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This invention relates to databases and database management systems.

BACKGROUND OF THE INVENTION

As is well known, a database system is a collection of interrelated
data files, indexes and a set of programs that allow one or more users to add
data retrieve and modify the data stored in these files. The fundamental
concept of a database system is to provide users with a so called "abstract”
and simplified view of the data (referred to also as data model or conceptual
structure) which exempts a conventional user from dealing with details such
as how the data is physically organized and accessed.

Some of the well known data models (i.e. the "Hierarchical model",
"MNetwork model”, "Relational model” and “Object Relational Model” will
now be briefly reviewed. A more detailed discussion can be found for
example in: Henry F. Korth, Abraham Silberschatz, "Database System
Concepts”, McGRAW-Hill International Editions, 1986 (or the 3™ edition
(1997))., Chapters 3-5 pp. 45-172

Generally speaking, all the models to be discussed below have a
common property in that they represent each "entity" as a "record” having one
or more "fields" each being indicative of a given attribute of the entity (e.g. a
record of a given book may have the following fields "BCOK ID", "BOCK
NAME", "TTTLE"). Normally one or more attributes constitute a "kev" i.e. it
identifies the record. In the latter example "BOOK-ID" serves as a kev. The
varicus models are distinguished cne from the other, inter glic, in the way

that these records are crganized into a more complex siructure:
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Other concepts introduced by the relational model are high level
operators that operate on tables (i.e., both their parameters and results are
tables) and comprehensive data languages (now called 4th generation
languages) in which one specifies what are the required results rather than
how these results are to be produced. Such non-procedural languages (SQL -
Structured Query Language) have become an industry standard. Furthermore,
the relational model suggests a very high level of data independence. There
should not be any effect on the programs written in these languages due to
changes in the manner data are organized, stored, indexed and ordered. The

relational model has become a de-facto standard for data analysts.

Network Model - In the relational model, data (and relationship between data)
are regarded as a collection of tables. In distinction therefrom in the network
model data are represented as a collection of records whereas relationship
between the records (data) are represented as links.

A record in the network model is similar to an "entity"” in the sense that
it is a collection of fields each holding one type of data. The links may be
effectively viewed preferably (but not necessarily) as pointers. A collection

of records and the relation therebetween constitutes a collection of graphs.
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organized in hierarchical manner, it may require larger volumes as compared

to other database models.

Consider for example a basic entity "Employee” with the following
subordinated attributes "Employee_Salary” and "Employee_Attendance”. The
latter may also have subordinated attributes e.g. "Employee Entries" and
"Employee Exits". In this scenario the data is of inherent hierarchical nature
and therefore should preferably be organized in the hierarchical model.
Consider, for example, a scenario where "Employee” is assigned to several
"Projects” and the time he/she spends ("Time Spent”) in each project is an
attribute that is included in both the "Employee” and "Projects” entities. Such
arrangement of data cannot be easily organized in the hierarchical model and
one possible solution is to duplicate the item "Time Spent" and hold it
separately in the hierarchies of "Employee" and "Project”. This approach is
cumbersome and error prone in the sense that it is now required to assure that

the two instances of "Time_Spent" are kept identical at all times.

Object Oriented Model —-A éomprehensive explanation can be found in
“Object Oriented Modeling and Design”, James Rumbaugh, Michael Blaha,
William Premerlani, Fredrick Eddi and William Lorensen.

The object-criented approach views all entities a objects. Each cbject

belongs to a class, with each class there are associated methods and fields.
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relational-organized data. Thus, one is able to operate on the data as if it is

organized as objects and at the same time, support the relational approach.

As mentioned in the foregoing, data models deal with the conceptual or
logical level of data representation and "hide" details such as how the data are
physically arranged and accessed. The latter characteristics are normally dealt
with by a so-called database file management system.

The database file management system maps the logical structure (in
terms of database model) to a data structure, pertinent operations and possibly
other data. The data structure includes index and data records. The index
enables accessing or updating the data records by a key. In the context of
search, the term search key is used. Database file management system should
preferably operate on the data records so as to accomplish enhanced perfor-
mance in terms of time (i.e. from the user's standpoint fast response time of -
the database), and space (i.e. to minimize the storage volume that is allocated
for the database files). As is well known in the art, normally, there is a trade
off between the time and space requirements. The performance of the
database depends on the efficiency of the data structures that are used to

represent the data and how efficiently the system can operate on these data, A
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The search paths form a multi-way tree. Its main disadvantages are that it

requires space (usually all the keys to the records plus some pointers) and
maintenance (addition and/or deletion of keys whenever an update transaction
(see definition below) occurs i.e. record is added and/or deleted. Normally,
the nature of the indexing scheme as well as the volume of the data held in the
files determine the number of accesses that are required to find or update
(update encompasses, insert, delete or modify) a given data record. In the case
that the storage medium under consideration is an exfernal memory, the
number of accesses is effectively the number of VO accesses. As will be
explained below, in each access to the storage medium a block of data is
loaded into the memory.

Various types of wee indexing schemes have been developed but,
normally, an indexing implementation is more costly than the specified direct
access indexing techniques. Omn the other hand, tree indexing allows
sequential and sub-range processing. One of the most widely used indexing
schemes is the B-tree (under various commercial product names and
implementation variants such as B” tree) in which the keys are kept in a
balanced tree structure and the lowest level points at the data itself. Detailed
explanation of the B-tree indexing scheme is found im "Database System
Concepts" ibid pp. 275-282. The number of /O accesses cbeys the

algorithmic expression LoggN + 1 where X is an implemeniaiicn dependen:
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This results, of course, in the undesired inflation of the index size and
the latter drawback is further aggravated when indexes of large size are
utilized (i.e. when a relatively large number of bits is required for representing
the key).
One possible approach to cope with this problem is to exploit the Trie
indexing scheme. An example of the latter is the trie discussed in G.
Wiederhold, "File organization for Database design"; Mcgraw-Hill, 1987, pp.
272, 273, or in D.E. Knuth, “The Art of Computer Programming”;
Addison-Wesley Publishing Company, 1973, pp. 481-505, 681-687.
Generally speaking, the trie indexing scheme enables a rapid search
.Whilst avoiding the duplication of keys as manifested for example by the B
tree technique. The trie indexing scheme has the general structure of a tree
wherein the search is based on partitioning the search according to search key
portions (e.g. search key digit or bit). Thus, for example each node in the trie
indexing file represents an offset of the search key and the link to any one of”
its children represents the character’s value at said offset. The trie structure
affords efficient data structure in terms of the memory space that is allocated
therefor, since, as specified before, the search-key is not held, as a whole, in
internal nodes and hence the duplication that is exhibited for example in the B
—tree indexing technique is avoided.
In a specific variant of the trie such as the trie described in "File

organization for Database design" ibid, in order to achieve enhanced
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sequential sub-range processing.
When considering a large amount of data, it is of particular importance
to maintain a so-called balanced structure of the tree index in order to avoid
long paths for accessing a given data record from the root node to the leaf
node that is associated with the sought data record. The specified B-tree
indexing scheme, constitutes an inherent balanced tree structure, even afier
the tree has been subject to update transactions. The inherent balanced (or
essentially balanced) structure is accomplished, however, and as explained
above, at the penalty of inflating the contents of the blocks in the tree and,
consequently, unduly increasing the file size that holds the index, pgrtimﬁarly
insofar as large trees which hold multitude of data records are concerned. The
large volume of the files adversely affects the performance of the data
management system in terms of mumber of accesses (and consequently in
terms of accessing time) to the storage medium in order to reach a sought data'
record, which is obviously undesired.
Turning now to the “others” category of index schemes it includes for
example the so called Skip list index: A skip list is a randomized data
structure: It consists of levels, the lowermost level, level 0, consist of a list of
all records crdered by non-decreasing order. Each node of level i (i =0,...,4)
chooses, with probability p, whether to be a representative of level i +1. The

representatives of level i constitute the nodes of level i+1. These
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are subordinated to “borrower”. In order to resolve this query, one should

apply two queries — one for the borrower information and another for the
books borrowed by him (according to the composite key - book borrower)
Insofar as B-tree indexing scheme is concerned, in order to support the

subordination of data in the manner specified, several separate index files are
requires, as follows:

e Books index file, accessible via book-Id key,

o Borrowers index file, accessible via borrower-Id key;

e Transactions via borrowers, accessible via the composite key

(borrower-Id book-1d ).

Accordingly, the index scheme includes here three index files. This
obviously poses undesired overhead insofar as data volumes and additional
integrity maintenance and checking are concerned. Thus, for example,
removal of a given book from the book file requires a preliminary test to
inquire whether it exists in the borrower-book index file.

Having discussed the drawbacks of hitherto known techniques insofar

as subordination of data records are concerned, the cumbersome
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index file accessible via the composite key (book-Id borrower-1d), giving rise

to a total of four index files.

The pertinent drawbacks are self explanatory and become even worth
for m dimensional tables (n >2).

There is accordingly a need in the art to reduce the drawbacks of data
processing systems that exploit hitherto known database file management
system. Specifically, there is a need in the art to provide for a data processing
system that exhibits database performance by utilizing an efficient database
file management system.

There is yet further need in the axt to provide for a database file
management system that utilizes an index which inherently being not
susceptible to unbalanced structure in the manner specified above.

There is still further need in the arf to provide for an index which
inherently supports representation of multiple types of data, subordination

of data records and/or multi-dimensions.

GLOSSARY OF TERMS:
For clarity of explanation, there follows a glossary of additional terms
used frequently throughout the description and the appended claims. Some of

the terms are conventional and others have been coined:
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non- decr ea ?Ef o AdRtPrage it N@th SD@\/%‘F"‘?SC@ )Laosmg 'V é) ORFR YIS with

probabilit

repr esent attsl é/)cé(s&% g@%ﬁqap%%ﬁﬁﬂﬁe i%g &m*e? é bo&islarr}'z}n%%d These

- 8- reIOragsaeﬂi*éélhh&?)‘é)ssmgﬂalsérlﬁﬂ&rtgadvnmcﬂa%rédbr@s" R HesEK hily rebfeel h+l is
the first enpty |evel Havi ng di scussed the maj or drawbacks of
hitherto kimwnaimdeefersedcoealsp. as mtarmadl ed steondary| (refesrede tq).ald tasee and
variants thereof) and susceptibility to unbalanced structure (e.g. trie),
there fol | GWETRAlYSEUAES| on i n anot her aspect which pertain to various
characteristics including subordi nati on of data records and

g‘;Lte's' of Ve T BclSth PRIt efhex fayap&ﬁc? qq%ggs%'(g %rcié’&no%“e"l&ﬁce@goks and
e’ | dont i 1 O0ARSRER Pobdricy oAt TAGT AT i Tali® Ut abfbes ml 1T o

scenari o, fehe aSoti The rBoR! dfahk 'sﬁbﬁéé& ar@ 'ﬂ@feh‘éd't&taﬁ Wz%’?& hBdes! Sk Or
exanple all books borrowed by a given borrower.

root node of the tree, and nodes of the subtrees are descendent nodes of the

root. A node all the subtrees of which are empty is called a lea/node. The
nodes in the tree that are not leaves are designated as internal nodes.

In the context of the invention, leaf nodes are also nodes that are
associated with data records. |

Nodes and trees should be construed in a broad sense. Thus, the
definition of tree encompasses also a tree of blocks wherein each node
constitutes a block. In the same manner, descendent blocks of a said block are
all the blocks that can be accessed from the block. For detailed definition of
"tree", refer also to the book Cormen, Leiserson and Rivest, or Lewis and
Deneberg “Data structures and their algorithms”.

It should be noted that the association (e.g. link) between leaf node and
data record encompasses any realization, which enables to access data
records from leaf nodes. Thus, by way of example, a data record may be
accessed directly (i.e. through pointer) from the leaf node. By another -
non-limiting example, the leaf node points to data structure, (e.g. a table) |
which, in turn, enables to access data records. Other variants are of course,
also feasible.

Depth of an index - is defined as the maximum number of blocks from a root

block to a block associated with a data record.



| atter transaction exenplifies subordination of data records, " haoks"
are subordi N4 * borrower”. In order to resolve this quer%}&l’g@gﬁg@gul d
apply two queries - one for the borrower information and anot her for the
books borrowed by him (according to the jganposite key - book borrower)

I nsof ar as B-tree indexing schene is concerned, in order to support the

subordi nati on,of da in the .manner ecifi several separate,ipdex files
are requi res,B%{fgnf%f ?’?f%%’:" Xn*mng%%f?sb‘r’sj ’f’]’é")’gllfl%ﬁ%re e&{bﬁg%gsqom; R/Fﬁu%@’gl d key;
a Borrowers i eﬁgmf]' [ ' r 5 e * T actions
vi a borrower sﬂ,agacceﬁségie%fl g&\%i@%%t Ssﬁ%ﬁﬁégﬁe%%ﬁ%&%é? rag)v\%(r)s-tl %ngbk- 1 d).

Accordingly, $herel Neeihe dresddrden thesRudifece i ndex files. This

obvi ously poses undesired overhead 1 nsofar as data vol umes and additi onal
integrity mai ntena@bfai@ing chebllangedir eree oraesmedsses,hugpplfiog chaiapling
removal of a given book fromthe book file requires a prelimnary test to
i nqui re whet hiechniguex pests faatumhdonoan owbealapeek stmgare), i bringing aboutieayi ng

di scussed t he, drawbacks of hit to kno f echnigyes .i nsofar as
subor di nat i onbﬁéﬁic%%@%op&@eéméo Y%@ct%mmﬁw on the

-9 - ' ! ' f b h
consi der g+ oS oAt R bp R QRPUBMBTMREEL 4; onei onal  dat a r ecor ds
Reverting now to §h&nktehn SXRHRkEuld R ohSiEERY BAKDcARGIRSFiRYELS, ar e

a node to another node within a block or to another block usually, although

not necessarily, in order to reach sought data records.
Navigating is considered as accessing data records, usually (although
not necessarily), in order to collect them in an ordered manner by their key.

Search scheme: meaning the algorithm that is associated with an
index that is used for accessing a given data record by key; intra-block
search scheme meaning the algorithm that is used inside the block for
accessing a given data record or another block. The data record is not
necessarily accommodated within said block.

Common key of a block — The common key of a block is the longest
prefix of all keys of the data records that can be accessed from the block by
the relevant search scheme. If desired, part or all of the common key may be
held explicitly in the block.

Update tramnsactions - transaction consisting of either inserting a new
data record, or deleting an existing data record or modifying an existing data
record or portion thereof .

Vertical orientated trie structure - conventional orientation of digital
tree from root to leaves. As will be exemplified below, it is not always
obligatory to maintain all the links between nodes and/or blocks in the vertical
trie. As will be explained in greater detail below, in an index of the invention,
the trie that is susceptible to an unbalanced structure constitutes a vertical

tree. As will be described below, in some specific embodiments, the



now regarded as nulti-di nmensional tables, which can be reached from several
vi ews. Th¥O9%30%ddition to the above mentioned borrower-> HoBRSMOMB (books
borrowed by borrower(s) which is inplenented by an i ndex over the
borrower - book conposite key, the datahase should support the alternative
view of borrowers that borrowed a given book(s), which requires, of course,
to utilize the alternative conpgsite key (book-borrower).. In the Btree
r epr esent afPRitruction; of irdex, aysigihy kegurf die Wata serosdofdriei ernstitie | e
accessible_yia_t he ite key (book-1d borrower-1d), giving rise to a
total of fgﬁ'in %Q&tgﬁml&g% The pertinent drawbacks are self

expl anat ory and %Wa f o ERS lg, t S >
There is accordingly alﬁ\eéglgnilé?rﬁee 'g}r:zf to reglégg&?#e lgér‘ggvb%if:kwgr@aidata
pr ocessi ngosigatatstitricstiuotugel with thiet frst levek sndingaforhie appétnrostinagenent

system Specifically, there is a need in the art to provide for a data
pr ocessi ngasg she mtlavel standing for thedewenrosp devied (constituting theittie zhatds an

efficient datab file agepent system_ ., There is yet further need
in the art S?%?CB%@% Te@nf%%gﬁng%f@ﬂ&g@yﬁg i“ﬁ?écfrrhﬁ wasgQedated withedatat i | i zes
an index which.inherently. bein t sysceptiple. unbal ed.styucture in
t he mnnerr%cp%gf’f dglg%\z%;éq .mov% ﬁ%&ﬁ?o}pg}[ Bﬁ ’%?ﬁvteﬂg‘f’ aﬁ@@ﬁgilﬂ fe art to
provide for 3% jdpacebiididl 1o hec8Minoh XepPRile dfelectRkat g&ma&)ifougu' tiple
types of data, subordination of data records and/or nulti-di nmensions.
GLOSSARY CenibioRlifBients of the Boventibmr and asf wilk Heaexplaimed inhgreatdroddtails a

gl ossary of additional terns used frequently throughout the description and
t he appenddgloy.dheh uppsrdevsls corstitaterisrepreseptativerindenaverahd commos have

been col ne?(:eys of the blocks of the lowermost level tree.
Storage medium - Any medium that may be used to store data, including
either or both of internal and external memory. External memory may be one
or more of the following: magnetic tape, magnetic disk, optical disk, or any
other physical medium used for storing data. Intemal memory includes any
known main memory including cache memory as well as any other physical
storage medium that serve as internal memory.
Short link — (referred to also as near link) a link labeled & between a node o
having the value 7 to node 5 in the same block such that the keys of the data
records that include node 5 on their access path have the value k at key
_position 7.

Long link — (referred to also as far link) a link between a node v in block B
of level i to block B' of level i—1lor to a data record. If v has value r and "~
the label of the link is %, then the value of the common key of block B' or
the key of the data record is k at position r.

The label of a short link or a far link is also referred as the value or
direction of the link.

Split link — If a block overflows and a split process is performed such that if

node a is linked to node b, and after the split node 5 and its descendent



-10- Block - a storage unit which can be accessed by a single |/0O
operation. A9 BE%May contain data arranged in any desired nhfiRar?/0803
nodes arranged as a tree and possibly also links to actual data records. A
bl ock may reside in main (referred to aliga.as internal) or secondary
(referred to also as external) storage. Tree - a data structure which is

ot :‘tf”fly FoSRoRe BecpamaRaled: 1t AoddTER Blpolh PEboEoTPRAIF A Tge |
he tree, andohees RpecraCld 24 SRR AR 3t SR i e B "0 ©

node all the ﬁﬂl@%ﬁ@éerpﬁod@boihdabl%cﬁfm(ﬂﬁat & gjohffodatim@ahodtod. A et nodes
inthe tree that are not | eaves are designated as internal nodes. In

t he cont ext ohnkﬁﬂaaiabekmklmdn | eaf nodes are al so nodes that are associ ated

w th data records. es and trees shoul d be construed, in _a broad
sense. Thus, Hhecrse) Hﬂpiemﬁn@thl}se%lcén@oﬁﬁég ﬁélnalg@gam@r%%ﬁdimﬁlﬁ&ﬂm

wh h bl.ock. d d
bl ocks of o SBOGE 6 uie HenbiRk B RS ok 4 RSB GRIEL sulEiSR R | ne
bl _ock For de %egfgo EfB 3155{\%92 angy%ggq% ded ef er also to the book Cornen,

Lei serson and ves eberg "Data structures and their
al gorithns"” I t shoul d be noted that the association (e.g. |ink)
bet ween Ieaf node and data record enconpasses any realization, which
enabl es to acBéwst Haka a link between node v in block B of level i to block B' of level

i -1, that includes a node v' such that nodes v and v' have the same value.
If a search path to data record with a key & includes node v but does not

include any of its near and far links then it should contain the direct link to
block B A direct link has no label.

There follows a description that pertains to the terms duplicated
node and copied node that are utilized in the block split procedure.

Thus, if a node v* has value % then all the keys of data records
accessible from v’/and its labeled links agree on positions 0,...,k -1.

If a node v is created such that it has a value equals to the value of
node v’ and all data records accessible from v and its labeled links are
accessible from node v’ and its labeled links, v is considered a duplicated
node of v'. A duplicated node maintains a direct link to the block that

includes node v’ (a duplicated node is also referred as copied nodej.'



records from |l eaf nodes. Thus, by way of exanple, a data record nmay be
accessed MYQBYINY (i.e. through pointer) fromthe | eaf nodePCBIL9988er
non-limting exanple, the | eaf node points to data structure, (e.g. a
table) which, in turn, enables to access data records. O her variants are

of course, also feasible. Depth of an index - is defined as the maxi num
nunber of blocks froma root block to a bl ock associated with a data
record. - 11- Bal anced | ndex - An

index i s bGENERALDESCRIPIION OB THEINVENTIONh that the nunber of
accesses needed to reach any data record is at nost clogn, where n is the

nunber of records in the structure. bt ai ning a balanced tree
enconpasses, applying bal ancing technique, post factum (on an unbal anced
structure), brihhemegolbwsta distussiomcindvasious additionabtermisfandesriocediiresappl yi ng
t he bal ancing technjque on the fly, sp as to majntain, a balanced bal anced
st ruct ur e. that are l&&"é{eg’s §SRTIRHOR ﬁ&é%ﬁmsﬂé 8 reontext &f the pressAbcess of

novi ng fromva {iode to anot her node within a block or to another bl ock
usual ly, a B %‘Ilf not necessarily, in order to reach sought data records.

neceacari L) | BPa AEOYs RRUFRE S il OF seylral B, SRR Wik B oy,
Sear ch schdesignatedni igys MSorakgmes thenredoads bre oniesad by asherdf theakeys,
called the primary key. An index (or index scheme) over the keys of data
records or over representative keys (for the definition of the latter see
below) is a data structure that facilitates search by one or more of the keys.
Examples of index are any of the specified Multi-way tree index schemes.
An index according to the invention may be constituted by using more than
one index scheme.
The index may be stored in a file or files that reside partially or
entirely in the internal memory or external memory.
In accordance with the invention there is provided an index that
includes a partitioned index—a dynamic data structure - that allows search
by key, and is partitioned into blocks, each of which contains a
representative key. The representative keys should be sufficient fo find the
block associated with a record whose key equals the search key (if one

exists). Having located the block, the data record may easily be retrieved.

The representative keys are not necessarily stored physically in the block.
Examples of partitioned index are:

1. The sequence of blocks of a file ordered by increasing key value
of the primary key. The index leads the search to the block
containing the key. To allow searches by a key that is not the primary

key, a partitioned index is constructed such that for each record the



I ndex that is used for accessing a given data record by key; intra- Kk
search schenWO#8a#i%g the algorithmthat is used inside the bfo 919@#0%
accessing a given data record or another block. The data record is not
necessarily accommodated wi thin said bl ggk. Common key of a block -
The conron key of a block is the |longest“prefix of all keys of the data
records that can be accessed fromthe block by the relevant search schene.
| f desired, parpamitioned index ¢omtainsite ke apd iayinke Thesebaisspre ordérgdi n t he

bl ock. Update transactions -_.transactjon consisting of either

i nserting a newPddA-RETEIHIS JPP%PEF}P% e&nlré?(ilg ShéFadaty hechioakor

nodi fyi ng an exi

' r i her eof . Verti cal
orientated tri ecézﬁt{aﬁ*@g&%&%&o@%ﬁ\é}}t&é 8§a etdorrg?%gﬁlt ation of digital tree from
root to |eavesy A d gﬂﬁﬁggﬁgmd’kfsj ed below, it is not always obligatory
to maintain all the |inks between nodes and/or blocks in the vertical tie,

As wi || be expl.ai@éri typgseaf einddrt achenssl abat imeetn thendsrovisfort hef | nventi on,
the trie that is susceptible to an unbal anced structure constitutes a
vertical tree. pettitionedpederescri bed bel ow, in some specific embodi nents,

t he - 12- construction of index
over the keys of the data records of trie constitute vertical oriented
tries. Hor i el s ' - Is I .5 Of
verti cal orientatéé?%bﬁéxgpﬁgg%ﬁgéé%aﬁ¥ﬁ&$gé?pﬁﬁchgﬁ%é$g§P§H§¥%%§for t he

upper most | evelptitioned index and is denoted index layer 7.

This partitioned index might become non-balanced, thus giving rise
to some long search paths.
To search the partitioned index efficiently, an additional index layer

{an index layer is denoted in short also index)/, is constructed over the
representative keys of /. If 1, is also a partitioned index then an additional
index I, may be constructed over the representative keys of the blocks of
I, . This process may be repeated until creating an index 7, (hereinafter

root index) which preferably is fully contained within a single block. The

root index 7, is not necessarily a partitioned index. The layered index
{(which constitutes alsc an index) is the collection of I,....7, .
I,.....I, constitute a so called representative index.

To search a record by key %, the latter is searched in 7, (and in some
cases in [, to I, and data record(s)) in order to find the block Bof
I, leading to % . This process is repeated until reaching the block of [

that is associated with the record with key & (if one exists).
To insert a new record » with key k&, a search is performed as above

to find the block B.Having found B in /,, r is added to B.
If B{in I,) overflows, it is splif into two (or more) blocks and the

representative of Bin/, is replaced by the representatives of the new blocks.



and the h [err] level standing for the |l owernost |evel (constituting the
trie that WR9%3I8+Lpti bl e to an unbal anced structure) which PET/HANIHIIBY
associated with data records, and allows to nove froma block in the i[err]
|l evel to a block inthe i + 1[err] Iexﬁl according to a common key val ue of
t he bl ock. In various enbodi ments of thé invention, and as will be
explained in greater detail below, the h upper |levels constitute a

r epr esent alheeoverflow ooBrblotie Bpnmor, kegntaits & hsplittimrkaf o, tahd kiwer nost

| evel tree. Storage medium - Any nediumthat nmay be used to store data,

i ncl udi ng wpresentativebof hBoin ifhtisrmeplaced dbye the repriesersatives. ofthemesl nenory
may be one or nore of the foll owing: magnetic tape, nagnetic disk, optical
di sk, or ablpcksieée. phths Rlack efdl,ueverflowsta additiohalglagter 4, ,, lintemateal nenory

i ncl udes any _known main nenory including cache nenory as well as any other
physi cal saad agdedrieithmiayaead ndexcltshonkt be natedithab an “ogexftaw™ state -
(referred to aJjso,as neat lin a lipk I ahel ed k hetween a node a havi ng

t he val ue P& ﬁ&féerﬁllpﬁé tal‘féo'!s%?& t%l‘ﬁ%l@%@ﬂa’f H‘HPB?%@W% dees Ret dat a

records th l0G) Is aye the val.ue k at key
posi tion rﬁéiéggéjl]&ﬁg@?g?r&%&?@gﬁf%r%ci%g&ggﬂﬁ ;#LUP’I ﬁ%{)exﬁqﬂ\{?ﬂpyb%‘f%en a
node v in bdeliBe@ ovefi6l dechfs Whatk bRockolk o st half si efa to a data
record. If v has value r and the label of the IIn |szk, then the val ue of
the common key Ofelétiacis sinilar t¢ resektéon, ehdtrnighd dhvolve eodrdinis—evirseposi ti on
r. The | abel of a shart link or a far link is also referred as the
val ue or dPFasess o splitting. | The updatsy|qrt the split needanpt gwekessadily Ikews and a
split process . is perforped such that.if .node a.is |jnked to pode b, and
After the BeprirBgn E B bwtibdy b Belnredd e pettoried post factiam).

It should be noted that the construction of the layered index

preferably retains a balanced index.
It should be noted that in some embodiments the balanced index is

sufficient, and in some cases where the layered index (without I,) is of

relatively small volume (e.g. may be accommodated mostly or entirely in the
internal memory) the “balanced structure” requirement may be exempted.

In accordance with a first aspect of the invention, it has been found
that the inherent limitations of a basic partitioned index (e.g. trie) that is
susceptible to an unbalanced structure may be coped with by providing an
index and, more specifically, a layered index in the manner specified.

Focusing, for example, in the layered index as compared to the basic
partitioned index (e.g. trie), it readily arises that accessing selected data
records through the layered index is substantially more efficient than the
accessing the same data records through said trie.

In the context of the invention, “more efficient” means that the
number of accesses to the storage medium through the layered index in
order to perform an update transaction (e.g. insert, delete or modify) on a
data record or access data record is smaller compared to the number of

accesses to the storage medium through the basic partitioned index.



- 13- nodes_ ar ~ommodated in a different bl ock-bl ock B—tr%)r LK
bet ween nodé"ég@ﬁ@g ode b is a split link. After the split, the@%ﬁ?édsﬁi nk

is the link between node a and bl ock B (that is accommobdati ng node b). A
split link is a labeled link. In severahsi_nplementations such as PAIF
mai ntaining the split link fromnode a to to the bl ock B where node b

resides is optional fsince on?1 C access bl ock B through the E yer.ed i ndex.

Direct |ink -N&OPEHR! BECHEES HB@}%CQIHUBF éRCiBtbéf 1} @AFd aCCCYSA l%@gles B of

l evel i -1, that,,.inclu . .and V have the sane

value. If a g@kﬁ%ﬁ.ﬂgfdgﬁﬁ&g&e\égﬁﬁ%ﬁ ?ﬁé %\tgg%%iﬁg?ﬁ&'udes node v but

does not i nclude ar%ere&naf'@e Ef&?ti%ﬁﬂ dceharidsNeBerehBe ldﬁers‘ﬂ%EQfﬁﬂ@ﬁ@ n the
ocC A direct | abel . T

direct link to bl B . i nk has no | ere follows

a descri pti onptdvdsioneiokanosaply tehe ih ehersasdgfl vecp smdlirfdd dasing oglyifed node
that are utilized in the block split procedure, . Thus, if_a node v
has val ue k tieeksalwharhacressingt data eooed sugsghdbe esis| partitionsd/ indexd i ts

| abel ed |i nks agree on positions O,...,k -1.. [ f a.nod is created
such that it A TBIYEe (Be SAWA| & £541 eSS, cperations thamethyousthgats Javgtad,
records acce%ggg+e fromv and its |l abeled |inks are accessi ble from node V'
and its | abel inks, v is considered a duplicated

In order to implement partitioned index as a trie - the construction of
a layered index from a basic partitioned index which is a trie, requires some
further considerations.

