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% rrea+t many autcmatic indexirg methods have been implemented and
& P

evaluz=el cver the last few years, and automatic procedures comparable
ir effectiveness to conventional manual ones are now easy to generate.

+re available automatic indexing methods are the absence

indexing process, and the lack of

£fectiveness of the proposed

The precﬁsion weighting procedure described in the present study uses
re.evance criteria to weight the terms occurring in user queries as a
 faneziza of the balance between relevant and nonrelevent documents in which
these terms occur; this approximates a semantic krow-how of term importance.
Formal mathematical proofs are given under well defined conditions of the

effectiveness of the method.

The basic components of an automatic reference retrieval system are now
well understood. Documents and user queries are generally represented by

vectcrs of terzs (descriptors, keywords, concepis, etc).  Typically a given
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document Di {query Qk] might

[q 4> Gygs +-+s Ggpd), where

Di [Qk]’
“or each document D, and query Qk’ a similarity function E&(D

can be computed to represent the closeness between the Juery and the cerrespending

cocument. For retrieval purposes, the similarity coefficients between the

documents and a given user query can then be utilized to arranze the documsnts

in decreasing order of the similarity functions, followed by thz retrieval

of those documents whose query-document similarity exceeds a givan t%resholi T.

: 2

Given a ranked list of dccuments in decreasing query-docu

order, and a knowledge of the relevance, or nonrelevance, of ez

respect to the query, it is possible to compute recall and pr

for varicus levels of the retrieval threshold T. Recall and rrecisicn ere
: .

retrieved items that are relevant, respectively, and a good retrlieval
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one which for most user queries produces acceptable values ¢ cre
levels of recall. By processing the same user query set in several ¢ifferent
modes against a given collection, and computing recall and precisicn values
averaged over the set of queries in each case, it is possible tc ascerzain

the relative -effectiveness of each processing mode.

Consider now the problem of generating the document and query vecticers,

that is of choosing appropriate terms and term weights, czpatle cf rezresenting

document and query content. A large rnumber of autcmatic inle xing. strategle

0

are available for this purpose, among which the follewing appear most

attractive: [1-5]



a) good index terms occur in a given document collection neither too

frequently, nor too rarely;

E) terms which occur in “oo many decuments and are therefore likely
tc produce inadequate retrieval precision should be combined with
cther appropriate terms to form term phrases;

c) terms which occur in too few documents and are therefore likely to
produce inadeguate recall should be incorporated into thesaurus

. classes, and the thesaurus classes should be assigned for content

boe

instead of the individual terms;

d) <he Less terms are those which occur with high frequency in certain
documents (high term frequency), but whose overall frequency across
the documents of a collection is fairly low (low document frequency)}

tnl5 sizgests a term weighting function which varies directly with

tern freguency arnd inversely with document frequency. :

Te
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[

s not 2ifficult to show performance improvements when one or more of
the foregoing indexing devices are incorporated into an actual retrieval process.

However, the evidence concerning the effectiveness of a given systenm is
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g
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selly on experimental evidence, reflectzd in recall and precision

neasuren: such measurements may show a high average performance, even when

the results are poor for certain queries, or for certain recall levels.

This cuggests two principal drawbacks of the current work in automatic

2) the semantic, or linguistic aspect of the role of individual terms or
concepss in query or document texts is given up in favor of formal

s such z

Y

5 their frequenzy distributions, or their

lozaticon in the body of a text;



b) the approach toward measuring retrieval effectiveness is
experimental in nature, and no attempt is made to produce
mathematical proofs of the superiority or inferiority of cone

method over another. -

In the precision weighting method to be described in the rerainder
of this study both of these objections are remedied to some extent. The
linguistic aspect is introduced by distinguishing among the text words
on the basis not onlyvof frequency characteristics, b;t also of the
document type in which the terms occur, that is, whether a term occurs
primarily in documents identified as relevant to a given user query, cr
whether on the contrary the term prevails among the norrelevant. A
precision weight attached to each query term is then used as a partial
indication of the linguistic characterization cf the terms.

Given such a precisidbn weighting system, and an assumption concerning
the distribution of the vocabulary across the documents cf a collection,

formal proofs are then provided that at everv level of »ecall, the precision

weighting system may be expected to be superior to a system in which the terms

in the query and document vectors are unweighted.

2. The Precision Weight Method

Refore embarking on the mathemaéical development, it may be usefui
briefly to outline the proof procedures and the assumptions leading to the
results.

Query and document vectors are assumed to be binary, thet is, d’j (qi4
a 3

]

equals 1 whenever term j Is present in document {query] i, and is ¢ otherwise.



