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A LOCATIORAL INDEX FOR THE 1971 KILOMETRE SQUARE
POPULATION CENSUS DATA FOR GREAT BRITAIN

Summary

A primary index was designed to facilitate the location of census
records for one-kilometre sguare areas within Great Britain from four
census files. This paper describes the structure and performance of
the indewing system, which is applicable to any steble grid-based date
set which does not present update problems. The primary index is a
compactly encoded, two-level, nondense index, with concatenated keys

and pointers to four separate files.

L. INTHODUCTION

The Census Research Unit (CRU)Y of the Geography Department,
University of Durham is working primsrily with the 1971 population
census data, made available in aggregated form for 152,440 one-kilometre
squares in Great Britain., The automgted production of & census atlas
of Great Britain involves the use of dats available for as many
locations as possible. However, other research obliectives, such as the
identification of demogrsphic types in Britain, the study of urbsan
deprivation or the evaluation of the effects of scale,would require a
subset of the dats records. Moreover, non-CHU users may be interested

in data for only a selected sub-area of Britsin,

The primary index facilities the extraction of data records for a
sub-area. The spatiasl entity has to be expressed in terms of & list of
x and y co~ordinstes which form the primary keve of the one-kilometre
grid sguares involved. A forthcoming peper (Rhind and Visvalingam)
describes the suite of routines which convert user-speciiied spatial
entities to the list of 100 metre references. The design of the
locational index iz conditioned by the properties of the dats base
and by the operating characteristics of MIMAC (Northumbrian Universities
Multiple Access Computer?., The CRU has access to an IBM 370 computer,
functioning under the Michigan Terminael System (MTS)., The MIS file
system does not permit users to jocate records on specific areas of @
dise pack, Hence the CRU can only ensure that the records are placed

in physical sequence by writing the.files one at 2 time, sequentially
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onto the disc pack. MTS stores and retrisves logicel records (in
variable length spanned format), in one-page (4096 bytes) physical
blocks., The MI'S user has access only to the relative record numbers
used by the MTE file system; thus the indexing system 1s a logicsal

design built on top of the MIS file svstem,

2. CHARACTERISTICS OF THE DATA BASE

2.1. Favouragble Characteristics

2.1.1, Hesd only access

The census data, once compacted and stored,are only accessed
for reading purposes. Hence the file structure for indexing need not

consider the problems of update,

4.1.2, Unigue spatiasl keys

The Office of Population Censuses and Surveys provides census
statistics in two files, namely the 100% and 10% Small Area Statistics,
Each of these files contains pairs of records for esch populated
kilometre square in Britain, In the CRU system (Visvalingem and Perry,
1976) all four record types ave stored in a highly compacted form in
separate files to minimise the time needed to read any one record type.

Hence each record within e file possesses a unigue spatial key.

2.1.3, Hecords sorted by spatial key

The CRU data files are sorted by thelr spatial keys so that records
occur in decreasing value of northings (V co-cordinate)} then incressing
value of eastings (X co-ordinste); i.e. data records are placed to
cocur in west to east kilometre strips, starting in northern Scotland
and progressing southwards, Hence, the primary locstional index need
not contain an entry for each stored record (Engles, 1972); rather
a single entry locmtes the group of records with & given Y co-ordinste.
The X- co-ordinaste is found by short seguential scan. Such an index

is referred to as 'nondense’ {(Wagner, 1973).
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2.1.4. Limited function of multiveriste files

The multivariate record files, to which the primary index points,
perform limited functions., They are generally read only for three
purpcses, namely the derivation of functional varisbles, the preparation
of date for statistical peckages and/or the extraction of datas for sub-
areas, Most of the other processing options, such as mapping and
statistical analysis asnd the aggregetion of dete for larger spatial
units, access the derived variables (Rhind et al,1977), However,
the same locational index can be used to identify data elements in

univariate lists.

2.2, Unfavourahle Charscteristics

2.2.1. Records of varying length

All data records are stored in @ highly compected form, which
results in the records varying in length from 8 to 854 bytes. Hence
the location and direct sccess of records by the calculation method

is difficult.

