A Hybrid Strategy for Caching Web Search Engine Results
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ABSTRACT . -
Table 1: Main characteristics of the query logs used.
This work discusses the design and implementation of an efficient ["QueryTog| queries | distinct queries| date

caching system aimed to exploit the locality present in the queries [Tiscalil | 1.352.079 626.885 March 2001
submitted to a Web Search Engine (WSE). We enhance previous | Tigcali2 3:278:211 1,53é,934 April 2002
proposals in several directions. First we propose the adoption of | Excite 2,475,684| 1,598,908 | September 1997
a hybrid strategy for caching, and then we experimentally demon-
strate the superiority of our hybrid strategy. Further we show how
to take advantage of the spatial locality present in WSE query logs
by exploiting a sort of adaptive prefetching strategy.

of the queries submitted to the Tiscali WSE engine (www.janas.it),
andExcite a publicly available trace of the queries submitted to the
. . . EXCITE WSE (www.excite.com) (Table 1). Our analysis shows
Categories and Subject Descriptors that a) there are a certain number of queries which are frequently

H.3.3 [Information Storage and Retrieval]: Information Search ~ 'equested, and b) given a request for tfte page of results, the

and Retrieval-Search proces®.2.8 [Software Engineering: Met-  Probability of having a request for pagé + 1) in the future is
rics—performance measures about0.1 for i = 1, but becomes approximately5 or greater for

1> 1.
Keywords

Caching, search engines, query log analysis

3. OURHYBRID CACHE

Several works have been proposed in these last years about caching
of WSE results [3, 1, 2]. Markatos already studied pure static
1 INTRODUCTION ) ) ) o caching policies for WSE results, and compared them with dy-
_ In this wor_k, we are |ntere§ted in studying effectlve_ policies an_d namic caching ones [1]. The rationale of adopting a static policy,
implementations for server-side WSE caches. In particular, we will \yhere the entries to include in the cache are statically decided, re-
analyze the behavior of a one-level cache in terms of miss and hit jies on the observation the most popular queries submitted to WSEs

rate. . ) ] do not change very frequently. On the other hand, several queries
We propose a novel hybrid replacement policy to adopt in the are popular only within relatively short time intervals, or may be-
design of our cache. According to our hybrid caching strategy, the come suddenly popular due to, for example, un-forecasted events
results of the most frequently accessed queries are maintained in ge g. thel1'* September 2001 attack). These considerations sug-
static cache of fixed size, which is completely rebuilt at fixed time gested us to adopt a hybrid (static+dynamic) strategy for caching
intervals. Only the queries that cannot be satisfied by the static query results, where the results of most popular queries are main-
cache compete for the use of a dynamic cache. Our hybrid cachetained in a static cache, and only the queries that cannot be satisfied

represents an effective and fast way to address tgatbncy and  yith the content of the static cache compete for dynamic cache en-
frequencyof occurrences criteria. While the static cache maintains rjes.

results of queries that are globally frequent, a simple and fast policy oy caching system processes a query of the feywords,
like LRU, which only takes into account query reference recency, pageno), and if the corresponding page of results is not found in

could be adopted for the dynamic cache. the cache, it forwards to the core query service WSE an expanded
query, requesting consecutive pages starting from pgggeno,
2. ANALYSIS OF THE QUERY LOGS wherek > 1 is theprefetching factor

In order to evaluate the behavior of different caching strategies ~Prefetching clearly involves additional load on the WSE, and
we used query logs from the Tiscali and EXCITE search engines. Might negatively affect the replacement policy adopted, since a

In particular we usediscalil, and Tiscali2, two different traces ~ MiSS causes the replacement of several pages with new pages till
. not accessed. In order to maximize the benefits of prefetching, and,
Copyright is held by the author/owner(s).

WWW2003May 20—24, 2003, Budapest, Hungary. at the same time, reduce the additional load on the WSE, an ef-
ACM XXX. fective heuristic to adopt is to prefetch additional pages only when



the cache miss has been caused by a request for a page different Query log: Tiscali2, Policy: LRU, Cache size: 50000
from the first one. In this way, since the prefetched pages will be Mode: constant prefetehing factor
actually accessed with sufficiently high probability, we avoid to fill Factor1 -
the cache with pages that are accessed only rarely and, at the same 2y Factor.5 e |
time, we reduce the additional load on the core query service of the e

WSE.