The similarity function s DYetween cuerles and documents is assumed (o
be

s(D¢, Q) = i dis 9

For kirnary vecters, s represents the number of matching terms between the
query and éocu;a.: vectors, resnpectively., '

Tre evaluation of the effectiveness of @ particular method of term
assisnment Is based on a comparison of the retrieval precision at given
levels of the recall. Consider a specified recall level vy, and let IRI
be the “ctal nunber of relevant items for a given query. Then the precision

P at rescall level y may be defined as

Y .
t
YiR]
PY =
Total number of documents to be
trieved in order to obtain Y|R|
relevant ones
Tre cemputation of ?Y makes it necessary to identify the number of

irrelevent documents that must be retrieved for each increase of 1 in the
number of relevant docurments obtained. This in turn requires the following
assumption to be made regarding the occurrences and composition of the

relevant and Irrelevant documents in the collection:

As

umption 1: For each query, the corresponding query terms are

)

assumed to be randomly distributed eacrogcs the set of relevant documents R,

and across the set of nenrelevant documents I. That is, the probability of

occurrence of a given query term . has the came value for all relevant

%

documents in  K; similarly, the value is the same for all nonrelevant

docuzents in I (although the' two prebabilities may differ among themselves).



¥ore formally, consider query Qj with terms {1, 2, ..., m}. Let

r (hj ) be the number of relevant documents (nonrelavant dccuments) centain-
k

jk
ing the kth term of Qj’ réspectively., It is then assumed that the prerallillity
of a relevant (nonrelevant) document containing term jk is equal to

rjk/!K] (hjk/{ll). where |%] (]1]) are the nunber of relevant (number of
nonrelevant ) documents in the collection. ,

Under this assumption, it is easy to show '(see Zppendix 1) that the

expected number of relevant documents containing exactiy the set of query terzs

r. m (
1 9k ST,

]m-L

{jl’ j2t LA ji} is

Rl - r,))

LI o

L

IR

where T1 is the complete set of terms in gquery Qj {2, 2, ..., m} less the
terms occurring in the initial product, that is T.= {i, 2, ..., =} - {

PR 2 eecy
1 <

wi

z

Similarly, the expected number of nonrelevant documents containing exicily Ile

i
LI 7 (I - n)
x=1 Ik 2eT,

Im-i

terms is

|1

It is shown in the next section how expressions (1) and (2) can te used to zcompute
the precision of the retrieval for certain levels of recail, that is, follcwing

the retrieval of a fixed number of documents relevant to a given query.



Consider now the precision weight system. For each term jk
in each query Q., the term precision pr(jk) is defined as
3
rj h.
X Ik
pr(§) = | ——— . (3)
! ixi r
1Ry - s \]I] - h,
k Ik
Cbviously the function of expression (3) assigns high values to query terms
srevalent in the relevant items and rare in the nonrelevant, and vice-versa

prevalent mainly in the nonrelevant

Given the term precisien pr(jk), a term weight pjk can now be assigned

to each query term jk such that

pjk < pjl <> Pf‘(jk) .>. Pr(jl)' ('4)

Using term weignts of the type introduced in (&), it is possible to construct

from each original query Qj a new query Qj* by using the weighted terms

instead of the original ones, that is

It can Le shown (see Appendix 2) that an assignment of term weights exists

conforming o irneguality (u) wi<h the following properties: given two

documents D. and D u and v matching terms with
pe 3

exhibiting respectively

s(D,, Qj*) > (D, Qj*) (5)



whenever 1) u > vj

or ii) u = v, and Di contains a query term not also in Dk
that exceeds in weight any query term in Dk that is
not also in Di'

The seccnd condition implies that when two documents exhibit the same
number of matching query terms, it is sufficient to consider those unique
query terms that occur in one of the two documents, but not in both.

The higher query-document similarity will then be assigned *o that Jocument

which contains the highest weighted query term amcng the unique ones.

More precisely, censider the case for 1 matching query terms out of
J 2

mo . .

m, 1 <iz<m. There are Ci different subsets of m terms each containing
exactly i elements. If the increasing numeric order of the individual
query terms corresponds to decreasing welght order —— the mest highly

weighted term being designated by rank 1, the second most highly wel hted
g8 .

by 2, and so on, down to the mth weighted term — the bz

possible sets of

i matching terms out of m may be designated by vectors rarging from

(1, 2, +2ey 1) to (m-i+1, m-1i+2, ..., m). Such a vecter, considered

as an i-tuple, is known as an entry and can be used to
gntry

determine the order of retrieval. That is, documents whose matching term

set is specified by entry (i, 2, ... i) are retrieved ahead of those with

entry (1, 2, ..., i-1, it+1), and so on, down to those with en*ry
(m=i+1, m=-1+2, ..., m).

