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the inverted file was offset by its increased file preparation time-—
twice as long as the minimum required to prepare the file for sequential
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The inverted index occupied 28,416,000 bytes of disk storage, while
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It was concluded that for files of low to moderate searching
activity, the superimposed search is more efficient , in terms of
computer run time spent preparing and searching the files , than
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SUPERIMPOSED CODING VERSUS
SEQUENTIAL AND INVERTED FILES

Thomas Butler Hickey ,  Ph.D.
Coordinated Science Laboratory and
Graduate School of Library Science

University of Illinois at Urbana-champaign, 1977

The relative efficiency of three computer search algorithms was

compared for searching large bibliographic files with Boolean search

strategies. The sequential and inverted riles represent the two most

commo n file structures used today for bIbl1o~raphic searching .

I Superimposed coding is an alternative that is becoming. more attractive

as the speed of computers improves.

The superimposed search has a key associated with each record in

the data base to act as a screen to eliminate the majority of’ records

from further consideration . The key-s are based on the bi~rams and

I trjs’rams contained in the record , and are arranged in a linear file.

The seauential search is a character by character scan of the

entire file. This search is facilitated by constr~ctin~ a finite state

• I ma chine at the be~innine of the search to match the search terms . The

inverted file is fairly standard , except for the use~of bit vectors to

I hold the postings of very common entries.

A data base of 100,000 INSPEC records, from nine months of l9Vf ,

was used for teetlnw the aleorithms with 339 real—life search questions.

I 
The INSPEC tile consists of over 120,000,000 characters of which

30,900,000 were in searchable fields.
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The orincioal concern of the study was the computer run time taken

to prepare the files for searching and to conduct the searches, a1thou~h

other factors such as clock time , memory requirements and disk I/O were

— 
also measured . Detailed analysis of the search algorithms was done to

confirm the exoerimental results and extend these results to searchinu

r under different conditions, such as batohin~ search auestions and

searching 1ar~er files.

Searches of the 100,000 records averaged 775 seconds run time f or

the secuential search , 30 seconds for the superimposed search , and 1.6

f seconds for the inverted file. The superior search1n~ eff iciency of the

inverted file was offset by its increased file preparation time——twice

as Ions’ as the minimum required to prepare the file for sequential

searchins’. Constructins’ the linear key index for the superimposed

search took on].v one—sixth the time needed to construct the inverted

I index. The inverted index occupied 28,416,000 bytes of disk storage ,

j while the sunerimposed keys occupied 8,000,000.

It was concluded that for files of low to moderate searchins’

I activity , the superimposed search is more efficient , in terms of

computer run time spent preparing and searching the files, than either

I the secuential search or the inverted search.
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CHAPTER I

BACKGROUND

Superimposed Codin s ’

Superimposed coding was f ir s t  ieveloped as a :.ieans of encoding

document descriptors on edge—notched ce~rds . The advantas ’e of using

superimposed codins’ is t hat  all the descriptors can be entered in the

t same field on the  card , instea d of in separate , shorter  f ields as was

P once done . Reducing the number of f ields reduces the number of
- 

spindling operations needed to retr ieve documents , makin g edge—notched

I cards muc h easier to use. The same pr inc in le , reducing the number of

fields which have to be inspected , can be applied to computer

als’orithms, decreasing the time taken by the computer to perform

I bibliographic searches.

Calvin Mooers [514) developed and marketed a system that used

t superimposed codins’ under the trade name Zato Coding . He obtained a

vreater coding efficiency , an d at the sam e time decreased the number of

• spin-fins’ operation s needed to retrieve a document.  In the  Zato system

the code for each descriptor of a document is entered in the same f ield ,

and reliance Is placed on the statistical Improbability of the

I superimposed codes producing ‘false drops’; records which the system

codins’ says have a certain descriptor , but in fact do not . In any

I
operat ional system such false drops do occur , but they are normally rare

and easy to screen out by hand , espec ially if the coord inat ion of two or
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mo re descriptors is required. The document f i les  which are indexed by

such cards usua l ly  conta in  fewer than 10 ,000 or 20 , 000 records .

Man y other systems have been developed which use superimposed

codins ’, i nclud in s ’  some which use ‘chain coding . ’ Chain codins’ is a step

closer to the type of coding used in computer appl ica t ions  of

j sup erimposed codins’ [6 7 ) ,  in that it makes use of a table to generate

• codes for superimposition directly from the index term , thus  e liminat ins ’

the need for  the maintenance of a list of the terms and their  associated

codes.

Moores [5 14 , 55], and several other writers have analyzed fa lse

• dropping fractions , that fraction of a f i le that  can be expected to

incorrectly retrieved . Fraction analysis  s t i l l  seems to s’enerate a s’ood

I deal of interest . For example Bird [8], in the most recent a r t ic le ,

s’ives a review of the use of superimposed coding in both edge—notched

and optical coincidence (or Peek—a—Boo ) cards .

- - The first application of superimposed coding to computer searchins’
I..

apoeara to have been done by Hutton [36] in his PEEKABIT system . This

• is a very simple system in which each letter has a specific binary code .

Words are overlaid in a field on each other depending on their length ,

to achieve an evenly distributed code. This technique has the advantage

•1 of not recuiring a previously assigned code for each descriptor , but it

also has the disadvantage of preventing any type of truncation .

r Malcolm Harrison (32) was the f i rs t  to decribe the type of
I 

superimposed codins’ used in this study.  In his  method , overlappIng n-

______________________________________ - --—
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s’rams from a strins’ of characters are hashed in to  a bi t  h e ll  cal led a

key , which can then be searched much more aulckly than  t h e  o r ig ina l

strins’ of characters .

Fis’ure 1 is an example of superimposed codins ’ usin s ’  s ingle

• characters ( 1— s’r ams) to encode ten authors of ten f i c t i t ious  documents .

There are two ways of lookins’ at this encoding . The f i rs t  corresponds

to ‘terms on post ings ’ , where in this case the terms are s imply

letters. From this viewpoint we have ten keys each representing the

I author of one document , each bit in the key noting the presence or

absence of a character in the author ’s name . To check whether an author

I is contained in the file , each of these keys has to be inspected in

turn . In a computer such an inspection could be done in a sins ’le

I operation for each key.

I The second way of viewing this encodins’ is the inversion of the

f irst way , looking at it as 26 column s , one column for each character.

• This is the ‘postings on terms’ orientation . Each column contains as

many bits as document authors, in this case only ten. The bits indicate

I whether the document they correspond to has an aut hor whose name

- i  includes the corresponding character. Searching proceeds by reading in

each of the columns corresponding to the characters wanted in the search

term , and checking for a document that has all the characters required.

This coding is too simple to use in an actual system if the descriptors

for a document are much longer than the authors in the example , since

more descriptors would result in a high proportion of all the letters

* 1I! •• - 
~~~~~~~~~~

-- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

--
~~~~~~~~~~~~

~_
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V tto u j rUJr~L.MNUk~QKS’1UVW XYZ

01: ALBRIGHT ,JOHN XX XXXX X XX X X
02: MiLD, LARRY X X X X X X
03: BERNAL—ROSA , EMILIA XX X X X X X X  X X
04:  BLUE , RICHARD XXXXX XX X X X

r 05: DAVIS, NATHANIEL X XX XX X X XX X
06: HALL , RICHARD X XX XX X Xt 07: HICKEY , THOMAS X X X XX X X X XX X
08 : KRIEG ER , TILLIE X X X XX X X
09: LUCAS , LINDA X XX X X X X X
10: OMA LLEY , KENNETH X X X X X X X  X X

‘Terms on Postin q ’

I 01 02 03 04 05 06 07 08 09 10
A X X X  X X X  X X X
B X X X
C X X X  X

I D X X X X  X
E X X X  X X  X
F

• f G X X
H X X X X  X
I X X X X X X X X
3 X

• 
I 

K X X  X
L X X X  X X X  X X X
M X X X

I N X X X X X
0 X X X X
p

. 1 0
R X X X  X X
S X X X X

• T X X X X  XI ii x x
V X
w

t X

~;; Y X X

r ‘Postinas on Term ’

‘ I 1•i
Simple Superimposed Code

Figure 1

• 1 1~

~~~ _ j~ - - 

• 
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occurrins’ in all of the documents . To enable more descriptors to be

used , a lonzer field must be provided , and some quite complex methods of’

encoding have been developed both for punched cards and computer

applications.

More recently Barton et al. [7) have described a technique which

I uses superimposed codes derived from equifrequent subatrings . This

technique has the advantage of giving a fairly even distribution of bits

I in the keys , ~~t as this type of key is expanded to lower the false drop

frac tion, the lons’er keys tend to become less and less dense, a

disadvantage . (See page 59 for a discussion of entropy and its

I relation to keys.) Barton ’s implementation has an organization

analogous to ‘postins’s on terms.’ For each substrins’ chosen , a strins’

I of bi ts (called a ‘bit vector’) is generated , each bit of which

I 
indicates whether the source document contains that substring . The main

disadvantas’e of using equifrequent substrins’s is the increased amount of

I processing t ime required to identify the substrins’s’ occurances within a

record .

I Keys of the type Harrison proposed have received more attention in

the literature than Barton’s. Bookstein has proposed using such a key

as a secondary screening device after retrieving a group of records via

an Ohio College Library Center (OCLC) type hashed search key [11].

Donald Knuth, in an investigation of fast linear searching mentions

I Harrison ’s technique as a type of search potentially faster than the one

he and his colleagues have developed (42, p. 31]. Goble has used a

. 1
I

• 1~

— ~~~~
- 

---- - -~~~~~. -
- 

- -• - -
~-•:~~~~
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variation of this type of key, based on 14—grams, in an SDI system. In

Goble’s system e ach record is read in , a ions’ key is created containins’

~ 
pointers to the positions of the 4—grams In the record . This is really

an inversion technique on single records [31).

This author first became aware of superimposed codins’ from the

work of Ehrhardt (26]. Ehrhardt uses superimposed coding for a

selective dissemination of information (SDI) and retrospective search

service. In this system there is a key for each word in the index , the

I keys based on single letters. Ehrhardt ’s method permits truncat ion in a

novel ~~v; a Key Letter In Context (KLIC) index is kept of all the

I commonly occurring index terms in the data base. By searchins’ the KLIC ,

all words which contain a word fras’ment can be identified and entered

I into the search system as full words. He reports a decrease in run time

I of a factor of ten over his previous search system which did a character

by character match.

I Superimposed coding is also used in chemical substructure

• searching of some very large files (27], but the techniques needed in

I these circumstancs are very different from those needed for searching

text strings, such as occur in bibliographic records. Lefkovitz has

I pointed out a potential of superimposed coding [45). He notes that the

increased speed of the newer computers makes the technique more useable

for large files.

I
I

I
-
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Current A pproaches to Subject Searching

The two most common file organizations used for subject retrieval

are linear and inverted files [43, 1414]. A linear file is the simplest

of all organizations, in which the records are simply in a list and the

whole file has to be searched character by character in order to

retrieve the records on a subject. Although the linear file search

I speed is slow conpared to other types of search , this file organization

I 
is used a great deal by SDI services. Since indexes do not have to be

prepared to bezin searchins’ a linear file, the result is a minimum delay

I in searching new files. Computer time is minimized because searches for

many di fferent peop le can be done simultaneously , reducins’ the cost per

I search , and , since SDI is a current awa reness service , the ta pes are

expected to be searched only once. Retrospective searches on linear

I f iles are occas ionally undertaken , but are quite expensive. The ease

I with which a very simple linear search can be programmed is also often a

decidina factor in its selection .

Inverted files are used for most retrospective searches. Through

I 
a series of indexes (see Figure 2) rapid access can be made to any

record in the file, resulting in a much shorter response time than is

I possible with linear files. Online search systems such as ELUILL and

Lockheed ’s DIALOG invariably use variations of this file structure. The

I major disadvantage of inverted files is that the index to the file is

itself a large and complex file, often approaching the original f ile in

I size. To add new records to such a file, each searchable term in each

4
____ ____ 

-

- -
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Index Entry Postings

• VARIATION 56398
VELOCITY 56405, 56407 , 56408
VELOCITY MEASUREMENT 56403
VELOCITY MEASUREMENT S 56405
VELOCITY OF SOUND 56406
VI BRATI ONS 56401ç VIBRATOR 56402( I  WATER 56405, 56407
UAVE LENGThS 56401

(1 ~lAVE ULTRASONIC VELOCITY MEASURENENTS 56405
U WAVE VIBRATOR 56401

Each number in the postings list is a link to the
complete reference in which the index entry occurs.

I

t• I

-
; 

I I
1 1
I
I

• I Typical Inverted File Organization

Figure 2

• I
I
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new record has to be entered into its proper place in the index , often

forcing a complete reorganization of the index to make room for the new

entries. This is expensive in computer time and requires much more

complex software for file maintenance than a simple linear file for

which new records are simply added to the end of the file.

Th is thesis is an attem pt to compare superimposed coded f iles to

linear and inverted f iles , mainly in terms of the CPU (Central
• Processing Unit )  t ime taken to prepare the files and perform searches of

them . (See page 12 for a formal statement of the hypothesis.)

Methods of File Structure Analysis

I Many factors influence ~he decision on how a file is best or most

efficien tly organized for searching (16, 147). For example , f ile size ,

file stability , req uired response time , arrival rate of search

r quest ions, possibility of batching searches, storage requirements ,
1 programming complexity, CPU time required to perform the searches, and

I the types of search questions expected should all be consic~ered.

There are two basic approaches to evaluating file structures:

I modeling and implementation . Mathematical analysis of the file

structure is the basis of modeling. Costs in terms of run time and other

factors are often obtained using simulation programs based on such

analysis. Analysis and simulation offer the possibility of exploring

many approaches with a minimum expenditure of computer time.

I The principle problems with this approach are that the

- •
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sim ~”~~fyin s ’ assumptions needed to make the analysis  possible may make

4 ~ 
• 

thL r e sult L  suspect , and that truly general purpose simulation prowrams

- do r exist. Although some programs , such as Car denas ’s [ 16] ,  can

handle several types of file structure and file characteristics , any

simulation program is limited in the variety of structures testable by

it. Idiosyncrasies of the files, and of user requirements , both of which

may have an effect on the performace of the search programs, are

impossible to predict.

~ En part icula r , I have not found reference to any generalized

simulation systems capable of handlins’ free text bibliographic files.

Most of the simulation work done in this area is concerned with

I management information systems (MIS) which work with files very

different than biblios’raphic data bases. The more complex simulations

bes’in to approach actual implemenations as they take more and more into

account. File construction costs are very difficult to~estimate , and

k ~ most simulations simply ignore this area [17).

Implementation is not really an alternative to modelins’, as at

• - • 

• least some analysis of what a search algorithm is to accomplish is

needed for a successful implementation. Timing and analysis of any

program is vital if there is to be efficient operation , as the slowest

sections of programs are not always where prior analysis has predicted .

In a study such as this where several file structures are considered ,

B the important advantages of actually implementing the searches are that

• the complex interactions of the queries, data base and f ile structure

11
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are nQ.t, ignored , and that working searches based on a novel file

I - structures , insures and demonstrates that the analysis phase has not

om i tted or glossed over any crit ical object ions to its feas ibili ty .

I
‘ I

- I

• . I

I
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CHAPTER II

METHODOL OGY

I Hypothesis

J 
The guiding hypothesis of this thesis is: There is a range ‘~f

number of searches for which the cost of file preparation plus the cost

I of the individual searches will be less if superimposed coding is used

I 
than if either a linear or inverted file structure is used .

This relationship between the the number of searches and cost was

I expected to occur because the cost of preparing a file for a

superimposed search is only slightly more than the cost of preparing a

I file for linear searching. In addition , the searching efficiency ~f

I 
superimposed coding is much greater than that of a character by

charac ter  l inear  search .

I Cos t was restr icted to computer ( CPU )  machine t ime . This was done

to simpl i fy the study on the assumption that  CPU t ime i~ the c r i t i ca l

I factor  in assessing the e f f ic iency  of these three f i l e  s t ructures .

Other factors such as memory requirements (both on disk and in core),

I amount of I/O (input—output to disk), and clock t ime (related to

I 
response time) were also measured and will be discussed , howeve r

optimization of these factors was not a ma jor goal in the design and

I impl ementaion of the different file structures .

A search consists of determining the presence of the terms of a

PL P,.,_............,

~

earch question m a  record and eva1uatin~ the search question ’s logic
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Search auestions used consisted of from one to 146 terms and t he i r

associated Boolean logic.

Research Design

The basic approach used was to actually implement the three sea rch

algorithms (linear , superimposed and inverted) on a file large enough to

he representative of the data  base as a whole , and large enough to

present the type of oroblems encountered in implem ent in g large

operational systems. The t imings  of the computation involved in

con st ruc t ing  especial ly  the inverted f i le  are complex and a s imula t ion

based on a small sample of the f i le wc 1’~ not be accurate .

Impl ementation also demonstrates the feasabi l i ty  of cons t ruc t ing  a

superimposed f i l e  on the basis of the n— gram s t ructure of a small

section of the f i le .

The INSPEC (Information Service in Physics , Electrotechnoio~y and

Control) data bases was selected (see page 16) which is in many ways

I typical of the types of data and problems of bi blio~raphio files on

I 
wh ich linear and inverted searches are currently being done. A large

number of search questions (339 ) specifically designed fcr this data

I base was obtained. The entire batch of search questions was run against

the inverted file o~ ly, because of the treat amount of computer t ime

I needed by the  superimposed and linear searches. To ensure that  as

representative a sample as possible was used for these two searches , the

questions were stratified on the basis of two criteria: number of terms

I c
~~1 

_ _ _ _ _ _
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in the question , and number of records in the file which satisfy the

auestion . This information was obtained by running all the questions

against the inverted file. These two criteria were selected because

they are the most likely to affect the speed of most search algorithms.

Another potential criteria considered was the number of synonym groups

in each question , but this was not expected to have as strong an ef f e c t

on the search t imings as the number of terms in a quest ion .

The file was split into three sections for each of these uriteri a ,

each of the sections with as close to one— third  of the questions as w~-

possible. This divided the 339 searches into nine approximately even

groups. For the linear search nine or ten searches was the maximum that

could be run against the whole file , because of the great amount of CPU

time taken by each search , so one question from each of the groups was

I selected with the help of a pseudo —random number generator . This

technique was also used to select quest ions  for the superimposed search ,
I.

I wi th  the added need to weight  the sample according to the  number  of

• questions in each stratum.

The same algorithm is used for the l inear search as is used by the

I superimposed search for its secondary scan of the records to screen out

• f a l se  drops. Both these searches retrieve exact ly  the same records .

S The inverted search is unable to retrieve e xactly the same records found

I 
by the linear and sup erimposed searches because the  very na ture  of the

inverted index restricts the search to terms as entered in the index ,

wi th  only r ight  trur1cz ’tion allowed . The lack of le ft truncation has an

I

t I
_ _ _ _ _ _ _ _ _ _ _ _ _  • - —-- • - — •  -• • ~~~~~~~~~~ ~~~~~~~~• ~—
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effect , even if only full words are used in the search questions , since

phrases may occur in the inverted index. The technique of breaking the

free index phrase s at each word has been used to reduce this effect , and

in  the ac tua l  searches there are only a few sea rch quest ions which

re t r ieve  d i f f e r e n t  number s of references under the d i f f e r en t  searches.

The d i f fe rences  were small and did not inf luence  the t im ing s . An

a l t e rna t ive  would  have been to res t r ic t  the inver ted f i l e  to s ingle

words , b u t  this  would have been an un fo r tuna t e  decision since the

oue st i ’ns  (received a f t e r  the programs had been wri t ten and the f i l e s

genera ted)  make extensive use of ph rases.

In the design of all of the pro grams , when there was a choice ,

speed of execution took precedence over memory size , both in core and on

d i sk .  The core memory avai lable  is more than adequa te  for these

nrograms, but disk space is more of a constraint. SAIL (Stanford

Artificial Intelligence Language), a high level language , was used (see

page 20) for  the programs , wi th  a few small (no more than f ive  or six

• l ines of SAIL each ) sections of the translation program and searches

r ewri t ten into assembly langua ge.

Timings of’ sections of the nrograms were done all through their

development to opt imize  them as much as possible . Detailed simulation

5 of the searching efficiency of var ious  superimposed keys was done to

decide on the exac t con f igu ra t i on  of the superimposed f i le.  Analys i s

and t imi ngs were done on the completed search programs both to compare

5 each sea rch ’s performance on th is  data  base , and to provide a basis  for

-

•~
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I extending the results to other and larger data bases. Measurements of

other computer costs such as clock t ime and disk I/O we re also measured

and compared wi th the results  based on run  t i m e .

Da ~ahas e

I
The Institution of Electrica l Engineers (lEE) generously extended

I the period in which IRRL was allowed to use the i r  INSPEC data base to

I 
test these f i le  s t ruc tures .

The I NSPEC tape service is based on the data used by the lEE t

produce Science Abstracts. INSPEC covers the subject  areas of

electrical engineering and elctronics , physi cs , and computer  and cont ro l

5 eng ineer ing .  Files are d is t r ibuted  twice a month on m agn e t ic  t ape  w i t h

I 
references to all three of the abs t rac t ing  services in te rmixed .  It

pr imar i ly  indexes journal ar t ic les , but also includes many conference

proceedings , books , technica l reports and pa t en t s .  The advanta ges of

• using th is  data base were :

5 1) The large number of records avai lable .  I BRL has more than

150 ,000 records from the period January 19714 th rou gh  March

1 1975 .

• 

• 

- I 2) The variety of indexable fields. These fields include authors ,

editors , cont rolled and free vocabulary (single index terms and

ph rases) , CODE~4 , and subject codes.

3) The great depth of indexing .  The indexable  f elds of each

I record averaged more than 300 characters , making the data  base

a severe test of superimnosed coding .
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1 4 )  I NSPEC is one of the most wide ly d i s t r ibu ted  and searched data

bases by search services , most of which use l inear  or inverted

fi le s t ructures .

5) INSPEC ’s coverage is similar to many other data bases searched

in this manner.  Most bibliographic data bases emphasize the
-I

journal and technical report l i terature , as INSPEC does .

Two other data bases , also available wi th in  I RR L , were used in

prelimi nary Investigations. The MARC (Machine Readable Cataloging) data

I base from the Libra~y 6f Congress (LC ) was not used because book

I 
cataloging is not typical of most of the subject searching done by

computer today . The other data base available , Science Citation Index

• I oublished by the Ins t i tu te  for Scientif ic  Informat ion  was used

extensively in prelimina ry studies of superimposed coding , but was not

I used in the f ina l  study because of the l imitat ions in its indexable

fie lds——only authors and t i t les are available.  Ei ther  of these data
t

bases would ac tua l ly  have been easier to implement for superimposed

• coding than INSPEC , but would not have been as severe a test of the

wider applicability of superimposed coding.

A total of 100,000 records was used to test the different f ile

structures. This covers a period of slightly more than nine months and

I was selected because this was approximately the largest number of

records that can be handled , within the limitation of available disk

space . A samlier f i le would have been enough to obtain accurate

timings on the linear and superimposed searches, but  the inverted f ile

H
1 ,
_ _ _ _ _- _ _ _ _ _ _  _ _ _

— — ~~~- —~



I

METHODOLOGY 18

is dependant on vocabulary size. A file of nearly this size is needed

for it to be representative of the vocabu lary of the complete file , and

to make possible accurate determination of the cost of buildin g the

inverted f i l e s .

No single bibliographic data base can represent the qualities of

I all other data bases, since it is well known that specific data bases

I have specific characteristics that are different from other data bases.

INSPEC can be considered typical of most ‘bibliographic ’ data bases——

I those dealing with references to journal articles , reports and books.

Data bases of other types , such as those containing numeric or chemical

I s t ructure  data , are very different in their makeup and type of oueries

I 
that they must handle. Testing superimposed coding on INSPEC gives

little information about the applicability of superimposed coding on

I non—bib l iograp h ic  data bases.

Search Question s

I Almost as important as the data base to be searched are the

questions which are used to test the f I le  s t ructures . The New England

I Research Appl ications Center (NERAC) at the University of Connecticut

generously supplied a large number of search questions specifically

designed and used by them to search INSPEC in an offline situation for

I SDI. Figure 3 is a summary of the questions ’ characteristics. These

quest ions are from actual searches run by NERAC in their current

awa reness service , and represent a range of topics and search

H
~~~~~~~~~~~~~~~~ 

