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{571 ABSTRACT

A database is stored in a mass memory. For this pur-
pose, it is first divided into main cells and then into base
cells according to a predetermined regular division
pattern. Each base cell is then checked to see whether
its data content is sufficient to occupy substantially
completely a storage parcel having a predetermined
capacity. If this is the case, the base cell is thus accom-
modated in a storage parcel; if this is not the case, adja-
cent base cells are grouped until a storage parcel is
occupied substantially completely. The operation of
addressing a storage parcel is effected by the use of a
main cell table in which address pointers are stored,
each of which points to a base cell table. In the base cell
table, an index is given for each base cell and this index
indicates in which storage parcel the relevant base cell
is accommodated. Each of these indices indicates a
location in a data paracel list at which an address indica-
tor is present, which indicates the location at which the
relevant parcel is stored in the mass memory.

18 Claims, 6 Drawing Sheets
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METHOD FOR STORING A PARCELWISE
DIVIDED DIGITAL DATA BASE AS WELL AS OF
ADDRESSING A DATA PARCEL IN A MASS
* MEMORY, AND APPARATUS FOR CARRYING

OUT THE METHOD '

BACKGROUND OF THE INVENTION

The invention relates to a method for storing a digital
data base in a mass memory whose capacity is divided
. into a number of storage parcels each having a predeter-
mined storage capacity, said method comprises the
following steps:

dividing the data base into a number of main cells
according to a predetermined regular division pattern;

dividing each main cell into a further number of data
parcels whereby each data parcel covers a respective
part of the main cell, which part has a data content
occupying substantially completely the storage capac-

ity of a storage parcel;
" setting up an identifier table comprising:

(a) a first identifier identifying said predetermined
pattern;

(b) a second identifier identifying said division into
data parcels; :

(c) for each main cell a data parce] list which com-
prises for each data parcel of that main cell an address-
pointer indicating at which memory location the re-
spective data parcel is stored;
loading into said mass memory the data content of each
data parcel at the address indicated by its address
pointer and loading said identifier table.

Such a metliod is known from the article “A file
organization for Geographic information systems based
on Spatial Proximity” of T. Matsuyama, Le Viet Hao,
and M. Nagus and published in Computer Vision,
Graphics and Image Processing June 26, 1984, No. 3
(New York, USA) page 303-318. In the known method
the digital data base, which is formed by geographic
information, is first divided into a number of main cells
according to a regular division pattern, such as for ex-
ample a quad tree Using that division pattern the digital
data base is partitioned into four rectangular regions.
The available storage capacity of the mass memory is
divided into a number of storage parcels each having a
predetermined storage capacity. In order to use effi-
ciently the available storage capacity, the method
checks for each main cell whether the data content
thereof fits into one storage parcel. If this is the case, the
data content of that main cell forms a data parcel and is
stored into a storage parcel. However if the data con-
tent of a main cell exceeds the storage capacity of a
storage parcel, that main cell is further divided into a
further number of data parcels, such that each data
parcel occupies substantially completely the storage
capacity of a storage parcel. By that division into data
parcels the data content is taken into account and so
much data is grouped together until a storage parcel is
substantially completely occupied. In order to access
the stored data an identifier table is set up, which com-
prises a first identifier identifying the division into main
cells, and a second identifier identifying the division
into parcels. Further a parcel list is set up in order to
indicate at which memory location the different data
parcels are stored in the mass memory. After accom-
plishing that division of the data base, the identifier
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table and the different data parcel are stored at respec-

- tive addresses in the mass memory.

A disadvantage of the known method is that the divi-
sion of the main cells into data parcels is realized ac-
cording to an arbitrary division pattern wherein only
the data content is taken into account. The efficient use
of the available storage capacity thus obtained is over-
ridden by the need of storing a complicated second
identifier which identifies the arbitrary division pattern
used for the parcel division. Such a complicated second
identifier not only requires much storage capacity but
also renders the search of a particular parcel rather
difficult and complicated.

SUMMARY OF THE INVENTION

The invention has for its object to provide a method
for storing a digital data base in a mass memory, which
method makes use of a less complicated division into
parcels, which division can also be represented by a
simpler second identifier which can be stored by using
less storage capacity.

For this purpose, a method according to the inven-
tion is characterized in that main cells which comprise
more than one data parcel are divided according to a
further predetermined regular division pattern into such
a number of base cells that the data content of each base
cell is storable into a storage parcel and whereby said
parcels being formed by combining each time one or
more adjacent base cells of a same main cell, each base
cell only belongs to one and the same data parcel, and
whereby said identifier table is set up by:

(a) compiling a main cell table comprising said first
identifier and further for each main cell divided into
base cells a further address pointer indicating a mass
memory location at which a base cell table for that main
cell is stored;

(b) forming for each main cell divided into base ceils
said second identifier by forming a number of indices,
each index indicating a respective data parcel of its
appertaining main cell;

(c) assigning to each base cell the index of the respec-
tive data parcel in which it is accommodated;