Thus, each key is regarded as a character or bit string. Moreover, if
the trie cannot be accommodated in a single block, it is partitioned into
blocks, such that each block contains a single subtree of the trie. The
representative key of the block is the string associated with the root node of
the trie in the block, i.e., the sequence of labels of the path from the root of
the trie of 7, to the root of the trie of the block. As in the general layered

index scheme, the representative keys of I are the keys of 7,,,. To search a

isl®

key & in I, one searches for the longest prefix & in the blocks of 7,,, and

i
from there moves to the appropriate block of 7,.

The insertion of a record entails adding its key to I, i.e., adding a
value to the trie of 7. If as a result a block overflows, the block is split—it
is partitioned into typically two (in some implementations more) blocks,
such that each block contains a {connected) trie. To accomplish this 2 link
between a node mand its child v is severed, and the subtree rooted atv is
moved to another block. The representative key of the new block, is added
to 7,. As in the general layered index scheme, this process is continued to
Iy d,.

If the basic partitioned index is a compressed trie like Patricia or

PAIF, only part of the keys are saved, this saves index space. However,



node of v'. A duplicated node maintains a direct link to the bl ock that

i ncl udes MYAB9380%4 (a3 duplicated node is also referred as coBFRALNELS.

- 14- GENERAL DESCRI PTI ON OF THE | NVENTI ON There follows a

di scussion in various additional ternmggand procedures that are used.in the
description and the clains in the cont gxt of the present invention.

Data records consist as a rule of several fields, sonme of which are

desi gnat ed theseiaayingsseffesti the gnanner ria cwhigh the searchds qerfoymede Infsuche keys,
lled th i . An_.ind i h th f dat
f 20 oer s ore c@&@r{%‘%ﬂ lr%g% H?'E?I?X/n Qgﬁ'eéé)ée(s:‘ %?‘?%gﬁég ﬁ%ﬂ t?‘\é’g :?r&q%f‘tn @/Fs‘ﬁ‘gt er as 2e
bel i il iyh At ; f th
coye. ExamarodnBiidCRER sdath kAP ) HOE SO, RAGHE |y PmBHR8] nfBifie O 1 "¢

schenes. ArehreHgiight trhtihag dt@ofeaetondent i wetiive €o eRSEK whethed Jay usi ng
nore than one index schene. The index may be stored in a file or

files that eqasl wethedeyicfl + yIfdhe &kays ard differenttithen thectrieadoesmadopntain ext er nal
menory. I n, accqordance with the invention there is provided an i ndex
that incl udsgcardwithikeyohed i ndex-a dynamic data structure - that allows

search The effect of this strategy on the layered index scheme is that the
prefix of ¥ might not be represented in the index. To enable search in such
cases a direct link from nodes of blocks of I, to block of I, are introduced.
These links do not have a direction, and are taken when the appropriate
position of the search key does not agree with any one of the directions of
the node.

Suppose the search reaches block B, , of I, whose representative
key k,_, is not a prefix of k. (If £,_, is not recorded explicitly in B,_,, we can
reach any data record r accessible from B, and from »’s key determine
k;_,.) To continue the search, we compare & andk, , to find the position j of
the first character where they differ, search up the trie of block B, until
finding a node v with a direct link and value less than or equal to ;. The
search continued from block of 7., pointed at by that direct link. (If no
such node exists, we go to the first block of the index 7,,.) Thus, in the
worse case, each layer might require one extra access. This notwithstanding,
and as will be explained below, 3 layers are sufficient to address billions of
records and usually 2 layers can be maintained in the internal memory of a
computer. Thus it is possible to have no more than two I/O accesses to the
external storage medium in order to access the block associated with a data
record.

The split process also has to accommodate direct links. Suppose that

the access path to block B,, of I, consists of block B, of layer 7,, B,



by key, and is partitioned into bl ocks, each of which contains_a

r epr esent at WE9%38984 The representative keys shoul d be suf fi cFERPLPHEng
the bl ock associated with a record whose key equals the search key (if one
exi sts). Having |ocated the block, the ta record nay easily be retrieved.
The representative keys are not necessarily stored physically in the bl ock.
Exanpl es of partitioned index are: 1. The sequence of blocks of a file
ordered by ioverBasisngndéy spiit unto bleicks hB_prndaBy, k8jockrd hasdegw tads t he
search to the bl ock containing the key. To all ow searches by a key that

i s not the pcomainylinkktoyall dsplescéndenhblbcks dtex,_j .sThisrwsnrhecacsamplished hat f or
each record the - 15-

partitioned bpdexfollovwiagmenilimitiomtechndqie:s |ink. These pairs are ordered
by non-decreasi ng value of the key. The index |eads to the block

cont ai ni ng t he adBﬁ%é,sl'é)lethﬁéﬁmwnﬁaéﬁ’erl@dfd?fd&-x'=2E13A<Wr1§@WQﬁ@Jﬁ n

bl ocks. 3. Qther types of index schemes that neet the Provi sion of
partitioned thedenmpressed trie of B,—so that the search to the keys of descendents of

B, ,' reaches B, ', and the search for the descendents of B, reaches B, .

A non-limiting method to accomplishing split process is as follows:

1. at least one short link among the short links of a node (hereon split node)
in the block is deleted (hereon split link) in a way that at least two tries
exist in the block.

2. each of the sub-trees is moved to a separate block.

3. If the block of B, does not exist, B; is created and a copied node of the
split node is created in B;.

4. If the block of B, exists and a copied node of the split node does not
exist in B, then a copied node of the split node is created in B, and
connected to the trie of B, such that B,_' (at the end of the split process)
is accessible in a search path that includes the root node in B; and the
copied node and its labeled links according to the representative key of
B. .

5. If the copied node has no direct link, add a direct link from the copied
node to the block B, .

6. Add a far link from the copied node to the block B,,’ or if the copied

i1
node has a short link to a child node in the direction of the far link, the
far link can be replaced by a direct link from the child node to block
B.'.

In the above implementation, a split of a block in 7,, k>0 is

performed such that the split links (of 7,) are links between copied nodes of



A partitioned i ndexes over the keys of data records is called a basic
partiti oneMOi%RA&4and i s denoted index |ayer |0. ThiPE€TARP003% ned
i ndex m ght beconme non-bal anced, thus giving rise to sone |ong search

pat hs. To search the partiti on&ch i ndex efficiently, an additional

I ndex |layer (an index |layer is denotéd™n short also index) , is
constructed over the representative keys of [err]. If I, is also a
partiti onedplibhdedes that resideahddiffererdiblodksdex | [err] may be constructed over
the representative kgys of the blocks of |I[err] . This process may be
repeated until &Cceardingly o aceerdanecs E@m]on@rﬂépéqtﬁ%ﬂ inventiemprovidesefoy whi ch

ferably ;i | t ai ned i t hi i ngle block. Th t index |
< ot necdbdpibrode SRR REARY 1 ubalc B Puspadimens Bbtem useaed.
consti t ut eSrPatg pRfcdsSHESystetn, ' atk ShrhGihd By floddatr]- - Terr]l Ilerr].

....l[err], constitute o cdl representative 1 ndex. To search
a record by keya layetddeindex aftanged sredlavkegttienaytRdrihdé2msklifdess 2 Basiccases in
I[e]rr] to I[err], and data record(s)) in order to find the bIoci B of ,
I [err], |edqariigoned knderhibet pr assosiateds withpdata erdcands;j therlessihpaitioned bl ock of
I[e

rr] theﬁldieﬁegggl%ciated.with t e.recorgawith key k (if one exists).

S accessing or updating the data records by key or keys, and
being susceptible to an unbalanced structure of blocks;

said layered index enables accessing or updating the data records by
key or keys and constitutes a balanced structure of blocks.

The invention further provides for, in a storage medium used by a
database file management system executed on data processing system, a
data structure that includes:

an index arranged in blocks and being constructed over the keys of
data records; the index includes a basic partitioned index that is associated
with the data records; the basic partitioned index enables accessing or
updating the data records by key or keys, and being susceptible to an
unbalanced structure of blocks;

said index enables accessing or updating the data records by key or
keys and constitutes a balanced structure of blocks.

Still further, the invention provides for, in a storage medium used by a
database file management system executed on data processing system, a
data structure that includes:

an index arranged in blocks and being constructed over the keys of -
data records; the index includes a trie that is associated with the data
records; the trie enables accessing or updating the data records by key or
keys, and being susceptible to an unbalanced structure of blocks;

said index enables accessing or updating the data records by key or
keys and constitutes a balanced structure of blocks.

Still further, the invention provides for in a database file management



To insert a newrecord r with key k, a search is perforned a find
the bl ock BWOPR¥¥é found Bin I[err], r is added to B. Spcapﬁ?éﬁg@gfi n

I[err]) overflows, it is split into two (or nore) blocks and the
representative of Bin I[err]l[err] is rqpl aced by the representatives of

t he new bl ocks. —21- - 16- The overflow
of block B[err] in lI[err] entails a splitting of Blerr] and the

repr esent at i vestim Bbermacdessing| §ata rpeards randl baingl eligeutbd anegatesprocessinges  of

the new blocks etc. If the block of I[err], overflows an additiaqnal |ayer
I[err], is creystesd; thedlasaigeerrds amgeassagiaiasly Wikdaxbasie parBliPReh A% ed t hat

“overf | ow' ray, be det er mined di | .
L h o i TR MO SRCE, e B M i
utl. us, . . : h i
ot | sast nal (PATiORPR e UndtEs SERAGHERR upRlEhs NV UAR GLEG IS TIcdy B ST B

i nvol ve mer gi pgs #\ihdifg Pikeptbleab adninbhlanoed sthiurensidilecks; the split need
not necessarily be perfornmed on the fly, but may be delayed (i.e.
per f or medpost f actaimnethod for ¢ansthotimgl delapiotedd indeat armasgedbnigt hletkson of

the | ayered index preferably retains a bal anced index.
comprising the steps of:

(a) providing said basic partitioned index;

(b)constructing a representative index over the representative keys of
said basic partitioned index; said layered index enables accessing
or updating the data records by key or keys and constitutes a
balanced structure of blocks.

The imvention further provides for in a database file management
system for accessing data records and being executed on data processing
system; the data records are associated with a basic partitioned index
arranged in blocks and being stored in a storage medium; the basic
partitioned index enables accessing or updating the data records by key or
keys and being susceptible to an unbalanced structure of blocks;

a method for constructing an index over the keys of the data records,
the index being arranged in blocks, comprising the steps of:

(a) providing said basic partitioned index; |

(b) constructing an index over the representative keys of said basic

partitioned index; said index enables accessing or updating the
data records by key or keys and constitutes a balanced structure
of blocks.

In accordance with the invention there is further provided in a database
file management system for accessing data records and being executed on
data processing system; the data records are associated with a trie arranged
in blocks and being stored in a storage medium; the trie enables accessing or

updating the data records by key or keys and being susceptible to an



It should be noted that in sone enbodi nents the bal anced index is

suf fici ent WOME3A sone cases where the |ayered index (withd&TILPYPN038 | 5
of relatively small volune (e.g. nay be acconmodated nostly or entirely in
the internal menory) the "bal anced strggture” requirenent may be exenpted.
In accordance with a first aspect of the invention, it has been found that

the inherent Jimtations of basic partitioned index (e.g. trie) that is
suscepti bl eu{lb)alﬁli‘f’%ﬁ%}%égabs‘?? ture may be coped with by providing an

i ndex and, nore LRI Y/ 'r}g%&( ' nner. specified.
Focusi ng, for eizﬁ)rr%ﬁg{i f?ﬁ%%%“%ﬁ?gr%ﬁ?iﬁ ex aghé;g% %ngh? gat[a SCORS;

parti ti onedtHeridaux being. artdrigedl iniblodkeaebyrisink TS stepabf: accessi ng sel ect ed
data records through the |ayered index is substantially nore efficient than
the accessing t(® gwowidieg atniegcords through said trie. In the context
of the invention, "nore efficient"” nmeans that the nunber of accesses to the
storage nedi um (r sogpiresting ap dndex precthe repsestatative keys of samhtrigydat e
transaction (e.g. ins

rt ., delete or mudify) an.a data record qr access data
record is smaller cOHPARdeK FRARIFACRESRE ‘%lfupgé@@gg@%gﬁ'@ reperdsttyr ke medi um
t hrough the basic p LJd |
-17- Nunber of accglg%%);sg@ﬂgﬁqdéﬂggé_%%r?gltapﬁg%s%%%r%%%l?loflﬁs‘each access a

bl ock i s handl edThe. idex0acestdig s abesasehtidn ANpkéRrablp ASouBhdhbm

There may be exceptional scenarios where the latfer "nore efficient”
necessarily constructed by one or more of the indexing schemes selected
from the specified index schemes. Typical, yet not exclusive, examples of
multi-way trees indexes being the B-tree indexing scheme.

By one embodiment said basic partitioned search scheme being a trie
that is constituted by a digital tree of the kind disclosed in U.S patent no.
5,495,609.

By another embodiment said trie is constituted by a so called
Probabilistic Access Indexing File (PAIF).

Thus, by a specific embodiment there is provided in a storage medium
used by a database file management system executed on data processing
system, a data structure that includes at least one probablistic access indexing
file (PAIF) having a plurality of nodes and links;

the leave nodes of said PAIF are associated each with at least one data
record accessible to said user application program and wherein at least portion
of said data record constitutes at least one search-key;

selected nodes in said PIAF represent, each, a given offset of a
search key portion within said inset search key; link(s) originated from each
given node from among said selected nodes, represent, each, a unique value
of said search key portion;

the PIAF having at least two sub-PIAF’s being arranged, each, in a

block;



provi si on S apply e.g. in the case of very small file i ly
few bl ocks?&mgggégéccessi ng a data record through the basic B%ﬁll‘gggg'ﬁgd
i ndex may require the sane or even | ess operations than through said

| ayer ed i ndex. In order to inmpl gent partitioned index as a trie -
the construction of a |ayered index froma basic partitioned index which is
atrie, requires sone further considerations. Thus, each key is

regarded as a chagiscdaia base Blemenagement pystem e further cepableofamengingt be
acconmmodat ed in .a singl | oc it is rttioned into bl ocks, such that
each bl ock é@’rﬁﬁ&lpﬁgs Sgggﬁgf‘ﬁe‘g%‘f%q;ﬁ’%ﬂ@tri e. The representative key of
the block is thegtg] [ d ;0 : tyis€e.in the

bl ock, i.e., the Ige%%gﬁgg&g?fl apefl étvgg#gﬁ%ggp@%d %%ﬁgﬁé&el&%’%é rg;fd%%’he trie

of 1i to theykietoréferdthe iddii@ingfonthe ghledcdefsefishisits hb@al@@?@&l@bedsﬁﬁ ed

I ndex schene, thé representative kKeys of I[err] are the keys of I[err]To
search a kakekase Thus; ohe oranerss efisailawdes mash endludey ethier pnfokinstibn, n t he

bl ocks of I[err] and , fromthere noves to the appropriate block of I[err] .
The i nserti éuchfasapartiens @f dhe keys andior wghert infammation, pileas required andaddi ng a
value to the trie.%f I[err]. If as a result a block overflows, the block is
split-it | 2PPEORT4 Poned into typically two (in some inplenmentations nore)

bl ocks, such that bl oc N eqte ' l'i sh
this a link bet \AeAeﬁ@ogHIn dg) é %ﬁg&?étdsérg ?ﬁ%%\;ﬂﬁ gﬂesg%/eeﬁoég% 3%_@)‘?%8gﬁbt ree
rooted atv igpapiedintexiagaichemebis Giastithirl bRl &t athette keYstahtidlie new
bl ock, is added to I [err]. As in the general |ayered index schene, this
process is ddemticaléelthay of the PAIF trie.
Before proceeding any further it should be noted that for convenience
of description only the invention is described mainly with reference to trie
as a basic partitioned index. Those versed in the art will readily appreciate
that the invention is by no means bound by trie and accordingly any basic
partitioned index is applicable.
Thus, a database file management system that employs a layered index
of the invention is advantageous, in terms of enhanced performance as
compared to hitherto known techniques inter alia owing to the following

characteristics:

o The data are held inherently in sorted form according to search key. |
Namely, One can navigate in the tree by the order of the keys of the
data records. The layered index inherently supports sequential
operations like “get next” and “get previous”. In this respect, the
proposed layered index constitutes an advantage over e.g. hashing
scheme and some implementations of digital trees.

» There is no requirement for in advance knowledge of the contents of the
database, in order to maintain balanced index.

» A balanced layered index is retained and the depth of the layered index is

relatively small, thereby minimizing the number of accesses (normally



I[err]l[err] I f the basic partltlonedlndeX|saco e

| i ke PatriWOR93809PAI F only part of the keys are saved, ngggggsgoolh#dex
space. However, - 18- these
savings affect the manner in which thesearch is performed. In such -
conpressed tries usually only nodes of degree greater than or equal to two
are mai ntained. If the search_key k does not bel ong conpressed trie, the
search ni ght teﬁlﬂWrM@eOPﬂfamth@&;Pde‘ﬂ““e@n@ m&pﬁ@eéﬁ ﬂcm%er kis
equal to the ke

contain a recor Cﬁfstﬂ tﬂ:ar];e,‘ct e AR §dm$ﬁ8 ﬁ@%lfﬁe{}ﬁ g}agﬁ?;}ajl}} § not
| ayered i ndex e@ggrﬂa indréd ht%v'&q/(B%Sfééréu@ﬁ é‘oxﬁhﬁﬁin e W@ﬁc@%% ed in

t he i ndex. To I"e 'search in suc ases d| rect I|nk from nodés of

bl ocks of I[errjeguitellielderfto kbedssla given atarrecordefiom affterepbilliorssdatm not
have a di rectlon and are taken when the appropriate position of the search
key does not aglreeerdmth any one of the directions of the node.

Suppose the search reaches Blerr errl,, ose representative
key k[err] |s no’tl‘halrpv@ftm PS griprR @F?]fOJ'Pé ‘]rPé?P‘w]EE%YF&“éH YPEikitly in

Blerr], we

storage medium of at least an internal memory that ranges between 10 to 20
M byte or more, and an external memory;

a data structure that includes an index over the keys of the data
records; the index is arranged in blocks; such that for one billion data
records substantially no more than two accesses to said external memory are
required in order to access a block that is associated with any one of said
billion data records, irrespective of the size of the key of said _data records.

Still further, the invention provides for in a computer system having a

storage medium of at least an internal memory that ranges between 10 to 20
M byte or more, and an external memory;
a data structure that includes an index over the keys of the data records; the
index is arranged in blocks; such that one million data records substantially
all the blocks of the index are accommodated in said internal memory
regardless of the size of the key of said data records.

The invention further provides for In a computer system having a
storage medium,

a data structure that includes an index over the keys of data records; the index
is arranged in a balanced structure of blocks and enables to perform
sequential operations on said data records; the index size is essentially not

affected from the size of said keys.

It should be noted that the data records may reside in the blocks of the
layered index, or may reside in separate data files (one or more). In the latter

embodiment the data records should be associated, of course, to the corre-



reach any data record r accessible fromB[err], and fromr's I ne
k[err]) To cBR¥R8¥4t he search, we conpare k and k[err]to fi ngaﬁgﬁggéss?}ion
j of the first character where they differ, search up the trie of block
Blerr] until finding a node v with a di 5e_c_t i nk and val ue I ess than or
equal to j. The search continued fromblock of I[err] pointed at by that
direct link. (If no such node exists, we go to the first block of the

i ndex 1[ err])spindsg layerdte indeotr f will firtherr he |cdarifiedningtin rafergace dodhe extra
access. This notw thstanding,,. and as w || be explai.ned bel ow, 3 |ayers are
sufficient todesdpEes BY | ynesHic srmbodimrs b&fwusmaalm atayEscerd aRahe

mai ntai ned in_the internal nputer. Thus it is possible to
have no nore BHEAE a%ﬁr%rg?i%@é%ess%%rgﬁt “external storage mediumin order
to access the bl ogke gpgeg Qé&ﬁ‘dﬁ‘fgttbQh@'eih@er!tﬁﬁp'iéjipreferabiy, ABosgH idot Pr ocess

al so has to acconmbdate direct |inks. Suppose that the access path to bl ock

Blerr] of I[engédessartipsipbsuakd Byooke BE encre off theaydexihpaschéme| seledted
- 19- overflows and is split into blocks Bl[err], and B[err]. Block B[err]
has now to  from the specified index schemes. Typical, yet not exclusive, examples of

multi-way trees indexes being the B-tree indexing scheme.

There follows now a discussion that pertains to the second aspect of
the invention.

Thus, normally data consists of records of several fypes (e.g. in the
example above books and borrowers). The type of the record determines its
flelds (attributes) and its keys. In a conventional system e.g. of the kind
employing a B-tree index, the type of each key is not kept with the record
and not considered part of the key. The program “knows” the type of the
record, and therefrom the fields of the data records and their structure.

According to the second aspect of the invention there is proposed a
different approach. Each type of key is assigned with a designator—a string
of bits, e.g. a series of one or more characters which, normally but not
necessarily, (is) are added as a prefix to all keys of this type. A designated
key is a key with its designator. The designator is treated as part of the key
(for search or update purposes), and therefore is part of the index scheme.

The designator enables to obtain the properties of the data record as
a function of the type. Thus by looking at the designator of the key, one
obtains the designator hence can deduce the type of the record, one need not
know the record type a priori. Data records in which the keys are designated
are called designated data records. A designated index is an index that
enables search on designated data records.

There follows a description which exemplified the use of designators
in accordance with the invention. Thus, consider a class C, such that all

data records of this class have a key field (or fields) %, , and possibly several



contain links to all its descendent blocks in I[err] . This can be

acconpl i sM99/3§P4t he foll owing non-limiting technique: PCT/ILOP/ORI3R ]
be the representative key of B[err]', this key is inserted to T[err] the
conpressed trie of B[err] -so that thS search to the keys of descendents of
Bl[err] reaches B[err], and the searc¢h ¢or the descendents of Blerr],
reaches B[err] A non-limting method to acconplishing split process
i s as fol | other non-katy fields: Len® béadatd teckrdaodolgss Ik, wheret Rlkj aF3ATf a node
(hereon split node) in the block is deleted (hereon split Iink) in a

way that alet destesignator iofsk, be AexBytadding the Hesighatof oneageits die ke

sub-trees is noved to a separate block. 3. If the block of B[err] does not

exi st, B[ eAFIATs Toeataeds andeeordomiithd RloeF ATy tlee designated tindexdes i s '
If the block of B[err] exists and a copi ed node of

created in B[er@r&).@g 4.

the split peateh thekey AFIAi st in Blerr], then a copied node of the

split node is created.in r ng connected.to the frie of Blerr]

such t hat B[err%ﬁw?%@eﬁqgegn@Lééﬂgﬁet@pﬁeﬁmﬁr E%QIPOWS a qesCHpRALsi bl e i n
h ' e d e i ed

node and | P& draEF SRR RESaE: 57 Mhe BRI RebcECln B dilS of dgrd P ©

records. Consider a record R1 with a key K1, and record R2 with a

composite key consisting of the ordered pair of keys K1, K2. (In this case,
the designated key of R2 is the composite key K1',K2', where K2' consists
of the key K2 prefixed by a designator D2. (D2 is considered the designator
of R2.) In a designated index, one can select R1 by searching the key K1'—
the key K1 with its designator D1, and select R2 by searching the same
index by the key K1'K2'—the concatenation of K1/ and K2’ where K2’ is
the key K2 with its designator D2. In this case K2 is subordinated to K 1.

The subordination relationship is extended also to records. If K2 is
subordinated to K1, the designator of K2’ is D2 and the designator of R2 is

“also D2 (or D1, D2). IfR2 is subordinated to R1, the key of R2 is composed
by concatenating K2’ to K1 . Note that in K2', D2 is prefixed to K2.

In the ERD model, the type of record R1 and the type of record R2
may stand in a one-to-many relationship, meaning that several records of
type R2 may be related to a single record of type R1. Such a relation can be
implemented by the subordination relation: several records of type R2 will
be subordinated to a single record of type (e.g., several books can be
borrowed by the same borrower). In particular, if this relationship is
one-to-one (e.g. one to one is the relationship where only one book can be
borrowed by each borrower) then the key K1'D2, where D2 is the
designator of R2, is sufficient to locate R2. In a designated index the search
path to K1'’K2’ includes the search path to K1’. (This does not preclude the
possibility of reaching the record R2 via another path.) The latter

characteristic exhibits another important feature according to the second



5. If the copie e has no direct link, add a direct link fr I ed
node to the SY%g%?Bé?"err] 6. Add a far link fromthe copied ngg:g.hk“%nﬁ%o

block B[err]' or if the copied node has a short link to a child node
in the direction of the far link, the _o,,far Iink can be replaced by a
direct link fromthe child node to bl ock In the above

i npl ementation, a split of a block in géerr]., k>O i s perfornmed such that
the split |inkSpgei1.¢]@hetent spaintenancs oetsiadntegsity cbhwfodes insertion of a
L Ty L P,
uoed b 2 dal 9ag oy KSR BN AGE Aol Or PRABEIILAY |
bl ocks; the | afer BerbWeeXBbAeWeddd 2 10a$l 1) WAbIHIrtaRaD al BHRX(HobRt Id S _
associated with data records; thé basic partitioned index enabl €S accessing
or updating tR22axshouldcrmsdl inyinkeryionrokeyscordnB2behose desigrgied tMey o0 an
unbal anced st rf’*lfflt IlirlelB%fZZE l (()}?eﬁgt;an borrower-book record)_omly if the specified

borrower (data record Rl with K1=111111) exists (in the above example,

the designator of the borrower is 4 and the designator of the subordinated

borrower-book data record is B). Data integrity is accomplished with just

small overhead since the path in the index to the borrower-book record

includes sufficient information to determine whether the borrower exists. If

the borrower does not exist, the path to the composite key will not pass

through the borrower. This will be automatically detected in the insertion

process. In contrast, according to the prior art, records of different types

were associated with different index files. Before inserting a new data

record (with a composite key) in the Borrower-Book index file, a separate

check must be performed in the Borrower index file in order to ascertain

whether the specified borrower (record R1, key K1) exists, thus posing

undue overhead.

Note that the subordination relation is not limited to just two levels,

the subordinated record can itself have a record subordinated to it and

accordingly »n level of subordination may be accomplished. For example,

consider a banking database, where the account records are subordinated to

the branch records, and deposits records are subordinated to accounts.

Turning now to the multi-dimension feature according to the second

aspect of the invention, let R be a record that is identified by either of two

keys K1 and X2. Then, the designatored index should contain two search

paths to R, one by the designated key K1’ and one by the designated key

K2'. Accordingly, R constitutes a multi-dimensional record. A

multi-dimensional index includes the designated index and the



said | ayered i ndex enabl es accessing or updating the data records by key or
keys and W&h¥380%t es a bal anced structure of bl ocks. TEALAYRP% on
further provides for, in a storage nmediumused by a database file
managenent system executed on data processing system a data structure that
I ncl udes: an i ndex arranged i nbbtks and bei ng constructed over the
keys of data records; the index includes a basic partitioned index that is
associ at edmuitidimefsidailadate e«vodd(s).t he basic partitioned index enables
accessing or updating the data records by key or keys, and being

susceptibl e to Gonsidena dnstcambediment;whers muilidslimensional index dossinat enabl es
accessing or

bl anced SEPRIE 0 BOBHOLBRgg Bl Tocordsst LS, o PHRGHPICE FRASIORFch B8 r ovi dos
on at & pr Stk R AIE JatChiteit, BY i PhEP Bl il WO ORARESR b P1aC
ot ncl TH98EPE BT B, B hle Shibery ha oSy JePeral BRGNS (7
Cuecept i bi ok Lot & B ARotd Bt Hibd P R R =T S 0 3T b o

accessi ng_pes WA A Sr A9 BETHADENY 162k By KARgING degRAkbLL es a

bal anced structure I 2furth e-inven provi des

fz(ir in a dghabageht ikefs RIFIATCARIB127. These extended keys are inserted into a -

single designated index. To access a record with R, =FIAT, the designated
index is searched for the key AFIAT, and to select a record with Rk, =127,
the same designated index is searched for B127.

The above discussion and example considered a multi-dimensional
index where the data records do not necessarily exhibit subordination
relationship. The multidimensional index may optionally applied also to
subordinated data records. For example, consider a banking database, where
the deposits are subordinated to both accounts and depositors. A single
designated index provides access to accounts (by the designated key
k'account-number), to depositors (by the designatored key
k,' depositor-name) and to deposits by both %,'k,' and &,'k,'. (It is possible,
of course, to use different designators for the 4, when it is subordinated to
k, and to k, when it is subordinated to %, .)

The designator of a multi-dimensional record depends on the
designator of the key used to search or update the record. Thus, the
designator of a car record (FIAT, 127) is A when searching or updating the
record by the key AFIAT, and is B when accessing it via the license plate
number B127.

In addition to the data records it is needed to maintain meta-data.