:



t 1t 19
V

There were 339 search questions with a total
of 1956 terms, an average of 5.8 terms per

I 
question . 23 of these terms were negated .

Terms averaged 12.4 characters (p hrases wer e
permitted).

I The questions averaged 1.8 synonym groups
with an average of 3.2 terms in each group.

n The la rgest synonym group had 27 terms in i t .

I ——
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formula t ions  that  would have been impossible to achieve with a syn the t ic

set of search questions. (See page 13 for a description of how samples

of the these questions were selected for searching.)

The NERAC queries provide a good indication of the types of

queries used in the batch environment to search b ib l iomraphic  data

I bases . It  is an advantage that  they were developed specifically for

I searching INSPEC , since to be successful all searches have to ref lect

the content of the data base being searched. The number of hits the

I questions produce may be similar to that found by online searches, but

the ir form is ver y di fferent s ince onl ine searches are usually built up

I piece by piece——first searching a very broad subject and then narrowing

I the references to a manageable number by adding constraints to the

search. The NERAC search strategies have already gone through this

5 interaction over a period of months.

I.

I Implementation Language
4

I The prelimina ry programs were written in BLISS , a systems

programming language for the DECaystem—lO. BLISS has the advantage of

I compil inu very efficient programs , and the disadvantages of being

di fficult to write, lacking such features as built in I/O routines, and

that it is not widely used. All of the programs used for timings in

• 

~~ I this study ~~re written in SAIL , which is an extension of ALGOL—60 for

-
• being such closer to AL.GcL than BLISS is , SAIL has routines that  ~ive

Digi tal Equipment Corporation ’s DECaystem— lO computer. In addition to

— ••— —-.‘——~~~ ‘
•‘_‘__ • •.•— - • — —‘ ~- • • • -—~~.•—.• ‘• -~~~ 
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fu l l  access to the I/O capabil i t ies of the DECsy st em— 1O , extensive

str ing manipu la t ion  capabilities , and the fea ture  of being able to code

blocks of programs in assembly language.

J By coding small parts of programs in assembly language , large

gains (sometimes a factor of two or three) are often possible in

I computer programs. This was done in the programs written for this study

I 
whenever timings of the program showed that the gain in execution speed

would be worth the extra effort  involved in recoding the program

section , and the loss in ease of modification .

I Computer Facility

The computer used in this study was a DECsystem—KI1O manufactured

by the Digital Equipment Company, a computer very popular with

I scientific research laboratories . It is a fairl y modern thi rd

I generation computer (Digital now makes a DECsystem—KL1O whioh is

somewhat faster) which uses a 36—bit word and seven—bit ASCII characters

5 internally. It is a computer designed for timesharing ; running in batch

mode offers no advantases over timesharing except exemption from

I terminal connect time charges.

Removable RPO 3 (IBM 23114 dual density equivalent) disks, holding

I 51 ,200,000 characters each , were used for temporary and permanent

storage of the data base. I/O to disk on the DECaystem—lO is done in

units of 128 36—bit words (6140 characters) and can be done either in a

I buffered mode allowing concurrent I/O and computation , or in dump mode

I
I

- 
- — •~— --- - -  - • --- •
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wh ich allows large blocks of data to be t ransferred at one t ime . Direct

access can be done wi th  either of these modes .

The main memory is magnetic core. More than the maximu m address

I space of 256 K was available if needed , but all of the programs in this

study ran within the normal maximum of 70 K. The KI l O has 16 registers

available to each progra m , but there is no cache or intermediate  memory

J 
between core and the CPU. The operating system used was the standard

monitor supplied by the manufacturer , ‘TOPS ’ version 6.02. This is

I among the most sophisticat ed operating systems available , and allows

priorities to be set on CPU and disk usage. All of the programs in this

study ran under normal pri ori ty,  but were often run late at night to

take advantage of lower rates. During late  nimht runs there is very

little competition for the system resources.

I One of the best features of’ the DECaystem—lO is the ease of

timing . The system c]ock is readily available , and gives run time and

~ clock time (sometimes called ‘real,’ ‘day ’ or ‘wall clock’ t ime) to the

60th of a second. Nearly all the system overhea d associated with a job ,

such as is involved in I/O , is charged directly to the job by the run

~ I time it takes, so that run time is an excellent indicator of the cost of

• a program1 . Run times are very consistent over several runs of the same

I program , especially when system activity is low , and the timings appear

to be accurate to within a few percent.

h~ ___________________

1This is not true on many computers , notably IBM’s 360/370 series of
computers in which I/O is done in a supervisor state and charged
separately to the user .

_ _ _ _ _ _ _ _ _ _ _ _  -
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CHAPTER I II

PROGRAM DESCRIPTIONS

Data Base Translation Pro gram — —D I NTRN

r The INSPEC data base is dis t r ibuted in a format that  complies , as

does LC’ s MARC , with the American Nat ional  Standards Ins t i tu te  standard

for bib 1io~raphic information interchange on magnetic tape [6] . Tapes

V 
are wr itten in Binary Coded Decimal Interchange Code ( BCD I C ) ,  an eight

bit  character code. ( See Appendix A for a listing and defini t ions of

I the fields which can occur in the INSPEC records.)

Although similar to the MARC format , IN SPEC has some properties

I which make it very easy to work with . None of the fields occurs more

I 
than once in a record , the fields are always in numeric order , an d each

field 001 contains a unique identificat ion number assigned sequentially

I to the records.

The following fields were selected to be searchable:

120 Sect ional Class ificat ion Codes

121 Unified Classification Codes

130 Sub ject Index Headings

131 Free—Indexin g Terms

200 Author(s)

1;. 210 Editor(s)

310 cOD~ J

311 cOD~ 4 of Cover—to—Cover Translation

- ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~
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The title is not used to generate index terms since the free index terms

includ’ virtually all the important terms in the t i t le , plus many that

only o ccur in the abstract [14 , 5] .

The size of the records posed a problem. With a raw record length

of nearly 1 ,300 characters the ant icipat ed 100 ,000 record data base

would occupy 130 ,000 ,000 characters of storage. Since the mountable

I disk packs available for use on CSL ’s DECsy st em— 1O wil l  hold a maximum

of 51 ,200 ,000 characters , some sort of compression and/or t runcation of

the records was inevitable.

The abstract is the largest field on the records , averaging more

U - 

than 500 characters , so these abstract strings are separated from the

I 
rest of the record and written into a separate file. The f ields to be

searched averaged about 320 characters per record (62 percent of a disk

I for 100 ,000 records ) and the rest of the reference after some formatting

averaged about 260 characters (50 percent of one disk u n i t ) .  I t  is

I desireable to minimi~.e the amount of data read in , both for the linear

‘ 
search wh ich has to read every record into core for searching , and for

the file processing programs which build the indexes to the data base

I for the other searches. Since the combination of the fields to be

searched plus the references is too large to fit on a single di sk , an l

I because of the desireability of keeping the portions of the record to be

I 
searched separate from the rest of the record , these are split into two

files. The searchable fields are concatenated to form the index strina

and the rest of the reference minus the abstract, goes into a reference

~~uuI UuuI!IP1~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- —
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string. As the records are transla~ ed each of these three s t r ings  (t h e

abstract , reference and index s t r i ng s) ,  wa~. wr i t ten  into a separate

f i l e , three fi les for each tape processed . Figure 14 is an example of an

INSPEC record and the strings it was divided into.