(d) compiling for each main cell divided into base
cells a base cell table comprising a base cell identifier
and a list of the base cells with their assigned index;
and whereby each base cell table being loaded at its
respective address indicated by its respective further
address pointer. By using a further predetermined regu-
lar division pattern for dividing main cells into base
cells, identification of the base cells is easy to realize,
and the storage of an identifier identifying the division
into base cells does not require much storage capacity.
Because data parcels are now formed by combining
base cells, a data parcel can easily be forwarded by
recognizing which base cell is accommodated in that
parcel. Recognizing a base cell is aiso easy because base
cells are formed by using a regular division pattern.
Further the second identifier can now simply be formed
by a number of indices. The link between a base cell and
the parcel in which it is accommodated is formed by
assigning to each base cell the index of the respective
data parcel in which it is accommodated. The division
of main cells into base cells according to a regular divi-
sion pattern and the grouping of the base cells into data
parcels thus offers a less complicated division into par-
cels, and requires less storage capacity for storing the
second identifier.
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The invention further relates to a method of address-
ing a data parcel in a mass memory, in which a database
is stored parcelwise wherein main cells which comprise
more than one data parcel are divided according to a
further predetermined regular division pattern into such
a number of base cells that the data content of each base
cell is storable in a storage parcel, said parcels being
formed by combining each time one or more adjacent
base cells of a same main cell, so that each base cell only
belongs to one and the same data parcel, the method
further comprising the following steps in setting up said
identifier table:

(a) compiling a main cell table comprising said first
identifier and further for each main cell divided into
base cells a further address pointer indicating a mass
memory location at which a base cell table for that main
cell is stored;

(b) forming for each main cell divided into base cells
said second identifier by forming a number of indices,

each index indicating a respective data parcel of its ‘

appertaining main cell;

(c) assigning to each base cell the index of the respec-
tive data parcel in which it is accommodated; and

(d) compiling for each base cell divided into base cells
a base cell table comprising a base cell identifier and a
list of the base cells with their assigned index; and each
base cell table being loaded at its respective address
indicated by its respective further address pointer. The
data parcel to be addressed is identified by a virtual
addresss constituted by a data word belonging to the
data content of that data parcel.

A method of addressing a data parcel in a2 mass mem-
ory according to the invention is characterized in that it
comprises the following steps:

a. fetching the main cell table from the mass memory;

b. determining in what main cell the virtual address
supplied is located by use of the first identifier and se-
lecting that main cell;
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the selected main cell the address at which the base cell
table associated with the selected main cell is stored in
the mass memory; -

d. fetching the selected base cell table stored at the
determined address;

e. determining in which base cell the virtual address
supplied is located by use of the base cell identifier from
the selected base cell table and selecting this base cell;

f. fetching from the base cell table and index assigned
to the selected base cell; \

g. selecting the data parcel indicated by the fetched
index from the parcel list associated with the selected
main cell;

h. determining from the address pointer of the se-
lected parcel a storage address for addressing a data
parcel in the mass memory;

i. fetching the data contact of the selected parcel.
By using the first identifier from the main cell table and
the base cell identifier from the base cell table, it is
possible to trace in a simple and rapid manner in which
main cell and base cell, respectively, the virtual address
is located. Once the searched-for base cell has been
traced, the index assigned to the searched-for base cell
indicates the data parcel in which the searched-for base
cell is located. This index indicates a position in the data
parcel list in which an address pointer is stored, which
indicates the location in the mass memory at which the
data within the selected data parcel are stored.
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A first preferred embodiment of a method according
to the invention is characterized in that the base cells of
a same main cell are represented in the base cell table by
indicators, which are arranged according to a predeter-
mined order, and that the indices assigned to each base
all indicate a position into the data parcel list. By order-
ing the base ceils in the base cell table, searching for a
data parcel is simplified and a structure is provided for
the storage of the data.

It is favourable that each parcel list is stored in the
mass memory at an address which has a given offset
from the storage address of ths associated base cell
table. As a result, it is possible to form the address of the
associated data parcel list simultaneously with the for-
mation of the address at which the base celi table is

stored as a result of which the base cell table and the

data parcel list can be fetched in the same reading oper-
ation.

It is favourable that the capacity of a storage parcel
has a byte length which lies between 2K bytes and 32K
bytes. 2K bytes corresponds to the capacity of a sector
on an optical or a magnetic disc. 32K bytes can still be
fetched from the mass memory within a reasonable
time.

When the database is a roadmap, it is favourable that
when the database is divided into main cells which
cover equal surface areas, according to the predeter-
mined regular division pattern and that when each main
cell is divided into base cells covering equal surface
areas, according to the further predetermined regular
division pattern, the number of base cells in each main
cell is an even power of 2. Thus, a simple division, such
as for example a quad tree, of the data base can be ob-
tained.

It is favourable that the main cells and the base cells
are each formed by a square segment of the road-map,
and that the first identifier and the base cell identifier,
indicate respectively the length of the square from
which each main cell and each base cell is formed.
Searching in the database is thus simplified because
coordinates of the road-map can now be used directly in
calculation.

A further preferred embodiment of a method accord-
ing to the invention is characterized in that the order
assigned to the main cells and the base cells is deter-
mined using a Peano-N key. The use of a Peanno-N key
provides an efficient method of tracing a data parcel for
storing and searching road-maps stored in the mass
memory.

It is favourable that a further virtual address is
formed by adding to the virtual address a predeter-
mined value and that the data parcel in which the fur-
ther virtual address is located is also fetched. In the case
of road-maps as a data base, information is thus fetched
ready for the next part of the journey.

The invention also relates to an apparatus for carry-
ing out the method of addressing a data parcel.

The invention is particularly useful in vehicle naviga-
tion systems. In this case, it is of great importance to
store road-map data as efficiently as possible and to
address them as efficiently as possible.