2.2.2., Uneven spatial distribution of data locations

As date are provided only for the populsted kilometre squares in
Great Britain, each date record includes a 4-byte spatial key, which
should easily be separated into its X and Y National Grid References.
The indexing scheme thus needs to identify the locations for which

data are/are not available.

2.2.3. Irregular presence of data types for each location

For each populated kilometre sqguare there may be as many as four

categories of data (see above), These are

A = 100% sample statistics on 471 population characteristics

B -~ 100% ssmple statistice on 449 household characteristics

C - one set of 10% sample statistics on 368 sccio~economic characteristics
D ganother set of 10% sample statistics on a further 283 socio-economic

charscteristics
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There was some discrepancy between the 100% and 10% files not
only in terms of the length of records but a&lso in terms of the number
of records. A and B were provided for 152,440 one~kilomestre sguares,
while C and [ were only available for B7,878 cone~kilometre squares,

Of these, only 147,685 populetion records, 147,408 household records
and 54,464 10% records contained non-zero values (see Visvalingam

and Perry, 13576).

2.2.4. Different suppression criteria for different cstegories of dats

The content of the sbove types of records also varies, depending
upon suppression of date, owing to confidentiality restraints. The

criteria for suppression and their effects are as follows

A If less than 25 people reside in the kilometre sguare, A is
suppressed and dats sre onlv availsble for the totel number of
people, the total number of msles snd the toisl number of
females residing in the kilometre sguare. (nly 67,546 of the

152,440 population records were unsuppressed.

B If there sre fewer than 8 households in g kilometre sgusre, than
the only item of dats available in B is a count of the total
number of households in the sguere and the rest of the dats on
housing are suppressed. Only 68,421 of the 152,440 household

records are unsuppressed.

C snd D All dates on soclo-econowic variables are suppressed if the
10% =emple includes only one private household., Of the 87,3875
10% records provided, only 54,464 records of ¢ and 54,133 of

D contained useful data.

As the criteria for suppression of the various record tvpes are
only indirectly related, unsuppressed data for the above three
categories exist for non-identical subsets of kilometre squares
within Britain., Table 1 gives the union, intersection smd difference

of the above data sets.
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TABLE 1 : BSOME RELATIONSHIPS BETWEEN THE UNSUPPRESSED DATA SETS

AY HNumber of one-kilometre squares with unsuppressed data in one or
other of the files
Populstion Household
Household 70, 847
10% 70,025 71,001

By Number of kilometre squares with unsuppressed dats in both files

Population  Household

Household 65,021

it S

10% 51,985 51,885

C) Number of kilometre squsres with unsuppresssed data in only one of
the two files

Population Household
Housenhold 3, 946
10% 18,040 19,116

2.2.5. Date adjustments for purposes of confidentisglity

To ensure confidentiality of the date, &n error component is
deliberately introduced by OPCS within the unsuppressed data counts of
A and B (the 100% statistics}. This process consists of the asddition
of +1, @, or -1 to all dsts counts., As a result, those items of dats
which were derived by the geocumuletion of other primery dets items
contain a larger component of error. For example, figures of 17 and
18 people were recorded for the resident populstion in unsuppressed
100% populastion records, while counts of two households were found
in unsuppressed 100% household records, There are 1,245 100%
population records with the totel population asdjusted to below 23
people in the kilometre sguare and 2,634 household records with the
nusber of households below eight. Hence the suppression status of
data records could not be ascertained purely by the stipulated
suppression criteria (ses Visvalingsm and Perry, 1876). During the
storage process, other procedures were adopted for checking the

suppression status and this was noted within the record hesder.
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Although this festure does not directly affect the indexing system,
it had to be considered at 8 very sarly stage iIn the design of the
storage and retrieval syvstem, so thet indexes could be constructed

on data other than those guoted by OPCS to indicate suppression.