The only directory kept in these str ings is a 36—bit  leader giving

the str ing length in characters to make it possible to use binary I/O ,

r 
much faster on the DECsystem—1O than character by ch a racter I/O .  With

binary input , f i rs t  the length of a str ing of characters is read in and

then the string is read in (as if it were 36—bit  binary numbers ) in to  an

array which is then treated as character information . Character input

I is much slower because each character is separately moved and checked

I 
for an end of string marker. The reference string is formatted so tha t

it is approximately ready to display as is, and the index str ing is made

5 up of the searchable elements preceeded by their  tags so that  searches

can be restricted to specific fields. The tags used are :

I S: Sect ional Class Code

I 
U: Un if ied Class Code

C: Controlled Subject Index Heading

g 
F: Free Index Term

A: Author

I
I Statistics on character and word counts and frequency of occurence

are kept on all the INSPEC fields; these are printed for each tape and

- .
~z— ---— - 
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Or ig ina l  Record ~i t h L~irectory

UOb2ONA >>> 1 1002L.l>>>L45>>OO100090000CJO10000S000091O
000 000 lLill O O 12~ OOO7~ 12OO02ooo2o112 100 1 OO2211~OO
On1CO2371~ 1O1214OO2 9~ 132OOO14CO142215OOQ2bCo14�t2oflou1
£OO145~ 3OOOO2OOO147O31OoOo9OQ44~O140OOO150o4~~e20OO1OO
O5114t~30O0O40O52147O00O350052~b 1000 1j0O5b3\1~ 5b5O39\
L~O2\ 1 P ‘~CTr Cd. (PTI~~ L AFPh0XI~ !~ L t- ~id t-CLI~ U

~ k-L b crILt ~ CLPS5\1~ t~~PLICI1 LX FSSIOhS E~OH r~—~-.I
~T}~ A~- r ’  E . X T } ~~~I .L ~UFSPACES ~~ 0LTAI ’~ED ECi- A CLAS

~ ~‘ F IC F IS OL~ SC~’E GJ~-~ F JI ~.C l~ PCHTAt~Ct~\?~F141 0c
C021 Cb23C\1~ DLC 1fc L ti-~\3~L1’~EPr .~L G F H  M~PkC

• X 1::LTicr ~FFCPI~ FUt~CTIG~; APPR0XI:- r.TIOr\1. —~- 1 i:TFI ~
L1 SP~CES~ EA 1R1 -~-PL SUISFACE LIN FAF PLcFFRA~ Eu lc1 :~
i’ APPF CY.I!~.tTlCt~4CPTI;,AL APPE GXIt-I1~TI .G .fl.IFCLI~~~Lt..
1’C’IIC~ CLA \1~ T\1flELL S~ST. ThCF . i . (U~ ; )\ 1~~Ti
?A V~L1 , A.\2 714OOO3 C714OCOO2\1.~ESTJAN \1~ VCL .~~~,
bC.7\1.i1237—142\1~~\UF ELL SYST~ ’S LAF. , ! .~.
LSA \1~~ Et~T. 1~ 73\IH

lieference Strinc’

I~ SPF C ~/ 5~5O3~ ,E714OOO3L~ ,Ci1400002
TIIECR/’.Pih , JOWl PA~ Ffl
1ITLr : P I~0TE O~ OPTflAL APPhCXfl’ATI~G NIF’C~ E)S

UL A F1~ CTI CN CU SS
E
~

LL SYST. 1E~~ . J. (Us!. ) VOL.52 , ~c.7 P. 1237—~2, s~~~. 1c73
REFS : t
AUT I- ~~~IL : EhLL SYSTE~S LP~~. ,  ~~ ‘1CF~K , LS

Index Str ing

5~ 5O3~ S :P1~~1O S:C~ 2 1O S:Ct ~230
U : D LCA A C U :D LT GI ’~
C:LII  EAR ALGEL1~A C: A PPROX Ih ATIO t  ThE OHY
C : FUNCTION !PPR OXl t~ATIO~.
F :N— k IDT}- SUESPACES F:EXTREt’AL SUFSPPCES
I~ :L1NEAR ALCEEHA F :}‘U!CTIOt~ AP PROXfl-’ATIO P~
F:OPTI -IPL PPPRCXII~AT I ’~C hA~’IftLDS F:FUNCTIOt~ CLASSA 9FT HA~.’PLI , A.I

A bstract String

I
k.XI~LICI1 EXP ~ FSSlOES FCP N — ~ I Dfl~ Ar ~t EXIHEVAL SUFSPPCES
ARE OF TAI NE D FOR A CLA SS ~h 1CH IS OF SOME E N G I t ’E E H I N G
l
~

h -UF ’1

Sample INSPEC Record

Figure 4
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also stored as a binary file for cumulation . Figure 5 is a flowchart

showi ng how the tapes are nan’ed and processed. To improve the run times

of tt”~~ programs mo-t. string handling is done by specially written

assembly language routines , as is the translation from ei ght— b it BCDIC

to seven—b it ASCII characters .

Routines Sha red by All Searches

I 
There are several procedures common to all three search~ s. Many

of them are of little direct interest to this study because they provide

I support functthns such as displaying previous commands , comb ining

previou s searches , guidance in response to a req uest for help, and

I display of search results on the screen. These functions can be used at

• the discretion of the searcher , but were not used when running the test i

• with the fully developed search questions available. See Appendix B for

I detailed descrintions of the interactive use of the programs.

When the search programs are used interactively the results ~f

each search are stored in a bit vector 100 ,000 bits  lo~w.  Ea ch bit in

th is  vector indicates  whether  the corresponding record in the f i l e

L sat is f ied the  sea rch question . The search system assigns a un ioue

number  to each search and previous searches can then be combined by

specifying the  Boolean logic in terms of these numbers .  In te rna l ly  thL.

logi c is transformed into reverse Polish notation with no restriction on

the logic. Beca t~se the  searches are represented by bit  vectors , such

combination can be done very quick ly  wi th  any number of postings (u p  to

the maximum possible of 100 ,000).
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Each bit vector occupies nearly 3,000 36—bit words of main r- - rnory,

~nd therefore only a limited number can be kept in core concurrently.

The rema ining bit vectors are stored in a direct access file on disk. A

bit vector handler routine was written to keep track of the location of

bit vectors ; if the search requires a bit vector that is not in core ,

• - h e  handler swaps the least recently used bit vector onto disk , ~nd

reads the new on~ into core.

The syst em wo.’ks very well wi th the swapping , essentially a simple

f virtual memory system , barely noticeable to the user . The rnaxi-o~-.

number of hit vectors allowed depends on the disk space available , and

the number in core at one time depends on the core storage available.

I 
Both can be specified at compile tine , with a present limit of five

searches ’ bit vectors in core , and a maximum maintained on disk of ~O .

As  w i l l  be exp lained in the sect ion on the opera t ion  of ~~~

inver ted search , a l though  ORi ng the  post ings together for a search is
L

normally handled within the index search routine , ANDin g and NOTing the

I 
bit vectors is done wi th  the procedures in the bit  vector logic module ,

BVLOG . Module BVLOG provides procedures to complement , AND , OR , and

clear bit vectors; to convert a list of postinws into a bit vector ; to

convert  a bit vector into a list of postings ; and to count the number of

I postings held by a bit vector . These routines are called by severa l

S sections of the search programs.

Several procedures are used by all the searches to process the

query prior to searching . After a query is read in , the first step is

I

•-
-~~~~~~

- - • —
~~~.

- - -
~~~~~~.
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to ver i fy  that the query is in a Boolean form accep tab le  to the par ser .

This routine uses a finit e state machine which makes a stat’ transit i n

for each parenthesis , Boolean operator and term in the search ou~-~~~ or .

f To accomplish this a table is kept of the acceptable  s ta te  transi t. lnr s,

e. g . a f t e r  an OR operatr-’ a NOT operator is an illegal input , to the

state reached after checking the OR operator . At this point an error

message is sent to the  term i nal wi th  an indicator pointing to the

location of the error. Run time of the logic checker is linearly

dependant on the length and complexity of the search ouestion , and is on

the order of 0.005 seconds for a typical search .

I The next step the search question undergoe s is the truncation

• procedure , TRUNC , which rm~difies the queries by removing all parentheses

and setting spacing to indicat e truncation modes to the searches. Past

this point the truncation mode of the search term is implicit in

whether the term is proceeded or trailed by a delimiter (a blan,). The

term ‘ELECTRIC’ will match ‘ELECTRICAL ’ , ‘ELECTRICITY ’, et c . ,  but the

term ‘ELECTRIC$’ would not 1 . ‘ELECTRIC~ ’ will match ei ther  the  term

r ‘EL E CTR I C ~ ’ , or a phrase such as ‘ELECTR I C ~MO T ORS $AND $M ACH I N ER Y ’ . Care

is taken in the generation of the inverted f il e  to ensure tha t  a blank
- -  followe d each term in the index , and that  de l imi t e r s  occurred on both

F sides of term s for the superimposed and l inear  f i les .

Procedure TRUNC has not been optimized at all and runs fairly

slowly , mainly because it forces the SAIL run time system to do several

p
1The ~ represents the character sDace.

1~I~~~~~_ 
~~ - - •- —— 
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s t r ing  space garbage collections.  I ts run t ime is between 0.02 and 0.05

secon ds , wi th  an average of about 0.03 . It is proportional to the

lengt h of the search quest ion and the number of modificat ions that  need

to be done on it before it is ready to send to the parser .

Considerable simplification of the query parser is possible

because of the restriction of questions to a product of sums form. A

- -  
typical  question in this form is:

[CAPACITANcE#+CAPACITOR#]

* [DI ODE#+J UNCTION#] * SILICON
- 

where the ‘I’ sign s ignif ies  truncation , the ‘+ ‘ means OR and the ‘~~ ‘

I AND. Product of sums is a canonica l form into which any Boolean query

can be transformed .

Out of the more than 300 search questions received for this study,

1 15 needed modi fication to fit  into this form . A typica l example of th is

is a question in the form :

A+[ B+C]’D

To t ransform this question the t erm A nee ds to be repeated :

I
- 

• 

- 
This is logically the seine as the or iginal , and will  retrieve the same

records as the original in any search system . An actual example of this

from the search questions:

(GLASS—METAL SEALS + B GGEAR )

‘ (ALUMINUM + COPPER + GLASS—METAL SEALS)

-
• r where BGGEAR is INSPEC’S Unified Classification code for the general

-; area of ‘Pressure Measurements and Trchniques In Vacuum .’

-
~~ 

-~~~~ ----w - 
- 

- .  _ _ _
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T h i s  t ype  of restr ict ion has also been present in other

i n f o r m a t i o n  retrieval syst ems , such as CARUSO [14 3 pp. 52 8— 587 ] .  Wh en

used on l ine , each search is au tomat i ca l ly  gi ven a number , and the

r numbered searches can be combined in any Boolean combination by the

searcher w i t h  no restr ict ions on Boolean form.

The restriction to product of sums form has other advantages , in

addition to simplified parsing. When doing an inverted search , instead

of buildin g bit vectors for each of the terms A , B , and C in the

I example , single bit vector is built by simply successively inserting the

postings for each term into the same bit vector . This is a very

I e f f i c i en t  me ans of mer ging these lists of postings , and is made possible

I by the product of sums form of the search .

• The superimposed search also takes advantage of the restriction

I to produc t of sums when it tranforms the search into a sum of products

form , the other Boo lean can onical form. The express ion

A *A + B’A + C*A + A *D + B*D + C’D

‘ 
is the sum of products form for the example above. This t ransformat ion

is fa i r ly  easy to accomplish if it is known that  the query is in product

I of sums forts, tut quite difficult otherwise. In the linear search the

lov ic eva luat ion can term inate if it Is false as soon as it determines

that any synonym group is not represented in the record , saving

execution time .

Anothe r advanta ge of the pro duct of sums for m , for the purpose of

th is stu dy, is that It forces a clearer def init ion of w hat a search

_____ 1 —- .•

~
.-.-
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auestion is. For a q uestion to be easily represented in this form it

nor mall y involv es a sea rc h on a single concept . The fo l lowing  is one of

the questions received from NERAC which were broken into two separate

searches:

CRYSTAL FILTER ~ (A UDIO + ACOU STIC ]

+ [DI G ITAL STORAGE + READ ONLY STORAGE + XKAAD )

* [METAL—INSULATOR—SEMI COND# + SEMICONDU cTOR#]

This auestion contains two distinct concepts (the first about crystal

f f ilters , and the second about digital storage), and is better searched

as two questions . Two of the search requests received from NERAC were

sp lit;  both into two search auestIons.

I The ma in disadvantages of this restriction are that there are some

valid search questions which require more work to enter in this format ,

I and some searches may have slightly longer run times because of the

repeated terms. The parser used is quite fast , requiring only about

0.01 seconds CPU time per search .

After parsing, t he quer ies are stored as a s tr ing array with ohe

array element for each term . Associated with this is an integer array

• 
I 

with as many entries as synonym groups in the query , each of which keeps

track of which term is the last term in that  group. There is also a

I Boolean array which notes for each term whether the term is to be

negated or not.

I -

~ 
I

‘ i i ’ I
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Inverted File Search—— INVSER

The inverted f i le is the most complicat ed data structure on disk

used by any of the searches , and its exact form can have a large ef fec t

on its performance . The goals set for the inverted f i l e  search were :

1) Speed of file generation . This is felt to be of utmost

• importance because this  is the area in which the inverted f i le

I is at a disadvantage with the other structures.

I 
2)  Compatability with other searches. The other searches are more

flexible because they allow left t runcat ion , however by

entering the free index phrases under each word in the phrase ,

as describe d on page 140 , the records retrieved by the inver ted

I search were nearly ident ical to those retr ieve d by t he linea r

I 
and superimposed searches.

3) Search speed . This is gained by having two levels of indexes

to the inverted file ( inc luding a very large and detai led one)

in core , and fixed length records holding the first 12

I characters of each term. Disk input is minimized for searches

• with a large number of matches in the inverted index because

the entries in the ooritinuat i~n file are also contiguous ,

• I eliminating the nee d to do direct access input for every entry.

This speeded some searches by a factor of f ive , and is possible

I becaus e the f ile is bui l t  all at once .

• ~ I ( IN VNDX.N SP , for Inverted index—— INSPEC ) contains a fixed length , four—

• ~~ The index on disk is divided into two files. The first file

~~~~~ 
•
~~~~

. • •
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word ( 1 1 4 1 4 — b i t )  record for  each un ique  term encounterd in the data base ,

sorted into alphabetical order. The first two words of the record are

divided into 12 sixbit characters containing the first 12 characters of

I the indexed term . ‘Sixbi t ’  is a character code used by the DECsystem—1O

j computer to save space. The code is based on seven—bit ASCII and allows

six characters per 36—bit  computer word instea d of the f ive  possible

J 
with the ASCII code . The next word contains the number of postings for

this term . The fourt h word contains two f ie lds , the f i r s t  12 bi ts  hold

( the length of the term in characters (for a maximum length of 14,095

charac te r s) ,  and the  last 214 bi ts are a pointer  into the disk f i l e

INV PST.NSP (Inverted Postings—INSPEC). Figure 6 shows the structure

kept on disk for the inverted file.

t The f i le  INVPST .NSP contains the variable length information

associated with each indexed term . First it has as ma ny words as are

necessary to hold the rest of the term from character 13 on , six

characters per computer word . Next follows a list of postings as binary

f nu mbers in half wor ds ( 18 b i t s ) ,  or if the number of postings exceeds

• 2000, the  postings are kep t as a bit vector , each bit representing the

presence or absence of that term in its associated record . If there are

100 ,000 records in the data base it is more compact to represent the

11 postings in a bit vector if a ter m has more than 5,558 postings , since

100,000 bits is the sam e length as 5,558 18—bit numbers. Allowing two

I format s for the post ings conserves space , and mak es it ‘ possible to not

I set any upper limit om the number of postings a term may have associat ed

with it.

I
I

• - • ~~~~~~~~ ~~~~
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T his f ile is not eas ily updated , i.e. additions and deletions of

records are not possible without major modifications of the whole file.

It is typical  of the type of’ data base in thI3 study that such updates

are done only periodically (once a week or m o n t h ) ,  with large numbers of

changes for wh ich major modificat ions of the f i le would have to be done

I in any case , and it would not normally be done incrementa l ly .

I 
Generalized file maintenance procedures would have been impossible to

program in the time available , and a file structure built for easy

I modification would have been at least slightly slower to search and

construct than the one used. In a system which allows incremental

I updating , additions to the file could be expected to take at least as

I 
long per record as was taken in constructing this inverted file.

Updating inverted files is always a problem in their design and

I maintenance , a problem that the superimposed and linear structures avoid

almost completely.

t Because of the great number of entries in the file INVNDX.NSP

(more than 650 ,000) ,  two levels of indexes are kept in core. The f irst

is called CORNDX (Core Index) and contains the first two words of every

f 256th entry in INVNDX.NSP . Originally this index was to keep track of’

the f irst  six characters of every 32nd term , but it was found that the

f irst six characters we re not spec if ic enou gh , and that t he size of the

•~ 
index (greater than 20K) was too large to be comfortably held i s-i core .

