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SUMMARY

The MEDLARS system consists of a large file of indexed references
with facilities for retrieving all references indexed by a specified combination
of index terms.  Were the file small the retrieval performance of the system
could be evaluated by asking a number of system users to inspect the entire
file and to compare the references they selected as relevant to their needs
with the references sclected by a MEDLARS scarch,  Since the file is large
this is not possible. MEDLARS performance is thercefore evaluated by
measuring the change in the users' literature awareness induced by the system,
and by comparing the standard system with three alternative retrieval techniques,

To measure the change in literature awareness a measure, the
Extension Ratio, is developed which is approximately cqual to the ratio of
the number of relevant references known by a user after a MEDLARS scarch,
to the number known before it. It is shown that this measure doces not
necessarily Avu ry with the number known before.  Most MEDLARS uscers can
be divided into two groups: thosc knowing less than 13 relevant re ferences
and those kn.()wing between 13 and 65, For the latter the average Extension
Ratio is hcl.wccn 2 and 3 times. and is not affected by the number of known
relevant references, For the others the average Extension Ratio is higher
and varies inversely with the number known before.,

The standard MEDLARS retrieval facility, Boolcan Scarching, is first
compared with an alternative scarch technique, Probabilistic Scarching,
which also uses index terms for retrieval,  This technique has the advantage
that the number of references to be retrieved can be predetermined, It also
retrieves more of the relevant references even when its output size is the same

as for the standard MEDLARS scarch, A method is given which extends

some ol the advantages of the Probabilistic technique to the Boolcan,



(i)

The standard scarch is then compared with two techniques which
do not use index terms,  The MEDLARS file contains, in addition to index
terms, the reference titles both in the vernacular and in (American) English,
An cfficient method of scarching these English titles is given based on a
Key-Letter-In-Context index to cach title,  The output size of this scarch
can be fixed in advance,

This program takes 5 times as much computer time as the standard
Boolcan scarch program. and retricves fewer (about 3:6) of the relevant
references than the Boolean when their output sizes are the same,  However
this method does not require an indexing operation, and when it is used with
an output size larger than the Boolean, it retrieves more of the relevant
references,

The second method of retrieval without indexing uses the links between
references ereated when authors cite other papers.  MEDLARS does not
contain information about these links, and a relatively small Citation File

-had to be specially constructed,  Citation Scarching, using this file, is
compared with the best of the three other methods. Probabilistic Scarching,
The Probabilistic scarch retrieves more of the relevant references when
the output sizes are the same.

The average extension of the users' literature awareness, as
measured by the Extension Ratio is an index of the system's retrieval
performance,  The comparative tests described in this thesis suggest that
its retrieval performance could be improved by using the Probabilistic
technique, and that comparable, though not quite so good, retrieval could
be obtained without indexing, by making use of titles.  The detailed results
also show that all retrieval techniques retrieve very much less than 100% of
relevant references. and that the use of several scarch methods together

greatly improves the retrieval of relevant references.
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Chapter 1, Mcasures of Retrieval Performance for Large Systems and an

Overall Evaluation of MEDLARS

l.1 _ Information Retricval Systems

MEDLARS [ 1] is onc of a number of large Information Retrieval Systems.,
cach of which attempts to cover all current literature in its arca.  Systems
exist for a wide varicety of subject arcas. including Chemistry [ 2], Electrical
Engincering | 3], and Nuclear Science | 4], MEDLARS (Medical Literature
Analysis and Retrieval System) attemipts to include all medical resca rch papers,
indexing more than 180,000 journal references per year, without restriction on
language or country of origin.  Amongst other services provided by these
systems is the 'Demand Scarch’ service: the production of special bibliographics
on dgmand, usually, but not always, on a topic of interest to a particular rescarch
worker.  The technical difficulties associated with Demand Scarches can be
grouped under two headings: -

(1) The problem of processing the very large quantities of data at a
sufficiently high speed to make scarches economically possible, even if
expensive,

(i) The problem of supplying the user with a bibliography which is
so small-as not to overload his data processing ability. yet which contains
a large amount of useful information,  This will be called the probiem of
achicving good Retriceval Performance,

There is a distinction between Information Retrieval Systems of the MEDLARS
type. which process journal references, and Data Retrieval Systems,  An example
of the latter is a system which handles the specifications of All Electric Motors
commercially available [ 4], It is possible to put a precise question to a Data

Retrieval system. and to get a precise answer ¢, g. all electric motors giving



0.75h.p. at 2500 r.p.m. on 110 v. The MEDLARS system is not designed to
answer such queries, It can provide a list of references which may have relevance
for a uscr's rescarch interest ¢, g, computer simulation of systems containing
Biogenic Amines (MEDLARS scarch no. 3923). Such questions arce not precise,

nor can the answers be so.  Even the user may have doubts as to whether a
reference is relevant, or uscful, for his research, and he will probably revisce the
Judgements he does make as his rescarch progresses.

I.2. The Evaluation of Large Systems

Large Information Retriceval Systems arce so expensive to construct and
operate, that there are scldom two or more systems for the same subject arca
(although scveral systems may overlap).  Retrieval Performance cannot be
cvaluated by comparing the system with others. for the literature and the uscers
vary from subject to subject in ways that can affect Retricval Performance c. g.
the titles of papers on Chemistry may be better descriptions of the content of
these papers than are the titles of papers on Medical subjects.  Each large system
must therefore be evaluated by comparing it only with variants of itsclf. or by
directly measu ring‘thc benefits conferred on its users.  Both approaches will be
usced here, This Chapter develops a measure of the benefits to users of a
Retrieval S_vslcml and applics the measure to MEDLARS.  Subscaquent Chapters
dévelop variants of the standard MEDLARS Demand Scarch and compare them
with the standard form,

Much of the published rescarch on the Evaluation of Retricval Systems has
involved specially constructed files of the order of 200 to 1000 references | 5].

The methods of evaluation developed for these small files cannot be applied to Targe
systems? where the file contains several hundred thousand references. Where the
file is small. the system can be tested by making a reauest for information. and

then assessing the "Relevance' of cach reference in the file to the request, A



2 x 2 table can be formed: -

Number of References Numbcer of References
supplied by system in in file but not supplied
answer to query in answer to query

Number of references
judged relevant by X v (x+y)
questioner

Number of references
judged irrelevant by z t (z +1)
questioner

(x + 7) ! (v +1)

From this table many measures of retrieval performance have been defined | 6],
X %
but the most widely used are Recall Ratio = ———  and Precision Ratio =

X+y X+ 1z

Recall measures the ability of the system to provide all relevant references, and
Precision measures its ability to provide only relevant references e.g. | 7], The
values of x and z are casy to obtain since they are found when the questioner
cvaluates the references supplied to him by the system. and in general the sum x4+ 2
is not too large for inspection,  The value of y is quite different, It cannot be found
unless the questioner assesses every reference in the file. Thus. although

X ke it c: hen the file s
Recall # ——= can be measured when the file is small. it cannot when the file i

X+y

large.  Recall is thus a uscful concept for discussion of retriceval techniques. but
not for measurcement of their effectiveness,  Estimates of Recall can be used to
cvaluate large systems only when the reliability of the estimation procedure can be
demonstrated,

.3 Relevance and Recall Estimates

The concept of "relevance' has been widely criticised.  The assessment of the
relevance of a reference to a request varies from judge to judge [ 8], Since a

single index term can be regarded as a request. experiments showing indexing



inconsistency | 9,10, 11] also show relevance-assessment inconsistency.  One
cxpcr.inwm on the repeated indexing of 171 references reported that 35 papers
were indexed so differently (on the second occasion) that a corrclation between

the two instances was impossible, ™ [ 12]. In spite of valid criticism of rclevance,
the consensus appears to be that "no practical alternative to the usce of relevance
exists at the present time'. [ 13]

Relevance judgements should be made by the users of the system, not by
system personnel nor by "impartial judges' appointed by them.  There is some
cvidence that system personnels’ judgements correlate well with cach other, but
not with the users' judgements | 14], and it is important to distinguish “relevant
to the ('mcry as stated"” from "relevant to the user's information need” [ 15]. Only
the user can assess the latter and this is the relevance which matters,  Failure
to clicit the true need is at least partly the fault of the system.  The results
auoted later in this chapter for the MEDLARS system are based on answers which
users gave to questionnaires, Two tyvpes were used: one asked for relevant/not
relevant jud gements (Newceastle University scarches), the other asked that
references be judged relevant only if the user intended to consult the full text
(N. L. L. scarches).  Judgements were based on a print of Title, Author, Journal
Reference, and Index Terms,  No abstracts or texts were provided. but
relevance assessments basced on abstracts or titles may not be very different [ 16,171,
Degrees of Relevance were not used.  All the measures of retrieval effectiveness
(iiSCL-ISSL'd below can be calceulated using degrees of relevanceif such data is
available.  For cach measure the numbers of relevant references would be replaced
by sums of relevance-weights.

Recall has been described as an "absolute” measure of retrieval effectiveness,

dependent only on the retrieval technique and the fite,  In fact this is not so, for

the relevance-assessments determine Recall and they are best made by system-users,



For large files only an estimate of Recall is possible, and then the value obtained
depends upon the estimation procedure also.  The burden of proof that an
estimation procedure is reliable rests on those who use it. Some of the procedures
used are reviewed below,
Mcthod i, Source Document Method | 18,19, 20, 21 |

Take 100 references from the file, and for cach reference devise a query
to which the reference is relevant,  These references are known as "source
documents”,  Perform the 100 scarches.  The number of scarches which retrieve
their source document is the percentage Recall.  This method has been eriticised
in detail [ 22,23, 24,25, 26].  The important objection is that questions based on
particular references are (‘Iil'fcrcm in character from cucerices that arise from
information needs.  The source documents are more closcly related to the questions
than is normal. The Recall estimate is likely tobe an over estimate of the
performance of the system with genuine questions.
Mcthod 2, Single-term match | 3|

Assume that any relevant reference will have at least one index-term in common
with the user's query,  Then the value of v (= no. of relevant references not
retrieved by the system) can be found by assessing only a subsct of the file. This
mcthod ignores the ceffect of adding further index-terms to the uscer’s query to widen
its scope.  Even if the scarch has been well -formulated, additional terms may
retrieve many relevant references,  These terms might well have been omitted
from the query in the expectation that they would retriceve too many irrcelevant

references,  The estimate is clearly an upper-bound to the true recall,  The degree

of over estimation is unknown.



Method 3. Extrapolated Single-term match | 27]

Repeat cach search several times, gradually widening its scope by relaxing
the structure (e.g. replacing logical and's by or's) but not adding any ncew index
terms, until the scarch becomes a single-term match between references and
question,  Plot a graph of the number of relevant references retrieved against

the corresponding Precision Ratio. c.g.
A

No. of Relevant X X

; X
References : B
Retrieved

b -
+ —
100% Precision

A is the point obtained for the original scarch.  As its scope is widened points
B, C. D arc obtained. D represents a single-term matceh,

The points are joined by a smooth curve which is extrapolated (by cye) back
to the zero-Precision line,  The point of intersection E with theRelevant references
axis gives the total number of relevant references in the system,

An immediate objection to this procedure is that the extrapolation of curves
of experimental data requires assumptions about the shape of the curve in the
.1‘cgi()n of extrapolation, .Thc important objection, as with Method 2. is that
relaxing the structurd of a query is not the only means of widening its scope.
Mcthod 4, Sample File | 28]

Tsc.u sample, preferably a random sample. for the evaluation, Unformunatcely
this requires sample sizes which may still be too large for the user to assess,
For example, MEDLARS has a file of approximately 750, 000 references,
Supposing that of these references. 750 are relevant to a auery. the expected

number of relevant references in a random sample of 1000 is only one,  Thus cven



a sample of 1000 references would give an insensitive estimate of Recall, and
if it contained no relevant references it could give no estimate,
Mecthod 5. Union of Outputs [ 29]

When comparing scarch techniques. assume that all the relevant references
arc retrieved by one or other techniaue.  Again this gives an upper-bound to the
truc Recall, It produces an especially high over-estimate when all the technioues
do badly,

Method 6. Uscr-augmented Recall | 30,31

Assume that all relevant references are cither known al ready to the system
uscer., or are found by the system.  This can lead to a gross over-cestimate of
Recall.  In the experiment cited, three auarters of users knew no relevant references
other than those retrieved by the system,  This contributed to an average Recall
estimate of 94%,

Mcthod 7. Recall -base | 32]

This is superficially similar to method 6 but does not require the assumption
that the system user is superlatively well -informed.,  For cach scarch a
"Recall base™ is formed of relevant references already known by the uscer or found
for him by librarians.. The percentage of the Recall base retrieved by the system
is taken as an estimate of Recall.  There is no assumption that the Recall base
contains all relevant réferences. It is assumed that the proportion of the Recall
basc retricved is cqual to the proportion of all relevant references retrieved, This
estimate of Recall will be called the "Consistency Ratio™, for all the references
known to the user should be retrieved unless the system uscer and the indexer are
incomsistent with cach other in their use of index terms, or the system-user fears

that the uscof a term would give low Precision,



Thus attempts to estimate Recall involve assumptions which may not be
true, and publication of performance figures including Recall estimates doces
not end speculation about the performance of the system. bat starts speculation
about the reliability of the estimation procedurce.  ‘The Precision Ratio can
always be found. but by itsclf neither Precision nor Recall is important,
Retrieval is the process of filtering the few relevant references out of a file
which is mainly irrclevant,. To evaluate the process the yield and concentration

of relevant references in the product must be considered together,

I.4 The Extension Ratio

Even when Recall can be measured it ignores the relationship between the
file and the system-users,  Retrieval of all relevant references in the file only
provides information for the user if the coverage i s high, or the document
collection arises from literature which the user does not normally check,

A 2 x 2 table

Some index of the extension of the users knowledge is necessary.,

can be defined: -

i
i
: Mo 'of Bolovant No. of Relevant
references found references not
| by system found by system
1 3 : “ I
No. of Relevant referénces
; % o a m X=a +m
known to uscr before scarch
. - { '
No. of Relevant references ’
not known to user before b ! ? ?
scarch,
q Y
(1) x has the same value as in the 2 x 2 table of .1

(2) 7 is uscd for ‘quantities which cannot be found
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One possible measure of the extension of the user's knowledge is the ratio

of the number of relevant references he is awarce of after the scarch to the

¢ J a +b+m i .
number he knew before. i.e, ¢ = T (It is interesting to note
a+m

that the inverse of ¢ is an estimate of the user's Recall using method 6 of
.2, Thus ¢ is both an arithmetic and logical inverse of the Recall
estimate obtained by method 6). ‘
In general. the higher the value of ¢, the greater is the service given to
the user but there is an important exception, Qucrics arc sometimes put by
users who kn(')w no relevant references and hope they are not going to find any,
¢.g. to check that there is no reported instance of a given drug causing a particular
a+b+m

effect... Theuse of e = —-—*_ as an index of extension suffers from the
a+m

disadvantage that ¢ is undefined when no relevant references are known or found,
and ¢ is infinite when none are known but some are found.  This difficulty may be
avoided by adding one to numerator and denominator.  Since the ratio is always
greater than or equal to one it is also convenient to subtract one from it,  Then

a new index E can be defined as: -

R S e b

{ = -] =

a+m+il a+m-+ |

caqun, («l)

E is not a monotonic transformation of ¢, since the values of ¢ for small (a + m)
arce reduced by a greater factor than for la rge(a+m), Whena+m=0, E takes

a value equal to the number of relevant references found by the system. When

(a +m) is large. E is approximately the ratio of new relevant references found

to the number known alrcady. It measures the ability of the system to multiply

the relevant references known to the users,  This proposed measure was mentioned
in a report on the British MEDLARS system | 33| and a similar mecasure called

the Novelty Ratio, in an evaluation of the American MEDLARS system [ 321,

The importance of the Novelty Ratio was not recognised. It was assumed that its

value was high when users knew few relevant references. and low when they knew
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many. The properties of E are not so simple.

1.5 Properties of the Extension Ratio £

b

—— will be large when
a+m+|

It is natural to expect that the ratio I =
(a + m) is small and conversely, . In so far as (a + m) is an index of the user's
awareness of the literature, the larger it is the smaller the multiplication of his
reference list,  However, it is desirable that E should have some measure of
invariance to variations in the stringency of the user's assessment of relevance
which is also reflected in the value of (a + m).  To investigate the properties of E
a simplified model is used,

Property It Invariance to Variations in the Stringency of Relevance Assessment

Consider two users. R and Q. with the same interests.  The same scarch
can be performed for both, After the scarch let R ook through the references
judged relevant by Q (whether found by the system or by Q). Let R's more
stringent view of relevance be expressed as a constant probability p & 1 that he
will accept as relevant a particular reference judged relevant by Q.

Then the Extension Ratio for Q is I’,Q. where

I-‘.Q = F-rl;—l caun  (a2)

where Q knew F orelevant references before the scarch and the scarch found
another B relevant references. No reference counting towards B counts towards I

or vice versa,  Simila rly let the Extension Ratio for R be l{R. where

b

. = —— caqun, (13)
R f+] :
then b and f are random variables and are independent.  Thus the Expected Value

of By, E (Ep) is

;(ER) = ;(1)) /é(l—:rl_l_) caqun, (ad)

: k=F IN where (:\) is the binomial

F\ p (1 p)F-
= Bp. (k) e | cocllicient

k=0



e o e

R L F+ 1
Figs - o =Py

E(ER) = EQ [1-(1 - p)F+ l| caun (ad)

Thus ;(ER) —-)F.Q as p—>»1, and also as F=—922,  Thc Expected Value

of ER is cqual to I(EQ where the value of K for different combinations of p and F

is given in the tables=

Values of
Values P p=0.25 ps= .(). 50 p=0.90
of F
F=1 0.4374 0.7500 0. 9900
F=2 0.5780 0. 8750 0. 9990
F=35 0.8220 0.9844 10000
IF =10 0.9577 0.9995 1. 0000
F =20 0.9976 1. 0000 1. 0000
F =50 1.0000 1.0000 1. 0000 |
=100 b, (.)()()() 1. 0000 1. 0000

Table of K where ; (l{R) = K. IA:’Q

9
The Variance of I~Rcan also be calculated., It is TR where

2 F+1

2 2 ' 3 i F+ 1 B~
Y, = |Bp +B@B- I)p~ : 1 (1-p) -(l-p -— | i-1-p)
R l ( P SET D) 2 e i<p ~{t-p) el |
F+1-i

1=0

caun. (.6)

I i
: < (-p Cronlacing it with :
An upper bound can.be found to the sum ~ F - by rcplacing it with a

i =0

geometric progression having a common ratio equal to the maximum of the ratio

of adjacent terms in the original sum.  Thus,



F i F : .

ZI o < ] : Z 21(' - P)] —-—-—l * —' cqun (a7)

izo F+1-=i F+1 feo F+1 2p-1

; 1‘2 Lo P + ; (1 - (l ))[:+ l)_) qun (a8)

mnee : = = - C ad

Hence, VR < Q ( B p) ] [ il
)

The case of B = 0 is trivial since then I-’.Q = ER = O and \(‘R“ =0 . SoBcanbe

assumed > 1. Then

| ] cqun (a9)

F o+
2 2 - (1 - (1 -
Ty <:EQ U e )

Thus, R . the cocefficient of variation tends to zero as p tends to 1, and

E
2(1 -
tends to £ —(———B)——

o 1
= ] as I tends to @, The apparent infinity at p = 3
2P =

is not significant, for it results from the gross approximation in cqun (7).
Another equally valid upper bound suggests an infinity at p = 1/3 cte. A table
of values based on equn (a9) is given. but needs careful interpretation since the

; ; 'r : :
values of the bounds on are gross over-estimates,

I;‘Q
Valuces of
Values ’ p=0.70 p =0.80 p =0.90
of F

| R 1.300 0. 8632 0.3195

; Fe .2 1, 247 0.8262 0.5119

é Fx 'k 1. 226 0.8166 0. 5000

| F= 10 1225 0.8166 0. 5000

; F= 350 5P 0.8166 0. 3000 '
i F = 100 1.225 0.8166 0. 5000

! _

Table of TR/];:Q
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From the tables of E(ER)/ICQ and TR/IE() it can be scen that for p larger
<
than 0.5 and F larger than 2 the expected value of the Extension Ratio for R is
close to the Ratio for Q. Low p and F give fairly high relative standard
deviations.  Thus. for several uscers with the same interests, variation in the
stringency of relevance assessment should not cause any consistent variation in I,
but when the re are few relevant references known before the scarches, or large

differences in stringency. there may be a scatter of values of I,

Property II:  Inverse relationship to user's knowledge of the literature

Let several users denoted by subscript i (= 1,2, ,..) have identical relevance
judgements but varying knowledge of the literature,  If a single scarch is
performed. and the results submitted to cach user, they must agree on which
references are relevant, and upon the total, T, of relevant references.  The

Extension Ratio for the i th user is

Bi

E =
i Aj+M; + 1
e =
= 1 cqun («a 10)
where A, = no. of relevant references ret ricved, which user knew already

Bi = no, of relevant references retrieved, which user did not know
M; = no. of relevant references known to user, which the system failed

to retrieve,

The Consistency Ratio, used as an estimate of Recall in method 7 is (.i where

C = .
1

cqun (a 11)

Putting Fi = A, 4+ M, the number of relevant references known before the scarch,
i i

and combining equns (4 10) and (¢ 11). gives

T - C; F;

cqun (1 12)
I+



'he maximum value of C. is the minimum Es /P and the minimum value
i

of Ci is zero,  Thus the points (E;. l’i) lic between the curves

E = I,—I—T—- caqun (a 13)
and B = max —IT—_;—{— O caqun (a i4)
AN\
Extension c---E=T

Ratio - ZE

All points (F,j, Fj) lie within the shaded arca.
i 5

The shaded band is widest at F = T when the (vertical) width is ’—ITTI .
For MEDLARS the median value of T is~35. The band is narrow relative to its
maximum height uh(gvc the F axis.  Thus for users with the same concept of
relevance the Extension Ratio is inversely proportional to the number ol references
known before the scarch,

The relation between the Consistency Ratio and the Extension Ratio can be sceen
from cqun (2 12). Each value of C. the Consistency Ratio, defines an E - F
curve, EF

o, lving between the two boundary curves, and  the fraction of the vertical

lince above I'.I"C 185G Ke CeXY in the figure,
XZ




Family of curves EF B = T-CF
G T e

R ek |

ja =T, 7
_FsT F=Tr P

Thus. for users who agree on relevance, and who know the same number of
references before a scarch, the higher the Consistency Ratio (Recall Estimatce),

the lower the Extension Ratio.

Property I of the Extension Ratio suggests that were the users of a system

cqually well informed, then the values of their Extension Ratios would exhibit

no systematic dependence upon the number of relevant references that cach user
knew before his scarch, The system would be more successful on some occasions

than on others. causing the (E. F) points to be scattered about a horizontal Tine,

[f users were equally stringent in their definitions of relevance, Property 11
T

suggests that (E. IY) points would lie closc to the curve E = T (where T

is the total number of relevant references retrieved by a scarch).  Since values

of T would differ for different scarches, the (E. F) points would cach lie near

. ; = 1
their particular F = ——— curve,
F + 1

A
E

Familvof E=-T curves for various 1,
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Since the users have equally stringent notions of relevance, the value of T for
a particular scarch depends only on the system performance, not on the particular
uscr who makes the relevance assessments,  Thus the values of T should not be
svstematically related to the values of IF which do depend on the users.  Thus the
probability-distribution for T, P(T) depends upon the characteristics of the system
but is the same for cach user, whatever the value of I, Hence the Expected value

of the Extension Ratio for a particular value of F is E (E F) where

E (F‘F) = ﬁ ( _I-'TTI-) = -I—E;(T—_) cqun (.« 15)

and the probability distribution of E for a particular valuc of I¥ is P(l?[_,) where

: £ P(T)
< - l) — S e——
PER =P ) F+ 1

Thus the distribution of (I1, F) points for cqually stringent users should be a wedge
shaped scatter sloping down as F increases,  The main interest in a plot of
experimental dz;m onto an E-F graph, apart from its description of system-
performance, is to determine which ceffect is predominant - cqually stringent (wedge

shaped) or cqually well informed (rectangular shape).

I.6 An Evaluation of MEDLARS in Britain

MEDLARS is a typical large-scale information retrieval system,  EFach vear
approximately 180,000 references covering the whole of Medicine are indexed at
the National Libra ry of Medicine, Washington D, C. The primary purposc is the
production of Index Medicus, a printed listing of titles. cach title being listed under
an average of three Subject Headings.,  As a by-product magnetic tapes are produced
listing an average of nine index terms (Subject Headings) against cach title,  The

conputer version thus has a much greater depth of indexing than the printed  Index



Medicus, but the extra Headings are, in general, less important content

indicators than the printed Headings.  These magnetic tapes are scarched at
computer installationgin several countries [ 33.34].  The data presented below

is for scarching performed at Newcastle University for British users of the system,
The standard scarch technique compared cach reference with a logical (or Boolcan)
expression of index terms c. g.

Milk and (Goats or Cows)

would retrieve references on cows milk and on goats milk,  All results in this
Chapter are for such "Boolean" scarches,

Results from 211 NLL MEDLARS scarches and 104 Newcastle University
MEDLARS scarches are shown. (National Lending Library (NLL) scarches were
bascd on requ ests received by telephone and letter,  Newcastle University searches
were formulated at interviews, cach interview taking up to one hour),

Graph 1. Extension Ratio v Precision Ratio, It might have been expected that

high Extension would be achicved in scarches having low Precision.  In fact no such

Fl

inverse relationship exists,  Nor is there a positive relation,

Graph 2, Consistency Ratio (Recall Estimate) v Precision Ratio.  This is a

scatter diagram for individual scarches and is equivalent to Fig. 14 (p. 129 of
the American MEDLARS test [ 32]. It has been frequently suggested | e, g, in 35]
that an "inverse relation exists between Recall and Precision whatever the variable
may Ew that is changed”,  This is almost a tautology if the only variation permitted
is the strict narrowing or widening of the scarch formulation,  If the scarch has
been well -formulated so that in its narrowest form it achicves its highest Precision,
then the statement quoted is tautologous for variations in the scarch speciticity.
MEDLARS permits three subscarches for cach scarch. cach strictly narrower
than its predecessor, By averaging results over all first-subscarches. then over

all sccond-subscarches, cte.. three (Recall, Precision) points canbe plotted
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(fig. 7 page 78 of [ 32]). which exhibit an inverse relation,  This. however,

merely shows that on average the American MEDLARS scarches were well -
'

formulated.

It would be of greater interest and importance if it could be shown that scarches
achiceving a high Recall did so at the expense of low Precision and vice versa.

