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562 SEARCHING B.5

the bit string 01001011101 ... might mean that the first record in the file refers
to a male, the second female, the next two male, etc.

Such methods suffice to handle simple queries about specific attribute val-
ues. A slight extension makes it possible to treat range queries, except that a
comparison-based search scheme (Section 6.2) must be used instead of hashing.

For Boolean queries like “(MAJOR = MATHEMATICS) AND (RESIDENCE.STATE
= OHIO)”, we need to intersect two inverted lists. This can be done in several
ways; for example, if both lists are ordered, one pass through each will pick out
all common entries. Alternatively, we could select the shortest list and look up
each of its records, checking the other attributes; but this method works only
for AND’s, not for OR’s, and it is unattractive on external files because it requires
many accesses to records that will not satisfy the query.

The same considerations show that a multilist organization as described
above is inefficient for Boolean queries on an external file, since it implies many
unnecessary accesses. For example, imagine what would happen if the index to
this book were organized in a multilist manner: Each entry of the index would
refer only to the last page on which its particular subject was mentioned; then
on every page there would be a further reference, for each subject on that page,
to the previous occurrence of that subject. In order to find all pages relevant
to “[Analysis of algorithms| and [(External sorting) or (External searching)|”,
we would need to turn manyv pages. On the other hand, the same query can be
resolved by looking at only two pages of the real index as it actually appears,
doing simple operations on the inverted lists in order to find the small subset of
pages that satisfy the query.

When an inverted list is represented as a bit string, Boolean combina-
tions of simple queries are, of course, easily performed, because computers can
manipulate bit strings at relatively high speed. For mixed queries' in which
some attributes are represented as sequential lists of record numbers while other
attributes are represented as bit strings, it is not difficult to convert the sequential
lists into bit strings, then to perform the Boolean operations on these bit strings.

A quantitative example of a hypothetical application may be helpful at this
point. Assume that we have 1,000,000 records of 40 characters each, and that
our file is stored on MIXTEC disks, as described in Section 5.4.9. The file itself
therefore fills two disk units, and the inverted lists will probably fill several
more. Each track contains 5000 characters = 30,000 bits, so an inverted list
for a particular attribute will take up at most 34 tracks. (This maximum
number of tracks occurs when the bitstring representation is the shortest possible
one.) Suppose that we have a rather involved query that refers to a Boolean
combination of 10 inverted lists; in the worst case we will have to read 340 tracks
of information from the inverted file, for a total read time of 340 x 25 ms = 8.5 sec.
The average latency delay will be about one half of the read time, but by careful
programming we may be able to eliminate the latency. By storing the first track
of each bitstring list in one cylinder, and the second track of each list in the next,
etc., most of the seek time will be eliminated, so we can estimate the maximum
seek time as about 34 x 26 ms ~ 0.9sec (or twice this if two independent disk