BRIEF DESCRIPTION OF THE FIGURES

The invention will be described more fully with ref-
erence to the drawings, in which:

FIG. 1 shows an embodiment of a road-map compris-
ing the map of a town divided into main cells;

FIG. 2 shows a division of main cells into base cells;
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FIG. 3 shows the grouping of base cells into parcels;

FIG. 4 shows an embodiment of a Peano-N key
drawn on the map;"

FIG. 5 shows a main cell table;

'FIG. 6 shows a base cell table;

FIG. 7 shows a parcel list;

FIG. 8 shows the main elements of an embodiment of
a land vehicle navigation device;

FIG. 9 is a flow diagram of a method according to
which a parcel is fetched from the mass memory in
response to a virtual address.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The content of a data base is determined either by
nature, such as, for example, a map of the courses of the
rivers in Europe or a map in which the various moun-
tains of the Alps are indicated, or by a map of systems

- formed by man over the years, such as, for example, a
road system, an encyclopaedia, a dictionary or a tele-
phone-book. Such a database has, when it is divided
systematically, for example into blocks having the same
surface area for a road-map or alphabetically for a dic-
tionary or a telephone-book, an unequal degree of occu-
pation for the various parts. For example, a dictionary
of the Dutch language includes only a few words with
the initial letter q, x or y, whereas the words with, for
example, the initial letter d, or v occupy numerous
pages. The same problem arises with maps of towns or
with road-maps. FIG. 1 shows the map of a town. It is
clear from this FIGURE that, for example, the degree
of occupation of the blocks CIV and CIII is considera-
bly higher than that of the blocks AI and BI.

This unequal degree of occupation causes a problem
when such a database is digitized and is stored bit-wise
in a mass memory, such as, for example, an optical disc
(CD-ROM) or a magnetic disc. In fact, if the same
amount of storage space were to be taken for each
block, the amount of storage space would be deter-
mined by the block having the highest degree of occu-
pation and this would lead to an inefficient use of the

. storage space available.’

Nor is it efficient to store the data base continuously
without previously having carried out a systematic
division, because searching for a given datum in this
data base would then become too complicated and too
time-consuming. Furthermore, when storing the data,
the mutual relationship between the various blocks on
the one hand and between the data within the same
block on the other hand has also to be taken into ac-
count. For example, in the case of the map of FIG. 1,
the relationship between the roads of the block CI and
the data with which the block CII is stored in the mass
storage as well as the relationship between the block
CII and the adjacent blocks must be clear. In the case of
a translation dictionary, the words which have the same
meaning in the different languages must be stored at
adjacent locations; otherwise, too much time is lost
when addressing the storage locations.

The need to make an efficient use of the available
storage space, whilst taking into account the mutual
relationship between data and further whilst providing
for efficient and rapid searching for a given datum in the
mass storage leads to stringent requirements with re-
spect to the division of the database and to the storage
thereof in the mass memory.

The invention will now be described with reference
to an embodiment, in which a road-map is chosen as the
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database. The invention is not limited to all to this em-
bodiment, however, and can be used for any database
which can be divided into blocks having different occu-
pation degrees.

Starting from the map shown in FIG. 1, this map is
divided according to a predetermined regular division
pattern into sixteen blocks having the same dimensions.
Each of these blocks designated as main cells, repre-
sents the same surface area. After the division into main
cells it is determined for each main cell whether the data
content in the main cell fits into a storage parcel of the
mass memory. A storage parcel is a unit of space in the
mass memory having a predetermined capacity, for
example one or more successive sectors of a disc mem-
ory. For an optical memory, such as DC-ROM or CD-
Interactve case, a storage parcel will contain at least 2K
bytes, i.e. the storage capacity of at least one sector on
a CD-ROM.

An upper limit for the capacity of a storage parcel is,
for example, 32K bytes, which represents a quantity of
bytes which still can be read out comparatively rapidly
(about 0.2 sec for a CD-ROM) and can be stored in a
working memory, for example a RAM. Preferably, a
capacity of 10K bytes is chosen for a storage parcel. As
a result, a quantity of information is fetched within a
very short time (about 0.07 sec for a CD-ROM), which
quantity is sufficient on the one hand to display an
image on a display unit and on the other hand to build
up a supply of information. If the information comprises
a road-map, 10K bytes of information is sufficient to
tune, in a navigation system,.the information supply to
the speed at which the vehicle is moving so that the
actual position of the vehicle as well as data about the
roads to be used by further travelling can be displayed
continuously on a display screen. The use of storage
parcels having a capacity of 10K bytes further offers the
ability to fetch, if appropriate, several parcels in the
same reading operation and to store them in the work-
ing memory. The main cells for which the data fit into
one storage parcel, such as, for example, the main cell
Al are not subdivided any further. Conversely the main
cells for which the data will not fit into one storage
parcel, such as, for example, CII, CIII, BII, BIII are
divided further according to a further predetermined
regular division pattern into smaller blocks, those
within the same main cell having the same dimensions.