In so far as Consistency is a good estimate of Recall, this effect, if it exists,
would show in Graph 2, It does not.  Indeed, the lack of points in the high
Precision - low Consistency quarter indicates a loose positive relation between
Consistency and Precision,

Thus, cither Consistency is not a good estimate of Recall, or there is no
"tradc-off” between Recall and Precision, or both hypotheses are wrong, It was
argued above, on theoretical grounds. that Consistency was not a good estimate
of Rccull_. The "trade-off” hypothesis may well also be wrong.  Except in the
circumstances where the hypothesis is tautologous or nearly so i.c. where the
only permitted variation is in scarch specificity, a positive relation is reasonable.
For example, for one scarch the vocabulary may be more suitable than for another
or the search writer may understand the problem better,  In such cases, the
variation between searches can produce a positive relation between Recall and
Precision,

Since for large operational systems Recall is never known, any relation involving
Recall must remain a matter for conjecture, Certainly Graph 2 ¢can not prove one
exists, However, Graph 2 does suggest a positive relation between Consistency
and Precision,

Graph 3. Consistency v Scarch Number,  There was no marked improvement

Consistency performance during the period of the test,
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Graph, 4. Extension v Scarch Number,  There was no marked improvement

in Extension performance during the period of the test,

Graph 5. Extension Ratio v Consistency Ratio (Recall Estimate)

Extension measures the ability of the system to provide new relevant references.
Consistency measures its ability 1o retrieve known 1I‘c|cvum references,  If the
Extension Ratio rose and fell with the Cnnsislcnc‘_\' Ratio, the latter could be
regarded as a good index of retrieval efficiency, not because it was a good estimate
of Recall, but because it reflected, in a single measure, both the Extension and the
Consistency.  The graph shows that this is not so, nor is there any obvious trade-
off relation,  The two ratios appear to measure fundamentally different aspects of
retrieval performance.

A mecasure of retrieval performance inevitably carries with it an implication that
the measure should be maximised.  Total- Recall is obviously better than partial
Recall in the absence of any accompanying disud.\';lnlugcs such as higher costs or
lower Precision.  Extension and Consistency as measures, must be evaluated in
this light.  The achievement of higher Consistency Ratios is a useful excercisce in
the training of scarch writers, but it confers no benefits on the users,  The
uscfulness of a retrieval system to its users should be measured by some formula.
which shows how much better off they are after using the system,  Extension is
onc such measure,  MEDLARS performance was thercefore evaluated in terms of
Extension.  Since no trade-off between Extension and Precision was evident in
Graph 1. it is possible to quote the Extension Ruli() without qualifving it with a
Prcci.si(m Ratio. Tt follows that MEDLARS rctrieval performance can be assessed
by inspecting Graph 6 alone,

Graph 6.  Extension Ratio (E) v No, of Relevant References known to User before

Scarch (F).  For purposes of clarity this Graph is drawn to onc scale for l“é v
and to another for F > 5. This retains as many individual points as possible to

avoid any loss of information,
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To interpret Graph 6 it is uscful to restate briefly the theoretical points

made carlier in this Chapter.  These were:

(i) Forusers with caually stringent notions of relevance, the probability

distribution of E for a particular valuc of I is P(}{[,) where

P(E .) and P(T) is the probability distribution of T, the total

P(T)

g e

number of relevant references retrieved and in particular the expectation
ey -Em

F+1
(ii) Foruscrs who arce cqually well-informed. the expected value of Fois

approximately invariant under changes in F so that

; (Ep)

In both circumstances the variance may be high.

constant,

These two effects are both
operating, and Graph 6 shows a scatter of points which does not fit cither of
these hypothetical situations but lies somewhat between i, e, the Graph points
arc such that the average E for particular F, /\(I-?F) declines as IFoincreases
but not so fast as to be inverscly related to F 4 1, The average extension is given
Bands arc chosen to be wide enough to contain sufficient

below for bands of IF,

points.  To the nearest 0.5 the averages are

Band of F 0O 1 2 3 4[5292 32172212 5® 45 65 85 105 125
Average NLL: 1 8.0 2 4 #5832 3 1.5 11 | | 0:5. 105 ' 0.5
scarches e RO
Newcastle | A6 oS3 9D 202,52, 82,525 ] .52 0.5
scarches f 1.
. i | }

If the "eaually stringent™ effect were the only one presentthe average E

Il

would be cut to one sixth of its initial value by the time F = 5, This

- , . , | "
value A(E_) woyld itself be cut to I/l() of its size by F =60 i.c. A(E_)= /10 A(l',-’)

60)
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and similarly A(E ) = 1 A(lféo) ete.

120

From the table it can be scen that in the range 0 £EF €5 the average does
follow an approximatcly inverse curve especially for  Newcastle-formulated
scarches.  In this range the predominant effect is the "equally stringent™ effect,
The users' literaturce-awareness scems to dictate how many relevant references
they know before the scarch. ¢ The very high extension ratios in this range thus
-reflect the users ignorance as well as the capability of the system.,

For F 2 5. A(E I*‘) declines much more slowly than would an inverse curve.
The "caually stringent™ effect is much less marked although still evident, Over
the range 5 €F £ 100 the value of A(E 17) declines to about /5 of its initial valuc.
An inverse curve would decline to l/l7<)f its initial valuc. Thus for F25
the number of references known by the user before the scarch does not measure
dircctly his awareness of the literature,

Another approach to assessing the relative importance of the two cffects is
to calculate a least squares regression line

E=a% § where a and g Ll]'L.' constants to be chosen by the Jeast

saffires method,  The values of a and g indicate
respectively the relative importance of the "cqually informed™ and "equally
stringent” effects.  This uses the least squares method to produce a summary
statistic (the curve E= @« + g ). Since there is no reason for the Graph points

¥ kg
to be on or near a line, it is meaningless to calculate measures of the goodness -

of -fit (or significance) of this regression line,  Regression lines were calculated

for several subsets of data points and are displayved in the table,



All scarches

E = 1,280 + 8. 277 (2, 87)

F+1
1
{ )
All NLL scarches All Newcastle scarches
E=1.045+7.015 (2, 88) E=1,624+10.91 (6,87)
F+1 i I+ 1
| ]
K | 1
F25 F£5 2
1.784 +6.088 .. e E=0.398+4+ 12,09 E=0.00+ 13.53 E=1.,77 + 16
— (36,77) Pl ) i Bl :
I+ 1 F+ | F + 1 2
(7,77 (100, 100) (5,61)

The figures in brackets show the minimum and maximum percentage of B
attributable to the inverse term in the appropriate range of IF. These regression
lincs can be misleading,  For example, the line for Newcastle scarches with
F 2 5 has a constant term of 1,77 and thus declines asymptotically to that valuc.
This valuc is three times the corresponding one for the NLL scarches.  However,
no conclusions should be drawn from this as the higher value of the asymptote is
produced partly by the scarcity of data points from Newcastle for which 17 > 80,
In fact for F 2 80 ncither Newceastle nor NLL achieved Extension ratios higher
than onc.  The regression lines must be considered with the data points they
summarisc,

Simply by considering averages A(E F) it was scen that the "caual stringent”
effect was predominant for F less than about 5, For the Newceastle scarches,
the constant term in the regression (for F £ 5) is zero, whichulso shows that this
effect predominates,  For the NLL scarches the regression line gives less clear
evidence, the constant term for the F £ 5 line being non-zero, and in fact greater
than the constant term for the 1P 5 line.  The percentages of E- attributable to
the inverse term also give a guide to the relative importance of the two effects,

Again the inverse effect is much more important in the range 0€FE3 than in F) 3,




=23«
The results for the Newcastle scarches show higher Extension Ratios than
for the NLL scarches.  The differences between the two groups of scarches,

which could affect the Extension Ratio are given in the table:

Newcastle Searches . NLL Scarches
(1) Contact between user and scarch- (1) Contact between user and scarch-
writer was by personal interview, writer was by post and by telephone,
(2) Ouestionnaire asked that new ‘(_‘) Questionnaire asked that new
. 'relevant” references found by "relevant” references be marked.
MEDLARS be marked on an only if the user intended to obtain
cvaluation sheet provided. the full text.

(3) MEDLARS service casily available, (3) Contact with MEDLARS only after

being operated on the campus., uscr had consulted his own librarian.

All three differences tend to produce higher Extension Ratios for Newcastle
scarches.  Difference (1) tends to make Newcastle scarches better formulated,
(2) depresses the number of relevant references found by MEDLARS for NLL
users, without depressing the number of relevant references they already knew,
and (3) tends to make the NLL users more aware of the literature before their
MEDLARS scarch,

MEDLARS retricval performance is summarised in the table below, which
shows the average Extension Ratio for various bands of IF (]~’xla'|1si(;|1 Ratio to

ncearcest 0, 5),

I 030 i34 59192 13465 65 +
Newcastle 14.0 5.0 3,5 2.5 0.5
NLL 8.5 3.5 2.0 1.0 0.5

MEDILARS EXTENSIO!N RATIOS
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Chapter 2, Probabilistic Scarching

2.1 Coordinate Indexing

In jts simplest form, Coordinate Indexing locates cach reference at a
unique point in a space whose coordinate directions represent index terms.,
This space may be finite dimensioned ("use a restricted Vocaublary™) or
infinite dimensioned (c¢. g. free-language indexing). The coordinates are
orthogonal, i,c¢. the application of one index term to the reference does not
have any implications as to the application of other terms,

When index terms can only be applied or not applied, i, c. when
weighting of the index terms is not permitted, the only points at which a
reference may be located are the vertices of a hypercube - one of whose
vertices is at the origin,  This may be represented in a simple diagram which

will be useful later in the description of deviations from purce Coordinate

Indexing. A
® -
// ! // I
|
< e e |
A
| |
: A | Diag. |
b
T
| 7
L & ?

Diag. 1 shows the possible locations of references in a Coordinate Index
which uses only three index terms.,

2.2 Boolean Scarching using a Coordinate Index

A Boolean Expression is a set of index terms linked by the operators

"and. or. not " and which takes the value "true'" or the value "falsce” for
a particular reference when the index terms are replaced by true or false

according as they do or do not appear in the reference.  Formally Boolean

Algebra is an isomorphism of binary arithmetic under the transformation



L
M_ X
or +
not I- i.e.motO=1, not 1=0
true *i
false 0

with + defined by 1+1 =1, 1 +0=0+1=1, 0+0=0, Lecss formallya
Boolean Expression may be illustrated by example, Thus,

B = milk and (cow or goat)
takes the value true  for any reference indexed with (milk, cow) or (milk, goat)

and takes the value false otherwise., A Boolean Scarch consists of the retrieval

of all references for which some Boolean Expression takes the value "true' .

The presence of "not” in Boolean Expressions used for information retricval
has been much criticised [ 1, 2,3, 4], It can only be justified if the presence of
an index term is a sufficient reason for not retrieving a reference, irrespective
of what other index terms are attached to it,  The subject of interest to the
system-user, and the subject represented by the negated term must be mutually
exclusive in the index,  This can never happen in a Coordinate Index,  The
alternative to negation is practernegation [ 1], i.c. the listing of acceptable
alternatives,  This is always possible,  The most general form of a Boolean
Scarch Statement is thus a positive Boolean Expression, i.c¢. one which does not
contain the operator not,

In systems based on Boolcan retrieval the operator not may be available,
This is true of the MEDLARS system [ 3], It is available because the list of
acceptable alternatives may, on occasion, be long and there is a danger that
some may be overlooked.  Furthermore the cost of the search (in computer time)
may depend upon the number of index terms in the scarch statement,  Then

negation has the advantage of cconomy, if not of retrieval -efficiency,  Again,
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this is true of MEDLARS as implemented on KDF 9,

2.3 Scoring Scarching

.

Since a Boolean Search divides the file into just two categories -
retrieved / not retrieved, it is very sensitive to the omission of an important
index term from a reference, from the Boolean Search Statement, or from the
Vocabulary, Such emissions are to be expected.  For want of time or of
subjcct-knéwlcdgc. «cither the indexer or the (professional) search-formulator
may fail to include a relevant term,  Indeed, there is no reason to suppose
that the indexer and searcher will be more consistent than a pair of indexers,
amd several experiments have indicated that the consistency of indexing is
low [ 6]. But this understates the problem for the interest of a reference to
a particular user may not lie in its main topic, and minor topics may not be
exhaustively indexed,  Occasionally, when a restricted vocabulary is used,
the obvious term to describe the reference may not exist in the vocabulary,
and indexer and searcher may choose different substitutes, ¢, g. in the MEDLARS
system the term "cell wall" was not available at one time [ 7). The term
“cell membrane” though apparently close was rejected as entirely different by
users with good subject kn()'wlcdgc,

Scoring scarch techniques are designed to use imperfect indexing by
assigning scores to rcfcfcnccs rather than retrieved/not-retrieved indicators | 8.
For casc of discussion and without loss of generality, these scores can be
assumed positive numbers, the references with numerically higher scores being
retrieved in preference to those with lower scores. A Boolean Scarch is an
example’of the crudest possible Scoring technique i.¢. one where only two
distinct scores are possible,  Except in this degenerate case, the assignment
of scores has the advantage that the lack of a particular scarch-term may reduce

the score of a reference without (by itself) preventing the retrieval of that reference.
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Two criteria for retrieval are convenient.  Either a reference's score
must exceed some threshold value T, or its score must be one of the top N
scores.  Especially with the latter criterion, it makes sense to present
those references which are retrieved in order of decreasing score in the hope
that the user will find the information rcquircd without examining all the
retrieved references,  This is a possibility if the user is after a fact, rather
than a complete survey of the literature, c.g.
"What is being done in pacdiatric post-operative care?”

MEDLARS users, at least in the U, K., tend toward the latter type of
query.

The reference's score may be caleulated from any of its attributes,
¢. g. author's name, citation links to other references, title, index terms,
language, the journal in which it appears. A user may well prefer references
which are casily accessible and thus prefer major journals in his own language.
However, if the score is calculated purely from the index terms, there is a
fundamental difference between retrieval by the threshold criterion and
retrieval by the second criterion.  In that case, retrieval by the threshold
criterion is equivalent to Boolean Searching,  The equivalent Boolcean Scarch
Expression is easily written down, It is,

B = (x and yand.....)or (@ and b and) or.....,
where cach combination of terms producing a score higher than the threshold is
written down in turn, and cach combination is linked to the next by "or”, It
follows that only a Scoring Scarch using the second criterion of retrieval is
different from Boolean Retrieval, and that a Scoring Scarch can only do better
(or worse) than a Boolean Scarch when it uses that criterion,

When the score isanfunclkn;ofindcx-tcrnls(nﬂy.itlnuy'bc represented
by Vo= 1(S) where S is the set of index-terms attached to a reference, A simple

example is: <
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i&S

where a weight Wy is associated with cach term in the vocabulary,  In a

'

normal scarch nearly all the Wi would be zero.,  The non-zero W would be
associated with the "search terms”.

The function f(S) must have a property corresponding to the restriction of
Boolcan Scarch Expressions to positive Boolcan Expressions.  Where one set
of terms includes (strictly) another the score for the former should be at least
as high, i.c.

sT s implies 1™ 2 ).
since the addition of a further index-term to a reference cannot make it any the
less relevant to the topics represented by its other index terms,

With this one restriction, the formula used to calculate the score may be

whatever is (i) convenient to calculate in a given system and (i) gives a good

retrieval performance in that system,  The intuition of those familiar with

the system may well suggest a more effective formula than a reasoned theory,

particularly if the theory makes statistical assumptions, The only valid justification

of a retrieval technicue is experimental,  But statistical arguments may justify
a test, even if the test does not justify the statistics,

2.4 The Information Content of a Coordinate Index Term

The basic requirement of a Scoring Scearch formula is that the scores cal -
culated by it be estimates of the probabilitics of the references being relevant,
or arc estimates of some monotonic transformation of these probabilities.,
Let I’(R/T'l "1‘2. iavs Tk) represent the probability of relevance (event R), conditional

on the occurrence of index terms 1 to k (events Tl to Tk)' Then the unconditional



probability :-

P (R TITZ "'Tk) = P (R) P(TI/R) .....P(Tk/R’I ITZ"'Tk ) l)

and also

P (R Tsz "'Tk) =P (Tl) P(IB/TI) P (R/Tl I“Z....'Ik)

whence by division

P (R/TITB"'TK) =PR) L PUTI/R)  veevnnnn. P (T, /R Tl v # T 19 —T)

S TR(T /Ty T )

In a Purc Coordinate Index as defined in 2,1, the application of one index
term cannot alter the probability of application of another. This "probability”
iIs with respect to a population of "all references to which the indexing system
could be applied. " This is a hypothetical set and not merely the scet of existing
references.  Thus, in a Pure Coordinate Index,

P (Ti/Tj) = P(T;) foralli and j and by repeated application,
P( Ti/Tka.. vt = PUR) fory all i,

If this same propcrty.of term-independence holds for the much more
restricted population of "all possible relevant references' (again a hypothetical
sct) then

P (Ti/RTj) = P(T;/R) forall i and j and Equation (81) can be very

’

much simplified to Equation (52):—- i =k

P (T;/R)
P(R/Tsz....Tk) = P(R) ; ; P(T))

i o= 1

In any operational retrieval system it is most unlikely that this propert %
would hold exactly cither in the total population or in the relevant set,  The
concept of a Pure Coordinate Index is difficult to realisce,  The effect of MEDLARS

deviations is considered in the following sections,
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The value of P(R) may vary from scarch to scarch, but for any once scarch
it can be taken as constant over the references in the file,  (This is reasonable
when only index-terms are considered,  If data is available on varying P(R) it
can be incorporated in an obvious manner in the following cquations),

P(T./R)
S = i
1
i 4 P(Ti)

SRS

Thus the formula Sl’

gives a set of reference  scores which is an order-preserved transformation of

the set given by P (R/TIT,). .. T,), and so for purposcs of information retricval

k
Sl is cquivalent to the conditional probability,

.

- The formula S] can be made the basis of a practical retrieval technique if

the probabilities P (Ti/R) and P(T;) can be estimated. It is usual in retrieval
systems Sll(_:h as MEDLARS which employ a restricted vocabulary, to do a
considerable amount of rescarch on the terms in the vocabulary to ensure that they
arc well chosen, A bye-product of this work is a list of "tallies”, A term's
“tally™ is its frequency of use as an index term,  This frequency pj, say, provides
an estimate of the probability P(T;).  This estimate is far from perfect,
particularly if terms are periodically added to the vocabulary or deleted from it,
but it is readily available, and is an ¢stimate based on a sample consisting of all
the references which have actually been indexed by the system, e, g, in 1969 the
MEDLARS sample comprised over three quarters of a million references.,

The estimation of P(T;/R), i.c. of the probability of application of the i th
term to a relevant reference can be made by the system user cither alone or in
consultation with a professional scarch-formulator, This requires a personal

Judgement and again the estimate may be far from perfect, Letit be wj.
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Then the formula S,)‘

provides an estimate of the formula S e It can be used to calculate the score of
a reference indexed by terms 1 to k. The system user will only be interested
in a few of the terms in the vocabulary, and explicit values of W; will only be

available for these "scarch-terms"”. However, by expressing no interest in a

term j he is implicitly stating that P(Tj/R) = P(TJ-)

i e, W
- g 1 so that S,) can be written
iy 2
5.
S, = w. is
2 i
p.
i
where the terms i(i = 1, 2, ... .k) index the referenceand 8, = Lif i isa
scarch term = 0 otherwise,

Obviously S, can also be written
P S
g V. Wi g

S

i=1 B
where now the product is over all the scarch terms and &, is 1 or 0 according as
jr

the scarch-term j does or does not appear against the reference.

An order preserving transformation of & is the log-transform S.; = log S.)

2 w
I, e S, = & log J
3 E : ir -
i

p.
J
S -
and 8. = 6 W, where W, = log —do
' 3 ol J P;
i=1 )

that is, the score of a reference is the sum of the "weights™ of the scarch-terms

indexing it.  The weights are assigned by the user and caual Tog Yj - forthe jth
D
)



scarch term. A retrieval technique based on the scoring formula S,; interprets

the Coordinate Index as a device for transmitting information about the relevance
of the references to the user.,  For the individual user cach index term has an
1y . . " 7 W v - . o d
information tontent" of W_ = log J and these information contents are additive,
j i

p.

This is a fundamentally different ) approach from Boolcan Seraching and merits

a brief discussion,

A standard definition of "information centent” is as follows [ 9]:—

If a sct of inputs to an information transmitting device is denoted by {ng with
associated a priori pmbabili‘tics {P(xk)} , and the set of outputs is {-Vi} with

probabilitics {P(yi)} the problem of information transmission is "If v, is the output

fr()_m the device, how much information does its occurrence give about the input Xk ™

The standard measure of the information given is the logarithm of the ratio of the
a posteriori probability P (Xk/yi) to the a priori probability P(x}).  This mcasure

P(Xk/,\'i)

is the information content of y, with respect to Xy e
P(x *3

log
%
If we regard the Coordinate Index as an information transmitting device with
inputs rclevant R, and not relevant R, and outputs {Ti}(lhc occurrence of index
terms) then the information content of term i with respect to relevance is I, where
Ij = log | P(R/T))
P(R)

Now P(RT;,) = P {R)P(T;/R) = P (Ti) P(R/T;)

whence

[ = log | BTRY
1 P (T))
. _ Wi . ; ; . s o L :
Thus W; = log — the user-assigned weight of a scarch term is an estimate of
Pi

the information content I of the i th term with respect to the relevance of a

reference to the particular user,
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It is possible for Ii to be negative, namely when P(Ti/R) < P(Ti)

i.c. when PR/Ty) < P(R)

i.c., when the occurrence of an index
term can indicate that the reference is less likely to be relevant than its other
index terms would suggest,  This is anhlogous to Boolcan negation and by choosing
values of wy less than the known p; the user can "weight-against™ an index term.

,
but this should not be done in a Coordinate Index system, since the arguments
against Boolcan negation also apply here,

The presence of "log" is important since the formula S4.
Wi
S, = 6. s
4 s ok Pj

is not an order-preserved transform of S';’

S \\’j
53 = E bjl_l()g B—
i= ;

and would not give the same retrieval results,  On purely intuitive grounds, S4
is a fairly obvious scoring formula to test [ 10] but the difference between the

intuitively-derived and the theoretically derived formulace is significant,

2.5 Some differences between MEDLARS Indexing and Pure Coordinate Indexing

The last section presented an information retrieval technique for use with a
Purc Coordinate Index as defined in - 2.1, Any operational retrieval system is
unlikely to conform exactly to such a simple type.  For a system which is a
variant of a Coordinate Index the method developed in 2.4 is not justificd by the
arguments of that section, but may still be suggested by them.  The method must
be tested to show whether deviations from Coordinate Indexing so reduce the

performance of the method that its advantages over Boolean Scarching disappear.
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If the major systematic deviations from Pure Coordinate Indexing are known,
the method can perhaps be modified to take account of, and even make constructive
use of, these differences.  MEDLARS has at least five systematic differences
from Pure Coordinate Indexing.

(1) Pre-coordinated Terms

The spatial analogue of a Pure Coordinate System given in - 2.1 was a sct of
mutually orthogonal vectors representing index terms.  The MEDLARS vocabulary
MeSH [ 7] contains "pre-coordinated” terms whose analogues are vectors which
are not orthogonal to Qll other term vectors,  For example MeSH contains "JOINTS™,
"ANKLE JOINT", and "ANKLE" which may be represented as in the diagram,

AP.
JOINTS

ANKLE JOINT

- > ANKLE

with "ANKLE JOINT" lying in the planc defined by "JOINTS " and "ANKLE™., Such
a situation could be made compatible with 2,4 by using instcad of "ANKLE JOINT"
the individual terms and indicating in the indexing of a particular reference that
for that referénce, the terms were linked,  The important difference that this would
make is to the tallies (frequencics of occurrence) of the terms., The application of
"ANKLE JOINT" would then count as an occurrence of "ANKLE JOINT". and of "ANKLE"
and of "JOINT", Since this is not done the tallies P; do not provide such good
estimates of P(Ti) as they could.

This example is very casy to appreciate but the lack of emphasis on
orthogonality can produce terms which are effectively coordinations of others without
being (;l)vi()usly so, c.g. the term "SEASONS™ is largely, though perhaps not entirely,

a pre-coordination of "WEATHER™ and "PERIODICITY ".
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(2) Category Numbers

Superimposed on MeSH is a hierarchical category structure.  There are three
levels of generality and it is not a simple hierarchy in that there are many points
at the most general level, not one.  For example, ANKLE JOINT at category
point A2, 48.4 is linked to JOINTS at A2, 48 which in turn is linked to
MUSCULOSKELETAL SYSTEM at A2,  The standard MEDLARS Boolean Scarch
can use category numbers such as A2,48 as well as index terms.  In a Boolean
Search Formulation the use of A2, 48 is cquivalent to
"JOINTS or ANKLE ]OINT or ELBOW JOINTor ............
i.c. to the logical sum of all index terms placed at the point A2, 48 or at more
specific points,

The structure is further complicated by the location of a term in the hierarchy
not being unique. Each index term may appear at 1, 2, 3 or 4 points in the category
structure,

The spatial analogue of such category points is obvious. Each point represents
a veetor space which is a subspace of the full space spanned by the full set of MeSH
}Cl‘liIS. Categories can be used in a modified form of the technique of 2.4 and
the modifications necessary arg given in the next section ( 2.6),

(3) Sub-hcadings

A number of "Subhcadings™ are available, c¢.g. "METABOLISM", "CYTOLOGY".
Subheadings are terms which can only be used when linked to one of the normal
McSH index terms.  The purpose is to distinguish ¢.g. a reference
Ref. 1 on A (as a therapy), B (as a poison)
from a sccond reference
Ref, 2 on A (as a poison). B (as a therapy)

Although the subhcadings can only be used to index a reference when linked to

an index term, it is possible when performing a Boolean Scarch to detect the
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occurrence of a Subheading irrespective of which term it is associated with,
¢.g. it is possible to specify that the subheading "METABOLISM" should appear
or "LIPOPROTEINS (METABOLISM)" i.c. the term "LIPOPROTEINS" linked to
the subhecading "METABOLISM".
Indexing by "term-plus -subhcading™ is thus similar to using a pre-coordinated
term, but with the important difference that the pre-coordination can be removed
and the two component terms treated individually,  Providing tallies are kept

for terms, subhcadings. and all combinations of term-plus -subhcadings the method

of 2.4 can be used. (In the U, K. MEDLARS system these tallies are not available).
A
LIPOPROTEIN

LIPOPROTEIN (ME TABOLISM)

> (METABOLISM)

The subheadings can be regarded as additional index terms, represented by
additional vectors as shown in the diagram,

(4) The "most-specific-term” indexing convention

Since MeSH contains terms at different levels of generality there could be some
ambiguity as to whether to usce ¢.g. "MICE" or "RODENTS" to index a reference
about mice,  There is therefore a convention that only the most specific term
possible should be used.  Thus a reference on mice is indexed by "MICE™ but
not by "RODENTS". It is possible that a reference be indexed by both "MICE"
and "RODENTS". This would occur when the reference was about mice (hence
"MICE") and also about some rodent e, g. chipmunk which was not a McSH term.,
Since chipmunk did not exist in McSH the most specific term available would be

"RODENT".  This does not causc any problems cither in Boolean or

Probabilistic ( 2.4) scarching provided that the meaning of the term "RODENT”
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is clearly understood. If what is required is "anything on rodents" then the
category point B2,72.58 should be used in either scarch formulation,  This
category point is equivalent to the logical sum of all the MeSH rodent terms -
"RODENT", "CHINCHILLA", "GERBIL", "GUINEA PIG" ...... ctc.

