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ABSTRACT

This thesis describes astrategy for multi-keyword search inpeer-to-peer systems. Multi-
keyword search in a peer-to-peer ‘system based on DHT with-single-term indices causes high
amounts of traffic due 'to the intersection operation of distributed inverted lists.- Indexing by a set
of keywords (term set) is one possible solution to reduce the communication cost. However, as the
number of terms for each set increases, the number of possible term sets increases tremendously.
Index pruning partly solves the problem, with the cost of reduced recall rate. This. thesis, describe
a strategy to search for documents by taking advantage of statistical information which is obtained
during indexing for getting more completed document result, The results showed that the recall

rate increased and the communication cost is lower than normal search from the pruned index.
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Algorithm: Index generating and pruning
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-Ab:tmct—Multi kéyword search.in: ‘a- P2P repository system
} ;: aﬂic cost ‘due to intersection
operation. of distribufed thverted H$ts. Indexing by a set of
Kkeywords- (term 'sef) isione possible sclution to reduee the cost:
‘However, as:the mmiber of 'terms for each set increases, the
cases. tremendously lndu

I | INTRODUCTION:
Ther are_genemlly o searchmg appxoaches m the P"P

€ ab e to locate matchcs
ever DHTs.may demand
conteﬂt and’ @{ecutmo
complicated:searches, such a8 thiose:with multiple keywords

[11:

While-a:multizkeyword query ‘s commonly: supported by a
centralized documentiweb search engine, supporting such
feature in B2P, systems’ refnain achallengiig issue. Existing
,P"P retneval mechamsm SENer; ly us¢ DHT to. independently
- ent/node AcToss

i ! _.i»‘¢0$t; a
“set.of terms to

ersection operation

978:1-4673-4853-9/13/$31.00 ©2013 TEEE:
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keywords;: query: keywords must- be.

r,xcduce a tenn-set mde*c size, Chen [7] prop‘osed the' TSS.
y t

across a network. However, such-approach can. increase. the
index size significantly when a set of tliree or more keyword
terins needs to beindexed.

Toreduce an index size, Chen [2] proposes.an .index
pruning-method. With this-method, only relevant documents/
term sets are retained. The-trade=off:is that a.vecall.rate is
reduced. Also, inipractice,-only term:sets of the. small,number
of keywords may geb i ed. to-avoid.an excessively large
index. For example, o "Or-Mmore keywoxds the number
of term.sets grows: significantly. When an mdeﬂ( offtwo-
keywond term-sefs is uscd‘;for a query (

keyword pairs for independent sear ches As will be shown
later; splitting. keywords-inappropriately can:further: rg:dug:uw_
arecallrate,

Due to_this shortcoining, we, presedt in tiis papet an:
efficient term-set based index 'searchitig strategy with 4 two-
term index  applied to queries-confaining. three .or more
keywords. Experiment was, performed;using: the CISI coliection,
data set {11] to evaluate the performance- of . the proposed
method:

1. RELATEWORK

There are several.tesearches on a multiple keyword search
ina structured P2P.network: Reynold and . Vahdat [6] propose
a search technique using-a Bloon filter [7] Instead of .the list
document-ID; bit array is;used to reduce search cost. Glien. [3]
optimizes a bloom filter to reduce-false positive rate’ by pre
computing stafistical “information of keyword. Gnawali [4]
partition “index by a set ofkeyword to reduce the-tiumber of.
connection nodes. Sitilarly, Clemnents [10] use termwsets for
indexing metadata, Howeyer, an.enormous;iiidex sizexmake-a
simple implementation for' a contenit file .impractical. “To

4'schcme to 'rank the

indexing document. T

pr opagate the statxstxca

which i is: layered on top- oﬁDHT



Generally, a tenn-set index cannot include term-sets
generated. from all combmanons -of terms. Doing so will
increase an index: ‘size significantly. ‘With the mdex being
restricted--to only;,
fliree or more:keywords needs tobe split into queries- with.
smialler numb of kéywords, For example, let A, Band. Cbe
'tl'u_:.kgngx rocessed with.a two-keywoxd
keywords need to be splitinto
ent searches to ‘be
Sirlfs ar'e then aggrégated. “Thete is‘tiore Hian
one possibility -for: :such, keyword-split did aggregation
operation, e.g., ABNAC, ABNBC, and ACNBC. Without.
index pruning, any choice of such operatxon yields the same
result. However, with.a pruned. index, this is not the case. For
example, if A is a.bad keyword. (in.a- sense that it is.a. generic
term and thus. gives Jow TExIDF value), with the choxce of
ABNAC opérdtion, somé -relevait documerits <containing

stronoex kwwox ds of B: and €. mriaynot: appeal Hit an. aggre eaated.

aoomoatlon peration -is deseribed. With:tre px oposed scheme
noticeable itnprovément in termis-of recallirate. is. obtained as
compared with .a mietliod based.on:random:. selection arong
possible choices-of the operation.

L MULTEKEYWORD SEARCH USING A TERM-SET BASED

INDEX

A Term set generahng

2,/ <AC, d.>; and <BC_
ywords for-edch terin set is-
limited to two, to avoid. excessive increase of index.size. To
generate: possnb le.tevm sets, single keywords dre fiist extracted
from documents, in'a col]echon All- possxble pairings of the
extracted smole kcywoxds who numberis denoted by 11y are
used as twosword telm sets (of wi ich number is C(n, 2)).

B. Terni setpruning:
Aft terif-set listis obtamed index: pmnmo is:performed
using TE-IDF a5 follows:

] Compuie the, Term-Fiequengy (TH. A weight -of a
keyword: t_fgr cach documer iscomputed from a Term-
Frequency: (TF) by the following -equation.

