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ABSTRACT

This paper presents a new approach for consistently
caching dynamic Web data in order to improve
performance. The algorithm, which we call Data
Update Propagation (DUP), maintains data
dependence information between cached objects and
the underlying data which affect their values in a
graph. When the system becomes aware of a change
to underlying data, graph traversal algorithms are
applied to determine which cached objects are
affected by the change. Cached objects which are
found to be highly obsolete are then either
invalidated or updated.

1. INTRODUCTION

Many Web sites today have an increasing
need to serve dynamic content. Dynamic content is
important for Web sites that provide rapidly
changing information, e.g., sports Web sites must
provide the latest information about sporting events,
and financial Web sites must provide current
information about stock prices. If the pages for such
Web sites are generated dynamically by a server
program that is executed every time the pages are
requested, the program can return the most recent
version of the dynamic content, whereas if files are
created to serve the pages statically, it may not be
feasible to keep the files up to date. This is
particularly true if there are a large number of files
that need to be frequently updated. Dynamic content
is also important for creating Web pages on the fly
from databases. Search engines satisfy queries

dynamically  from  databases. Web  pages
corresponding to product catalogs are often created
dynamically ~ from databases. Information

personalized to individual users is also frequently
created dynamically.

2. REDUCING DYNAMIC DATA OVERHEAD

2.1. Caching: Caching has been successfully
deployed to improve Web performance for static
content, but dynamic objects are harder to cache
because they change frequently. The DUP
algorithms are developed to solve problems related
to determining what dynamic pages should be
cached and when a cached page has become
obsolete. The analysis shows that, despite the higher
update rates for dynamic content, the number of
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requests for popular dynamic pages far exceed the
number of updates to those pages. Hence, judicious
use of caching can significantly reduce the number
of times such pages have to be regenerated by a
server.

2.1.1 Data Update Propagation Algorithm: Data
update propagation (DUP) determines how cached
Web pages are affected by changes to underlying
data which determine the current values of the
pages. For example, a set of several cached Web
pages may be constructed from tables belonging to
database. In this situation, a method is needed to
determine which Web pages are affected by updates
to the database. That way, caches can be
synchronized with databases so that they do not
contain stale data. Furthermore, the method should
associate cached pages with parts of the database in
as precise a fashion as possible. Otherwise, objects
whose values have not changed may be mistakenly
invalidated or updated from a cache after a database
change. Such unnecessary updates to caches can
increase miss rates and hurt performance. DUP
maintains correspondences between objects which
are defined as items which may be cached and
underlying data which periodically change and
affect the values of objects. Although an entity may
be both an object as well as underlying data, objects
and underlying data could also be different, which
would mean that underlying data are not cacheable.
In this system, caches may contain both entire
HTML pages and fragments of HTML pages. It is s
possible for a cached HTML fragment f to affect the
value of cached HTML page. In this situation, f
would constitute both an object and underlying data.
In a simpler system, caches may consist entirely of
HTML pages and underlying data may consist
entirely of parts of databases. In n this case, the
underlying data and objects would d be disjoint. The
system maintains data dependence information
between objects and underlying data. When the
system becomes aware of a change to underlying
data, it queries the dependence information which it
has stored in order to determine which cached
objects are affected. Caches use dependency y
information to determine which objects need to o be
invalidated or updated as a result of changes to
underlying data. The cache architecture centers
around a cache manager which is a long-running
daemon process managing storage for one or more
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caches. Application programs communicate with
cache managers in order to add or delete items from
caches. Application programs are also responsible
for communicating data dependencies between
underlying data and objects to cache managers. Such
dependencies can be represented by a directed g
graph known as an object dependence graph (ODG),
wherein a vertex usually represents an object or
underlying data. An edge from a vertex u to another
vertex v denoted (u, v) indicates that a changes to u
also affects v. Node u is known as the source of the
edge, while v is known as the target of the edge. For
example, if node go2 in Figure 1 changes, then
nodes go5 and go6 also change. By transitivity, go7
also changes s. Edges may optionally have weights
associated with them which indicate the importance
of data dependencies. In Figure 1, the data
dependence from gol to go5 is more important than
the data dependence from go2 to go5 because the
former edge has a weight which is 5 times the
weight of the latter edge. Weights are correlated
with the importance of data dependencies.

:

Figure 1: An object dependence graph (ODG).

In many cases, the object dependence graph
is a simple object dependence graph having the
following characteristics:

e Each vertex represent ting underlying data does
not have an incoming edge.

e Each vertex representing an object does not have
an outgoing edge.

e All wvertices in the graph correspond to
underlying data (nodes with no incoming edges)
or objects (nodes with no outgoing edges).

¢ None of the edges have weights associated with

them.
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Figure 2: A simple object dependence graph.

212 DUP for Simple Object Dependence
Graphs: The application program must determine
an appropriate correspondence between underlying
data and vertices of the object dependence graph G.
For example, a vertex corresponding to underlying
data may represent a database table. Another vertex
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corresponding to underlying data may represent
portions of several database tables. There are no
restrictions on how underlying g data may be
correlated with nodes of G. The application program
has freedom to pick the most logical and/or efficient
system.