3.  FUNCTION AND CHARACTERISTICS OF THE PRIMARY LOCATIONAL INDEX

3.1. Function of the Primary Index

Engles (1972) defined the primary index as "a map which relstes
entity identifiers to fthe storage locetions of their stored records...”
The locationgl index is intended for the retrieval of data records
(for a relatively smell number of kilowmetre sguares) by their spatisl
identifiers, namesly their ¥ and ¥ National Grid co-ordinates. A
spatial subset may be described in numerous ways, for example by &
set of point references for # random or dispersed scatter of
kilometre squares or by 8 list of grid co-ordinastes describing the
outlines of one or more regular or irregular polygons enclosing
& group of kilomeire sguares, The mav also be described by clrcular
areas, bands along peths or as festures describsd by some other
criterion {(Baxter, 1876). The logational index expects these to be
reduced to & list of X and Y co-ordinates for each kilometre sguare.
However, it also permits selection of records by suppression status,
ag this is expedient for the derivetion of variables from multiple

record types,

The primery index casnnot be used directly for the retrieval of
area subsets described by non-spatisl criteris. For exsmple, it
cannot retrieve URBAN aress defined to be those kilometre sguares
with more than N residents. However, gquick indexes for the retrieval
of records by their attributes or values may themselves sccess the
locationml index. This is especislly useful for the location of
records for the union, intersectlion or difference of ares or

attribute subsets (to be discussed in & sepsrste paper).

The locational index slso permits a check on the existence or
non-existence of g record, by type, suppression status and locstion,
without the necesgsity of reading the data file. A date file

therefore is only asccessed when the desired record is known to exist.
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3.2. Characteristics of the Primary Index

3.2.1. Independent index

All indewing informstion is divorced from the dste files, so
that changes to the structure or design of the former do not affect
an otherwise stable dats base. Alsc the information is loceted on
g different disc psck and hence the access of indexing informastion

does not incur the movement of the disc srm of the dats file.

3.2.2. Nondense index

The primary index need not contein an entry for each stored
record if the stored records are in seguence by the colleting vslue
of their entity identifiers (Fngles, 197¢; Wagner, 1973). 1t can
have one entry for & group of records. The record order (see 2.1.3
above) implies that, within & group of records with the sasme Y
co-ordinstes (hereafter called & Y partition).the X co-ordinate
will increase in velue., Thus only the pointers to the ¥ partitions
need be stored. The nondense structure is especially valuable
considering that there are over 152,000 unigue spatisl keys in each

of the two 100% files.

3.2.3. Datsmaps

Although the record with the gspecified ¥ co~ordinste could be
found by a short sequential scen within the partition, it was
expedient to ascertain the existence of dats for the given location
from bitmeps (Rhind, 1974) before commencing sesrch. Fach Y partition
thet existed in the data file could be recorded in two primery bitmeps,
one each for the 100% end 10% dats files., The suppression stastus
of these was similarly recorded in three secondary bitmaps, one each
for indexing the population and household files and snother for
indexing the two 10% files., Y partition maps mav exist only for
the 100% files and not for the 10% files. Thus the locational index
also meintains dats maps of suppression relationships between the
record types. These maps sre easily compared to derive spatial
subszets of interest, to be locsted via the pointers and primary
bitmaps. Pointers locate the start of a partition end the primary
bitmap indicates the location of the record in terms of an offset

or displacement of records.
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3.2.4, Concatenated pointers and bitmaps

Indexing informetion relsting to the four data files is 8ll stored
within a single locational index. This minimises storage overhesds
and sccess time when more then cone record tyvpe is desired. Wagner
(1873) has already discussed the merits and disadvantages of

concatenated keys and pointers.

3.2.5., Two-level index

The locetional index consists of two levels. The high level
index marks, with a 4-byte coded element, the existence or non-existence
of & ¥ partition and, if the latter does exist, whether it exists in
both 100% and 10% files or only in the former. The same element points

to the location of further indexing informstion if sesrch is to continue.

The sub-index, vreferenced by the high-level index, polints to the
start of the ¥V partitiocns in the four {(or twolfiles., It alsc contains
a count of the maximum number of one-kilometre sqguares for which data
were provided by OPCS, the arrays of bitwaps, snd informstion to
index the bitmaps, namely the length of the bitmaps (standardised for
esch Y partition for ease of loglcal comparisons) and the X co-ordinetes

for the first and last elements (bits)} of the bitmaps.

4. STRUCTURE OF THE PRIMARY INDEX

4.1, High Level Index

4.1.1. Functions

These are

{8} to determine the exisience of records with specified Y co~ordinstes
in all files or Jjust the 100% files,

{b) to index & sub-index if records do exist for the specified Y

velue,

4.1.2. Btructurse

An array of 1,212 elements of 4 byvtes each, corresponding to ¥
co~ordingtes in the range BO fo 12,190 inclusive., The length of the
elements wes determined by the length of POINTERS to MTS sequentiasl

files.