For convenience, single entfies may be designated as zerc-level blockss
the set of zero-level blocks which differ only in the right-most digit are
£irst-level blocks; those ¢iffering in the two right-mest digits are second-

level blocks; and so on, down *o the i-th level bleck which includes all

m . . .
Ci entriles. The ordering ameng the entries — top-to-bottom, left cclumn
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Finst — aad the corresponding bicck structure are {liustrated in

=¢. 1In this case the entries range from (1, 2, 3, &) 10

£or ==7 and
(4, 5, 6, 7).. The dlocks are crdered according to their entries, that

is, if E and T are two distinet Jth level blocks containing entries

e ané f respaciively, with e crdered befcre £, then block E

It remains to show that the precision weight method is superior to the
standard query indexing system in which the query terms are not weightud.
The process used for this purpose consists in compuring the searcn precision
£or both the weighted ahd the unwelghted retrieval systems at each recall
level y &nd comparing the results. The search precision in turn depends

on Assumpticn 1 regarding the occurrences of query terms in relevant and

notrelevant Jacuments, respectively, and on the resulting expected number of

retrieved relevant, and retrieved nonrelevant documents for a given nunber of
masching query-document terms (&ppendix 1).

The recall points at which the precision is calculated are cetermined
as follows. Fcr the rrecisfon weight method, the order of retrieval of the

ats — and t

docum

~erefore the ranks of the relevant documents — are strictly
deterzinel Ly the nurbor of matching query-document terms; for documents with
a common number of matching query terms the suborder is by entry number order,
a2s previcusly explained.

nted method, the order of retrieval is alzo in

number of query-documer.t term matches. However, no

decreas

strict ranking exIsts within each set of documents exhibiting a common

nunber of matching query terms. To dcturmine a ranking within each of theue

document subsets, the following assumprion must be made:



ption 2: Let c¢{e¢ > 1) relevant items and g =© nrelevant itens

all exhibit the same coefficient with respect to some guery Q, then It Is
assumed that g/c nonrelevant items are retrieved for each relevant
retriceved. That is, the relevant items occur at even intervals ancng the
et of norrelevant in the ranked 1ist of retrieved documzrnts.

The only differcnce between the precision-weight method and the standand

unweighted system is that the former allows a stricter ranking cf the output

documents for those items exhibiting a common number of query-document Terz
matches. When the query terms are weighted in decreasing crier of term
precision, the relevant documents are, however, mcre likely tc be retrieved
early in the output order than when unweighted terms are used; hence the

improvement in retrieval effectiveness.

The proof procedure iz included in the next section.

3. The Effectiveness of the Precision Weight System
Consider a given query Q with a total of IRl reievaar documents.
The qucry-document matching function. induces an ordering eron

documents as previously explained. Following the retrievil

document, the value of the recall goes up by 1/|R| , reaching Ik}/[x] (hae

following the retrieval of the last relevant item. Thus, in principle, a total

of |R| different recall points are possibie for each guery. amsng all the

ossible recall points, scme are of special interest, correspendin

o
(2]

highest recall obtainable for a given number of matching query-cocument terts.

In particular, for each set of documents exhibiting a common numier of

ccrresponding to the retrieval of the last relevant document within that

set of documents. The complete set of standand recall points Fer a given



guery m2y be designated by {s,, s,, ..., s_}. The first three standard
=T y 2 z

pecall poiats (and the respective recall-precision values), corresponding

e+ £ he the minimum number of term matches between query Q and

azy document re<rieved at recall point s for 1 <v <z. Itwill now

any szandaxd recall peint S, or at any retrieval level between consecutive

Consider first the precislon computation for the standard unweighted
terms and query Q. At any stendard recall point, say s ! the retrieved

2ocumsnts can be classified into two typﬂs

Ve
~
0
O
O
l)
U]
H
ot
©n

having more than dv terms in cemmon with Q.

poe
b
N
o
O
O
f
o
3
t
w

raving exactly dv terms in common with 0.