(5) Index Medicus Headings

The entire MEDLARS system is a bye-product of the printing process of the
publication "Index Medicus' which lists the titles of all references as they appear.
In Index Medicus cach title is listed under an average of about 2 or 3 "Headings™.

These Headings are MeSH index terms.  In the MEDLARS system cach reference

is indexed with an average of about 9 terms, including the ones it is listed under

in Index Medicus. MEDLARS thus has a greater depth of indexing. It also has

.

a record of which terms are "Index Medicus print headings™ for the particular
reference, and which are not,
This provides an clementary form of weighted indexing.  The method of 2.4

can be modified to use this additional information. A simple means is to

modify S'S'

W
= E J
SB ; Sjr log P.

]

by having two values of pj. the frequency of occurrence. A record is not kept

»

of the frequencics of occurrence of terms as print headings.  As a substitute for

. : . . . e . e o e RS ‘s
this. it can be arbitrarily assumed that one  third of cach term’s occurrences

. I s St . .
arc as print headings ( 3 =3 ). This is obviously an approximate procedure.

Then for a particular reference pj or pj” can be used according as the term is

not, or is a print heading.
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2.6 Modification of Scoring Technique for Categories

The use ()f a MeSH category number in a Boolean Scarch Formulation
is equivalent to the logical sum of the index terms designated by that number,
This is equivalent to the collapsing of the subspace spanned by those terms

Cinto a single vector, to be used wherever any of the individual terms were

previously applied. All that is necessary for the use of category numbers in
the scoring scarch technique (- 2.4) is values w, and P, which are estimates
of P(T./R) and P(Tc)‘ where T, represents the event:-

"the reference is indexed by a term having the specified category

number'.

The probability P(TC) can be calculated from the equation,

j=N

p(Tc) e - ; § & P(Tj)) (cqun £33)
b B

1
where the terms j = 1 to N have the category number ¢ (or, of course, a
more specific category number),  Equation (83) is valid when the event "a
reference is not indexed by term i is statistically independent of the event
"not indexed by j". This condition is met for a Pure Coordinate Index.
More important, it is the same condition as is necessary to validate the
method of 2.4, It thus brings in no further conditions or assumptions.

From Equation (53) it is reasonable to estimate p. by

o
P = L3 (I -py

replacing probabilities by estimates,
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Since MeSH terms may appear at up to 4 points in the category structure,
equation (83) is an oversimplification. The probability, P(Tj). of application of
the j th term which has a category number representing a point within the search
catcgéry, should ideally be replaced by the smaller probability, Pc(Tj)' that the
term be applied with a category number within the scarch category.  This sccond
probability is smaller since not all the term§ category numbers need be within
the scarch category. The formula given for P, is thus an over-estimate, but
the frequency counts necessary for a more accurate estimate are not available.
Should the scoring technique appear promising when tested, there are no conceptual
or‘practical obstacles to prevent the recording of tallies for category points, No
estimation would then be necessary.

The modified form of S. is now

3
53 :jz l e log b_J— + Z - e log l;—:
= C:

with the probability P(T /R) being estimated directly by the system uscer, as
& y b

for P(Tj/R). The first sum is over search terms, the scecond over search

categories,

2.7 Modification of Scoring Technique for Equivalent Terms

The MeSH terms have been assigned to category points by the system,
These are the 'official' category points,  This may not satisfy a particular
user,  He may be interested in a ‘category’ of terms which is a category for
him, i,c. he regards’ the terms as substitutes for cach other, but is not a
category of MeSH,

Alternatively a user may class a group of terms as substitutes for
cach other, but imperfect substitutes in that he has a scale of preferences.,

The group may or may not be a MeSH category.
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One solution to this problem is to partition the list of scarch terms into

these "user-categories™ and in the calculation of S,;-

; o
- g Wi g W,
S, = E . lo - 4+ log —
3 jr g p: R p

; ] ¢

J:] c=1

to select only the largest information content log oy provided by the terms
]

in a particular group, This is cquivalent to assuming that the information
given about relevance by the occurrence of two alternative terms is not more
than is given by the single term which is the preferred alternative.  In
algebraic terms the assumption is that P(R/TIT‘)) = Max | P(R/Tl). I’(R/TZ}]
when terms 1 and 2 are alternatives,  With this modification S,; becomes:
7s W,
S, = Max g log Vi ; S log _&
jr s cr p
P, <

]
all groups

of secarch
terms
This partitioning approach has been used elsewhere [ 11].
Another solution is to combine Boolcan and Scoring Scarching.,  This is
described in the next chapter, but it is only a partial solution to the problem

of this section since it makes little provision for imperfect substitution and a

scale of preferences.

2.8 A KDF9 Program for Probabilistic Scarching of the MEDLARS file

The standard MEDLARS system was implemented in the UK, by
E.D. Barraclough on an E.E.L. M. K.D. FF,9 computer.  The quantities of
data to be handled were large for a machine of this size and speed and
machine code p]:()grumming was necessary,  Standard E.E, L. M, Magnctic
Tape Handling Routines were used.

The program to perform a Scoring scarch was therefore written in

K.D. F.9 machine code, partly becausce of the same problem of large-scale

data handling, and partly to make it compatible with the Magncetic Tapes
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containing the MEDLARS file which had been set up by the standard programs.
Adoption of machine code and E.E. L. M. tape routines throughout avoided
much duplication of effort. In pa rticu‘lar the program used for printing the
retrieved references in an casily readable format was the standard MEDLARS

print,

Program Input

(1)  The MEDLARS file of indexed references held on magnetic tapes in
reference order,

(2) A scparate magnetic tape containing the MEDLARS vocabulary MeSH

and giving for cach term its category numbers and tally (frequency).

(3) A paper tape containing a batch of scarch formulations.  Each
formulation consisting of up to ten user-categorices, cach user-
category being a list of terms and MEDLARS category numbers with
associated w; provided by the user,  For cach scarch formulation the
maximum number of references to be rarieved,  Restrictions on
batch size cte. arce given below,

Layout of the KDF9 high speed store

The program reads the paper data tape and combines all scarch terms
(from whatever search) into a single list sorted in term order,  One pass up
the MeSH tape provides all the pi and pe. required and the scarch of the file
commences,  From this point onwards the layout of the high speed store
is as follows:

The KDF9 store consists of 16K 48=-bit words,  When system software.
program and magnetic tape buffer stores are in store some 10, 000 words
remain,  These are split between a "Category list™ (1.000) and a joint "Scarch
Term and Retrieved Reference List”, The category list is merely a category
version of the scarch term list and no further description is necessa ry. The

other list is laid out as in the diagram:-



Search Term and Retrieved Re ference List

Two words for cach scarch

term, MESH is an integer

identifying the term in the

and

Pj
WT = —
Wi
ADD is the address of the

vocabulary.

MESH
WT ADD )
y
fel s e e e
SCRT(1) CIT
SCR T(2) "
SCRC CIT
NW\

|

word containing the
information content of the

uscer-category of the term,

Provision for up to 10 user-

10 categories
words
Provision for MAX references
MAX to be retrieved
words

value of the most preferred term from the a th user-category

which is present in the indexing of the reference being considered.

A
Merged
Search
Term
List
i 48
A (
F.irsl
Scarch 4
of
Batch
Retrieved
List \
Pj
SCRT(a) : the '\:,‘l'
SCRC
CIT

the score of a retrieved reference

the identification number of a reference (note. not all the CIT's in

the diagram are the same number)
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Size Restrictions

From the diagram it is clear that for a batch of S searches with N, terms
used in the j th scarch, and with an output limit MAXj on the j th scarch, the

program requires

j=8
A (21\*j + 10 + MAXj) £ 9000
j=1

For example: If each scarch has 50 scarch terms. and cach user requires no
more than 290 references then the largest batch size possible is S where
s (100 + 10 + 290) € 9000

i,e. s €22

i.e., twenty two such searches may be processed simultancously.
The category list imposes the additional restriction that not more than 333
category numbers may appear in scarch statements.

Retrieval Action

The formula used for calculating the score of a reference is an order-

preserving transformation of S,3 and therefore cquivalent to it, It is,

5 P Bjr p. \ c¢r
Score =  — ; J C
Min e : ol
Wj \\C
all user-
categories
This formula should be compared with that given in 2.7. When terms appear

as Index Medicus Headings the P, values are modified  as described in 2.5,

The retrieval action can be described by a very simplified "flow diagram™,
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This retrieval action has two important features.,  First, the comparison of
the score of the current reference with the scores of the references already
retrieved:  If the number already retrieved is equal to the maximum output
desired by the user, the current reference can only be added to the retrieved
set at the expense of rejecting one which has already been retrieved,  This is
donc if the score of the current reference exceeds the smallest score in the sct,
The program is so designed that a reference whose score is less than that minimum

is rcjected after only one comparison,  This situation is likely to be very frequent,
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Secondly, the list of scarch terms is inspected only once, no matter how
many teims the reference has,  The reference's list of terms is also inspected
only once,  This is done by comparing the heads of the lists and "popping-up"
one list if the heads are not the same,  The maximum number of comparisons
is S + T where there are S scarch terms and T terms attached to the reference.
(If one list is exhausted long before the other, the actual number of comparisons
can be much I¢éss than this). Although this is fairly efficient an alternative
}.)mccdu re, a "binary chop" could be more efficient when the list of search terms
is a long onct~

Each of the T index terms attached to the reference is taken in turn and the
list of scarch terms inspected by means of a binary chop procedure (successively
dividing the list into two, and using the fact that it is in sorted order to decide
which half may contain the term in question),  The maximum number of com-
parisons nccessary to find, for i;” T terms, whether they arc on the scarch list
or not is approximately T (1 + lugz S). For the MEDLARS system, T averages
about 9. The table shows the maximum number of comparisons using pop-up and

using binary chop, when the reference has 9 index terms,

No. of Scarch No, of Comparisons using
Terms (i) Pop-up (ii) Binary chop
2 11 18
128 137 72
256 265 81
512 521 90

The table shows the very considerable superiority of the binary chop procedure
for large numbers of scarch terms.  The superiority is exaggerated by the table,

in that large batches of scarches often result in repeated scarch terms and some
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A

modifications are necessary to the simple binary chop method.,  Nevertheless,
for batches of 500 search terms, the table suggests that the speed of the program
could be improved fourfold.

Time Taken .

The processor time taken is spent partly in overheads such as sorting, and
’

partly in comparing index terms or category numbers with the references,  As a

simple approximation,

.

Time = V. + tall i viell

where V is the overhead
t is the number of index terms
¢ is the number of category numbers
T is the time per term

C 1is the time per category number,

Four scarches were run over 34,000 references with results as in the table:

Time t ¢
20 mins 265 23
20 359 3
24 - 430 7
18 198 19

Tak ing V as 3 minutes, T as 2,67 scconds and with cach category number taking
4.7 times as long as an index term gives estimated times of 20, 20, 24 and 19

minutes respectively,  The comparison time per reference is thus 0,8 x 10 scconds
per index term and 3,75 x 10 scconds per category number,  These estimates

arce compared with the results of a large number of scarches reported in the next

section,



2.9 A Comparison of Boolcan and Probabilistic Scarching of the MEDLARS filc:

Tests and Results

Two tests of retrieval performance were made,  In cach test a number of
searches were performed by the Boolean Search strategy, by the Probabilistic
method, and also by Title Scarching (described in Chapter 4).  Two uscful
measures for evaluation are Precision and Relative Recall, where

Precision = No. of relevant references retrieved
Total no. of references retrieved

and

Relative Recall = No. of relevant references retrieved by a particular technique
Total no. of relevant references retrieved using all techniques

As noted in Chapter 1, it is not strictly correct to average Relative Recall figures
over several searches and then compare strategies, since the average is a function
of the distribution of performance of the combined methods.  But Relative Recall

for individual scarches can be validly used,

Test 1. All MEDLARS users participating in the MEDLARS Monthly Sclection
Service were offered the option of parallel scarches by Boolean and other methods.,
In return they were to evaluate the references retrieved by classing them as
"relevant” or "not-relevant',  There were 50 such users at the time of the offer,
Some did not take up the offer and others did not evaluate the retrieved references,
As a result only 23 scarches were available ’fm‘ use in comparing Boolcan and
Probabilistic strategies,

To avoid imposing an unacceptable burden of work on uscrs. the Probabilistic

Scarch Statements were formulated by MEDLARS staff who basced them on the

Boolcan Scarch Statements.,  These had been formulated in consultation with uscers,
No attempt was made to group scarch terms into uscr-categories and the

modification of the Scoring Technique given in 2,7 was not usced,



The output sizes were arbitrarily set at 30 or 75 depending on whether the
Boolean Search Statement scemed specific or general,
Each "secarch" was over 34,000 references,

Results of Test 1,

(1) The Boolean Technique did overwhelmingly better,  In 10 of the 23
searches the Boolean was better on both Precision and Relative Recall,  The
Probabilistic Technique was better on both counts in only 2 of the 23 scarches,
(2) Of the relevant references retrieved the Boolean Technique retrieved
70% and the Probabilistic 46%, although these figures are complicated by the fact
that not all techniques were used for all scarches.,  This was the result of giving
the users the option of any combination of the three available techniques.

Conclusions from Test 1. It was obvious from the results of this first test that

further testing would be necessary,  Interpretation of the results was difficult
because the rcspénsc was less than half the original sample (23 out of 50) and
this couldwell be a biased sub-sample.

In spite of this the results did suggest that the Probabilistic Technique, as used
in this test, was considerably inferior to the Boolean,
Test 2, The criteria for this test were that it:
(a) Should provide fully comparable results for the scarch techniques insofar
as was possible without making the test unrealistic,  To this end no option was
given, all searches were performed by all techniques.  In addition the Boolcan
Scarch was performed first and when its output size was known, this size was
sct as the Probabilistic Scarch's maximum output,  However it was held to be
unrealistic to set this maximum at less than 10,
" (b) Should provide sufficient data to give statistically significant results, and
preferably at a high level of significance,  The response rate should be ¢lose
to 100% to avoid the problem of a biascd sub-sample, and the number of scarches

should be as high as resources permitted,



To get a high response rate a group of users was chosen at a single geographic
location - Strathclyde University, This made it possible to obtain relevance
assessments at personal interviews instead of relying on postal communication,

All retrieved references were evaluated,  Only two users were unavailable,
Both had left the University,  In one case the evaluation was carried out by a
colleague, in the other by the user's supervisor,

The group was chosen from those members of the University who had alrcady
had a MEDLARS scarch run. Some senior staff, Readers and Professors, were
climinated as having too little time to cooperate on evaluation,

The Boolean Formulations of the remaining 27 searches were then considered.,
One was rejected as unsuitable for a Title Search,  The remaining 26 formed the
test base.  In the course of the test a typing error was made in the specification of
one Boolean Statement and to alvoid results biased against that method only 25
formulations arc quoted below,

Using only the MeSH terms found in the Boolean Scarch Formulations, the
corresponding Pl‘(il)al)ilislip Scarch Statements were formulated,  Fach Formulation
was then searched over 6 MEDLARS file tapes, cach tape containing 35, 000
references,

For elarity the terms "Scarch Formulation™ and "Scarch™ will be distinguished.
The testused 25 Boolean Scarch Formulations, 150 Boolcan Scarches, and the same for
the Probabilistic technique,

This test format was somewhat unrealistic in that c.g. it involved repeating a
previously run scarch, but as a test method it had the advantages,

(i) All scarchgs represented genuine requests for information,

(ii) Users' judgements on relevance were final,



(iii) The Boolean Search Formulations were devised by staff of the University

Library in consultation with users, and were not merely the product of MEDLARS
‘

staff.,

(iv) The same index terms and category numbers were used in the Probabilistic

Scarch Formulation. It would be most unrealistic to assume that such a radically

different pair of techniques would use the same index terms but the introduction of

other terms would have made the analysis of results more difficult, and would

havcb required more work of the users.,

(v) Because of a time lag between the original scarch and the test, the test did

not, in general, consist of searches over a set of references already scarched,

The use of User-categories in Scoring Scarch Formulations

The original test, although inconclusive, had suggested that the Scoring
Technique as used in that test, was much inferior to the Boolean,  Since the
standard MEDLARS system had been operating for several years it seemed possible
that Boolcan Formulations were more expertly constructed than the Scoring
Formulations, The latter were examined for any systematic errors,  Estimation
of l’(Ti /R) i.e. Wi the estimated fraction of relevant references indexed by term i,
should ideally be estimated by the users but this would have required more
cooperation from them than was available,  They were therefore estimated by
the author and a subject specialist.  No great improvement could be expected on
this count,

A big improvement did scem possible by making considerable use of User-
categories.  One scarch for example was titled "Hyaluronidasce and Dental Caries™,
The Boolcan Scarch Statement was: -

B = HYALURONIDASE and (Sum)

where Sum represents fifteen dental terms or - ed together, These were



1 DENTAL CALCULUS

2 DENTAL CARIES

3 DENTAL CARIES SUSCEPTIBILITY
4 DENTAL PROPHYLAXIS

5 DENTAL CEMENTUM

6 DENTAL DEPOSITS

7 DENTAL PLAQUE

8 DENTAL ENAMEL

9 DENTAL ENAMEL PROTEINS
10 DENTAL ENAMEL SOLUBILITY
¥ DENTRIFICES

12 DECALCIFICATION TECHNIC
13 PERIODONTIUM

14 SALIVA

5 CALCIUM

The use of the MEDLARS category number for TOOTH (A3, 54, 49) would
have given many but not all of these and would have included some terms not listed
here,  These fifteen terms quite obviously form a User-category and very poor
results would be given if the Scoring Scarch Formulation did not recognisc this,
for references indc}\'cd with several dental terms would be retrieved in preference
to those with one dental term plus HYALURONIDASE.

This is an extreme example but 21 of the 25 Boolean Formulations were of
the form

B=(Sum 1) and (Sum 2)and ( )........

i.e. asetof User-Categories "and” ed together,  Accordingly the Uscr-category
facility was extensively used, indeed in every Scoring Scarch Formulation,  As
the example on HYALURONIDASE showed, this could be expected to produce a marked

improvement,



Computer Time Taken,  Both Boolcan and Scoring programs handled all 25

searches in one batch,  The time taken to saarch cach tape of 35,000 references

was about 8 to 10 minutes for the Boolean and 30 to 32 for the Scoring program,

’

The number of index terms used was 482, and 33 category numbers were specified,

Using the values calculated in the last section the estimated time for the Scoring
Scarch is
0.8x 107" x 482 3,75 x 107 x 33
.8 x X 482 S 70X % 3
3 ' 35,00
e : %0 %+ 50 5, 000

Est., Time
in minutes

31 minutes.,

This estimate agrees very closely with the actual times taken,

The three or four to one ratio of Scoring and Boolcan Scarch times reflects
the fact that the Scoring program examined all the index terms, while the Boolean
took advantage of the "and” s to reject references quickly,  The use of a binary
chop method, described above, would have reduced or eliminated this difference,

Results of Test 2, The results can be clearly presented in a diagram of two

overlapping circles, cach corresponding to references retrieved by one technique,

The overall results for the 150 scarches were:

¢+ BOOLEAN SCORING
SEARCHES SEARCHES

NO, AND % OF RELEVANT
REFERENCES RETRIEVED
(150 SEARCHI:S)

% IS RELATIVE RECALL

TOTAL NO. OF REFERENCE
RETRIEVED (150 SEARCHES;]




BOOLEAN SCORING
SEARCHES SEARCHES

PRECISION (%)
(150 >izARCHES)

(It can be misleading to quote overall Relative Recall figures, though they are
given in the first diagram).

The pattern of results indicates that the Scoring technique retrieved more
relevant references than the Boolean, and did so without unduly sacrificing
Precision,

When individual scarches are examined the same pattern is maintained,  Of
the 20 relevant references missed by the Scoring technique, 13 were missed by
Just one search formulation, and cxamination of that formulation showed why.,
The title of the search was "The Evaluation of Analgesics and also the Effects
of Analgesics on Electroencephalography in Animals and Man., " The Boolean
Scarch Formulation used was

B = (Sum of Elcctroencephalography terms)
and (Sum of Pain terms and drug terms)
The Scoring Scarch Formulation used divided the terms into 3 User-categories:
(1) Electroencephalography terms (2) Pain terms (3) Drug Terms,  As a result
the Scoring Scarches sclected a number of references indexed by Pain and Drug
terms but without Electroencephalography terms, and this understated the
importance of Electroencephalography to the user.,
This explanation does not mean that the Scoring Scarch did well on all

formulations, but does give the cause of failure,



The number of relevant references missed by the Scoring technique was
strictly smaller than the number missed by the Boolean in:

19 out of 20 Search Formulations (Equal in the remaining 5 cascs)
and 64 out of 71 Scarches (Equal in the remaining 79),  Of the 7 scarches
where theScoring technique missed more relevant references. 6 were with the
formulation discussed above,  The first result is statistically significant at
the 0,002% level, Ihu. second at the 0,000001% level,  But for the caleulation of
statistical significance to be meaningful, the sample of 25 scarch formulations
from the total of MEDLARS formulations, would have to be an unbiased sample,
and.lhis it may not be,

Output Size and Retrieval Performance

The Precision Figures presented above showed that references retrieved by
the Scoring technique alone were, on average, more relevant than those retrieved
by the Boolean Search alone (6% to 11%),  However, because of different output
sizes the l:ut'c rences retrieved by the Scoring Technique were, on average
slightly less relevant than those retrieved by the Boolean Scarches (17% to 15,5%).
This suggests that the superior performance of the Scoring Technique was duc to
its ability to widen the scope of the scarch without losing too much Precision,
rather than to other factors such as generally better performance,  To examine
this possibility morce closely, three diagrams are given of retrieval performance
at different output levels,  Each diagram shows the number of relevant references
retrieved,

(1) Equal Output:  Boolcan and Scoring Scarches retrieve the same number of

references in cach scarch (Data from 41 scarches using 9 formulations)

BOOLEAN SCORING
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Scoring performance was strictly better in 19 out of 26 scarches (15 cqual).  Of
scarches in which the Boolean was better, 6 out of 7 used the single formulation

discussed above,  This also accounted for 13 of the 18 references missed by the
Scoring technique,

(2) Scoring output larger: Boolcan output in the range 5 to 9 inclusive, Scoring

output ¢qual to s minimum of ten (Data from 25 scarches, 13 formulations),

BOOLEAN SCORING

Scoring performance was strictly better in 8 out of 8 scarches (17 cequal),

(3) Scoring output double:  Boolcan output in the range 0 to 4 inclusive, Scoring

output ¢qual to its minimum of ten, (Data from 84 scarches, 19 scarch formulations),

BOOLEAN SCORING

Scoring performance was strictly better in 37 out of 37 scarches (47 cqual),

These diagrams are reduced to percentage form in the table below,

Boolcan Both Scoring
Equal Outputs 8 75 16 100%
Greater Output 2 72 26 100%
Double Output | 28 70 100%




This table shows that the Scoring technique gave better retrieval performance
than the Boolean even when output size was the same,  This result was statistically
significant at a very high level, but the magnitude of the superiority was small.,
When the output size of the Scoring Scarch was enlarged the magnitude of the
superiority was greatly increased.

The Causes of Recall Failures

The Scoring Searches missed 20 relevant references found by the Boolean,
A cause has already been suggested for 13 of these failures, namely a mis-judged
search formulation, The result which requires explanation is the large number
of references missed by the Boolean Scarches,

F.W. Lancaster in [ 12] reported on the causes of Recall failure using MEDLARS
in the U.S.A, 'The results were based on 88 scarches and 633 relevant references.
Each missed reference was inspected by MEDLARS staff,  The causes suggested,

and the percentage of missed references attributed to cach cause were:-

(i) McSH lacked important terms 10%
(ii) Scarch formulation failed to include terms 21%
Other formulation errors 11%

(iii) Term omitted from reference (but reference contained

information on topic) 30%
Other indexing errors 6%
(iv) Misunderstanding of users' information nceds or
other user/system interaction failures 25%
Total 93%

These should be regarded as the definitive percentages rather than results
given here, since the prime objective of this chapter was to consider alternative
scarch techniques,  However, the author did inspect all Boolean retricval

failures, and the results are givent =
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Since tallies were not available for Subheadings, they could not be used in
the Scoring Search Formulations, and to ensure comparability of test results they
were deleted from Boolean Formulations,  Had this not been done, the Boolean
Scarches would have retrieved 5% of the missed references,  Had Subheadings
been used the Scoring Searches might also have done better,

Boolcan Retrieval Failures

(i)  Subheadings not used 5%
(i1)  Index terms too general or specific 1%
(iii) ~ "Parallel" term used in indexing 11%
(iv)  Scarch terms not in reference 83%

By a "parallel™ term is meant an obvious substitute for one of the Scarch
terms, ¢.g. one scarch formulation specified.

INFANT or INFANT. NEWBORN but some references assessed relevant
by the user were indeged by CHILD,

The fourth cause, Scarch terms missing, comprises many of the causes
listed under (ii), (iii) ':md (iv) of Lancaster's classification and without much
additional work the individual failures cannot be authoritatively assigned to one or
other, but some examples may be illuminating, It was not surprising that
Psychologists who had specified their information needs by "HUMAN" or "CHILD"
could not avoid an interest in papers on "RATS™ and "DOLPHINS", A reference
entitled "On the Characteristics of Autonomic Innervated Striated Musclature,
The Inner Ocular Musculature of the Chicken™ was marked relevant by the uscer
whose request was titled "Physiology, Pharmacology and Biochemistry of Bird
Muscle”. The Boolean Scarch Statement was of the form:

B= (Sum Bird terms) and (Sum Muscle terms) and  (Sum Technique terms)

Bird and muscle terms were present in the indexing of the reference, but none of
I £

the 12 technique terms quoted in the Scarch Statement,
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Conclusions from Test 2

Some of the merits of this test were listed above,  Briefly, the original
information requests and lh'c evaluations of the individual references retricved
came from genuine users 1.1()1 from MEDLARS system staff,  Atempts were
made to get comparable results by using the same index terms in Boolean and
Scoring Searches, and where possible, the same output size,  But the demerits of
the test must also be listed.  These include: =
(i) Only 25 formulations were used,  These came from only a few departments
of one University,  These consisted of several departments associated with
Pharmacology, Pharmaccutical Technology ete., and a number of others including
Biochemistry, Food Science, Bioengineering and Psychology.  They did not include
any Clinical M.c.-dicinc departments since Strathelyde had no Medical Faculty,

The results given thus have more bearing on the satisfaction of the information needs
of medical scientists than of practising doctors,  Obviously other categories of
MEDLARS users could give different results,  Against this, Strathelyde was, at
least for the first year, the largest single (institutional) user of MEDLARS in
Britain, and the test results were remarkably consistent as shown by the high
statistical significance levels achieved,
.