The meta-data includes information on the different records as a function of

their type. Thus, it is needed to identify the designator and as a result the



system for accessing data records and bei ng executed on data pr
system the IR YW¥8®ords are associated with a basic partitio%&%ﬁﬁ%@é’ggz
arranged in blocks and being stored in a storage nedium the basic
partitioned i ndex enabl es accessing or dating the data records by key or
keys and bei ng susceptible to an unbalarced structure of bl ocks; a
nmet hod for constructing a | ayered index arranged in bl ocks, conprising the
steps of: infegmaiay iofli the sebrl tnavailgidet fori ewemtble ndeescription( BT the
constructing a representative index over the representative keys of

sai d basi c pavatieusofields, keyexsubsadinatien, geeardisizgesic.crheeacharcheseiinghe

or updating the.data.records by..key or keys and, constitutes a
bal anced st r uBFiERAtEE ‘B&S}Ek’é. oblivio hQ i&%éﬂ%ﬁtﬁ?@'u t IReBteS, RE d8€%or in a

dat abase fil e; I o ' r i

executed on pléﬁﬂggg(ﬁgé?%ﬁ§ﬂ%?nex%ﬁg%§%%a% rS %@%%ﬁ%ﬁ&g@g@i&gggﬁgg@ with a
basic partiti gregd) ddecondfriénuededmptiRy desighate®&EPy stored in a storage
medi um the basic ‘partitioned i ndex enabl es accessi ng or updating the data

records by key or key¥hemds bimisngrovideddptacbbrdanee withunizabad aspkcs tof diet ur e of
bl ocks; a nethod for constructing an index over the keys of the data
records, the inVeBNORCINTR)SIQrageGEdiuTh Ul 8 databape ilide manegementeyystest :

(a) providing sai asi.c,_partitioned index: constructing an index
over the repr 8’%9(51?? ?’\‘/Qa)‘l@é%’;gcwmgﬁateﬁhéi(@m structufe'Hhat lﬂﬁi‘fin'i oned i ndex;

sai d index en ' |08 : k by key
or keys and C%?]grﬁﬁgi %gﬁ%’ %’gllsgﬁc&e%ggg%drc g%’f Eﬂrégdata records bem%?‘f %lt(i)%%g% I n

accordance W fyipek Rehdre\datd te2Brdshef ahe sefotid N9pe AFOVIIRGInhRdacddkabase file
managenent system for accessing data records and bei ng executed on data

processi ng sysicerds afltbe fisstfypeecords are associated with a trie arranged

Still further in accordance with the second aspect there is provided
in a storage medium used by a database file management system executed
on data processing system, a data structure that includes:

a designated index over designated keys of data records; the data
records, constituting designated data records, being of at least two types
where designated data records of the second type are subordinated to the

designated data records of the first type.

According to the second aspect various advantages are

accomplished including:

0 The data structure that includes designated index and designated data
can maintain the relations between different data items.

@ The data structure that includes designated index and designated data
can link logically related items.

0 The data structure that includes designated index and designated data
can support several data models simultaneously and efficiently.

0 The data structure that includes designated index and designated data

allows high efficiency in maintaining data integrity.



i n bl ocks and being stored in a storage nedium the trie enabl es accessing
or updat i W@ 998809 at a records by key or keys and bei ng suscdSATIHPHI0B an

- 22 - unbal anced structure of bl ocks; a method for constructing an
i ndex over the keys of the data records, the index being arranged in
bl ocks, conprising the steps of: —3Q=a) providing a trie; (b)

constructing an index over the representative keys of said trie;

sai d index enpid AftadfARESeHal IncliRitsldedfinbitd BideR dnRCAsHisnaNG WK

or keys and constitutes a bal anced structure of bl ocks. The i ndex,
according to taBowshigh éfficiéney in edteievibgyelatihg datagh not necessarily
constructed by one or nore_of the indexing schenes selected fromthe
specified index scheletailedidisgussion asaegards %W@éya@ﬂamﬂ@redﬂnynm ti-way

t i nd bei B-t i ndexi h . . B nmbodi t id

rees | ndekes ERAS HC pRbESRe KL S50 Wi, is SR BROS BRI o

digital tﬂﬁe??f%“m’esﬁébgﬁ é?hﬁ&diﬁx%ﬁfé.' n U S patent no. 5,495, 609. By
odinment sard t

anot her e rre 1s constituted by a so called Probabilistic

Access | ndexi ng Htlshoifd*b& hoted that tHendeta rbyords e bonstingelingi oBtie there is
provided in a storage nmedi umused by a database file managenent system

execut ed oRAfBt ar pmey exssideg i yoeneeor mormatsapamateuclater dileshaln ithe|latlers at | east
one pr Obablelin E)ciligneer‘l(t: Ctigsdaixtgdree)éwd% should be linked, of course, to the corre-
sponding PAIF. As will further be clarified with reference to the description
of specific embodiment below, a given data record may accommodate more
than one search key.
It would also be presented how complex data structures and data
relations can be supported by a new uniform and simple technology.
It would also be presented how an index structure can be of a minimal
size, not depending on the size of the keys.

All of the above mentioned advantages are supported inherently by the
invention without any preliminary considerations on the data (i.e. key range is
unknown, number of records is unknown, random physical location of data
records is assumed and so on).

By still another aspect the invention provides in a storage
medium used by a database file management system executed on data
processing system, a data structure that includes:

an index being stored in the storage medium and constructed over
the keys of said data records that are stored in blocks; the index being
arranged in blocks with the leaf blocks being linked to data records by
means of links;

said index is characterized in that at least one of said links is
shared by at least two data records stored in the same block.

By one ;embodiment, the index being constituted by a trie.

Still further, the invention provides for, in a storage medium used



file (PAIF) having a plurality of nodes and I|i nks; t he | eave (gss of
said PAIF ar ¥Q¥&888%%t ed each with at | east one data record aEEEg’s%@? to
sai d user application programand wherein at |east portion of said data
record constitutes at | east one search-key; sel ected nodes in said

Pl AF represent, each, a given offset of H search key portion within said

I nset search key; link(s) originated fromeach gi ven node from anong said

sel ected nodepy o @RiEe Tile RAfEenRnt! B siIL cvabiuied @h ddd BracRadisd ska¥mporti on;
the PI AF having at | east two sub-Pl AF s being arranged, each, ih a

bl ock; a data structure that includes: - 23 - sai d data base
file managenent systemis_further capable of arrapging said blocks as a
bal anced structure of abirfexsbeing storeq i ffEoragh st rand gaustrp¢ted KYET d be

noted that sai,d sel ect.ed. pnodes, whil st. preferabl.y .i,ncl udin nly a given
of fset, this HE Rers Q?ﬁifg%ﬁ@c@%dﬁi gt e SferBd i b1 ,S=§h8%8ae’ﬁ¥%“£f sai d
nodes may inclLude | & OKABY | u oS d/ or
ot her informati ongaiapfﬁgig&%eqw rtel%nle?raig g%ﬁ?%é’rgg{ﬁlé i dﬁtﬁ?@é%n@t 0 a
nmodi fi ed enmbodiggmebrlihke trie being of the PAW type, the indexing schene
is constituted by a search schene substantially identical to that of the
PAIF trie. Bef osaid dndexe éslicharaateyizédiin bat att legbtooel of saidolinks ihat f or
conveni ence .

shared by at least two data records stored in the same block;

said index constituting a layered index according to claim 1, and

blocks of said basic partitioned index are linked to said data records.

BRIEF DESCRIPTION OF THE DRAWINGS:

In order to understand the invention and to see how it may be carried
out in practice, a preferred embodiment will now be described, by way of
non-limiting example only, with reference to the accompanying drawings, in
which:

Fig. 1 shows a generalized block diagram of a system employing a
database file management system;

Fig. 2 shows a sample database structure represented as an Entity
Relationship Diagram (ERD), and serving for illustrative purposes;

Fig. 3 shows the database of Fig. 2, represented as tables in accordance
with the relational data model, with each table holding few data occurrences;

Fig. 4 shows the "CLIENT" table of Fig. 3, in accordance with file
management system employing conventional B” tree index scheme;

Fig. 5 shows the "CLIENT" table of Fig. 3, in accordance with file -
management system employing conventional trie index scheme;

Figs. 6A-6C show the "CLIENT" table of Fig. 3, in accordance with file

management system employing a PAIF index scheme;



of description only the invention is described mainly with reference to
trie as VOA9P%%artitioned i ndex. Those versed in the art PRTTEOYERS |y

appreciate that the invention is by no neans bound by trie and accordingly
any basic partitioned index is applicable. Thus, a database file
nmanagenment systemthat enploys a | aye¥2d i ndex of the I nvention is

advant ageous, in terns of enhanced performance as conpared to hltherto

known t echni qURgsi TACTHA oW SieftfhtitQilidteationl Ie%n rc%ﬁ&t?ﬂidtﬁ)h' ¢ The
data are held inherently in sorted form accord |ng to earch

Nanel y, Onelayeredindeg,ctceording toeone ermbadintene obtheénverttionhe keys of t he
data records. The | ayered index |nherently supports sequenti al

operations | i kEigsg8A-Rehow Sﬁhémagétl Iysteations sxemplifying sonstmstion of tahe '
Cchere: and 68 THBF GHETALE (G RoBPLARtPOESaL of e iaRGRion e no T equi r ement
B nt o ﬂi?éﬁ%@"?‘ﬁﬁé%w ﬁéhﬁﬁ@ﬁ?r’fn‘@%‘f ol e liplfying PR RAS 004" ana “the
depth of thgetcdinaes dceéiﬂ&xgﬁ)yet anothet &hb¥diment 6RtHe inV&RIGRY m nim zing the
nunber of aCcesses (‘normally - 24 -
sl ow |/ O oper aFigsndpArBashowr schermtic riidsttations rekemplififing tconstewzotioncsfi on or
a layered index, according to another embodiment of the invention;
Fig. 11 shows a schematic illustration exemplifying construction of a
layered index, according to still yet another embodiment of the invention;
Fig. 12 shows a schematic illustration for exemplifying use of
designators in a designated index in accordance with one embodiment of the
invention;
Fig. 13A-E show five schematic illustrations for exemplifying feature
of subordination of data records in a designated index in accordance with one
embodiment of the invention;
Fig. 14 shows a schematic illustration of a designated index
exemplifying multi-dimension record according to an embodiment of the
invention;
Fig. 15 shows a schematic illustration of a designated index according
to another embodiment of the invention;
Fig. 16 shows a schematic illustration for exemplifying feature of
relations among data records provided in accordance with one embodiment of -
the invention;
Fig. 17A-B show a schematic illustration of compressed representation .
of links to data records in accordance with one embodiment of the invention;
Fig. 18A-D show four benchmark graphs demonstrating the enhanced
performance, in terms of response time and file size, of a database utilizing a
file management system of the invention vs. commercially available Ctree

based database; and



access data record. According to one embodi nent, practically Qg lhfhoss
(and no nmor sVOR&A8%H0 |/ O) operation (constituting one or two access) Is
required in order to access a given data record fromanong billions data
records. The invention thus furthen3provides for in a conmputer system
having a storage nmedium of at |east an internal nenory that ranges between

that i ncl udes. an TEdMARoRvRdoREyeBRarh e s demopsrai FRArAbESY "
arranged in bl aekSiost il il of QLpARE i LiPRISE drahitnss ulRkRRN al |y no

more than twd _ o-sal Xternal nmenory aré required in order to
access a bl 0cye! Aghadcindit S9iet 0f té inyoatisn o cofnsatidlihidvallable Bree
records, irrespective of the size of the key of said data records.

Still furtherbasehdaiabzenti on provides for in a conputer system having a
storage nedium of at |east an internal nenory that ranges between 10 to 20
M 3yte or nore, and an external nenory; a data structure that includes an
i ndex over t Se ' [ N bl ocks;
such t hat oncORTATIoRDAESHEPNDEA ERIEERIGD EMROBRARTC, °; 1o

I ndex are accomodated in said internal nenory regardl ess of the size of
the key of said data records. The invention further provides for In
a conputer syst enyRamidiDisHirscdisdciabo gl Uehowimgdngenesdlizad block dibgtam ncl udes
an i ndex over the keys of data records; the index is arranged in a

bal anced st r ucf asgstefn thphiyingadatsbats Bls menggentent systemqefetiei inVesiodr at i ons

on said data records; the index size is essentiall no af f ect th
si z_edof saig Kbys, a general PUIPOSEUFIDPESH ot o8Bt r%tp%%?élagé@glﬂﬂzcoi’gsdm? ©
reside in the blocks of,the @& aver i ' ' e data
files (one ore%&é')u?g At EE a#gﬁpﬁgo&ﬁ%%g?n%n ela%}gt%ggl?agé%rgs gh%LI d be
associ ated, OfoEOUISEA, ! Bad M OPefafing system module 5, e.g. Windows NT®

commercially available from Microsoft Inc. U.S.A., which communicates

with processor 3 and controls the overall operation of computer 1.

P.C. 1 further accommodates a plurality of user application programs of
which only three 7, 9 and 11, respectively are shown. The user application
programs are executed by processor 3 under the control of operating system 3,
in a known per se manner, and are responsive to user input fed through
keyboard 13 by the intermediary of I/O port 15 and the operating system 3.
The user application programs further communicate with monitor 16 for
displaying data, by the intermediary of I/O port 17 and operating system 5.
The user application programs can access data stored in a database by means
of database management system module 20. The generalized database
management system, as depicted generally in fig. 1, includes high level
management system 22 which views, as a rule, the underlying data in a
"logical" manner and is responsive, to the user application program by means
known per se such as, e.g, SQL Data Definition and Data Manipulation
language (DDL and DML). The database management system typically
exploits, in a known per se manner, a data dictionary 24 that includes

meta-data which maintains information on the underlying data.



- 25 - sponding layered index. As will further be clarified wth reference
to the de¥™&@1980¥n of specific enbodi nent bel ow, a given dREMNAYIF nay
accommodat e nore than one search key. The index, according to the

i nvention is preferably, although not341ecessarily constructed by one or
nore of the indexing schemes selectéd”Tromthe specified i ndex schenes.

Typi cal, yet not exclusive, exanples of nmulti-way trees indexes being the
B-tree i ndexi nfhecimdeelying structifeeofe teoldatanss rgovemedi byudatabaset fibd pert ai ns
to the second aspect of the invention., .. .Thus, normally data consists
of recor dsmgpagementystepy e wlich is associgiedayiththeingss seherae kad apal

or 01t ) Sk T A ESRIS LG ThARRuo (LT, GBRER £,
i ndex, th f [ _180& h ) t i d d
o Mol Bt Bynoke g N Basenl el 2 ! Corod

the fiel dsceiverted ifle) dowet vdd' emimahds thabhddess uF @pdate the datde€sordi ng to the
second aspect of the invention there is proposed a different approach. Each

type of kethatgreastetaghindheidatabaseiile(s)aaddo this end itheydasabasetfile manggea seri es
of one or nore characters, which, noimall but not nece.ssar'tl ,Sd(is) are
added as amSALrtam, considers, dhie,actial Stighe and;otgapvation REVIS dlata key wi ¢ h

updat o por RSy 6" leB VAT uPd 67 R dohadly Wi gnBbase' fle oo n ©f

management system can communicate through a known per se Application

Programmers Interface (API), e.g. the Microsoft open database connectivity
(ODBC) interface commercially available from Microsoft. The utilization of
the ODBC enables "high level" modules of the database file management
system or application program to transparently communicate with different
"database file management systems" that support the ODBC standard. The
terms access or update of data records used herein encompass all kind of data
manipulation including "find", "insert", "delete” and "modify" data record(s),
and the pertinent DDL commands which afford the construction, modification
and deletion of the database. Fig. 1 further shows, schematically, a
storage medium in the form of internal memory module 29 (e.g. 16 Mega byte
and possibly employing a cache memory sub-module) and an external
memory module 29' (e.g. 1 gigabyte). Typically, external memory 29’ is
accessed through an external, relatively slow communication bus (not shown),
whereas the internal memory is normally accessed by means of a faster:
internal bus (not shown). Normally, by virtue of the relatively small size of
the internal memory, only those applications (or portions thereof) that are
currently executed are loaded from the external memory into the internal
memory. By the same token, for large databases that cannot be
accommodated in their entirety in the internal memory, a major portion
thereof is stored in the external memory. Thus, in response to an application

generated query that seeks for one or more data records in the database, the



The designator enables to obtain the properties of the data r

function of WR&%38e. Thus by | ooking at the designator of th@gﬁ%&/&%ﬁ%
obtai ns the designator hence can deduce the type of the record, one need
not know the record type a priori. Data.ecords in which the keys are
designated are call ed designated data Tééo? ds. A designated index is an

I ndex that enabl es search on designated data records. There fol |l ows
a descri pti ondathbase raaeageinehi apsteineutiiizes afperisiiggsystam seiviceadtor elad€® wit h
the invention. Thus, consider a class C. s at all ,data_records of this

s v ol "R i b i oDl
55 e 0 0 L B0 9 T
desi gnator ongafl3tSortif8re it foflid £ e-'i8aﬁééﬂﬁl§§ksa @il YO!dheRiloRS e =M1 AT,

t he designate searc or the key AFIAT ving descri bed

t he desi gnat Ofeqﬁlgeﬁqmgiﬂfe@@ﬁghtf@kdm;@aﬂ@mgétm,i on of another feature
according to the second aspect-subordi nati on of data records. Consider a

record Rl with a keshokld bamdtedethat dorrsimplichy sofcpresaméation, Ky intemai and ng of
the ordered pgyi{tgemca)lfl rrlfe%lgry%bdﬁé Zg,l 99'} ere%eggraéﬁ from the various modules 5,
7, 9, 11, 20. Clearly, albeit not shown, the various modules (operating
system, DBMS, and user application programs) are normally stored in the
external memory and their currently executed portions are loaded to the
internal memory.

Computer 1 may serve as a workstation forming part of a LAN Local
Axea Network (LAN) (not shown) which employs a server having also
essentially the same structure of Fig. 1. To the extent that the workstations
and the server employ client-server based protocols a predominant portion of
said modules (including the database records themselves 28) reside in the
Server.

Those versed in the art will readily appreciate that the foregoing
embodiments described with reference to of Fig. 1 are only two out of many
possible variants. Thus, by way of non-limiting example, the database may be
an on-line database residing in an Internet Web site. The invention is, of
course, not limited to the specified partition of small internal memory and
large external memory. Thus, for example, by a modified embodiment a large
internal and external memories are employed and by yet another modified
embodiment only internal memory is employed.

It should be further noted that for clarity of explanation system 1 is
illustrated in a simplified and generalized manner. A more detailed
discussion of database file management systems and in particular of the
various components that are normally accommodated in database file

management systems can be found, e.g. in Chapter 7 of "Database System



t he designated key of R2 is the conposite key K 1',K2', where K2' consists
of the keWOK®389%f i xed by a designator D2. (D2 is consi der FEFHIRERE gnat or
of R2.) In a designated index, one can select Rl by searching the key Kl-
the key K1 with its designator DI, ang sel ect R2 by searching the sane

i ndex by the key K1'K2'-the concat enafion of K1' and K2, where K2, is the
key K2 with its designator D2. In this case K2 is subordinated to Ki.

The subordjm‘ej;«ghiﬁi&] ationship is extended also to records. If K2 is
subordinated to K1, the designator of K2' is D2 and the designator of R2 is
al so D2 (or DHavieg desdrited the genesaldstructens obarsystenmeofidby invemion, s conposed
by concatenating K2' to, KLl .. No that, in K2', D2.is, prefixed to K2.

In the ERB“ﬁB%%‘?,‘StWt@E@tQﬁ tﬁ’g'ggrg fhowing ?I‘F@“mlﬁedagqbalsécﬁ?”&“@ may stand

in a one-tQ- el at yonshi E 0O S o] . pe R2 may
be rel at egglfrg&%}f%‘? né?eg‘ﬁggorlgé%m#; B&@é&cmél a I&O%é%,g% bfg)( _

i npl ement gpydimtivepeipbiisdiThs] @it BRIIIPOBE FgYer ednsists Ofthe Unthikpe R2 will
be subordinated to a single record of type (€.g., several books can be

borrowed BCHIBENT 232 ahdr"AGEOUNTh3das twellbsian "inf tot m"s"DEPASITHh36Gi p i s

one-to-one (e.g. one to.one is the relationship where only one book can be

borrowed Blatigashipdndisaking thaten giver qliept mayphaveymore thgn pae @ageounési gnat or

of R2, is sufficient to |ocate, R2. In desi,gnat ed i.ndex t search path to
ot S Gt ok & &

K1' K2' i nd@P FEADEIPKEN G EiYER poRRUnt K bE qymed byt mgre gl Onen e

possi bi | ity; reaching the record R2 via another path.) The latter
characteristi¢ exhibits another inportant feature according to the second
- 27 - As shown, the entity "CLIENT" has the following attributes (fields):

"Client Id" 38 being a key attribute that uniquely identifies each client,
"Name" 39 standing for the client's name and "Address" 40 standing for the
client's address. The entity "ACCOUNT™ has the following attributes (fields):
"Acc_No" 42 being a key attribute that uniquely identifies each account, and
"Balance" 43 holding the balance of the account. The relationship
"DEPOSIT" consists of pairs of keys of the "CLIENT" and "ACCOUNT"
entities, such that each pair is indicative of particular account owned by
specific client.
Turning now to Fig. 3, there is shown a database of Fig. 2, represented

as three tables 50, 51 and 52 corresponding to the relational data model, 32,
34 and 36, respectively, with each table holding a few data occurrences for
illustrative purposes. It should be noted that the length of the key field
("Client_ID") of the "CLIENT" table is 5 digits, whereas the length of the key
field ("Acc_ID") of the "TACCOUNT" table is 6 digits. The client table holds
5 data occurrences 55-59, the account table holds 2 data occurrences 65, 66
and the deposit table holds 3 data occurrences 70-72.

In accordance with prior art techniques, for each table there is, as a rule,
a different index file by the primary key. Thus, Fig. 4 illustrates an underlying
indexing file of the "CLIENT" table of Fig. 3, in accordance with file

management system employing the conventional B- tree indexing scheme. As



aspect, i.e. inherent maintenance of data integrity. Thus of
a record V\hoé”éoﬁ?-fiﬁo?‘% KI'K2' (or K1'D2) can only be perforrred%(‘lf_‘?l?‘g;éédragé;ord
whose key is Ki' exists. In the exanple above, an insertion of a
transaction of a borrower (Borrowerld = 1111) who borrowed a book (bookld
= 2222) should result in insertion of a fecord R2 whose designated key is
Al1111 1B2222 (hereon borrower-book record)-only if the specified borrower
(data record Fhowtthe md:exmglﬁhw esnsésts of tbmeq hbchb&ﬁaec,estmmg fortanmpot

desi gnat or of bo rovve nd the d r of the subordipated
‘borlrlower- bgokbij&gaa# B "r@ @@Cﬁﬁtﬁ?sé’e?‘i’ﬁ %aar@E mrﬁh@egawzpﬁ j ust
ol udes. suff FEBHEY i ASeRERE A 8‘3”@#@?%%@%5%2?&@%?@&Eﬁé}kﬁf@%g. sts.

I'f the borrowanﬂﬁg%fa%c@egbﬁ;ho bgﬁr@pﬁadweghsz&erﬁae%sh #Hlo¥k Bhayrot pass

t hrough the borrower. This wl automatical ly detec I'n the insertion

process. In cmemﬁpmal@a:ﬁrzﬂlﬁwd standhforre searclekey valae andsheteabntif fslént
types were associated with different index files. Before inserting a new

data record (siands foraoliposicheasaymberthatidensiiesshe neroblkck tajssareh, oz ina
separate chec f.orme the .Borrower index file rder to
asgertai n \Aheﬁﬁe?as?ﬁ’gaslg@éblf’fﬂéaq’&%r 6&%@%#@‘&\%@&“&1 éé’y{qbﬂl t hus
i d t
o ted to ) ulte BAE Reorg: The N bt o EhEh dRpARE, bR eeo?a“"

record subor digakREinkQ déta%@ébrﬁ%%ﬂﬂb&ﬂ'hﬁ tﬁelsgy@ﬁc%bwhﬁéﬂl mxﬁoa gay be
acconpl i shed. For exanpl e, consider a banking database, where t account

records are suotarchliforateedrdsovitine Keyeahatrequatsoi2®ss ca‘rmhaikepwahbare doectdd are
subordi nated to accounts. Turning now to the nulti-di mension feature
according to e s bivrk80sdeblenk 80k i nvention, let R be a record that is

om0 oy e e s KAl ey TPy S SRA SO Rk 105
by the desi gn@hgdnk ey directed by the link 82b to block 80b. In block 80b, the search key
12355 (86a) is associated with link 86b indicating the address of the data
record identified by this search key in the data file 81, Put differently the data
record that is identified by search key "12355" (57 in Fig. 3) is the forth in
order in data file 81.
The tables "TACCOUNT" and "DEPOSIT” are likewise arranged in two

separate B-trees tree indexing files, respectively.

The Btree indexing file of Fig. 4 exhibits one of the significant
shortcomings of this approach in that the keys (i.e. search keys) are .
duplicated, i.e. they are held both in the internal blocks (ie. in the index
scheme) and in the data records associated with the B~ tree index. Thus, for
example, the search key of data record 57 (in Fig. 3) is not only held as an
integral part of the data record 86 in file 81 but also in block 80b (search key
86a) and sometimes in parent blocks such as 80a (search key 82).

This being the case, one readily notices that for large files (which is the
case in many real-life scenarios) the duplication of the search keys (and
particularly for long keys) results in inflated index which necessitate a large

storage volume, which also adversely affects the performance.
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enbodi ment where nul ti-di nensional ingdex does not apply to subordi nated
data records. Thus, for exanple, com %er a class C, such that all data
records of this class have two key fields k[err] -the car nodel -and
k[err]-its |icEigs§ illsttatea differentimderingsichemessfithe CHTENTepblef dfel ds. Let
R be a data record of class C, where R Kk[err] =FIAT and R k[err] = 127.
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The above @H]§6 48 hi bffsetl FaBI8T Iehad fsurdil@Mng. THE irstdedTBAM RHdRdatdsndex where
the data records do not necessarily exhibit subordination relationship. The

mul ti di nenwhinhadigit pdsitiondy tobe ussththe/seappd cebimal the walusofithatidigitt Ad dat a
records. For exanple,. consider a banking database, where .
digit value partitions the key into two subsets. Columns three and four direct

the search procedure to the next step.

In order to locate a given search key, e.g. 12355, a digit at the position
1indicated by the root (position "5" indicated by node 90a, being also the first
column in the first line of table 91) is compared to the value specified at the
second column of the same line (value "5" indicated also by link 90b in the
trie index). Since the digit at position 5 of the sought search key 12355 is
indeed 5, control is transferred to line 2 (as indicated by the third column of
line 1 of table 91). Next, the digit at position 3 of the sought search key (90c
in the tree, being also the value of the first column of the second line in table
91) is compared to the value 3 (link 90d, being also the second column in the
second line of the table 91). Since match occurs control is transferred to line 3
in the table. In this step the digit at position 4 of the sought search key does
not match the value specified at the second column of line three (i.e. "5" vs.
"4™) and accordingly as indicated in the fourth column of table 91 ("not
equal”) a link to the sought data record 57 (86 in fig. 4) is obtained.

The tables "ACCOUNT" and "DEPOSIT" are likewise arranged in two
separate trie indexing files, respectively. In contrast to the B-tree indexing file
of Fig. 4, the one shown Fig. 5 does not necessitate duplication of the search
key. Put differently, only the offsets and the link values and not the entire
keys are held in the trie (90). In this sense it constitutes an advantage over the
B- technique.

However, and as specified, the above trie is associated with some

shortcomings: it retains an even distribution of the data at the cost of knowing
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There is thus provided i n"accordance with a second aspect of the
following order — 83, 86, 87, 84, 85 (fig.4) and not by the order of the key.

Having shown a known trie index scheme (with reference to Fig. 5),
there follows a description of various embodiments of an index of the
invention which includes basic partitioned index and which cope with the
drawbacks described above in connection with hitherto known techniques.
Specifically there will be shown a preferred embodiment of the index in the
form of layered index, and preferred embodiment of basic partitioned index in
the form of trie. These examples are by no means binding.

Before turning to the explanation of the various embodiments there
is described, with reference also to Fig. 6A-C, a new trie index scheme
designated PAIF. As will be shown below, the PAIF is not confined to a
tree structure. On the basis of the PAIF, various embodiments of layered
index are described, with reference to FIG. 7-9, which include
representative index constructed over the representative keys of the PAIF.

By the embodiments of Figs. 7 to 9, the index scheme of the
representative index and that of the basic partitioned index being
substantially the same PAIF.

In Fig. 10 there is described yet another embodiment of the layered
index, with a different trie. As will be shown, in the embodiment of Fig. 10,
the representative index and the trie are also substantially the same. This,
however, is not obligatory and as is exemplified, e.g. with reference to Fig.

11, where the trie and the representative index are different.
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execut ed o‘ﬁocﬂ%@ﬁogﬁrocesm ng system a data structure that i REATHHRHO003E,

i ndex over the keys of data records; the data records being of at |east two
types where data records of the second ype are subordinated to the data
records of the first type. T S{rll further in accordance with the
second aspect there is provided in a storage nedi umused by a database file
managenent syst Ewmingoowetd BigsdbAsCpthereissshows y stheressiondsft aclsdmatid ur e t hat
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can maintain thin nht adésoriptitiet belew did frasienicofidtandst WHich chabhe ddat a
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mai nt ai ni ng data I ntegri
more compound data manipulation operations, (e.g. "Join") may be realized.

Turning at the onset to Fig. 6A, there is shown the Client's data
record 103 (56 in table Client of Fig. 3) having search key "12345" (ie. a
5-byte-long search key). The PATF of Fig. 6A (100) is, of course, trivial and
consists of a single node 101 (standing for both the root node and the leaf
node) linked by means of a long link 102 to data record 103.