A bov e the ~~RNDX there is a last level of index , a two dimensional

array , NDXNDX (Index to Core Index) accessed via the first two

- —
~~~~~~~~ 
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~~~~~~~- - •~~• - ~~~ 

.
~~~~~~~

-- -
~ 

- • -
~~

- 
~~~

— - -- -. - - --—-----— -



r -
• PROGRAM DESCRIPTIONS 38

characters of the search term to give the f i rs t  location in CORNDX which

starts with those two characters . Figure 7 shows the data s t ructure  of

• indexes kept in core to the inverted file.

( Afte r  the question has been parsed , procedure QSER (Quest ion
z

Searcher) handles  the sea rch , cal l ing procedure INVSER ( Inverted

Searcher)  wi th  each term in turn . Procedure INVSER ac tua l ly  searches

I the index. First the search term is checked to see whether a ta~ is

present and an array of masks is set up to facilitate comparisons of the

( strings in sixbit characters . The term is then converted into sixbit

from the normal seven—bit ASCII code. An entry to CORNDX is found via

I NDXNDX on the bas is of the f irst  two characters of the search terra , and

I CORN DX is linearly searched from this point to find an entry to the disk

f i le  INVNDX.NSP . The core search tak es less than 0 .001 seconds CPU

I time .

The procedure then accesses the disk , looking at every 32nd term

I entry in the f i le IN VNDX .NSP (on the DECsystem— 10 the disk is directly

I 
accessible by b locks , of 128 computer words , or 32 four—word records)

until it arrives at the correct block. Terms are read in until a match

I is foun d , or the term passed. When the search term matches the first 12

characters of a record in INVNDX.NSP the associated record in the

I continuation file INVPST.NSP is also read .

If a ta g is presen t in the search term restr icting the te rm to a

1 single data type, then the tag of the term in the index must also be

checked A search term may match many entries in the index, and the
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postings for each of these index entries must be ORed together. If the

entry has f’ewer than 2,000 oostings then the postings are in a postings

list of 18—bit numbers . The bit in a temporary bit vector for the

search corresponding to each of these posting numbers is turned on. If

the term has 2 ,000 or more postings then the postings -~re already in bit

vector form , and the bit vector representing these postings is simply

ORed with the temporary search bit vector . The bit vectors used to hold

the intermediate  values of the search are always held in core and never

( swapped out as the bit vectors representing completed searches can be.

Beca use the searches are in product of sums form , only two of these

temporaries are needed to conduct any search .

I As the search scans through f i le  INVNDX .NS P an aster isk is

bl inked on the screen to indicat e progress. When the first match to a

I 
search term is found the bell on the terminal is rung.

The inverte d f ile is built  in three steps. The f i rs t  is to

I extract  the terms from the file of index strings generated by the

I 
t ranslat ion progra m DINTRN . Each of the index terms tagged in these

strings is inverted as it appears in the record wi th the exc ept ion of

I the free index terms. As with the controlled terms these f ields may

include phrases , such as ACOUSTIC VELOCITY MEASUREMENT. In order to

provide as much flexiblility as possible while searching , and to make

I 
the results of t he searches by dif ferent al gor ithms be as nearly

identical as possible, this phrase would be entered in the inverted

I index as AQDUSTIC VELOCITY MEASUREMEN T, VELOCITY MEASUREMENT , and

MEASUREMENT .

~~~~~~~~~ T Z
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Blanks are considered word delimiter s2, except when the blank

occurs within slashes. INSPEC uses slashes to delimit special

characters , so that H20 would be entered as H/SUB 2/0; this would be

treated as a single word by the t erm separater,

The output from DINTRM , the program which breaks up the index

phrases and attaches the INSPEC sequence number to them to i~~-ntify

I their source , c~itputs the terms into four files on the basis of the

first letter to make sorting possible with the limited disk facilities

( available 3.

The second step is to sort these files of index entries , and then

I in the third step , the program INVBLD (Inver ted File Builder) reads in

I the terms one by one , generates a postings list for duplicate terms and

phrases , and writes this information onto disk files INVNDX.NSP and

I
No l imi t is placed on the number of postings an index phrase might

I have . rhe length of the phrase is limited to 14,095 characters , longer

I 
than any of the actual phrases. Limi tations on postings and term length

occur in many inverted files, but are avoided to make the inverted

I search as comparable with the lthear and superimposed searches as

possible.

I
• I _______

I 2Since t hese phrases are not sen tences , most punctuat ion is already
el iminated .
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Superimpos d Coding from M i c r o s t r u e t u r e — — M I C S E R

The superimposed search is ca l led  MICS E R for M~~ ro~ t ru c t u r e

Search , because the superimpostion is done on the basis of character

structure of’ the words or what is often called the microstructure of

j words (see Lynch [ 50 ] ) .  This  is by far the most novel of the searches

and a g rea t many decision s on its basic s t ruc ture  had to be made. (See

I pare 58 for the analysis and development of it.)

I After extensive simulations the decision was made to emoloy a 15—

won (5140—bit) key ; seven words of the key based on biRrams

I (combinations of two letters), and e iRh t  based on t r i gr ams

(coqr binat ion s  of three l e t t e r s ) .  Bi~ rams are easier to hand le  than

• 
I tr igrams because of thei r  l imited number .  If an a lphabet  of 37

I 
characters is used (26 letters , 10 numbers and a delimiter), t nis cones

to only 1 ,3 69 possible bigrams , but  50 , 653 t r ig rams .  Ac tua l ly , in these

programs It was more convenient to use the s tandard ASCI I codes as much

as pos sibl e , result ing in a greater  number  of bigrams to bt

I accommodated . From the ASCII code for ‘ I’ to the ASCII code fu r  ‘Z ’

there are 143 different characters and , although only 37 of them are

used , this requires tables able to map 1 ,8149 bigrams , a: 79,~ O7

I trigrams into specific bit ’ in the keys . This is done for the bi~’rams

• with a table indicating for r-ach bi~ram the location of the bit into

I which It Is to be mapped. The trigrams are hashed into a table slightly

‘ 
large r than the number of bits assigned to the trigrarns, which in turn

specified what bit in the key is to be turned on if a t r i g ram hashed

- into that value.

I
Li 
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A perfect hashing function is one which will nap a set of keys

pe r fec t ly  even ly  into the table  they are to be entered or re t r i eved

from . Th i s  program performed i ts hash in g  on the A S CJ I  codes of the
- 

cha rac te r s  of each t r i gram to assi~ r t he  t r igrams in to  spec i f ic  b i t s  in

t he  key . The hashin g func t ion  used in the pro gram was arr ived ~t

e x p e r i m e n t a l l y  a f t e r  t ry ing  a number of p oss ibl it ie s , lookin g for  a

I 
method which Is computa t iona l ly  fast and gives an even d i s t r i b u t i o n  of

the  tri~ ram s into the  key.  The values of the  characters  are sh i f t ed

I w i t h i n  a computer word , exclusively ORed together , and then t r ans fo rmed

in to  a number wi th in  the range of the number of b i t s  in the t ab l e  t he y

I are to be hashed into. In SAIL this is w r i t t e n :

I 
( ( C l  LSH 10) XOR (C2 LSH 5) XO R C3) MOD HSZ

whe re Cl , C2 , and C3 are the members of’ a t r i gr am and HSZ is the  s ize  of

I the  tab le .

Thes e mappings are made on the basis of the bi gram and t r i gra - r

I counts  from 1 ,000 INSPEC records . To map the bi~ rams into the key they

I 
are sorted by frequency into descending order , and then read in on e by

one arid assigned to the bit in the key which had the least chance of

being set . In this  way the most f requent  bigrams had a b i t  assigned to

them alone , while the less f requent ly  occurring ones are collected

I together to increase the  chances of their  bits  being set . The t n i i ~ra”

‘I mappin g proceeded in much the sam e way, a l though ‘co llisions ’ of high

frequency trigrams could occur.

These mappings are stored on disk  as arrays of b inary  numbers  and

~~~~ -~~~~~
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are read in  by both the key f i l e  b u i l d i n g  pr ogram and the  searoh

pr og ram . The f i l e  b u i l d i n g  progra m reads in each record t -  be indexed ,

gene rates a key by these bi gram and t r i g r a m  mapping functions for each

h igram and  t r i g r a m  in the record , a nd wr i t e s  the  key out along w i t h  a

l t t h  word which conta ins  a pointer  to the indexed record . The result

for a 100 ,000 record f i l e  is 100 ,000 16-wo rd records. This occupie i

a p p r o x i m a t e l y  25 percent  of the space of the or igina l  f i l e  of index

str ings .

I t  Is conceptua l ly  ve ry s imple to match a s ingle te rm ag a i n s t  such

a f i l e .  A key is generated for the search term in exac t ly  tne  same

manner  that  the index  keys to the  f i le  are created . Each index key is

the n read in and compared to the search key.  This comparison proceeds

ve ry qu ick ly  because every bit postion set in the search key must  also

be set in the index key in order for  them t - ~ m a t c h .  As soon as a bit  is

fou nd in the index key that  should  be t u rned  on , bu t  is not , the record

corresponding to  that  key can not conta in  the search term and t h e

program goes on to the next  key .  A l thou gh  it migh t  seem tha t  the  longer

keys wou ld  tak e longer to scan than short keys , the  incr ease is smal l

because the key seldom has to be searched in i ts  en t i r e ty .  On the

DEC system— 10 36 b i ts  can be checked at once , and s l igh tl y  more than one—

• 

I 
half of the searches fail within the f i r s t  two words of the key.

If the index  key does match the se~ rch key in the im ~~ r t ant  bi ts ,

i ts  record is read in and matched ag a i n 3t  the  search term . The pro gram

does this  second match us ing the  same f i n i t e  s t a t e  machine  technique

J I
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used by the linear search , as described in the next section , which scans

the record character  by character  to ve r i fy  tha t  the  record s a t i s f i e s

the search cuestion . A match at this second scan is a ‘hit’ and a

mi smatch is a ‘fa l se  drop. ’ Often a fa lse  drop w i l l  contain the needed

bigrams and trigrams , but not the term that is wanted . When a match is

found this is noted by setting a bit corresponding to that record in the

search ’s bit vector .

This simple algorithm works best if there are only one or two

terms to be matched at once against the index keys. With a complex

search question with many search terms, the key for each search term has

I to be matched against the index keys, and their Boolean logic evaluated .

To overcome this, a more sophisticated method was developed to match

mul t ip le  terms against the index.  For a search in the form :

[A+B) ’[C+ D)

the expression is converted to an equivalent  sum of product s form:

H- A’C + A*D + B~C + B*D

I 
Each of the products in this formula can be represented by the logical

OR of thei r  separate keys . In the example , a key for the term A ORed

wi th  the key for ~ w i l l  result in a key which wi l l  match only another

key which satisfies both the A key and the ~ k ey.

I Example using a 12 bi t  key :

( A key: 001 010 000 000

I B key: 010 010 001 000

C key: 010 000 000 100

D key : 100 000 000 110

— ~~~~~~~~~ 
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A *C key : 01 1 010 000 100

A~D key : 101 010 000 110

B C  key : 010 010 001 100

B*D key : 110 010 001 110

These resu l t ing  composite  keys can be broken in to  groups of three

b i t s .  Of the eight  possibilities for combinations of three bits:

0 000

1 001

2 010

3 011

14 100

- 
5 101

6 110

• 7 11 1

only combination s 2 , 3, 5 , 6 and 7 will satisfy the search request on

— the f irs t three bits .  For example , combination 0 (000) wi l l  not s a t i s fy

the search since al l  four composite keys require at least one bit set in
• the f i rs t  three—bit section . For the next three bits , combinations 2,

3, 6 and 7 w i l l  sa t i s fy  it and no others . Of the 614 possible

• combinations of six bits only 20 satisfy the first six bits of the

r example. By bui lding a table with entries for each of the e ight

combinat ions for every set of three bits in the key a very comp lex
-~

strategy can be rapidly checked against the index keys.

In th e actu al imple mentat ion , groups of six bits with 614 possible

Ii
Ii
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combinatior .s are used , and each entry in the table  is a 3 6—bit  word ,

wi th bi ts  set indicat ing which of the composite keys are sa t is f ied  by

that combination of six bits in that position in the keys (see Figure

8). The entries are ANDed together to keep track of which composite

keys are sat isf ied by all s ix—bi t  sections checked so far  u n t i l

I (normally) a point is reached where none are satisfied and the program

I 
skips to the next key, or until the index keys satisfies one or more

composite keys , in which case the actual record is brou gh t in and

I 

searched as in the linear search . For an explanat ion of how th i s

secondary scan is done see the next section or. the l inear search .

I It is concei vable in a very complicat ed search that  more than 36

I 
composite keys could be generated . For example:

[A+B+C+D] * 1 E+F+G+H1 * [I+J+K]

would be transformed into an expression wi th  14~ 4 ’3= Ls8 terms . In th i s

case only the first two synonym groups ( 16 composite keys ) would be used

I to generate the table for the key search , representing a match on the

H keys for the first eight terms. If a potential hit is found on these,

I then a slowe r algorithm which is not limited in its number of

combinations evaluates the full expression against the search keys to

Li see whether the index key is a match or not .

I Because th i s  search sometimes has a slow response t ime , and of ten

takes quite a while to finish , a series of commands is provided to let
a

the user follow the search as it progresses , and terminate t h e sea rch to

t 

1 reformulate the search question if the results are not satisfactory.

F L ’
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Sectio n 1 Section 2 Sect ion 90
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Each section corresponds to one 6—bit

section of the 540—bit key .

Within each section the 64 entries cor-
respond to the 64 possibil i t ies of combinat ions

• of 6 b i t s .

Each ent ry in this array is one 36—bit
computer wor d , of which as many b i t s  as search
terms in the question are used . Each of these
bits indicates whethe r a section in the Index

-
- key satisfies the search term or not.

I
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Core Data Structure , Superimposed Coding
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These commands let the user control whether hits are displayed on the

screen or not , whether false drops are displayed , and to have a short

s ta tus  report displayed showing the number of records checked so far ,

the number of hits , and the number of fa lse  drops. See Appendix  P for a

fu l l e r  explanation of the use of these commands .

Character by Character Linear Search—-L INSE R

I 
The l inear  search simply searches the file of index strings

(wr i t t en  by program DINTRN ) to which the other searches construct

indexes.  I t  uses a fair ly new algor i thm developed and analyzed by Aho

[3] .  For the set of terms in a search question a f ini t e state machine

I is constructed which ‘acce pts ’ these terms.

The following is an example taken from [3] .  The terms being

I searched for are ‘HE ’ , ‘SHE ’ , ‘HIS ’ , and ‘HERS ’ . These term s are

considered truncat ed left and r ight , that  is ‘HE ’ wou l d be found in the

string ‘SHEEP ’. Figure 9 is a diagram of the finite state machine

• needed to match ou these four terms. As can be seen , even a very simple

search may result in a fairly complicate-i o’ructure. The complication

I is in the stru cture , however , and not in the program ’s execution . Each

letter input simply results in one state transition . Occasionally a

state is encountered which matches one or more search terms, and this

term or terms is the state ’s output .

Using the string ‘USHERS ’ for input  to the f in i t e st ate machine ,

the follow ing s tate trans it ions are made :

I

-

~
••

~

• 

I
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Input: U S H E R S

State: 0 0 3 14 5 8 9

The machine is always started in state 0 at the start of each input

string . The transit ion into state 5 causes HE and SHE to be outpu t as

matches , and the transition into state 9 outputs HERS , the third term

matched in this string.

If truncat ion is not wanted , leading and trailing delimiters are

I 
added to the search terms. The finite state machine is then set up on

the basis of these terms to require the delimiters for matches.

I In the implementation of’ this alogorithm each state in the machine

is represented by a 143—element array (each element of which indicates

I the transition to be made if the character corresponding to that element

is input at that point) and an array with a 36—bit word , each bit of

I which indicates wheth er a corresponding search term is satisfied by

reach ing t hat stat e (t hese are the ‘out puts ’ of the states). As the

search progresses these outputs are ORed together at every state

I transition , and after a full record has been input to the machine , this

shows which of the terms have been matched. If there are no matches the

-
~~ I search procee ds to the next reco rd , otherwise the Boolean logic of the

I search question must be checked . To make this take as little time as

possible , a set of bit masks is constructed before the search begins,

I one for each of the synonym groups, indicating which terms are in which

• group. I t  is then very fast to take the mask corresponding with the

first synonym group, AND it w ith the wor d re p rese nt ing t he out put of the

L I
_________________________________ —— —
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search and see whether any of those terms are present. This continues

until a synonym group is found which does not have any members present ,

in which case the evaluation ceases and the next record is read in , or

until all the groups are checked and a hit is found . At that point ,

depending on switches which can be set dynamically by the user , the

citation may be displayed on the screen , as in the superimposed search ,

and is &~tered as a hit in the search ’s bit vector by setting the

- appropriate bit for that citation .

I

I
I
I
I
I
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CHAPTER IV

FILE STRU CI URE AND PROGRAM ANALYSIS

Modules in Common

The routines which all the searches use have little effect on the

ou tcome of this study since, except for the bit vector logic routines ,

all of the searches depend equally on them. An increase in the time

taken to translate the records raises the cost of all the searches

equally.

The bit vector logic procedures are contained in module BVLOG .

Nearly all these procedures ’ inner loops have been recoded in to  assembly

I language . This was fairly easy to do since the procedures are very

simple , and resulted in substantial decreases in run times for these

I procedures. The routine to AND two bit vectors 100,000 bits long ran in

I 0.075 seconds when written entirely in SAIL. The assembly language

version used by the search programs reduced this to 0.025 seconds , a

I reduction of two—thirds. The final version had an inner loop of four

machine instructions which are executed for each word in the bit

I vectors . Timings on these individual instructions give a total of 8.14

I 
microseconds for each iteration . The t~•tne to AND two bit vectors

together is then given by 0.0O00O814~ (Number of bits)/36 seconds . For

I the bit vectors used in searching this ‘ives 0.0214 seconds total , or

very close to the measured 0.025 seconds.

I Since the inverted search would normally call this routine less

• - I~~~- • - - • ~~~• •
•
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than four time s for each search it should account for less than 0.1 sec

of the to ta l  execut ion t i me , but would increase to nearly 10 seconds for

a search of 10 ,000 ,000 i t e r n ~ - Coding this routine in assemble language

reduc ed t h e  run time of the inverted search of 100 ,000 records

approxima tely 20 percent .  On a larger file t h i s  routine would take a

large r propor t ion  of the to ta l  run t ime  of the search , and its

efficiency would become more important.

Analysis of this precision is possible only on a procedure as

restricted and simple as this. More complicat ed procedures such as
I

those which search through the inverted index on disk are very file and

query dependant and much harder to measure precisely .

Inverted Search

Build ing the inverted file proceeds in three steps: term

r separation , tern sort , and the actual contruct ion of the fil e . I~ is

Important to show that the times taken by these programs are not

unreasonable in comparison witn the time taken to genera~ e t he

superimp o sed f i l e , since th i s  is basic to the  hypothesi s .

In prelim inary tests , D INTR M (D irectory INSPEC Term Fin de r ) ,  th e

progr am tha t separated the terms for  sor t ing , ran in about 0.014 seconds

CPU t ime per record , and INVBLD which  read in the sorted terms and

constructed the files took s ligh t ly  longer , about 0.0 5 seconds per

record . These times compare to an time of 0.03 seconds per record CPU

time to venerate the superimposed keys. The extra time involved for

—
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en~~h ~ the step~- in the Inverted file construction is expected because

t h o v  i n v o l v e  m n í  character conparisons th~-i ri t h e  nii rerirnpo sed ‘ev

rro~r~ ri , and ar-~ wcrking on files th e sane size , or larger.

r~~r ‘- i Th re~or-i , the torm separation program must find each index

chr~ se and write it out  aion~ with its record number. For t h e  fre e

—. d~-x terms this is ~nmp 1i ‘~ated by the need to separate t s r  p h t  d S C O

• int~ w~ rds . Although index phrases  • -~r e tagged by the tran slatio r

~r-~~crv~ to make t his as fast as possible , there is still a large a n o sr .

1 of ch ar a ~~t er  oomparisOn and movement. In mparison , the superisposed

~ej generat ion rrogran doe s one scan over the wh~:Th index string ,

j  ignorIng the value of all of the characters except t o  map them into the

‘~ev via t a t ~~es and hashin g . The index string is not moved at all , and

the only information written out is a 16—word binary array .

I Pr ~~iro~r INV BLD also is forced to do a g rea t  amount of charac te r

man ipu l a t i on  to contruct the inverted file. Each term his t~ be read

$ i n , cc~npar ed w i t h  the term currently being entered in the inverted file ,

J 
and either its posting placed in the file , or a new entry s t a r t ed .  To

sa ve CPU t ime  th this step , the f ur ther  comparison neces sary to

elimi nate duplicate postings is not done. These duplicat es are

di scardel when read in d u r i n g  the  searches.  This program does less I/ O

than DINT~ M , ~ it the greater number of’ s t r ing  comparisons makes it run

slivhtly slower.

- All nf these file generation programs are written completely in

SAIL with no assembly l~ nguaue blocks. The inverted file programs are

I —•--
~~~~~~~~~
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na inly involved in :tning scanning , comparison and movement , for wh ich