(i1) Relevance assessments were based on the standard MEDLARS print of
author, title, journal, index terms and subheadings, It is possible that relevance

'
assessments were not only subjective, which they should be, but uninformed,
which they should not,  But the Boolean and Scoring (and Title Scarch) outputs were
merged, duplicates deleted,and then sorted into a bibliographic order chiefly
determined by journal of publication,  Users thus did not know which, or how

many, scarch techniaues had been used to retrieve individual references,  This

should have cut down any consistent bias to Scoring or to Boolcan retricevals,



(iii) It could be argued that the test was biased towards comparability at the
)

expense of realism; that it constrained both techniques to work at less than their
optimal efficiency,  One advantage of the Boolean technique is that it can
automatically adjust the output size to retrieve as many or as few references as
scem likely to be relevant (i e. satisfy the Boolean Expression).  Without the
forcknowledge of the Boolean Output size the maximum to be retrieved by the
Scoring Scarch might well have been set higher when the Boolean retrieved few,
thus perhaps retrieving many more irrelevant references, and lower when the
Boolcan retrieved many, thus perhaps missing relevant references,  The extent
of this cffect is unknown but its existence is certain,

In a similar manner, the Scoring technique was not used to maximum
advantage, since only those index terms appearing in Boolean formulations were
used, By requesting that another user-category of index terms be present, no
reference would be rejected except in favour of some reference with a higher
score.,  Thus many more index terms could have been used in Scoring formulations
without there being any possibility of reducing the number of references retrieved.
This could have led to more powerful Scoring Scarch Formulations using more
uscr=categories than in the test, where no more than 5 were used in any one scarch,

In spite of these faults, the test shows that, for the scientific users of
MEDLARS, the Scoring Technique retrieves marginally more relevant references
than the Boolean when the output sizes are the same,  Inaddition, when there are
few references satisfying the Boolean formulation, the Scoring technigue retrieves
many more relevant references by automatically widening the scope ol the scarch.
This conclusion holds with somewhat less certainty for MEDLARS users in general,
and with even less certainty for Coordinate Index Systems in general,  This test
docs mean that the Boolean technique should not be adopted on other Coordinate

systems without a thorough comparative test of it against a Scoring technique, possibly

the particular example developed here.
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Many of the requirements of the Probabilistic Scoring formula of this
chapter were not met by the MEDLARS indexing system,  Were they to be
met, the performance of the Probabilistic Technique could well improve,
The low Precision percentages achieved by both techniques show that there

is much room for an improvement,
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Chapter 3, Further Applications of Scoring Techniques

3.1 Automatic Reformulation of Scarch Statements

When a scarch fails to retrieve sufficient relevant references, or retrieves
too many irrclevant, it is often uncconomic to repeat the scarch with a modified
scarch statement,  But if the retrieval service is a Sclective Dissemination
of Information, or S.D. I., Scrvice this is not so,  In an S.D. I, Scervice cach
scarch is repeated at regular intervals (¢, g, every week or month), but, on cach
occasion, only the most recent acquisitions are inspected, not the whole file,

In this environment the modification of scarch formulations is usctul. not only
to improve theoriginal formulations, but also to recognise the users' changing
mnterests,

If the first scarch fails to retrieve any relevant references the formulation
can only be modified by human intervention,  Otherwisce the evaluation of
individual references as relevant /not relevant provides data for automaiic procedures.

Reformulation of Boolean Searchess  Suppose that the first Boolean Scarch, B,

retrieved two relevant @nd some non=relevant) references, and that the first reference

was indexed by terms Xl to X_.. the sccond by terms Y to Y, . Then the Boolean

N | M

|
Statement B,

.

B = (xl and APRERRE and xN) (—)E('VI M'\'Z""'M'\‘M)

would retrieve all the relevant references in the file which were retrieved by the
original formulation B, In addition B is a tighter, or more specific, formulation
than B,
i.e. B C B
I , , : .
so that B* would retrieve no more irrelevant references than Booand possibly fewer,
- . . i I
Unformunately it is possible that if Band B were used to scarch another sct

.

|
of references, ¢, g, the next month's acquisitions in an S.D. I. svstem, then B

might retriceve fewer relevant references than B, However, by using mcthods
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presented later in this chapter, B'could be automatically widened again,  This
widening of B- would be in a different direction than towards the original formulation
B, and the net result would be a different rather than a tighter Boolean scarch,

The generalisation to the case of more than two relevant references retrieved
on the first round is obvious,

Reformulation of Probabilistic Scarches:  For a Pure Coordinate Index as defined

in 2,1, the Scarch Statement of a Probabilistic Scarch consists of a list of index
terms, cach with an associated W, which is the user's estimate of P('l‘i/R). the

probability that a relevant reference is indexed with term i, To reformulate such
a statement it is only necessary to add terms to the list, delete unwanted ones, and
re-estimate cach wj.  This re-estimation can be done by an automatic calculation

utilising the user's relevance judgements, The relative frequency of term iin the

relevant references retrieved is w; L. where

and r; of the R relevant references are indexed by term i, The term i s not a
suitable scarch term unless l’(Ti/R)\ P(Ti) and so term i can be taken as a scarch

term with

ri :
wi =_1  provided w| > b

where p; (as before) is the relative frequency of use of the term i by the indexing
. : I , s ; ,
system.  For W, 1o be a good estimate of P( li/R) the relevant references retrieved
should be an unbiasced sample of all possible relevant references, where unbiasced
means unbiased with respect to the frequency of occurrence of term i,

A variant of this procedure is to take

| .
wi = A w4+ i where A dp=1, A0, udo

R
and A, pare weighting parameters,
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A })1‘()g§a1)11 was written to calculate the w,.l but the two retriceval tests of
Chapter 2 indicated that MEDLARS was sufficiently different from a Pure Coordinate
Index to make t]]c usc of User-categories crucially important.  In such a situation
the Probabilislic Scarch Statement does not consist of a single list of terms and the
method of Boolean Searching by the Probabilistic Technique (3. 6) is more appropriate.

as a means of reformulating the scarch,

3.2 Super-Boolean Scarching

A scarch. in which the minimum requirement for retricval is the satisfaction
of a Boolcan Scarch Statement, will be called a Super-Boolean Scarch,
As an attempt to control the size of the output of a Boolean Scarch, several

Boolean Scarch Statements B]. B,) ... may be used, cach strictly tighter than its

predecessor so that
Bl 23 B -3 B';
Before references are printed and sent to the user, the sizes of these classces ]3].

B,). ... can be inspected and a decision taken on which to print (an expensive part

of the whole retrieval system).  MEDLARS for example permits up to 3 such

statements per search,  On scarch no. | the sizes were,

B,3 I reference retrieved, 1 relevant
B,) 25 references retrieved, 15 relevant
Bl 485 references retrieved, 93 relevant,

The minimum requirement for retrieval was satisfaction of Bl. scarches B2 and 133
representing Super-Boolean Scarches which were themselves Boolean,  There is no
compelling reason why the Super-Boolean Searches should not be Scoring Scarches,
Had they been so, many more different levels of output would have been possible

than 1, 25 or 485. There might be an cconomic advantage in doing the first scarch

using the Boolean program, (it is quick) with a wide scarch formulation and then

ranking the output by a Scoring program.  But this would only be worthwhile if

-
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the Scoring Search did give good rankings i, ¢. rankings with a marked relevance
gradient,  Over the full range of references in the file the Probabilistic Technique
did give good ranking.s:as was shown by its retrieval performance (Chapter 2),

But it does not follow that it necessarily produced marked relevance gradients over
small sections of the total ranking, and this property must now be investigated.

3.3 Runking Performance of the Probabilistic Search

The ranking performance of the Probabilistic technique over the range of
references retrieved by a wide Boolean Search could be examined directly by
rankings the outputs of a number of Boolean Scarches,  Alternatively, data from
the test reported in Chapter 2 can be used,

In 41 of the 150 scarches in that test, the Boolean and Scoring scarches
retrieved the same number of references and 80% of Boolean retrievals were
retrieved by the Scoring Scarch., The ranking in these Scoring scarches is an
approximation to the ranking performance of the Scoring technique over the range
of references retrieved by Boolean scarches, It is also of interest for itsclf,

The formula used to calculate reference scores was an order-prescerving
transform of S, where

P {cond) .= P.8

P (cond) was the estimated probability of a reference being relevant given that it
was indexed by certain terms, P was the unconditional probability of a reference

.
in the file being relevant to the particular user,  For any once scarch P was taken
as constant and S became an order-preserving transform of P(cond).  When several
scarches are under consideration P cannot be assunv d constant between scarches.,
It follows from this that in cvaluating ranking performance, the performance for
cach scarch must be evaluated separately before there can be any combination of
results from several scarches.  In particular, there is no way ol coalcescing the

individual rankingsto smooth the data,
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For cach search the average rank of a relevant reference was divided by the
highest possible rank number, Ranks started at rank zero.  For random
rankings (of the references retrieved) the Expected Valuce of this statistic K, say,
is obviously one¢ half (by symmetry). A count of the number of scarches in which
it is less than one half gives the significance level of the h_\fp()thcsis that the
rankings arc better than random. The results were

K < 0.5 in 26 scarches
K >0.5 in 12 scarches

K not defined (no relevant references) in 3 scarches
(Total 41 scarches)
The success rate of 26 out of 38 makes the hypothesis statistically significant
at the 2,0% level,  One scarch formulation. used for 6 of these 41 scarches appeared,

on inspection in Chapter 2, to have been badly formulated.  Of the 6 scarches, 3
retrieved no relevant references and for the other 3 the K values were 0,86, 0,57
0.76. Without these scarches the hypothesis would have achiceved the 0.3%
significance level,

The mean K was 0,45 which is close to 0.5, The distribution of K is given in
the f.igu re which shows the actual values of K achieved in individual scarches, They

arc arranged in columns corresponding to bands of 0,09 and the heights of the columns

form a histograms~
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Table of K-values for individual scarches. K expressed as a percentage, and

displayed in cleven bands of 9% ranging from 0, 5% to 99, 3%,

3 45 | 53
as |53 |
44 | 52 :
43 | 52
42 |47
26 42 147
23:1 361 30 |47 80 ;
i raetir s 76
a1l 32 P bide | 87 75
3 21130 37] 46 | 55 74 | 86
T e |

This table suggests that although the ranking
was better than ranmdom, it was not much better, This result, although disappoint -
ing,. is consistent with the results of Chapter 2, whereit was shown that there

were many relevant references not  retrieved by the Boolean Scarches which were
retrieved by Scoring scarches with larger output size,  Scoring Scarches with output
size cqual to Boolean retrieved only marginally more relevant references,  This
indicated that as the output size of the Scoring Scarch was increased the freauency
of occurrence of relevant references declined fairly slowly, and this same property
implies K values close to 0.5 for output sizes of the order of a Boolcan output,

Of the 150 searches 109 had Scoring Scarch outputs larger than the Boolcan
outputs, Of the 109, 39 retrieved no relevant references.  The K values for the
remaining 70 were caleulated,  The mean was 0,40, noticcably better than for the
previous set. The success rate was only 41 out of 65 (5 cqual) however.,  The
histogram of K values for these scarches, and for the previous set are shown in

the diagram, the histograms being normalised to have unit arca under cach,
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Distribution of K values

As can be sceen from the diagram, the distribution of K values becomes much more
skewed towards the K=O line, when the output size is increasced beyond Boolcan
output size,

From these results it appears that the ranking of Boolcean outputs by the

Scoring formula would only be useful if the Boolean Statements used were wider than

thosc normally used for Boolean Scarching,



3.4 Sub-Boolcan Scarching

A scarch in which a sufficient, but not necessary, condition for retrieval is
‘the satisfaction of a Boolean Scarch Expression, will be called a Sub-Boolean Scarch.
The performance of the Scoring Scearch described in Chapter 2 was found, upon
experiment, to ben an approximation to this,  The total of references retrieved

(neglecting whether relevant or not) was split as in the diagram,

BOOLEAN SCORING

Topography of Retrieval

But this is an experimental result, not a logical necessity, It is also only an
approximation. since 11,6% of the references (3% of relevant references) were not
retrieved by the Scoring Scarch.

A scarch procedure which retrieved every reference satisfying a ]}()()lcun
Expression, and then used the methods of the Scoring Scarch to retrieve other
references would enable the professional scarch formulator, or the user. to avoid
choosing one technique rather than another, and would require only one scarch
formulation,  Such a scarch technique is developed below,

3.5 Standard Structure for Boolean Scarch Statements

Any Boolcan expression B can be written in Conjunctive Normal Form,
C(mj'unctivc Normal Form consists of scveral groups of terms, the groups "and™ ed
together, the terms within a group "or’ed.

c.g. B=(x or X or,..)and (xl, or X or

1l 21 ) o T o

For the purposces of this Chapter, this form will be called the Standard form, or
Standard structure, of a Boolcan expression,  Computer programs ¢xist to put any

Boolcan expression into its Standard form e, g. [ 1]



It is convenient to use the symbols "+ for "or™ and ", " for "and", i.c.

to usc arithmetic symbols.  The standard form of a Boolean expression is then

3 1

In general the x;; are cither affirmations or negations of the terms of the

1
original Boolcan expression of which B is the Standardised version, It is shown
in the Appendix to this Chapter that for any Boolean expression which has no

negated terms or clauses, the X; in the corresponding standard form arce all

J
affirmations of terms. It is also shown that the Standard form is unique. These
results make it possible to combine Boolean and Scoring Scarching into a single
retrieval technique,

Since the x. . are index terms (more strictly, affirmations of the presence of
index terms). cach Z: X, is an automatically generated User-category, i.¢, a

i

set of u.;rms which, for the purposc of the particular scarch, arc alternatives,
The transformation of a Boolcan Scarch Statement to Standard Form provides a
Scoring Scarch formulation involving uscr-categories, It is obvious that any
reference satisfying the original Boolean expression must have at feast one index
term from cach user-category, Conversely, any reference failing to satisty the
original expression must lack the terms ()1"ul lcast onc uscer-category, It follows

that if cach uscr-category is assigned a weight '\VLI and the score of a reference

is calculated by S .

1
S =Z g W
4 u

ru u

(where & = 1 il the reference has a term from uscer-category u and § -0
ru ru

othcrwise),

then all references satisfying the original Boolean expression have a score S

et

max u u

max’

and all other references have strictly lower scores,  This is true no matter what



values are assigned to the W provided that they are strictly positive
u : y ’

by Qe v Wy D0

The formula S4 thus provides a method for Sub-Boolean Scarching,

3.6 Boolcan Searching by a modificed Pr.obabilistic Technique
To obtain a unique weight Wu for a user-category u it is necessary to calculate
an "information content” for cach category, which does not depend upon which
term from the category appears in a reference,  This may be done by treating
the user-category as MEDLARS categories were treated in Chapter 2 (not like

uscr-categories in Chapter 2).  The estimated probability of occurrence of u is

p x4 -}i K(l-pi)

u

then p
u

where the p. are tallies of the terms inu,  This p 18 an estimate of P(U),  Since
i u
a term from cach category must be present to satisfy the Boolean expression,
the request for Boolean retrieval implies that the estimate of P(U/R), the probability

of the category's occurrence in relevant references, is unity,

P(U/R)
P(U)

; I b
Thus. log may be estimated by log 55— and, when this is
: : u

substituted for WU in formula S4. S4 has the form of the Scoring formula of

Chapter 2,
i > S = g I() y —-‘-—
hoey 8.2 Zu g

ru Pu

The scores caleulated by S| cannot be interpreted as an order-preserved trans -

3
formation of the probabilities of the relevance of references. since the user-
categories u are not orthogonal.  One index term may appear in several of the u.,
This will always happen unless the original Boolean expression is alrcady in
Standard form. But the formula S4 docs have a number of uscful properties
including:-

(1) All references satisfying the oviginal Boolean expression reccive the same

score.  This score is strictly greater than the score of any other reference.



(2) S-l gives the correct ranking with respect to the addition of a further
scarch-term to a reference,

Proof: Another index term cannot reduce the number of user-categories
satisfied by the reference, and may increase the number therceby increasing the
score., :

(3) S4 gives the correct ranking with respect to the frequency of individual
terms in the file,

Proof: If the presence of a term i has any effect at all, it puts the reference

, 1
into one or more additional uscr-categories, The corresponding log Py
values are added to the score,  Each of these P, is of the form

P 1 - K(l-pi) O<K <)

since i is in U.

The K is the (l-pk) i.c¢. the product of the (1 -p k) for the other index

k€U
terms in the user category U,

If a term j had been used in the original scarch expression in place of the
term i, it would have appeared in exactly the same user-categories U, but the
pu would have been different

=] ~R(E ~p)
e }J
Since no othér terms are changed the K here is the same as before,

A\ i »
Now it p]_ > p. then

K+Kp > -I\+Kp since I\>()

whence |
I —K(l—pi) I -I\(l-p)
| R
and log log
I ‘K(I'Pi) - I\(I-p)

i.c. the higher the value of pj the lower the information content of the categories

in which it appears,  This proves the required result,



(4) When a term i appears in n of the N user-categories then up to
x : : , n o
(N - n) other search terms are necessary for retrieval,  The ratio N is thus
L
onc measure of the importance of a term in a Boolcan expression.  With this
measure of importance:t-
’
S4 gives a ranking on which the effect of a term's presence is positively

related to the importance of the term in the original Boolean expression,

Examples of the Importance Ratio

] 1
(a) B= z + x.y has standard form, B,
i
B=f(z+x}z+y)
and the importance ratio for z is 1,00 signifying that it is, by itsclf, sufficient
for retrieval,
: 1
(b) B = t(xy + yz + zx) has Standard form, B
1
B= tx+yly+2z){z+Xx)
and t reauires only 2 other terms for retrieval although the importance ratio
for t is only 0, 25,

Proof of propertv:

3 s * . s n ’ i 7
The effect of the presence of a term of importance w8 to add n of the N
1

n o
values into the score.  The larger — is the greater the

possible log B N

increment to the score,  Again there is the implied condition that "other things
arc cqual™,  This time the other things arce the relative magnitudes of the log —

u
and the satisfaction of some of the n categories by other terms present. As
before. this condition does not affect the conclusion,

The formula 84 thus has scveral uscful propertics in addition to its performance
as a Sub-Boolcan scarch techniaue.  The only modification necessary to convert the
program of Chapter 2 to perform Sub-Boolcan Scarches is to calculate and store
the appropriate p

u

in the place of the p.» Once this initial stage of the program has
i

been passed the clgorithm is as before.  The transformation of Boolean expressions



5

to Standard form would have to be done manually, or by usc of another

program c.g. that of Hicber [ 1].
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. Appendix to Chapter 3

Proof that the Standard Form of a Boolean Scarch Statement is unique and contains

no negated terms

The Standard form of a Boolcan expression B =B (xl. o i e xn). where B is
a function of index terms | to n, can be obtained by a two stage process, as follows,
Stage 1, Obtain the "implicants™ of B, by writing

B = (B0.0,....0) +x+ ....+,\n) (BO.0,...0. ) +x +x,+.... +‘x‘n) (venn.
where ;

(i) '\'] means "not xi"
and (ii) c¢.g. B(0,0,.,.0, 1) is the truth value of B for xl 1o Xn-l false., and Xn truc,
and (iii) there is a pair of brackets on the right hand side for ¢very combination
of truth values of X, to x, T o4 pairs of brackets in all,  These are called the
"implicants" of B,

Stage 2, Reduce the implicants to "prime implicants™,

By using the identity (a + b)(a + l—)) = 4 repeatedly. the implicants can be
reduced to "prime impleants ',

A "literal™, v, is an affirmation or negation of onc of the terms X, WX
A "prime implicant™ is a logical sum of literals P, with the properties that

()BQP

(ii) if any literal is removed from P then B is no longer contained within the
sum of the remaining literals,

In general the set of Prime Implicants is not an irrcedundant scet. i, ¢, Bis
cquivalent to the logical product of a subsct of the Prime Implicants,  This mcans
that the Standard form of a Boolcan expression is not, in general, unicue,

A Boolean expression used for information retricval must contain no negated

terms (- 2,2), With this restriction it can be proved that the Titerals of prime

implicants arc all affirmations. and that the Standard form i1s unique,
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Prooi (i): The literals of the prime implicants of a Boolean Scarch statement, B,

are all affirmations

Suppose that P is a prime implicant of B, and that P = x | +2, \\'hcrcz is

a sum of literals other than X, ()1‘?1. Then by part (i) of the definition of a
prime implicant,

Be X +25
and by part (ii) of the definition,

i3

Thus there must be at least one point (or reference) z in B but not in

i;e: 7 € x _+2

1

and /¢z
€& +DF-5 .2

% % . o
Now 2 e x,3 R T N where the ® denotes the affirmation, negation
& . n

or omission of a term, and not all of the terms X, 1o xn arce omitted,

Thus z & X .x*.x,*. .x*
1 2 2 n
There is thus a combination of the presence or absence of terms X, 1o X which
is sufficient for retrieval, if and only if xl is abscent,  This is a contradiction
since B is a Scarch Statement and thercefore does not involve the operator not.

The required result has thus been proved,

Proof (ii): The Standard form of a Boolcan Scarch Statement is unique

Lemma,  No prime implicant of a Scarch Statement contains another unless

they are duplicates.,
i =K
Suppose Pl' F’,) arc prime implicants of B, and that PI Cl") = Z xl

- =1

(without loss of generality).

i = K
and that Pl += 2 :xl
=1
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Then, since P] is a sum of affirmed terms, and is included in P

i=L
PI = ?_l'l x], with L < K

(again there is no loss of genetrality in taking the first L terms),

But PI is a prime implicant, and so
i=1
BC E X, by part (i) of defn
i= 1 '

But P,) is a prime implicant, and so
i=1L
X, (for L rpart (ii) of defn.
B¢ Ei — X, (for LK) by part (ii) of defn

This is a contradiction and the lemma is proved.
Main Proof: Supposc Pl to P . are prime implicants. and that P is another,
—_— n

Suppose P is redundant since it includes the product of the others,

- f= K
N s b} bl 7: =
Y = }Ipz.....lm C ! Ei_, xi

Since I’l# P and PI ¢ P and Pl ?P (by Temma) then I’l is a sum ol terms

(by proof (i)), one, at least, being different from xl to \l\ Lct it be z].
r : 3 = J : ,
hen /,l¢l = si — X, but Z, Cl"l._

Similarly z_to z c¢an be found in P to P but not P,
v 59 m 2 m :

Then-z 2 Jiz T PP o Prand 2.2 e is not the
172 m | 2 m 12 m

empty set sinee cach z is an affirmation,

Butz.z.... z P
| 2 m¢

.

This is a contradiction, and proves the required result,
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Chapter 4:  Retrieval without Indexing = 1, A Title Scarching Program

4,1 Alternatives to Indexing

Authors themselves provide several potential means of retrieving their
publications. These sometimes include author - assigned index terms but are
more often restricted to; = '

(i) The full text

(ii) The abstract

(iii) The title

(iv) A_ list of other publications related in various ways to the content of the text.
' The transformation of text into index terms is performed by the retrieval

system staff, This comprchion from full text to a few index terms reduces the

cost of the system's storage and retrieval operations, but almost inevitably

reduces the amount of information about the content of the reference,  Similarly,

the abstract or the title contain less information than the full text.  Authors,

particularly of Medical references, are notorious for producing titles such as

"Can this be yours?' which contain very little information at all,  Nonctheless

the author is better placed than almost everyone else to produce a truly informative

title,

In the MEDLARS system the titles are stored with the index-terms which
makes it possible to compare the reductions of the full text produced by indexers,
with those produced by authors,

An indcx( basced system requires a senior staff nl"sul)_jccl experts to do the
indexing, and a junior staff to convert the index terms into machine readable form,
c.g. by keypunching., A titles based system only requires the junior staff,  If,
as in MEDLARS, the titdes are deemed necessary for display purposes, the index-
basced system requires considerably more junior staff, as well as senior staft,

It follows that an index-based system has to demonstrate considerably better
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retrieval performance to justify its greater costs,  (Translation of titles into a
standard language, c¢.g. English, could affect the relative costs),

4,2 Some Comparisons of Indexing with Titles

Studies of a number of indexes in a wide range of subject arcas have shown
that a large percentage of the index terms (or synonyms for them) were to hb
found in the titles,  Some examples may be quoted from published papers: -

(i) A legal index: Examination of 3228 titles showed that 64, 4% of titles
contained all the corlfcsponding index terms, and only 10.35% contained

none, | 1]

(ii) ' Physical Review: 25 titles in Physical Review were indexed by the editors
of Physics Abstracts 'zm'd Chemical Abstracts,  63% of titles contained

all index terms [ 2]

(iii) Chemical Abstracts Subject Index: 84 titles were examined, 57% contained

all index terms, | 3]

(iv)  Three Medical Indexes: 30 titles were chosen from cach of 3 Medical

Indexes,  The percentages of index terms appearing in titles were 32%,

54%, and 26% [ 4]. Although these figures are not directly comparable

with those in (i), (ii) and (iii), they suggest that Medical titles may have

a relatively low information content,

An estimate of the relative usefulness of MEDLARS titles and MEDLARS
indexing for retrieval is given by two further studies?-

(v)  MEDLARS: Two samples, of 4770 titles and of 451 titles, were compared

with Index Medicus.,  In cach sample 86% of index terms appeared in titles, [ 5]
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T.hc Index Medicus terms are those MEDLARS index-terms under which a
reference is printed in Index Medicus.  On average cach reference is printed
under only a quarter of its index terms, the other terms being of less importance
for that particular reference.,  Thus 86% of these 'print headings' occurred in
titles, not 86% of all the MEDLARS terms indexing the references.

(vi) MEDLARS: F.W. Lancaster in [ 6] attempted to estimate the Recall and
Precision performance of MEDLARS as operated at Washington D. C.  The method
used to estimate Recall was to set up a "Recall base' of relevant references
<before a scarch, and to find what percentage of this basce was retrieved by the
MEDLARS scarch, This was called the "Consistency Ratio” in Chapter 1, to
avoi-d the implication that it estimated Recall, It is, however, a rcasonable
measure of one aspect of retricval performance (albeit not the most important
aspect),  The Consistency and Precision were 60% and 52% respectively for
MEDLARS Boolcan Scarching using all MEDLARS index terms,  When scarches
were performed using 'print headings' only, the percentages changed to 44% and
60% respectively, i, e, the percentage of the recall base retrieved fell from 60

to 44, but the percentage of the output that was relevant rose from 52 to 60,

Since (v) showed a high degree of similarity between MEDLARS titles.
and "print headings', the results of (vi) arce an approximate indication of the
retrieval performance using titles instead of index terms,
The performance figures for scarching using only the 'print headings'

arc surprisingly good when compared with those for the full indexing, and this
requires some explanation,  Experimental studies of indexing have indicated
that as the depth of indexing is increased there is less and less agreement on

the appropriateness of the additional terms [ 7], The relationship between
imdexer and scarch-formulator is akin to that between two indexers,  The
consistency between scarcher and indexer, separated by time and space, is

likely to be Tess than between two indexers taking part in an indexing experiment,
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One study, using 8 indexers to index 20 references found that the main source
of Ihc small proportion of words on which the indexers were agreed was the titles
and sub-titles, [ 8]

All these studies have looked for the appearance in the title of a subsct
of the index terms, In comparing the information contents of titles and indexing,
it is also necessary to look at the percentage of important title words which appear
in the indexing, c.g. the MEbLARS scarch no 10040 on 'Streptococcal Cell Walls'
was inhibited by lack of the term 'Cell Wall® in the vocabulary, although the term
appcared in titles.  (The missing term was later added to the vocabulary), It
is thus possible for titles to have a greater information content than the print
headings, while only containing 86% of these headings.,

In systems using a restricted vocabulary, the lack of a term in the vocabulary
can force both indexer and scarcher to use index terms which do not describe the
content of the l‘L‘l-Cl'L‘I.\L‘C or of the user's interests, ¢, g, in the above example,
'CELL MEMBRANLE" might have been substituted for "CELL WALL'" although these
are not the same.  Thus of the 14% of print headings which did not appear in titles,
an unknown percentage could simply be incorrect descriptors, If indexer and
scarcher cach chosce identical substitutes for the true dese riptor. only a lack of
Precision would result, but if the substitutes were different Recall and Precision
would, both be reduced.