The node 100 represents an offset 0 in said search key and the link 102

- represents a value "1" of the search key portion (being by this particular
embodiment 1-byte-long) at the specified offset.

As clearly shown in Fig. 6A, the data record 103 is associated with a
search path being a unit that consists of a node 101 and a link 102 which
defines an offset and a pertinent search key portion value that conforms to the
corresponding search key portion value at that particular offset within the
search key of the specified data record. More specifically, the value of the
one-byte search-key-portion at offset 0 within search key "12345" is indeed
"1".

Tuming now to Fig. 6B-1 there is shown a PAIF 108 after the
termination of a successive transaction in which the data record having
Client Id No "12445" 107 has been inserted (data occurrence 58 in table
Client of Fig. 3). The search keys of data records 103 and 107 are
distinguished only in the third byte (offset 2), i.e. "3" and "4" respectively.

The unit defined by root node 101 and the link 102 is not sufficient to
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dat abase file managenent system of the_ i4nv_ent ion is given below wth
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in the PAIF (e.g. all the digits of the record 12445 are specified in the links

commencing from the root node and ending at the data record). The latter
realization is more explicit and less efficient in terms of space, as compared to
the sparse realization of Fig. 6B-3 where only the nodes which are absolutely
necessary appear in the tree. Other variants are, of course, applicable.

Before moving on to describe a procedure of inserting a new data record
to an existing database it should be borne in mind that the higher the node in
the trie PAIF the smaller is the offSet indicated thereby (e.g. in the PAIF of
Fig. 6B, node 101 is higher than mode 104 and accordingly it is assigned with
smaller offset - "0" vs. "2").

Generally speaking, the preferred procedure for inserting a new data

record into an existing PAIF includes the execution of the following steps:

i. advancing along a reference path commencing from the root node and
ending at a data record associated to a leaf node (referred to as
“reference data record"); in each node in the reference path, advancing
along a link originated from said node if the value represented by the
link equals the value of the 1-bit-long key portion at the offset specified
by said node; in the case that the offset specified in the node is
beyond any corresponding key portion in the key, or if there is no link
with said value, advancing along an arbitrary path to any reference

data record ;
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iii.0  if the data records are equal then terminate; or

iii.1  if the discerning offset matches the offset indicated by one of
the nodes in the reference path, add another link originating
from said one node and assign to said link the value of the
search key portion at the discerning offset taken from the search
key of the new data record; or

iii2 if the discerning offset is larger than that indicated by the leaf
node that is linked, by means of a link, to the reference data
record:

iii.2.1 disconnect the link from the reference data record (i.e. it
remains temporarily "loose") and move the link to a new
node; the new node is assigned with a value of the dis-
cerning offset;

iii.2.2 connect the reference data record and the new node
(which now becomes a leaf node) and assign to the link
(long link) a value of the search-key-portion at the
discerning offset taken from the search key of the refer-
ence data record,;

iii.2.3 connect by means of a link the new data record and the
new node and assign to the link (long link) a value of the
search-key-portion at the discerning offset taken from
the search key of the new data record; or

iii.3 if conditions iii.0,ili.1 and iii.2 are not met, there exists, in the
reference search path, a father node and a child node thereof

such that the discerning offset is, at the same time, larger than
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managenent system enpl oyl conventional trie index schene; Fi gs.
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construction of with the value of said discrening offset,

for case A only - disconnect the link from the father
node to the child node and shift the link to a new
internal node (i.e. the child node remains temporarily
"loose"); iii.3.2 for case A and B, connect
by means of a link (long link) the new data record and
said new internal node; the value assigned to the link is
that of the search-key-portion at the discerning offset, as
taken from the search key of the new data record;

iii.3.3 for case A and B, connect by means of a new link the
new node and for case A - the child node, for case B ~
the root node (i.e. the new node becomes for case A - a
new father node, for case B — a new root node), and the
value assigned to said link is the search-key-portion at
the offset indicated by the new node, taken from the
search key of the reference data record. UUH

It should be noted that for a different reference path a different PAIF
may be obtained.

For a better understanding, the aforementioned "insert data record”
operation will be successively applied to the specific PAIF of Fig. 6B, each
time with a different data record so as to exemplify the three distinct scenarios
stipulated in steps iii.1 - iii.3. above, thereby resulting in three PAIF
illustrated in Figs. 6C-1 to 6C-3, respectively.

In the first example the CLIENT data record having Client Id (or
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of the invention; - D show four benchmark graphs denonstrating
t he enhancethepefdrenoeadsterecord 1@3.n5 of response tine and file size, of a

dat abase utilizing a file nmanagenent system of the jnventiogn vs.

commerci al | y avalhaigamgzriser eperetipry stipwated: ingplgp (i) results in that the

search key of the new data record in distinguished from the search key of the
reference data record (103) at offsets 2 ("5" vs. "3") and 4 ("6" vs. "5"). The

smallest offset ("discerning offset") is therefore 2.

Turning now to step (iii), the condition of step iii.l is met since the
discerning offset is equal to that assigned to node 104. Accordingly, and as is
shown in Fig. 6C-1, new link 111 connects node 104 to the new data
record 112. The value assigned to link 111 is 5, being the byte value at
position 2 in the search key of the new data record 112. PAIF 110 of
Fig. 6C-1 is therefore the result of inserting the data record 112 into the PAIF
108 of Fig. 6B-1.

Moving now to the second example, the CLIENT data record having
Client_Id (or search key) "12355" (57 in table Client of Fig. 3) is inserted into
the PAIF of Fig. 6B-1. Steps i and ii, stipulated above result in a reference
path starting at node 101 and ending at data record 103.

Turning now to step (iii), the condition of step iii.2 is met since the
discerning offset 3 is larger than the offset 2 of leaf node 104 in the reference
search path. Accordingly, in compliance with step iii.2.1 and as is shown in
the resulting PAIF 120 of Fig. 6C-2, the link 106 is disconnected from

reference data record 103 and is connected to a new node 121. The new node
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assigne the value "5" (being the digit at the discerning offset 3 taken
from the search key "12355" of the new data record 123). PAIF 120 of
Fig. 6C-2 is, therefore, the result of inserting the data record 123 into the

'PAIF 108 of Fig. 6B-1.

The third and last example concerns inserting the CLIENT data record
having Client_Id (or search key) "11346" (55 in table Client of Fig. 3) into the
PATF of Fig. 6B-1. Applying the aforementioned steps i and ii result in
advancing from node 101 to data record 103 (in Fig. 6B) and establishing that
the discerning offset is 1.

Thus in step iii, the condition of step iii.3 is met. Accordingly, in
compliance with step iii.3.1 and as is shown in the resulting PAIF 130 of Fig.
6C-3, the link 102 is shifted to a new internal node 131. The new internal
node 131 is assigned with the value 1 (being the discerning offset). As
stipulated in step iii.3.2, the new data record 132 and node 131 are directly
connected by means of new link 133. The value assigned to link 133 is 1
(being the digit at the discerning offset 1 taken from the search key "11346"
of the new data record 132), and finally, in compliance with step iii.3.3 the
new internal node 131 is linked to node 104 by means of link 134 assigned
with the value 2 (being the digit at the discerning offset (1) taken from the
search key "12345" of the reference data record 103).

Although the PAIF described above with reference to Fig. 6A-6C may
be accommodated within one block it is nevertheless preferable to separate
between "nodes" and "data records” such that data records are grouped in a

distinct file or files. Applying this approach to the PAIF of Fig. 6C-3, results
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invoking "split %llock" procedure, and thereafter it is needed to advance to the

sought block and perform the insert procedure in the manner specified above.

Having described a typical "Insert”" transaction, a "Find (or Retrieve)
data record" transaction will be now described. Thus, for finding a data record
by a given search key (hereinafter the sought data record) in an existing
PAIF, the following steps should be executed:

i advance along a search path commencing from the root node
and ending at a data record linked to a leaf node, and for each
node in the search path (hereinafter "current node") perform the
following sub-steps:

i.1  for each link originated from the current node: compare
the search-key-portion of the sought data record at the
offset defined by the current node value to a value
assigned to said link; in case of a match advance along
said link and return to step i.1;

i2.  if none of the links originated from the current node
matches the search-key-portion of the sought data
record, return "NOT FOUND" and terminate the find
procedure;

i.3  if a data record is reached (hereinafter "reference data

record"), compare the search key of the sought data



(0DBC) interface commercially available from M crosoft. The L] ' of
t he ODBC enéﬁgégﬁmﬁ?gh | evel " nodul es of the database file nlagégjéﬂé“én%é]dtg?&
system or application programto transparently conmunicate with different
"dat abase fil e nmanagenent systens” thg& support the ODBC standard. The
terms access or update of data recordS’/dsed herein enconpass all kind of
data mani pul ation including "find", "insert", "delete" and "nodify" data
record(s), and the perti nestorBDis aowtaledsowhe ckeyabf ahd fefigeneendamuct i on,
nodi fication and del etion of the database. Fig. 1 further shows,
schematically, a storage feefdmin the formof internal menory nodul e 29

(e.g. 16 Mega byte and possi bl y .empl.oyi ng ca r ub- nodyl e) and an
external menory nodul e 29' (e.d23'{lrpé?§5§fytr§)lm %@W@’iﬂ@sﬁaﬂ% nenory

29" is accessed through an external u o\ V0 i ¢at L.on bus (not
shown), whereas the internal nmenory F{gﬂﬁgr mal Ty ?é%esse%@‘rﬁfa#\eg of a

faster internal bus (not shown). NorcgRi)lavd tévhiMate theefind pidiedael gt i vel y
smal |l size of the internal nenory, only those applications (or portions
thereof) that are currently exdd. ednathe tasadefl rhisomattthectxt eMNQ@T nenory
into the internal nmenory. By the sane _token, for | arge databases that
cannot be acconmpdated in their ent iF@ﬂW"naﬁ%éeﬁmﬂ@ﬁn@ﬁ fednrgse-a maj or
portion thereof is stored in the external nenory. Thus, in response to an
application generated query that se “for one or nore data records in the

dat abase, the : i 1 TR - base
managenent syst anqruat ?Eﬁe% gg deorstéapgitrﬁgntge s}gxs“ti e rag %cli‘gle gg g b(al é’pg)l leg’n&%%

to the specific PAIF of Fig. 6C-3 giving rise to "found" and "not found",

results respectively.

Thus, consider a find data record by search key "12445" (herein after
sought data record). According to step i.1 the value of the digit "1" at the
offset assigned to the root node (offset 0) of the sought data record is
compared to the one assigned to link 102 (being the sole link originated from
node 101). Since a match is found, control is shifted to node 131. Again
according to step 1.1 the value of the digit ("2") at the offset assigned to node
131 (offset 1) of the sought data record is compared to the one assigned to
link 134. Here also a match is found so control is shifted to node 104. Next,
according to step i.1, the value of the digit "4" at the offset assigned to
node 104 (offset 2) of the sought data record is compared for each link
originating from mode 104, The comparison results in a match for link 105
and accordingly control is shifted to data record 107.

According to step 1.3 the search key of the sought data record and that
of data record 107 are compared and since a match is found a "FOUND"
result is returned (step i.3.1).

Tuming now to a second example, consider the case when the sought
data record has a search key "12463". The procedure described with reference
to the previcus example is repeated, however at step i.3 the comparison

between the sought data record and data record 107 results in a mismatch, and



operation) in order to |oad, through the external comrunication bus, one or
more bl ock¥OSP38éa from the external to the internal nmemor PCTHEOYIR3& o ght
data records are not found in the | oaded bl ocks, additional |1/O operations
are required until the sought data records are targeted ' It should be
noted that for sinplicity of present®®tTon, the internal and external nenory
nodul es 29, 29', are separated fromthe various nodules 5, 7, 9, 11, 20.
Cearly, aebmmthephsm"NmmUWSrmm esurheger ati ng system DBMS, and
user application prograns) are normally stored in the external nenory and
their currentl|4 gene t"&ﬂl@iérDa@nEC@fé" I@amonowﬂhélomberdﬁcnb@mry

Net wor k(LA &% AGHSCHAgHF "R B PRy Canxion s Rambsrbioated A en i a1y
the same (3! LUETaH O/ FOUADY, ol SpbRrBH Efbr Widad R MAGKEHIAPS 2nd the

server e -seérver ’base 0co portion of said

modul es - (gragediee ﬂﬁa.tEﬁ%k@ﬁttﬁéaﬁélet@'%ﬁﬂﬁaﬁd]GM@hiﬁﬁ%@Sihd Rughedatd the

server. Those versed in the art will readily appreciate that the _
f or egoi ngeesrdonsi foemids Fobe sclarityedf ekplanatédre ofrthe "Delete” Procedurgrtheonl y two
out of maﬁé possi bl e var| antst@"!’&g‘sé by way of non-linmting exanple, the
dat abase fellgwing aemenclpiures arg edesi di ng in an Internet Wb site. The

I o mermor e it e iR s ok ek tgﬁ%ﬁﬁt?%% At Eiiel. S "2 modi 11 ed
enbodi ”‘9% f@g%%%ng”gﬂ{mnkhe% t é‘l%”?éférf‘e?ltﬁrag R%i?:gesa“d by yet

anot her on I nt rna menory 1S errp

shoul d besoi uarfgeehodet.€Thd liak th@tr carirecist the Qfredeqebsuratat g2 moisttonthe i s
illTustrated in a sinplified and generalized manner. A nore detailed

di scussi dargst node abeferred e antheaquedaressoy dinkiman dithe linkshat: canpeets of t he

various conmponents .t hat nor,na commodated in d b se file

managenerif€ 49EEet AOdE 4R %g{”ﬁglﬂﬁ’é? té;lép?%ﬂr &&p‘?aé? recqyg o s%e System
sought data record) is referred to as the "target link". Beanng this

nomenclature in mind, the following steps are executed:

i. delete the sought data record and the link that links the
target node thereto;

ii. if the number of links that remain in the target node is
larger than or equal to 2, then the deletion procedure
terminates,

ifi.  if, on the other hand, the number of links that remain in
the target node is exactly one (i.e. one target link), then:
iii.1 "bypass" the target node by connecting the

predecessor link from the predecessor node to
said child node (or to a data record); and
iii.2  delete the target node and the target link; termi-
nating the deletion procedure.
It should be noted that the current step is more of "prudent memory
management” step in order to release the space occupied by the target node
and link, so as to enable allocation thereof to other nodes and links in the

block. It should be further noted that said step (iii) is optional.



- 36 - Concepts" ibid. Havi ng descri bed the general structure of a
system of tREOPIRAIM i on, attention is nowdirected to Fig. 2 EHAPHYPIS
sanpl e dat abase structure represented as Entity Rel ati onship D agram (ERD),
and serving for illustrative purposessgThus, the ERD 30 of Fig. 2 consists
of the entities "CLIENT" 32 and "A " 34 as well as an "n to nf

"DEPCSI T" 36 relationship indicating that a given client may have nore than

one account and 9y ehdeHeiramdskdanding)i laen foregoing: "delptenclamnmsgotsy more t han
one client., As..shown,,.the entity." - h he follow ng attributes
(fields): 'Pa"feé%‘ffej’”&fg%épﬂé‘?% e ﬁg@;@‘t?ﬁ#}g'ﬁ?gl& BE3 i quely identifies
each client, " y ﬁs'wg' w3l : Yo! ss" 40
standing for the 051 gér%PEs ad t?%sé e&eﬁﬂeﬁh&mg%ﬁ%&tg‘gff ol I owi ng
attributes "(i344'Jshe lattbe edvord hlsehehod i theeP AT htddething tb id provedue! v

I dentifies each account, and "Bal ance" 43 hol ding the bal ance of the
account . Thies¢riheat abmvehHavinpEfosd the datasiesort 832 pad s compkieys witht he

"CLI ENT" and "Al NT" entities, su that,,each pair is indicative of
parti cul ar SEdch Veom?ega%ie@ﬁ @ﬁf"YéP%ﬁ fherlink 133 leading tharet arfobptho Fig. 3,

there is s at abase,,of a2 Tepresented as.thy.ee tables 50, 51 and
52 corr espgﬁﬁé@%‘g gB‘C_Fr'f‘?CF gfeajr" ‘ﬁg‘?’e‘&‘?ﬁ %%%8%%&?0%4 a}n@n?é?s P pectivel y,
with each tabl endabfli figed V198! &efGR WU®NEESab®, and accordingly the

predecessor link 102 bypasses target node 131 and is directly linked to the

i

child node thereof 104. Next, in compliance with step ii.2, target node 131
and the target link 134 are deleted thereby obtaining the PAIF shown in Fig.
6B-1. Another Example is given with reference to the PAIF of Fig. 6C-1.
Thus, responsive to a command "delete record having search key = "12546",
the latter record is searched in the PAIF according to the procedure described
above. Having found the data record 112 and in compliance with step i above,
the data record as well as the link (111) leading thereto are both deleted.
Since, as. stipulated in step ii, the number of links that remain in the target
node 104 is two (i.e. links 105 and 106), then the deletion procedure termi-
nates. The resulting PAIF is again the one shown in Fig. 6B~1.

Another common primitive is the "Modify existing data record”, e.g.
change the home address of an existing client. The "Modify" primitive is-
normally realized by selectively utilizing the aforementioned primitives. For
executing 2 "Modify" command one should distinguish between the following,
cases:

1. The "modify" applies to fields other than the search key (e.g. modify
the address of a client having Client Id No ="xxxxx") - in this case the -
modify procedure simply involves a "Find" operation (data record having
Client Id No ="xxxxx"). Having found the sought data record, the old
address is replaced by a new one.

2. The "modify"” applies to a search key field (e.g. change an account



Il lustrative purposes. It should be noted that the length of the k ¥ field
("dient IWOP3309¢he "CLIENT" table is 5 digits, whereas thgcir@h%f((ﬁ B the
key field ("Acc ID'") of the "ACCOUNT" table is 6 digits. The client table
hol ds 5 data occurrences 55-59, the gecount table holds 2 data occurrences
65, 66 and the deposit table holds 3" data occurrences 70-72. In
accordance with prior art techni ques, for each table there is, as a rule, a

di f f er ent né.rflem hHixxaxwy ta Agyypyhrbhik egmmandsis realigedzasi 2 peaienge 5 an
underlying indexing f.ile.,of .the “"CLIENI".tabl e, of Fi 3._l.n_acgprdance
with file H&&éﬁﬂ%@“@%t‘&nﬂéﬁtﬂ G%ﬁ%c%é‘a‘é‘&ﬂvéﬁ“%ﬂgﬂ‘l%‘t’?w ndexi ng
schene. : : " n g =N , t he )
I ndexi ngA%fq g’%ﬁ%%n&%?s“& r?%orrgehaglm& kéc‘é%lg{ttl,\xost andf f o?r?h‘gx\?oot bl ock
and two | gaka bORASuses BE6dity fhivsacHbE nibytonsieof sth@asesor gani zed random y
in a separate file 8T holding the five data records 83-87. Each bl ock

consi sts of a succedsithe pedvipas examfples eads s¢arch keg2is-foprasant@dzasia i n bl ock

80a). In each pair the first field stands for a search key value and the
second f i 8eriess Onbes onch acroRdingly hihgs SPATR SPTOGEARTe] o PEFOMBED { Be next

such as. aPAtoBIng fhe Ry e st BEhoions Sadh (b SRIGRE o0 or m
non Iirﬁtb@gggﬂ;podi ment of associating a data record to a block. In the

specific e I'rent of Fig. 4, a search for records with a key that equals
12355 or smal | ghoy@hvemedria tie raecwéll réadily ampreciateothiat P test are ovake 80b.

Thus, a search for a record whose key is 12355 (82a) starts in root block
only possible representation of a search key. Thus, for example, a search key
can be represented in binary form, i.e. a series of 1's and 0's and accordingly
the search procedure is performed by partitioning the search-key into search
key portions each consisting of one bit (i.e. I=1) or more, e.g. one byte (i.e.
1=8 bits) and others. In certain scenarios, it may well be the case that the /
value is not identical for all the nodes in the PAIF.

It should be further noted that different links in a given PAIF may be
assigned with search-key-portions of different length as long as the respective
search-key-portion is known the corresponding node.

As is clearly evident from the various PAIF of Figs. 6A-6C, the data
records are held in a sorted form according to search key. Navigating , for
example, in the PAIF of Fig. 63-C (from right to left) brings about the
ordered series "11346", "12345" and "12445". This characteristics
constitutes yet another advantage which ease data manipulation as
compared to the tree of Fig. 5 where the data records are not sorted. As
specified before, a node in the PAIF is not necessarily classified uniquely.
Thus, for example, in the PAIF 120 of Fig. 6C-2, node 104 is at the same
time a leaf node (linked, by means of a long link 105 to data record 107)
and an internal node (linked by means of a short link 106 to node 121).

Those versed in the art will readily understand that the "Insert',

"Delete" "Find" and "Modify" procedures described herein are only one out



80a and is directed by the link 82b to block 8Ch. In block 8y, the search
key 12355 (%Q)ggg@géssoci ated with Iink 86b indicating the adpmggqogfhe
data record identified by this search key in the data file 81. Put
differently the data record that is igif:ntified by search key "12355" (57 in
Fig. 3) is the forth in order in dafa’tile 81. The tabl es " ACCOUNT"
and "DEPCSIT" are likew se arranged in two separate B-trees tree indexing
files, respéchamepyssible varibhts Brirealizihgdresengrotédiwentin&ithey 4meayttiebi t s one
of the signifjcant shortcomngs of this approach in that the keys (i.e.
sear ch key#)odifieddall| asc seadred; ard apnapr@i%dﬁémdmgtupqmmmaﬂm&nm bl ocks
(i.e. in the 'nde>§ schene) and in the data records associated with the B-
tree index.unﬂﬁ’fg‘?n ?‘%?n'exanpl e, the search key of data record 57 (in Fig. 3)

is not only hel g-{lg(ssggaﬁeﬁtiﬁ%regdggé %fomtdh@ﬂg@%ﬂsﬁ@?gf éﬁ?‘ égn%iqghe 81 but

also in block 8 arc sonet | mes i cksS such as

80a (sear chnteeplotR)itransaction. A wilbled &eplained @rﬁgﬁate?!&tdiﬁ%lbxlv}’aﬂﬂ?h?es t hat
for large files (which is the case in many real-life scenarios he
dupl i cat i othoflattdretramsactidnsk &y snteablbcacarnite| andogsdimtes wngdéeys fewesults in

I nflated i ndex which necessitate a | arge storage volune, which al so
adversel y &F§usEios whigh grerifigieavanida the intra-block operation.

cable of Fig. olavire bt Bttt ot AT 2], 608 EiRumooying &
g nown ¢ ;i e g‘ggtt%gﬁio%ﬁ@k%ﬁ? embBYinerits Aot S XS B ihibRiotd Wk tdesisp!l ural ity
shown a layered index based on a PAIF index scheme that includes a PAIF
tree (as basic partitioned index).
Turning now to Fig. 7A-H, there are shown schematic illustrations of
a layered index constructed in response to a succession of split block
operations, according to one embodiment of the invention. Consider for
example a block 140 in Fig. 7A (in the basic partitioned index) which
overflows in terms of memory space. This being the case a "split block”
procedure is imvoked which results in a layered index 142 of Fig. 7B
consisting of root block 144 and a duplicated node A’ (155) linked to leaf
block 146 by means of direct liﬁk 145 and by means of long link 147 to a
leaf block 148.
By this specific example, the split point was selected to be link 149
(fig. TA) (bereinafter "split link") thereby shifting nodes AB.E D and F to
new block 146 and nodes C,G,LJ,K,L. and H to a new block 148. The split
link is preferably selected in order to accomplish an essentially even
distribution of nodes and links between the new blocks (e.g. the size of the
sub PAIFs that resides in blocks 148 and 146 is essentially the same). In the

case that a father block does not exist, a father block ~144 (constituting 7, )
is created with a duplicated node A’ (155) of the split node A (156). In the

case that a duplicated node of split node from which the split link is

originated does not already reside in the father block 144, the node is copied



| i nks wherein each node stands for an offset position and the |ink stands
for a val Ww0a¥38Ppd s of fset. Table 91 has four colums. The PFFaL99083Fm

i ndicates which digit position is to be used, the second col umm the val ue
of that digit. Adigit value partitigns the key into two subsets. Columms
three and four direct the search prot¥edure to the next step. In
order to locate a given search key, e.g. 12355, a digit at the position

i ndi cat edohfe {dteerrsiotk (Paskdd AM) aid thencorarttion berweste AAQaSSpaiodg al so the
first colum in the first line of table 91) is coggared to the val ue
speci fi ecingdt thedleedcimwhich drrresidest ({463 asmimplemeented byemeans phgtidat ed al so
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of the fife§ifde§0t)gmg9ﬂy tdifies e& 0dll (G (ES6, 153 &@épécﬁ%lypl,s £RYPaEEhd O t he

value 3 (I'ink 90d, being also the second colurm in the second |ine of the
tabl e 91)linkddipemuans bf splitlink mariedods dashed tinsfléfred to line 3 in the

table. In this step the digit at position 4 of the sought search key does
not match the Vht mst siffsst i thetdn Kige 7Hothenel is providedra faygeed prdex (i e, "5"
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vo- separ 52°d i1 ENF Al Ol SPPheClat S Ky EOh po e e B bree |

i ndexi ng dpddte Aatdirdecords Hdietheneshs devrici(Pe. bomaesmciny froes ansiet At e
duplication of the search key. Put differently, only the offsets and the
| i nk val ukS6 jnbltrrather bramghi the lxgsred andexhdied commencing ferm 9odde A'n this

e Speci f 58, In feisasBoEction & hotkLes aristdhat v 0T o sems . ¢
retains ap; g¥en s ShidPuih B ne R PordlinhEniE 936 oP ik XM N9
Considering now that block 148 overflows it undergoes similar block
split procedure resulting in layered index 151 in Fig. 7C. By this example the
split link is short link 152 of Fig. 7B and accordingly nodes C and H reside in
block 148A of Fig. 7C whereas nodes G,L,K,L and J reside in block 148B. .
The node from which the split link originates (node C —153 of Fig. 7B) is
duplicated (yielding a duplicated node 153a of Fig. 7C) and placed in block
140 marked C’. As before, direct link 154 connects the copied node C’ 153a
to the block 148A of the original split node 153 whilst the link 155 is a far
link to the split block 148B and the value of the link is as the original value of
link 152 between nodes C and G before (and after) the split.
In Fig. 7C, the layered index 151 is constituted by the trie that includes
blocks 141, 148A and 148B forming I and block 16 which forms a
representative index over the common keys of the trie.
It should be noted that in Fig. 7C node 4 in block 141 and node C in
block 148A are optionally disconnected and likewise node C of 148A and
node G of 148B are optionally disconnected. As is clearly shown, nodes 4’

and C’ are connected in block 140 to form a (connected) trie and it is



- 39 - apriori the contents of the database and consequent I.£j.onin
t he keys SE“QE%W@metain bal anced structure. Know ng a grior%x?ﬁgﬁ%%ﬁ#entsg
of the database is obviously undesired as it poses undue constraint since
dat abases of the kind described in Figh 2 are of a dynam c nature, e.g. for
the specific database of Fig. 2, new<Clients open accounts, senior clients
cl ose accounts, new clients are registered as co-owners of_existing

account s efecordingly nasiblertoqcasisaircley 1 hdlmppgharadecd’ pad wdigeet iinkdoes not
support sequgnt. a cessing, hgating 4.n tk e l,d ,r t in
accessi ng ?ﬁ@n@&f’iﬁ 1%2[ ﬁ‘é&f&g T‘%‘%a‘%‘g rﬁ%‘? d;re%{fﬁ%g,gfﬂﬁ\,ﬁﬁgﬁ?cl%giﬁi g.4) and
not by the t he : ; ' @rtﬂijn Moy d schene
(with ref e’rig%g@{ Pga ilg.’ Cg%},)ﬁdt lléestelu?lgr?%%ga escri p?l:ég%feo‘}fa %%/éa(r%l.j%és

enbodi ment $inRibeaednsivies X’ dndeCi (i SNddkorO)s edentigll tods olighiat vitagt i ti oned

i ndex and which cope with the drawbacks described above in connection with
hitherto kbetaeehenkas duaxsl C Gpedinki @ inFightkr will be shown a preferred

enbodi ment of the jindex in the formof |ayered index, .and preferred
enbodi nent of bASi i i $SFBARY 18 r&@?ﬁe%ﬁéﬁg B Rregringex gonstifgsdaexanpl es

Sari o onbEaReh SRS of blockbHeNu ket fhel Babk SRR AN, (0a ¢ &
new trie iag%oﬁ %Eﬁgﬁﬁﬁﬁﬂﬂ%hg%gﬁ{ﬁbeﬁég%dekse%n&ﬁ%@ ?@k fdie PAIF is
e re Al'E,

not confin to a structure. On the basis of the rious
enmbodi nent geedssartlyel/Scopenstivnspitat siesequibalin ovdehtorRikiseaeriidt & 7-9,

whi ch include representative I ndex constructed over the representative keys
of the PA giwp ddie reeryddiCamideriop vy shatAntarder, tar agsebndeia recdrdribeof t he
layered index maintains substantially logarithmic function that depends on the
number of records, the layered index is more efficient in terms of number of
I/O operations required for access a given data record as compared to the
number of I/O operations required to access a data record through the trie.
Thus, for example, for accessing data record that is associated with node J
through the layered index , it is required at first to access block 140 and
thereafter block 148B and thereafter the sought data record (i.e. three I/O
operations). In contrast, accessing the same data record through the trie brings
about 4 I/O accesses, namely block 141, block 148A block 148B and data
record 156. As shown there are few particular instances that the trie is more
efficient (e.g. accessing data record associated with node A), however, the
larger the trie (i.e. constituted by more blocks) the more efficient is the access
through the index of the layered index.