4.1.3. Content

@ - mno dats for YV strip
-ye - partition only in 100% files
+ve - partition in &ll files
IABS (non zero velue) - pointer to start of & corresponding record
in sub-index
The core reguirements of the high level index were thus kept to s
minimam by encoding three alternative types of informstion within the

Same array.

4.,1.4., Location

The high level index is stored as the first record in & sequential
file, The first time a Y- co-ordinate in the range 80 to 12,190
inclusive is encountered, the record is resd into an srray (1Y)
declared within the indexing routine, where it remging for the duration
of the run. Data relevant to the specified Y co-ordinate is directly

accessed in core by the simple mapping function, IV{{Y-MINY}/10+1).

4.1.5. Necessity

The use of the high-level index for determining the existence of
Y-partitions is an incidental though fortultous benefit because, of
the 1,212 elementsz, only 56 have zerc and only 34 possess negative
velues., Hence the probability of search termingting et this level is
small. The high level index is essential for locating the relevant
records in the sub-index, since these records vary in length, owing

to the varisble lengths snd dimensions of the arrevs of bitmeps.

4.2. The Sub-Index

4.2.1. Functions

The sub-index

(8} points to the stsrt of the V¥ partitions in the four dats files;

{b) indicates the existence of date records {(with the specified
X co-ordinstes) within the pertition in each of the relevant
files;

(o) indicetes the locstion of existing records ss 8 displacement
(reckoned in numbers of records) from the start of the ¥
partition;

(d}) indicetes the suppression ststus of the asbove records.
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4.2.2, Structure and content

The sub-index consists of 8 set of records, one for each existing
Y partiticn. The records asre of varying length and possess s complex

structure, which consists of the following sub-structures end elements

ND - a (2-byte) integer count of the maximum number of
data records in the Y partition

NW - a (2-byte) integer velue of the length of each bitmap
{in 4-byte words)

MINX - the (Z-byte) X co-ordinate value of the first bit in
the bitmap, i.e. the first record in the partition

MAXX - the (2-byte) X co~ordinate value of the last record
in the Y partition

POINTER(4) =~ an array of four (4-byte) integer elements, which

¥

contain the MTS 'peointers’ to the Y partitions in

the four dats files. Each pointer, in turn, is
composed of & 2-byte page {(or physical record) number
within the file and a Z2-byte count of the offset (in

bytes) within the page.

These pointers cen be used by the sequentisl file system
of MTS to commence reading records from the indexed

position within the continuous ssguence,

BITMAP (NW,1I} ~ an array of I (five or thres) bitmaps, each of NW
(4-byte) elements. The first and fourth bitmaps are
primary ones (see 3.2.3 above) corresponding to the 100%
and 10% files respectively., The sscond, third and fifth
bitmaps are secondary ones which have blts set for
locations for which unsuppressed records are available in
the population, household and both 10% files respectively.
This arrengement of subscripts (rows) was designed to permit
the omission of the last two rows 1if the ¥ partition does
not exist in the 10% files. However the trimming wes not
executed, since the savings in storage were not large

enough to Jjustify the sdditional complexity in programming.
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4.2.3. Location

he sub~index is stored with the high level index in the same
sequential file. To be consistent with the data files, the records
of the sub~index are themselves placed in decreasing Y-value seguence.
A sequential file was chosen for seversl reasons. WMIS offers the user
only two types of file organisation, the sequential and line file
organisations (see MTS Volume 1). For single records, the storage
overheads of the line file are siightly smaller than with the sequential
fiie. The line file directory requires 8 bytes per record (of system
storage). While seguential files reguire only 6 bytes of system
storage per stored record, indexed operations require & further 4 bytes
of user storsge for pointers to indewxed records, bringing the totsl
overhead to 10 bytes. However, line file records are restricted to a
maximum of 253 bytes, whereas seguential files may have records up

32,767 bytes long.