SAIL compiles exce i~~en ~ code; little improvement could be expected by

tr y in g to code these fairly complic at ed programs in assembly language .

The superimposed key generation program is simpler and is mainly array

i ndex in g , so m e t h i n g  more e f f i c i e n t l y  done in assembly  langua ge t h p r

th rou gh SAIL.  A pro~ ram w i t h  an assembly  l a ngu a g e  version of t h e  key

generation procedure was written and found t~ be more than 30 pe rc ent

• f a s t e r  than the program written in SAIL. This program was not used

since it was felt that a more accurate measurement of the relative t i m e s

t a k e n  by t he  programs would result  if all  were w r i t t e n  in the  same

manner.

Th e sort progra m used is a new system sort supplied by Digital

Equipme nt Corporation . Before this new sort program was released the

sys tem sort available was so slow and wasted so much disk space that the

author wrote a sort program for variable length records. The new system

sort generates machine code for the comparisons needed , and runs

substantially faster than both the old system sort and the sort the

author wrote. Although it uses more disk space than some sorts do , this

sort appears to be very e f f i c i en t  in terms of run  t ime , and t he re  is no

reason to believe that major improvements could be made.

The inverted search program itself runs very fast with most

searches running In under one second CPU time . This Is fast enough that

any improvement in speed would not affect the results of this study,

r a lth ough  some analysis of i ts performance  is necessary to obta in  an idea

cf how well it wcx~ld perform with larger files.

I
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Approx imately 20 percent of the total CPU t i m e , or 0.2 seconds ,

for an inv , r t e l sea rch ( n o r m a l ly  s r v - r s l  t e r m s)  is invn lved in reading

in the search question , verifying t h r  l og ic , and parsing it; these are

s et u p  t i m e s independent of t h e  si z e ef t h e  d a t a  base.  As each  term is

passed to the indes searcher , an additi o nal setup tine of 0.015 c r o o n I s

is taken t o  •~~nvert the term into a sixbit code , generate mask s for

~~j g~~~í truncation , and determine wh ither t h i  t i-r n is r e s t r i c te d  to a

certain fieH.

T L o c a t i ng  ~ he d i s k  b lock at  w h i c h  t c  st art searching the inver t -~~

til e for the t e r n  ‘ akes nearly 0.05 seconds CPU t ime per t e r m , ?~

percent of the t ‘ a l  search time . Only a small fraction of this tim is

spent s~~ar :h i r i r  ‘ ic  core indexes . The time taken ‘ - locate a t-~r’- ’s

d i c k  block can be expected to rise w i t h  the logarithm of t h e  i ndex  s i ze ,

t ’~~ t t i -  vocabula ry in ~ris st u r t v has already reached a fairly stable

size , and do- hu ng t n l  voca bu lary size w -- u ll only increase search time r

by a bou t five percent .

The m a i n  search loop w h i T h  r e a d s  in en t r ies  f rom the inver ted

f i l e , cc~ pares them with the search term , and keeps track of the

postings of the records that contain the search term , takes 140 percent

of the  to ta l  t ime of the  search , 0 .07  se c o nd s  per te rm . A c c u r a t e

measurement of exac t ly how t h i s  t i m e  is spent is d i f f i c u l t  because  the

• Loop i n v o l v e s  a series of very fast steps repea ted for each entry in the
I

i nve r t ed  f i l e  w h i c h  is compared with the search term . Approximatel y 25

percen t  of the  t i m e  in th i s  loop is spent reading  in the post ings , and

I
j I
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enter ino them Int o the search ’s bit vector . This 25 percent is about

0. 2 seconds r u n  t i m e  and is fairly constant if the average number of

postin gs 
~~~~ e r tr ,  is less t h a n  100 . In this experimental file the

~ ve~~~ge was less t h a n  four postings per entry , so it would take a v~ rv

l a r g e  f i l e  be fo re t h i s  t i m e  w o u l d  s~~r w  an  a p p r e c i a b le  i nc r ea se .  Ten

e~~t -~ f the ~ 1me in  t h e  loop is spent positioning tie disk for r a r d n m

access , and r e  res t of t h e  t i m e  is spen t  r e a d i ng  in th e -  i n d e x  ~ n t r 1e s

a n d  com p a rt n~ them with the search term . Eor tiles w : ~~ larc’~-r

vocabul aries the train search ioop w o u l d  t a k e  p r o~~o r t i o n a t e y ger ,

however such growt h In voca bu lary can be controlled b ett er th at w2 5  - i - r e

in this exp eri m ent al system ; and in any case the vocabu~ arv ~ r

grow linearly with the size of the file.

Superimposed Search

The program for the superimposed search was developed cver a

oeriod of a year and a half. The first superimposed key used was very

simpl e, using one 36—bit word per title from a MARC t a p e . E x p e r i m e n t s

were also made with a half word (18—bit) key in whi ch the most comm ~~n

letter s were discarded , and the least common collected , gi ’ing a more

eve- n distribution of bits , this being Intuitively what is wanted .

It is c lear  tha t  any b i t s  in t he  key which are always the sam e

va lue in all the keys give no new information about a record . For

exampl e .a bit which is set if the letter E appears in the title ot a

r
book is of littl e use in a search , since the great majority of title s

11
Ii
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will have one , It offers no reason to reject a title from further

so an n i n ~~. Much the same argument applies to Z. Being able to tell from

the key that a title does not contain a Z is very usefu l if the search

term o - c n t a i n s  one , but u n f o r t u n a t e l y  few do , so a bi t  devoted t o

indicatin g the presence or absence of Z will normally go unused.

Another exampl e of a hit of little use , for title keys , is the U bit

when the Q bit is set , since in this case it w i l l  near ly  always be on ,

and provides no additional information . This correlation between the ~

and U bits reduces their value in searching .

The most usefu l bits in a search key are those which are set in

half of the records , and are independent of the other bits. The

information content of a key can be measured in terms of its re la t ive

e n t r o p y .  Shannon [66] first developed the mathematics of entropy as a

measure of Information in communication theory, and others such as Lynch

[ L ~g ]  and Fokker [28 ) have appl ied  th i s  to search keys , and Mooers [55]

has applied it specifically to superimposed coding of subject codes.

Entropy is measured by the formula :

H — 
~~ P 1lo~~(p 1)

Where p 1 Is the probabilit y of each possible code occurring . Entropy is

at a maximum when all the probabilities are equal , in which case it is

equal to the log (n) where n is the possible number of states and the

S: logarithm is normally taken to the base two.
‘-I

If  a message is encoded in the 256 di f fe ren t  e igh t—bi t  characters ,

each of which has an equa l probability of occurring , then the code ’s

1?
-_—~ T~~~~~~~~~ ~~~~

4:
~~~~~~

-~



I

FILE STR U C T U R E  AND PROGRAM ANALYSIS  6 0

en t ropy  is lo g(25 6)  8. To compare codings of d i f f e r en t  length , i t is

often more usefu l to normalize entropy to relative entropy . Relative

entropy is the actual entropy measured , divided by the maximum possible

entropy for tha t  coding , a number ran g ing  from 0, denoting no

i n fo rma t ion  content , to 1.0 indica t ing  the maximum possible.

For an illustration of this with codes two bits long , suppose each

of the codes occurs an equa l proportion of the t ime . The coding then

has an entropy of 2.0 and a re la t ive  entropy of 1 .0:

Code p~ lo~ (p~ ) .-p1lo~~(p 1)

00 0.25 —2.0 0.5

01 0.25 —2.0 0.5

10 0.25 —2.0 0.5

11 0.25 —2.0

2.0 Total

1.0 Relative entropy
I-

However , if the frequencies are not equal:

Code p
~ 

lO
~
(pi) _P~log(P~ )

00 0.20 —2.32 0.14614

n 01 0.20 -2.32 0.4614

10 0.30 -.1.74 0.521

11 0.30 -1.74 0.521

1.971 Total

0.985 Relative entropy

~.] j ~ The Ir -quality of the frequencies lowers the entropy of the code.

1
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In the superimposed search each 540 bit  key represents a code. As

• one can see by inspect ing the two—bi t  codes , if each poss ib i l i ty  occurs ,

on the average , the same number of times , an equa l number of zeros and

ones will be set. In the keys this corresponds to havin g  ha l f  the b i t s ,

on the average , turned on in the keys . The effect of havin g  the  key
p

‘4 half ‘full ,’ a density of one—half , can be graphed for a very simple

case. Suppose the key is 540 bits long and the index s t r i ng s  are an

average of 100 characters long. By va rying the number of bi ts  set in

f the keys for each bigram , the density of the index key can be va r i ed .

(S ee Figure 10 for a graph of t h i s .)  As can be seen , the minimum false

I drop probabi l i ty  occurs when the key ’s de nsi ty  is one—ha l f .  At th is

I 
point the key contains the maximum amount of information possible.

Lyn ch [49] has measured the entropy of keys similar to these by

calculating the entropy solely on the frequency of the individual bits.

This technique ignores correlations between bits which reduce the
I-

entropy of keys by reducing the chances for certain configurations to

I 
occur. A more realistic measurement of the entropy of keys can be

obtained by rpasuring the entropy of randomly selected pairs of bits

over a number of keys and taking their average.

A relative entropy of 0.85 is achieved with the actual keys used

f 
in this study. This compares with an entropy of 0.80 for the keys used

in preliminary studies on a simpler file with less effort made to obtain

I a high entropy. The average density of the keys used is 0.45. I expect

that it c~~y be possible to achieve a relative entropy of more than 0.90

using superimposed keys based on bigrams and trigrams.-it ~~~

.1~~ ~
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A relative entropy of 1.0 will result in the lowest false hit

probability for a key. Assumi ng random strings and a random mapping of

them into the keys , Harrison (32) han derived the following equation for

- the false drop probability of the key:

FH P (L 1 , L2 ,M) (l_e ( 2/M))(M M’e~~~
”M )

Where Li = Nu mber  of bi ts  set by search term

L2 Number of bits set by index  s t r ing

M Length of the key in bi ts

I e = Base of the natura l logarithms (2.718...)

This formula is derived from the fact that the number of zeros in

the key length M bits of a string which sets L bits will be M~e
L
~”M , ~~

that M_M e ’I~~
/’M is the number of one bits present In the search key, and

I i_e~~~
’M is the number of bits set in the key of the Index string

‘ 

divided by the number of bits in the key to get the index key ’s density.

For small Li , M_M e~~~~’M is about Li , since the chance of a short search

4- I
term setting a bit twice in a long key is small 1 . In this case the

I 
false drop probability is simply DL1 where D is the density of the key.

The key is very sensitive to key length if the entropy can be kept

I 
constant. If the length of’ a key is doubled , and a density of one—half

is to be kept , the number of’ bits set in the key per character of the

index string must also increase. If the false drop probability of a

key , of density one—half with a search term which sets eight bits , is

a

~: f l
- — 1For example in a 5140—bit key a search term that is mapped into 16

bits in the key will set 15.77 bits , on the average.

I r
~
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approximately 0.004, and if the number of bits set by that search term

in its search key is doubled to 16 bits by lengthening the key, the

false drop probability decreases to 0.000016 , effectively squaring the

screening power of the key.

Lengthen ing the key is done at the expense of extra storage space ,

slightly slower key scan execution times and greater complexity in the

key . The greater complexIty is needed to generate more bits per

character , and to maintain a maximum entropy . Because of the nature of

p n—grams this  is d i f f i cu lt to achieve , and in fact , other  things being

equal , a longer key is bound to have a lower relat ive entropy than a

I short key in which there is better control over the bit frequencies.

To investigate the effect on run time that the lower false drop

probability of longer keys would have , simulations of keys of various

I lengths were done. Keys up to 1116 bits (31 36—bit words) were found to

be feasible in simulation studies , and are most useful with short search

4- 

1 
terms which set few bits in their search keys , and therefore have high

I 
numbers of false drops.

To simulate the efficiency of different superimposed keys , bigrams

and trigrams are counted from a sample of 1 ,000 INSPEC index strings. In

each string It is only the first occurrence of a given bigram or trigram

which is important since subsequent occurrences simply reset the same

bit. Using first occurrence counts , an accurate false drop
7
I probability can be calculated for a key for a given number of bits. In

I 

the bigram simulator , a key Is built up with a near optimum mapping , in

4~ -~~~~~~~~~~
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terms of the bigram frequencies , into the key. The proport ion of time

each bit is expected to be turned on Is measured , and the false drop

probabilit y for a sea rch term of l ength  Li is calculated by:

F DPR E IT F~ L 1 ’ F i~’T~~

Where F
~ Frequency of bit i

TNB Total number of bits set in the key

Li’F 1/TNB = the chance that bit i will be set .

The run time for a superimposed search is the input time for the

file of keys, plus the key scan time , plus the time needed to input the

index strings indicated as possiblities by their associated keys , plus

the time needed to scan these strings to determine whether they are hits

or false drops. In simulating the search , since the number of false

drops is expected to be quit~ bit larger than the number of hits , and

since the number of hits to be expected is not known , only the time 
-

taken to check false drops is simulated .