Documents of type ii) can be further partitioned into smaller sets as follows.
m . .
y = Cd ways in which a
v
Q. Each of the y <distinct

sets ¢f termz may Le represented by an entry a, in a uvth level block of

Ll

he type shown in the example of Table 1. The set of entries is
b

a., and The rumler of relevant (irrelevant) documents having exactly the
A

~
wou
ot

«“

a, In cczmen with @ may be denoted by a, (ai"), respactively.
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(aL’.and az" may of course be computed using the Assumption %1 and the development
of Appendix 1.)

The following quantities are now readily available:

a) The number of relevant (irrelevant) documents having exactly d_  ter=ms

=1 £ 2

in common with Q can be takemas I a,' ( % a,™
. 2
~4

b) Assuming the number of relevant (irrelevant) docunents having mere than

U .
dv terms 1in common with ¢ to be B' (B"), the total number of relevant

documents retrieved at standard recall point s, and at the last previc
v .
standard recall point s, isB'"+ I a

1 ' and B' respectively.
=1

3

Consider now the preclisicn of retrieval for Q at some recail point x,

between Syo1 and Syt The number of relevant deocuments retrieved at x
should be less than (B' + zz1 al') but greater than B'. Without loss of
generality, assume that the-mmber- of relevant cocuments retrieved by . Q at
% = B' + 2; ag' for some k, 1 < k <y. In order to find the precision of
fotrieval.‘zhe number of documents retrieved must be known. Since every

document of type ii) has the same likelihcod of being retrieved'by Q, the

numher of cocuments of type ii) that must be retrieved in onler to retrieve

e

these I a,' relevant cocuments can be assumed to be (by Assumption 2)
- £:1 *
y ¥
(z al' + I a,")
£=1 2=1 X
. T oa.'j. (8)
=1 £
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Thus the precision of retrieval at an arbitrery (nonstandard) recall point x —

that is, the numier of relevant retrieved at x divided by the total ratrieved —

w
+

-

LU o B
u

oy

(7)

-~
n <
]
>
+
1l r1'<
o
x

-
>
oy
~

w
-
+
vl
+
~
o
u
<
=
T ]
e
o
*
—

for the staniard unwelighted retrieval system.
ConsiZer tre precision for the weighted system using querles Q* instead
of Q. Unlike Q which treats every document of type ii) equally (in the

sense that eazh ras the same chance of being retriceved by Q), documents .of

a

type i) are oriered linearly by QF, in increasing entry number order. In
parzicular, documents exhibiting term ser &, in common with Q are

retrieved first, followed by those with a, in common with Q, and so on, -

until those with ay in ¢ommon are obtained.

a,' relevant documents out of the
=1 * £
ornes of type ii), a trotal of

[ 3 Bl

Thus, to retrieve

ot K
&N
+
"~ R
o

b
a
o

cocumernts in all must be retrieved by Q%. This implies that the precision at

recell point x for Q% is

b

(8)




To show that expression (8) is not smeller than expression (7), it
is necessary and sufficient to demonstrate by comparing the respective

denominators that

P

J
z ai' e,
2=1 L=1
> : . (9)
k y
’: a 1 Z aq"
ge1 * g=1 ©
It ‘is sufficient to prove (10) as follows
k y
T al' I a,!
2=1 s 2=kl
- [¢39]
k y
T oa," I &
. g=1 * geket ©

because when xlly1 > x2/y2 and Xys Xgs Yoo Vo 2 0, it is easy to show that

x1/y1 > (x1 + x2)/(y1 *Fy) 2 nylYoe (i1}

The proof proceeds in two main steps. First the result is establis

for the case where the boundary indicator k coincides with the end cf a

block {(lemma 1). This is done by showing that the 7
to irrelevant documents retrieved represented by the entries ¢f & glvan Zlecx
is at least as high as that represented by the entries of the rnext block.

Thus, when k coincides with the end of a block, 2 repeated application of

inequality (11) to the result of lemma i will prove (23). The result e

lemma 1 is then used to prove the Inequality for arbitrary X
A block of consecutive entries of the type shown in Table 1 may be desigrated
by X; the corresponding expected number cf relevant

that is, the expected number of documents exhibiving

terms specified by any entry in the block X may as

X' and X", respectively.
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lemma i: Lex E ané [ be +wo consecutive - (j-i)th level blocks

in the same f+h level block, with E ordered before F. If the query terms
are randemiy distributed across the relevant and irrelevant documents of
the collection (Assumption 1), then E'/E" > F'/F".