FIG. 2 shows such a division into smaller blocks of
the map shown in FIG. 1. The main cells AIII, BII, III,
IV and CII, III, and IV, and DII, III, and IV are now
each divided into four equal parts (so-called region
quad tree division): Alllal, Allla2, AIlIbl, AIIIb2,
Bllal, Bila2, BIIbl, BIIb2 etc., whereupon it is again
determined whether the data content of each of these
parts fits into a storage parcel of the mass memory. If it
is now assumed that the data content of each of these
parts can be stored in one storage parcel, it is not neces-
sary to subdivide it further. If the data content of such
a party should not fit into the same storage parcel, it
would be further divided into four parts (quad tree
division) having equal dimensions and this process
would be repeated until the data content of each part
thus obtained fits into a storage parcel. The number of

. parts thus obtained within the same main cell is then

65

always an even power of 2 and each part is square. Such
a part, of which the data content fits into a storage
parcel, is designated as a base cell for that main cell. A
main cell can therefore be divided into a number of base
cells, which all have the same dimensions. In contrast,
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the dimensions of the base cells of different main cells
are allowed to differ from each other.

However, the division of main cells into base cells
may result in the degree of occupation of a number of
these base celis being insufficient to occupy a storage
parcel substantially completely. In order that this does
not cause an inefficient use of the capacity of the mass
memory, it is now determined for each base cell thus
defined whether the data content thereof is sufficient to
occupy a storage parcel substantially completely. For
this purpose, it is checked, for example, whether the
data content (number of K bytes) of such a base cell is
sufficient to occupy at least 75% of the capacity of a
storage parcel. If such a base cell comprises an insuffi-
cient quantity of data to so occupy substantially com-
pletely a storage parcel, the adjacent base cells are
checked and it is determined how far one or more adja-
cent base cells can be grouped together to collect a
sufficient quantity of data to substantially completely
occupy a storage parcel in the memory. It is found by
inspection of the data content of the base cells BIVal
and a2 can be combined into one data parcel. The base
cells Blllal and a2, Alllal and a2 and BIII bl and b2,
CIVb1 and b2, Cllal and a2, DIIbl and b2, D1Ilal and
b1, DIVal and bl, DIVa2 and b2 can also be grouped
into single data parcels as shown in FIG. 3. In this man-
ner, a division of the database is thus obtained which
leads to an efficient use of the storage space available.
The requirements imposed on this grouping of base cells
are that each data parcel can only contain base cells
from one main cell, and that a same base cell can only
belong to one and the same data parcel.

This method of dividing a data base can be used not
only for road-maps and plans, but also for other data-
bases. For example: in a dictionary, a main cell could be
assigned to each letter, and this main cell would then be
divided into data parcels; or in a telephone-book, each
data parcel could represent one or more underground
distribution chambers.

Once the database has been divided into data parcels,
it has been rendered suitable for storage parcelwise in a
. mass memory. The problem of efficiently storing the
database is thus solved. Besides storing the database
parcelwise in a mass memory, it must also be possible to
retrieve in an efficient manner a datum from this stored
database. Moreover, since a user is accustomed to ad-
dressing a database by content, the apparatus for access-
ing the data of the database in the mass memory must
also be capable of addressing this database by content.
This requirement means that the mass memory must
consequently be addressable by means of virtual ad-
dresses. These virtual addresses must then be translated
into physical addresses in order to fetch data from the
mass memory.

The division of the memory content into storage
parcels now ensures that such a translation of a virtual
address into a physical address can be realized in a
simple manner. If there is any mutual relationship be-
tween adjacent main cells and/or base cells, as is the
case, for example, with road-maps, it is preferable to
arrange these main cells according to a predetermined
order. The cells are preferably arranged by using a
Peano-N key (named after the nineteenth-century Ital-
ian mathematician Guiseppe Peano). FIG. 4 shows an
example of a Peano-N key which is drawn for the map
of FIG. 1. The main cells are enumerated as indicated in
FIG. 4. The number 0 is assigned to the main cell at the
bottom on the lefthand side (AI), while the number 1 is
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assigned to the main cell AIl, and so on, until the main
cell DIV at the top, righthand side, is assigned the num-
.ber 15. The Peano-N key now defines in what order the
main cells are arranged. For example, the main cell to
which the number 0 is assigned is the first one in the
order, followed by the main cells 1, 4, 5, 2. . . 11, 14, 15.
This arrangement affords the advantage that adjacent
main cells, such as, for example, 0, 1, 4 and 5, are stored
close to one another so that at the transition from read-
ing one to reading the other main cell the access time is
reduced, because the displacement of the reading head,
when using a disc-shaped memory, remains small. At a
predetermined location in the mass memory, a main cell
table is now stored, which serves as a reference index
for the various main cells. FIG. 5 shows an example of
such a main cell table. The table is composed of several
parts. Part A comprises an identification of the whole
data content of the mass memory. For example, it is
stated here that the memory contains a road-map of a
give country or a dictionary of a given language. Part B
comprises information about the extent of the stored
data base; for example in the case of a road-map, the
geographic coordinates of the point (XL, YL) situated at
the lower corner on the lefthand side and of the point
(X,Y) situated at the upper corner on the righthand side
of the map are indicated in part B. In the case of a tele-
phone-book, for example the districts over which the
database extends are stored in part B by means of nu-
merical codes. A first identifier representing the divi-
sion pattern is stored in part C. This first identifier de-
notes, for example for a road-map, the actual surface
area or the actual length (LM) of a main cell. In the
example of a dictionary, the first identifier indicates, for
example, the number of different initial letters per main
cell. Part D comprises an ordered list with an address
pointer (ADD) for each main cell, each address pointer
indicating a storage location at which further informa-
tion in the relevant main cell is stored. Moreover, beside
each address pointer (ADD) the storage capacity occu-
pied by the relevant main cell is indicated in sectors or
bytes. By means of this table, it is therefore posible to
select a given main cell from the database and by use of
the address pointer to fetch further information from
the selected main cell stored in the mass memory.