Each object has a string obj_id known as
the object ID which identifies the object. Similarly,
each node representing underlying data has a string
ud_id known ass the underlying data ID which
identifies it. The application program informs cache
managers that an object has a dependency on
underlying data via an API function:

add_dependency(obj id ,ud_id)

Whenever underlying data corresponding to a node
in G changes, an application program notifies cache
managers via an A API function:

underlying_data_has_changed(u ud_id)

The cache managers then invalidate all
cached objects having dependencies on underlying
data. Referring to Fig 2,
underlying_data_has_changed(ud4) would cause 02
to be invalidated. The function call:

underlying_data_has_changed(ud2) would cause
both 01 and 02 to be invalidated. Cache managers
maintain cache directories containing information
about cached objects. Directory information for a
cached object with one or more dependencies on
underlying data includes the object ID and an
incoming adjacency list containing all underlying
data ID’s corresponding to underlying data which
affect the value of the object. Figure 3 depicts the
incoming adjacency lists corresponding to the graph
in Figure 2.Cache managers also maintain hash
tables containing pointers to outgoing adjacency lists
for nodes in G corresponding to underlying data.
Hash tables are indexed by underlying data ID’s.
Each outgoing adjacency list contains the object
ID’s of objects whose values depend on the
underlying data represented by the underlying data
ID.
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Figure 3: Incoming adjacency lists corresponding to
the graph in Figure 2.

<<ACEEE



REVIEW PAPER

International Journal of Recent Trends in Engineering, Vol 2, No. 4, November 2009

Hash Takle

wd4d o Craa

"

Figure 4: The hash table corresponding to the graph
in Figure2.

Figure 4 depicts the hash table corresponding to the
graph in Figure 2.
An invocation of the API function:

add_dependency(obj_id,ud_id)

adds a new edge to G by adding obj_id to the
outgoing adjacency list for and to the incoming
adjacency list for obj_id An invocation of the API
function:

underlying_data_has_changed(ud_id)

is implemented by invalidating all objects on the
outgoing adjacency list for ud_id. It is sometimes
desirable to delete nodes from G. For example, all
dependencies underlying data node could become
obsolete in which case the node would no longer be
needed. Similarly, an object could go away which
would make its node in G unnecessary. Object nodes
are removed from G by removing the object ID from
outgoing adjacency lists for all nodes on the
incoming adjacency list for the object and removing
the incoming adjacency list for the object.
Underlying data nodes are removed from G by
removing the underlying data ID from incoming
adjacency lists for all nodes on the outgoing
adjacency list for the underlying data node and
removing the hash table entry for the underlying
data node.

2.2. Prefetching: One of the key techniques use to
obtain high cache hit ratios is to calculate and cache
new versions of frequently referenced pages, relative
to their update characteristics, immediately after it is
determined that the pages are obsolete instead of
invalidating the pages and waiting for them to be
loaded on demand. Consequently, once a frequently
requested page is cached, the large number of future
requests for he ge always result in a cache hit. This
technique is effective because popular dynamic
pages are often requested far more frequently than
they are updated, as demonstrated by analysis of
request and update patterns. In more recent HAWS,
whenever data changed, the DUP algorithms are
used to first identify the pages affected by the data
change. The appropriate pages were regenerated and
the stale pages replaced in cache in a single atomic
operation. Cache misses were almost never
observed; therefore, even during peak periods, the
system was not particularly busy and had
considerable excess capacity. When a page changed,
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the system would regenerate the page once and store
the updated page in multiple caches.

3. PERFORMANCE ANALYSIS:

3.1 Performance measurements from an actual
system:

For performance measurement of the system, we
used Web Tress benchmark. The benchmark sends
requests to the system. It acts as simulated web
browser. It is capable to use 10 simulated web
browsers. The test was conducted for 3 minutes by
using 10 clients. Each client sent random requests to
the web server. The test was conducted as follows.

1. Test in which the requests for dynamic pages
were made to web server without using cache
manager.

2. Test in which the requests for dynamic pages
were made to cache manager.

The hits and misses were measured
properly by cache manager. The Web server was
having mixing of JSP and HTML pages. Out of that
we used only two pages for update. Each simulated
client clicked for these two pages. We updated these
two pages after the interval of 2 seconds.

3.2.1 Analysis of the system without using cache
manager: The detailed log of test when it was
conducted without cache manager is given below:
Completed Clicks: 10 with 0 Errors (=0.00%)
Average Click Time for 10 Users: 9 ms Successful
clicks per Second: 1.97 (equals 7,091.11 Clicks per
Hour)

Results of complete test

** Results per URL for complete test **

URL#1 (): Average Click Time 274 ms, 330 Clicks,
0 Errors

Total Number of Clicks: 330 (0 Errors)

Average Click Time of all URLSs: 274 ms.