The MTS file system uses a line directory and & teble look-up
process for locating lines or records corresponding the specified line
numbers, which cen be formed from the X and Y co-ordinates. The
mantenance of gensral purpose line directory blocks iz inefficient
in 8 large static file, since g pointer structure cean be constructed by
the user to locate more efficiently the required records in s
sequential file.

Thus, for the existing keys, the locstion of the sub-index in e
gseguential file and indexing the records via pointers in & 4,848-byte
area defined within the indexing routine was likely to be more efficient.
Not only is the direct indexing of an arrsy more efficient than table
look-up, but the high»le%&l index is also likely to be paged-in when
the indexing routine is sccessed. The MTS sequentisl file orgenisation
is s8lso preferable, as sub-index records can exceed 255 bytes for
southern England, where Y strips contain dete for more than 390 locations,
However, decisions regarding the choice of file structures may need
to be recongidered when WIS distribution 4 becomes the chief operating
system some time in 1978. In this system, restriction of line files
to short records will be removed and other modificetions to the file

system are anticipated (personal communicetion, R.E. Vine).
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4,2,4, Size of the sub-index

Number of records . 1,158

Minimum length of record : 44 bytes
Maximum length of record : 324 bytes
Storage of asrrays of pointers : 18,496 bytes
Storage Tor arrayvs of bitmaps 173,700 bytes
Overheads of file organisstion 8,952 bytes
Storage of other information : 9,248 bytes
Total size of index file : 210,396 (52 pages)

The storage requirements of the primsry index were pruned in
several ways. The datamaps were bilt encoded; the lsngth of each type
of glement within the primsry index was kept to 2 minimum; the
information content of the high level elements was maximised snd
system storage overheads were reduced by concatensting pointers and

bitmaps for the four record tvpes within the sasme index record.

The bitmaps are stored in higher units of 4 byites (words) so
that logical functions can be directly employed without intermediate
processing. For the same yvemson, all bitmaps for a given partition
wore standardised and aligned although this involved the storage of
redundant leading and trailing bits, especially in the secondary

bitmaps.

On average, a page of index covers 367 pages of data or 9,246
data records; and if necessary these ratios can be further lumproved.
As the 1,156 sub-index records sre held in 52 pages, on average @
page contains 22 to 23 records of the sub-index. Asg sub-index records
vary in length from 44 to 324 bytes, one page transfer would include

at lesst 12 such records.

9. PERFORMANCE OF THE PRIMARY INDEX

The primsry index is Jjust another data set and, especially st
the level of the sub-index, it does not restrict retrieval procedures
to any single strategy. Performance, as evaluated by empirical
statistics, is partly dependent on the strategy sdopted by the retfrieval
procedure and the efficiency of retrieval algorithms., However, it is

possible to evaluate conditions under which bitmap indexing c#én be
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elither advantageous or wasteful compared with partitioned sequential

scans.

5,1. Index for Partitioned Scans

Sequential scans within partitions also require pointers to the
start of partitions in the four files. HMoreover, the storage of the
X co~ordinetes, marking the extremitiesz of each partition (i.e. MINY
and MAXXY in the four files, would greatly facilitate the elimination
of non-existent keys, These involve a total storage of 32 x 11356

bytes (12 pages) and are stored in s line file.

5,2, _Implications of Hetrieval vies Bitmap Indexing and Seguentisl Scans

The retrieval of data via esch of the two indexes has several
features in common. Both involve the transfer of & minimum of one
page of index record gand an identical number of pages of dats records,
except when the last (or the lasst few) kevs to be found in a
partition are non-existent. Thiz is becsuse the datamaps of the
sub-index permit the location of the relevant record within the
partition only as an offset, in records, from & start address. The
intervening records ave passed over by the retrieval aslgorithm by
means of the MITS routine, SKIP. As the record headers of MIS sequental
files do not include the number of the logical record, it appears that the
MTS, SKIP operation is a seriasl process, involving the transfer of all
intermediate MTS indexing informstion in & chain of data set control
blocks (personal communication, R.E, Vine)., Thus, in terms of the
date retrieval time (including the access or seek time, rotational
delay, and data transfer time), the performance of both methods ought to
be very similar. However, when a significant number of high X-value
keys within partitions are non-existent, the partitioned scans may

involve the transfer of somewhst more pages.