If, as shown in FIG. 4, use is made of a Peano-N key
for ordering the various main cells, the various address
pointers as stored in the part D of the main cell table are
also arranged in an order obtained by the use of a
Peano-N key. The numbers indicated in FIG. 5 corre-
spond to the numbers of the main cells, ordered as
shown in FIG. 4.

Each address indicator present in the main cell table
indicates a storage location at which for the relevant
main cell a base cell table as shown in FIG. 6 is stored.
As already described, a main cell may be composed of
a number of base cells. In this base cell table a base cell
identifier (CL) is stored, such as for example, the sur-
face area or the length of a base cell, in the case of a
roadmap. The base cell table further comprises a collec-
tion of indices (IKL(0) . . . , IKL(n), with n+ equal to
the number of base cells of that main cell), the index
IKL(i) (0=i=n) indicating in which data parcel the
base cell i is accommodated. The base cells are prefer-
bly also arranged in accordance with a Peano-N key.

An index IKL(i) in the base cell table indicates a
location in a data parcel list as shown in FIG. 7. The
data parcel list comprises a further address pointer for
each parcel which forms part of the relevant main cell.
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The further address pointer indicates the initial address
(K.ADD) in the mass memory at which the data of the
parcel are stored. The data parcel list also comprises a
parcel length (L) in numbers of sectors or bytes for the
relevant data parcel. Preferably, the data parcel list is
stored at an address in the mass storage which has a
predetermined offset from the address at which the
associated base cell table is stoed such that the data
parcel list is stored in the immediate proximity of the
base cell table. For each main cell only one data parcel
list is available. When using a CD-ROM as the mass
memory, this has the advantage that the access time for
access to the base cell table and the data parcel list is
reduced because no large displacement of the reading
head is necessary in this operation. .

The storage main cell tables and their respective base
cell table, together with a data parcel list requires only
a small amount of storage space. As an illustration of
this fact, a practical example will now be considered,
namely a map covering a surface area of 256X 256 km2.
This surface area is divided into main cells each cover-
ing a surface ara of 8 X 8 km2. Each main cell is divided
again into base cells covering a surface area of 0.5 0.5
km2, If each main cell covers a surface area of 8 X 8 km?2,
the whole database is divided into 2!10=1024 main cells
(256X 256 =(25.8).(25.8)=210,8.8). The main cell table
consequently comprises 1024 address pointers with
associated length of the main cell. In order to store
these data, a storage capacity of about 8K bytes is re-
quired for the main ceil table. Since the base cells cov-
era surface area of 0.5 0.5 km?2, there are 256 base cells
per main cell (8.8=24.(0.5).
24.(0.5)=28((0.5).0.5))=256.((0.5). (0.5))). The base
cell table consequently comprises 256 indices IKL,
which corresponds to 256 bytes if one byte is chosen for
each index. If it is now assumed that a parcel covers on
an average a surface area of 1.1 km?, there are
- 256/4=64 different parcels per main cell. If a capacity
of 10 bytes per storage parcel is chosen for the data
from the parcel list, the data parcel list occupies an
overall capacity of 64X 10=640 bytes.

If it is assumed that during a reading operation four
. main cells are fetched, it is necessary then to fetch a
quantity of data representing the main cell table, four
base cell tables and four data parcel lists, amounting to
8K bytes +4X (640+256) bytes ~12K bytes. The oper-
ation of fetching 12K bytes from a CD-ROM takes less
than 0.1 sec and consequently does not form a large
overhead for the system.

The operation of addressing a location in the mass
memory will now be described with reference to an
example, in which it is assumed again that the database
stored in a CD-ROM or CD-I represents a road-map of
a given country or of a part thereof. It is further as-
sumed that the main cells and the base cells are ordered
by using a Peano-N key. The CD-ROM disc is loaded
into a reading device forming part of a vehicle naviga-
tion system.

FIG. 8 shows the main elements of an embodiment of
a land vehicle navigation system. The system comprises
a bus 50 to which a data processing unit 51, for example
a microprocessor, is connected even as a working mem-
ory (RAM,52) and the mass memory 53. The mass
memory is preferably formed by an optical disc (CD-
ROM) and its appertaining reading devie road-map
data, navigation data and other control data are stored
in the mass memory. To the bus, there are further con-
nected a first 54 and a second 58 input-output interface.
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An electromagnetic compass 56, wheel sensors 57 and
an odometer 55 are connected to the first interface. All
these elements 55, 56 and 57 serve to collect data in
order to determine the actual position of the vehicle.
The detérmination of the vehicle position is for example
described in the article “EV A-Ortnungs-und Naviga-
tionssystem fiir Landfahrzeuge” of E. P. Neukirchner,
O. Pilsak and D. Schldgl, published in Nachrichten-
zeitschrift Bd 36 (1983) Haft 4, pages 214-218. To the
second interface 58 there are connected a keyboard 59
and a reproduction unit 60. Further details of how the
vehicle position is determined, how the progression of
the vehicle is monitored and represented on the repro-
duction unit are for example described in the interna-
tional patent application PCT WO 86102764.