We observed that without using cache manager the
average hit time was 274 ms. This was because for
each time the client requested a dynamic web page,
the server executed that page and gave reply back.
The Table No.1 shows that, all clients made 34-35
requests out of that each one got 33-3.1 Performance
measurements from an 34 hits. The average click
time was in between Actual System 201-325 ms.
The data transfer rate was in between 14.75 to 23.82
kbit/s.
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User (Clicks Hits Errors Avg Bytes |kbit's
No. Click

Time

[ms]
1 35 340 325 [20,395 |14.75
2 35 34 0 313 [20,395 1535
3 34 33 0 323 19,795 |14.86
4 34 33 0 308 [19.795 [15.59
B 35 40 267 [20,395 |18.01
) 34 34 0 262 [20,395 (1830
7 35 340 241  [20,395 ]19.91
8 35 340 230 [20,395 R0.90
g 34 33 0 228 19,795 P1.08
10 pB5 34 0 201 [20,395 P23 82

Ta

ble No. 1: Result per user without using cache
manager.

3.2.2 Analysis of the system using cache manager:
Now detailed log of test when the test was
conducted with cache manager is given below. The
considerable change has observed. In this test the
requests were made to cache manager. We used one
dynamic page for analysis. The clients were used to
request that page only. It was also considered that
the page modifies after 2 seconds. Thus,
continuously the updated after the interval of 2
seconds and requests were made to that page. All
client clicks resulted in cache hits. Only for two to
three times the requested page resulted in miss, this
was due to the delay in invalidation and updation of
the page in cache.

The detailed analysis of the system using cache
manager is given as follows:

** Results per URL for complete test **

URL#1 (): Average Click Time 5 ms, 350 Clicks, 0
Errors

Total Number of Clicks: 350 (0 Errors) Average
Click Time of all URLs: 5 ms
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Figure5. Click Time, Hits/s, Users/s without using
cache manager
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ure6 :Click times and Misses without using cache
manager

It is observed that by using cache manager
and successfully updating dynamic pages in cache
by using DUP algorithm, the average hit time is 5
ms. All client requests were successfully satisfied
from cache. There were no cache miss, though the
dynamic page is made obsolete in cache and
requested from the server for each 2 seconds time
interval.

The Table No.2 shows that, made 37-36
requests out of that each one got 35-36 hits. The
average click time is in between 4 -10 ms. The data
transfer rate is in between 489.73 to 1,092.09 kbit/s.

User Clicks Hits Errors |[Avg. Bytes [kbit's
No. Click

Time

[ms]
1 37 36 0 10 [21.600 489.73
2 37 36 0 4 21,600 [1,075.26
21.600 [1,071.74

21.600 |1,092.09

o 36 35 0 5 21.000 [1,010.80
] 36 35 0 5 21.000 960.56
7 36 35 0 5 21.000 [1,019.49

21.000 |1,052.72

2 36 35 0 21.000 [953.34

LN

10 pB6 35 0 21.000 |1,020.85

Ln

Table No. 2: Result per user using cache manager.

The time taken by first test was 90,497 ms and the
total clicks made by clients are 330, the average
click time is 274 ms. Whereas the time taken by
second test which was carried out by using cache
manager is 1824 ms and clicks made by the clients
are 350, while the average click time is 5 ms.
Comparing two tests it is found that the
page was difference between average click time is

<<ACEEE



REVIEW PAPER

International Journal of Recent Trends in Engineering, Vol 2, No. 4, November 2009

269 ms and the difference between data transfer rate
is 954.60 kbit/s.
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Figure 7. Click time, Hit/s, Users using cache
manager
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Figure 8. Click time and Misses using cache
manager

4. CONCLUSION:

The system presented is general multitier
architecture and a set of algorithms that have been
deployed for high-performance serving of dynamic
content to many clients at HAWS. This system
design is based on analysis of the properties of the
request and update patterns at HAWS environments
and on the analysis of the performance properties of
the architectures and algorithms. Analysis of the
system design based on data and measurements from
real deployments at HAWS demonstrate significant
performance benefits, which have proven to be
consistent with considerable experience using this
system design at subsequent HAWS. In particular,
the system is able to achieve cache hit ratios close to
100% compared with 80% for the system which did
not use these architectures and algorithms. Proper
deployments result in cached data which is almost
never obsolete by more than a few seconds, if at all.
Moreover, this system design serves dynamic
content at the performance level of static content.
There has been heavy demand for technologies to
ensure timely delivery of fresh dynamic content to
end-users. Fragment based generation and caching
of dynamic web content is widely recognized as an
effective technique to address this problem. Manual
fragmentation of web pages by a web administrator
or web page designer is expensive and error-rone; it
also does not scale well. A fragment is considered to
be interesting if it is shared among multiple pages or
if it has distinct lifetime or personalization
characteristics. This scheme is based on analysis of
the web pages dynamically generated at given web
sites with respect to their information sharing
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behavior, personalization properties and change
patterns.

5. FUTURE WORK:

There are a number of future research directions to
extend and improve this work.. The present system
is having only one cache and all clients
communicate with that cache. It is also possible that
the design can have multiple caches. Each cache
containing the same copy of the object. When
underlying data changes all copies of object in all
caches invalidates and the new object copy is
updated in all caches .Thus, multiple caches can be
used for speedup and fast delivery of web content to
the clients.
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