As the cylinder capscity of @ 3330 disc pack is approximately 57
pages, both types of index file may reside within & cylindser. In
practice, they may be otherwise distributed on account of the virtusl
storage system. Seek times for indexing informetion should be roughly
similer for both retrieval systems. However, both rotational delay

and data transfer time for sequentisl scans would be less per index
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record than per primary index record.

5,2.1. Termination level of search path for non-existent keys

Both methods recognise the non-ewxistence of data for a key if an
index record does not exist for the partition, The in-core high-level
array of the primery index also flags the non-existence of 10% data.
Both methods could terminate sesrch when keys are obviously ocutside
the range of MINX and MAXX inclusive. Bitmap indexing offers not only
an additional level at which data could be flagged as non-existent
but also alternative methods of defining relevance, either in terms

of suppression status or a&s the union, intersection of difference of the

subsets.

5,2,2, The retrieval process

Seguential scan involves the examination of all intermediate
records until the key or a higher value key is found., Bitmap indewing
involves the testing of z2ll intermediste bits. The minimum test
ratio, i.e. the ratio of bit tests to records scanned, is unity,
occurring when MAXX - MINX + 1 = ND. Gaps in the availability of
dats suggest thet bitmap indexing is likely to incur more CPU time

when most of the data present are relevant.

5,2.3. The selection ratio and move tine

Efficiency of search is usually measured by the selection ratio
(Engles, 1972), which is conventionally defined as the number of bytes
selected or relevant to the number 0f bytes examined., In the context
of the current problem and circumstances, the selection ratio (Rs) can

be re-expressed as

where & is the nuwmber of relevant bytes, and m is the numwber of bytes
passed or moved from MTS I/0 buffers to buffers within the retrieval
system (the time to effect thisz move will be referred to hereafter as
move time).

For the sdditional cost of bit-indexing, the primary index alweys
ensures that Hs is unity by "reading " only relevant data. Hence, the
larger the selection ratio by sequential scan the smeller the payoff

in indexing.
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5.3. Geographic Factors Influencing Performance

The relative efficlency of sequential scanning and bitmap indexing
depends upon the density of data svailable and the characteristics
of the spatial entity to be retrieved (see section 3.1 above). The
location, size and form of the sub-ares and the order in which its
spatial identifiers are presented can influence the relative efficiency

of search.

5,3.1., Order of ldentifiers

Sorting the keys into the order present in the data file has the
effect of increasing the selection ratio, Hs, by seguential scan. ALl
records are accessed in g single serial scan cof the disc, thereby
ensuring thet pages which contain multiple records need be retrieved
only once. Waters (19753, Cardenas (1975) and Pezarro (1878)
discuss the effects of sorting on disc seeks, Both the time for
retrieval from disc and the move time are minimised. Thus, retrieval
vie the primary index is faster than a sequential scan for unsorted
identifiers, which may occur with radisl searches and path tracking

or traverses,

5.3.2. Form of spatisl entity

Retrieval by both methods is again most rapid when the given set
of co~ordinate references relates to a compact contiguous area,
elomgated in a latitudinal, rether then a longitudinal, direction.
However, the primary index is especially useful for the speedy
retrieval of data for dispersed locations. These access non-adjacent
Y partitions, within which several records may separate those of

interest, resulting in low selection ratios by sequential scan.

§.3.3., B8ize of search entity

In general, the smaller the size of the search entity (reckoned

in number of keys presented), the greater the benefits of indexing.
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5.3.4. Location of search area

The location of the sub-area of interest determines the dete potential
or the potential velue of m (see 5.2.3 above). In sparsely populsted
sreas, partitions based on Y values sre likely to be shorter, owing to
the asmell number and suppression status (determining the length) of
records, while the test ratic is lasrge. While these features favour
& seqguential scan, the proportion of keys for which data exist is also
likely to be smell.  Conversely both potentisl m snd test ratios are
likely to be high in densely populated reglons with & continuocus
distribution of people and/or households. These conditions favour
bitmap indexing except when the seasrch entity is so lerge and compact
that, owing to the high potential for ewxisting kevs, s spprosches m,
producing high selection retiocs by sequentisl scan, Thus it sppears
thet bitmap indewing may be useful in the south of Britsin, while its

value is dubious in northern Scotlend.