After the CD-ROM has been loaded into the reading
device, the user inputs via the keyboard 59 its departure
point and its destination. This takes plce according to a
known method, for example by giving the street-names
of the departure point the destination. When a street-
name is given, the system translates it into coordinates
of the road-map. A set of coordinates of the departure
point and a set of coodinates of the destination form in
themselves two virtual addresses for addressing the
CD-ROM.

FIG. 9 is a flow diagram of a method in which by
means of a virtual address a storage parcel is fetched
from the mass memory. This method is carried out
under the control of the data-processing unit 31. After
the start (STRT, 10) of the program, the virtual address
offered (VA=XP,YP,11) is stored in a first register
which forms part of its data processing unit and the
main cell table is fetched from the mass memory and
written into the working memory 52. The information
about the extent of the database is now fetched from the
main cell table (12). In the example of the road-map, this
information comprises the coordinates (XL,YL;
XH,YH) as well as the first identifier (LM). This infor-
mation is stored in a second register. Subsequently, it is
checked (13) that this virtual address has a value lying
between the limit values indicated in the main cell table.
In the example of the road-map, it is then checked
whether XP3[XL,XH] and YPZ[YL, YH].

If the virtual address is not located within these limit
values, an error indication is given [ER, 14]. If on the
contrary the virtual address is located within these limit
values, it is determined in what main cell the virtual
address is located. When the main cells are enumerated
as indicated in FIG. 4 and are moreover arranged ac-
cording to a Peano-N key, the number of the main cell
within which the virtual address is located and the
order of this main cell in the main cell table are deter-
mined in a manner as shown below with reference to an
example. Let it be assumed that XL =0, YL =0 and that
XP=155, YP=230 and LM=100. Now consider the
main cells as shown in FIG. 4 as elements of a matrix,
i.e. arranged in rows and columns. For a given virtual
address, the column is first determined (15) by means of
the following expression:

XP — XL
K=[T]+ L

where [ ] represents the mathematical function INTE-
ER.

In the given example, this becomes
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The row is then determined in an analogous manner

(16).

155 — 0 e
% ]+1_>K_2.

= 2300 — =
R_l: 5 ]+_—>R-3

The virtual address is therefore located in the second
column (K=2) and the third row (R=3). -This-datum
(K=2, R=3) is now translated (17) into a main cell
number (K=2, R=3 —6. In fact, a number is assigned
to each combination (K,R) when the main cells are
enumerated as indicated in FIG. 3. The main cell having
the number 6 is the seventh in the series if an arrange-
ment according to a Peano-N key is used. Conse-
quently, in order to select the main cell in which the
virtual address supplied is located, the seventh location
in the part D of the main cell table is addressed and the
address pointer with associated length stored there is
read (18).

By using the selected address pointer, an address is
not formed by means of an address generator which is
part of its microprocessor and which address indicates a
location in a mass memory at which the base cell table
for the selected main cell is stored (19). The base cell
table present at the address formed is now fetched (20)
and is written into the working memory. The base cell
identifier (CL) is now fetched from this base cell table
and further the initial coordinates (XL', YL") of the
origin of the selected main cell are determined (21). The
initial coordinates of the origin of the selected main cell
are determined by using the calculated values K and R.

XL'=XL+(K—1)LM

YU'=YL+(R-1)LM

In the example given this yields:
XL'=0+2-1LM;

==>XL'=100 YL'=200

The values for XL', YL' and CL are stored in a further

register. Subsequently, in the same manner as for the

main cells there is determined within which base cell

the virtual address is located. For this purpose, the

YL'=0+(@3—-1)LM

following calculations are carried out.
> 22
_| xp—xr
K= [ CL :|+ !
1 (23)
,_ | ¥p—yI
e[z ]
in which K’ and R’ represents the column and the row,

respectively, within which the base cell is located. In
the example given, this yields, when CL is chosen to be
equal to 25:
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This value (K',R’) is then translated (24) into a base cell
number ((K',R")—9), which is then converted into a
location (9—10) within the base cell table. An index
IKL is present at this selected location within the base
cell table and this index indiates in what data parcel the
selected base ceil is accommodated.

On the basis of this index, an address is now formed
(25), which indicates a location within the data parcel
list. The address indicated at this selected location
within the parcel list is now fetched (26) and this ad-
dress is then applied to the mass memory and the con-
tent is fetched (27) and loaded into the working mem-
ory. Thus, the working memory now contains the infor-
mation of the data parcel within which the virtual ad-
dress offered is located. The method is thus completed
(28).

Preferably, when fetching the base cell table (step
20), the data parcel list is also fetched. For each main
cell divided into base cells there is always one base cell
table and one parcel list, which are stored, preferably in
the proximity of each other, in the mass memory. By
simultaneously fetching the base cell table and the data
parcel list, an additional access to the mass memory to
fetch the data parcel list is avoided and time is saved.

A further saving in the time for access to the mass
memory can be obtained by fetching several storage
parcels in the same reading operation. For this purpose,
a predetermined value Q is added to or subtracted from
the calculated values K’ and R’ depending upon the
direction in which the vehicle is moving.

155 — 100
25

230 — 200
25

|

K=3}R =2

K"=K'2Q
R"=R'%Q
with furthermore the requirement that

1=K"=LM/CL and 1=R"=LM/CL.

In the example chosen, in which K'=3 and R'=2, if
Q=2, for example, this yields: K"”=5 and R" is 4 or
K"”=1 and R"=0.