The CPU time needed to read in the keys can be measured directly,

and this was done , timing it against the blocking used on the keys .

There are decreases in input time as the block size is increased until

• the block size becomes greater than 10 K words . A blocksize of 16 K

words (10214 15—word keys , or 128 disk blocks) was used in the

simulations and actual program. This gives an input time of about 1.2

secon ds CPU time , and a minimum daytime of about 51 seconds2.

2In the actual searches four out of 49 ran in under 51 seconds clock
t ime .

- 
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The t ime needed to sca n the keys can be estimated on the basis of

key length and false drop probability, for these control how many

sections of the key need to be looked at. The key scan section of the

superimposed search is written in assemb ler and the instructions were

t im ed .  For maximum e f f i c i ency  each section of the f i rs t  word of the key

is coded sepa rately , not in a loop . The t ime  needed to scan the first

word of the key is:

16.8 + •~~~ 7.6~PRS microseconds

I where PRS is the probability of reaching that section , which is just

the probability of a false drop on the preceeding bits and the is

over the number of sections in the key. The false drop probabilit y per

I 
bit is: FDPRBl/N~’~ < where FDPRB is the false drop probability for the

whole key , and N BIN K is the number of bits in the key. The false drop

probability for a section of the key is FHPRBNBINS/NBINK , NBINS t~ie

number of bits in the section .

I After the first 36 bit word of the key, the key scan time is

KSTPW ’PRW (Sum w:2 to no. of words in key)

where KSTP W = the key scan time per word which

~~
‘ 6.7+12.6 NSPW microseconds

where NSPW = the number of sections per word

r : 36/number of bits in each section

and PRW probability of checking that word

~
= FHP RB~~~6’~~’~~

r Timings for inputing and scanning the false drops ’ index strings

_ _ _ _  
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were based on a prelimina ry study in which a program was writt’-n to rio

superimposed search on 60,000 Science Citation Inde_x titles.

If the 1~-n ~~t h  of the expected search term Is known , the key length

with the minimum run time can be found by simulating the search for

variou s key lengths . (For an example of this see Figure 11. ) This graph

is based on the assump tion that a key of perfect entropy can be

generated for any length needed; a search term of the same length as the

search term ‘~ COMPUTERS~ ’ is used . As can be seen from the graph , the

minimum total run time occurs with a key of about 650 bits. Beyond this

length , the longer time needed to read in the keys and scan them takes

more time than any increase in screening power can offset .

The calcu lations for this graph are based on timings of the search

program for scanning the keys and false drops , with the false drop

probability simpl y O.S~~, B ing the number of bits set in the search

key , each of which should eliminate one—half of the file from further

consideration . The number of bits set in the search key is an

estimation based on the number of bits per character which the index

strings would have to set in the index  keys to ob ta in  a key of dens i ty

one—half. A key M bits long needs an average of —ln(0.5)~ M bits set in

it to reach this  dens i ty .  Severa l index s t r ings  were s tudied and it was

found that approximately 20 percent of the characters in a given index

string occur in repeated words and do not contribute to the bit density

of the index key because of this redundancy. For example an index

s t r ing  had both RELAXATION TIME and VIBRATION RELAXATION TIME as free

I

I
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irth-x t erms. This reduces the effective length t~~I about 247 oh~ r~ ct ’-r~~ .

Anoth c- r f~ ctor entering into the estimati on of t h ’-  num her of bits r - ~~ in

the search key -ire the impossiblity of generstio~ as rn /ny h i t s

character for s~iort strings , such as occur in search iue sti-or s, ar

l n ~ stri ng- s such as the index strings . This is because ~ s~ n i r ~ r a s

one less bigram and two less trigranis than it has character. . I ’ -  a

short string this loss can amount to more than 25 per— er t of i’ s en~’~ n.

This is adjusted for in the calculations.

( No set of keys wil l have a perfect entropy . The  entror~i cf t ry-

k~ vs actually obtained is in the range of 0.6- . to 0.90, and this se~- rns
I-

fairly easily obtainable , with this tyne and length of key. ri ~ -~re 12

is a graph of the effect on run time that variou s entropies ha’t~ . A s

the entropies decrease the run time rises, especially for short ~c -i r :hi

terms , the increase in run times is substantial. These curves assuoe

that a key of entropy 0.5 has half thr screening power that a key with
4- 1

s-crfrct en t ropy  has .

An attempt was made to calculate the expected falsE drops Ic r ’  more

c•~rnp1 ex searches by ~imming the false drop prob abi litits within synnn’~s

~r u p s , and mu ltlplyinm that of different Rre~ps. In a search
I

(A + B) * (C + 0)