4. EXPERIMENTAL RESULTS

Since our hybrid caching strategy requires the blocks of the static
section of the cache to be preventively filled, we partitioned each
query log into two parts: &aining setwhich contain®2/3 of the
queries of the log, and &st setcontaining the remaining queries

% Hit-rate

used in the experiments. Thé most frequent queries of the train- 0 02 04 0.6 08 1

ing set were then used to fill the cache blocks: the fitst:ic - N f st @
most frequent queries (and corresponding results) were used to fill Ty I e e e Size: 50000

the static portion of the cache, while the followiilg— fstatic) - N 52 : :

queries to fill the dynamic one. Note that, according to the scheme Facior3 g g

above, before starting the tests not only the static blocks but also | Faors x P e, B

the dynamic ones are filled, and this holds even when a pure dy- 8| o “ ]
namic cache fs:q:ic = 0) is adopted. In this way we always starts 46 e

from the same initial state to test and compare the various possible
configuration of our hybrid cache, obtained by varying the factor
fstatic-

Figure 1 shows the hit rates achieved on Tiezali2 query log
by varying the percentage of cache used as sfatig.., and the
prefetching factok, whose tested values were 1 (no prefetching),
3,5and 7. The replacement policy adopted for the dynamic portion 0 02 0a 06 08 1
of the cache was always LRU. We chose the LRU policy because f static (b)
our tests demonstrated that while for cache organizations where the
number of dynamic cache blocks predominates (i.e., small values Figure 1: Hit rate for different prefetching factors as a function
Of fetatic), the LRU-2S FBR or LRU/2replacement policies out-  of the ratio between static and dynamic cache entries: (a) with
performLRU and2Q, the opposite often holds when the percentage constant prefetching factor, and, (b) with adaptive prefetching
of static cache blocks is increased. factor.

Figure 1.(a) refers to tests conducted by maintaining the prefetch-
ing factor k constantfor all the pages requested. Conversely, the
curves reported in the plot of Figure 1.(b) are relative to tests con-

ducted by prefetching additional pages only when a cache miss is

% Hit-rate

of our cache. In particular, since we noted that the most popular
queries that are submitted to a WSE do not change very frequently,
: ¢ we maintain these queries and associated results in a read-only
caused by a request regarding a page of results different from thegiatic section of our cache. Only the queries that cannot be satisfied
first one, i.e., by employing thedaptiveheuristic discussed above. e static cache section compete for the use of a dynamic cache.
From both the plots we can see that prefetching is able 10 ef- the penefits in adopting our hybrid caching strategy were exper-
fectively exploit spatial locality present in the logs: we obtained re- jmentally shown on the basis of tests conducted with three large
markab!e improvements in the.cac.he hit rate. On the other hand, byquery logs. In all the cases our strategy remarkably outperformed
comparing the curves plotted in Figure 1.(a) and 1.(b), we can see, oy static or dynamic caching policies. We evaluated the hit-rate
that while the constant prefetching slightly outperforms the adap- achieved by varying the percentage of static blocks over the total,
tive prefetching heuristic when our hybrid strategy is used, the 0p- 6 sjze of the cache, as well as the replacement policy adopted for
pos?te holds for a pure dynamic cache. Hc_Jwever, this higher h_it rate e dynamic section of our cache. Moreover, we showed that WSE
achieved by exploiting constant prefetching must be paid with an o,y jogs also exhibit spatial locality. Users, in fact, often require
huge increase in the load on the core WSE query service. By profil- subsequent pages of results for the same query. Our caching sys-

ing execution, we measured that fa:ic = 0.8, inthe case of a 1o takes advantage of this locality by exploiting a sort of adaptive
constant prefetching fact8r only 5.7% of the prefetched pages are prefetching strategy.

actually referred by the following queries, while when the adaptive
prefetching heuristic is adopted (with,,.. = 3), this percent-

age increases up #5%. We can thus conclude that the proposed 6. REFERENCES
adaptive heuristic constitutes a good trade-off between the maxi-
mization of the benefits of prefetching, and the reduction of the
additional load on the WSE.
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