As a result, several base cells are selected and, if they
belong to different storage parcels, also several storage
parcels are selected.

What is claimed is:

1. A method for storing a digital data base in a mem-
ory whose capacity is divided into a number of storage
parcels each having a predetermined storage capacity,
said method comprising the following steps:

dividing the data base into a number of main cells

according to a predetermined regular division pat-
tern;

dividing each main cell into a further number of data

parcels , so that each data parcel covers a respec-
tive part of the main cel, which part has a data
content occupying substantially completely the
storage capacity of a storage parcel;

setting up an identifier table comprising:

() a first identifier identifying said predetermined
pattern;

(b) a second identifier identifying said division into
a data parcel; and
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(c) for each main cell a data parcel list which com-
prises for each data parcel of that main cell an
address pointer indicating at which memory
location the respective data parcel is stored; and

loading into said memory the data content of each
data parcel at the address indicated by its address
pointer and loading said identifier table;

wherein main cells which comprise more than one
data parcel are divided according to a further pre-

determined regular division pattern into such a

nuber of base cells that the data content of each

base cell is storable in a storage parcel, said parcels
being formed by combining each time one or more
adjacent base cellls of a same main cell, so that each
base cell only belongs to one and the same data
parcel,

the method further comprising the following steps for
setting up said identifier table:

(a) compiling a main cell table comprising said first
identifier and further for each main cell divided

into base cells a further address pointer indicat--

ing a memory location at which a base cell table
for that main cell is stored;

(b) forming each main cell divided into base cells
said second identifier by forming a number of
indices, each index indicating a respective data
parcel of its appertaining main cell;

(c) assigning to each base cell the index of the re-
spective data parcel in which it is accommo-
dated; and

(d) compiling for each main cell divided into base
cells a base cell table comprising a base cell iden-
tifier and a list of

the base cells with their assigned index; each base cell
table being loaded at its respective address indi-
cated by its respective further address pointer.

_ 2. A method of addressing a data parcei in a memory,
in which a database is stored parcelwise whilst using a
method as claimed in claim 1, the data parcel to be
addressed being identified by a virtual address consti-
tuted by a data word belonging to the data content of
that data parcel, the method comprising the following
steps:

a. fetching the main cell table from the memory;

b. determining in what main cell the virtual address
supplied is located by use of the first identifier and
selecting that main cell;

c. determining by using the further address pointer of
the selected main cell the address at which the base
cell table associated with the selected main cell is
stored in the memory;

d. fetching the selected base cell table stored at the
determined address;

e. determining in which base cell the virtual address
supplied is located by use of the base cell identifier
from the selected base cell table and selecting this
base cell;

f. fetching from the base cell table the index assigned
to the selected base cell;

g. selecting the data parcel indicated by the fetched
index from the parcel list associated with the se-
lected main cell;

h. determining from the address pointer of the se-
lected parcel a storage address for addressing a
data parcel in the memory; and

i. fetching the data content of the selected parcel.

3. An apparatus for retrieving data, the apparatus

comprising:
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(2) a memory whose capacity is divided into a plural-
ity of storage parcels each having a predetermined
storage capacity, the memory being for containing
a data base which comprises an identifier table
comprising:

(i) a main cell table comprising:

(A) afirst identifier which identifies a first prede-
termined reguiar division pattern which di-
vides the data base into a first number of main
cells; and

(B) at least one first address pointer correspond-
ing to at least one respective main cell identi-
fied by the first identifier;

(ii) for each main cell occupying more than one
storage parcel, a respective base cell table
pointed to by such a first address pointer, and
corresponding to a second division of any main
cells which comprise more than one data parcel,
each data parcel being a part of a respective main
cell, which part has a data content occupying
substantially completely the storage capacity of
a respective one of the storage parcels, the sec-
ond division resulting from
a division of any such main cells into a first set of

base cells according to a second predeter-
mined regular division pattern the base cell
table comprising:

(A) a base cell identifier; and

(B) a list of base cells with respective indices,
each index indicating a respective data parcel
of the respective main cell, so that at least two
adjacent base cells in said first set and within a
~same main cell share an index, effectively re-
sulting in at least one combined base cell, each
combined base cell corresponding to only one
data parcel; and

(iii) a respective data parcel list corresponding to
each main cell which occupies more than one
storage parcel, each data parcel list including a
respective second address pointer for each re-
spective data parcel in the corresponding main
cell, the respective second address pointer indi-
cating a memory location where the respective
data parcel is located, the second address pointer
being locatable using an index from an appropri-
ate base cell table;

(b) memory means for storing a supplied virtual ad-
dress and a fetched copy of the main cell table;
(c) first selection means for selecting a selected main
cell, in which the supplied virtual address is lo-
cated, using the first identifier from the fetched

copy of the main cell table;

(d) first address generation means for generating from
the first address pointer the address for the base cell
table associated with the selected main cell;

(d) second selection means for selecting a selected
base cell from the base cell table using the supplied
virtual address and the base cell identifier;

(e) third selection means for selecting on the basis of
the index associated with the selected base cell a
data parcel from the data parcel list; and

(f) second address generation means for generating on
the basis of the respective second address pointer
of the selected data parcel the address at which a
corresponding storage parcel is stored.