4.3 A Scoring Scarch based on Titles

The Washington MEDLARS results indicated that a Boolcan title scarch of
MEDLARS would retrieve less of a given recall basce, but would gain in Precision,
By using a Scoring technique to scarch the titles the output size of the scarch can
be fixed in advance. By fixing output size, any increasc in Precision automatically
gives an inerease in Recall and vice versa. This can be seen by expressing

Recall as a function of Precision:-
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Recall = r where r of the R orelevant references are retrieved
R

Precision = r  where O is the output size,
0

Then Recall = Precision x O

R

But R is fixed for any scarch (although not known), and in a Scoring scarch O is
set arbitrarily before the scarch commences, It follows that greater depth of
indexing which is likely to g:lvc a Boolean search higher Recall and Tower Precision,
does not have such casily predictable effects on a Scoring scarch with fixed output
size.  Although MEDLARS titles contain far fewer terms than there are index
terms, a Scoring scarch can make use of the greater applicability of those that
do appear.

The simplest form a '4Fillc Scm‘ing scarch can take is a list of scarch terms,

the score of a reference being

- S
S% = z i
. T3 i
where Sjr = L if the jth scarch term does appear in the title of the reference,
and er = 0 if it does not,

Provision may be made for scarch terms to be weighted by modifying S_
J . ) £

s, 5 Sy
j:l J] J

where Wi is the weight of the jth scarch term, I the frequencics of occurrence

Lo

n

of the jth term in titles generally, and in relevant titles, can be estimated then,

by taking

Wi
W = log L
] p.
J
with  w, = cstimate of relative frequency in relevant titles
J
p. = cstimate of relative frequency in all titles

the Title Scoring Scarch has the same form as the Probabilistic Scarch of Chapter 2
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Although the user can be asked to estimate wj , no cquivalent of index term tallies
is available for MEDLARS titles and the estimation of pj would be difficult,

More importantly, the terms in titles arce not terms from a Coordinate Index
system, and the Probabilistic formula does not apply.  The values Wj arc thus

left entirely at the user's discretion,

Synonyms: The sclection of the search terms is of great importance, as in an

index term search, but the problems of sclection are different,  With a vocabulary
of index terms ()nL.‘ problem was to select from the vocabulary substitutes for

some desired term which was not available,  For a title scarch there is the
complementary problem of listing not only the desired term, but all reasonable
synonyms, c¢.g, in MEDLARS: English and American titles are left unaltered,

and all other languages are translated into American,  This means that the list of
scarch terms need not contain French terms but must contain both English and
Amcricubn spellings ('SULPHUR', 'SULTIFUR"), Standard abbreviations such as
'CNS' for "CENTRAL NERVOUS SYSTEM' or 'EEG" for 'ELECTROENCEPHALOGRAPHY
are also 'synonyms' for Title Scarch purposes.,  Different arcas of study habitually
usc different terminology, ¢, g. "VITAMIN C' and '_ASC()RBIC ACID'", 1In particular,
chemicals are often given one name by chemists and sceveral others by doctors and
manufacturers, Standard lists of eross-references, 'sce also lists', are obviously

v

helpful, if they are available,

;

Another category of synonyms can be produced by punctuation ¢, g, "SI 52°
could conceivably be recorded in various titles as 'SE-32", SE(52)". 'SEE/32" or
'S.E.52",  To avoid having to specify all of these variants individually, a single

svinbol standing for any punctuation character is necessary,  In the input to

the program de scribed below, a space represents any punctuation character,
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4.4 Categories in Title Scarches

Language Categories of Title Terms., In an indexing system with a controlled

vocabulary it is possible to classify the terms to make the scarch casier to formulate,
and faster to perform, ¢.g. the MEDLARS category number D6, 48, 12 represents
'BARBITURATI:IS' and nine specific barbiturates:- "AMOBARBITAL',
'"HEXOBARBITAL' etc. If the Title Scarch technique is such that titles can be
inspected for fragments of words, as well as complete words, the Title Search can
make use of the categorisation provided by ordinary language. In the above example,
a Title Search for "BARBIT' would retrieve titles containing 8 of the 10 barbiturate
terms.  Only "THIAMYLAL' and "THIOPENTAL'" would be missed.  Of coursc the
scarch for 'BARBIT' might also retrieve references on other topics than barbiturates,
The linguistic classification L‘(‘)llld be accidental and have no logical foundation,

e.g. a scarch for 'Prosthetic Appliances for the Hip and Leg' retrieved a number

of references on the legal aspects of medicine due to the listing of "LEG" as a scarch
fragment, In spite of this counter example, the ability to scarch for fragments

of \V()r’ds is most important, Retrieval can be restricted to complete words by
specifying a 'fragment’ whose first and last characters arce spaces ¢, g, YOLEG !

Uscr-categories,  The linguistic categories may not satisfy a particular user, In

particular the various synonyms for a term form a category for the user, but need

not have a common sequence of letters in them,  Synonyms such as 'SULPHUR" and
'SULFUR" are obviously perfect substitutes for cach other, but a user may choose

to regard two terms as imperfect substitutes in that he has a preference. A group
of imperfect substitutes may or may not be a linguistic category ¢, g, the user may
request references on any barbiturate but with a preference for papers on

'PHENOBARBITAL"™ One solution is to list '"BARBIT" and "PHENO" scparately.

Another is to make usc of uscer-categories in the caleulation of Sz, by sclecting

5)

from cach uscer-group a maximum of onc weight, the weight selected corresponding
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to the most preferred term from that group in the title, i.c,

e Max. S W,
SS ]r ]

within
all groups
: group
of scarch :

terms

In the example on barbiturates a user-category of two terms could be used -
'"BARBIT" with weight 1

'PHENOBARBIT" with weight 2

A reference on "PHENOBARBITAL' would receive, from this uscr-category, a
weight of 2,

4.5 A KDF9 Program for Title Scarching of the MEDLARS file

The standard MEDLARS system was implemented in the U, K, by E, D,
Barraclough on an E. E.L.M. KDF9 Computer, The quantities of data to be
handled were large for a machine of this size and speed, and machine code
programming was necessary.  Standard F. E. L. M, Magnctic Tape Handling
routines were used,

The program to perform a Title Scoring scarch was therefore written in KDF9
machine code, partly because of the same problem of large-scale data handling,
and partly to make it compatible with the Magnetic Tapes containing the MEDLARS
file which had been set up by the standard programs,  Adoption of machine code
and E, I, L, M. tape routines throughout avoided much duplication of ¢ffort, In
particular the program used for printing the retrieved references in an casily
readable format '\;'us the standard MEDLARS print,

Program Input

(1) The MEDLARS file of references held on magnetic tape in reference
order,
(2) A paper tape containing a batceh of scarch formulations.  IFach form -

ulation consisting of up to ten uscer-categories, cach user-category being a list
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of scarch fragments, with associated Wi provided by the user,  For cach scarch
formulation the maximum number of references to be retrieved,  Restrictions
on batch size ete. are given below,

Layout of the KDI9 high-speed store

The pmgrum‘rcads the paper data tape and combines all scarch terms
(from whatever scarch) into u_singlc list sorted in scarch fragment order,  The
‘sort’ is alphanumeric, with a sorting order which places space first, followed
by digits, and then by letters.  No other characters are acceptable in scarch
fragments,  Before a title is compared with the scarch list all non-alphanumeric
characters are replaced by spaces,  This ensures compatability between titles
and scarch fragments (some "junk' characters in MEDLARS titles are eliminated
altogether,  They are only of use in the printing of Index Medicus)  The KDIE9
store consists of 16K 48-bit words. When system softwarce. program, and
magnctic tape buffer-stores arc in store, some 11000 words remain,  Of these,
4000 are used in processing the titles. and 6000 arc usced for a joint Scarch

Fragment and Retrieved Reference list,  This list is laid out as in the diagram,
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Scarch Fragment and Retrieved Reference List

WT ADD IFive words for cach scarch
Hl FRAG | L3 ;
8 ’ ‘ fragment.  WT is the W, assigned
SH?2 FRAG 2 ) ;
aH — by the user. ADD is the address of
SH3 FRAG3 i .
PH i ) the word for the score of the
SH4 rRAGE 1] : . gy
appropriate uscer-category,
The next four words contain the
Merged
Scarch fragment, six characters in cach
Fragment . ; s s -
i word (FRAG 1 to FRAG 4). The
List
J [irst twelve bits of cach word isa
. a 'shift" value which is used for
masking (SH1 to SH4).  The shift
value is 48-6C where the computer
|
A\ e st 4
{ SCRT (1) CI'l word contains C characters, ¢.g.
s 10 : Heh e
SCRT (2) CI1 a fragment 'NEUROMUSC' would
1 8 P words
+ First e . have 6 characters in the first word,
Scarch L '
i / 3 in the sccond, and none in the
O
Batch SCRC CI'T third and fourth.
» “
3 AA X
Retrieved MAX
" " words I | _— - o
Reference or cach search there is provision
faas \ ) for up to 10 uscer-categories.  SCRT(k)
I is the score of the kth user category,
SCRC is the score of a retrieved reference. CIT indicates a reference identification

number.,  Up to MAX references may be retrieved,



Size Restrictions

(i)  From the diagram of the store it is clear that for a batch of S scarches with
Ni fragments in the jth scarch statement, and an output limit of MAX on the jth

scarch, the program requires that

j=S
E 6N, + 10 + MAX) < 6000
L

and cach scarch fragment must have & 24 characters.  For exampleg  If cach
scarch had 20 scarch fragments and cach user required no more than 190 references
then the largest batch size possible is S, where

S (100 + 10 + 190) € 6000

i.e. S&€ 20

i.c. twenty such searches could be processed simultancously.
Other aspects of the program impose additional restrictions, however, and

these are -

(ii) No. of scarches in l)alché 200

(iit) ~ Total no, of scarch fragments in batch s 800

(iv)  The longest title that may be searched must be less than 2000 characters
in length, At e.g. i00characters printed across a line printer page this
represents 20 lines, i, ¢. a short abstract.  The longest MEDLARStitle

scen by the author was about 500 characters long.

Diffcrent combinations of restrictions would be possible. but the number of
scarch fragments must always be less than 1/5 th of the number of characters

In a title since the store arcas used to hold titles during the scarch, arce usced to

sort the scarch fragments before the scarch begins,
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Retrieval Action

The formula used for calculating the score of a reference is S_, where
D
Max § W
S = within category { "jr ]
5 .
all uscr-categories

as_developed in 4.3, The retrieval action can be described by a very simplificed

flow diagram.

STOP -1 Get next reference

nonce 'fr()m MEDLARS filc¢

f ; Compare the title with the

unified sorted list of scarch

‘ =

fragments.
! e )
Title does Title or Scarch |
contain scarch list exhausted A
fragment
% (ER :
< Put Wj into the For cach search
computer word calculate the
reserved for the reference's score
appropriate user and compare this
-category. Do with the scores of
this only if a
‘N larger Wy has not
already been pl—;_x:_cd
there

.- |

Title does not
contain search
fragment

references already
retrieved.

< ", »

If the number of references already retrieved for a scarch already cquals the

maximum for that scarch, the current reference can only be added to the retriceved

scet at the expense of rejecting one which has already been retriceved,  This is done

if the score of the current reference exceeds the smallest score in the scet. The

program is so designed that a reference whose score is less than that minimum is

rejected after only one comparison.  This situation is likely to be frequent,
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The most interesting part of the retrieval action is the inspection of the
title for the presence of scarch fragments.  The method used is very cefficient
and needs a detailed description,

Inspection of Titles for Scarch Fragments

The low cost of input to a Title-based retrieval system was given in 4,1
as onc of the major advantages of such systems.  But the total cost may not be
low if title-scarching takes more computer time and a large number of scarches
arce performed. The low fixed cost may be offsct by high operating costs.

The tide scarch technique desceribed here almost equalled the speed of the Scoring
Scarch of Chapter 2 (using index terms), but means of improving the speed of that
scarch were given, and the Boolean Scarch (using index terms) was three to four
times faster.  Title Searching is thus slower than index-term scarching. but not
so slow as to be impractical.

Each MEDLARS title is used. in turn, to construct two ordered lists, the
Sorted Title List and the Title Access List,  These are compared with the Search
Fragment List described above.  The method of comparison is best described
with the help of an example.  In the example the reference title is "THE _ CRYING
CAT_SYNDROME. " and the Search Fragments are ' CRYING_CAT " and '
'__TURNER__S__' which may come from the same or different scarches, (The dashes
arc used here in the text to represent spaces). At the time of scarch the three

lists would appear as:-
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The Title Access List contains one computer word for cach character in the
title.  Each computer word contains six consecutive characters from the title,
If the first character in cach computer word is read by scanning the eve down the
page, the title is immediately visible,  The Sorted Title List contains the same
computer words but rearranged into dictionary order (with space before digits
before letters).  Stored in cach word of the Sorted Title List is the address of that
same word in the Title Access List, The Scarch Fragment List has been described
alrcady. It is in an order (;clcrmincd by the first six characters of cach Fragment,
Since the Search Fragment and Sorted Title Lists are both in a sorted order,
the title can be inspected, for the occurrence of the first six characters of a
Scarch Fragment, by a 'pop-up' procedurce.  When the first six characters are found
in a title, a much slower algorithm inspects it for the rest of the Scarch Fragment.
The Sorted Title word contains ADD, its address in the Title Access List,  The
remaining c.hu racters of the Scarch Fragment are compared with those in the (ADD + 6)th,
(ADD + 12)th, (ADD + 18)th words of the Title Access List.  Since the Scarch Fragment
and Sorted Title Lists are only sorted on a key of six characters the algorithm for
detecting 24 character Scarch Fragments is not a simple 'pop-up’ procedure, but
the more complicated algorithm is faster than a mullf—unnputc r-word sort followed

-

by a simpler comparison procedure, The comparison algorithm used in the

program is given in the flow diagram below: -
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COMPARISON OF SEARCH FRAGMENTS WITH TITLES

Words in Scarch Fragment List denoted by S(i) (strictly S(i) is the first six
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For simplicity the flow diagram does not show the stopping criteria (S or T lists
exhausted), nor the masking procedures for comparing Scarch Fragment List
words of less than 6 characters with the Title words, all of which contain six
characters.,  The introduction of 'k' is necessary since lﬁc algorithm is effectively
comparing two lists of 24-character strings, each list sorted by only the first 6
characters of cach string,

Time Taken

The Scarch Fragment List is scanned only once, and the Sorted Title List is
scanned only once unless it contains repeated strings of six characters which are
also the first six cha racters of some Scarch Fragment.  The number of
comparisons necessary for a title which contains no Scarch Fragments (the
'rejection time') is T+ S where there are T characters in the title and S Scarch
Fragments,

If all the Scarch Fragments are word stems i, ¢, start with a space. then
the number of comparisons necessary for rejection is D+ S where there are D
language words in the title,  Typically D is only an cighth of T,  This improvement
in speed is achieved because space is sorted before digits and letiers, putting all
the word stems at the head of the Sorted Title List,  When a large batch of scarches
arc run simultancously, and S is large relative to T or D, the improvement in speed
Is not sufficient to offset the retrieval disadvantages of a restriction of Scarch
Fragments to word-stems,  This restriction would reduce Recall,

Once the first six characters of a Scarch Fragment arce found the program leaves
the fast pop-up routine and enters the much slower section which examines the
remaining characters.  The program will operate at a much higher speed if
Scarch Fragments arce restricted to less than six characters.  Again the restriction

will give an improvement in speed at the expense of retrieval disadvantages,  This

restriction would reduce Precision.,
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The pop-up routine is left more frequently when Scarch Fragments occur
v
more frequently in Titles,  Thus frequently occurring Scarch Fragments slow
the program down,
If all these complications are ignored (because they are difficult to handle,
not because they are unimportant) the computer time taken is split between

overheads and time related to the number of Scarch Fragments.  Four scarches

of 34,000 references using different lists of Scarch Fragments gave results: -

Time (in mins. ) No. of Search Fragments
48 108
46 68
57 175
39 3

Il the overhead is eliminated by subtracting the last result from cach of the others.,
the estimates of the times per scarch fragment arce (in minutes), 0,086, 0. 108,
0. 104, per 34,000 references,  The time per scarch fragment per reference is

; =4 e : =
approximately 2 x 10 scconds. I'his compares with about 0.8 x 10 scconds
per scarch term (index term) in the Probabilistic Scoring Scarch of Chapter 2.
However in the test below. with a large number of scarch fragments, the title
scarch program took less time than these calculations would predict.

The overhead is large, about 39 minutes,  This was verified by scarching
for the single fragment "=AAA", which again took about 39 minutes,  Since such
a scarch involves the comparison of only one scarch fragment with only about
3 words from the é()ﬂud Title List, the time taken is almost entirely due to the
construction of the two title lists - Sorted Title and Title Access, This takes a
long time since every character in the title has to be inspected. puctuation

characters replaced by spaces, and characters only used for printing Index
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Medicus climinated.  The Title Access List is formed during this inspection,
Then it is sorted to form the Sorted Title List,  If the title scarch were adopted
as a standard scarch procedure, this overhead could be all but eliminated by
processing the titles once only, and storing the two title lists on a special
magnetic tape.  Then the speed of the title Search program would be about half
the speed of the Probabilistic Scarch program according to these estimates,

In the test below, the Title Scarch went at almost the same speed as the
Probabilistic,

4.6 A Comparison of Boolcan and Scoring Scarches using Index Terms with

Scoring Scarches using Titles

Two tests of retrieval performance were made., In cach test a number of
scarches were performed by the standard Boolcan Search, by the Title Scarch,
and by the Probabilistic method.  These tests were desceribed in detail in 2,9,
and to avoid needless repetition only the aspects which affected the Title Scarch
arc described here.

Test 1: Description and Results

Users of the MEDLARS Monthly Sclection Service were given the option of
Title Scarches.,  Of the 50 users some did not ucccbl the offer, and some did not
cvaluate the references retrieved.  As a result only 13 scarches were available
for usc in a comparison of Boolcan and Title scarching.  The Title Scarch
Statements were formulated by MEDLARS staff from the terms of the Boolean
Scarch Statements,  No use was made of user-categorices,  Output sizes were
sct arbitrarily at 30 or 75.

The Boolean Scarches did overwhelmingly better. In 8 of the 13 scarches
the Boolcan was better on both Precision and Relative Recall,  In 4 of the

| remaining 5, the Boolcan Scarch was strictly better on one ratio but worse on
the other,  Of the relevant references retrieved the Boolean Scarches averaged

70% and the Title Scarches 43%, although thege figures arce complicated by the
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fact that not all techniques were used for all scarches,

From Ihis test it'was obvious that a further test was required, in which all
scarches were performed by both techniques, and in which more care was taken
in sclecting the output size of the Title Scarches, in order to get fully comparable
results,

Test 2: The criteria which determined the design of the scecond test are given in
2.9, The design was an attempt 1o meet the partially contradictory requirements
of rcalism and cmﬁpu rability.

For the Title Scarch I«‘m'mut]alinns it was considered unacceptably unrealistic
to take as Scarch Fragments the stems of the MeSH terms used in the corresponding
Boolcan Scarches.  Ideally the Title Scarches should have been formulated in
exactly the same manner as the Boolean i, e, at personal interviews between the
Strathelyde Library staff and the users.  This could well have exhausted their
cooperation before the evaluation stage was reached,  The Title Scarches were
therefore formulated by a Strathelyde Librarian and a subject expert in consultation
with the author,  They were based on the meaning of the MeSH terms used in the
Boolcan Scarch Statements, and the Librarian's memory of the original (Boolcan
formulation) interviews with users,  The titles retrieved by the original Boolean
Scarches were also available to him.  In two cases the Boolean Scarch formulation
consisted almost entirely of MEDLARS category numbers, and the uscer had to be
interviewed to provide Scarch Fragments,

The Boolean Search Statements used 482 MeSH index terms and 33 category
numbers,  The Title Scarches used 492 Scarch Fragments, some such as
"=AMIN', "ETHYL', 'CAINE" intended to be the equivalent of MEDLARS category
numbcers, others corresponding to individual terms.  Although the Title Scarch
Fragments had not l;ccn generated ina mechanical fashion from the MeSH terms

of the Boolean Scarch the relationship between Fragments and Boolcean Scarches
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was closc,  Of the 492 fragments, all but 68 appeared in one of
(i) The MeSH terms of the Boolean Statement
or (i) The MeSH terms represented by the Category numbers in the Boolean
Scz; rch Statement
or (iii) The Title of the Boolean Scarch Statement
("he two title search statements formulated by the user are not included).
Some cffects of the inclusion of these 68 terms are analysed in the results section

below,  Most, but not all, arc obvious synonyms for McSH terms used in the

Boolcan Statements,

€. Boolecan Statement Title Statement
(McSH Icrm) (Word Fragment)
ASCORBIC ACID "VITAMIN - C"
BIRD "-AVIAN"
COMPUTER "MACHIN"
DENTAL terms “TOOTH!"
DENTAL terms “TEETH"

This table shows some of the 68 fragments not found in MeSH terms of the
corresponding scarch.,

User-Categories:  As with the Probabilistic Search, uscr-categorics were used
£

in cevery Title Secarch Formulation,  The exa mple quoted in 2.9 of the scarch
on "Hyaluronidasc and Dental Caries' is equally pertinent here,

Computer Time Taken: Both Boolean and Title Scarch programs handled all 25

scarchies in one batch,  The time taken to scarch cach tape of 35,000 references

was about 8 to 10 minutes for the Boolean, and about 80 minutes for the Title

Scarch. However about 40 minutes could be ascribed to the "overhead' function

of sctting up the title lists,  The effective scarch time for the Title Scarch
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program was thus about 40 minutes.  The number of scarch fragments used
was 492,  Using the values calculated in the last section estimated time for
the Title Search is

¢ -4
. , 2x 10 x 492 x 35000
Est. time in = 40 +
: 60
mins.,

= 97 mins.

This estimate is considerably more than the actual time taken, The program
apparently becomes more efficient as the number of scarch fragments is increased,
This did not happen with the thabiliﬁlic Scoring program which is structurally
similar to the Title Search program., This performance difference is due to the
action of the "pop-up' method for comparing two sorted lists,

Suppose, for the sake of clarity, that a sorted list of scarch fragments is to
be compared with a sorted title list, and that the title does not contain any
of the search fragments,  Suppose also that the two lists are sufficiently long,
or evenly distributed through the alphabet, that the comparison does not stop
until both lists are (almost) exhausted,  Then the number of individual comparisons
that hust be made is (T + S) where there are T clements in the Sorted Title
list, and S in the sorted Scarch Fragment list,  The value of T + S arises since,
after cach comparison, onc or other list is popped up i, ¢, one clement from once
list is rejected and is never considered again,  In the Probabilistic Scarch the
numbcer of comparisons may also be written (T + S) where T represents the
number of index terms of the reference, and S the number of scarch terms,  In
the test, the values of S for both Title and Probabilistic Scarch were approximately
500, but the values of T were very different, For the Probabilistic Scarch the
average value of T is 9, for the Title Scarch T is the number of characters in

the title, and the average length of titles is in the region of 80 to 100 characters,
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The number of comparisons for varying numbers of scarch terms arc set out

in the table.

No. of Search ) No. of comparisons (approx.)
Terms Title Scarch Probabilistic Scarch
* 100 200 110
200 300 210
300 ‘ 400 310
400 500 410
500 600 510

As can be scen, the efficiency of the Title Scarch algorithm is rclatively lTow

for small numbers of Scarch Fragments,

Results of Test 2 The results are given in diagrams of two overlapping

circles, cach corresponding to the references retrieved by one technique,
The overall results for the 150 scarches were:

BOOLEAN SEARCHES TITLE SEARCHES

No and % of Relevant
i References Retrieved
(150 scarches)., % is

Relative RECALL

Total no. of references

retrieved (150 scarches)

Precision (%)

(150 scarches)
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The precision of retrieval for cach technique can be calculated from the first two
diagrams, and is 17% for Boolcan, 12,5% for Title Scarching.  Whilc it can be
misleading to quote overall Relative Recall figures these are given in the first
diagram.

The output .SiZC of the Title Scarch was equal to that of the Boolean when the
Boolean retrieved 10 or more references. and was 10 otherwise.  The results
for different output sizes are given in the table, which shows the number of relevant
references retrieved by Title Scarches with (a) the same output size as Boolean,
(b) Title output 10, Boolean in the range 3 to 9, (¢) Title output 10, Boolcan in
the range 0 to 4, The table also gives the numbers of scarch formulations, and
of scufchcs. on which these retrieval figures are based.  The statistical significance
of the results can be calculated from the numbers of scarches in which the Title
Scarch retrieved more relevant references than the Boolean and these figures are

also given in the table,

Boolcan  No, of No. of No. of No. of No. of No. of No. of

output Rel. Refs.  Rel. Refs. Rel. Refs,  scarch scarches scarches  scarches

size retrieved  retrieved  retrieved  form- in which in which
by Boolcan by both by Title ulations Boolcan  Title
only only better hetter

10 128 71 85 9 41 26 B

5-9 28 17 37 13 25 7 10

0 -4 21 8 84 19 84 4 40

Boasia

This table is clearer in percentaged form: -

% of relevant references retrieved

g Boolcan Out Tol:
; ( LS]il']/g' L Boolcan only Both Title only Tatal
i 10 45 25 30 100%
§ 5- 9 34 21 45 100%
0- 4 19 7 75 101%
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These tables show that when the output sizes were equal, the Boolean
Scarches performed better, and that the superiority of performances was
consistent (26 out of 31 searches i.c. significant at the 0.01% level)., When
the Boolcan Scarches retrieved few references, and the Title output was between
one and two times the Boolcan output si/.c.. the Title Scarches retrieved more
relevant references, though the superiority was not very consistent (10 out of 17
scarches, i.c, significant at the 32,0 % level).  When the Title output was
very much larger than the Boolean, many more relevant references were retrieved
and the superiority of the Title Scarches was consistent (40 out of 44 scarches i, c.
significant at the 0.00001% level).

The tables suggest that Title Scarching was inferior to Index term scarching
in retrieval efficiency, but that by using a scoring technique and sctting a large
output size, scarching by titles could produce as many, or more relevant
references than the corresponding Boolean Scarches,  Uscers might be willing to
spend more of their time "editing' the output, if the reduction in system costs
were passed on to them in the form of lower charges for scarches.