Przof: The prcof is by induction on 3. When Jj=1, E and F are

nsecusive single entries. Let those entries be (jl’ 52, - ji-l’ ji) and

. s < . . - m=-1
(5,5 G0 +-es 35 g Jj4q) Tespectively, and let v and w designate |R|
im-1 .
and {I}]" ", respectively.
In wiew of Assumption 1 regarding the query term distribution (see
Apceniiz 1) orme oitains
i . i
£/E s r (o ory ) r (Rlep) /v Cnob ) m ([T]-ng)
k=1 ko ReT, k=1 Tk LeT, i

7 Cxor pI¢ L SEIEIS)] rji(|Ri-r. )]

k2T, ={3g,? Jis1

(= h, ) 7 (jz]-n,0) h, (J1]-h, N
" e Izl-n, ]ilji+1

-l
tr (7 ». X 7 (21>, N 2. (Rl-2. N
=1 Ok 2eT,-{3,..} . i+l L
> i+1
(= h. ) Grl-agn ny o (xl-ne
k=1 'k ~eT =13, ‘it i
i1
(7 r, )z, n (]R]-rz)]
%=1 x  Yi41 feT,- Ji,,1} U{ji)
e - (izj-h,)
LeT. - Yu i
Ty {31, PV
= I'/FY. Tuls proves the inequalivy for joi, amd Ti =

s 29 -0y T} - (qu Sas e j;}‘
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Consider now a (j-1)th block E which mcl des g (3-2)th level blocks,

that is, L = \.} n where Ek is the kth (3-2)th level block of E. Let

x and y be the _fu‘:t entries of }21 (and therefore of T) and T respectively.

Let x = (xi. Xps vees xi) and )" = (yi, Yor sees ¥:). Since doth of x and y

are in the same j+th level block, we have =Y for 1<k<i-j. The fact that x

and y are in consecutive (j-1)th level block forces %g ~5+1 yi-j+1 - 1.

Y EPRUE . T Y. s.. * nc ar v
Furthermore, x 3+2 1—]+1 1 and vi 1342 yl__”1 1, since x and ¥y
are the first entries of © and F respectively. Thus, ¥ = R, + 1.

Let z = (::1, Zias eees :i) be the first entry in Eye Since x and 2z are iIn

+he same (j-1)th level block, T =X =y, forl <k 2 i-3,

and 23 s ) % ¥3_441 T Y¥i_s4q - 1+ The fact that x and z are in consecutive |

level blocks makes z = x, +1=y. . .. Thus, it is easy to see that

i-j+2 i-3+2 i-j+2
mappins z((zl’ 12; cse Li-j’ £ij . 2. j+2’ cees "')) =

: 4
("1’ zzv seey .’Ti-j, ”i-j‘f‘l + 3, "'i —j420 *c L. ) from )(LJZ Ek to T is 1-1 an

3 3 Pt "oy ' " L. > t " nus
By induction, E, JEN" 2 Ep'/ES" 2 _Eg /Eg Thus,
r ooy {p v/p ¢ t/pow v t/o»
E,'/E," 2 max {E, /2" EgN/ES", ... A /..g }

> (52' +EN Eg') / (.‘32" + e ES"), using inequality (11

This implies

=t gen * o ' ' T ) nyl
C'/E" 2 min {E, /L7, (Bpt ¢ .. Eq Y LES B

i3 ' i
v )(x' )(!R{-r wel{ (- 2 ) 1 ([R]-r
o1 -4+ LIV TOL Y [T RE VO S S seT, s
. £
=N i .
toCr w6 (o m o i
k=1 Yiojet g™ e U keioie2 sty :



precision values, the previous expression is greater than or equal to

i-3 , i
v (7 o ), YR )(z{ (x rp) @ HR[-M} )
k=t “x Ti-j+1 Fi-9e1 2 k=i-jr2 Tk seT, s
)
> -
i-3 i
w (7 h, Mk, y(j1)-n, )(z< (n h,) 7 (11i-h ) N
k=1 "k Ti-j+1 Ti-je1 2 k=i-j#2 Tk seT, ¢
L
i-3 i
AR P I Y([R|-r, )(:{ Ca v, ) 7 (Ri=e N
A=l X i-j+1 =341 £ k=i-j+2 X seTy
f

Tohe) T HIl-h,)} )
k=i-j*2 "k s&."I‘1 =
= F'/7", where T, = {1, 2, ..., m} - {£., £

R .oy £.} and T is summing

The proof for the general case (for arbitrary values of k) is given

)

over all exntries in

in the next lemza.

a

Af

Lermz 2: Lety =, , that is, ¥ represents the number of entries in

™

a diocck structure for i matching terms out of m; and let a, designate

the ith entry in an ith level block E. Then under the same Assumption 1
as b_efcre‘rcz,aréing the distribution of query terms in the documents