FPurthermore, the search for dats in the middle regions of s long
partition (allowing for the backward processing cepsbilities under
WIS} is likely to produce lower selection ratios by seguential scan
than the search for the ssme guantity of dats locsted &t the front -
or back-end of the same partition. Thus seguential scans msy prove
sufficient for data relating to the western and ssstern coastsl aress

of Britaein.

6, PERFORMANCE STATISTICS

The overheads of bitmap storage and indexing seem justified when
both test ratiocs end selection ratios by sequential scan are low. It
is most valuasble when the intersection, union or difference of
unsuppressed dsata for more then one record type is reguired for s
gmall number of unsorted, dispersed one-kilometre squares. It msy
prove wasteful when date of one kind only ere sought for & large
number of pre-sorted adiscent one-kilometre sguasres in a relgtively
densely populsted part of Britain., The possibilities of a miwed-
mode retrieval system were contempleted and performance statistics
were collected to identify the nature of the relstionships between
both systems and geographic locstion. The statistics were collected

undier conditions which were likely to produce compsrable performances
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by both systems. The search in esch case was for the 100% population
daets only of &8 100~kilometre block, i.e. for 10,000 keys., Thus s
fifteenth or less of the datas file wes to be retrieved, and the records
retrieved would be found adiscent to easch other in s mexisum of 100
separate logical blocks. The kevs were pre-sorted into the optimal
order. The run was repested for esch method end 100 km. block to
evaluate the relipbility of the retrieval times The CPU end elapsed
times are given in Appendix 1. On the whole, the CPU times are less
variable than the elapsed times, but even these are only reliable to
the second As there are merked differences in totel response and
elapsed times and seversl instances of changes in the relastive

performance of both methods, inferences can only be tentative.

The indexing of bitmaps wss expected to take more (PU time than
sequentisl scans, as the minimum test reatio is unity. However, this
in general seems to be apparent only towards the start of & data
pertition, where high selection ratios are bound to occur. South of
the grid line 5000 metres, the high density of data produces lower
test ratios, Concurrently, the selection ratiocs by segquential scan
faill off progressively towards the end of the partition, where bitmsp
indexing becomes more profitable, Values for CPU and response time
decrease at the end of the pertition because several keys are ocutside
the areas, i.e., MAXX, causing the search to terminate at an early
stage. However, as the megnitude of difference ig in general less
than two seconds, the savings do not justify s mixed-mode retirevail
gystem, especially since the bulk of the time (about 5.9 seconds,
which is the average of 186 runs) wss used to read the 10,000 keys and
perform the necessgary sccounting. Thus, under the worst conditions
(for 100km sguare 5000 1000} less than nine seconds of CPU time is

reguired to retrieve 8,541 records.

Figures for elapsed time are less reliable es they are dependent
on concurrent activities in the system, The marked difference in
regponse time between two identical Jjobs and reversals in the relstive
performance of both indexing methods (see Appendix 1) give some idea
of the degree of Fluctustion in elapsed times, The response rate per
retrisved record is high when seversl keys sre non-existent. However,

in 42 out of the 54 100-km blocks, the response rate is less than one
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tenth of a second per existing record. The observed response rates
are adeguate 1f the date for the sub-aress are infreguently mccessed
via the locational index, especislly if dats sre reguired for smaller
sub~greas. The deta for County Durham, consisting of 2,105 records,

can be reitrieved in under three seconds visg the locational index.

Speed of retrieval vis the locational index can be improved by
replacing the FORTRAN routines for processing the bitmaps with
ASSEMBLER code, and by including sdditional pointers to the middle of
long partitions. However, the bulk of the CPU time in 46 out of 54
100~km. blocks was spent on resding the 10,000 formestted keys, many
of which were redundant, and on performing the necessary accounting,
Morsover, the storage of 10,000 kevs in 215 PORTRAN format requires

100,000 bytes, or approwimetely 25 pages of file space.