By the particular embodiment of Fig. 7, the representative index and
the frie (being one embodiment of basic partitioned index) comply with
substantially the same index scheme i.e. the PAIF. By “substantially” the
same scheme it is meant that there are some differences as will explained with
reference to Fig. 9G below.

The considerations in connection with duplicating nodes to higher

layers 7, in the layered index are further illustrated with reference to



representative index and that of the basic partitioned index bei ng{
subst ant i aMG2%384same PAI F. In Fig. 10 there is descriHedilg&Po03 ot her
enbodi ment of the layered index, with a different trie. As will be shown,

in the enbodi ment of Fig. 10, the regresentative index and the trie are
al so substantially the sane. This, however, is not obligatory and as is
exerrplified._e.?. with reference to Fiﬁ;. 11, where the trie and the

r epr esent additienal rezemplesedenieted g dtigs. 7D to 7H. Thus, Consider the layered

- 40 - . T i i gs. ..6A-C h .i'S. sh i f
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the fil . | i ) " ti " d
orer at § AP ERASHEGL iSHISEREATR T 1Y wihdte bidck 40018 rehBF nolie 80PECT o7, and

basi ¢ congyiestorhigher ReDbiolta402 (riil pirt 0f thelayredFiix Wohimep T evi eved.

i.e. insert new cjata r.ecord to a PALF, find dat_a record in PAIF,” and del ete
exi sting atat ther eviginal lintk dbstweey sedesiB ant&E 3 optidndliynretained (thapugheci at e t hat

on the basis of these basic primtives nore | ound data nmani pul ati on
oper at | ondashed ligk 4038 Ahyougnasie B itds pewcpossible torarcesthedwo Hetknset t o
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l'ong | i nkreb(RingGstidture appedrsl nd®3in block 402 of Fig. 7F, where nodes A and I
of block 405 are duplicated to A’ and I’ (410 and 411) in block 402 . Node I’
is obviously a duplicated node of the split node I in block 405. However, node
A is also copied considering that both nodes B (whose counterpart B’ is a
priori residing in block 402) and I (whose I’ is now duplicated to block 402)
are descendent nodes of A. Node A being the lowest ancestor node of nodes
B and I, and thus a (connected) trie is formed in block 402. The value
associated with short link 414 (between blocks A’ and B’ in block 402) is of
the same value as link 412 (between A and B in block 405). The value of the
link 415 (between nodes A’ and I') in block 402 is of the same value as that
of link 413 which originates from node A in the direction needed to access
node B. The internal structure of block 402 is such that it allows a search to
the representatives of blocks 405, 406 and 407.
The direct links 416, 417 of nodes 422 and 411 are optionally retained
since it is possible to move along direct link 418 to block 405, seeing that -
node 410 is maintained in the access path to both nodes 422 and 411.
Fig. 7G shows the resulting layered index after splitting block 407 of
Fig. 7F (in link 420) and Fig. 7H shows the resulting layered index after
splitting block 402 (in the link between nodes I' and N’). The resulting
layered index in Fig. 7H has, as shown three layers, the first consisting of
block 430, the second consisting of blocks 402 and 408 and the trie consisting
of blocks 405, 407, 426 and 406.



The node 100 represents an offset 0 in said search key and t '
represents avqgif)qu% 1" of the search key portion (being by tﬂ%gjﬂk)‘g%@%l ar

enbodi ment 1-byte-long) at the specified offset. As clearly shown in
Fig. 6A, the data record 103 is associqted with a search path being a unit
that consists of a node 101 and a |ink 102 which defines an offset and a

pertinent search_key portiaon val ue t_[lat ,nform;,towflhe correspondi ng
search key porti OROSRaVEECA M Rgt ath F¥it arRY appresiate hathie MRN8k ch key of

Sear oh- key- TR PIE BRER is, OF OWRE P} ol Iy e B Bs A PR B Y
Tur ni ng noW 0 FifyifdBdschbeY Sn et RRieneo P Aird QB UBycrt M Inde By 2t on of

a successive transaction 1 n whic ata record favi ng ientl "12445"

107 has beesgplitngricessds (@stitingcfony ¢nc sub@ssion t ebligsefl ansactibnHwith 3) . The
search keys of data records 103 and 107 are distinguished only in the third
byt e (of f setefefence te Fig.37), ahwill be sppseriated thatythe oppositheressidurajdfei ned by
root node 1Q1 and fhe Link, k102 is not sufficient to .
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described with reference to Fig. 7 is only one out of many possible variants
for realize the layered index, where the representative index and the basic
partitioned index being substantially the same.

The utilization of a PAIF in the manner specified constitutes an
advantage over some of the hitherto known tries in the sense that the so
accomplished layered index has a balanced structure of blocks despite the fact
that the frie per se may possibly be unbalanced.

Attention is now directed to Figs. 8A-BB showing respective two
illustrations exemplifying the application of the technique of the invention to
a according to ancther embodiment of the invention.

Thus, Fig. 8A illustrates a given trie structure having vertical
orientation (i.e. constituting a vertical tree) which, as shown, is unbalanced
i.e. three blocks depth (260, 261 and 262) vs. two blocks depth (260 and 264).
The description below does not aim at explaining the search scheme of the
specified vertical tree but emphasizes only those aspects which are required to
obtain balanced layered index. It should nevertheless be noted that the nodes
in trie structure 260, signify offsets in a half byte size. (The nodes values are
presented in hexadecimal representation) of the data records (a-k) that are
shown in Fig. 8A.

It should be noted that an extra I/O operation, i.e. accessing three
blocks — (or three I/0 operations) in order to access data record & as compared

to one block (or one I/O operation) to access data record b as depicted in Fig.



"4" at offset 2. It should be noted that the realization of the PAIF is not
bound by tWO %384fic exanples illustrated in the draw ngs RFIAVIYE

i npl ement ati on thereof may apply, dependi ng upon the particul ar
application. Thus, for example, Fi 9356§B-2 and 6B-3 illustrate other two
options of realizing the PAIF of Fig. 6B- 1, where in Fig. 6B-2 the full

key is represented in the PAIF (e.g. all the digits of the record 12445 are
speci f i edAnmagied regrededormbalanceg. f Inosame sealdife seenpsiasrillisedolisraptat t he data

record). The latter realizatiaop i mre expli.cit and, |l e fficient in
orns bi Messeny, Sequimamtamece EetERaie & Peafysuftion Siee Ty brBes wner e
only the z{b%?se){&}tlghﬂ?é Safifes b%kyof“%%@érgﬁ&%‘?eé%f tourkdle . Qher
variants are, Of course, applicable. efore nmoving or to describe a

procedur eip@értibﬁ§eftderr@of@/mdytgmémmghép&Mambe’; d ged,abni@a,Sif it shoul d
be borne in mnd that the higher the node in the trie PATE the smaller is

t he of f setoti hatidied &y theetechnyiqe .of. therinvemticpBrFilbgive fse 6@, degratled101 i s

hi gher than_node 104 and accordingly it is_assjgned with smaller offset -
"0" vs. “performance (due\&p the w@&am%&u%)aﬁdﬂww H’rgé@ﬁ‘fﬁ@"ﬁor

I nserting.a.new data record into. an.existing PAIF includes the execution of
the follo lﬂbre\g?% ggtoppor%tfgh&qﬁas)al ong a reference path comencing from

t he root node . i S/.QCH 0 | eaf node
Py 8B iltustrtBeli i géss?olsiaélﬁbddjgggx? oFShe gﬁ%ﬁ@% A3

(referred to as erence data reco In ea I'n the

r ef er enceshpsin).a Agpreseniative index thatlcongista dfione tloclky Qﬂat(ﬁahﬂingm)smi d node if
the val ue represented by the ., link equals the value of the 1-bit-|ong
key portiemstuciedevigh theoxesuls glaatthosigontal balanegd &eg i ohsaised i having@acase t hat

bor 1 on 1190t Bk Bpih vt Tue Biagks p e Tower Touil Yatteal GEbge, © <
advanci ngigl PRGBS fHetin®hknbad fid) aréibcelebGhidiEf one /0 opditidn' ecor d;

As shown, the actual access to the blocks in the first vertical tree

(being the trie) are achieved by means of the common key value of each
block. Before proceeding any further the term common key will be
exemplified with reference to Fig. 8.

The common key of block 260 (in hexadecimal representation of half
byte units) is Ox4, Ox1 and Ox3, where Ox4 stands for the most signficant
bits of the byte of the character A and Ox1 stands for the least significant
bits of the Character A, and Ox 3 stands for the most significant bits of the
characters which reside in offset 2 of the data records.

It should be noted that all data records that can be accessed through
block 266 share the common key prefix specified above.



- 42 - i onparing the search key of the reference data t hat
wo 2igh PrERpiphR

of the Hata record for deternini ng the smallest o the
search key portion that discerns the two (hereinafter discerning
offset). iii. proceed to one of the §pllowing steps (iii.GCiii.3)
dependi ng upon the val ue of the discerning offset: 1ii.O if
the data records are equal then term nate; or iii. 1 if the

di scer ni ng Bt fesamaraRaner e Hllovdng tabliecuinaganzesothe gpmmon key of t he
nodes in the re@grﬁnce pat h, add another |ink originating

fromsaid oﬁ%Chn &and assign to said link the value of the

search key portion at the discerning offset taken fromthe search

key of the new data record; or iii.2 if the discerning offset is
| ar ger than BIb@CK ndi jc@ORMION KEY | eaf node that is |inked,
by neans of _a link, tjo the reference data record:

iii.2. 1 di ¥bnnect tLhe link fromthe reference data record (i.e. it

remai ns ten art+ty—-goses) T rove-tiretrketoaew

node; the ngwnode IS g§%}i&%}e§j’§ath a value of the dis-

cerning offggq; Ox4. Ox1. 033 @?ﬁgn@%toﬁ%ﬁf@{fnce data record and
b4 bl b 2 | >

the new nodée™" ch "now becomgs™a | eaf node) and
assign to theglink {0x4, Oxl, Ox3, 0x3, Ox3, Ox810x38, 09, 0x3v8kye0as, OFF Ox3
sear ch- key-portion at{ the

264 Ox4, Ox1, 0x3, 0x3, Ox3, 0x3, Ox3, 0x4,0x3

1t should be noted that block 261 can accommodate a root node with
value 8, thus, the common key, hereafter & of the block, is changed to be
Ox4, Ox1, Ox3, Ox3, Ox3, 0x3, 0x3, 0x3, i.e. it consists of 8 units. In this
case, the representative of block 261 in I; should be changed accordingly. In a
a different implementation, the representative of 261 is £, even if the root
node with the value 8 does not exist.

The index over the common keys is accomplished in the
representative index (consisting of block 270) such that it constructs a trie
that addresses the common keys of the first vertical tree. Now, for example,
in order to find data record g, one follows node 290, link 291 to node 292.
Then, one advances with the direct link 293 to block 261, which is
associated with data record g. The resulting layered index is balanced.

As specified above, for the specific case of trie, the representative
key of a block being a common key. Generally speaking, the common key of
a block is the longest prefix of all keys of the data records that can be
accessed from the block by the relevant index scheme. For the PAIF, the
specified prefix size (calculated in I-bit-long units) equals the value of the
root node in the block (which as recalled holds offset value). If the prefix size
is expressed as number of bits, then the prefix size is calculated as the offset

value multiplied by the l-bit-long value.



di scerning offset taken fromthe search key of the refer- _
ence data PEYYI§0o4 iii.2. 3 connect by neans of ECTIAROIRE new
data record and the new node and assign to the link
(long link) a value of the 58 search-key-portion at the
di scerning offset taken from e t he search key of the

new data record; or iii.3 if.conditionsiii.O,iii. 1 and ii1.2 are
not net, thereTherestfellown nndwe a description of yetrafothermnembedanedt pfit h, a
fat her node and a chjld node thereaof such that the

di scer ni n§owftrussing; aslaygrediindex ghtherinyentionawih referenee to Figs. 9A-9G.
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than the off SelAccordlnglty, at%n{mgslg i%v%gﬁfe(?t?ﬁéo ?ﬁﬁ?‘&?ﬁ SOHOWIRG 5 der ed
case A, . e (3 b a tEYEF :path have a
vaisue )greg?%"r%%lﬁgnr&t ﬁlgdlfy (insert) trans i s%rg?ni ng g?fgﬁﬁgﬁ E Q %g}\és)i deredv

case B); duadsdusaptibl@pphay unbalanced structuré)end thd swiobeaiged 1B/ eedts
iii.3.1 for case A'and B, create a new node and assign the node
with the wdexe Fdr seivendéencer ofii prosemtdting, the data records are shownfas case A

only - disconnect the link fromth t her ) ) node to the
chi 1 d noddoBMAEdrt of hednie; A %Rfcﬁq{{e&ove, the actual manner in whigh f}§1al node

i 3.2 7 SR 2beoHE S BROEB € BR Wi may vary dependige wogn 0T
(l'ong T'i nighrticigaripplidation.r ecord and

In the following figures, a layered index is constructed by inserting
successively the following unsorted data records A-F (which for convenience
of presentation form part of the blocks): The data string is presented as a
series of bits where the I-bit portion stands for 1:

A=001000011
B=110011100
C=011011111
D=011011011
E=101010101
F=111111111

In the first step (Fig. 9A), record A is inserted whereafter Block 300,
includes node 301 having offset 0, being associated to first record A through
link 302, having the value 0. At this stage, the tree consists of Block 100
having only one node. The index scheme dictates that the search path to data
record A is determined according to value 0 at offset 0 as depicted on link
302 and node 301, respectively.

Thereafter (Fig. 9B), data record B is inserted, in which, as can be
clearly seen and distinguished from data record A, in offset zero, the key
value is 1 and, accordingly, link 302 leads to data record B and assigned with
the value 1.

Thereafter (Fig. 9C), data record C is inserted, and the value thereof in



said new internal node; the value assigned to the link is

that of theWQ& ¥ ey-portion at the discerning offset, as FCHILIY00S
taken fromthe search key of the new data record; iii.3.3 for
case A and B, connect by neans of a ngw link the new
node and for case A - the child node, ?for case B - t he

root node (i.e. the new node becones for case A - a

new fat her offsde 1, fsefvesafe dstinguisigng riodtomadedrd Andihke 303 and 304
val ue assigned to said link is the search-key-portion at

t he of f set contéctaoded 30§ (standing fomeftket 1) tokiba speaified Hata records C and A
search key of the refere ta record. , UUH I't ,shaoul d, be noted that
for a di ffé'?%?%ﬁ‘r’%ly_esmw[ﬁg}&g%@ WW@‘WWN@SH@ pad g’g’%ailh@dmt ~ For
a better under.st(f;ndl n tﬁgéﬁlf@r ntioned "insert data record” operation
will be suctRELT% 8 yeR T Fe specific PAIF of Fig. 6B, each time

with a differ entNé;&’t kL TOLHEISP 25 ifl‘ié%_rt%ﬁ,e,rﬁﬁhi e theeitty 88 BeShidagt

scenarios stipulated In steps 1ii. I1i.3. above, thereby resulting in

three PAIF follbwiig ﬁ;ﬂeﬁdsdrﬂgp_érgﬁon BGhownoinGGg 39D! e3ines; towelvier, the data I n the
first exanple the CLIENT data record having Cient-1d (or
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Thus, link 306 is the split link with the motivation that approximately the
contents of a half block will be retained in Block 300, and the contents of the
remaining half block will be moved to another block 310. Of course, other
links could be likewise selected to be the split link.
As a first stage, block 300 in 7, is replaced with two blocks 300 and

310. The nodes 0,1 (designated as 311 and 313, respectively) and the data
records A and B are retained in the splitting block 300, whereas node 6, data
records D and C, (standing in this particular embodiment for the remaining
nodes), are moved to block 310. Accordingly, the basic partitioned index of
Fig. 9E consists now of two blocks 300 and 310 (which in fact constitute the
unbalanced trie).

Thereafter, since the block of B; does not exist, it is created, and,
accordingly, block 312 is provided. The split node (313) is copied to the
block (312) to thereby constitute a duplicated node (314). Next, the duplicated
node (314) is connected by means of direct link 316 to block 300, and the
duplicated node 314 is linked by means of a far link 318, to the block 310.
This far link replaces the original split link 306 that is marked in Fig. 9E in a
dashed line. The value of the far link 318 is the same as the value of the split
link. Thus, the representative index (constituted by block 312), allows to
search according to the common keys of the basic partitioned index.

It should be noted that there are no constraints as to whether the split



commencing fromthe root 101 and ending, for exanple, at data record 103
whi ch st anW® MEB%he "reference data record". This being i nAGERAYISy
advanci ng from node 101 along |ink 102 (vvhere in offset '0'" of the inserted
data record the value of the 1 long gijgit is '1'") and thereafter since at
offset '2' (as specified by node 104)" none of the values of links 105 and
106 (4 and 3 respectively) matches the value of the inserted key at offset
2 ('5") dihlastomld berdelted or aetainedaAy shawh, theysa bbtaumdrhormmhtad tregbodi nent
through i nk 106£*tto the reference data record. 10 he conpari son

oper at i orfhat¢ extthedayareq Index(consisimgders on PBICkﬁ ﬁézs&ﬂ%ﬂﬁiﬁb@a of the new
dat h f t f ,th f dat
rgcgr{jefl 'nbdi}? %@@@Siﬁﬁﬁﬁrﬁ@nﬁﬂgvs%&%ﬁeﬁﬁ% efs. "5 er?ﬂgesn& [ est
offset ("di Soﬁgﬂ Bgtaqfe{:&‘ﬂtE)is ifsett8& 8 thisScase advancin g&’ gt 0 step

t cheg scernl ng 0

(iii), the con lon of step i11.11s net since t ffset IS

equal to ﬁéw(be%‘igbﬁéffdnﬁ(bﬂ’tﬁée Jﬂ@éd iriexd fiebn ghe firstntbdes3 i4sofBlvsk i n Fi g.
6C-1, new link 111 connects no 104 to the new data record 112. The val ue

assi gned 312 (having a wvalue b) isordtrppssible by tmeans| afethedfar fioki3li8osinge itn t he

search key of the_new data_recor PALF 11Q of Fig. 6C s, therefore
the resulfepEsentssdiregtiog hhﬁ’oﬁ"apﬁg?% (haying |an3)) F‘Nq:aléBkdﬂ Fig. 6B-1.

Cor 0 ar allrdcBion tis SEERRY, THRMROR advAcif birlediRich a0l BRI P Y 1
PAIF of HRigck 601 ThelkeBfe bicRRUthat nedds' wb@tagybe%a@aw&% thelWN d&ar € erence

path starting at node 101 and ending at data record ) Tur ni ng

now to strepoxd isi foundfin thersdirtel way datasteeprd F iis msestedaeswkmg:m theee di scerning
offset 3 is larger than the offset 2 of |eaf node 104 in the reference
sear ch pattmctmesbownrigig. 9 conpli ance with step iii.2.1 and as is shown

ot or ence. dat NeRaclrt 286 bafviests RogR izt abdads 2l S blpdo 3007RE new node

performed, node 320 is copied to block 312 (designated 323 in Fig. 9G) and

since it can not be linked to node 314 of block 312 (since it will not retain the
correct inta-block links of the nodes) - node 311 of block 300 is also copied to
block 312 (designated 322 in Fig 9G) in order to create a (connected) trie that
enables to search by the search scheme to blocks 300, 326, 310 according to
the common keys of the blocks.

It should also be noted that instead of having direct links from all
copied nodes 314,322,323 of block 312 in Fig 9G, it would be sufficient to
have one such direct link from the copied node (322) to block 300. A far link
324 from node 323 is set to block 126 in the direction of the link before the
split (the direction of link 315 of Fig 9F). Obviously, if another split is
performed in block 326, it would be represented in block 312 by a node
connected from node 323 by link in direction 1 having a direct link to the
Bi, and a far link to block Bi.r.

Figs.. 9A-G and 8A-B illustrate two of many possible manners of
realizing the split block mechanism that maintains the balance structure of the
invention by constructing a layered index. The flexibility in adopting another

non-limiting variant is shown e.g. in fig. 8B where the near link 271 and



- 45 - with the discerning offset 3. Next, inc | W t h
13 S ¥yl gt

step ||| %ference data record 103 and the new node

connect ed by means of new |ink 122. The new link is assigned with the val ue
4 (bei ng the digit value at the discegning offset 3 taken fromthe search
key "12345" of the reference data record 103); and finally, as sti pul at ed

of T nk 128 nk DT2RES FeReA Y Py i (RBRER B PRI B of (ho
record 12fepres o2 (ARLEURE ROt hed kIR PC LT OF ' neer 1 ng

the data recor ghsds adthfiny %H%ﬁhﬁm%@%r@&oﬂe@ne:ﬁ%ébalancc techilidBe lofi rd and

| ast exanpl e concerns inserting the CLIENT data record having Clientld (or
sear ch key)he hiv@dfion (Cobferntd diel @ Gbtaimet talareed hoBirontal oritrited igifal of Fi g.

6B-1. Applying the aforenentioned steps i and ii result in advancing from
node 101 t@e@a{bsmgemwmrrm@zf the Iayr-reg indey smm%aémqaam ferobnailistine
di scer ni ng offse; S condl tion of step

TS " gpcesi chatachsistcs. .Tr%n%w% %&@tssaﬁrfh il CORARerP It Ba Mtk | o shown

in the resuy 3 a new
I nt er nal éa g%fﬁf\#ué g%a\?él}g er na hp%gih% l;egéltbsa g'{ﬁgr%ﬁd?%%g val ue 1
(being the rédore &rb Nonédd WBéoe thé® 1§tﬂoplﬁi1@t@€hel &iréi:h@ﬁ pregcnseéz bytthe new dat a
record 132 and node 131 are directly connected by neans of new |ink 133.

The val ue asdexgseidnieatd mayl®uirs b a@plyl fieprrdedionT gi order tbhevedhumblgr ni ng

offset 1 taken fromthe search_key "11346"
access the sought data record.

For a better understanding of the foregoing consider, for example, Fig.
9E. Consider for example that a search transaction is applied to the layered
index of Fig. 9E with the sought data record L=111011110 . The search path
will follow node 314 and link 318 (offset 1 value 1, respectively) and then at
offset ‘6’ (root node of block 310) through link 319 (value ‘1) to data record
C. The latter example exemplifies the probabilistic search characteristics of
the so obtained layered index.

In order to resolve the specified failure, the size of the common prefix
of the key of the sought data record and the key of the data record is
calculated. The common key of the block (310} is the prefix portion of the
key of the actual data record C. Thus, the size of the common prefix is zero.
Next, climb up the tree 1o the node in the access path that has a value equal to
or less than the common prefix size that has a direct link . If the latter
requirement is not met, i.e. all the nodes have a value greater than the
calculated prefix size, then from the first node in the access path that has a
direct link (which should point to the first block of the index fi.;). Now, from
the node 311 move by means of direct link 316 to the lower level vertical
oriented tree (i.e. to layer Ii.;) and therefrom continue the search path as

prescribed by the index scheme.



of the new data record 132), and finally, in conpliance with steg 1ii.3.3
the new i nYO38%4ode 131 is Iinked to node 104 by neans of PGTARI?{%0438
assigned with the value 2 (being the digit at the discerning offset (1)
taken fromthe search key "12345" ofc+ he reference data record 103).

Al t hough the PAIF described above with reference to Fig. 6A-6C may be

accommodated within one block it ,is neyertheless preferable to separate
bet ween " nodesecordinng g angthes sernggio, Wﬁ%éﬂd%ﬁ“&eﬁ&ﬁfﬁﬁbﬁﬁ@ gPouped in a

di st nct 1) 60 §idoin ARPLES hORAREURAL 25 o Qhafihd 6C 3.

results

of the dajsmh F51EWS tHe !ﬁ?eél%fi&oﬁﬁnlt Qﬁﬂﬂ@%ﬂ’ld&le]l scl%iu? 3997t|h$ lsearkg 133, 106

and 105 Becone, of course, g |inks. vi ously, an 1 nsert

pr ocedur epatle ¢thikt Maintaihs adiregt lifldt Whendadvanciagofrdmt bidek fonbkicked al r eady
exists in the PAIF an appropriate error nessage is returned to the

pr ocedur ecomparisonvtokibe eomempn skeyt (it ) or fo data| recerdsuassogiatedot ed t hat

8

inthe latt qtoi that .the entire PAIF resides i

i ngl'e. bR S9! LT GITAEN CABIFAS I CLEAn B0 QBRG PhABE 1Bd by
fol I ow gt " - : ,
wni ch nocdvafies By 8B, ex PGt J AORINESIo, R d i ERIreB YR o1 ng

"split blgekid Bé A6RAUAS tha REndrA6H ReY isaiot inkcdsSarligasisdically atdaietot 0 t he
sought bl ock and performthe insert” procedure in'the manner specified

above. the dataHevordg. descri bed a typical "lnsert” transaction, a "Find (or
Eezj;j[ :V(ra)ecg?h%e\;e?gr?é (tjo tl;[erpzig\s/i%ﬁg ie>(2'r?m£l>\f.el(lsoubg%t ?12’221/ rggosr(c:irli,)bfn% asl-ggiit’edf or tinding
data record C of fig. 9E, if the common key of block 310 (being 011011) is
maintained in the block it is not needed to access data record C. Thus, since
the common prefix of the key of L and the common key of the block is 0,
one can return to node 314 and link 316 without accessing record C.
Avoiding the need to access the data record in the manner specified has, of
course, the advantage of improving performance. The criterion to know that
the sought data record does not reside in the tree is that the size of the
common key prefix of the sought data record and the common key of the
block is greater than the value of the split node.
In the latter example, the value of the split node is 1 (of node 313), thus
block 310 is not the block that accommodates record L (if such record exists).
Therefore, the search for record L is continued from node 314 and link 316.
This procedure applies to all modify transactions.
Insofar as insert transaction is concerned, block 300 is found in the
manner specified above and is associated with the new data record L.
The latter example referred to a specific example of layered index.
Those versed in the art will readily appreciate that the latter probabilistic
access characteristics applies mutatis mutandis to other types of layered index

that utilize a basic partitioned index.

The probabilistic search characteristics which leads to “errors™ stems



by a given search key (hereinafter the sought data record) i haks NG
PAI F, the fé’f"l)(g%’??@”‘steps shoul d be execut ed: . a cgﬂ]é‘gé/g‘?%%g a
search path conmencing fromthe root node and ending at a

data record linked to a | eaf node, angsfor each node in the
search path (hereinafter "current node") performthe
foll ow ng sub- st eps: o A faqr _each link originated fromthe
current nod&M¢ Flthat not necessarily the comﬁFWec%@PBH?le?i gchq‘?"?li)w of the
sought dat rd at . i t he

g{lgzg ?‘hb %Okr;cﬂg% from the values of the node %a[tsrgéglgg)frz]z R e

current no ed to said link;
in case of t . al.ong o Sal ' d return
to step i. tﬁr%pct% tﬁg%%&em }"i-‘. ZTmu‘vf’fIt RECHAY We@?%ggé%%]f d fromthe
current nod . . Leh t he search-key-portion, of the
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the find cedu
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data to advance in the ifd@RQbd data record in order to know the commion3kédy in case,

return "FOUND' (and in case of
"Retrieve",vale¢.urn also the entire data re-
The inherent error prone characteristics of the layered index and the
manner of handling it has been exemplified with reference to Fig. 9 above,
and may be described more generally as follows: to search a record by key

k, the latter is searched in 7, (and in some cases in 7, , to 7, or to data
record(s)) in order to find the block B of 7,_, leading to %. This process is
repeated until reaching the block of 7, that is associated with the data

record with key % (if one exists).

The description in Figs. 7 to 9 exemplified a layered index utilizing a
PAIF based indexing scheme as the basic partitioned index and the
representative index . Those versed in the art will readily appreciate that the
layered index of the invention is not bound only to PIAF. Thus, for
example, U.S. 5,495,609 illustrates a different trie. Consider, for example,
the trie of Fig. 10A in accordance with the specified ‘609 patent, and
assuming that the trie consists of a block that accommodates nodes 11, 12,
13 and 14. Should it now be required to split the block subsequent to the
insertion of new nodes to the tree, a possible approach of splitting the block
in accordance with prior art techniques, would be, for example, to break the
link between node 12 and 14, to thereby obtain two blocks, one
accommodating nodes 11,12 and 13, whereas the other accommodating
node 14 (hereinafter new block). Assuming that the first block resides in the

internal memory, if it is now required to reach record 26, only one 1/0



cord) and termnate the find procedure; or .3
in the ca¥O#¥388%smat ch return "NOT PCTALIS/00038
FOUND' and term nate the find proce-

dure. For a better understandigg-the "find" procedure will be

applied, twice, to the specific PAIF of Fig. 6C3 giving rise to "found"
d "not f d', . |t ively. id find d

r ecor 3%&2?% ot a8y Of s Binet epdy reeqnd AP T s 8RRESE afstaccor ai no

to step 'Igét 8ﬁsera§§hﬁ§el%éuug§h f Qfder tb adles$ ke Qlfe’ivvsﬁlodf?ctsg'.&rtﬁ@ dife the root

node (off 0 data record 1 s conpare t he one assigned
to link 192.GhabastiidBodol £), landkhercfi@nnahetilef (iensecstad) D )opetiitione a nat ch

.2

is found, control is shifte)c’l to node 131. Again according to step i. 1 the

val ue of isheqdirgd; in( 62y tataccess rscork20al s gpeeordinglyappracdatedchtset 1) of

t he sought data record is conpared to th ong %_ssi gel% to link 134. Here
al so a natheh sphit f blogk £8Ve oRse of0 j & JHIvAANGCH o My e W

t i.1, the val f th TP S - de 104
Cof Pset yamctinn Subopivirstly Hilies e Bhoiiifiod! Lafh@ASIORTIG BaBO00 08,
from mode; 407 ceggr}gﬁt&ﬂ{m&gﬂeqm AcBS4bS Which 1 dm&l%&l @hddsireld. 105 and

accor di ng1'y con I's shifted to data record

i .3 the searchap¥yiag the tohgijuedafatireedaventiond wilht cage daith thecord 107
are conpared and since a match 1s found a "FOUND', result js returned (step

FAUGRy A0SELL cor di ng to

According to step

i.3. 1). shortcomifigsnohgnnunbalanceds reenané xhgpresultingniaygeqd dmdexcdse when t he

" ef ar encolllustaissl h &g ot gt SREREraye Hose S b el ¥ 5 the
Comnar h OB YA JVAF iR HeHbs i RGASF 3E e (BorisEEREd byOKloEReU! LS 11 2
159b and 159c¢). Here also, the link between node 12 and 14 is considered a
split link, and the new node, 159D (being replication of node 12) is copied
into a new block designated as 159A. Now, in order to access record 20 and
record 26, the same number of I/O operations is required, and in this
particular case, 2. As the size of the trie grows the more efficient is the

access using the layered index.