K Yy y .
a 'yt a™m2( t al')/( I a")forlsk«<y.
R TS S =kl fL=k+1

(

»
L3

"M
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Proof: For any k, 1 <k <y, a, ;’.s the last entry of an (i-3)th level
block in £ for some j, 1 < Jj < i. (A zeroth level bleck is an entry with
itself as the last entry in the block). In order to avoid excessive use ¢f
symbols, th:e lemma is proved for cases j=1 and 3j=2 only. It Is easy 10 sce

that the proof can be extended for any j, 1 € J < i, Let E have g (i-1)th
gl
level blocks, f.e. L= \j E .
x=1
For j=1, ay is the last entry of Ex for some %, 1 <% < g. Ey lemma i,

= 1 1" 1t/ n cee > - ". .
we have E, /E" 2 E, /t.2 > 2Eg /Eg Thus

k k X X
(z a,")/ (L aM=(I E")/ (L EM > =nia {E'/E"}
p=1 g1 % g=1 g1 * 1<4<x Lo
= Y/ » L " —— {c t/pm
E /BN 2E /R, 2 max {E,'/E, }
X+1<i<g
g g . y y
20 ¢ E") /(= Ez")'=( L aﬁ') /7 C T 2,".
Lzx+l L=x+1 2=k+1 f=ke1

For j=2, let a, be the last entry of <he t th (i-2)th level block witilin
w

the xth (i-1)th level block. Let E_ = U Fz, i.e. E.‘x has w (i-2)th

[ <)

level blocks. Applying the result of lemma 1 and proceeding as adbove, one obtains

t T w w
(ZF,")Y/CEFE,")2( L F,N/C L F"™).
* =1 b petel - gete1

2=1 L=

Using (11), this can be rewrittenas

2]

t Tt t w t w
(ZF,")/CZF"Y2(LF" 4+ L F"N)Y/(TE"+ £ FM
=1 L =1 : =1 * fL=t+l £ =1 L L2t+1

w w
SEYEM >( L F,)/( T F,").
xoox geter ¥ geren
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Thus,
x X %=1 t x-1 t
(z a,"y/7(z% a,"y=(< E,"+ £ F') /(L E"+ L F™)
g=2 ~ g=f * gzt * gep b g2 b gmg b
x~1 x=-1 t t
2min {Z (') / I (™), I (F,")/ T (F™M)}
£=1 2=1 2=1 2=1
ol 4 ~ B 1} LAl A "y
2 E /B > max {E /2" E e /Ex+1 :

iv

w g w g
( z Fz' + I Ez') / (L Fl" + LI EM™
t+1 L=x+1 L=t+1 L=x4+1

¥ y i
=( aL') / ( a,").
RAI< 5] L=k+1

-3

iz also true fcr any stancard recell point. The nex®t theorem establishes this

fact and summarizes the results.
terms of a given query Q = {1, 2, ..., m} be arranged

their precision values. There exists an assignment of

recisinn weight method, such that

¢
-
Q
Q
o
jal
Ve
%
ot
L]
)
a
N
ot
o
ot
o
J

if assumpticn 1 holds, the indexing methcd is superior to the standard unweighted

now the case for the standard recall points.
having d_ or more terms iIn common with the

recall point sv). If Dj iz any relevant

Te TheT by Aefl .nf resricval at I the number of “arm matahen
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of Dj with Q is greater than or equal to dv and that éf D. with 2 is les:
. i

than dv' By Appendix 2, £(Q*, Dj) > £(Q%, Di)'

Thus, all the relevant documnents
D can be retrieved by Q% without retrieving any irrelevant document previously
not retrieved by Q at recall S, This implies that the precision of

retrieval for Q% at s, is at least as high as that for Q. i

4. Implementation of the Method

The precision of a term with respect to a query is normally not known before
the retrieval of documents has taken place. Furthermore, the term precision
difficult *o determine accurately. Eowever, exact values of the tern precision
are unimportant, since the corresponding values are used only as a ranking
device for output documents. Thus only relative magnitudes of the tern preciéicn
need be obtained, and these can be approximated as follews. It may be assuned