When data for & specified sub-srea are to be retrieved repestedly,
considerable savings can be gffected by constructing & compact and
guick index with one pass through the locstional index. This replaces
the need for the list of ¥ snd ¥V references on subseguent runs. The
2,108 records for County Durham can then be retrieved in just over
one second CPU time, It takes 26.8 seconds CPU time and about 176
seconds elapsed time to retrieve data for 30,000 primery X and Y
co-ordinates in the three 100~-km blocks 2000 3000, 3000 3000,

3000 4000 (Dats are provided for only 17,110 of the 30,000 squares).

On average (of three runs) it takes 7.4 seconds CPU time and 358 seconds
elapsed time to retrieve the existing dets for 17,110 records vis

& compact index., The overhesds for constructing the compact index
were about 28 seconds CPU and B3 seconds slapsed time. The latter
requires 1,604 bytes (less than one page) for pointers and other
associated indexing information and eliminstes the need for the
original keys sand the locational index if data for the seme ares

are repestedly required. The strategy end design of the compsct

index and assocliated retrievel procedures will be discussed in a

forthcoming paper.



7.  CONCLUSION

The locational index is & low-level primsry index. Both the
index itself and the routines for manipuleting it cen be used directly
by knowledgesable programmers. Most users of deta, however, may only
want a subset of data to be extracted and pre-processed for input to
other existing packeges for dete analysis and display. The suite of
routines for converting the users’ compsct description of subsreas
into the primary keys will be discussed in s forthcoming paper. A
user may wish to store a smell amount of only the relevant deta in his
own file =space, but he may not have the resources to duplicate a
large amount of date. When date for the sgme sub-ares are repeatedly
reguired, the locational index can be used to construct & compsact
grea-index. The features of the compsct ares-index will be discussed

in & separate paper.

The storage of the 1971 census deta for Oresat Britain involved
g complete change in the form and order of the data (Visvalingsm and
Perry, 1976). It was essential to check and double-check that no
errors had been introduced during the CRU processing. The final checks
involved & sequential scan through all the OPCS tapes. The locationsl
index was indispensable for the purpose of comparing the content of
every single OPCS record with that of the corresponding compacted

CHU record.

The locational index was also very convenilent for exercises in
sggregation and for extracting data for pilot studies on smell areas.
It is repeatedly used for extracting small smounts of data for student
clesses, It also enables users to ascertain the availebility of

unsuppressed census datas within sub-areas of interest to them,

The design of the locetionegl index and the choice of retrieval
strategies were deterwined to & grest extent by the computing
facilities gvailable, especislly the MTS file handling system, and
the types of processing which were reguired. The indexing siructure
and its characteristics, desceribed in Section 3.2, were tellored to
gpecific limiting conditions: for exsmple the lack of update provlems,
the avalilebility of a disc peck for dats storage, and the

characteristics of the data (see Section Z).
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The implementation of the structure was discussed in Section 4.
The dats structures used are by no means machine - or system-dependent,
as they can be mapped onto & simple sequential organisstion. The
specific storage lasy-cuts were chosen to maximise performance under
NUMAC. Decisions based on implementastion - orientated features were

pointed out.

Initially mixed-mode (sequential scanning end bitmap indexing)
procedures for retrieval were envisaged. Observed pesrformance
statistics (Section 6) indicated that bitmep indexing on its own was
adequate, The speed of retrieval would be further improved by replacing
the FORTRAN code for bit processing by theASSEMBLER code snd by using
an optimising compiler such as FORTRANH rather than FORTHANG. The
suthor is of the opinion thet further efforts towsrds improving the
design of the primary index is likely to yield minimsl rewards.

Greater benefits could be derived instead from procedures for

restructuring search keys.
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APPENDIX . PERFORMANCE STATISTICS

KEBY

Columns

Rastings of the 100-km sguare
Northings of the 100-km square

Number of records

*

CPU time, partitioned seqguential scans
CPU time, bitmep indexing
Better method (ase &%law)

Elapsed time, partitioned sequential scans

-

Elapsed time, bitmap indexing

w0 =1 Oy s W N e

Better method {see below)

Retrieval time per record found, partitioned seguential sceans

oot
=

Retrieval time per record found, bitmep indexing

ot
ot

Symbols (columns 6 and 8)

partitioned seqguential scans

€]

B bitmap indexing

I

both methods take approximately the sane time
* reversal in relative performance

+ merked difference in response time between runs
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