we cannot simplysayPachydermis superior although Figure 4 and 5 are both in favor

of Pachyderm.

For a queryon back issues, here is a typical querystatement executed:

6(/(&7�’,

67,1&7�F�85/�F�YHUVLRQ�)520�&DFKH�$6�F�+LVWRU\�

F�FRQWHQW�/,.(�¶NH\ZRUG·�25’(5�%<�85/�YHUVLRQ� �

Complicated as it appears to be, the most e xpensive operation it has to performis the table join.

T o speed up the procedure, we built indexes on user id, URL and version respectivelyin the ^History~ table. T he history coverage is defined to be the volume of web components that a user historyis r eferring to. We varied that between 10 Mb and 100 Mb. And we did the timing within MySQL so this onlyrelates to the performance of MySQL (and this is our focus of scalability). Figure 6 presents the result. Although we change the time constraint on our qu eries, the numbers do not differ much. We also tried using the number of keywords as a parameter, ranging from1 to 5. Still, the result is verymuch similar. We had expected that different constraints would make the queryoptimizer come up with different evaluation schemes, which does not seemto be the case in our experiment. It makes sense that the time cost is linearly dependent on the historycoverage. T he rate at which the time increases, or the slope of the fitted line, is about 1 second/Gb. T his is an indication that MySQL can handle large data sets well. But that still relies on to what extent we can do extrapolation as the historycoverage increases further. We have conducted the same experiments without anyindexes on table ^Cache~ and ^History~. It takes 10s or 20s seconds for a single query!

One more issue is about the cleaner. Figure 7 gives some insight to the cost of this process. We

Figure 6. Backissue query time cost. (a) Full - ranged search on acce ss time; (b) 5% - ranged search on access time

(a)

0

0. 02

0. 04

0. 06

0. 08

0. 1

0. 12

0. 14

10 20 30 40 50 60 70 80 90 100

Hi story cove ra ge (MB)

Time (sec)

(b)

0

0. 02

0. 04

0. 06

0. 08

0. 1

0. 12

0. 14

10 20 30 40 50 60 70 80 90 100

Hi story cove ra ge (MB)

0

20

40

60

80

44 52 61 72 85 100

Ca che conte ntvol um e (MB)

Elapsed time (sec.)

1 us er

2 us ers

3 us ers

4 us ers

Figure 7. The effect of cache content volume and number of users on cleaning cost examined two effects: the cache content volume and the number of users assigning web object priorities. It appe ars that the user effect is not significant. Given a cache volume, even the difference between one user and four users is subtle. T he cleaning elapsed time is more sensitive to the cache content volume. With 44

Mb of cached objects, the mean time to clean 15% of the content is 43.8 seconds; with 100 Mb, the average time is 68.8. T he increase in volume is 127% whereas the increase in time is 46%. We mayinfer that the cleaning is a much more expensive process (compared to other operations), but we can probab lyafford it even if the cached volume exceeds 100 Mb. T his requires further testing though.

6 Related Work

All in all, Pachydermis a noveltybased on a collection of good ideas found in existing systems including proxyservers and file systems. We ha ve alreadygiven extensive information in Section 1, 2 and

5.1. T hat is whythis section is so succinct.

7 Future Work

Future work includes the implementation of some ideas that we proposed in this paper but were not implemented in our current version o f Pachyderm(for instance, some hierarchyin storage systemto make aggregation possible, more sophisticated user preference system, cleaning algorithmand prefetch schedule). Also, we need to test the proxycache in a larger scale, both in terms of cache content volume and the number of users in the system.

We would also like to introduce deletion confirmation to the system. T his feature is considered to be important for a user - oriented versioning systemlike Pachyderm. In a conventional proxycache, once a document is chosen for deletion, the systemcan delete it right awaywithout notifying the user because caching is transparent to the user. T his is not true for Pachyderm. With the per - user browsing history, users will relyon the proxycache to keep the ir web documents around. It would be surprising and frustrating to lose these documents without anynotice. We attempt to use deletion confirmation to solve this problem.

Whenever a user has items on the deletion list, Pachydermcan serve a page of deletio n confirmation so that the user will have an opportunityto save it onto the disk if he reallybelieves that page is essential.

T o some extent, this also provides some kind of user training experience. Inexperienced or irresponsible users tend to assign h igh priorities to documents theydo not reallycare much about. As a consequence, theywill see this confirmation page much more often than ^normal~ users when theysurf the web. Gradually, theyshould be able to figure out what is the right wayto cast th eir votes.

8 Conclusions

Here is what we can conclude fromour development and test experience so far. First, Pachyderm is a practicallyuseful system. It provides customizable service on back issues. It promotes effective sharing byincorporating user a ssistance into cache management. Second, it offers reasonable performance. JVM and JDBC overhead is tolerable. Its hit latencyis the lowest compared to that of Squid and WWWOFFLE with cached objects up to 100 Mb. T he scalabilityalso looks acceptable as f ar as we have tested. Finally, using a SQL database as the storage backend seems to be a viable choice. It simplifies the development procedure, improves the system manageabilityand makes the system more extensible and easier to maintain. Indexing turns o ut to be an indispensable part for performance. T he difference it can make often amounts to several orders of magnitude.

References

[1] J. Gray, The Transaction Concept: Virtues and Limitations . Proceedings of VLDB. Cannes, France,

September 1981, 144 - 15 4

[2] James J. Kistler, M. Satyanarayanan, Disconnected Operation in the Coda File System. 1 3th

Symposiumon Operating Systems Principles, Asilomar, California, pp. 213 - 225. October 1991.

[3] Douglas S. Santryet al. Deciding When to Forget in the Elepha nt File System . Proceedings of the

Seventeenth ACM Symposiumon Operating Systems Principles, December 12 - 15, 1999, Charleston, South

Carolina. Pages 110 - 123.

[4] http://harvest.transarc.com/

[5] http://www - 4.ibm.com/software/webservers/edgeserver/

[6] http://www.apache.org/

[7] http://www.cisco.com/warp/public/cc/pd/cxsr/500/index.shtml

[8] http://www.f5.com/solutions/whitepapers/edgefx.html

[9] http://www.gedanken.demon.co.uk/wwwoffle/

[10] http://www.microsoft.com/proxy/

[11] http://www.netplicat or.com/

[12] http://www.robtex.com/viking/main.htm

[13] http://www.spidercache.com/

[14] http://www.squid - cache.org/

[15] http://www.vicomsoft.com/softrouter/sfr.main.html

[16] http://www.web - caching.com/