+hat the collecticn of documents can be parti

ioned inzo a number of sub-collecti
containing "similar" cocuments. Furthermcre, consider a rumder of "trpical”

queries, Q, containing the terms for the given subcollections. Feor each term,

ratios over all queries in Q r ’/(,? Q -Ty ') and hk'

r ' (") iz the number of relevant (irrelevant) decurents centaining tern X
X

and retrieved by query Q in Q, and S is the set of Zocuments raotrieved

Q

by one of the typical queries in Q. The exact precision value of termn k,

(”a/(lﬁl"k’)/(“kfil

}) may then be approximated by

wjahn% 0/ (hy NE”N'k“%

[

val : srieval zysten Laced
type of information s readily @ available in a retrieval {]~ RS
g

o ’
ot uwuv-wvn:ww intreraction of the relevance feodback tvie. (B



5. Experimental Results

Assumption 1 regerding the distribution of query terms in the relevant
ané ncrnrelevant dccuments may not always be completely satisfied in practice.
Thus theorez 2 may not be valid in the most general situation. Experimental
results are given to iliustrate the effectiveness of the precision welight
method for a practical case where Assumption 1 is not necessarily valid.

The experimeﬁ: is performed using a subset of tea queries in conjunction
with the Crenfield ccllection of documents in aerodynamics (CRN 2 MUL). Let
A1 be a value of A so chosen as to satisfy cordition (i) of lemma 3 in

Appendix 2, while trarnsforming condition (ii) into an eguality instead of a

strict inegquality as in le Setting &, = A botn corcditions (i) and (ii)

/2’
are then sztisiei. The tatulared retrieval results for each of the ten queries
is shown in Teble 3. The precision of retrieval is given for each query at

intervals of 1/!X|, where |R]| is the number of relevant documents for the

query. The percentage improvexment (or deterioration) obtained for the sample

Kl

ueries with the precision method over the original unweighted queries is
given at intervals of 1/{R|, as well as over the whole recall range. The
comparison of the retrieval performance for the modificd queries with that of

the original queries is presented in the following terms:

(i) For each query, an average improvement is determined (averaged

over all the recall points).

(ii) Of the 10 queries tested, a retrieval improvement is obtained

at each recall point for 2 queries.

(iii) The average improvement for all the queries is 91.6%.



Thus, one ccncludes that Assumption 1 has a good chance of beling

satisfied and that the precision wel

tfficient implementations of the method and extenslons to ciher more

guery-document matching functions remain to be discovered.

ht method is a useful Indexing device.
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Complete Fourth Level Bleck for Four
Matching Terms Out of Seven

Table 1



Jocurent Standard
Rank Recall Recall Precision
Query-JTocument Point
Ternms v/
1 R 7 0.1
2 i 7 / 0.1 0.5
s T 2T T & T T T w1 T
6 N € 0.1
s T i T s T T Tz T T
6 N 5 . 0.2 0.33
7 R 5 0.3
8 N 5 v/ 0.3 0.37
e T rT T ¥ R
15 " 4 4 Ot 0.42
poA R 4 0.5 0.45
=~ 5 v — — — — — —-

Typical Precision Computation at
Standard Recall Points
(assumption: <otal rumber of relevant is 10)

Table 2

Y stancdard recall points

® additicnal points for
which precision is computable

25



Query No. Recall | Original Query | ¥odified Query | CI each recail rOInT | improvie.=..
33 - 0.50 0.5¢C 1.000 10¢.0 83.3
i.0C 0.0623 0.03% £7.0
34 0.20 G.100 G.25% 283.8 21.7
.40 0.0¢7 G.103% gz.
C.60 ‘0.051 0.1211 82.0
0.80 0.040 0.6380 1CJ.0
1.00 0.032 0.037 16.0
3% 2.20 1.0C0 1.000 5.0 2.2
Q.40 0.857 0.285 -22.3
0.10 0.518 0.750 -2.2 !
0.89 C.6C0 G.309 .G
1.00 0.41b C.71% Ti !
36 0.2% 0.200 0.250 28,0 25.%
0.50 0.137 0.307 124.0
0.75 0.125 0.375% 202.0
1.00 0.04C 0.042 5.0
37 .25 2.060 1.000 3.2 71.5
0.50 0.333 Q.€E£6 150.C
0.75 0.230 C.428 g25.1
1.60 0.038 5.075 133.C
38 C.14 1.000 1.606C 2.3 2.5
0.28 1.000 1.0C0 0.0
0.42 1.000 1.000 ¢.0
0.57 0.705 C.6568 -5.5
0.71 0.80C 0.714 19.0
0.85 0.545 C.545 C.5
1.00 0.350 0.5C0 '32.9
I 39 0.20 0.160 1.000 3.0 1€3.G
0.40 0.129 0.2385 122.0
0.60 0.120 0.200 15G.C
0.80 0.0658 0.137 136.0
1.00 0.03u4 C.035 5.8 '
40 0.50 0.20¢ 1.660 400.0 273.5 |
1.00 0.132 .0.333 159.5 i
'3 0.20 0.083 0.230 202.0 73.7
i 0.40 0.02% 0.035 3.8 l
0.60 0.029 0.C4%6 58.6
0.80 0.031 0.054 4.2
r 1.00 0.025 0.025 0.0
|ou2 0.125 9.333 0.530 53.0 ! u3.1
0.250 0.333 0.500 50.0 !
0.375 0.375 0.400 5.7 |
0.500 0.409 0.54%0 26.0
0.525 0.416 0.5060 29.0
0.750 ,0.428 0.545 27.3
C.875 0.318 0.4566 46.5
1.00 0.057 0.133 i33.3
average % of Improvement = e s
over the 10 queries 443