Titles and Index Terms

The comparison of the Title Scarch program with the MEDLARS Boolcan
Scarch contributes to the evaluation of MEDLARS, but does not dircectly evaluate
the usefulness of titles for retrieval, since the retrieval techniques differ, By
comparing the Probabilistic Scoring scarch with the Title Scoring scarch, titles
can be compared with - MEDLARS indexing, since the scarch algorithms arc
basically similar, The results of this comparison have to be treated with
caution, however, since there may bednteraction between the retriceval technique
and the data to which it is applied.  c.g. It is possible, even if unlikely, that

>

index terms might give better results than titles when used by a Scoring Scarch,

and worse results when used by a Boolean Scarch, or vice versa,
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In the test 2 desceribed above and in Chapter 2, cach search was done using
the Boolcean, the Probabilistic, and the Title Scarch program.  Since the
criterion used to determine the output sizes of the Probabilistic and Title
Scarches was the same, the output size of cach Title Scarch equalled the output
size of the corresponding Probabilistic Scarch,  The two methods can thus be
compared by counting the number of relevant references retrieved by cach,
and the number of scarches in which the one retrieved more than the other,
The results were ;

PROBIA BILISTIC TITLE Numbcer and % of relevant

references retrieved
w (150 scarches)

Number of references

retrieved (150 scarches)

Precision (4)

(150 scarches)



- 108 -

Since the output sizes are the same, the Relative Recall percentages for the

two techniques stand in the same ratios to one another as do the Precision Ratios
(66% to 53%).  The table shows that the index terms are more usceful for
retrieval, but not overwhelmingly so.  Of the 150 scarches, the Probabilistic
Scorer retrieved more relevant references in 63, less in 41, and the same as the
Title Scorer in the remaining 46, The hypothesis that the Probabilistic Sc‘nrcr

is better is significant at at least the 4,0% level.,

Non-Boolcan terms uscd as Scarch Fragments

The construction of the Title Search Statements was described above,
Of the 492 Scarch Fragments used, 68 could be described as 'non-Boolean' in
that they could not have been produced by sclecting character-scequences from
the terms or the titles of the Boolean Scarch Statements.  Of these 68 only 17
contributed to the scores of relevant references retrieved by the Title Scarch
program, The others cither did not appear, or appearced with other terms
from the same user-group, these other terms having cqual or larger weights
than the non-Boolean one.  The diagram shows how many of the relevant
references retrieved by the Title Searches would have received Tower weights
had the non-Boolcan Fragments not been used.  They might still have been

retrieved by the Title Scarches, albeit with lower scores,

NO. OF RELEVANT REFERENCES RETRIEVED
BY BOOLEAN BY TITLE
SEARCHES SEARCHES

Score not affected by
non-Boolcan Terms

Score contains con-
tribution from non-

Boolcan Terms.,
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A similar diagram can be constructed to compare the Probabilistic Scarches

and the Title Searches:-

PROBABILISTIC TITLE

Unaffected

Affected

In cach case the non-Boolean terms contributed to the score of about one fifth
of the references missed by the other technique,  The retrieval performance
of ilw Title Scarches does not appear to depend excessively on these terms,
The non-Boolean terms which contributed to relevant reference scores can
be examined in detail.  The table shows the number of references affected,
the non-Boolean Term involved, and in the last column, a list of the "Boolcan

Fragments' which prompted the use of the non-Boolcan terme e
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Formulation No. of Non-Boolcan Associated
No Refs Fragment Fragments
8 1 GINGIVA 12 dental terms
8 1 ORAL plus SALIVA
9 16 BURN BANDAGES,
9 3 WOUND DRESSINGS
10 7 HOSPITAL MEDICAL RECORDS.
10 | PATIENT INFORMATION
10 3 DIAGNOSIS RETRIEVAL,
STATISTICS,
DOCUMENTATION
10 1 ELECTRON COMPUTIER PROCESSING
r 11 4 VITAMIN C ASCORBIC ACID
13 2 DETERMIN CHEMICAL STRUCTURE
13 | STUDY
15 RIBOSOM MICROSOMES
15 3 ENZYME ESTERASES, GLUCOSYL:
~'RANSIFERASES
16 | AVIAN BIRD MUSCLI:
17 | ANTITHYRO THYROID ANTAGONISTS
17 | CATABOL MIEETABOLISM
25 3 RESPONS BLOCKING AGENTS,

NEUROMUSCULAR
FACILITATION

THE EFFECT OF NON BOOLEAN FRAGMENTS
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Thc judgement of whether these .tcrms biased the test in favour of the

Title Scarch program is necessarily subjective,  The Search Formulations
were obviously not identical with the Index-term Formulations, nor could

they have been, since the indcx-lcr‘m formulations uscd 33 McSH category
numbers, and it would have been imprug“ticul to have listed all the terms

which appeared under those category numbers.,  The Title Scarch Formulations
did not use more terms than the index term formulations, in spite of the use

of the non-Boolean Fragments.  The judgement that must be made is whether
uscrs and scarch-writers in consultation would have written better or worse
Title Scarch Formulations than the ones used in the test.  In the author's
judgement all the non-Boolean terms in the table could have been expected

from the dullest of users, exeept for those used in formulation number nine,
The use of BURNS and WOUNDS to retrieve references on the treatment of
burns and the treatment of wounds (the title of the scarch was '"Mectallized
Dressings'), in addition to BANDAGES and DRESSINGS does scem an improvement
of the scaych Formulation which is not completely obvious.  These terms
affected 19 references,  Although this made them good Scarch I ragments

they did not have a large effect on the total resulis,

MEDLARS Subheudings. Seven of the relevant references missed by the

Boolean Scarches and retrieved by Title Scarches would have been retrieved
by the Boolean Scarches had the Formulations contained their original
Subhcadings in addirion to the index terms,

Conclusions from Test 2,

The merits and demerits of the format of the test are listed in 2.9,
The scale af the tes's = 1530 scarches using only 23 scarch formulations -
means that the results apply for medical scientists using the MEDLARS

system,  For other usors of MEDLARS, and for other systems., conclusions



based on these results hold with less certainty,

A direct comparison of the efficacy of MEDLARS titles and MEDLARS
indexing for retrieval is given by the comparison of the Probabilistic with the
Title Searches. since, for cvery scarch, the output size was the same, and
both uscd a Scoring technique for 1'ctricvzl‘|. The index terms retrieved
considerably more relevant references than the titles (378 to 303), but the
advantage was not so large as to make cconomic factors unimportant.  If a
retrieval system lhmscd on titles cost very much less for reference-input,
the higher costs of scarching and the lower Recall achieved might be accepred.
More relevant references could be retrieved by setting larger outputs and
lcaving the users with more sifting to do,  The scale of the retrieval system
is very important for the success of a title-based retrieval technique.  If the
system is large enough and important enough within a discipline, its adoption
of title based retrieval might encourage authors and journal cditors to  take
carc that titles were fully descriptive of the contents of references. The
effect, if it occurred, would probably not occur until the system had been in
operation for some time,

The comparison of Boolcan and Tite Scarches measures the performance
of the Title Search algorithm against the standard VM]{DI.,A/\RS svstem (and v, v,).
For Title Searches with output size equal to the Boolean output size the ratio
of relevant references retrieved by the two methods was similar to the ratio
for Probabilistic to Title, It was 12,75 1o 10 for Boolcan to Title (at equal output)
and 12,50 to 10 for Probabilistic to Title.  However, as the size of the Title
Scarch output was increased beyond that of the Boolean Scarch output the
superiority passed to the Title Scarch,  For Title Scarches with outputs of
10 against Boolean Scarches with outputs of 0 1o 4, the ratio of relevant references

retricved was 31 1o 10 in favour of the Title Scarch.  This sugeests that the
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supcerior performance of index terms was offscet by a ret rieval technique which
automatically widened the scarch specification, provided that larger than
Boolcan output sizes were set. The test showed that Titles as a means of
retrieval should not be rejected, cither on the grounds that title scarching
would usc an impractically large amount of computer time. or on the grounds
that it would not give adequate Recall or Precision, unless an extensive test
has shown that they gave poor retrieval results in the subject arca under study.
If mo extra costs are incurred by indexing the references. index terms should
be used since they give better retrieval,  MEDLARS indexing, for example,

is produced as a by product of the publication of Index Medicus. and the
indc{xing cost is thus not casy to determine.  Even where index terms are
available, the construction of the vocabulary may make it unsuitable for
particular scarches.  In that event a Title Scarch program provides an

cfficient alternative to an index term scarch,
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Chapter 5. Retrieval without Indexing.

II. Associative Retrieval on a Citation Network

5.1 Associative Networks

An Associative Network is a scet of "objects', any pair of which may be
'linked'.  These links may have direction, in which casc the network is
termed a 'Directed Network',  If the links also have magnitude the network
is described as an Associative or Directed Network 'with Link Cocfficients’,
An alternative terminology is 'Lincar Graph' for 'Associative Network' and
'Directed Lincar Graph' for 'Dirceted Network'.  Networks can be represented

by diagrams such as the following. .

3

o &

p—

Associative Network Dirccted Network

In such diagrams objects are represented by cireles, links by lines,

directions by arrows.,  The layout of the circles on the page has no significance,

-

For example, the two diagrams that follow represent the same network,

Representation 1, Representation 2,
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A Directed Network in which no object has more than one link leaving it
(or in which no object has more than one link entering it) will be called a

‘Strict Hicrarchy', or a "Tree'.  An example is given in the diagram:

Strict Hicrarchy

An cxamplc. of a network in the standard MEDLARS system is the MeSH [ 1]
Category Structure described in Chapter 2. Each term in the vocabulary can
be linked to up to four more-general terms, and to an unlimited number of
more-specific terms.  Although it can be loosely described as a hicrarchical
structure it is not a Strict Hierarchy as defined above, but is a Directed Network
without Link Cocfficients.,  Such network structures are ubiquitously uscful in
Information Retriceval, but the discussion in this Chapter will be fimited to
networks in which the 'objects' a rc‘ references.  These networks of references
may cither exist naturally or be generated by caleulation,  An obvious example
of a natural nctwork is the Citation Network, M()st published rescarch papers
quote a number of other published papers and so form a Dirccted Network w ithout
Link Cocfficients.  Lengthy computer processing may be necessary to producce
a representation of this network in a form suitable for information retriceval,
but it is only the ;L‘})I‘L‘.\'L‘lllilli()n which requires construction. the network itself
has alrcady been formed by authors citing cach others papers,

To usce a network for retrieval it is necessary to assume that references
which are linked are in some way similar.  Authors may cite papers for many
reasons other than the similarity in content to their own paper. and a rtificially

generated 'similarity' networks could prove more uscful for retrieval than
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hatural ones.  For example an associative network can be derived from a
coordinate indexed file by using a modified form of the scoring formula of
Chapter 2 to calculate the similarity between any pair of indexed references.,

The formula given for the score of a reference was:

i = K "

S = ) ! 41 log \_&_l_
LA ).
i=.1 Pi

where there are K scarch terms and

5

1

and S
i

w; = the user's estimate of the proportion of relevant references that

I'if the ith search term is present in the indexing of the reference,

0 otherwise,

arc indexed by the i th search term,
p, = the proportion of rdferences in the file which are indexed by the i th
scarch term,

This formula can provide a measure of the similarity between two references
if the list of index terms attached to one reference is taken as a Probabilistic
Scarch Statement, and the score of the other reference is caleulated with
respect llo this Scarch Statement.  Denoting the similarity between references

Iand 2 by Sl(l, 2). the formula becomes:

RS S T :
S (L2 =58 (21 = - 9 log —
| "‘l":-‘r‘ 1 Pi

where there are K distinet index terms used to index the references and
12
I, = 1if term i indexes both Tand 2

and = () otherwisce

and \\". = 1 for all i,
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The formula is obviously symmetric.  The formula gives values of SI(I, 2
in the range 0 & Sl(l, 2) L2, A normalised form giving valucs in the

range 0 € S,)(I,Z)S 1 is:-

12
K 5 = |
, " 2 log — '
52(1,2) Sl o i P,
- 1
K K
A5 1 1 Zt 2 !
24 S tog p. . gi "4 p.
/\( i=1 : i j=1 i
2 12
where Si and Si are defined in a similar manner to o

The calculation of similarities S(a . ) between cach pair of references
(a.p) in the file gives an Associative Network with Link Cocfficients,

5.2  Bibliographic Coupling

A Citation Network is a Dirccted Network without Link Cocfficients, and can
be used directly for information retrieval, but it can also be used to generate other
networks, and the generated networks used for retriceval,  The retrieval method
known as Bibliographic Coupling [2,3] is onc technique for generating a
(non-dirccted) Associative Network,  This is done by calculating the similarity

between two references, 1 and 2, by the formula:

)
where the references 1 and 2 cite Kdistinet references, and Ai “ =1 when both
. , _ . 12 : A s .
cite the i th cited reference. and S = =0 otherwisce.,  This gives a measurce ol
i
simila rity in the range 0 & S,;(I. 2)K %0, A normalised form, giving values

in the range  0¢ s,(1.2) € lis:-



K 12
T S,l

8 (1.,2) =
5,01

1 2 & ; - 12
where S and S are defined in a similar manner to Si .
i i
The form of S,;(l, 2) and 84(1. 2) is the same as that of S](l. 2) and S‘)(l .2).
; : sl ! - )
respectively, apart from the weighting factors log s This correspondence
P
arises from the treatment of citations as though they were index terms.,

The S 2arch Statement for a Bibliographic Coupling Scarch consists of a
scet of references provided by the user, and known as the Request Scet.

Some, at least, of these Request Set references must be in the Citation Network,
The criterion for the retrieval of a reference is that the sum of its similaritics
to the Request Set must exceed some threshold value,  Alternatively, cach
reference can be given a score equal to the sum of its similarities to the

L
Request Set, and the N highest scoring references retrieved. (N equals the
required output size).

Bibliographic Coupling is particularly appropriate when the representation
of the Citation Network consists only of a file of references cach with a list of
papers cited by it,  This representation is close in form to the original printed
texts, and is thus relatively inexpensive to construct,  In addition, this
representation is identical in form to an indexed file of the MEDLARS type,
and programs developed for index-term retrieval can perform Bibliographic
Coupling Searches,  The program described in Chapter 2 for example, only
needs to omit the weighting factors  log i to become a Bibliographic

Pj

Coupling program,



More general Network Retricval Algorithms proposed in the next
section are not related to the representation of the network but to its logical

structure,  Bibliographic Coupling will be shown to resemble a special case

of a Network Retricval Algorithm,

5.3 Network Transmittance Algorithms for Associative Retriceval
i

5.3.1 Retrieval on a Directed Network

Let us assume that a Network Scarch commences when a user specifies
a Request Set, dnd gives cach member of that set an initial weight or scorce,
Thereafter references in the network receive scores (or have their scores
changed) by virtue of being linked to other references which alrceady have
scores.  Two'conditions are intuitively reasonable: -
(1) A reference should not transmit to other references a higher score than
it receives from other references i.ce. no reference should act as an amplifier.
(2) The score transmitted by a reference should depend upon the number of
references to which a score is sent; the larger that number the smaller the
score transmitted. A review article quoting 500 references does not,
intuitively, connect those references to cach other or to the review as closcely
as a rescarch paper quoting 5 references connects those 5 to cach other or
to itsclf.

Both these conditions are met when the score reccived by a reference

.

is divided between the references receiving scores from it. This process
overfulfills the first condition in that the total of scores transmitied by a
reference does not exceed its own score, but it provides a simple criterion
for determining the score sent along a link, and it satisfies the required
conditions.  To construct a retrieval algorithm a criterion for determining
the score received by a reference is also necessary,  Two alternatives

arce given in the next sections,
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5.3.2 - Additive Scores

One criterion for the score of a reference is "the sum of all scores sent
toit'.  To prevent spurious an1plit'iculi® of reference scores by ¢, g, two
references citing cach other, this criterion must be qualified by the condition
that no reference may receive a score which originated from itscelf, however
indirectly, i

This criterion taken with that of 5,3, 1, defines the score of all
references in the network.,  The calculation of reference scores is the same
as the calculation of Causal Effects in Causal Models (e.g. [ 4][5]). except
for the restriction that no reference may receive a score originating from
il‘sclf. This restriction simploifics the calculation, (Two variables which
cause cach other do, quite legitimately, amplify cach others values, though
often to a finite limit),

The summation of scores is appropriate when the user expects that a
reference linked to several of the Request Set would have a higher probability

of relevance than one linked to only one of the Request Scet.

5.3.3 Non-Additive Scores

An alternative criterion for the score of a reference is 'the maximum of

the scores sent to it',  This is appropriate when the user expects that a
‘

reference closely related to a high scoring member of the Request Set would not
have a higher probability of relevance if it were also distantly related to a
low scoring member of the Request Set.,

The use of this criterion in conjunction with that of 5.3, 1. defines
the score of all references in the file.  Each reference with a non-zero score
derives that score from just one member of the Request Set, and lies on a "path
of score assignment’ originating at that member,  The scores on this path decreasce

monotonically from the score of the Request Set reference.



5.3.4 Computation of Network Transmittance

When the Network Transmittance criteria are used for retrieval, the
scores of the Request Set are initialised by the user,  During the coursce of
the computation these initial values may be altered,  Transmittances using
the summation criterion can be computed as follows: -

The method proceeds in "rounds', forming on the Kth round all paths of
K (or less) links from members of the Request Set, Unless the computation is
carried out for (F-1) rounds, where F is the number of references in the file,
then the Trunsmil‘tunccs computedfare only approximate, but since scores decline
monotonically along these paths the computation of a few rounds gives good

approximations, At the Kth round:-

(i) Take cach K-1 length path PK | found on the last round,
P, = a a RPN < N
K-1 K-1 K-2 10
where cach a represents a reference. and a, represents a member of the Request
Sct,
(ii) ['ake all references (1;) which have a link from (lK |
: ]
(iii) Eliminate any u(,l) which appears in the sct a v By wovwes Oygid }
77K K-1" "K-2 10
(iv) Using the remaining e form the K length paths
I\
(i) (1)
P = a., R (I
K K K-1 10
. . , W
and associate with cach K length path a score Wy defined by
‘ W
(i) K-1
w, ' = —
K L
where w is the score associated with P
K -1 K-1

L is the number of references with a link from UK |

and W is the initial score assigned to a by the uscer.
O (O
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: " 1
(v) When the final round has been completed, say the K round, then the
score assigned to a reference is the sum of the scores of all paths terminating
. . . ‘ Z I ;
at it. By the method of computation only paths of length & K are included
in this sum.
The same procedure will calculate Network Transmittance by the second
criteria (non-additive scores) if, in (v), the 'sum' is replaced by the "maximum’',

5.3.5 Retrieval on a Citation Network

A Citation Network is a naturally occurring Directed Network,  The
original dirccti(;ns of the links are based on whether reference QI cited
reference Q2 or was cited by it. It is not obvious that these directions are
important for retrieval and for the purposcs of Network Retrieval Algorithms,
the links will be taken as two-way links,

Morce complex treatments of link directions arce possible. and one such
treatment, used with the summation criterion for transmittance. gives results
similar to Bibliographic Coupling. This will be called Alternating Scarching
and results from using the computational procedures of 5.3, 4, taking the
dircctions of links as:-

(i) from citing reference to cited reference, on first, third

and all odd rounds. ‘

(ii) from cited reference to citing rc!'urcncc on all ¢ven rounds.,

The diagrams  below show the scores assigned by the summation criterion
using two-way links, and using alternating Jinks, and also the scores assigned
by Bibliogrgp hic Coupling. In cach casce the Request Set consists of the single
lefumost reference, and is given a score of 1 by the user,  The arrows go
from citing reference to cited reference, irrespective of the algorithm usced
for scarching. The valyes shown arc for two rounds of the summation

criterion and once round of Bibliographic Coupling.



Network A Network B

Bibliogryp hic Coupling.

THE WEIGHTS ASSIGNED TO REFERENCES BY THREE RETRIEVAL

ALGORTTHMS



As can be seen, the method of Bibliographic Coupling gives results similar to
those of the summation criterion with Alternating Links.  The two differences
arce that Bibliographic Coupling gives no scores to the intermediate references
(i.c. those cited by the request set), ‘dl]dljt does not take account of dispersion

at these references,  The diagram below makes this clears—

2

From this diagram, the citing of B by both A and C contributes a value of
I to the similarity or Coupling Strength between A and C. When a normalized
fo rin of Bibliographic Coupling is used, allowance is made for the references
cited by A and C which are not cited by both, but no account is taken of other
references citing B i, e, Bibliographic Coupling takes account ol dispersion  at
A and C but not at B, The summation criterion takes account of dispersion
at A and B when caleulating transmittance from A to C. and of dispersion at
B'und C when calceulating transmittance from C to A,

5.4 The Effect of Incompleteness on Associative Scarching using Transmittance

Algorithms
Any Associative Network of references is necessarily incomplete, if only
because next year's publications have not been included, and they may closcly
link two references in the existing network which are not as vet closely linked,
For example, next year ten different papers may cach cite a pair of references
in the presentaictwork which have as vet no path, of any length, linking them,
There is no obvious way to estimate which references may be linked by future
publications. but the negative effect of future links, the dispersion effect, can
be estimated,  Most scientific papers have a distribution of usc which is high

shortly after publication and declines thercafter. Library statistics from the



National Lending Library for Science and Technology. Boston Spa, have been

used to estimate the use-distributions of several categories of scientific

papers.  The distributions of usc have the shape of an exponential decay curve

as shown below: -

No. of requests
for paper \

Age of Paper

»

and the "half-life' of papers in different categories can be estimated from thesce
curves. as the period of time from the publication date to the date by which
Iuﬂt‘ of the requests that will ever by made for the paper, have been made [ 6, 7],
For medical literature the half-life is about 3% years.  More generally. the
fraction of total usce C(x) occurring within x vears of publication can be
estimated.  Assuming that the distribution of citations Is of the same form
(i.c¢. cqual to the use distribution multiplied by a scale factor). the total number
of references linked to (or from) a reference, Q. ina Citation Network can be
estimated by: -

Total links = D + G/C (f -v)
where D is the number of references cited by Q

G is the number of references in the network citing Q

f is the year of the most recent acquisitions represented in the

Citation Network

v i$ the vear of publication of Q.

In practice D and G arce the numbers of Tinks in the representation of the
Citation Network,  Since C(f - y)g 1 this cestimate scales up to G, It s,

however, an underestimate of the total since it takes account of the unpublished

references to Q. but not of those which have alrcady been published, but have
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not been found and included in the representation,
’
In the Transmittance Algorithms of 5.3, for a Citation Network
the number of links can be modificd by the factor " /C (I - y) wherever appropriate.
If this is not done, the Algorithms are biased in favour of transmittance via
more recent references,  This may be considered a desirable property of
a Network Search Algorithm, and the modification purposcly omitted.

5.5 A Computer Representation of a Citation Network based on references from

A Card Index maintained by a Medical Rescarch Council Unit,

To test the Network Retrieval Algorithms of this chapter an Associative
Network was necessary, and preferably one which was not based on MEDLARS
indexing. since the objective was to investigate methods of retrieval which did
not require an indexing operation, A small Citation Network was therefore
represented on Magnetic Tape for scarching using an EELM KDEF9 computer,

A simple representation of a Citation Index using a four part bibliographic

code could be: -

E——

Code for Journal { Volume No., | Issuc No. I Page No, ]
e

3
e

c.g. CACMOOI0I058

One such entry identifies a reference. and a list of similar codes, identifying
the references that it cites, can be attached to it To usc the Algorithms of
5.3 a list of citing references is also required,  This can be formed by
‘inverting' the original representation, and then merging the original and the
inverted representation.  Inverted representations. which are also usclul for
indexed files, ;'()nsisl of lists of references stored under their attributes (index

terms, or in this case, cited references).



The disadvantage of this simple representation is that while it is casy
to identify journal articles with this code, there is no very satisfactory way
of identifying books. rescarch reports, and non-serial literature generally,
by mcans of such a bibliographic code. In order to include such references,
the method adopted for the experimental Citation Network was to give cach
reference a unique identification number, starting with 1,2,3...., ctc.

The basis of the Citation Network consisted of about 1000 references
from onc of lhclcurd indexes maintained by the M. R.C, Clinical Effects of
Radiation Research Unit at the Western General Hospital, Edinburgh, By
taking such a compact subject areca it was hoped that the inaccuracies caused
by the small size of the network would be minimised i.c. that the number of
references outside the network, which cited references in the network, would
be small compared with other networks based on only 1000 references.  The
network represented on the KDF 9 included the original thousand references
plus all references cited by them. No attempt was madce to extend the network
backwards in time by including the references cited by these cited references.,
The representation was formed by the method below, and was a joint project
by the author and W.A, Gray | 8].

(1) The texts of the references from the card file were found in the
National Lending Library for Science and Technology, Boston Spa, and the citations
made were microfilmed, and Xerox prints were made from the microfilms.

(2) The citations, vund the m'ig‘inul references were then coded  onto
standard sheets, using MEDLARS standard journal codes for all journals
indexed by MEDLARS, and using onc special code for non-MEDLARS journals,
and'a sccond for books or non-serial publications,  In addition, MEDLARS
journal title abbreviations were recorded for MEDLARS Journals, and simple

(non-standard) abbreviations of book titles as and when they occurred,  The
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full information recorded for cach reference or citation was: -
Abbreviated Title
Authors
Journal Code (or book code)
Year of Publication
Volume Number

Page Number .
These coded sheets were then kcypunchcd.onm punched paper tape by staff at
Newcastle Computing Laboratory.,

(3) Identification numbers were then assigned.  The references on the
()figinu] cards were assiémcd the numbers 1, 2.3 .., cte.  Thercafter cach list
of citations was input, and comparcd (by computer program) with the references
alrcady in the file,  Those which had similar bibliographic details were classed
as 'hits' and printed out for human inspection, the others being automatically
added to the file, and taking identification numbers in scquence from the last
member of the existing file. A ‘hit" with a reference already in the file occurred
when: -

(a) the references had the same year of publication

{(l) 1) Both were non-scerials

AND§ or
(b2) Both were in the same journal
(¢ 1) Both were annonymous

ANDJ or

¢ 2) Both had the same author
or
¢ 3) If one had two or more authors, then at least two authors were the

same in both references
To avoid missing references beeausce of small differences in the quotation of
authors' names, initials were ignored. since the number of initials quoted

cven by the author himsclf, can vary,  Authors and journal cditors are
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perhaps less likely to mis-spell a surname, but it would be very easy for the
keypunchers inputting data to MEDLARS or to the Citation File to hit a wrong
key,  Accordingly the comparison routine allowed a one letter difference
between two surnames that it judged the same.  No misalignment was permitted
however, so that STANFORD was judged the same as STAMEFORD but not the
same as STAFORD, The method of comparison is discussed in | 8].

This procedure of u{m)muticul]'\f finding 'candidate’” matches, and vetting
them by inspection before reinput, took a lot of effort but was particularly
usctul for identifying conference proceedings ete,, whose titles were erratically
ql)bl‘g~\/ialtc'(i. as well as climinating the effects of incorrect initials and page and
volume numbers,

The identification numbers corresponding to cach list of citations from
one of the original card file were recorded,

(4) When cach reference or citation had been assigned an identification
number. the file was compared with the MEDLARS file. A program was
written to generate from the Citation File, input tapes for the standard MEDLARS
Author Scarch Program, (The Author Scarch Program was written by
E.D. Barraclough of Newcastle Computing Laboratory)., These input tapes
only included post 1963 references (the MEDLARS file started in 1963), and
only those references which had been given a MEDLARS journal code,  The
Author Scarch Program performed scarches in batches of 50, It permitted
initials to differ but surnames had to be exactly matched.  The MEDLARS
references 1‘L‘1 rieved by the author scarches were stored on magnetic tape
but also printed and visually compared with members of the Citation File,
Incorrect retrievals were deleted, by program, from the magnetic tape.