The layered index of Fig. 10B brings about, thus, a balanced tree of
blocks, assuring that essentially the same number of I/O operations is
required to reach each and every data record in the tree. Those versed in the
art will readily appreciate that preferably the number of I/O operations is a
logarithmic function depending upon the number of data records and the
number of links originated from a block. Thus, for example, if 1000 far
links originate from a block, a layered index with 3 levels allows access to
1,000,000,000 data records.

For a better understanding of the foregoing, there follows numerical
example. Assuming that every block has 1000 far links. Assuming that the
size of each far link is 4 bytes it readily arises that the size needed for
representing the far links is 4000 bytes. Assuming further that the nodes and
the near links within a block occupy another 4000 bytes, the resulting block



- 48 - accord| to step i1.3.2 a "NOT FOUND' result is retur

gener al 4 Recgrd transaction will now be descri bé’g: %I’?Pmmssas a
first stage a F| nd data record" transaction is applied to the PAIF. In
case of "NO FOUND', an appropr| ate ergar_nessage is returned to the
procedure that |nvoked the DeI ete cormand Al ternatively, the sought data
record is found

ion of the rocedure t he
fol | owi ng rﬁﬁ?’eﬁéfﬁ%ﬁtt{} pé%b’ %dlscusswm‘«tﬁéumé@&&ﬁb@?é: Kis |inked

to the sou d S referredto as the "target node" Thefather
of the targ"’ eﬁ%ﬁoqdagﬁg?erred to as the "predeces- sor target node The

l'ink that connetcgéna&@n ﬁ&%%feéd hﬁfeﬁ%at"t‘?ﬁ?tstscbkﬂd?ﬁ 189

referred to as predecessor” link” and the Iin at cogetn%cts the target

node to a chi4 th Pigd¥B)heheirk loper I caral aistmmingetar it ivlihkeed tdathdusand ought
data record) is referred to as t he "target |ink" Bearing this

nomencl at urtdotls i the laydre/f (bl whichondy ews Hioksed@cantdti8 are shown in i
del ete the sought data record and the link that |inks the

target nodeFighgBatthe layered index amounits for a iotaltdfel 080 Bdecksafach iakingtarat renain
in the target node is Iar%mtithan or equal to 2, then
t he del et (mzq)r.sﬁa%,@(jﬁéytes Accordingly, the total space ishowld be aliocated for i,

i Car oot IBDE S0 BIRKSI ey cied dndohid Sbaiof meEA By st s order of

iii. 1 "byp NQ
predec essor§$$ ﬁ?gg p g %@ yg%’lcs e cag%lds%?tﬂﬁgjg&h{é? rﬁé?r?ory of say, for example,
sai d child Dge@ohal cdnmied AlsdurhBEMSN thAAREch block in 7, is associated with

one thousand data records, the net effect is that by utilizing a layered index of
the invention (according to the latter embodiment) which is wholly
accommodated in the internal memory, a million data records can be accessed
without I/O index.

By the same token accessing billions of records may required
practically one more index layer which may require an additional one /O
operation.

For a better understanding of the foregoing consider for example the
implementation of the layered index in Figs. 6B-1 or 6B-3 (PAIF index
scheme). Had the keys of data records 103 and 107 been longer in size (for
example 100 byte long), this would have not changed the size of the PAIF.
Another non limiting example can be shown in Fig. 8B — the size and the
structure of the layered index would not be changed if the size of the key of
data records a-k addressed by the index would be 200 bytes long. As can be
seen, it is also possible to navigate in the index and to retrieve the data a-k
according to the order of the key. This exemplifies one form of sequential
operation.

As shown, the resulting layered index of fig. 10B includes two trees

having vertical orientation i.e. the first tree structure consisting of blocks



1ii.2 delete the target node and the target link; term -

nating t heV@P28P%n procedure. I't should be noted t hACTHE¥E ent
step is nore of "prudent nenory nmanagenent” step in order to rel ease the
space occupi ed by the target node a link, so as to enable allocation

thereof to other nodes and links in the block. It should be further noted
that said step (iii) is optional. -
49 - 159BFand d 391 (beingnoks foramdifrthe thasicf pasifmined ihdex el e) @atia recor d”
procedure will be applied to the specific PAIF of Fig. 6C 3. Thus,

r esponsi secomd tree havmglotiadbloskd S9éc (heinghant forns ofi thehbaséy partltibhdd6", t he

| atter record_is searched in the PAIF according to the procedure described
above. Hdﬂ'i?%-’f ound the data record 132 and in conpliance with step i

above, the datg,record as I 1, .as, the link eading thereto are both
del eted. Since ?tSQra‘iCi‘?é“Rlﬁf‘Fth%gPE@ ﬁ&es?égfo*ﬁzgff ene foram 0%31 r emai ns
only wit ' .34, St | iy p i I d

ont 0Lt cRed Fudch e balaka ¥ pos BRck WisoAMnIcH whoflhlohe 21T ||
direct!y dnhBle8dotaRcédicall e Enkeiethe RS ffcor@®d Fukiiek indeftiG®f #amce with
step ii.2, target node 131 and the target link 134 are del eted thereby

obt ai ni ngetdres PAhichsindlinlead fa gddifidnil splitst e thEbdogidseof s Lyji vevillwi t h
reference to the PAIF of Fig. 6C-1. Thus, responsive to a command "del ete
record haefquige,sefocairsds aypdating 2be tayer itdexd At ¢ Wherethermimbersefuiedesd i n t he

PAI F according to the procedure described above. Having found the data
record 138 blodkils9&o0pHllj erceedsia given apmbegthloek 159A is split according

to the split mechanism.

The trie index with which the technique of the invention is of
concern, is not confined to the search tree disclosed in the ‘609 patent, and
it may encompass other types of trees as explained above.

It should be noted that the intra-block structure is not necessarily
balanced , i.e. nodes inside block are not necessarily arranged in a balanced
structure. Whilst this fact is seemingly a drawback, those versed in the art
will readily appreciate that its implications on the overall database perfor-
mance are virtually inéigniﬁcant. This stems from the fact that intra-block
search scheme is normally performed in the fast internal memory of the
computer system. As opposed to the intra-block search scheme, the
arrangement of a block within a layered index is retained in a balanced
structure thereby the number of blocks in a search path is a logarithmic
function depending on the number of data records and reflects therefore the .
number of I/O accesses to the external memory (an operation which is
inherently slow) in order to load a desired block to the internal memory.

In this connection those versed in the art will readily appreciated that
the present invention is by no means bound to a given physical realization.
Thus, for example, insofar as search scheme is of concern whilst the

intra-block retains the search scheme after applying the technique of the



the data re b%@g?gy‘\ell as the link (111) leading thereto aregﬁﬁ@ggﬁﬁghgd.

Since,. as stipd ed in step ii,. the number of links that rem

target node 104 is two (i.e. links 105 and 106), then the deletion _
procedure term - nates. The resulting PALF is again the one shown in Fig.
6B- 1. Anot her conmon primtive is the "Mddify existing data record"”,

< nor mal 1y e P3 Ts ABLET . e R ekl e e dxprriea i tiberet ;i : I e
“normal Ty’ PSE Bt vers” 7 e
Phe 1ol | ow oot SX8%hE R0 Stischind Walues TTRIRCE o MEKF et cBRC, i

the search key be.@alizeddid ynddye nedeessall aif whidd 8R ehe@thpaiséd bynihkd No
="XxXXxx") - in this case the nodify procedure sinply involves a "Find

oper ati on (teehaiquecel thehimyventipro Thass fwmexmllpiexgmﬁoﬂ%atndéﬁ/gggefmmm thg he
gty apBrEers of RS aBtis Hechmogriad pERA capnAgds aydbedered the

- - " XX " ' d.is realized as a

s egge nce ng% n{%@ogﬁgﬁgﬁg{é @Pvg(,}%&eel‘edﬁi@?%g gg{gg?’é’é (SS‘? &uﬂa”v W@n% Account
No" =" XXXXX¥0 chfldrdn) @h@ RS, mﬁfﬂ;r PRfsfeal PEAZE AR AL RRTPSOBHEL N

="yyyyyy", or vice versa. Cbvious dity transacti consrst of
bot h cases. to the inter-block pémionhe previ ous exanpl es each search key is

represented as a seriges of bytes and accordingly the search procedure is
pelrof ormed by The iayere):/d index described with ref)érence to Figs. 7 to 10 all,

retain essentially the same index scheme for both the trie and the
representative index scheme , (except for the error handling which may be
encountered when accessing data records through the index, as explained in
detail with reference to Fig 10G above).

The retention of the index scheme for both the trie and the
representative index is not obligatory as will be exemplified with reference
to Fig. 11.

Fig. 11 illustrates another approach of balancing an unbalanced tree of
Fig. 8A. (i.e. constructing a layered index) using a conventional B tree as a
representative index over the representative keys of the unbalanced trie. The
s0 obtained horizontal oriented balanced tree (layered index) includes blocks
272 at the upper level (index layer 7, ), 270 and 271 at a lower level (index
layer I, ) and the original blocks of the unbalanced vertical oriented tree of
Fig. 8A at the lowest (blocks 260,261,262,264) - index layer I, . Fig. 4
demonstrates thus that the index scheme of the representative index is not
necessarily the same as that of the original unbalanced trie. If desired, the
B-tree in its entirety (forming a representative index) may be regarded as an
index layer I, .

The database file management system of the invention not only

copes with the drawbacks of the conventional trie indexing file but also offers



partitioning the search-key into search key portions each consisting of at

| east one W{t%2/38094 Those versed in the art will readily MofetP®y tnhat
bytes are not the only possible representation of a search key. Thus, for
exanpl e, a search key can be repregggﬁgq in binary form i.e. a series of
|'"s and 0's and accordingly the sear procedure is perfornmed by
partitioning the search-key into search key portions each consisting of one
bit (i.e. other)benefitsowbichefagilitatecansl impraveedatd -agcesisthy) userdapplicetion | n
certain scenarios, it may well be the case that the 1 value is not

i dent i cal PFREA®S{ t he nodes in the PAIF. It should be further noted

that different Ii%ﬁsiﬁ%ﬁa .tvﬁ%%filg 4! @ﬁﬁg%}eghd&ms retained

sear ch- key- porti ons of eren ong as e respec

sear ch- keysqupéd tHan o d@@%&aga&heqim%tdﬂa@ DOd6perations is Afiaihéd cl early
evident fromthe various PAIF of Figs. 6A-6C, the data records are held in

a sorted tssentially optinad, it asmarecefficegnt idsuit gnobtainedf partiextariyl whenn t he PAIF
of Fig. 63-C %fromris%at to left) brings about the ordered series "11346",
"12345" ajarge fibemeonsisiing of smititide ofblecks are soraernes es yet anot her advant age

thch ease daia g oulSLLER 0 ofCTBEE Rully AhEotl, Bt dieT e 1T
necessar iRyt pu A vt TS g SITRbSIoUT Ot 20 of T
link 105 g, dédraniiadaiznd Ohe amcban dfhaecasses nodslotd ioxkeatabystsrages of a
short link 106 to node 121). Those versed in the art will readily
under st antnedivm, tthe investen "is by s eneans" bountl tanthe" spagifisd sporagedur es
descri bed n?ee igrinr.] ﬁ{ues, Otglr %xgxrﬁ%lg %I:[Ae storage medium with which the present
invention is applicable may also be an internal memory. This is of particular
relevance considering the ever increasing volumes of internal memories
which although being faster than external memory, may also required
efficient access control which is realized according to the invention.
There follows a description of the second aspect of the invention.
For convenience of explanation, the second aspect of the invention
will be described with reference to the PAIF index (constituting a
designated index). The invention is by no means bound by this specific
example.
As stated before, the database file management system of the invention
enables to address different types of data records using a single index.
In order to better distinguish between data records of different types that
are addressed by the same PAIF index, each data record belonging to a given
type is associated with a given designator. The latter forms part of the key of
the data record constituting a designator key. The designator is unique for
every type of data. Thus, for example, the key of data records that belong to
the entity "Borrower” is prefixed with the designator 'A', whereas all the keys
of data records that belong to the entity "Book" are prefixed with the

designator 'B'. The new key of the data records that belong to Borrower
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may be nodi as required and appropri ate dependi ng upon

particul ar inplenentation. The specified insert, delete and find
transactions apply to a so called intga-=block transaction. As will be
explained in greater detail below applying the latter transactions in

i nter-block context, necessi,t ates to address few scenari.os ich are
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partitioned index). Turning nowto Fig. 7A-H there are shown

schemat i ¢ iBlaxitthavrigine! kéy ef Baglker ed i ndex constructed in response to a

succession of splLit bl gck operations gcor.ding tq one epbodi ment, of the
i nventi on. Consifafing shisqussgipilie so @alieri dazignator gf;amm of Hhe pecmdsi ¢

partitioned _index), whi ch.overfl i n, terns,.of nor ce.. Thi.s being the
ase o -opiiepetob b HyrRidh i Mot n BERRrBR PRI e e, og | hoex
142 of Fig. 7B consisting of root block 144 and a duplicated node A" (155)
linked to | eaf block 146 by neans of direct |link 145 and by neans of | ong

link 147 to a | epdcobliagko kdBaspect of thByinvbntiors Redithidicttorampngaintalie spl it
point was selected to be link 149 (fig. 7A) (hereinafter "split |ink")
t her eby shimatemlpin deformai®), vipch piovdevinriennasioncon thesdaindeerdees @, G |, J, KL

 2ccompl | sh TR EFRE ATS BB ASGIGE « ThEN 1B ALK ORJOLE: HAB TeEAKS Tbist ween | he
Ei‘é\' P Logl;z en%?zl'igc} ];c%/ H}%@h@ga rr%s_iéxfhﬁor? E(g bEabiSto! iﬁ@ﬁtifyetﬁé %?ighﬂtc? 188 l?:\%l 148 and
using the meta-data information, to be able to identify or construct the
designated key as well as other information such as the record size. The
search scheme of the index is oblivious to the meta-data. It locates the
record from the designator (or composite) key without using the meta-data.
The meta-~data is required to construct the (composite) designator key and,
once the record is retrieved, to determine the properties of the record. Thus,
for example, having retrieved the data record of book the designator -B- is
identified, and information on the record designated B is available from the
meta-data. For example the size of the book record, its fields and the fields
that are the key fields.

The use of designated data records is not bound to only one type, but
rather (preferably) more than one type may be treated by the designated index
and as will be explained below with subordination relationship.

Thus, whilst according to hitherto known solutions, data of different
types are typically held in several files (and is addressed by several index
files), according to a database management system utilizing a designated
index of the invention, data records of different types may be addressed from
the same index. It should be noted that the keys of data records that
belong to different types {and are addressed by the same designated index) do



case that a father block does not exist. a father block -14 Lk uting
1, ) is WME®WBWP4ith a duplicated node A (155) of the spl%‘lﬁq?{gadﬁ(l%).

In the case that a duplicated node of split node fromwhich the split |ink
i s originated does not already resi_gl%i n the father block 144, the node is

copi ed - - 52- to the latter block
(marked A') and the connection between A" (155) node and the bl ock in which

A resi des nofl 46jessariliy taivertbe samedgngthafhusf faraixdmple,caonsidenia layged The spl it
link 149 (being originally a short .|ink between, A and C.) is.replaced by

| ong |ink(1udﬁwamhé&nlsma @@F%{Wﬂ@ékg?ﬁ?ﬁm %W@%&P%&Pa@&@ hal 1y nodes
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that it i mAwWkKRYSst theerdcordacihas belongutpcthe ¢'Bimkd entityiisl$ bytes ibmgpugh t he
trie (i.e. comencing fromnode A 156 ), but rather through the | ayered

i ndex (i . dnsertingooksdo fthe desiguatedindeasof fign 8Anwithdba wissignetorikeyshoul d be
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Fig. 7B ang.achondt fathythBQRSinetcorX atid 'dasd #Rotdd w-x which are assigned

with the designator B. In the description below, the terms record of type X or

record designated X are used to describe a record having a designated key and
the designator is X.

Whilst the latter example illustrated one manner of realizing
designated data (i.e. pre-pending as prefix a character, string or any number
of bits) to the key of the data record, those versed in the art will readily
appreciate that this is only one out of many possible variants. In fact, the
proposed designator may be realized in any known manner provided that the
designator distinguishes between different data records, treated as part of
the key, and therefore forms part of the search.

The latter statement applies, regardless of whether the designator:

(i) forms part of the data record (or key portion), (ii) being stores elsewhere
(e.g. in a different data structure), or (iii) it may be defined elsewhere, or
even defined otherwise. An example of the latter is a trie structure that is
associated with data records all of the same type (for example, all are
designated with a character A ). Obviously, by this example, it is not
required to physically attach the designator to the instances of the data
records, seeing that the designator is common to all records. However if
data record is accessed it is needed to identify the designator and add it to
the key. Another possible solution is to prefix the designator to the data

record such that when the data record is accessed the designator is available.



bl ock 148A of Fig. 7C whereas nodes G 1,K L and J reside in bl The
node from vwwgﬁ?'g%?&*sm it link originates (node C -153 of Fi d’cq%lg?%@?s
duplicated (yielding a duplicated node 153a of Fig. 7C) and placed in bl ock
140 marked C . As before, direct link /54 connects the copied node C 153a
to the block 148A of the original spli't node 153 whilst the link 155 is a
far link to the split block 148B and the value of the link is as the
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record (812) with a composite key 412355B940201333333 (the designator
of record 81 is B). The new data record is subordinated to data record 806
whose key is 4712355, According to the PAIF index, node 814 indicated

that the discerning offset is 6 and that the value B links to data record 812

(having the value B at offset 6). Seeing that record 806 has no value at
offset 6, it is assigned with virtual value (say null) at this offset in order to
determine the discerning offset vis-a-vis the other record and accordingly ,
then link 818 is set with direction marked null.

Fig. 13C illustrates the PAIF 800 in which another data record 820 is
inserted. Data record 820 which represents another instance of B type data
record that is subordinated to A type data record (806) is inserted to the
PAJF. The discerning offset is 11 (the value of the new node 822) and the
link values thereof are ‘0’ and ‘1’ to data records 812 and 820, respectively.

Fig. 13D illustrates the PAIF 800, where a different types of records
are subordinated to record 806. Data record of type ‘D’ (824) being
subordinated to data record of type ‘A’ is linked from node 814 by link 823
having the value D. As recalled, the PAIF already represents data record
designated B where the latter is subordinated to the data record designated
A. An example of the ‘B’ type subordinated to ‘A’ type is items (‘B’) stored
by supplier (*A’) and (‘D’) type subordinated to (‘A’) is clients (‘D) served
by the supplier ("A”).



and consequently mnimzing the nunber of accesses (normally, although not
necessar i Ry09245@96perat|ons) that are required in order to FCGIIL9Y9P8 ¢ or
del ete a given data record. Considering now that in order to access data
record the |ayered index maintains syhstantially logarithmc function that
depends on the nunber of records, the layered index is nore efficient in

ternis of nunber of I/0 operatlons required for access a given data record
as conpared to HUiBINg R nglglnﬁdﬁéﬁa{sl%ﬁwmﬂe@nb@dmgithedata

| < associ LA it FithohaD i mnaRed FERBY S enil B DB b T ot

first to §ﬁﬁ@1§ﬁn£g&’?:{itaé&@?ﬁﬁ% 1) 820382 4he ﬂe%&&ea%ﬂdtxﬂﬁn%ﬁﬁw the

sought data recor ’/O operations I'n contrast, accessing the

sane dat ain ekerdatd ffrlewmhhddtethbfrl leesb prefis tiedvcis tthé de@imﬂﬁsm;s of théerel y bl ock
141, bl ock 148A bl ock 148B and data record 159. As shown there are few
parti cul are¢ardt &0c Gise. tthatprefieed kejeAJ§3§6rlé ositted). Wheg ecgessing; fosi ng dat a

record assoma ed.with no ver t he er. the trie (j.

consti t ut E4AHP %@%tabTe%R‘gegllzhg‘ P’F‘i"%laé’ﬂilaé]g E"ﬁ@ é}é"céggtat‘hﬂ%ugh t he
i ndex of t of Fi 7.
t he repregdgn #dﬁé ?ﬁa& gfggm all ‘F"?ﬁ°%g§?‘ﬁgf‘%§@%e 34 _;ﬂﬁ;ﬂ basi c J

partiti onqg ilesteR) the )Sf‘dldetlfh igtgﬁisgmtgl ally the sane | ndex schenme i.e. the

PAIF. By "Substantially” the same schefme it is neant that there are sone
di f f er encéi) a]satvwelcbrda%mZaxs reatbordinéted efbea eacordt desigrated@ Hedtossn be The
considerations in connectigon with duplicati n nodes to hi glher layers | in
the | ayer @4c¢ssgeéfram aode witkyalpe ﬁ@ﬂﬁh@@hbwa inkrwith valieaulb(818).

Thus it is possible to access data record 806 and construct the
complete key of record 812. If the PAIF 800 is a layered index, it might be
that nodes 814 and 822 reside in different blocks and the access path to the
block associated with record 812 does not include node 814. In that case, a
link from the subordinated records (links 826, 828 and 830) to record 806
allows to access data record 806 and construct the key. The implementation
described above obviate the necessity to duplicate the representation of the -
designated key of data record 806 in respect of each subordinated data
record (by the particular example of Fig. 13D, the specified prefix 412355
is duplicated three times for records 812, 820 and 824). Replacing the key
prefix with a link can save space (if the size of the prefixed is larger than
the representation of the link) and allows to access the record that the
subordination relates to without necessitating a separate search.

Fig. 13D, 13E illustrate that the subornation relationship
characteristics of the invention is not limited to any specific realization.

The subordination relationship of the invention enables, thus, to
render more efficient the low level implementation of data as compared to
hitherto known techniques in the sense that one index can be associated
with various data types and subordination relationships as compared to

separate index files according to the prior art. This notwithstanding, there



- 54- additional exanples depicted in Figs. 7D to 7H. Thus, I t he
| ayered i nd&pwsﬁ?‘b. 7D where block split is perfornmed in | ip%&ﬂi@gq%aﬁhe
resulting layered index is illustrated in Fig. 7E, where block 402 is
created node 401 is copies to hi gher_lﬁvel bl ock 402 (form ng part of the
| ayered i ndex schene) and the original’”l'i nk between nodes B and E is
optionally retai ned (through dashed |ink 403). Through node B it is now
possi bl e t omay cdseourseebe wpplicasions astonding to the {MeBtiamdwhes) moby theeans of

| i nks 407 and 408, fres ectively. Next, should it now be required to
split bl ockOWmdsk file jsutlized. 400, the resulting structure appears now in

bl ock 402 of Fig F S 4 jcated to A
and I' (410 and 9?%&5%%{1@&E?%s@oﬂ@ggeefi%f@dg%?bggq,ié% gﬁgﬁéﬁeat ed node
of the splifechRfiCubotdingb@ekit405. However, node A is al so copied
considering that both nodes B (whose counterpart B is a priori residing in
bl ock 402) and | Moskows, there srd aumeugther ateahtagesbthet krsdbjught @ebdeiscendent
nodes of A. Node A being the | owest ancestor node of nodes B and I, and
thus a (conwtingethe proposed feehmiguei of Bheockvamion, The. vakinéaiagodatt ed wi t h
short link 414 (betyeen bIPcks A .and B in bl ock é{gé) IS ﬁf t he same val ue
as |ink 4121 DRIGERAIGE SXATPIG AR BEeY ranpAction (e isapPHed 19 Hi€ 415

05w on "B R Rap30 Fre i o 4 reR BBheb R I A 2R ot B
The i nt er naly ;385 518101791 05 3 PO Ak SdS UEN dabiAt rdcbrch! | W A1BERICH 0 the

representatives of bloc 407. s 416,

417 of nodedesﬁ@r?at@d]@keﬁ%l%ﬁé}.o’ﬁhé eeath Yeadst @i nedt 82NCEhe tvahe @okssi ble to
nmove along direct link 418 to block 405, seeing that node 410 is nuintained
in the acceeBsgalhof thavinsprtedbdats megordaisdl 4hus record 812 fy gecepsedhldes t he

(oo tin0, | ayetodel RITKEhND Sl Ll g PLes A0, el Bl JE M % 420)
the Tink betueeh 396fand the?¥eoh of HE efSiith 'rBrd can be completed. It

should be noted that the link to record 806 obviates the need to conduct a

separate search for record 806 by it’s key in order to confirm it’s existence.

Thus the maintenance of data integrity is more efficient.

Performing the same data integrity check using the specified B-tree
index implies considerable overhead since it is required two phase
operation. At first, a search is applied to the index of data records of type
*A’ in order to find data record whose key is 12355. Only upon finding it
record of type B can be inserted (and a separate index file is normally
updated).

When searching data, the data structure of fig 20E exemplifies other
advantages resulting from the fact that subordinated data records are linked
to their “parent” record. For example, if record from type A is a customer
and record from type B is an invoice, it is usually needed to access the
invoice details with the customer details. The link from the invoice to the

customer obviates a separate search for the customer details.



| ayered index in Fig. 7H has, as shown three layers, the first consisting
of bl ock 4%0998%¥4second consisting of blocks 402 and 408 aRGETTH/Q003%
consi sting of blocks 405, 407, 426 and 406.

- 55- Those versed in the art will readily appreciate that the manner
of realizing split block is, of courdémot linited to the exanpl es of Fig.
7D to 7H. Havi ng descri bed an enbodi nent of constructing a | ayered

i ndex by split THeogeSsWaireds desipngted rindex hef shue devaition Bfingsseidut
transaction (wWth reference to Fig. 7), it will be appreciated that the
opposi t e pnotedurimportast adeansage bimocihat | pavigatiomt énl Heenindedtatfarrecord is
del et ed | eavi ng,.onl y one noage I n.a block having no data records associ at ed
t her ewi t h.2ccomplishipgseguential OPeraionsye art will readily understand that the

8 SR R i Bt

possi bl e variants’ earl’l he I'ayered imdex; ere Sentative
| ndex and “&giehes iafl aat%}fgbbfageﬂx b GSeeridBhd GrdetdSTARS,! ! ik YpdsSibisd6e-

The utilization of a P I n the manner specified constitutes an advant age
over sone mligdie imtidBAIB (known dlso esséquential oporatior)hatd date recordsconpl i shed
| ayered i ndex has a bal anced structure of bl ocks despite the fact that the

trie per $O2n804506s i8R 820824 varf0Seare retrievediaceonding to thmordetiofect ed to
o5, S0 R SO, eSPEP LS o Sl oo eI LS
embodi mentyp, 0te L f1s LBYHY |2 one would navigate in the index in the same manner
whilst avoiding the access of nodes and records that are not relevant.
Accordingly, from node 814 data record 806 is accessed and it can be
predicted that the data records that can be accessed from node 814 by its
links and descendent nodes are subordinated to record 806, thereby avoiding
links 833, 823. In this example only records 802,804,806 and 808 are
retrieved. In the same manner, one would avoid to move along link 823 if
only records of type A and B are needed since it can be predicted that a link
with a value D from a node with a value 6 addressing record 806 is a link to -
subordinated data record designated D.

If the PAIF index is a layered index and assuming that nodes 814
reside in a different block than of node 822, the move from node 814 to
node 812 can be by the split link. If the split link does not exist, for example
in fig. 7F one needs to use the link 421 of node B’ (422) when it is needed
to advance by link 400 from node B (423) to node E (424).

Having exemplified the subordination relationship with reference to the
specific embodiment of Fig. 13, there follows a description that pertains to the
multi-dimensional characteristic according to the second aspect of the
invention.