Comparison of the Modified Queries with
the Original Queries

Table 3
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fzoendix 1 Expected Number of Retrieved Documents

Consider query Qj with terms {1, 2, ..., m}, and let R be the
set of relasvant documents. It is assumed that the distribution of the terms
in Q across <he relevant document ser R is uniform; that is

probacility that a relevant document contains term jk

ii) (.ﬁ‘-“ )/|&] is the probability that a relevant document does not

contain term 2.

t3suming that the assigrment of the, terms Is independent, the probability

+hat z relavant document con%ains exactly the set of terms (jl’ j2 ceey ji)

1 . .
(e e, ) /0215 1= 10 (IR]- 2 )/[R]™
Cr=1 Jx 2eT,

Crr Xon (l2lr,)
k=2 Yk 2€L1

- , (12)

where Tl externds over the whole set of query terms {1, 2, ..., m} less the

+erms ineluded in the initial product. To obtain the expected number of

relevant documants containing exactly the te (]1, Ips vees ,.), the
forezoing ezprecsion (12) must be multiplied by R, giving

(;.—. om (rl-r,
k=1 ]K 2eT I L

(13)
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which is expression (1) of section 2. Identical arguments establish
expression (2) as the expected number of nonrelevant documents centaining

exactly terms {jgs 3p» +-v5 ;).

Appendix 2 The Weighting Function

Lemma 3 Let {1, 2, ..., m} be the set of terms irncluded in query Q

arranged in decreasing order of the term precision. There exists an assignment

of weights Py > Py -++ > Py =1 to the terms of Q ,such that if
i, <i, <.
bay <4

are *wo sets of terms in common between the query and two documents D

v d
2 e

{jl’ j2s e jk ’ j1<j2<.“<jk} and (ilsi

respectively, with k > £, then the following statements are true;
i) if k > %, then £(Q%, Dj) > £(Q%, D),
ii) if k = & and there exists a z such that js=is for1 <s <z, and
3, < i, (or 3, < 1), them £(QF, Dy) > £(X4,B;),
where Q% is the modifiéd (weighted) query derived from Q.
Proof: Tor 1 < i <m, the weights p; are defined as
P, =1+ xiA ' (1%)

L

The variables x,, 3 £ i <m - 1 are given by the recursive fornula

is1 i1,
L2d La2Jd
=

*
Bl
1
o
"
tad
3
1
o
+
e
|
A
2]
3
[
[
e
+
ey

with x_ =0, x =1, and x = 2. The constant A which depends cn mn
9’ k] ~

is
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n

7
2

-
L.
—

L xm+1-j) A <1, and & > C,

so chosen that (

X
.
[}

"ot ro| i

oy

j=1

[WN

It is sufficlent to consider the case wiere x+ism, for if k+i>m,

then the terms in common Cetween the two documents can be deleted.  For case

L+1 L
£(C%, D) - £(QF, D) = I p, - I opy
s=1 s s=i <
£ 2
>p, +(Z p, - L p,)
n s=1 Js s=1 “g
2 L
Zp,t (L Prti-s L ps)
. s ’ s=1
. L2] 124
>1+ (2 Z o)
s=1 mt+l-s s=1 s
L2 124
=1+ (L x_, L x_)A>o0.
Tgaq PIes 0S

2 2 . 2
£(Q*, D.) - £(Q%, D)= T p, - L p, = L p. -
i 7 - >

Letting jz = -1 for some i, the difference in query document similarities

becoxes
2 2 L~z L~z+1
(x + I x; - X, JA>(x .+ T X . I ox_ .. )8
a-i o, s s>z i m-ioy m+li-s =1 O it+s
i+l -1 i+l
Lad L2d B
ACRTRNE mt1-s ~ L ¥moies) 7 O
s=1 s=1
. - .
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