4. A vehicle navigation system comprising the appa-

ratus of claim 3 wherein the data base comprises a road
map.
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5. A method for storing a digital data base in a mem-
ory whose capacity is divided into a plurality of storage
parcels each having a predetermined storage capacity,
the method comprising the following steps:

(a) first dividing the data base into a plurality of main 5
cells according to a first predetermined regular
division pattern;

(b) second dividing any main cells which comprise
more than one data parcel, each data parcel being a
part of the respective main cell, which part has a 10
data content occupying substantially completely
the storage capacity of a respective one of the
storage parcels, said second dividing comprising:
(i) dividing main cells which comprise more than

one data parcel into a first set of base cells ac-
cording to a second predetermined regular divi-
sion pattern; and
(i) combining one or more adjacent base cells
within a same main cell to reduce a2 number of 20
base cells within that same main cell, said com-
bining resulting in a second set of base cells,
which second set includes at least one combined
base cell, so that any combined base cell result-
ing from said combining corresponds to only one ;5
data parcel; and
(c) setting up an identifier table comprising:
(i) a main cell table comprising
(A) a first identifier identifying said plurality of
main cells according to said first pattern; and 30

(B) for each main cell which is divided into base
cells, a respective first address pointer indicat-
ing a memory location of a corresponding base
cell table; )

(ii) at least one base cell table pointed to by such a 35
first address pointer and comprising a base cell
identifier identifying the base cells in said first set
according to said second pattern and a list of the
base cells in said first set with respective indices,
each index indicating a respective data parcel of 40
the respective main cell, so that at least two base
cells in said first set and within a same main cell
share an index; and

(iii) for each main cell which is divided into base
cells, a respective data parcel list which com-
prises a respective second address pointer for
each respective data parcel in that main cell, the
respective second address pointer indicating a
memory location where the respective data par-
cel is stored.

6. A memory loaded with a database comprising an
optical memory, wherein the database is loaded into the
memory by use of the method as claimed in claim 5.

7. The method of claim 5 wherein the indices from 55
the base cell table indicate respective second address
pointers in the data parcel list.

8. A method for retrieving data from a data base
stored in 2 memory whose capacity is divided into a
plurality of storage parcels each having a predeter- ¢
mined storage capacity, the method comprising the
following steps: ’

(a) first fetching a main cell table from memory, the

main cell table comprising; .

(i) a first identifier which identifies a plurality of 65
main cells according to a first predetermined
regular division pattern, which first pattern di-
vides the data base into the main cells; and
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(ii) at least one first address pointer corresponding
to at least one respective main cell identified
according to the first identifier;

(b) first selecting a main cell and one first address
pointer using the first identifier and a virtual ad-
dress identifying a data parcel within the main cell,
which data parcel is a part of the main cell which
part has a data content occupying substantially
completely the storage capacity of a respective one
of the storage parcels;

(c) second fetching a base cell tabie pointed to by the
one first address pointer, said base cell table com-
prising:

(i) a base cell identifier identifying a plurality of
base cells according to a second predetermined
regular division pattern, which second pattern
divides the main cell into a first set of base cells;
and

(ii) a list of the base cells in the first set with respec-
tive indices, each index indicating a respective
data parcel of the respective main cell, so that at
least two adjacent base cells in said first set share
an index, effectively resulting in at least one
combined base cell, each combined base cell
corresponding to only one data parcel;

(d) second selecting a base cell from the first set and
a respective index using the base cell identifier and
the virtual address;

(e) third fetching a data parcel list comprising a re-
spective second address pointer for each respective
data parcel in the main cell, which second address
pointer is locatable using the indices from the base
cell table; and

(f) third selecting a second address pointer from the
data parcel list using the respective index.

9. The method of claim 8 wherein

(2) the base cell table and the data parcel list are
stored at a predetermined offset from one another,
and

(b) said second and third fetching steps are performed
in a single retrieving step.

10. A method as claimed in claim 8, in which the
database is a road-map, and wherein the virtual address
is formed using the geographic coordinates associated
with the geographic location to be indicated.

11. A method as claimed in claim 8, 9, or 10, in which
the data base is a road-map, wherein:

a further virtual address is formed by adding a prede-

termined value to the virtual address, and

the method further comprises fetching a storage par-
cel containing the further virtual address.

12. A method as claimed in claim 8, wherein each
parcel list is stored in the memory at an address which
has a given offset from the storage address of the associ-
ated base cell table. ’

13. A method as claimed in claim 8, wherein the
capacity of a storage parcel has a byte length lying
between 2K bytes and 32K bytes.

14. The method of claim 5 or 8 wherein each data
parcel occupies at least 75% of storage capacity of the
respective one of the storage parcels.

15. The method of claim 5 or 8 wherein

the database is a road map;

the first pattern divides the database into main cells
which cover equal surface areas; and

the second pattern divides the database into base cells
which cover equal surface areas such that a number
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of base cells in said first set is an even power of
two.

16. A method as claimed in claim 15, wherein:

the main cells and the base cells are each formed by
respective square segments of the road-map, and

the first identifier and the base cell identifier indicate
respectively respective lengths of the respective
squares from which the respective main cells and
the respective base cells are formed.
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17. The method of claim 15 wherein the first and base
cell identifiers comprise respective first and second
functions for locating entries within the main and base
cell tables, respectively, which entries are arranged
according to a Peano-N key. ’

18. The method of claim 16 wherein the first and base
cell identifiers comprise respective first and second
functions for locating entries within the main and base
cell tables, respectively, which entries are arranged

according to a Peano-N key.
* ok ok k%