Turning now to Fig. 14, there is shown a schematic illustration of a
designated index according to one embodiment of the invention. The index

contains two search paths to one designated data record ("DEPOSIT" data



Thus, Fig. 8Aillustrates a given trie structure having verti
orientation VP%38®Anstituting a vertical tree) which, as Shoﬁﬁmﬁgmoom
unbal anced i.e. three blocks depth (260, 261 and 262) vs. two bl ocks depth
(260 and 264). The description belomtﬁg§§ not aim at explaining the search
schenme of the specified vertical tree but enphasizes only those aspects
which are required to obtain bal anced | ayered index. It should neverthel ess
be noted thagcordesusbdiat the Ciqnogltwfbétﬁﬁﬁ%ssg%by early Af e BY S@POHIE a hal f

byte size. (The node l.ue r.e _present =N, hexadeci mal, representati on
of The dai a KhEEo RSt 6% PR BbERERR Koy, R BRNER nBiock BIRREL T o
not ed t hat [ i | ' wmd OF three
"0 oper at i Sagtiter AdWPEIcBhl MWsishated ke A5 BhcludsthERop iRk blfend OF 00

(or one |/ Onpaf?eat Hame) atd 286588 Suatien. Revatidgbioathedsinivet echrpleFtig _
- 56- 8A, may be regarded as balanced. In sone real-life scenarios this

does not neaecemmtidaya reeprd rhasap glesignajed theyt'AdBR3IRI(1301), h&Jpdatingta on i n
order to bring about exactly the sanme nunber, of 1/0 operations. O course,
further ins&eppBhsiast that acqasbr (HEPAEY digatednitghafcoughb 8a8nd® degr ee,

deor atied peRPBIEILES PABcats e GHANT st 237, MFEhM L Yttt 17 1
11 ust r at s 1ep 201 FhFPRIEIGALANLAT, Al RECONEINGEL03 fom nod2gy B8
repr esent at ipyelinl 468, Bhahecans wken,odatonecodd 00K Rgséitorandepgsit(ofra]) is
client. The key of record 202 is B133333. Updating a deposit 204 to a client
202 can be implemented by the index 200 and node 209 linked (208) to data

record 204. The key of data record 203 is. 'A133333C01019811346" (k,).
The key of record 204 is B11346D010198133333 (%,)

-

As shown the fields of Client and Account are duplicated in records
203, 204 (as well as additional information such as the date and the sum)
which is an obvious drawback which results in an undue inflated file.

This drawback may be overcome by representing a single DEPOSIT
record as a multidimension record 210.

Data record 210 (Fig. 14) is a multi-dimension record that is updated
and accessed by the designated index 200 according to the designator key £,
(designator C) and according to the designator key %, (designator D).
{(note that when data record is a multi-dimension record, the designator of
the record depends on the key that is being used) The path in the index by
k, leads to node 207 and from that node to the designator C of record 210.
The information in the meta-data according to the designator C allows to
construct the relevant structure. For example construct a data structure that
includes the key %,.by links 213, 214 records 201 and 202 are accessed an
thus with the date field of record 210 all the key fields are constructed. The

path in the index by %, leads to node 209 and from that node to the
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ed with the result that horizontal bal anced tree is obtained
W99/38p8ck 270 from which all the bl ocks of the | oREFILPA38
tree (the latter constitutes the unbal anced trie) are accessed

t hrough one 1/ 0O operati on. As shown, the actual access to the bl ocks
in the first vertical tree (being thdbtrie) are achi eved by neans of the
common key val ue of each bl ock. Before proceeding any further the
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each bl oc

lt‘ﬁird 2T points SN eEG 261. 388 second field 28(€hav%!g 2 VaiGe

"D’ — which is the designator according to search key k,) of the same data

structure 210 is accessible by search path that is defined by the search key
of record 204. The fourth field has a link to the actual data record 202. In
this manner the record DEPOSIT represents subordination of both account
and client, whilst avoiding duplication of the fields account, client date and
sum. It should be noted that the data elements account and client are
accessed by means of link to the original data records (201 and 202) and the
rest of the data (date and sum) exists only once within data element 210.
Obviously, data record 210 can include other fields. The invention is by no
means bound to a given realization and accordingly the manner of realizing

data record 210 as depicted in Fig 14 is only one out of many possible

 variants. The number of search paths is not limited. As had been explained

above with reference also to Fig. 13E, if the sought data record is Axxxx
(i.e. the account record 201 per se), then one simply moves in the index

with a search key of 'Axxxx' to any of it’s subordinated records and access

the record of type A by the link from the subordinated record to record of

type A.. Such for example link 213 of fig. 14. Other implementation are of
course feasible (e.g. maintaining a link in the index to record A), all as
required and appropriate.The specified description which provides two (and
in the general case at least two) search paths to one physical occurrence of
data records constitutes the multi-dimensional data structure which is a
designated index that contains at least two search paths to one data record
(called multi-dimension record).

Relation among data elements - Fig. 15 illustrates another feature of



261 0x4 1, 0X3, Ox3, 0x3, 0x3, Ox3, 0x3, 0x3 269

x4, Ol (x%’?%ﬁ?§999(0<3, Ox3, 0x3, Ox3,0x3 O0x3. OX3. Ox3, Ox3CHBA*00038
x4, Oxl, 0x3, 0x3, Ox3, 0x3, 0x3, x4, 0x3 It should be noted that
bl ock 261 can acconmpdate a root node Jth value 8, thus, the commobn key,
hereafter k of the block, is changed t'd be 0x4, Oxl, 0x3, 0x3, 0x3, Ox,
Ox3, Ox3, i.e. it consists of 8 units. In this case, the representative of
bl ock 261 i thelinverttion, debdate relatjenshir featwten gihys, data accordiX (ebeok data

i mpl enent ation, _the rgzresentative of 261 .is_k; gven i f the root, node with
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resulting |ayered index i's balanced. As specified above, for the
speci fi ¢ cakewover itihas onlyconeabstraet{Kasiiev enkég-0né. a bl ock bei ng a conmon
key. Cenerally speaking, the common k of a block is, the | ongest, prefix of
all keys of the daf\§cex E&@Sthﬁrpa@msaﬁééw&eé&@éamﬁcﬂmf?éatmné@p By the

o vant | SRy SRR Lm0 MR B AL L
as recall Edﬂﬁo&eﬁ?ﬁ{écdsl&& dﬁ{s%}aordhfxat{r%eree&gfa‘gg t?%é&g?? i %i%gﬁw'i‘s number

of bits, then t prefix size 1s calculate set v mul tiplied
by the | -bi bf thengbeaditisted record (since it is a one-to-one relation there is no need to

use the key field of the subordinated record). Whereas a one-to-many
relationship is implemented by a designator (composite) key whose first
component is the designator key of the subordinating record, and whose
second component consists of the designator and key of the subordinated
record.

In this example, the one-to-one relation between a book and its
abstract is maintained by defining the key of L. to be AxxxL., where Axxx is
the designated key of A, L is the designator of the key of record L. The
one-to-many relation between a book and a category is maintained by defining
the key of L to be AxcxLyyy, where Asoct is the designated key of A, L is the
designator of the key and yyy are the key field(s) of record L.

There follows now a description that pertains to another feature
according to the second aspect of the invention that pertains to multi-model
representation. In accordance with this feature, and as will be explained in
greater detail below, one or more of the following (and possibly other)

models may be represented by the specified designated index.

Representing relational tables by a multi-model designated index -
The relational model considers all data as consisting of tables. Each

table consists of records of the same structure, called ruples. Suppose, the



- 58 - There foll ows now a description of yet another enbodi nent of
const ruct W38 ered i ndex of the invention with referencBCTH-ROHLS

9A- 9G Accordingly, attention is now directed to Figs. 9A-9G show ng
a succession of nodify (insert) tranzgction on a PAIF tree (constituting a
trie that is susceptible to an unbal aAced structure) and the so obtained

| ayered i ndex. For conveni ence of presentation, the data records are shown
as form nenples tondistt dfefields &1, K2 ael3 .fEach suchviteldtiha keyt ibkeyBBAer in which
the data records are associated to_the frie may vary_dependi ng upon the
parti cul asubgrginasete &ey F1, and keyh F3ia spbordangtadotkeyukbswe £angasied i ndex is

Conet !t S 5 A0S VEERSR MU o) BB GRS B e ooor 0o
data, U1 G EaRGERIE o AU Ml SRR g ot

F=1 111111}3me manner! dbntin@eftb T3, BucRp sidhi ttipl8 Aefinesactuple’of thel tabR! t ed
whereafter Bl ock 300, includes node 301 having offset” 0, being associated

to first iSeaw projedtionsayt evemkas3@? fo findiatighe pairs aff wvalu@s ofiF ltandsFXt age, t he

tree consists of Block 100 having y one de. The |ndex schene dictates
that the i@famdpélﬁfﬁet@lﬂ&taavﬁl%d}f?#méh éﬁr@?’n’?"ﬁé&r@% @i%@e%h val ue 0 at

Offset 0 el SO k1, '), BebroRithd Bt prbfeeridiPSPREL, ¥S) Yaight be

expensive, since it requires searching all values of F1 first. However, if this

operation is common, the designated index should also maintain the search
path (F2, F3, Fl). L.e.,, we construct a new designator composite key
F2'F3'F1’ with new designators, and insert the additional paths to the
designated index. Thus each record can be reached via both paths and

constitute multi-dimension record.

Additional models on the multi-model designated index -
The designated index enables to represent additional data models,
including . relational database, an object oriented system, and a hierarchical

database, where substantially no data is duplicated.

Implementing object oriented (persistent data structures) by multi-model
designated index -

The object oriented approach considers all data as objects.

Every object belongs to a class, which determines its structure and

which methods (functions) can be applied to it. The classes are

organized in a hierarchy, from which structure and method may be

inherited. The object-oriented approach is ephemeral—an object

exists only while the program that created it is active. Objects that

need to be supported for a longer period of time, are defined as

persistent. These objects are stored on the disk and are available to



Thereafter (FiLdg, , data record B is inserted, in which, as SAf
clearly seeﬁwgga:;%géti ngui shed fromdata record A in offset %ero,gp/ta?'nogskey

value is 1 and, accordingly, link 302 | eads to data record B and assi gnhed
with the val ue 1. Thereafter (Fyg. 9C), data record Cis inserted,
and the value thereof in - 59 -

of fset 1, serves for distinguishing it fromrecord A _Links 303 and 304
connect node 305 othsr{authegized} prigrams. The myltinsodgledasignateddindsxragsor ds C

o & espec el Pl o 00 SESP MRS SR AT
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than two nodes (Qy@tHdr@to@aeAs cah ackéssitheddP¥rsiS@Hi b5idcisONSR fhiat Bl ek 300.
Fig. 9E illustrates th?(t)ree structure after spli t?i ng. Thus, link 306 is

the split |ink wstiettirae reopensisténrobjdratcanmismbe ety atrelntional als of a

hal f block will be retained in Block 300, and the contents of the renaining
hal f block will déerbisdl pesddnsiupbicatgidgtac 310. Of course, other links coul d
be |ikew se selected to be the split link. As a first stage, block

300 in I[err] is replaced with two blocks 300 and 310. The nodes 0,1
(designated as 311 anqchkiier! RERRGMPS! the RBAsthl@udaR of fig. 16. Data

records 223, 224, 225, and 226 are subordinated to data record 221
and together with record 221 are considered as an object. It is
possible to search efficiently in the index for all data records with a
key prefix equals to the designated key of record 221 (partial key
search) and retrieve the entire object. If only part of the object’s data
is needed such as the A type record and the subordinated B type
records, again a partial key search is done for data records with key
prefix that is equal to the designated key of record type A (for
example 221) and the designatore B as the next key field.

Implementing object-relational by multi-medel designated index -

As opposed to the object-oriented approach, the relational approach
considers all data as tables. Thus it is difficult to integrate SQL queries in an
object-oriented programming language (C++ or Java). The object-relational
approach provides an interface to convert tables to objects. The interface
requires the user to specify the relationship between the objects and the
table attributes. If some attributes themselves are tables, we need to allow
relational algebra operations on these tables too. These conversions are
performed by the application program. Thus the database is unable to
optimize the queries. The designated index treats data in a uniform manner,
thus providing an ideal interface between the object-oriented application

program and the data structures. The application program’s queries are



records A and B are retained in the splitting block 309, whereas n@ﬁg 6,
data recoM®%I%8Md C, (standing in this particul ar enbodi neftTH3re

remai ni ng nodes), are noved to bl ock 310. Accordingly, the basic
partitioned index of Fig. 9E consi S&Sﬁ now of two bl ocks 300 and 310 (which
in fact constitute the unbal anced T Pré). Thereafter, since the block
of B[err] does not exist, it is created, and, accordingly, block 312 is
provi ded foritndated irt terndeof ddsinated deeysesbo the watabase cin (optimyize dhe her eby
constitute a duplicated node (314). Next, .the duplicated node (314) is
connect eQUBKY n#EaeEYf he edetabask ZeyIRSy @Sé%f@tggo,ke}éﬁad whishdibei cat ed node

314 is i keg b ns_of z%.far i nk 31§ to the block 310b This far link
repl aces® Jf?é:'SF‘i}éBferm?gl agﬁl'ui:at 190 | rogiamy | §pn sreﬁgﬁ*ed’rf)ﬁesﬁi g%’ 9B%n a dashed
line. Th . Wal’e ' : th it

k. Thobletificlied BRAMOlbERTRL Sedhehel? o MBS uf e Sedlsn 72 B0 L

search agath & the dijedtiztaadines itk eplasnfant ke desiphatosy to varimedfieldsiex.
It should be noted that there are no constraints as to whether the split

- 60- | aHewstheudbjeteoriented qrtogram &0 atsodvic palymorphism ofdhe anethodi ned
hori zontal .tree that constitutes the |layered index (consisting here on
bl ocks 3f2u&300 and 310, of which 312 belongs to the representative index)

i n the nori zorhhs dPERaed SRSt eludnd YREL | EGF exdinblS BB T ROt s,
pg?el ?ﬁi tgeiltsbiégﬁgg3§§scfibeyianaa@ ¥i2hétBrel bf i M¥urdReSéRhBady wmdes of the

- records of type A are customers, records of type B are customers claims and

records of type C are customers payments. As it is clearly shown, all the
data records are addressed by a single index structure.

Now, one is able to efficiently access all the object instances since
the index allows to navigate from a customer to its related data — claims and
payments. At the same time one is able to navigate on the index structure
efficiently and effect the customer table (the collections of records of type
A), customer claims table (the collections of records of type A and B) and
customers payments table (the collection of records A and C). Since the data
structure does not impose physical clustering of the data, if data is shared
among different objects, it can be efficiently accessed by the different object
views — and thus such data record is a multi-dimension record. In this
example, a claim can be efficiently accessed both from the customer object
and the policy object and being from a type structured as for example in
fig.16 (structure 210).

The object-oriented approach allows users to add user-defined types
(UDT) and user-defined functions (UDF). For example one could add the
photos of accidents to the insurance company database. In the example, a
new designated data record subordinated to the A type data record is
defined. When a claim’s details are searched, the photo of the accident is

accessed and sent to the photo printout application. With a designated



represents direction 1 fromnode 314 (having a 1) val ue, and | '
direction O W?%Q&Wr ed. Therefore advancing by neans of the gﬁﬂé@?’“b 8k
316 to block 300. Thus, the block that needs to be associated with the new
data record is found. In the same way gpta record Fis inserted resulting
in a tree structure shown in Fig. 9F Next, if a split between node
320 and node 321 of bl ock 300 is per orngd, node c32,0 I.s . copied to block 312
(desi gnat ed 28X, ithe peigtiopdyetwaen $he phota dedrfoniae deim i kaadied Mole 314 of

bl ock 312 (since it will_not, r.etain the correct i -blo Lnks,of the
nodes) - nodtmsrmard i, ERR 0N 8 dpsslS eBfirERtbab DB BT UT 8T et ca a2z
in Fig 9Q i [l | Wl t g:®earch by
t he search é}%ﬁ%&ngﬁtog ll‘g{:aﬁé;& @ﬁd@g@%q@qgc%rﬁpﬁg%t% € TS"?)vVrr‘?’rtg)s’rllﬁ;ll<eys of
the bl ocks. the designdted $iiuy] theddpinichBom ohe datigate tonbké asw WD Thaghhedi r ect
links fromall copied nodes 314,322,323 of block 312 in Fig 9G it would be
suf fici ent tdefinad«lasses foohwhickethe néwiUPdocan inberappineethodsiend 32 t o bl ock

300. Afar link 324 from node 323 i,s set to.block 126 in the direction of .
the Iink befBPRSTHRS &It eHaDlai Mden BAVIGRLInG ik s 1pdes gl@nﬂy@ulébvi ousl y,

I f another split_ is perforned in.block 32 |t I e represented in

bl ock 312 b?agig%%io 309‘}?1’3&@&]#}8%‘ r?%‘(?ec%'g% r%%;hl\'\@xﬁkp%ogo&ﬁ rVg%l?iagr?nil havi ng a
direct |ink gyt @ffhe’c@ﬂlds gathar link to block Bferr] Figs. 9A-G
and 8A-B illustrate two of many possi ble manners of realizing the split

bl ock mechani smthat maintains the balance structure of the invention by
constructing a layered index. The flexibility in adopting another
“non-liniti n%’&am’rkrﬂnd Hiertagohicel Models:fi g. 8B where the near link 271 and

Implementing network and hierarchical medels by multi-model designated
index -

The network and hierarchical models have been replaced by the
relational model. However, even though these models are obsolete, they
have some advantages (as well as many disadvantages) over the
table-oriented implementation. Once a record is retrieved the addresses of
related records are readily available.

Consider, for example, a bank with customers and loans. Each
customer has an address and several loans, while each loan is taken by one
or more customers. In the network model, each customer is represented by a
node containing link to the customer and links to nodes representing the
loans taken by the customer. A node representing a loan is likewise linked
to the nodes of the customers that took that loan. Thus given a ioan one can
easily access of the customers that took the loan and get their home
addresses.

The B-tree implementation, requires us to maintain two trees: one of
the customers and home addresses, and the second of loans and customers.

Thus having retrieved the data of a loan, the names of the customers that



- 61 - direct link 272 are represented by far link 273 (mag ' shed
line) witRAPYE4 on as of 1ink 271 rendering thus node 276!’&/21(#3@%?.

| nsof ar as many enbodi nents are concerned, the bal ance techni que of the
invention confers to the so obtaineg,bal anced horizontal oriented digital
tree (being one formof the | ayered ?ndex structure) a so called
"probabilistic access" characteristics. This nmeans that a search in

connect i tecknthehloan arepavaildblea Toefind dhgie agdresees; @n independgat B-treeord A), may

Ieadtoadiéf.erent ar&cor or to a node where there is no link to the
di r ect i oACHFRITFIPREEAIPT CAE PIHER®Echemre and may require to apply
"correction" i _ G t: t.d aﬁ‘f]ﬂ d. For
a better unde?@ttg%g)?é%és%fie’%ﬂﬁieﬁ@rdggg?ﬁaﬁ%g%gﬁgee)?? oraseﬁagfr%{e, Eig. 9E.

Consi der i @, %En&!x@ feaching the Hodb réfrabemiiy @ loén 2RAEIcAH doatinie | ayered
i ndex of Fig. 9E with the sought data record L=1 110111 10 . The search
pat h wi | lto haldsipnaterdthaBidentifids thenéustdBersahasmoklthatloar (for exasyplet i vel y) and
then at offset '6' (rqQot_node of block 31Q) through Iink 319 (value "1') to
dat a recaeeprds offizpe &) Normadlyp pbmost Ape idiskoacqess 1p remursd Tostgaghsear ch
characteristics the so optained.avered.index. . Jdn ord to resol ve
Che speciPOdE; Tt dropRscth; JBUGF RGO AETEated ipdeRn B dhoot | he
sought d y ; : ' I The conmon
key of tﬁﬁg@ﬁi@gg %ﬁﬂ%) h?‘?"dt{‘ﬁem%%% @‘%@?ﬁ%ﬁﬁgé‘ﬂﬁﬁ@%ﬁy 0 ﬁ% ﬁ\ﬂe;le actual data

record Cpefotk midiel sreatedtatih@odeneparaelgfand waszarseeptitdutto lohgnb up the
tree to the node in the access path that has a value equal to or |ess than

t he commseagshgiatlys, she multismodelsdesigmatescindex ieats alf detaamiformdy andqui r enent
is not nmej, .i.e. al| the podes have val ue .gqreater than_ the cal.cul ated

oref i o 1enisi olitherFaion RARAL HObEbY;logRu R EcTsh sHah e Bsebis & di r ect
Link (whigD1Shithh RIObIdR Sihe ThukSh fhakde, He {diEcH AdRrel 'asthgleNow:  from

disk access.

Implementing server-client model with object oriented based on a
designated index-

The client-server model enables efficient implementations of the .
relational model. According to this model, all the data resides at a central
computer (called the server), and the application programs run at other
computers (called clients). When an application needs data, it formulates an
SQL query, which is sent by the client to the server. The server evaluates
the query and returns the resulting table to the client.

Thus, the interface between the client and the server is via SQL
queries—the server is unaware of the internal data structures and code of
the application. The client and the server have just to agree on the names of
the tables and their attributes.

In the object-oriented approach this model breaks down. Since each
data item is an object, the server must be aware of its internal structure. This
problem is aggravated in the presence of polymorphic methods. The server

must be aware of the structure and the details of the entire class hierarchy.



t he node 311“,509\633@ means of direct link 316 to the | ower Ievelwggoé gal

oriented tree (1l “to | ayer I[err]) and therefrom continue the" path
as prescribed by the index schene. _

- 62- Accordi ng to anot her scegaggig, shoul d the index schene _
prescribes to go in a given direction and there is no link in the desired
direction, the search path follows the direct |link froma node wth the

| argest val ue on ?161"3%188?3@[4 igden a(ipwgtto Pt thenelisnt-geyvst mppraskl. fomhen

advancing f | ack ri.son,t he co n ke |

avai | abl g) %’%n‘%) ?réé‘ﬁ%‘ig‘ﬁgsdbé%é %1 %Ofiﬁlonﬁarésx'ﬁl? Ca @it %ogt & can lead
to a deci si t b or to
etarn to snoane i EPRARh Bogh AR e e o8 HERS oron key
i s not necedesigndtyrsibadihgab kiye dédimcheaslietto th@@ex@@f.&ids@é%dﬁis data théReverting
to the previous exanple (sought data record and associ ated data record C
of fig. OE, sarvenc¢es Rufithihe kespiest withoutanylmawletlge o theodatd ptristurebfit ai ned i n

t he bl ock %@ ot .needed to access data record C. Thus, since the connpbn
prefix of tWE aPRYCHION PRIREAMihe conmon key of the block is 0, one can return

to node 314 and I.n rec C Av di the need to
access the data t%égg %ﬁ thhg%g’éﬁﬁgg&‘gégg?? %ﬁi&egd é}p "
advant age ¢&8ed & ﬁb@rhffaﬁé soug
data recor gﬂlggreqsgs%ﬂta@eg;?héeg?ﬁ%? eetree |§' t&hetﬁlgl ze a? eEe;"ra'com*mn key
prefix of thwehdteidhindlisd semnamctiar cbraed. t he common key of the

According to yet another aspect of the invention it is proposed to further
compress the representation of the index therby render it more efficient.
Hereon there is an estimation of the space required by a trie and methods to
reduce the space requirements.

If the trie is a layered index the analyzing of the trie index structure will
concentrate on the last layer (Z,):

Storage requirements for primary key index of a trie -

One of the most important features of a trie based data structure is the
modest size of its representation. The PAIF for example maintains even
smaller size than a conventional trie because of it’s compressed
representation.

The last level of the PAIF index contains a trie with links that point to other
trie nodes in the same block, and links that point to records. Let N be the
number of records in the database. The index contains exactly N pointers to
these records. If each pointer requires 4 bytes, the size needed for the
pointers is 4N bytes. In addition, each pointer has a direction, (1 byte) thus
the total is 5N bytes.

Now consider the space required for a PAIF trie. Since N pointers emanate

from the index and each trie node has at least 2 children, there are at most



bl ock is greater than the value of the split node. In_the |f§§<ot3§r
exanpl e, W@I%8PUe of the split node is 1 (of node 313), t hRRST/H%8 10 is
not the block that accommbdates record L (if such record exists).

Therefore, the search for record L isggontinued fromnode 314 and Iink 316.

This procedure applies to all nodify transactions. | nsof ar as insert
transaction is concerned, _block 300 js found in the .%(llgr sgeci fied above
and i s assb&Mtddiig nadesd.ehefdenats the a¥ergge number o R P&2 Eifanpl e

f dt i fi I f. ad j T | gt h t
Wil v oadi TRkt L4 TOY SnE PLBHEIRE 48550 r SN RUERIE dde e &
h Ceristi i . o i i nd
Chat uti 1 {5 G2t Py (1 P2 gl 3ach wib Rofl Hgs ot HRRE otz inhlre 0
characterigidg “t@&%@r& afhiost % — Etri@lifiks, a6Rrie link has a label, which is
- 63 - fromthé fact that not necessarily the conplete common key of a

bl ock in | gygiglé [chardctérsatd annintracbiock goimteriéd hyfte), thun adtotalhaf 3resi de on
the search path up to the block in I[err

) g . Thus, i % i s ,necessary to know

the comonbyies. Ths iththeworsk case it,is neadest dar- 4 <7 | bytesrinithe watslh ch pat h
to the specified, block ches e search path according to the key of the
sought dat gaspeggpdqeﬂwpeq Hg}%ﬁrﬁd%?éiﬁ H@rﬁgt{%&rmi ntained in the block, it
m ght be needed

Performing the same analysis but from another angle: Consider two

pointers p; and p, that emanate from node v of level £. Let x;be a key

reachable from p, andx, a key reachable from p,. Then x;and x, share

the first & —1characters. In A PATF structure, each one of these characters is

represented at most once. In the B-tree representation it is needed to

explicitly represent the first k character of each key.

The savings in the PAIF are twofold: First every character of is stored at

most once on each level, and second, not all characters need be represented.

Further index compression -

In the above discussion, most of the space is required for the pointers to
records. It will be now presented a method that allows to save pointer space.
The method is based on allowing several links to records to share the same
pointer. Suppose, first, that the records have fixed size. If the first two
records reside in the same block, then it is possible to keep a single full
sized pointer for the first pointer to a block, and instead of keeping a pointer
for each of the remaining outgoing links to that block, computing their
displacement, i.e., if the first two records reside in block number 2000 and
the third record in block 7000 it is possible to maintain the structure
2000(e,f) 7000(h).The savings would be much more substantial if a larger
number of outgoing links point all to the same block. If k such links point to



to advance in the index to a data record in order to know t he

c
val ue. WOPHES%herent error prone characteristics of the"ﬁi}g%%g?ndex

and the manner of handling it has been exenplified with reference to Fig. 9
above, and may be described nore generzlly as follows: to search a record
by key k, the latter is searched in I[err] (and in sonme cases in I[err] to

!%Z&I]ng"[ ota‘zbf’o%i;?gxeé?r@%@%s%@ Fieh R e R fgSen Bs,bn%ga of 1 [err]
The descr pilfish foh aftisBsihB alf ifhord 1O REGCUA ' afiblts Biis BRCBER IE)
PAI F based ﬂh@ctﬁffécﬁans(qhggﬁeg Bor ‘?ch>e4ﬂﬁ§h£éaﬁ§lﬁ{a't Eh&ﬁﬁ‘éotd‘?@f&u%@@ Byies

representative I ndex se versed in the art will readily appreC| ate that
t he | ayer edini théénded. the i nvention is not bound only to PIA Thus, for
exanple, U S. 5,495,609 illustrates a different trie. Consider, f or
exanple, the trie of Fig. 10A in accordance with the specified '609 patent,

d ' h h i d " d ,
a0 sl DAl & 005 Ses kot 8kt Y Jasammaday gl nods, 1
the i t d h Ptti
e LS S e HSOE S 0 NOOQIR EBE 1
to b k th Link,bet d d1 t bt t bl ock
(o oreal the Lk ibetieon e f20 ks WS b 1
(her ei naft eﬁlaﬂﬁ\ﬁr@b Thh, AR Web, it HEchad oyl 96k 6 SHefle R . L1

I nternal nenory, I’s" now require 0 reac cord one 1/0
pointer, 1 byte for the direction, and 1 byte for the displacement; a total of 3

bytes per record.

Looking at the example of fig. 17, fig. 17A shows a node 2000 of a trie with
the links 2010, 2011, 2012 (values 5,9,A respectively) that address 3 data
records — 2002, 2004, 2006 at disk address 3000, 5000, 7000 respectively. .
The size needed to represent the link values (1 byte for each link) and the
pointers (4 bytes) to the data is 15 bytes.

Turning now to fig. 17B where node 2000 maintains a shared link (2010) to
three data records (2002,2004,2006). The information that represent the link
is the address to block 2020 (4 bytes) and the link values to the data records
2002, 2004, 2006 that reside in the block {1 byte for each link value). The
size needed to represent the pointer to the data block and the value of the
links is only 7 bytes — (3000:5,9,A).

Now in order to access data record 2004 one can calculate it’s address as the
address of the data block + the displacement which depends on the record
size assuming that the records in the data block are all of equal size.

As had been explained, node 2000 can include links to other data records or
data blocks {(such as link 2024 to data block 2022 accommodating data
record 2008).