Once again the human inspection procedure cost a great deal of effort but

cnsured accuracy.
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(3) The representation of the Citation Network as a list of approximatel Vv
1000 identification numbers cach with a list of cited identification numbers now
existed on (paper) code sheets.  This was keypunched and inverted by program,
The Network representation in onginal and inverted - forms were merged with
cach other, with the file of bibliographic details, and with the file of MEDLARS
retrievals,  The resultant representation of the Citation Network consisted of
over 10,000 references, each with bibliographic details. lists of cited and citing
references, and wherever possible, a list of MEDLARS index terms, category
numbers, und. a MEDLARS English Language Title,  About 4000 of the 10,000
had MEDLARS index terms.  The remaining references included those published
before the start of MEDLARS in 1963, and papers, reports or books not included
in MEDLARS.

This Citation Network is very small compared to the MEDLARS file
(at that date, half a million references), but it is relatively large when compared
with most files set up for Information Retrieval Experiments. and the compact
subject arca means that it is not equivalent to a random sclection of 10,000
MEDLARS references, but to a much larger randomly sclected subscet of
N”{DLJ\RS.

5.6 Quantitics of Computation required for the construction of the Network

Representation

The number of comparisons of bibliographic details needed for the
construction of a Citation Network Representation by the method usced by the
author was Jarge. and could be prohibitive for all but small experimental
[iles. and the simple bibliographic code method outlined at the beginning of 5.3

would be better if minimisation of cost were more important than the inclusion

ol non-scrial publications.



The file b?gun with the cards from the M. R.C. card index.  Let this
initial size of file be I. The lists of citations given in these references
were then compared with the file, and non-hit references added o the end,
Thus the jth of these cited references was compared with

I + x.
]
references where x. references had been added to the file.  The total

number of comparisons required to assign identification numbers is

j=1
(I +x )
A——:————l'* J
J 8

-

where | references are cited by the original file and x_ is such that

N+ 2
and Og&x i &F-L(with both limits attained)

where Fois the final size of the file, It can be scen that X is monotonic but
not strictly monotonic, I the risc in x_is evenly spread over the j values,
J

then the total number of comparisons is approximatcly

T |
It Vis the average number of citations made by the original references, then

.

the total is:

VI(F+1)/2
and this is more (probably much more) than:-

2

VI
The process of assigning the identification numbers requires a number of
bibliographic comparisons which varies as the square of the original file
size. In the work reported hereo T= 10000 17 = 10,000 (approx.) and

\’IA(!-‘ + 1)/2 = 5,500,000 V comparisons were necessary,  This caleulation
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ignores the problem of the 'hits' or near hits' which in addition to the com-
parisons counted above. had to be compared visually. and then, if not
genuine "hits', had to be reinput and compared with cach other (by machince)
for 'hits" and 'ncar hits'.  The ilcrul‘ion of this process was carried no
further.

The computation required for the inversion of the file of cited lists is
required irrespective of.the reference-identification system. unless the
scarch techniques used are to be restricted to variants of Bibliographic
Coupling.

The very large amount of MEDLARS scarching, undertaken to provide
index terms for testing purposes, would not generally be required,

5.7 A KDFY program to scarch the Citation Network

To facilitate comparison of Network Scarch with Index Term scarching,
the magnetic tape containing the Citation Network was written in a form
similar to the standard MEDLARS file tapes.,  The standard MEDLARS
system was implemented in the UKL by E:D. Barraclough on an EELM KDY
computer,  For the quantities of data to be handled this machine was slow,
and had a small high-spced store. and machine code programing was necessary,
Standard EELM Magnetic Tape Handling routines were used,

The program to perform the Network Scarching was written in KDEO9
machine code. partly to make it compatible with the MEDLARS-format
Mmagnetic tape, and partly hcg;ms‘c of the problem of large-scale data handling.
The peripherals available did not include any semi-random access store,
and the high-speed random access store was small - only 16K 48-bit words.,
The KDE9 was thus not ideally suited to Network Scarches on large networks.,
A usctul I‘;lgilil_\' that it did have was the provision, in the EELM suite of Mag-

-netic TapeHandling Routines. of efficient routines for reading magnetic

tapes backwards as well as forwards.,
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Program Input

.

(1) The Citation Network held on magnetic tape in a format similar to the
MEDLARS file format, but with the addition to cach entry of two lists of
identification numbers, being the lists of cited and citing references.

(2) A paper tape containing a batch of scarch formulations.  Fach
formulation consisting of a list of identification numbers, cach with an initial
value for its Score (these Scores being integers).,

(3)  On paper tape. accompanying the scarch formulations two numbers
indicating: -

(a) Two way link/Alternating Scarching (see  5.3.5)  and

(b) Summation/Single Path Algorithm (sce 5.3, 2, 5.3.3)

Lavout of the KDF9 high-speed store

Almost all the available storage is devoted to a single list of the form: -

-4

Req No(\ Req. No:r o a Request Number

Round O identifving a particular scarch
Req No : S E
formulation.

i
/
/

ool
D ;‘\DD() 4 ID: Identification Number of a

reference.

Round |

- S: Score of that reference.

l\.—'j

A\DD( . the Address of the appropriate
Request Number

S 1D :’\DDl
/\DD]: the Address of the first

Round 2 reference on a path,

T AR e T s |
v\\__}l AN

1D ADD

w

f\l)l),): the Address of the scecond

reference on a path

Round 3

i |
‘—’»\/ﬂ =




The references in Round 1 are those provided by the users as input, and the
scores are those assigned by them.  The references in round N are those
which are linked to a member of a Request Set by a path of (N - 1) links., The
scores of references in the Nth round are calculated from those in the (N - I)th
round by the method given in 5.3, 4, The decision as to which, and how
many, references are linked to Q depends upon whether the scarch mode is
Two-way Links or Alternulilllg. Each round corresponds to one pass of the
magnetic tape, but since this tape is read in both directions, no rewind time
Is required,

.Thc initial values of Relevance Scores of the Request Set must be integers
and are therefore greater than 1.0, R&‘cruwcs whose calculated score is
fess than a threshold value are not included in the list in store,  This
threshhold is applied to prevent the Timited high-speed store being exhausted
too quickly.,  When the program is used for Single Path Scarching the effect
of this threshhold is such that any references not retrieved are certain to have
lower scores than those which are,  When the program is being uscd to scarch
by the Summation Algorithm the ¢ffect of this threshhold is not so predictable.
It is always possible that a large number of references with very small scores
might be linked to a single reference (on some later round) which could then
have a non-trivial score.  But if the threshhold is not imposced the store is
quickly exhausted and this effectively restriets the batch size and/or the
number of rounds.

When llu'.l‘u;uircd number of rounds has  been completed the typical Tist

clement is:-

s m ! app | S
| NS W W |

i

SCore

ID = reference identification no.
ADD = address of previous reference

on path I'rom Request Sct,
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This typical entry is replaced by:-

il | , B L0 .
S L Req No D | Reqg No: Scarch formulation no

or 'Request no, !

and the list is sorted using | Req No 1D }us a key.  For cach request the

program then checks how many entries there are for cach ID. and if there are more
than one the scores of all but onc are set to zero, and the score of the remaining
entry changed to the maximum' of the scores (Single Path Algorithm). or sum of
the scores (Summation Algorithm), of entries with that ID. The entries are then
sorted by score. and the identification numbers and scores of the N highest
scoring references arce punched on paper tape, where Nis the maximum output
size acceptable to the user.,  References with zero scores are never retrieved
and the number of identification numbers punched can thus be less than N,
.

The punched paper tapes produced by this program arc in the same format as
those produced by the programs described in Chapter 2 and Chapter 4, and scerve
as input to the same suite of merging. sorting and printing programs. In particular
the standard MEDLARS print program is used to present the retrieved references
in an casily readable format.,

5.8 A Comparison of Scoring Scarching using MEDLARS Index Terms with

Citation Network Scarching

The Citation Network was based on references from a very specialised card
index.  The card index was only one of a number of indexes maintained by the
M.R.C. Clinical Effcets of Radiation Rescarch Unit. and did not cover the
interests of even this highly specialised Unit. A test based on genuine information
needs (as in Chapters 1.2 and 4) was not possible, and questions were solicited
from members of the Unit, By the time of the test the Unit had changed its name
to the M, R.C. Population Cytogencetics Unit, and some changcover ol staft had

occurred, but five members of the Unit agreed to cooperate and cach producced



five requests making 25 requests in all, The requests cach consisted of three
MEDLARS indexed references fromthe Citation Network plus a single sentence
desceription of the scarch topic.  Such bricef scarch specitications would not

normally be acceptable as a basis for formulating MEDLARS Scarches.  The
brevity of the search descriptions does not mean that they were vague.  On the

contrary., most were quite specific.  For example.

Scarch No 3:  Chromosome Studies of Clonal Development in the Acute

Leukemias

Scarch No 7:  Mechanism of Action of Phytohacmagglutinin  on Lymphocytes

A major difficulty in turning such specifications, even when accompaniced by
specimen references, into MEDLARS Scarch FFormulations is that the scarch
writer does not know just huw'spccil'ic a formulation is required by the uscer,

When the user has a genuine information need he can be asked to clucidate the
degree of specificity required, but not when the scarch has only been produced
for a retrieval test,  Network Scarching was therefore compared with the
Probabilistic Scarch of Chapter 2 since it was then not necessary to decide on the
exact degree of specificity requived,  In the test reported in Chapter 2 the
Probabilistic Scarch technique gave results similar to. and slightly better, than
the Standard MEDLARS Scarch, when operating at the same output size

Each of the 25 scarches was performed using (i) the Probabilistic Scarch.

(ii) the Network Scarch with additive scores and two-way links, and (1ii) the
Network Scarch with additive scores and alternating links.  This meant that cach
uscer had to cvaluate the output from 13 scarches, and in conscequence that the
output sizes had to be small,  In all cases the output size was scet at 13, Results
quoted below are for output sizes of 10, The higher outputs in the programs were
sct to allow for the exclusion of Request Set references.  The Probabilistic Scarch

could only be over the MEDLARS indexed references, 3914 in all, - The Network
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Scarches used all references and links in the file, for the transmission of scores,

9

but were modified at the output stage, to punch not the 13 highest scoring references
g E g

but the 13 highest scoring MEDLARS references. These 13 always included the
Request Set. - To ensure full comparability the Request Set references are
excluded from the results quoted for the Network Scarches, and the results given
for the Probabilistic Scarches count as retrieved only the ten highest scoring non-
Request Set references.

Scarch Formulations

The search formulations for the Network Scarches consisted of the Request
Sets sclected by users.  The formulations of the Probabilistic Scarches werce
cons-l ructed by a subject-expert using MeSH and the printed version of the
MEDLARS tree structure.  All Request Set references were printed in the lists
of retrievals sent to users, and were evaluated with the retrievals.,  The uscers
were aware at the time they formulated their scarches that the additive-scores
or summation, algorithm would be used for retriceval, and therefore sclected
scts of 3 references which together defined a topic.  Any individual member of
a Request Set could thercefore be irrelevant to the request, The table below
displays the users evaluations of Request Set references against retriceval by
the Probabilistic Search (at output sizg = 13),

Request Set References

Evaluated by users as: Retrieved by Probabilistic Not retrieved by
Scarch Probabilistic Scarch
Relevant 28 39 67
Not rele vant 0 8 8
L
. 28 ‘ 47 | 75
L A 4 A:
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28
The Consistency Ratio for these scarches is thus /67 i.c. 42%.  This

o/

compares with an Average Consistency Ratio of between 50% and 60% for the

.

Standard Medlars Searches quoted in Chapter 1.

Comparative Retrieval Performance (Output size = 10).

Since the adjusted output sizes are the same for all three scarch techniques.,
and no Request Set references are included in any of the adjusted outputs the
results can b;' given in a diagram of three overlapping circles representing
the relevant references retrieved by cach of the three scarch methods.,

The results were: -

Numbecrs of Relevant References Retrieved

Probabilistic Scarch

Network Scarch 11
(non-additive scores)

Network Scarch 1
(additive scores)

IF'rom the diagram it can be scen that the Probabilistic Search retrieved 7]/1 13
relevant references (63%). and the l'L‘l\‘Vv()l'k Scarches 41:"/1 13 and 43/1 13
(36% and 38%). Thus, on the basis of numbers of relevant references ret ricved,
the Probabilistic Scarch technique performed considerably better than the Network
Scarches. and the two Network Scarches were about cqual,

Out of the 25 scarches the Probabilistic Scarch retrieved strictly more
relevant references than Ndtwork Scarch Tin 14 scarches, and less in 7 scarches

(cqual in 4). It retrieved more relevant references than Network Scarch 11 in
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14 scarches, and less in 8 scarches (equal in 3).  The hypothesis that the
Probabilistic Scarch is best is thus significant at the 7% level, The Network
Scarch II retrieved more relevant references than Network Scearch 1in 4 scarches,
less in 3, and the same number in 18 scarches. Tt is thus not possible to
conclude that one Network Scarch is better than the other on the basis of this
test,

The 25 scarches can be divided up according as the Probabilistic Scarch
retrieved 0, 1, or 2 of the Request Set, i, e, achieved Consistency Ratios of
0%. 33% or 67% (.n()nc achicved 100%).  When Consistency was 0% the
Probabilistic Scarch was best on 3 out of 5 (I equal) occasions, when Consistency
was 33% it was best 3 times out of 8 (2 equal), and when Consistency was 67% it was
best 8 times out of 9, These results do not imply a simple relationship between
Consistency and superiority of performance. but it is clear that the Network
Scarches did better relative to Index scarches where vocabulary failings or other
problems of scarch specification caused the Index scarches to miss known
relevant references.

For cach of the Network Scarches a direct comparison with the Probabilistic
Scarch cgn be made.  Each diagram below shows the number of relevant
references retrieved as a percent of the number retrieved by the two scarch

methods  being compared,

Network
Scarch 1

Probabilistic
Scarch

Probabilistic 32% ‘ Network

Scarch / Scarch 11
\
N\
e
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The cquivalent diagram, given in Chapter 4, for a comparison of Probabilistic

and Title scarching is:-

47%
Probabilistic \\ Title

Scarch Scarch

The Network Scarches. like the Title Scearches both use the data available with
the printed rc]’crcncc. and so represent alternatives to indexing.,  The overlap
hclwcgn Probabilistic ¢nd Title scarch relevant retrievals is higher than for the
Probabilistic and Netwoirk scarches,  This is as expected since a Title scarch
usces a form of author assioned indexing (i, e, titles) and is not so different {from
the Probabilistic technigie s are the Network scarches.  Although the results
of this Chapter arce bascc ona small number of specially solicited questions.,
scarched over a sma'l ¢xperimental file, the Title Scarch did noticably better
against the Probabilis i scarch than did the Network scarches, retrieving 53%
of relevant references rather than 40%,  Since the very la rge expenditure of
computer Iim‘c and Tva an cffort needed to construct the Citation Network did
not result in better ratr eval performance than the less expensive alternative
Lo indcxmg.(i.c. tithos ), the test suggests that Network Scarching on a Citation

Network is only justf ol it o much less expensive representation of the Network

can be produced, "1 e svstem of bibliographic codes

-

Jor il code | Volume no. ] Issuce no, ] Page  no.

{
'S ks » Ny ook 4

- -

desceribed in 5.5, T pite of the disadvantages listed there. is such an inexpensive

representation, St of thie 25 scarches a Network Scarch was best in 8, and in
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these 8 the totals of relevant references retrieved by the three methods
were: «»

Probabilistic 11

Network 1 24

Network 11

[B)
~I

These figures show the value of retrieval techniques which, although inferior
to index-term scarching. can provide alternative strategies of retriceval

where, e.g. the indexing vocabulary is weak, or the scarch formulation proves

difficult,
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Chapter 6: Single and Multiple Retrieval Strategics

6.1 Single Strategices:  In the preceding chapters the service given to
MEDLARS users is evaluated, and several alternative retriceval techniques
tested.  The usual method of evaluating retrieval performance by estimating
Recall and Precision Ratios is noj used, since there is no possibility of
obtaining a good estimate of Recall. It is obvious, however, from the existence
of relevant references known l.() users yet not retrieved by MEDLARS, that in
the majority of scarches MEDLARS certainly does not achiceve 100% Recall,

To many uscrs this is a serious fault, since performance at anything less than
I()()%Rccu!l does not g;rivu them the assurance that there is no need for a human
literature scarch, and they are obliged to scan the literature as before,  The
value of MliDL.ARS does not lie in the elimination of the users’ own scanning

of the literature,  Its value is that in supplementing the users own cefforts it
provides many relevant references that have been missed by the users. The
effect of MEDLARS is thus to increase literature awareness, rather than to
climinate the need for human searching, A measure of this cffect the
Extension Ratio, is proposced in Chapter 1, The performance of MEDLARS was
cvaluated using over 300 scarches, which were normal scarches and not specially
solicited for the test, .

The results show that the numbers of relevant references known to users
arc very much increased by MEDLARS scarches.  Over the main range of
scarches (between 14 and 65 references known by user before scarch) MEDLARS
doubles or triples the number of relevant references known to users,  When
the users kl{()\\’ less than 13 relevant references before the scarch,the multiplying
effect of MEDLARS is much greater.,  Above 65 references known before there
arc very few data points, but the decline is slow ¢, g, a factor of 1,91 was

achicved when 164 references were known,  The largest number known before was
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325 and the multiplying factor was 1,09,

The alternative techniques were evaluated in tests over relatively few
scarches,  An alternative scarch technique, which uses the same indexing as
the standard MEDLARS scarch, and one which uses the ling‘li.s'l]-lm{mxagc
titles of references, were tested using 25 MEDLARS scarches,  In this test
cach scarch was over 6 magnetic tapes, cach of 35,000 references, not the
full MEDLARS file.  The pcr-formancc of cach scarch over cach tape is
recorded separately,  Both of these alternative scarch techniques, the Probabilistic
Scarch, and the Title Scarch, assign a score to each reference inspected, and
retrieve the N best-scoring references. It is thus possible to predetermine
the ().u(pul size of these secarches.  When the output size is the same as that of
the standard MEDLARS search (Boolean Scarch), the Probabilistic Scarch
retrieves the largest number of relevant references. and the Title Scarch the
smallest,  As the output sizes of the alternatives are extended beyond the output
size of the standard scarch, the pattern changes, the Probabilistic Scarch still

retricving the largest number of relevant references, but the standard scarch

the smallest.  On the basis of the limited test described, the Probabilistic
Scarch appears an improvement on the standard M_IJDL;\RS scarch, An cstimate
of the relative cost of the Probabilistic Search depends upon the cost of computer
time, clerical workers' time and indexers' time,  In the test of retrieval
cfficiency cqual numbers of scarch terms and categories were used in Boolean
and Probabilistic Scarches. For 25 Scarch Formulations the Probabilistic
Scarch took four times as long on the KDF9 i, ¢. about 1 minute per thousand
references scarched, instead of about 1/4 minute per thousand.,  The usce of

a 'binary chop' instead of a 'pop-up' comparison technique (see Chapter 2)

would reduce the difference considerdbly.  The cost of printing the retrieved

references is the same for cach method, as arce the costs of indexing the file,
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The costs of specifying the scarches cannot be determined from the test since
the Boolean Formulations were used as the basis for both Boolean and Probabilistic
specifications, but an interview to determine the users' information needs and to
examine the vocabulary for suitable terms si10uld not a priori take longer for onc
method than for the other.  The total costs are thus very similar, The criterion
of retrieving the N highest scoring references, rather than applying a thresh-
hold score, does raise difficulties where a very large output is required,  One
user of the MEDLARS Monthly Selection Service specified a Boolean scarch which
retrieved 2000 out of the 35,000 references on one tape, i.e. almost 6% of the
file. He expressed satisfaction at the volume of output and confirmed the scarch
specification for next month.  Such an output size implies that a reference's
score, once calculated might huvc to be compared with 2000 others before the
next reference could be considered.  This would take an excessive amount of
u)mputg:r time,  For such large outputs t‘hp Scoring technique co_uld only be used
in conjunction with a threshold.

The Title Search performance is not sufficiently good for general use, and
it is relatively expensive in computer time (2 min/1000 but half of this spent
reformatting titlcs“). . Where suitable MEDLARS index terms are not available
it is an cfficient alternative to the standard scarc¢h, It does provide a fevel of
performance which is comparable with the standard MEDLAR'S system, without
the expense of indexing, but all titles have to be translated into a single standard
language,

Two scarch techniques whieh use a Citation Network were tested using a
specially constructed Citation Network which had 3914 references in common
with MEDLARS. For this test the questions were specially solicited from

rescarch workers with interests in the subject matter of this experimental file
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The Network Scarches were compared with the Probabilistic Scarch,  Their
performance is not sufficiently good for general use, but like the Title Scarch
they provide a useful alternative or supplement to the index term scarches,

An inexpensive representation of the network is necessa ry since Title searching
already provides a relatively simple,effective, and inexpensive supplement to
index term scarches.

6.2 Multiple Scarch Strategics

In addition to the individual scarch techniques considered in 6.1, search
strategics using combinations of two or more individual methods are possible
and may give retrieval performances which are in some respects better than
the performances of individual methods.  For example, a strategy which
retrieves all references retrieved by either of two individual methods cannot
fail to give better Recall than either of them.,  The diagrams below show the
Precision percentage, and the Relative Recall percentage for various strategices,
Relative Recall is the percentage, of all the relevant references retrieved,
that arc retrieved by a particular strategy. It is an overestimate of true
Recall and values are only comparable within the one diagram,

6.2.1 Disjunctive Strategics

.

The scet of four diagrams below show every disjunctive combination of Boolcan,
Probabilistic, and Title Searching, The figures given in an area overlapped by
two circles are the performance .!'igu res for a strategy which retrieves only those
references retrieved by both the individual techniques but not by the third,

Figures in an arca covered by one circele a 1‘0_1’01‘ a strategy which retrieves only
the references retrieved by one individual search, which were not also retrieved
by other scarches,  The diagrams show results for All Scarches, Equal Output,
Boolcan Output Smaller, and Boolean Output Much Smaller, these being the same

divisions as in 2,9 and 4.6. (RR = Reclative Recall, P = Precision)
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BOOLEAN

P 37.9

RR 15,1
P92

RR 32,0

PROBABILISTIC TITLE

I ALL SEARCHES

BOOLEAN

BOOLEAN

RR 10, 4

PROBABILISTIC TITLE

ITI EQUAL OUTPUT

BOOLEAN

TITLE

PROBABILISTIC

(3 no retricevals, Precision not defined)

III' BOOLEAN OUTPUT SMALLER

PROBABILISTIC TITLE

(% no retricvals, Precision not
defined)

IV . BOOLEAN OUTPUT MUCH SMALLER

DISJUNCTIVE COMBINATIONS OF RETRIEVAL STRATEGIES




- 149 -

The ability of the two Scoring Scarches to automatically widen a scarch has been
discussed in Chapters 2 and 4, To examine the performance of multiple
search strategices, unhiu‘scd by this widening effect, the most useful diagram is
the Equal Output one, diagram II.

Multiple scarch strategies, which retrieve references only when two (or
more) individual techniques would retrieve them, are used in attempts to
increasce Precision without unacceptably large decreases in Recall,  From the
diagram it is clear that the only arcas of especially high Precision are the arcas
of overlap of 'B(;()lcan and Title', and of '"Boolean, Probabilistic and Title',

i.c. references retrieved by both Title and Boolean Scarches are especially
rclevant, irrespective of whether they*are also retrieved by the Probabilistic
Scarch, However, allhou‘gh the frequency of relevant references in this arca of
overlap is over twice the frequency in any other arca, only 22, 4% of the

relevant references retrieved are included in the overlap.  The cause of the high
Precision in areas overlapped by Boolean and Title scarches may be that they
have very different eriteria for retrieval, whereas the Boolean and Probabilistic
Scarches when operating at equal output sizes have velatively similar criteria for
retrieval,  Of a total of 1334 references retrieved by cach technique, 1061 are
retrieved by both Boolean and Probabilistic, but only 213 by both Boolcan and
Title scarches.  Thus the strategy of retrieval by both "Boolcan and Probabilistic!
is not very different from a single strategy scarch,  While the Probabilistic
scarch uses the sumé materials as the Boolean, namely index terms, it has a
similar logic to the Title scearch, and the 'Probabilistic and Title' overlap does

not have the high Precision of the 'Boolean and Title'.
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In diagrams III and IV the arca of high Precision includes the same arcas
as in II. but also includes the 'Boolcan and Probabilistic' arca.  When the

Probabilistic output is larger than the Boolean, the pattern of retrieval is:-

76.0% )
/
/' PROBABILISTIC

BOOLEAN

The Boolean retricvals are then approximately a subsct of the Probabilistic
retrievals and diagrams III and IV show that references in this subset are more
frequently relevant than in the rest of the Probabilistic retrievals.  When the
output size of the Probabilistic search is larger than the Boolean, they do have
different eriteria for retrieval, and the nature of the difference is that the
Probabilistic scarch uses a wider, less specific, criterion. resulting in a lower
Precision rate.  The different pattern of high Precision in diagrams 11 and 1V
compared with diagram II is thus the result of the output size effect operating
in III and IV but not in IL.

A diagram similar to diagrams I to IV can be drawn for the Probabilistic

Scarch and the two Network Searches., It is:-

PROBABILISTIC

P 20.0
RR 1.0

NETWORK 1 NETWORK I

V DISJUNCTIVE STRATEGIES USING PROBABILISTIC AND NETWORK SEARCHES
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From this diagram it can be scen that the Network scarches, being similar,
.
have a Precision in the overlap which is not particularly high, The combination
of Index scarching and Network scarching does give a large improvement in
Precision.  As before the Relative Recall in the arcas of high Precision is
low - about 9%.  This is still lower than in diagram II, and is due to the
wide diff%*rcncc in composition of the Index term and Network scarch outputs,
Because of the low Relative Recall ratios for the arcas of high Precision,
disjunctive combinations of the individual scarch techniques tested do not

provide practical retrieval methods.

6.2.2 Conjunctive Strategics

| The set of four diagrams below show every conjunctive cominbation of
Boolcan, Probabilistic and Title sca rching, i.c. the figures given in an arca
overlapped by two circles are the performance figures for a strategy which
retrieves all references retrieved by cither of the individual techniques, and
"

perhaps by others also.  The  diagrams are similar to those of 6, 2. 1.

CONJUNCTIVE COMBINATIONS OF RETRIEVAL STRATEGIES,

BOOLEAN

BOOLEAN

P 17.0
RR 46.7

P 14.9
RR 62,8

P11.7
RR 49,2

PROBABILISTIC TITLE PROBABILISTIC TITLE

I ALL SEARCHES II EQUAL OUTPUT




ROOLEAN “ 152 OO FAN

RR

RR 56.3 RR 57.3

PROBAR TIT
PROBABILIS TITLE .