Wy =TE, 21+10g(7;.,) (L

where f :is. the.numbes, of times-that tenm &.appears in

documeiit.d:

2 Compute the Iiverse. Docr i-Frequeicy. (YDF)" ‘Eai-

says, ‘twokeyword: termsséts, a- quety of”
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(M), and the number of dociunents containing the tenn-£ (f; ).
Caleulation is performed:by using the following equation.

"y, =IDF = log(1.+—:1%) @
I3

3) Compige a similarity: (or corrélation). between the
document d and .a term set-s' by (3).

sim(5;d) = M 3)

JIsixldi

From.Eq. (3) with. a-chosen pruriing parameter 4., a tenn
set s-is discarded ﬁom_the.md ~ifits similarity value.is: ranked,
belowthe top Anlog(n) tem:s ts

: Algorithim: Index generatingand pruning
input: document:vector
output: pruned term-set vector
for each document din collection
¢ number of terms:ind
§< combination of terms in d (C(1,2))
for each term-set.s
[ {TF,I, TH3}
wI  —{IDF,,IDF,,}
Sinyg .ﬂm(ud o Weg)
end for
rank {.sin, s’ 3} in.a descending
truncate:{ sing, 4-¥ at position that less than.top
Andog(hl)
end for

Figure 1. Fndex generating and pruning algorithm.

C Kevword'searc’h‘sirtdegy

As explained before, svlien a-P2P node receives a: query
containing  three “or more ‘Keywords, ‘a keywoxd-spht and
aggregation operatioil needs ta-be perfornied.- The proposed.
multi-keyword search strategy is.related to the- keywo:d split
part of thre operation. Thie miethod-is-explained below.

{} “Choosing a representative kevvord: Here, a
representative keyword.is a keyword that is less commonly
found in other. documents, By using the TEXIDF weighting
scheme, it is “a keyword lhat has lu.h TF)JDF value
Therefore; any term-setwi y
tol be preserved diiring _pr.unm_g_ Keyword splitting: s
pecformed asTollews: ’

@ __Gettingthe score
for (01 calculate) it ind. |d f
‘Then compute TFAd| -and:; nk~ﬂleresult in. descendlm7 order

b Reyuo;d selection: Select-only the first' 10% of the
ordered:result: from tlie. previoussstep. Compute-the average
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value from the selected TF/d). Chioosing a keyword which has
the highest averaged TF/|d] as a represeritative keyword.

¢) Keyword. splitting: A representative keyword must
appear in any-keyword pair-as a result of keyword splitting.
For example, if a query contains keywords 4, B, C, with C
being the representative keyword, the query is split into CA
and .CB respectively.

2) Searching and aggregating- the result: When a
keyword:split operation is- completed,. the search and
agaregationis performed-as-follows;

a) Searching: For each queiy (keyword-split), the
keyword dre softed and hashed'to be d Key, the lookup service.
(DHT) will use.a key to fetch.a"dociiinent on a term-set index.
After thiaf, the document of -each' ‘query will have been
dggregated by the intersection operation:

b)  Result ranking: For-eath doctiment result, combining
a TF-IDF value of each-keyword and compute a similarity
score to rank documents-by their relevance.

IV. EXPERIMENTALS

In fliis section, results from flie-evaluation-of the proposed
-umltl-keywoxd search strategy are repomd The. experiments
were conducted using the CISI 111 colfection of infornation
science abstracts. The._conteits consist-of 1460 doctiments;and
5540 tenns.

For the query -wotk load, we cut stop-word and selected.the
televant 3-5 keywords based-on Term- Frequency (TE) from
1460 documents. Examples of queries used-in the experiments
are: “distribution. efficiency. indexiig”,  “retiieval analysis
effectiveness”, The melric used to evaluate search perfonmance
are recall and precision.

In theé experiments, documents wete:randomly chosemzand
‘agsigned to each node, from: where:a local index. was generated.

‘The. search. pexfoxmance was' compared witli that of a simple:

keyword-splifting. method, wiit
performs.a keyword-splitting. op
results from all:possible randor ord- spll!tmo pattemswas
used. to tepresent the resuli fiom the simple lx\eyword-spllttlm7
method (see Section I for an’illustrative example). Recall and
precisionrates were computed.using the following equations.

ﬂ)lh‘mlly ot trandomly
jon: The averaged value of

| {zefevant docs}-{retrived docs} |

recall =
\ [{Felevantdocs}

)

| {relevant docs} n{retrived docs}
| {refrived docs}|

precision =

)

In the second experlment, 163 queries were randomly
selécted from 1460- queéries, caéh. of which yxclds no fewer
than ten;retrieved document.items. The. precision rate-was
computed from- the top-ten ranked retrieval results.The
performance of the’ proposed method was compaxed with that
of the: TSS: method

34

The TSS term-set size limit is 3. We used three terms’in a
query for comparing the TSS method with our method.
This Dq)erunent shows that our apprmch ‘has higher Recall at
all index size in Fig 2. Also, as shown in Fig.3, our approach
has higher precision rate.
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V. CONCLUSION

In this paper, a search'strategy for-processing a query of
three or more keywoxds, using.a. two-keyword-tenm-set index;
has' been described. The me od: utilizes TF-IDF weighting
scheme. For the query of tlifee ér inore keywords, a. keyword-
splitand aggregation operation mustbe pexformed A stiategy

fora: l\eyword-splxt part.of’ the opeération tliat yi€lds improved
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recall rate has been descr ibed. <Experimental results cornifirm:tire
itnprovement gained by-the prop osed methiod:
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