If all four terms each had a false drop probability of 0.01 , then A+~-

would  be expected to  have approximately double that , and the tw~ ~r cu p s
— 

I

3ThIs is consisten t with the number of bits actu ally set in ke- -’s
~~~~ based on bi~ ram s and trigrams.

____ ________________ 
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t:~~ether , the sqare of that double , or 0.0004. The false drop

nrcba hi liti es ca lcula ted  in t h i s  way are much lower than those ~ictuallv

measured , evidently because this Is a case where as ru rn rrio r Is of

randomness are not  valid. Since no other theoretic basis for predicting

these probabilities could be discovered , simulat-~on of complex searches

has not been done.

The false drop prohabiiity, and consequently the search t i -e , for

a large number of different keys for searching INSPEC were simulated ,

all based on actual mappings of bl zrams and trigrams. The keys ran~e~

from seven—word bi~ ram keys to 31—word keys with separate fields for

bigrams and trigrams. (See Figure 13 for a graph of search t i s -~s

expected for a bI~ram key of 7, 15 , or 23 36—bit words.) In general th~

snorter keys  have an advantage if the search term is very long, setting

ma ny bits in its key , while the longer keys do better with search t r r m s

which tend t o produce a great number of false drops.

Th ere is a s t rong advantag e  in using both bigrams and t r i r r s r n s i s .

a single key in that tris allows a string to set more bits in its key,

makin g a search key more selective , and for long keys coming closer to

th E onti rnum density of one—half. In evaluating keys which combined

bigrams and triRrams into one long key the assumpti on is made that th e

bits set by the bi~rams would be nearly independent from the bits sot by

the trigr-am -- , and therefore that the false drop probabilities of two

s r)arat~e biwraxn and trigram k eys ca n be simply multiplied to -rot the

false drop probability for the comb ination . This is not entirely t /- c / ,

- .
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but entropy studies on th l- actual keys generated have shown there is no

measurable de~ radatioo in the entropies of the keys when combinations of

bigram and trigrams are used.

All of the key structures which were simulated , and the one whi ch

was finally used in this study, kept the bigrams and trigrarn s in

separate section s in the key. This is easier to analyze but it may wo ’J

be tha t  a key in which both the tri~rams and higrams could appea r in any

se-’tion of the key would be- an improvement . One way in which this could

be lone would be to hash the trigrams into the whole key. Then the

bi~ rams , each of which can be individually mapped , could be assigned to

the bits which are expected to have the lowest frequency, giving a very

even bit distribution .

• The final key selected is a 15—word (540—bit) key , seven words of

which are constructed from bigrams , and eight words from trigrams . A 23

or 31—word key would have been slightly faster in some circumstances ,

t i but it is judged that the increased storage costs on disk and the

increased clock time needed to read the keys in for searching more than

offset savIngs in run time . Search times were expected to range from

seven to 50 Cpu seconds4. A 31—word key would have been expected to

have run time s ranve from 11 to 36 seconds5 . A seven—word key w oj 1~

have performed worse in nearly all the searches.

S

4Actual searches ranged from 7.2 to 157 seconds.

~Thp simulati on implies that 157 second run time for a 15—wor d key
should run in 70 seconds if a 31.-word key is used .

Ii
~

.. 

1~
_______________ ____ -- - -



I

FILE STRUCTURE AND PROGRAM ANALY SIS 7-’

Some economy in core storage could be realiz ed by s~annin g the

keys in four—bit sect ions (16 possiblities) instead of six—bit sections .

The four—bit sections would save more than three thousand wor’io of core ,

but would run approximately 30 percent slower than the six—bit sections.

Alternativel y , using nine—bit sections would take 25 thousand mor e words

of core storage than six—bit sections and w~uld run 20 percent fas t er

than the sit—bit sections.

The possibility of batching superimposed searches was

investigated . With an average run time of nearly 30 seconds ,

approxima tely one—half the time is spent scanning the keys and t r i o other

15 seconds of run time reading in the index strings (both false drops

and hits) and doing a final scan on them. Running a number of’ Questions

in a batch would increase the key scan time somewhat , and increase the

- final check time in proportion to the number of search questions

batched. The maximum scan time for the keys , assumir.g that all search

t 
terms can be checked in one scan , is about 85 seconds tar a 5u 1-t --it key.

The run time per q uestion would then be:

1 (85 + 15 N5Q + 0.3~NSQ)/NSQ so-onds

- 

- Where NSQ stands for the number of search Questi ons. For 100 s--~ r’b

questions this gives 16.2 seconds per search . Although this is a

I substantial ga in over the 30 second average for sinol e searches , i t  i s

nowhere near the amount which is saved in the linear search by batching .
~‘1

It would normally not be worth the effor~. in programmin g to achieve  such

seall gains in run time .

I

I -- — -——— --- - ---.- - — — - - - — - .—‘--- - ---t_-~~~--.-_~~~~~~~~~~’
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Li near Search

As mentioned before , the linear search algorithm is based c-n one

devised by Aho [3) for fast pattern mat ching in strinrs . This

algorithm is based in turn on work by Knut h et al. [42] . T h e  basic

algorithm is the fastest way yet found to match a group of search torso

against a large file in one pass , but it does not take into account the

cost of evaluating the Boolean logic associated with the search . ~t

will be shown below that this time is small compared with the search , ir.

the typical case of a bibliographic search where t ~ chances of a

particular citation being a hit are small.

The set up time fcr the search takes about 0.22 seconds CPU time .

This includes reading in the question , checking the question ’s logic.

parsing the question and setting up the finit e state machine used in the

scan , everything except the search itself. This amount of ti-n e is so

4- sn~ ll compared with the search times for a file of moderate size that no

• - - more will be said , except to note that it is linearly related only t~

1 the len~th of the search question , and not dependant on the size of th~-

I 
data base.

The scan loop of che search p: ogram is coded in assembly language

I 

with an inner loop of eight instruct ions which must be executed for each

character. This loop includes a translation of’ each character to map

all non—alphanumerics into the character code which represents all

de1lmi~~~rs, T imings on individual instructions gave a total of 20.5

I micro seconds CPU time needed per character. For an INSPEC index stri ng

of 309 characters this is 0.0063 seconds per record .

L~~~~~~~~~~~~~~~~~~ . -~~~ _  _  
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Boolea n evaluation adds suprisin~ ly little to this figure .

Ai thou~h not written in assembly language , the  code produ ced by the

c-omp il ’~r was inspected. On the reasonable assumption that the cnancos

arf small of having any one record beinw ~ hit , the loop which chr-~ k~

each synonym group in turn will normally only have t~~ check the first

such group. This involves about 10 to  12 sachine instru ctions w : t r i  a

minimum of’ three memor y accesses. (Instructions which ac--- es c memc r~’ are

normally slower than those which do not.) The boclean ev~ i uction aT’ unt s

to only about 25 microseconds execution time , plus a few instructions to

pass the value ba ik to the calling routine .

Read lag the records into core takes a substantial amount of the

Ci~U t ime for the total search . Input timings show that it takes Vr ca

12.2 to 17.1 microseconds to input one ~b~~hit word if the records ~ire

300 characters (n2 3h—bit words ) long , about three microseconds per

character , or 15 percent of’ the the time needed to scan the ohara:t~~r o .
I

Because the input and computing are overlapped , a dev ice wit ri a faster

I transfer rate than disk would decrease the clock time cf a search about

25 percent at the most.

I Base d on these t i m H i ’ s of the c r i t i c a l  ( i n  terms of run  t i m e )

sections of the program , the estima te of the linear search ’s run ti-re

is:

((20.5 + 3) ARL + 30 + 60) Nfl microsecondsI
I

if ’
‘ I  _____

_ _  
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_ _  
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where 20.5 Time needed to sc~i n each charac te r

3 Time needed to input each character

ARL Avera ge record length

NR Number of records

— ~O Booleart logic evaluati n t ime

- 
60 Procedure call overhea d , flag checking , etc.

j  
For the INSPEC data base of 100 ,000 records this formula predicts a time

of 735 seconds , five percent lower than the observed run time of 775

seconds . This n~ y be accounted for by s1i~ htly slower input speeds , or

I 
ve ry possibly more overhead than is estimated.

Many linear search programs are able to handle mult iple questions

I batched together , so it is interesting to try to extend these timings to

this more complex situation . The algorithm must be expanded to handle

more terms , and the logic to har~dle many Boolean equations. The most

4- straigh tforwa rd way to do this is to have severa l war-Is which could hold

• more search terms , instead of a single word which can handle only 36

I search terms for the state Output. In this case the search logic would

execute  an ext ra instruction for each rrouo of 36. Run time for the

scan would then be 

- -

( 

18 + ((NT + 35) % 3~ ) 2 . b  microseconds/character

where  NT Number  of Terms ’ - - -
S

and ¶ stands for integer division ,

to the largest  in teger

I 
The Boolean logic check would s t i l l  be expected t o  fail the f’.rst

$ 1 
_  _  _ _  _
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time for each question . If the same a lgor i thm was used and simply

repeated fo r each search aues t ion  it should t ake  about 25 microseconds

per search question . With  setup time of 0 .2  seconds per search question

this results in a total run time of:

((18 + ((NT + 35) % 36) 2.6) ARL

+ 25 . NSQ + 60) NR microseconds

+ 0.2 NSQ seconds

where NSO Number of search questions

For a search of 100 questions , eight terms in each on the average ,

on 100 ,000 INSPEC index strings this would take 2,760 seconds (45

minutes) CPU time , only 28 seconds per question .

A more efficient implementation would simply check whether the

state entered has any output at all , since most state transitions will

not result in any matches on search terms , and only check the output

list if there is a match on at least one term . In this case the scan

time would  only be s ligh t ly  more than for a scan for a single search

ques t io n , and t h e  to ta l  time would be

(3O~ARL + 25~ NS) microseconds + 0 . 2~ N S seconds

For the above example of 100 searches this would run in about 1 ,100

seconds , or 11 seconds per sea rch quest ion .

Unfortunately both these algorithms would probably take an

inord ina te  amount of core storage to run since more than 3,000 states
“•l

— would probably be needed , each state taking 65 words of storage. The

storage occupied b~ the finit e ntate machine could be greatly reduced ,

I I 
______ ______________________________________________________________________________
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at some expense in run time , by storing the less frequently used state-

transitions and outputs in a more compact manner.

I

4 - -  -
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CHAPTER V

EXPERIMENTAL RESULTS

Data Base and Generated Files

From the INSPEC tape numbers 2 through 20 of 197~~, 100 ,000 records

were used as the data base against which the searches were run. These

records represent more than nine months of citations for INSPEC . Every

readable citation on the tapes was used , although , because of physical

read errors , 24 records had to be skipped , 17 of which were on one

especially bad tape. The records averaged 26.3 terms per record with on

average term length after processing the free index terms as describe d

( 
for the inverted search , of 13.4 characters . These ‘terms ’ can actually

be phrases of two or more words , and a great number of’ them were simply

six letter codes for subjects or CODEN ’s. A total of 2,633 , 949 terms

4- were inverted for the inverted file . The frequencies of these followed

• the expected Zipf’s [81] curve (see Figure 14).

I 
The ‘index strings ’ averaged 309 characters per reoor-i. The

inverted file~ builder found 672,248 unique t erms (or types). This is a

7 very large number , and wi th other methods of choosing the terms for

inve rsion it might be possible to reduce this , although INSPEC is noted

for Its unusually large vocabu lary . Slightly more than 77 percent

ri 
~ fl (518 ,987) of the terms occurred only once in the file 1 . The most commo n

____________________

1 This could be compared to figures for Toxline . For 374 ,000
references 687 , 14814 unique terms were found , 55 percent of which oc~urred
only once. Terms were limited to single words with a maximum of ~o
characters [23J.
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term was the word ‘SYSTEM ’ which occurred 7,593 times as a free index

te rm , followe d by ‘MODEL ’ , also a free index term , occurr iag 6,O?~

times. In tact , all terms occurring more than 2,000 time s (the cut off

point to- be stored as a bit vector ) were from the free index field

except two: A91 26 a sectional classification code for ‘Physical

M - ~altur~ y——T reatment of metals , mechanical strength ,’ and ZOEGAJ tt- ’-

unified classificat ion for the same subject. Both occurred 2,022 t i m e : .

Due to the low (2,000 postings) cut off point at which postings

are stored in bit vector format , the bit vectors actuall y used mor r

space2 than postings in half words would have taken. If the catimu m

crossover from a space viewpoint had been used (5,558 postings), only

three bit vectors would have been used in the entire inverted file wit h

a sligh t space saving .

File INVNDX.NSP , the section of the inverted file with the first

12 characters of a term plus its length and posting count , oc~upjes

4- 
21 ,000 blocks (13, 445 ,000 characters ) of storage on dis~~, and the

continuation file with the rest of the term and postings takes 23,400

block s (14 ,960,000 characters ) on disk.

The size of the inverted file prevented the possibilit y of storing

the ful l references3 on the same - i s k pack , so a shortened reference4

was created along with a primary author file (12 - -haract ers per fixed

length record ) for display, demonstration , and - -wtnut timing purposes.
-

~~ I
288 ,928 words vs. 53,747 words .

3145,000 blocks (280 characters per record).

~214 ,O53 blocks (1514 characters per reco r~1).

_ _ _ _ _ _ _ _ _ _ _
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The stze of the file wh i~ h is searched by the linear search , and

indexed by the superimposed and inverted searches is 51 ,172 hl—a~-ks (~ 2~
-

chara cters per record) long. The inverted file Is 87 percent of t rO

size of’ this , and the superimposed index is 24 percent. The ~— - tal

rec cd size af the d at a base including index terms , partially forrnated

references and abstracts is 177 ,000 blocks ( 1 , 133 characters per

rec--rd ). The inverted file increased the storage nee ded f -- r this iv 25

Dercent , the superimposed search by seven percent , and the linear se, rctr

by 0 percent , since it did not have any indexes .

Linear Search

I Prelimina ry runs showed that the linear search had to be severly

I 

limi ted in number of questions run in the interest of economy . A ta t 3l

of sine searches was selected , one from each strata of the s~-arori

questions.

Run times for the nine searches ranged from 771 seconds to 780

I seconds , averaging 775 seconds with a standard deviation of 2.3 seconds

and an estimated 50 percent confidence interval of between 77~ and 776

I seconds. The search times for 100 ,000 records are 0.00775 seconds per

record , or 25 microseconds per character. The nature of the sea rch

algorithm , wh ich is very insensitive to the oues~ ion asked , accounts for

I such a small  range of search times , and gives a very good indication of

the average search time even though only a :m-a~ l number of searches were

performed.

I
I
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The cl ock time was also nearly constant , rari~ ing from ?5 •

1 ,17~ seo- nds , with all but one search running jr under 950 seconds ,

a r - d r averaged 957. Daytime can be strongl y a ft ~~ te~ on a time ohar ing

system such as the DECsystem— 10 by cim re t ltirn for the data channel to

the disk , and can easily account for this range -:1 -imes .

Disk reads were high , 50,518 per search , since the whole file had

to be hr-~ugh t into core .

Initial response time , the time at wh ich the first results from

the search would be shown , would be approximately 46 secon ds , based on

the clock time taken by the searches and the averge number of hits found

by each search . Th is makes such a linear search system nea r-lv unusable

as an onl ine interactive search system with this size and type of file .

The same set of nine quest ions was run through the init ialization

steps used by the l inear search , and took an average of 0.22 seconds

CPU ti me. This time ~s orincipally i n  the search auestic~ logic
4- I

verification , question parsing , and f i nit e a ate machine construction .

The on ly file building time applicable to the linear search is the

time used to  t r ansla te  the tape  from ~CDIC into ASCII and put it  into

the forma t searched by the linear search . This took 19,328 seconds , or

0.193 seconds per record . At least a t h i r d  of this time was taker u~~ in

t he collecting of fairly detailed statistics regarding the file.

Wit h a search time of 0.00775 seconds compared wi t- j -~ ‘ .~~

per record t r a n s l a t i o n  t ime , 25 searches would need - - -

file before the searching CPU time would am - -  a ~~~ 
- -

prep aration tim e .
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Super imposed Search Results

A greater number of searches were possible with the superimposed

L coding than with the linear search because the superimposed search ran

[ I faster. More searches were needed for accurate timings because the

superimposed search has a more variable run time than the linear search .

Forty—n ine searches were run against the file of 100,000 records. The

average run time was 29.7 seconds per search (0.0003 seconds per

record). Times ranged from 7.2 to 157 seconds with a standard deviation

1 of 29 seconds and a 90 percent estimated confidence interval of 23.9 to

1 36.5 seconds5. Fifty percent of the seaches ran in under 20 seconds CPU

t ime , and 90 percent in under one minute CPU time. Figure 15 is a graph

I showi ng the distribution of the run times for the superimposed searches

done .

Clock time closely followed CPU time (correlation of 0.99),

I running about three times the CPU time, and averaging 95 seconds per

search (see Figure 16). This search, like the linear search , but in

• I contrast to the inverted search, does not have to be completed before it

can give an initial response. By dividing the clock time a search takes

1 by the number of hits found by the search an estimate of the initia1

I response time can be obtained. The average of these times for the I~9

searches was 19.3 seconds with a minimum of under a second. The worst

case would be about one minute . Of course these questions are not

: 1 5The cuestions were run in three batches averaging 32 , 28 and 27
seconds of run time per’ search .

I
. -
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optimized for the search a1~orithm. An accurate estimate is difficult

to make , ~at by tailoring the questions to the system the worst

- 

quest ions m1~ht wel l be made to run twice as fast as they do now .

Experience with the system has shown it to be marginally acceptable for

online searching.

Included in these run times are the set up time of 0.22 seconds

per search discussed in the linear search results, plus an estimated 0.1

seconds setup time for setting up the keys for searching. This setup

J time of less than 0.11 seconds per search is small compared to the

search times.

1 Disk reads, averagiriR 1 ,073 input requests per search , were muc h

lower than for the linear search. It is necessary to block the keys and

1 use dumv mdc I/O to ~et this value, as the fu l l  key f ile of’ 12 ,500

I blocks is read for each search question . The median number of disk

j reads was only 320, the f ~~ questions with a high number of’ false drops
r
I running up the average.

I The searches averaged 556 drops from the keys of which an avera~e

• of 1180 were false drops. This means that 86 percent of the drops from

I the search keys were eliminated in the secondary scan of the full

record. Another way of looking at this is to measure the false dropping

- 

. f fraction. The false dropping fraction ranEed from 0.0 (2 searches hart

no False drops) to 0.0115 (one search had 11,1181 false drops) with an

averue dropping traction of 0.00118. This average false drooping

[1 fraction means that for approximately every 208 keys examined , one will

I~1

4 ~

-. Ii
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-
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• falsely imply that the record will satisfy the search question . In the

r median case, ~~t of every 1 ,639 keys examined one will give a false

drop. Since scanning the keys is much faster than looking at the

records themselves , not scann ing most of the records results ir

substantial run time savings . As can be seen from Figure 17 , tne run

j t ime shows onl y a moderate increase as the num ber of terms in the sea rch

Is increased . This increase is small because cuestions with a greater

number of terms tend to have more synonym groups, and the added

I specificity of these groups helps the search. When graphed against the

num ber of synomym groups the run t ime of the super imposed search

I decreases slightly with the number of groups (see Figure 18).

In addition to the file processing required for all search

me thods , a file of superimposed keys had to be built for the

•~ I 
superimposed search. This took 3,132 seconds (52 minutes) run time , or

0.03 seconds per record , a bout 16 percent of the t ime nee ded to in ital ly

I process the recor ds, so that the increase in time that would be incurred

it the keys were generated at the time of the initial processIng i~

~ I snmll , bot not insignificant. The total amount of file processing ,

I including translation for the superimposed search was 22,1160 seconds

(0.225 seconds per record). It amounts to about four linear searches of

I the f ile, i.e. if more than four searches of the file are done it would

be less expensive in CPU time to use superimposed coding than to use a

• 
• linear file.

All of these times are linearly related to the number of records

- I

~1 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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processed or searched. File setup times and search times for twice as

many records would be twice as long for both the linear and superimposed

- search.

Inverted Search Results

I t
The full set of 339 search questions was run against the inverted

1’
j  file built from the 100 ,000 INSPEC records. As expected , the inverted

search times were much faster than the superimposed search . The average

I run time was only 1.60 seconds with a standard deviation of 1.65 , and a

I 90 percent confidence interval of 1.117 to 1.76 seconds. The searches

had a range of times from 0.07 to 10.3 seconds CPU time , with a median

I of 1.0 seconds.

Clock time averaged 7.0 seconds per search with a median of 5.1

I seconds and a range of 0.2 to 50 seconds. Disk reads averaged 180 per

I search , with a medi an of 110 and a range of’ six to 1 ,720 disk reads.

It is not as sensible to talk about search time per record for

I this file structure , because the search times are less related to the

number of records than in the other searches. Doubling the file used

I would only result in a moderate increase in execution time.

S File constuction times are , however, closely related to the number

of records processed for the inverted file. The inverted file took by

far the longest of the three searches to build the tiles it needs for

searching:

H’- I

- I _ 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _-
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Translation : 19 ,328 seconds

Term separat ion:  11,670 secon ds

Sort of terms : 9, 630 second s

Build inverted file: 14 ,801 secon ds

Total: 38 ,1429 seconds

(0.385 seconds per record )

More th an 214,000 searches would have to be done on this inverted

f ile befo re ~‘arch CPU time exceeded the CPU time taken to preoare the

~~ -
- file6 .

As with the super imposed search , the run time was hi~h1y

correlated with clock tine (0.914), and as the analysis showed , very

I dependant on the number of terms in the search question . See Figure 19

for a graph of the inverted search ’s run time dependance on number of

(1 search terms.

File construction time was 19,101 seconds greater than for a

seouential file and 15,969 seconds longer than needed for the

I superimposed search. These equal 538 superimposed searches and 2L4

linear searches. In other words , if fewer than 214 searches are to be

I done on the tile it would be cheaper to use a linear file than an

inverted one , and if fewer than 538 searches are to be done it woull be

cheaper to use the superimposed search than the inverted .

ii
(1

6Chspter VI has a summary table of the run times and other

r ~ f igures for all tairee searches.

______________________
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- Search Output Timings

I In a test of the time required to format and output records for

printing , it took 0.02 7 CPU seconds per record printed . A more

elaborate format in~ program such as is available on many of the

cor’imercial services might well take longer , but should be wel l under a

* 
tenth of a second per record . This is about the time needed to reformat

a record for Input , ignoring the character code translation ~nd

statistics gathering . With an average of 71 hits per search this ti’tc

I would be between two and seven seconds CPU time ~er search . Since the :~e

-I 
times would be the same for all of the file structures tested , this does

not change their relationship In terms of which Is the most economical.

I Clock time for outpu t averaged 0.22 seconds per record , or 1 6

I 
seconds for 71 postings, but this could , and normally would , be done

of fline an d woul d not affect  res~ rise time for the searches.

:

I- _ I
1 1

H
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SUMMARY AND CONCLUSIONS

General Findings

It was found that. the inverted file takes longer to construct than

a sjoerimposed file , and that the faster search possible with the
r

inverted file does not pay for itself until a larqe number of searrhes

I are made of the data base. Figure 20 is a graph showin .r the relationship

of tne three searches in terms of CPU time needed to set up the flip ar-:

perform a give n number of searches. If only a small number of searches

are done (less than II) the linear search uses the least amount of Cr- J

I ti”c , If a large number are done (more than 500) the inverted search

J uses the least , but there is an intermediate region in which 4he

superimposed search is the most efficient .

J 
Figure 21 is a summa ry of the expermenta] results of the three

search algorithms. These results are the basis of Figure 20.

I
Total Cost of the Searches

These results can be extended from run time to the total cost of

I providing access to the data base by the three types of searches (see

Figure 22 for a graph of this). This total cost is in dollars and is

based on rates charged at the University of Illinois. Computer rates

fl vary enormously in both what i~ charged and how much is charged , but

-
-4 Ii
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this does ‘ive some idea of the relative costs of the sea rches. CPU and

core memory charges are prime time rates os charged on CSL ’s DEcsyste m—

10 , as were printing , online storage costs , and terminal connect time

charges. Offline storage and the charge for mounting of disks are based

on thos e charged by the University of Illinois ’s ma in computer center.

I Offline storage costs (on disk) were used until searches become so

I frequent that the offline storage, plus the mount charge , plus the

online storage during the search , becomes greater than con tinuous on line

storage . If the total number of searches is spread over a ten month

period (approximately the period of time covered by the data base) , with

I searches being performed ten hours per day, this crossover to permanent

• I 
online storage occurs when the searches occur an average of every half

— hour .

I An estimate of $0.30 was used for the cost of printing the

searches. This raises the cost of an individual inverted search from
IS

$0.06 to $0.36, and a superimposed search from $1.20 to $1.50. A single

liinear search would cost $30.16.

The main cost which is ignored in this estimation is the cost of

• 
~ 

the data base itself. Since this study is deemed extendable to other

data bases with similar characteristics , and since such costs are very

~ 1
I data base dependant , this has not been considered. If th is had been

I 
charged to the searches, it would simply raise all the curves an equa l

amount on the graph , and would make the costs of the actual searches

smaller in r- ~rnnarison to the cost of obtaining and preparing the file.
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Ext ension to a Different Computer

t The University of Illinois has recently acquired a CYBER 175

manu factured by Control Data Corporation . This is one of the newer

computers available , and has an architecture very different from the

I DECsyste m— 1O on which this study has been done. A standard benchma rk

program written in ALGOL has recently been published by Curnow [20] ,  and

this was run on both the DECsystem— 1O and the CYBE R 175. Using the no

optimizat ion option on the CDC ALGOL compi ler (wh ich produces code of

I the same level of sophistication as Digital ’s ALGOL ) the CYBER runs

slightly tiore than four times as fast as the DECsystem—10. Other

timings on the I/O capabilities of the CYBER show a more startling

( improvement. Direct access input ran on the CYBER in one—half the

clock time , and used only 1/20 the CPU time taken by the DECsystem— 10.

This is because the CYBE R has PPU’ s (Peripheral Processing Units) which

IS handle all of the I/O . This increase in I/O speed would be most

important in the sea rches , but wou ld also help the term sort associated

I with building the inverted file. In some systems I/O reauests may

involve an extra charge which could be significant in file construction

I an d search costs , such as on IBM ’ s 360 and 370 computers where I/O is

- 
I not charged to the user through CPU time , but as an added charge.

The CYBER lacks instructions specifically designed to handle

strings (the DECsystem—1O has several), which would slow down many of

- 

- these programs, but its longer word size (60—bit instead of the

DECsystem— 10’s 36—b it) would be a definite advantage , espec ially in the

search programs.

_ _ _ _ _ _ _ _ _  
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I 
It , Is estimated that the ~rograrns used in this study woul—1 al’ r’~r-

abou t four ti~se~ ~s fast on the CY ’~FR , in ter~
;.s of’ CPU ti’ne , exceot for

the ~n r ts  ~ir~1 li near  search , whi ch m1~ ht run eight times as f~~ t , a rd

he superimposed and inverted searches which would run ten t imes as

f as t . Ihese ~rograns woi..li run orocort lonate ly faster beca~- . o  th r-y

i~-v olve a minimum of character proeessin~ , and a maximum of disk m c i 4 ,

- which runs ve ry fast .
~ I

I ~ For a graph of the estimated relative run times for variou s

rumbers of se3rehes of the 100 ,000 record data base see F’i;urc’ 2~~.

These are estimates based on limit~’1 experience on the CYBER. However

I Si there seems to be no way in which any change in these estimates wou1’~
- a f fect  the basic hypothesis that for a certain number of searches the

- superim posed s earch is cheaper in total run time than either the line-~r

ii or inve rted file . The increase in file buildinc time of’ the inverter ’
I,

iil ~ over the superimposed keys is slightly less because the sortr w hich
-
1

are an important part of the inverted file building are exnected to run

rr~nrrtionately faster , however the decrease in run time of all, the

- ‘ s”arches favors the superimposed and linear searches. The linear search

.
~ f j .. become.s feasible for a treater number of searches, an d so dc-’ r- s the

superimposed search . As noted by Lefkovitz [145), fas ter compu ters f avor

searches which now take great amounts of CPU time , and they make it

less wort~~h ile to invert a f i le for a few sea rches.
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Extensions to Other Data Bases

As the data base becomes larger , search times for the linear er-~

superimposed searches increase linearly with the size of the fUr . The

inverted search has to be on a much larr~er data base before the linear

components of its run time dominate the basic overhead which js present.

- 
in searches of files of all sizes . Figure 24 shows the projected run

t ime s for the three searches on a file 10 times as large as the one use~i

in this study. The inverted search becomes competitive with the

f superimposed search at a slightly lower number of’ searches than when the

I 
file is smaller.

During the preliminary investigations a number of’ searches were

I run on a file of 60,000 titles from ISI’s Science Citation Index . These

searches are not as rood a sample as the searches used in the timings on

I t he INSPE C data base , but do give an indication of the performance of

superimposed coding on a simpler , shorter file.

I Run tines on the ISI data base ranged from 1.0 seconds to 35

I seconds CPU time . When normal ized to a f ile of 100 ,000 records this is

abou t one—fifth the time taken by the INSPEC search by the superimoosed

search. The shortness of the titles compared with the INSPEC iride~

strings seems to be the most important factor in the shorter run times .
11

On this type of file superimposed coding is more competitive with the

tnverted search than it is on a file such as INSPEC .

I
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Limitations and Assumptions

1- One of the ma jor limitations in this study is the set of search
I

auestions used . These questions are only representative of’ the type of

I cuestion~ asl ed of one data base at one search center , and searches at

‘5- other search centers , and especially on other data bases may be very

different. A survey done by Martha Williams and Alan Stewart for the

Association of Scientific Information Dissemination Centers [80] shows

that in number of terms per question the NERAC questions fall within the

range found at several other centers. This survey also shows that some

centers report as many as 140 to 50 terms in their average search

I cuestion .

I Salton [59] in particular is critical of the pure Boolean type of

search algorithm and search question which is a basic factor in the

j design and testing of these search algorithms. Boolean queries have

been the normal mode of’ search in automated retrieval Systems since

“ the ir incept ion , however , and will remain so in the foreseeable future.

J The data base is less of a limitation , except that the results are

restricted to bibliographic data bases. Preliminary testing on LC’s

I MARC and Science Citation Index files showed no problems in applying the

superimposed search to them. Different techniques would have to be

1) developed to apply ~.iperimposed searching to longer records such as

abstracts or full text . It was assumed that the data base is static.

Relaxation of this restriction may well reinforce the conclusions of

this study, but this has not been demonstrated.
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I The run times on the DECsystem— 1O are representative of the amount

of computation needed to setup and search these files on typical

~ 
( computers available today. In the future , radical changes such as

~ f 
extensive paralleli sm and distributed networks could change this , and

- these results can not be directly ao~ lied to computers with completeLy

I different architecture .

It is assumed that computer time is an important variable t ~ be

- measured in considering what type of search is appropriate for a file .

r In particular , such matters as programming effort required and type of’

- 
5j 

search made possible by an algorithm can be ma jor considerations in the

choice of file structures. An example of this is that the short

I 
resoonse time possible with an inverted search may well he a deciding

fac tor  in its select ion , even though the computer costs for prov idir~

this search are higher than the costs of other types of searches. Such

matters are highly ~ibjective and application dependant , and were not

considered .

Conclusions

~ ( 
It can be concluded that files of bibliographic records containing

upwards of a million records can be searched more efficiently by a

- superimposed search than by either a linear or inverted search if the

k r total number of searches i~ between 10 and 100 to 500. The hypothesis
ipS 

is therefore accepted.

II
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Practical Imel ications

Superimoosed search ing shoull be usefu l to people searehi~~

moderate sized t i l e s  (less than one million records)  of hiDli~~~ra~~r io
-V

infnr-nati~~ infreouentiv (less than once per hour). P nai also be

I useful in dynamic files for which the extensive fil~ mairtenance

crocelures needed are not available to maintai n ~n inverted file , or the

I cost of regenerating the indexes durirw updates can not ce ~ustified by

the amount of searching which is done on the file. The ease in which

I the superimposed keys can be rearranged may well make them usefu l in the

I 
dyn amic library concept of Salton [59]. Many organization s still ~~r .

linear searches in files of’ substantial size , althouoh it is dif ticul t

to find more than oblique references tc such ac t i v i t y  in the lit~~r~ tur-

A superimposed search is a much more efficient file des i~ r, f-~ ~~~~~~~~

I than a simpl e linear file , and is an alternative which can h-?

I 
implemented fairly easily, with the file maintained in r”uch thr sarr e way

in which a linear fi le is.

I It is especially true of the minicomputer and microcomputer

systems now becoming widely available that an inverted file system

n- ’)t available from the vendor of the computer , and sufti c’ient mar- ’

I 
storage Is not available for an efficient implementation of an invcrtc d

file. The slowness ~f microcomputer systems can make a linear search oV

a file of any substantial size take hours to accomplish. This rrr~v he ar

environment In which superimposed searches will be usefu l , and ~av ever

: become widespread .

I
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Su~~estions for Further Research

Application of superimposed searching to full text searching is an

area that should be investigated. As computers become faster , a-~

storage cost.s continue to decrease , and as more computer editi nr

i replaces p~1per editing , the full texts of much more material will beoo m~

available in mach ine readable form and will therefore be searched by

computer. Superimposed keys may offer an attractive compromise between

full inversion of the file and no tndexes at all.

New computer hardware becoming available in the next few years

• will have a profound effect on all computer operations. File searching

Is a type of computing in which parallelism in computers couH be very

I useful , and networks of relatively inexpensive minicomputers will have

an effect on the types of’ file searching that i~~ practical. Dedicated

- minicomputers and microcomputers make run time less important than clock

r time since only one job is being run at a time . The effect of’ this and

the restricted mass storage available on the types of searches that are

j most useful on systems of this type should be investigated.

It would be very useful to analyze of’ the advantages of’ using

eouifreauent substrings instead of n—grams to build the keys. Would

there be an appreciable increase in the entropy of the keys? Ecually

important would be an analysis of how much extra computation would be

needed to use these substrings to generate the keys .

It is nossible that more complex keys with length dependant on the

fl lenrth of string they index could reduce both the len~th of the key file

I~
11
- 