I BOOLEAN OUTPUT SMALLER, IV. BOOLEAN OUTPUT MUCH SMALLER

As before, diagram II, Equal Output, is the most useful for an examination

of the pcrfornwn;;c of multiple strategies uijiascd by the automatic widening
capabilitics of the two Scoring scarches.  Multiple scarch strategices which
retrieve all references retrieved by any ofthe individual strategies arce used in
attempts to improve Recall, = Since Recall cannot be measured, the diagrams
show Relative Recall, and consequently a 100% Relative Recall figure appears

at the centre of each diagram.,  Were true Recall figures givmi the highest

figure might not be 100%, and the differences between figures for different
strategices would then be less than the differences between figures in the diagrams,
The ratio of Recall figures for two different strategics would, h()\‘vcvm', be the
same as the ratio of the two Relative Recall figures shown,

From diagram IL it can be scen that the Probabilistic scarch retrieves most
relevant references, 69.1% of all relevant refereaces retrieved,  The combination
"Probabilistic or Title' retrieves 96.5% however, and the fall in Precision from
16.4% to 12, 6% which accompanics the rise in Recall is not such as to
significantly alter the amount of work required of the user.

Diagrams II and IV show that when the Probabilistic and Title scarches
operate at larger than Boolean output sizes, the Relative Recall of the Probabilistic
scarch falls to under 60%, but the combination of "Probabilistic or Title' retrieves

over 99%. and the losses in Precision from 24,0 to 20.6 and from 1.7 to 10.8 arc
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cven less noticeable than in the Equal Output case.  The use of the strategy
‘Probabilistic or Title' to achieve high Recall is thus justified, and there is
no need to perform scarches by all three techniques unless th.c omission of
cven a few relevant references is unacceptable.

The use of the "Probabilistic or Title' strategy rather than a combination
of all three scarch techniques would not savé the user much cffort, since the
double strategy retrieves 2435 out of a total of 2690 retricved by all three
scarches at Equal Output, and 466 of 493, and 1570 of 1585 at uncqual output
sizes,  This is reflected in the closeness of the Precision figures for the
'Probabilistic or Title" and "Probabilistic or Title or Boolean' strategices,
The economy of the double strategy is in computer time.

The diagram of conjuncl.ivc combinations of Probabilistic and Ncetwork

scearches is:-

PROBABILISTIC

NETWORK 1 NETWORK II

V. CONJUNCTIVE STRATEGIES USING PROBABILISTIC AND,
NETWORK SEARCHES
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The diagram shows that the Probabilistic Search is best with the highest
Relative Recall (63%) and Precision (28%), but that for a drop in Precision
from 28% to 22%, the Relative Recall can be increased from 63% to 94%

(and the true Recall increased in the same ratio).  The usce of a combination
of Index term and Network scarching is thus justificed if high Recall is

required.



APPENDICES

The following five appendices give details of the three non-standard
scarch programs used., They make use of a number of standard sub-
routines. These are:-

-

P2800 Read Character

P2801 Read Number

P2802 Print Character

P2803 Print Number

L34 | Mag Tape Forwards Read - Normal File
L35 Mag Tape Forwards Read - Inverted File
L36 Mag Tape Backwards Read - Inverted File
L78 Check Mag Tape 16 Word Label

L79 Mag Tape Parity [Fail

L82 Internal One Word Sort

L.89 Type Message

These routines are not listed.
The programs arc written in EELM KDF9 User Code, a mnemonic
machine code whose arithmetic and logical operations take place in a
’
16 word push-down stack known as the Nesting Store.,

Subroutines P118 and P109 are taken from the standard MEDLARS

system and are listed for completeness only,
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FORMAT OF THE MEDLARS FILE AND THE CITATION FILE
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APPENDIX I

Format of the MEDLARS file and of the Citation File

The items on the Citation file consist of MEDLARS items with
five computer words added on at the beginning (for purcly technical reasons)
and lists of cited references ('parents’) and citing references (‘children')
added on at the end,  Where it was not possible to find a MEDLARS
item for a reference the same format was used but the number of index

terms ('tags') is zero.
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C PACE. LS TAE . i AuD A
i 2DLAGS LD L JOwine Cub:. AL L]
2 1‘ i ;,4 ~1J LA et it 1 BN « U1, -
‘ ¢ iOLDS { BHe ID SO IoDEX =4l 4 wA
y - T
-, | .
] S Y Wi e { £ i
. - -
—
1 ‘d Ll (| Ll
1 "" N
y
j
o —;‘vj ——— — -
«A ig (VR W Au il A i owd
’
= O ———
¥ L 4
) : ¥
| J3 Lol Lr R ¢ 4
! Joly < YU e d
v \ P
A ———————— -
v | N
: > ( ‘ A \
h. v SPR— - oyt ﬂ
‘ e e 4
Lislh { oLl |9} il e
| 0 . . ]
H 1 %
i
W J




APPENDIX T1I

EXAMPLES OF SEARCH STATEMENTS FOR CITATION,

BOOL EAN, PROBABILISTIC, AND TITLE SEARCHES.

i
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BOOLEAN SEARCH STATEMENT

NO0100
M1=MILK

M2=COW

M3=GOAT

C1=H.32.7

Ra :=M1andCland (M2orM3)

PROBPABILISTIC SEARCH STATEMENT
00120 O 30 ' '
50 M3478
50 MeT777

02100 1 30
100 MuT7656

00100 2 30
100 CH.32.7

R N

00100 O 30
1 3 GOAT;
1 ; COwW;

00100 1 30
1 3 MILK;

00100 2 30
1 ;CHROMATOQOG;

CITATION SEARCH STATEMENT

00100

2 144
1 1762
2 503

REQ NO SUB NO
WTS AS PERCENTAGES

~MESH TERM ID NOS

REQ NO SUB NO

REQ NO
WTS REF ID NOS:

MAX

MAX



~ APPENDIX III

THE PROBABILISTIC SEARCH PROGRAM
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PROBABILISTIC SEARCH PROGRAM

READ BATCH NO

READ REQ NO
SUBSEARCH NO S e )\
MAXIMUM OUTPUT REQD .

READ WEIGHT ASSIGNED TO SEARCH
TERM OR CATEGORY BY USER

NO WT FOUND
IS WEIGHT FOLLOWEDR BY END OF ALL INPUT
TERM OR BY CAT NO ? OR END FOR THIS
\\\\ REQ ONLY ?
T?RM CAT Hﬁ\\\\\\“ THIS REQ

READ TERM NO
AND SET UP AN
ENTRY ON SEARCH

READ CAT NO IN
CHARACTER FORM

TERM LIST - gSE P‘OQ'A
| TANDA
TERM NO/REQ SUB/WT SUBRDU??N%E?gSRS

CONVERT IT TO
STANDARD INTERNAL
FORM, AS AN
INTEGER

SET UP ENTRY ON
SEARCH CAT LIST=-

WT/REQ SUB/CAT NO
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SORT ENTRIES ON SEARCH TERM LIST
BY TERM NO

SORT ENTRIES ON SEARCH CAT LIST
BY CAT NO

PRINT CAT NO

- REQ NO - SUB NO
WT

FOR EACH ENTRY ON THE

SEARCH CAT LIST

[CHANGE FORMAT OF ENTRIES ON
SEARCH CAT LIST TO -

WORD 1 - 1
WORD 2 = = / REQ SUB

WORD 3 = SHIFT/ - /CAT NO

PRINT TERM NO
REQ NO - SUB NO
- WT
OR EACH ENTRY ON THE
EARCH TERM LIST

CHANGE FORMAT OF ENTRIES ON
SEARCH TERM LIST TO -

WORD 1 = %T /REQ SUB

WORD 2 = TERM NO

!

ADD RETRIEVED REFERENCES LIST ONTO END
OF SEARCH TERM LIST WITH ONE ENTRY PER REQ
THE FORMAT IS -

WORD. 1 MAX+10 / REQ NO / =

WDS 2=11 SUBSEARCH SCORE WORDS SET
WITH INITIAL SCORES OF =1

WDS 12-(MAX+11) RETRIEVED REFS SCORE
WORDS SET WITH INITIAL

SCORES OF =1
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=

IN EACH ENTRY ON SEARCH TERM LIST
REPLACE THE REQ NO - SUB NO BY THE
ADDRESS OF THE APPROPRIATE
SUBSEARCH SCORE WORD

IN EACH ENTRY ON THE SEARCH CAT

LIST REPLACE THE REQ NO - SUB NO
BY THE ADDRESS OF THE APPROPRIATE
SUBSEARCH SCORE WORD

e

CALL ROUTINE P36 TO ADJUST THE
TERM AND CATEGORY SEARCH WEIGHTS
ON THE BASIS OF MEDLARS
FREQUENCY-0OF-USE TALLIES

(SEE BELOW)

¢y .
FIND DECK WITH MAG TAPE OF
MEDLARS FILE

!

OPEN FORWARD READ OF MAG TAPE
|AND READ FIRST ENTRY

CALL ROUTINE P41 TO CALCULATE

THE REFERENCE'S SCORE FOR EACH
REQUEST AND TO RETRIEVE IT OR NOT

|READ NEXT REFERENCE FROM MAG TAPE |

|

NONE
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{ OPERATOR
INTERRUPT,

GET FIRST SEARCH
OUTPUT

|

PRINT REQ NO
MAX OUTPUT REQD

)

—PRINT ‘REF‘SCORfj
0

REF ID N

[GET NEXT RETRIEVED REFERENCE]

NONE

!}

[GET NEXT SEARCH OUTPUT]

| ]

NONE

[SWITCH OUTPUT TO PAPER TAPE PUNCH |

FOR EACH REFERENCE RETRIEVED BY ANY
SEARCH PUNCH =

REQ NO

REF SCORE

REF ID NO




NO

——>| GET ENTRY FROM MESH NONE
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TERM AND CATEGORY WEIGHT CALCULATION ROUTINE P36

LAST

GET CATEGORY NUMBERS OF
MESH INDEX TERM - THERE
CAN BE UP TO 4 PER TERM

SORT THESE CAT NOS AND

CALL P38 TO ADJUST THE

WEIGHTS OF SEARCH CATS
(SEE BELOW) °

IS MESH TERM ON THE

SEARCH LIST ?

YES

PRINT ENGLISH LANGUAGE NAME
AND THE TERM ID NUMBER

y

PRINT THE % VALUE FOR THE

TERM WHERE P IS THE
PROPORTIONATE FREQUENCY OF
USE AND W IS THE USER'S
ESTIMATE OF THE PROPORTION--
-ATE FREQUENCY OF APPLICATION
TO _RELEVANT REFERENCES

v

INSERT THE a VALUE IN THE

SEARCH TERM LIST

}

IGET NEXT TERM ON SEARCH LIST ]

NONE -
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>

CHANGE SEARCH CATEGORY LIST FORMAT
FROM - : TO =

wD 1 TV(1-P) 7\(1-P)
! REQ suB 14iziilﬁ31 REQ SUB

WD 2 i
WD 3 SHIFT CAT NO = SHIFT CAT NO

ADJUST SEARCH CAT WEIGHTS ROUTINE P37

GET SEARCH CAT NO AND
|MESH ITEM CAT NO »

COMPARE_SEARCH CAT NO WITH MESH ITEM CAT NOJ -
MESH CAT NO MESH CAT NO
SMALLER EQUAL LARGER
\/ | IS MESH CAT A
GET NEXT gg§§ SPECIFIC
MESH CAT T WITHIN
THE SEARCH CAT?
Y
YES
NONE RO NO
| FOR SEARCH
CAT BY MULT
FIRST WD BY ¢
(1-p) GET NEXT
SEARCH CAT
NONE

J

b i o
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CALCULATE REFERENCE SCORE ROUTINE P41

|GET REFERERENCE IDENTIFICATION NOJ

|SORT REFERENCE'S INDEX TERMS ]

! )

ELIMINATE DUPLICATES AND FORM
A LIST OF THE DISTINCT INDEX
TERMS. IF A TERM IS APPLIED
BOTH AS AN INDEX MEDICUS TERM
AND AS A NON=-INDEX MEDICUS
TERM IT IS TAKEN AS AN INDEX
MEDICUS TERM

GET FIRST SEARCH TERM
FIRST REFERENCE TERM

jICOMPARE SEARCH TERM AND REFERENCE TERM

-
SEARCH TERM SEARCH TERM
SMAi%ER SR LARGER
GET NEXT GET NEXT
SEARCH TERM | | _ REFERENCE_TERM
[ kel \ L
NLREE DIVIDE THE f NG

: VALUE FOR THE
SEARCH TERM BY
4 IF THE TERM :
IS AT THE INDEX
' MEDICUS LEVEL

L

INSERT THE g

VALUE INTO THE
APPROPRIATE
SUBSEARCH SCORE
WORD IF IT IS
SMALLER THAN THE
VALUE ALREADY
THERE

L—J
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SORT THE REF'S INDEX TERM ENTRIES=~

INCLUDING ENTRIES FOR DUPLICATE
TERMS = BY CAT NO

ELIMINATE DUPLICATE CAT NOS AND
SET UP A LIST OF DISTINCT CAT NOS

APPLIED TO THE REFERENCE .

CALL P38 TO COMPARE THESE CATS WIT
THE SEARCH CAT LIST
(SEE' BELOW)

[FOR EACH SEARCH =
SET SCORE OF CURRENT REF AS
MINUS THE PRODUCT OF ITS.

SUBSEARCH % VALUES
THIS GIVES THE SAME ORDERING

as +JT%

l

PLACE THIS SCORE WITH THE REF ID NO
NEXT TO THE MAX RETRIEVED REFS AND
SORT THE MAX+1 ENTRIES BY COMPARING
THE SCORES OF ADJACENT ENTRIES
THE ENTRY LEFT IN THE CURRENT REF

E

' T ALL SUBSEARCH SCORE WORDS
IWITH INITIAL SCORES OF =1
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COMPARE REF'S CAT NOS WITH SEARCH CAT LIST

ROUTLINE P33

GET FIRST SEARCH CAT NO AND
FIRST REF CAT NO

AND MESH CAT N0

——>{COMPARE SEARCH CAT O
REF CAT NO REF CAT NO
SMALLER EQUAL LARGER
’ IS REF CAT A
" [GET NEXT REF CAT] MORE SPECIFIC
- POINT WITHIN
. | SEARCH CAT?
v
INSERT % VALUE INTO o
APPROPRIATE SUBSEARCH
SCORE WORD IF IT IS |
SMALLER THAN THE VALUE|
ALREADY THERE GET NEXT
T SEARCH CAT

NONE

@
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TITLE SEARCH PROGRAM
| READ BATCH 1O |

READ REQ NO
SUBSEARCH NO :
MAXIMUM QUTPUT REQ

—r L |

-~

READ WEIGHY ASSIGNED TO
SEARCH FRAGMENT BY USER

[FI'D START OF SEARCH FRAG]

END OF ALL INPUT
OR END FOR THIS

READ SEARCH FRAG CHARACTER
BY CHAR AlID PACK 6 CHARS TO
A KDFF9 WORD. THIS WORD TO
CONTAIN A SHIFT FOR MASKING
PURPOSES SINCE THE FRAG MAY
NOT BE A MULTIPLE OF 6 CHARS
LONG. UP TO 4 KDFQ WORDS
ALLOWED PER FRAG

| REQ ONLY 2
/ THIS
ONLY

END OF FRAG FOUND

v

[CMPTY KDF9Q WORDS SPACE FILLED]

\_

SORT SEARCH FRAGS ON A KEY
OF FIRST 6 CHARS AND FORM
A SEARCH FRAG LIST WITH 5
KDF9 WORDS PER FRAG =

WD 1 NO CHARS/REQ SUB/WT
WDS 2«5 SHIFT/ 6 CHARS

/

PRINT FOR EACH ENIRY ON
SEARCH FRAG LIgT -

SEARCH FRAG
REQ NO SUB NO
WEIGHT
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FORM REQ LIST SORTED BY REQ NO
WITH FORMAT -
MAX+10/REQ/ADD

ADDRESS IS OF WORD IN RETRIEVED
REF LIST CORRESPONDING TO REQ .
FORMAT OF RTRVD REF LIST WHICH
TS ADDED ONTQ SEARCH FRAG LIST
I8 -

WD 1 MAX+10/REQ/-
WDS 2-11 SUBSFARCH SCORE WDS
WDS 11-(MAX#11) RETRIEVED REF

SCORE WDS

!

CHANGE FIRST WORD. OF SEARCH FRAG
LIST ENTRIES TO -

WT/NO CHARS/ADDRESS
ADDRESS IS OF PARTICULAR SUBSEARCH
OF PARTICULAR REQ IN WHICH FRAG
IS USED

\
I"IND DECK WITH MAG TAPE OF
MEDLARS FILE l

CALL RETRIEVAL SUBROUTINE P68

(SEE BELOW)

PRINT 1O OF REFERENCES SEARCHED |

OPERATOR
INTERRUPT

[GET FIRST SEARCH OUTPUT]

PRINT REQ NO
MAX OUTPUT REQD

GET RETRIEVED REF ALD PRINT|
REF “SCORE AIID REF ID NO

NO MORE REFS RTRVD

L %
[GET NEXT SEZARCH OUTPUT J~__

NONE
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[SHITCH OQUTPUT TQ PAPER TAPE PULCH |

del.

I"OR EACH REF RETRIEVED BY ANY SEARCH-

PUNCH =
REQ NO
REF SCORE
REF ID NO

RETRIEVAL ROUTINE P68 .

[OPEII_ MAG TAPE READ]

GET REF ITElM FROM MAG TAPE = NONE

| ADD 1 70 COUNT OF 10 OF RZFS SFARCHED |

)

|SKIP PAST AUTHORS IF ANY]

ZERO THE SCORE OF THE .CURRENT REF
ON EACH SUBSEARCH OF EACH SEARCH

[IODIFY THZ TITLE BY RETAINING
CHARS O TO 9 AND A TO 2
REPLACING PUNCTUATION CHARS

BY SPACES AND DELETING ALL JUNK
CHARS (e.g. CASE CONTROL CHARS)
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FORM TWO COPIZS OF THE MODIFIED
TITLE ONE II' YE STORE ONE IN YF
WITH FORMATS = ‘ :

YE  ADDRESS/ 6 CHARS

YF - / 6 CHARS
THE ADDRESS IN YE IS OF THE WORD
IN YF CONTAINING THE SAME.SIX
CHARS AS THE YE WORD
IN BOTH YE AND YF STORES ADJACENT
1JORDS CONTAIN THE (Nth TO N+5th)
CHARS AND THE (N+1th TO N+6th)
CHARS QF THE TITLE
SORT YE LIST TO PRODUCE
A KLIC INDEX TQ TITLE

[SET Ie= J:= 1]

COMPARE THE FIRST KDF9 WORD OF THZ 1th
SEARCH FRAG S(I) WITH THE Jth WORD OF
THE XLIC INDEX T(J) USING THE SEARCH
T'RAG SHIFT FOR MASKING

\

S(1)<1(7) S(1)=7(J)

NO MORE ' NO MORE
SEARCH FRAGS T KLIC ENTRIES
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HIT

GET CHARS 7 TO 12 OF Ith SEARCH FRAG

4
NONE GET NEXT SIX CHARS FROM
TITLE USING ADDRESS NONE
IN T(K)

;

COMPARE SEARCH CHARS
@ WITH TITLE CHARS #

e I

[GET CHARS 13 TO

18 OF Ith SEARCH FRAG]

|

v

NONE GET NEXT SIX CHARS FROM
TITLE USING ADDRESS | NONE
IN T(K)

COMPARE SEARCH CHARS
WITH TITLE CHARS

Y

|GET CHARS 19 TO

24 OF Ith SEARCH FRAG |

|

4

NONE

GET NEXT SIX CHARS FROM
TITLE USING ADDRESS — NONE

b bd ®

IN T(K)

COMPARE SEARCH CHARS £
WITH TITLE CHARS

®

\
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COMPARE S(I) WITH T(K)
USING MASK

\

S(I)AT(K)

PUT FRAG WT INTO
SUBSEARCH SCORE WORD
IF LARGER THAN WT

ALREADY THERE

FOR EACH SEARCH -

SCORE OF CURRENT REF
IS SET TO SUM OF ITS
SUBSEARCH SCORES FOR
THAT REQ ‘

PLACE THIS SCORE WITH REF ID NO
NEXT TO THE MAX RETRIEVED REFS
AND SORT THE MAX+1 ENTRIES BY
COMPARING THE SCORES OF ADJACENT
ENTRIES THE ENTRY LEFT IN
THE CURRENT REF POSITION WILL
BE OVERWRITTEN LATER

®
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APPENDIX V

THE CITATION SEARCH PROGRAM
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CITATION STARCH PROGRAM

READ OPTIONS' =

TWO WAY LINKS/ALTERNATING
SUM ALGORITHM/SINGLE PATH

READ NO OF TAPE
MAX OUTPUT

REQD

PASSES REQD

Ve

[FEAD REQ NOJ

Y
[FEAD IU'PUT RIF WEIGHT | NONE

'
READ INPUT REF ID NO
AND FORI1 GENERATIONS
ZERO AND ONE ON THE
MAIN LIST
THE FORMAT IS =

GENO  =/REQ NO/-
GEN1 WT/~-/REF ID/ADD

THE ADDRESS IN THE GEN1
ENTRY POINTS TO THE
GENO ENTRY 1.e,REQ NO
POR WHICH THE REF IS AN
INPUT REF

-

END OF ALL INPUT
OR END OF INPUT
FOR THIS REQ
ONLY?

ALL

LSET_GEN NQ:=.0]

L

REPEAT

:iPUT AN ENTRY INTO THE

INDEX-TO=-GENERATIONS
LIST WITH FORMAT =

N0 REFS/1/START
IN GEN ADDRESS

THE ADDRESS IS THE
POINT ON THE MAIN LIST
WHERE THE GEN STARTS

\
| TEST GEN NO |

OTHERWISE

LAST TAPE PAS
CCMPLETED OR NO
REFS RTRVD ON
PREVIOUS PASS
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(xDD 1 _TO GEN _NO J

\ LR A
SORT CURRENT GEN, 1.e.RTFS RTRVD
ON PREVIOUS PASS, BY REF ID NO

GEN NO ' GEN NO
0DD EVEN
\

PLENISH OR REPLENISH THE
TAPE DATA TABLE FOR READING -
IN THE FORWARDS DIRECTION

SET A Q=-STORE (MOVING POINTER)
TO TRAVERSE THE CURRENT GEN

I DESCENDING ORDER OF REF ID
(TAPE HOLDS REFS IN DESCENDING
ORDZER)

[ﬁ?EN FORWARD READ OF MAG TAPE I

¢ it PROM MAG TAPE ]-~‘~;-
NONE

CLOSE
FORWARD
READ
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— COMPARE ID 1i0 OF TAPE REF
: WITH ID NO OF REF IN
CURREI'T GENERATION

TAPE ID \\\\EQ TAPE ID
QUAL LARGER

SMALLER

GET NEXT ITEM
FROM CURRENT

'|GENERATTON

INSERT INDICATOR IN
CURR GEN ITEM TO SHOW
WHETHER ITEM IS
INDEXED BY MEDLARS

OR NOT

. NONE

SKIP TO END OF TAPE

D

CT.OSE FORWARD RE

IS THIS THE
| FINAL MAG
TAPE PASS?

YES

NO

IS SEARCH MODE ADTERNATI%%]
OR TWO WAY LINKS? ;

P |

" ALTER D-WAY

[EAS TAPE ITEM
T00 MANY LINKS?
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FORM AN ENTRY FOR THE NEXT
GENERATION OF THE MAIN LIST
FOR EACH REF CITING THE

- CURRENT REF
@ HAS TAPE ITEM TOO MANY LINKS |
NO : . YES

FFORM AN ENTRY FOR THE NEXT
GENERATION OF THE MAIN LIST
FOR EACH REFERENCE CITED BY
THEE CURRENT REF

[FORM WEIGHT TO BE TRANSMITTED
TQ_THESE REFS

[T5 WEIGHT T00 SUATL i
: YES

NO

i
SORT THESE ENTRIES
ELIMINATE DUPLICATES
AND ANY REFS THAT ALREADY
APPFAR ON THE CHAIN FROM
THE CURRENT REF BACK
TO AN TNPUT REF

[ADD THC REMAINING ENTRIES
Jro THE NEXT GENERATION
" PHE MAIN LIST
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REPL:NISH TAPE DATA TABLE
FOR READING IN REVERSE
DIRECTION

il
SET A Q-STORE POINTER TO
TRAVERSE THE CURRENT GEN
IN ASCENDING ORDER OF
REF ID NO

| OPEN BACKWARDS READ OF MAG TAPE |

GET REF FROM TAPE NONE —— CLOSE BACKWARD READ]

NEW REF

COMPARE ID ND OF TAPE REF
| WITH ID NO OF CUR GEN REF]

WRE =

TAPE ID
MALLER

| GET NEXT ITEM

FROM CUR GEN
INSERT INDICATOR IN
 —— CUR GEN ITEM TO SHOW
WHETHER ITEM IS
INDEXED BY MEDLARS
NONE OR NOT

SKIP TO START
OF TAPE

|

CLOSE =ACKWARD READ |

YES IS THIS THE FINAL

MAG TAPE PASS?

_NO
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IS SEARCH MODE ALTERNATING
OR TWO WAY LINKS?

P |

ALTER 2=WAY

HAS TAPE ITEM TOO | .

- NO

L

FORM AN ENTRY FOR THE NEXT
GENERATION OF THE MAIN LIST
FOR EACH REFERENCE CITED BY

THE_CURRENT REFERENCE ,

\——>TIAS TAPE ITEM TOO |
MANY LINKS? SO, i

¥ A
GENERATION OF THE MAIN LIST

FOR EACH REFERENCE CITING
T0 THESE REFERENCES

Lxs WEIGHT TOO SMALL? F YES
NO .

SORT THESE ENTRIES, ELIMINATE
ANY DUPLICATES AND ANY REFS
THAT ALREADY APPEAR ON THE
CHAIN FROM THE CURRENT REF
DACK TO AN INPUT REF

ADD THE REMAINING ENTRIES ONTO
THE NEXT GEN ON THE MAIN LIST
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[SWITCH OUTPUT TO PUNCH ONLY |

REPLACE THE LINK ADDRESSES IN .RETRIEVED
ENTRIES BY THE REQ NO OF THE SEARCH
WHICH SPECIFIED THE INPUT REFERENCE
ULTIMATELY RESPONSIBLE FOR THE ENTRY

i.,e. REPLACE = BY -
R
w%?xn/ADD W%?ID/REQ
~ WT/ID/ADD WT/ID/REQ
ete ete

h
SORT THE RETRIEVED ENTRIES ON
A MAJOR KEY OF REQ NO AND A
MINOR KEY OF REF ID NO

> FOR REFS WITH GIVEN REQ NO =
1.IF A REF HAS BEEN RTRVD MORE THAN
ONCE DELETE ALL BUT ONE OF THE ENTRIES
AND LET THE WEIGHT OF THE REMAINING
ONE BE THE SUM(SUM=ALG) OR THE MAX
(SINGLE-PATH=-ALG) OF THE WEIGHTS OF
THE INDIVIDUAL ENTRIES
2,SORT THE ENTRIES BY WEIGHT .
3.FOR THE MAX HIGHEST-WEIGHTED,
MEDLARS=INDEXED REFS, PUNCH =

REQ NO
WEIGHT
REF ID NO

| ARE THERE ANY MORE REQS? |

o R

LA
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