~~~~~~~~ - 
S ~-



I
SUMMARY AND CONCLUSIONS 113

and the false dropping fraction . Investigation of’ the •~
- f  t e d , of such

keys on overall run time should be considered .
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~ I
I APPENDIX——A

I r INSPEC FIELD DEFINITIONS

F I MAI N CATEGORY 0 (CONTROL FIELDS )
001 Contro l Number

f 010 Record Type

MAI N CATEGORY 1 (SUBJECT DELINEATION )
100 Title of Record
110 Text of Abstract-- 
120 Sectional Classification Codes
12 1 Un ified Classif icat ion Codes{ 130 Sub ject Index Headings

- - 131 Free—IndexIng Terms
1 32 Treatment Codes

1 150 Title of Corresponding Higher Leve l Pu blicat ion
From Wh ich this Item has Seen Taken

151 Title of Cover—to-Cover Translation Journal
— 160 Lanwua ge

170 Title of Conference

MAI N CATEGORY 2 (PERSONAL NAMES)
1 200 Author (s)
1 210 Editor(s)

220 Translator(s)

MAIN CATEGORY 3 (IDENTIFYING CODES)
300 Abstract Number(s)

~ 
310 ~ODEN

I 311 COD~~ of Cover— t o—Cover Translation
( 320 Standar d Book Number
— 330 Report Number

~ 1 3140 U.S. Government Clearing House Number
-~ 1 350 Contract Num ber
k 360 Patent Number

r 370 Original Patent Application Number

I ~ MAI N CATEGORY 4 (VOLUt€ AND ISSUE)
~ 

1400 Volume and Issue Number
1401 Volume and Issue Number

- - of Cove r—to—Cove r Translation
1450 Part number

- 

- I MAIN CATEGORY 5 ( LOCATIONS)
500 Location of Conference
510 Place of Publication
520 Country of Patent
530 Country of Original Patent Application

- 
— — - — -.- I’
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[ MAIN CATEGORY 6 (PAGINATION)
600 Number of Pages of Level 1 Recor d
610 Number of Pages of Level 2 Record
620 Inclusive Page Numbers

1 621 Inclusive Page Numbers of Leve l 2
Cover—to—Cover Translation

f 630 Number of References
I 640 Descr iption of Unconvent ional Medium

I 
MAIN CATEGORY 7 (ORGANIZATIONS)
700 Author Affiliation
710 Editor Affiliation
730 Assignees

I 740 PublIsher
750 Organ izat ion Issuing Report
760 Sponsoring Organization

1 770 Availability

MAIN CATEGORY 8 (DATES)

I 
800 Inclusive Dates of Conference
810 Date of Publicat ion
811 Date of Publication of

Cover—to—Cover Translation

I 820 Date Filed or Submitted
830 Priority Date

I MAIN CATEGORY 9 (FILE DESCRIPTION )
900 Identification
9 10 Destination
920 Date Writ ten

1 930 Selection Criteria

Note: The item s in cat egory 9 appear only in the file header.

I
I
I
I
I
F
r
,
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APPENDIX——B

SEARCH USER’S MANUAL

I
I
I Searching INSPEC with

I NVSER

I
- LINSE R

&
MICSER

I
A Manual by

I Thomas Hickey
CSL — — IRRL

Universit y of Illinois

1 
July 1976

I
I
I
I
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Introduct ion
I

There are three programs fo r searching t he INS PEC data base:

INVSER , LINSER , and MICSER. INVSER is the program for searching the

I inverted version of the f ile, LINSER searches the f ile character by

character , and MICSER uses a superimposed key to do a fast sequential

I search of the data base.

I 
The INSPEC data base ava ilable for search ing consists of 100 ,000

records (covering a period of about nine months) from the 1974 Science

I Abstracts. The programs used for searching the data base are designed

so that the interface with the user is as uni form as possible , although

I some commands (for example the index display command in INVSER) are

I 
available only in one or two of the programs.

At nearly any point in the programs the character I will exit the

I user from what he is are doing at the moment , and at any point where the

program is waiting for input from the terminal , typing the character fl

I should result in a short helpful message of explanation . All commands

and s earches are recorded in a log f ile , since these programs are

I experimental and their performance and operations need to be closely

monitored.

Pages 122 through 124 give instructions on how to run individual

I programs, and pages 125 through 130 are detailed descriptions of the

commends available and their use.

I

________________ - —.-- - - --- — —- .. 
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I Inverted Search

INVSER , the inverted search program , gives the best response of

the the three programs and its operation is quite similar to some of the

I n~~ ional1y kricwn search programs. After logging in on CSL ’s PDP— 10 the

first step is to ensure that the disk which contains INVSER and its

files is available. To do this type Mount IRP3:<carriaRe ret~~rn> The

operator should then mount the disk , and you will ~et a message when

this is acomplished. Execute the program by typing Pj,iii LNVSER [7114.1631

I <carriage return> The progra m will respond with “Please identify

yourself: “ at which point please type your name or other identificatior~

I of the search for the log file . The program responds to this with

“C ,D ,H ,I,R ,S or ‘X: ” meaning that it expects one of these characters to

I be typed in as a command. A carriage return is not expected at this

j  

point. By typing ~j you will find that the letters stand for Combine

searches , Display a sea rch , Help, Index display , Recap commands , Search ,

I and Exit from the program. Other sections of this documentation give

detailed explanation s of these commands .

- I

___________  ~~~~~~~~~~~~~~~ --~~~~ - -
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Linear Search

LINSER is identica l in operation to M1CSER. To run it , first
1~

mou nt IRP5 by typing Mount IRP5: <carriage return>. After the disk is

i mounted type 
~~~~ 

LINSER [714.163]. Since the program takes nearly 15

mi nutes to complete a search the sam e commands are available that are

I described in MICSER to check on the search ’s progress at any point.

I
I
I

I
I
I
I
I

i- I

_ _ _  
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Superimposed Search

To run the superimposed search , first type Mount I1~P5:<carria~ e

return> then Bian MICSER [71L~.163] <cprriajze return> and go throucih th~

i~ rnt iti cat ion process as explained in the inverted search ~~~ti ’~r .

nce ~-IICSER does not use an index like INVSER’ s, the index di~~ l~ v

coana n —i (L) is not aviilab le.

-- 
Althou gh faster than LINSER , MICSEH’ s response ti~~ i~ ncrrn~ 1lV T-~

the order of one to three minutes for a complete sea r -Th . Tc

th is , three additional ~orn rr -ini~ are available during the sear-D h pt
~~~~~’~~.

t~fter the search has started , typing the character ~ will “ h - ~~~~ ’ tr~

¶ status of the search——hits , false drops , and number c f  r e f er ~~n -- - s

examined so far. Typing an H will result in the type out of hi~~ ~s

they are found , and a F will start the type out of false drops as ~h!v

occur. A second H or £ will stop the type out. A X during the sear-:r.

will exit from it , saving the search results up to that point.

t

~~~ 
I

I’
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Combine Search Command

The ~ command allows you to combine previous searches in any

Boolean cor&-inatlcn you desire , and is especially usefu l wltI . INVSER ,

since severa l short searches on different terms can be done in a short

time . Use ± to OR searches , ~ to AND them and ~. to NOT them . For

— exampl e If you have done search number 1 on Libraries , search number 2

on Librarian s , and search num!~er 3 on computers 4:(1+2)’3 will result in

search rinr~ber 4 ho l—li ng all references indexed by libraries and

computers , and all those indexed by librarians and computers . Tyoin~

si’nply L1.±2uii would give the same result if search number 4 has not

Drevi ously been used , since a number is automatically assigned if none

is given.

I At present there is an upper limi t of 40 on the number of’ searches

that may be held at one time . If this is exceeded an error message will

be given , and the program must be restarted.

I

I—

1- ;

I,

’
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Display Search Command

The Display conu~and (~~ ) -iisplay s the results of searches eith~r on

the screen , or to the printer. The simplest form of the command is to

- 
type ~ and after the oromp t “— >“ to type the number of the search that

you wish displayed on the screen. To send a sea rch to the printer type

I #:P:Name where j is the number of the search , and Name is whatever you

I 
would like to name the search for print out (up to six letters are

used). Both during typeout and print out typing an X will exit from thr

I command. -

As a debugging feature , typing j~~ will type out only the posting

I numbers of the search , where j. again stands for an actual search number.

I 
The command for full typeout of the search is jj~ 

and typing just the

number of the search defaults to this mode. Due to space limitations a
-

I shortened reference is all that is available for display during INVSEH ,

while during MICSER and LINSER only the index string can be displayed .

I
I
I
I

I
1
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1 
Exit Command

Wh en the program is waiting for a command a .~~~~ (Control X) w ill

exit from the program . A ‘X is used at this point instea d of a simp le — X

I to prevent Inadvertent exitin~ from the search system . ~~ ‘s have tne

same effect as ~~~~, but are more ~enera1 since they may be done at nry

I 
~

- J point in the program , not just when the program is expectIng inr~ t from

the termi nal.

I
I
I

-~j  

I
‘

.
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1~ Recap Command

After severa l searches have been made it is often very usefu l to

- be able to display each search command . The Recap (fl) command will

f display either a single previous command , or a range of commands . Tyr- e

— F for Recap and when the program prompts with a “ — >“ type either a

I single number (e.g. 13) or a range of numbers (e.u. 3:15).

I
I

I I
I
I

a.

-. ~~

/

I
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I. Search Comr~and

~ is the most important command of all. Search auestions are

I input in “produc t of sums” form e.g.

I LLIBRAR#+INFORMATION

- Upper and lower case letters are equivalent during the search . The j

I sign may be used on either end of a search term to denote left or right

I l 
truncation (only ri~ht truncation is allowed in INVSER). The ± si~ r.

- stands for OR , the sign for AND and the ~~. sign for NOT. Phrases , such

I as INFORMATIQN CF~NI~R in the above example are allowed . In addition ,

any search phrase may be preceded by a tag. An author search for anyone

I named Smi th mi gh t be k:Smith.#. The allowed tans are :

I
C: Controlled Index Phrase

F: Free Index Phrase

I U: Un iform Classif icat ion

J :  Coden

a. S: Sect ional Class if icat ion

E : Ed i tor

- Each Search is automa t ically given a number wh ich allows you to

refer to it later , to display the references, or to combine it w it h

. - other searches .
- a~

_
_ ,

I

‘ 4 - - I
I

‘

t ~I



I

SEARCH USER’S MANUAL 130

In dex Dis p la y Comman d

The index display command is available only to INVSER , sinoe this

I is the only progra m which uses a displayable index. After typinv ~~. to

I get the prompt “ — > “ , type the term you would like to see displayed .

- - Search tags, if present , are ignored. The program will search the index

I and display a section around the terms with the terms ’ frequencies of

I 
occurrence. It should be noted that the freauency of occurrence

displayed is not necessarily the number of postings a term has, since

i multiple occurrences of a term within a single reference will each be

totaled in this count , but of course are merged into one posting when

read in.

I
I
I

~
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1. V ITA
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