Preferably, the database file management system of the invention



- 64 - operation is required. If, on the other hand, record 20 is of

i nterest, WOP¥38994 | / O operation is required, in order to acRETALINANgey

bl ock (i.e. the one accommpbdati ng node 14), and therefrom another (i.e.
second) |/ O operation is required, ig order to access record 20. It is
accordingly appreciated that the spl ?_bl ock gave rise to an unbal anced
tree. Subsequent insert transactions nmay adversely affect the unbal anced
char act er shxild b assoeiated ewith. knowe cpersse aoscwmendyplaadfor Qliatibagedes which is

obvi ously é&}%g'eﬂ red. bép I){i ng the techni que of, the inveption wll
cope wi t hcansellEies, $Q a%ito §a grli’ WAHE ghuss ttpAcessn Y B9t ng | ayer ed
index is illust ed, i 3. F e S ' Lndex.is

const i t ut BEPHRY 157 it Ot Otatutt e haS, bd focdafe¥ F BORHIScadilr

(consti tuaﬁﬂiﬁiﬁ%@bﬂg@%%rﬁéﬁéﬁ%@bcﬂ%& al so, the link between node 12
and 14 is considere

split link, and the new node, 159D (being
replication of Tagtag how teFigspl &A-D ntherecarseshobinofokir desdlonarkegtaplss 159A. Now,
in order to access record 20 and record 26, the same nunber of I/0O
oper at i ondemensteatingr ¢, enhancedperformange.: inclgrmas of sesponse time andbfild ze of the
trie grows, the npre effj.cient.js the access usi t he | ayered i ndex.
The | ayer 8¢ ioﬁ@égfﬁ’a?e P?id?mg@Bﬁ rm%@eﬁﬁgﬁﬁyﬁgﬂt}g‘% %{nﬁlzﬂyﬁﬁcgé(atem 8k of
bl ocks, a LG ol | THR I Lons is
required ?%%gg&gh&ejg%ﬁ%an E%ilﬁélbrya)(/gg%lger ecor%g[garia{“ﬁg&tef gg?%%%gtgtg}é\ier sed in
the art Wddlizé@aHidughaDRIfRE applidatioh mEgng’ ’RPWindb&'s l'(%&ﬁﬁforl@érohﬁp
operations is a logarithmc function dependi ng upon the nunber of data
records appemtingsystemy. of |inks originated froma block. Thus, for exanple,

if 1000 far |inks origli_nnate froma block, a layered index with 3 levels
al | ows access tfl@e benchmark of Fig. 18A concerns measuring the time in minutes

for inserting an ever increasing number of a priori sorted data records to a file
(0-1,000,000). As shown in Fig. 18A, the larger number of inserts the greater
is the improvement in terms of response time of the database file management
system of the invention. Thus inserting 1 million records takes about 669
minutes in the Ctree based database as compared to only 65 minutes in the
system of the invention. Moreover, the response time in the file management
system of the invention increases by only a small extent as the number of
records increases, as opposed to significant increase in the response time in
the counterpart system according to the prior art.

The benchmark of Fig. 18B illustrates the file size in mega bytes as a
function of number of data records in the file (0-1,000,000). As shown in Fig.
18B, the larger number of records the greater is the improvement in terms of -
file size in the database file management system of the invention. Thus for 1
million records the file size of Ctree based file is about 151 mega byte as
compared to only 22 mega byte in the database file management system of the
invention.

Graphs 18C and 18D are similar to those shown in Figs. 18A and 12B
apart from the fact that in the former (18C and 18D) the data records are

inserted randomly whereas in the latter (18A and 18B) the data records are a



1, 000, 000, 00 ecords. For a better understandin f
f or egoi ng, tﬁlgrj% ?)4I ows nunerical exanple. Assum ng that engillb%tggbg%shas

1000 far links. Assuming that the size of each far link is 4 bytes it
readily arises that the size needed fargyrepresenting the far links is 4000
bytes. Assum ng further that the nodes and the near |links within a bl ock

occupy anot her, 4000 hytes,..the resul.ting block )
- 65-  size ¥4 lesé’?egﬁﬁﬁcffﬁ}%ﬁ’os ?y'%&rs@é{%’ethﬁfmﬂii@(ﬁi%ﬁ &5f%48d6mi ng t hat

each block s j : : is i [ i ndex

t hat consi stgégws%r?g%g%gegkﬁéﬁgg I%P&r:?(e?ﬁ I ﬁgglé%ﬁlg%?%?e%%gi%@er
ITerr] and agsdfligizd.hat it is linked to a thousand blocks in the |ayer
I[err] (of which only two bl ocks 146 and 148 are shown in Fig. 7B), the

| ayered index anobigss 10d-Dailiustratesod tenohmbtio gkaphsash ahsystarg aoBitlee of

20, 000 bytes, Accor&;pngl y, the total space that should be allocated for
hol di ng t he HIV6BHkan (APefating under BOS pprERUBE SYstaau) vs2 gomipacinlly evailablg s or der

xanpl o, o pores Ve AAERE SRS Trete Bt nE 0o Bae Rep P oIom LN ] i o
i1 21 ng a TG hATRRRel Bl G SR reshlisaiEhe 809 B 51 acrer
enbodi ment) which is wholly
Those versed in the art will appreciate that alphabetic and roman
characters designating claim steps are made for convenience of explanation
only and should by no means construes as imposing order of steps, or how
many times each step is executed vis-a-vis other steps of the method.
The present invention has been described with a certain degree of
particularity, but those versed in the art will appreciate that various
modifications and alterations may be implemented without departing from the

scope and spirit of the following claims:



accomodated in the internal menory, a mllion data records can be accessed

wi t hout |/ %O 948094 By the sane token accessing billi o¥HST/BPYPUEY ds
may required practically one nore index |ayer which may require an
additional one I/O operation. 2ﬁﬁor a better understanding of the

f oregoi ng consi der for exanple the inplement atii)n of the layered index in

Figs. 6T-1 or 6B-3 (PAIF index schene). Had thH Iﬂiﬂﬂ'{mllﬁﬂuﬂlmo[gshlos
™ sI . u ave

and 107 bdehAIMSer in size (for exanple 100 b
not changed the size of the PAIF. Another non limting exanple can be shown
in Fig. 8B - the size and the structure of the layered i ndex would not be

oul o be 2o byleh ¥oagt Hedih Ghed By % WEEBEE ok I dBEERIC DN U gatc

woul d be Z0D by s a 0 navigate in

the index eeguied drtdath PrSedsEingtysans adas senctundthapinchfiesr der of the key.

This exenplifies one form of SeQuential operation. As shown, the
resul ting | ayer lyereibimdexfarfanged i Bloaks] tikelayered indese $ndladésng busict i cal
orientation i.e. the first tree structure consisting of blocks _
- 66 - 17wwtitiened butex(that iggasseeiatesd Wiy data geeerdsicthedbasia parisioneddex 1. )

and second Lt ee i 09,905 Bl 98 da9 hd ME ARG 69l ki, 281 ©

being susceptible to an unbalanced structure of blocks;

said layered index enables accessing or updating the data records by
key or keys and constitutes a balanced structure of blocks.
2. The layered index of Claim 1, wherein said basic partitioned index
being a trie.
3. In a storage medium used by a database file management system
executed on data processing system, a data structure that includes:

an index arranged in blocks and being constructed over the keys of
data records; the index includes a basic partitioned index that is associated
with the data records; the basic partitioned index enables accessing .or.
updating the data records by key or keys, and being susceptible to an
unbalanced structure of blocks;

said index enables accessing or updating the data records by key or

keys and constitutes a balanced structure of blocks.

4. In astorage medium used by a database file management system
executed on data processing system, a data structure that includes:

an index arranged in blocks and being constructed over the keys of
data records; the index includes a frie that is associated with the data
records; the trie enables accessing or updating the data records by key or
keys, and being susceptible to an unbalanced structure of blocks;

said index enables accessing or updating the data records by key or

keys and constitutes a balanced structure of blocks.



The so acconplished horizontal tree of blocks (being one form of the0
| ayered i ndd¥9 9938084| anced, i.e. root bl ock—159Awhi-eh—t-hr-oddfiiBAY%%H
enables to access all the links to the data records. Further insertions of

data records which will lead to additggnal j 'I "m&mmmcks of I[err],
will require, of course, updating the |ayer'§ 2R Tl nk) ri When t he nunber
of nodes in block_ 159A of |[.err] ceeds itven nunber, block 1 59A is
split acco®H ng km’& layeredpindex rﬁfcqigﬁpsﬁ wherdin saiflpgoragemedi@dk with whi ch

the techni que of t‘&% iarllventi nis of concern, is not confined to the search
tree di scl JSHP hEXFHAI B Yt ent, and it may enconpass other types of

trees as el ai nqqleaﬁggl%d. ﬂ“?e’éﬁfag?é‘ﬁ%%?&ﬁ‘ ggitdegofl tem%‘Poc. ntra- bl ock

structure i s not ‘necessari odes 1 ns are not

necessari | bepig ARERE ahinRrd nddie@y. structure. Wiilst this fact is seem ngly
a drawback, those versed in the art will readily appreciate that its

i npl i cati ors. on tThke dayered indéxt abGaimp by whereimsaidestaragevinedina | v
insignificant. This stens fromthe fact that intra-block search schene is .
normal |y pdeing apintemal MEMQ¥t internal menory of the conputer system As
opposed to g he i as; bl ock. sear schene,, the aryangenent bl ock within
a |l ayered i“mdex i ?&Y&F‘ﬂtﬁa‘%ﬁOg@aﬁﬁﬁcg@eﬁl?&é{{,&l&ggﬂﬁgéme nunber of
bl ocks in 3 earch path is a logarithm c function depending on the nunber
of data records and reflects therefore the nunber of I/O accesses to the
external nymory (Fhe (Rirad itdex\of Chait® 1] WiRESiAthY HakRVartitiofédler to load a
~desired block to the i'nternal nenory. In this connection those
“versed in tihdexarandiithe represdmyatieprindéatefll salthtlayéredpimdeantbeimyenti on is by

no nmeans bound tQ a given physical realization. Thus, for exanple, insofar
as search §§h§tﬁ@tlﬂb/§ie&?mﬁ:@dﬁxﬁﬁhms‘the intra-block retains the search

scheme aft Yo .app'l-'ﬁ'len );[epeed %cf:epcnt')tqﬁ?aitg 1 ,t Qv%erein the basic partitioned

index and the representative index of said layered index being different

index schemes.
11..  The layered index according to Claim 8, wherein ‘the

. representative index of said layered index being the Bitree index scheme.
12. The layered index according to Claim 10, wherein the
representative index being the Btree index scheme. ; g
13. - The layered index according to Claim 8, wherein the. - .

representative index of said layered index being substantially the PAIF . =

index scheme. : Y
14. The - layered: index. accordings to. Claim 9, wherein the -:
representative index being substantially the PAIF index scheme. .
15. The layered index according to - Claim 1, capable - of
supporting the ODBC standard.

16. The layered index I,,...,I, according to Claim 1, comprising:

a representative index I,,...,J, constructed such that any Jis
constructed over the representative keys of -1 .

17. The layered index 1,,...,I, according to Claim 16, wherein I, is



- 67 - invention this applies to the |ogical concept of e.g. advancing in
the | ayer eWAMGP8®¥4according to of fsets and val ues of of f set . PCHE.9p/E0088
general concept may be realized in many nanners--all_of which are

enconpasses by the techni que of the gvention. Thus, for exarrpTe t he

of fset size (in terns of nunbers of ts) that ﬁm(, W|th|_n each
node may e al tered, .t he ‘ﬁ;r of reali zi ng e. pointers
t hat poi nillycontained 1%39?580 chi l dren) and ot’her's. LTk phy5| cal
realizati er bl oc

The | ayerg | ndex%c#lg%:r%flgg‘g& Sfﬁwf@f ‘glh% ‘?sﬁ{%ag@rmF }I}g retain

essent i al 4y ektefhal @mbRAEX scheme for both the trie and the representative
i ndex schene , (exceptﬂf‘jor the error handling which nmay be encountered when

accessi ngléat aThedayeted indexugfClalire 18)dvhereinssaik loragiemetiiun detig Wi th
reference_ to Fig 10G above). The retention of the index schene for

both the ﬁmlt@randntewalmmgent ative index is not obligatory as w !l Ee
lif refer o.E 11 il lustrates anot her
Sﬁgggathlga ba&gﬁcl?‘}‘ﬁe ngh%&d%t wherein Sm%stomge(me dium dging ucting a
| ayered i conventlonal B tree as a representative index over
t he repre%gii{@gé{%@? of the unbal anced tie. The so obtai ned horizontal
oriented pgl ancpg fd Eféd(ﬂnakéﬁra@éoﬂdﬁ%et@ddﬁ?x'y gtt!e myﬁa&ggt e upper

| evel (index |ayer err , 270 and 271 at ’a N
ODBC standard

22.  The layered index of Claim 4, wherein said storage medium being

an external memory.
23. The layered index of Claim 22, wherein said storage medium being
. further an internal memory.
24. The layered index of Claim 4, wherein said storage medium being
"+ an internal memory.
- 25.. The layered index according to Claim 4, capable of supporting the
ODBC standard.
26. In a database file management system for accessing data records
and being executed on data processing system; the data records are
associated with a basic partitioned index arranged in blocks and being
stored in a storage medium; the basic partitioned index enables
accessing or updating the data records by key or keys and being
susceptible to an unbalanced structure of blocks; 2
a method for constructing a layered index arranged in blocks,
comprising the steps of:
(a) providing said basic partitioned index;
(b)constructing a representative index over the representative keys of
said basic partitioned index; said layered index enables accessing
or updating the data records by key or keys and constitutes a
balanced structure of blocks.




| ayer I[err]“) and the original blocks of the unbal anced vertical ri&r&t ed
tree of Fi gWOHRBE% he | owest (bl ocks 260, 261, 262, 264) - i ndgg@la"(%’f'
1[err] . Fig. 4 denonstrates thus that the index—schene of the
representative index is not necessarilyjthe sane as that of the original
unbal anced trie. If desired, the B-tree in itsl@!ﬂl

representative index) may be regarded as an in ’u’lﬂa"!gﬂﬂ”m )4 The

dat abase file nanagenent system of the invention not only dopes with the

e o ot 87 o IETR B AR of Rty 36 WBtkoi pfd Wi ledhley .,

applicati ONpEIgH Thus, the fact that a bal anced structure of

-

bl ocks is retafned assures that, on the average, the nunber of slow /O

operations R8.rdha dedb&eshietmahdgenent sysitm ﬁoracc@siﬂ(grdatzei'édocdsent result is
obtained, particularly when large files consisting of multitude of blocks
are concer nend being executed hars elata preagssing tgystemn;t the datar regardsy axeppr eci at e

that whilst preferably the construction, of |ayered index apply to slow /0O
oper at i ons, a3soglated, With &;basis paytitigued, idex; %Elc‘@sl%l@gk%%mﬂgéwgext er nal

storage mediyim g the 4 W&Akt ChelifurdY O PEANSpARHBHed OnbllE Sfibels ' €0 Storage
accessing or updating the data records by key or keys and being

susceptible to an unbalanced structure of blocks;

a method for constructing an index over the keys of the data records,

the index being arranged in blocks, comprising the steps of:

(a) - providing said basic partitioned index;

(b) constructing an index over the representative keys of said basic
partitioned index; said index enables accessing or updating the
data records by key or keys and constitutes a balanced structure
of biocks. .~ .

29. Iina database file management system for accessing data records
and being .executed on data processing system; the data records arer <,
associated with a trie arranged in blocks and being stored in a storage .,
medium; the trie enables:accessing or updating the data records by key

or keys and being susceptible to-an unbalanced structure: of blocks;

o

a method for constructing an index over the keys of the data records;i,.j

the index being arranged in blocks, comprising the steps of: }

(a) providing a trie;

(b) constructing an index over the: representative keys ot: said {trie;
said index enables accessing or updating the data records by key
or keys and constitutes a balanced structure of blocks.

30. The method of Claim 26, wherein said storage medium being

an external memory.



medi um Th for exa @\‘ medi um wi th which the present .
i nventi on 93@&’% ca ﬁi\‘ g ﬁ‘g “‘) n internal menory. Thi FGEILE9/00038
particul ar rel evance Img £ he ever increasing volunes of internal

menories which although belng faster gohan external nenory, may al so
required efficient access control mhich Is realized according to the

I nventi on. Ther t| qQn of the second aspect of the

i nvent i on.31- m¢m(gfw 9@5 TL$74¢ Strage ﬁtedﬁgé&ﬁén&spect of the
i nvention fﬁ%l.h th reference to the PAIF index (constituting
a designate %n%g%{ iae mv&ntion I's by no neans bound by this specific
exanple. 32, Ahesinatifyd SECRIR 26 hﬁh&éiﬁiﬁé%t&rh%@n@&ﬁﬂ system of

the invention enables to address different types ta recdtds using a
si ngl e indavanternal memovy.der to better distinguish between data records of
di fferent types that are addressed by the sane PAIF i ndex, each data record
bel ongi nd30 a gméﬁthilQ@Oifg als i W é@mmﬂme@cmﬂAiana.t or. The latter

f f the t d. tifut o] t key. Th
desi gnatob4ts un relodQEC T2 Gherain the basiepartioned SA#F. ¢ he Kby of
dat f d th th

dest gnat oltd ofe FepreREhaRve r?de%%‘?mﬁé%@%@tﬁaiiya $ShmedBaBh Siheiong (o t he
entity "Bosk" arheiséthy@®fEliin'e; viktb heYasihartilidhed udey Of the data

records that bel ong to Borrower

69 - becambtheaeprestntative thdexybdihg different index Belverpés.t he concat enation of
"A" and
e , 36

The method of Claim 33, wherein the representative index
being the Btree index scheme.

137, The method of Claim 35, wherein the representative index
being the Btree index scheme.
38. The layered index according to Claim 33, wherein the -

~ representative index being the PAIF index scheme.

39. The layered index according to Claim 34, wherein the
representative index being the PAIF index scheme.
40. The method of Claim 26, capable of supporting the ODBC
standard. _
41. The method of Claim 28, wherein said storage medium being
an external memory.
42. The method of Claim 41, wherein said storage medium being .. -
further an internal memory.
43. The method of Claim 28, wherein said storage medium being - -
an internal memory. _
44, The method of Claim 28, capable of supporting the ODBC
standard.
45. The method of Claim 26, wherein said index supports
sequential operations.

46. The method of Claim 28, wherein said index supports




the original key of Borrower, and by the sanme token, the new designa,t % key
0o

of the data WOYRI®4t hat bel ong to Book consists now of the cBREAFE
of 'B" and the original key of Book. Having di scussed_the so called
"designator"” feature of the second aspget of the invention, there follows a

description of the so called neta data. 10 1 aspect of
the invention, a.data dictionary maintains net a”ﬂﬂﬂ(m'mmwnmn whi ch
provi des i nfINGEHRIPERIMNSe data records as a furctiontof®t e type of the
records. Thys, in i L datsy r Lfal e maintain a
desi gnat or, E?b be ggge eg{bl(%lcebrﬁ ?ﬁ?ﬂ?h%’dggllgge?\gt %Jfldaﬁ@agy%#% t he

met a- dat a i@éc@r’eﬁﬁ 1 SPbrafiéhsPe able to identify or construct the designated
key as well as other iIn

of the inde4sis obThyinwsthod fort dvzespitg-aisdught data recatdesby keyriemor d from t he
desi gnat or &g} conposite) key w thout using the neta-data. The neta-data is
required to las’tered:unddmoiieém}dsicompmwtgnator key and, once the record
is retrieved, to _deternine theIproperties of the record. Thus, for exanple,
havi ng retri eve@®)t hecagehingriedwrly toil ybere: he ke8iapddndhe case itdsi denti fi ed,
and information on the record designated B is available fromthe neta-data.
For exanpl e the si zeotdfoundén tsokeyrefcidata reqard in erdes tafindithe blockl ds that are
. the key fields. T?e use of designated data records is not bound to
onl'y one type, but PhfhetcddN&i%kably) nore than one type may be treated by

t he designated jndex and as w be .expl ai.ned, bel.ow wi.t h sybor.di nati on
rel ati onshi p. tbr} repegiing, St\ﬁﬂidagt u&@idﬁ%&%@g{%e ﬁ?l?w%roéfopokn 8ol uti ons,
data of different types, are typically held . n seyeral files (and is
addressed by sever aﬁospﬁla&%siwnﬁgﬁ%aataéﬁwém&lw)é: 2fX®se nanagenment

gystemuti lyging erdeshanghof ieeime! o 08 UG LDk SEESLCS O
that the keygepdd didex 6fFCREAS, cbffprising:
(a) searching % in I, to f,, where 2>k >0 and in the case it is
not found in the key of a data record in order to find the block
of I, leadingto k; _ | ._ | o
(b) repeating step (a) until reaching the block’j_& of: I, "ithat is
associated with the data record with key &, if exi;,ts;f .
(c) associating rtoB. 3}
50. °  The method for deleting a data record rby key kin the -
layered indexof Claim 1, comprising: . N

(a) searching k in I, to I, where 22k 20 and:in'the case it is -

ormati on such as the record size. The search schenme

not found in the key of a data record in order to find the block  /+. ‘.

of I, , leadingto k;

(b) repeating step (a) until reaching the block B of Io .that is .
associated with the data record with key k, if exxsts;'*

(¢) disconnecting » fromB. |

51. The method for accessing a sought data record by key kin

the layered index of Claim 3, comprising:



belong to different types (and are addressgd_by._i.he....same—dési gnat ed i ndex)
do WO 99/38094 - 70 - not necesRGHILYOMI®E the

sanme | ength. Thus, for exanple, consider a |l ch is also a
desi gnat ed i ndex based on a trie as _i_tgg_baslilm“LIMi“nﬂnﬂﬂm yered i ndex of
the kind depicted in Fig. 8A The sizé of the Key'of "tht records that

bel ong to the "Borrower" entj'ty Is 6 bytes I ong, whereas the size of the
key of the recé®ts searghingefoiigl; t0 hvhepe dik> kenl iand ingthe chse isis| ong.

I nserting books to the desjgnated index of fig. 8A with the designator keys
B 11111 and B22222ct topnd injthe ke of ardata recged in ordsr t6 fipd the bidekt i ncl udes” a

desi gnat ed i ndex tf(})i.: address 2 types of data records - data records a-k
whi ch are assi gned ils4n 88ifnator A and data records w-x which are
assigned with the designator B. . In the description below the ternms record
of tgpe X or r &)r‘ffpaé'g‘?%ﬁg@eza)x ‘émép&%a@&qg) ?29@1‘1)9fafor eth8t dshaving a
desi gnated key and the,designator.is X A Whi| st the latter exanple
illustrated one mﬁWI%FSng}%hfiq%aE?é@F‘b%ﬂ?e@Ydétg €XIS8. pre-pending as

prefix a claracte SLrl Voo r.of bits) to.the key of the data
record, thg’?{e’ vergglg_ ]I%ﬁh{lﬂie?(gr?ﬁ\%[ S @S&fﬂ §e°é)6§rre13¥ Xe¥ lfﬁbﬁle{ his is only
one out of lwydgﬂa&gfgwﬁ{g’aégre?%geiggf act, the proposed designator may be

realized in“any known nmanner pro that the designator distinguishes

between differga) shatchingIPiass, for Eaivd@ras PRGI0 ahd iHeh&BYse AN therefore
forms part of the search. The latter statenent applies, regardless

of whether the desn@p&hiid in the key of a data record in order to find the block
of I, , leading to k; |

(b) repeating step (a) until reaching the block B of I, that is
associated with the data record with key k&, if exists; ..

(c) associating rtoB.

.53, The methdd for deleting a data record rby key kin the
layered index of Claim 3, comprising:

(a) searching % in I, to I, where A=k >0 and in the case it is
not found in the key of a data record in order to find the block
of I, , leading to k;

(b) repeating step (a) until reaching the block B of 7, that is
associated with the data record with key %, if exists;

(c) disconnecting r fromB. .

54. The method of Claim 26, wherein said construction step (b)-. .-
includes: -

(a) If B(in I,,) overflows, it is split into two (or more) blocks and
the representative of Bin7, is replaced by the representatives of
the new blocks.

(b) If the block of I, overflows an additional layer I,, is created

and added to the layered index.




(1) forns part of the data record (or key_portion)—+)r—bein tor
el sewhere (WOP¥3FM4a different data structur i) it ‘t?gsg‘gﬁ ned

Loor (idi)
el sewhere, or even defined otherw se. An HER¥ m "“luwﬁi tter is atrie
A ot sanme type (for

[}
1 D
structure that is associated with dgtgg_ge o

exanple, all are designated with a character A ). viously, by this
exanple, it _is not required to physically.atfach {he designator to the

i nstances o$3the data %E’&&H@,a@e %tqﬁiqu*énﬁ PBrtg?%tYeommn to all
records. Hoyever if ta record is.. essed i} .issneeded Ldentify the
desi gnat or d add it e"ﬁ@%&%ﬁéf‘héﬁ%o@%ﬁ@@%ﬁﬁ?#ﬁ“@io prefix
the designaggr (o the il et R OF Glaatos, Wiitheitt ek Sdsutlelion sRHbS 'S
accessed the designator 1s avall able.

- 71 - ForjRkjeel e, consider Fig. 12, data record d is accessed from node
266 by link 270. The first character of data record d is A - the

desi gnat or. (a) EH'B @n bkt ) everfloes, $t Brghilin gntoftwiohor snitie) Bl oukssiamd

rel ati onship, attention is directed to Fig. 13A-13E. Fig. 13A illustrates a
desi gnat ed index 80e(represtmstative MBﬁnPﬁiﬁeE\Moba byothe ptesentativesiof 802, 804,
806 and 808 (of which only the designator keys are shown) associ ated
thereto. The data rieqessblacks.all of the sane type as readily arises from
the designator 'A'" that is prepended to each of the data records.

Tur ni ng now t o @h)g If tixBplackeot 1} ovetfbows aheadditidhaddayari 1)), iseoredieda record

-(812) with a conposite key A 12355B940201333333 (the designator of record
81 is B). The new daicaddeddodhé laysrdddndéxnat ed to data record 806

58. The method according to Claim 57, performed on the fly.
59. The method according to claim 57, performed post factum.
60. The method according to claim 26, wherein the construction step (b)
includes: .
(@) at least one short link among the short links of a node (hereon
split node) in the block (of B, ) is deleted (hereon split link) in a
way that at least two tries exist in the block; |
(b)-. each of the sub-trees is moved to a separate block;:
(c) ifthe block of B, does not exist, B;-isscreated and a copied node
of the split node is created in B;;
(d) ifthe block of B, exists and a:copied node of the.split node does;:
~ not exist in B, then a copied node of the split node isxreatediim‘-ﬁ_—',--
B, and connected to the trie of B, such that. B, (atsthe end of -
the split process) is accessible in a search path that'includes the
root node in B, and the copied node and-its labeled lmks :
according to the representative key of B, ‘:; | r
(e) if the copied node has no direct link, a direct link is-added from
the copied node to the block B, ;



whose key i s A12355. According to the PAI—+ndex;—node—8+4—ndi cated that
the di scer Wh38¥set is 6 and that the v ipks to datRCHBIYPWIB]2
(having the value B at offset 6). Seeing ﬁb‘ﬁ!@ﬂ“@”ﬂ’&mt\s no val ue at
offset 6, it is assigned with virtualggual L Ms atf®t his offset in
order to determ ne the discerning offset vis-a-vis the other record and

accordingly, en Idn 1S.is et wth.diregtio rked null ., Fig.
13C il lustrat tﬁélabﬁPgagéséﬁ?W%Wpéﬁém@F t%ﬁlegﬁoého&d' grafthe i nserted.
Data record 820 whi ch,represent ot.her instance, of B.type data record

that is subordi nafepicd e?‘?ﬁ@ 52‘2%;\%@04 EPI?%B@&C jnsthedirdction afdhe he PAIF.

val ues thercof ar B Py el itk I¥cbctl BE ARl IRRCREBOTERIA LT vely.

Fig. 13D ill ustrahgdet@mdaﬁ\lf_l&oo, where a different types of records are
subordinated to record 806. Data record of type 'D (824) being '
subordinated to data record of type "A is |linked fromnode 814 by |ink 823
having the value D. As recalled, the PAWal ready represents data record
desi gnat e618 Eher etarkge mxtdiem usedsbipoa diatabasel filo misagbnicnt’ et desi gnat ed
A. An exanple of the 'B" type subordinated to 'A" type is itens ('B')
stored byCXZepied on dataproggsaing systemy pedata snetuneithat includesva) least cl i ent s

72 "8t BobnthsihlasS indgtihg Sle RAD having A iralisoof apdesmmst ment o

the PAIF ghkf;ig. 13D i npl enented slightly differently. In particular, the

the leave nodes of said PAIF are associated each with at least one data
record accessible to said user application program and wherein at least portion -
" of said data record constitutes at least one search-key;
selected nodes in said PIAF represent, each, a given offset of a
search key portion within said inset search key; link(s) originated from each
o .given node from among said selected nodes, represent, each, a unique value
of said search key portion; _
the PIAF having at least two sub-PIAF’s being arranged, each, in a
block;
said data base file management system is further capable of
arranging said blocks as a balanced structure of blocks.
62. The data processing system according to Claim 61, wherein at least
some data records that are associated to said leaf nodes are held in at least
one separate file. _
63. The data processing system according to Claim 61, wherein at least - .-
one leaf is associated with more than one data record.
64. A method for inserting a new data record into an existing PAIF

according to Claim 61 including the execution of the following steps:

i. advancing along a reference path commencing from the root node and

ending at a data record associated to a leaf node (referred to as -




subor di nat ed ecords 812, 820 and 824 are represented—an ' | hed

in the data Wﬁagé’%%hout their key prefix that is the desi na?g?’ﬁk%;a% t he
record 806 (i.e. the prefixed key A12355 i syigni “ﬁm“umm ccessing, for
exanpl e, data record 812 the infor rrat-i-cm.avH“M\ ®neta-data
according to the designator B allows to extract¢the flol Fow ng i nformation:

(i) identify thatepar f ol 1S SLNDs . & L1 C S
subordinated to argge&}}c%_d&ré{lleeﬁng%dﬁ g@*ﬁﬁ#ﬁ%glnﬁé'géfgﬁ%gégéﬁk 8 ?g%_%e with
val ue 6 (814) a”dalBg%% Hrikndsrigthafed \rdnt! Sailltdde B ¥Re value represeHisl® by ithé S

possi ble to access ta record 806 and construct the conplete key of record
812. If the PAlF Bilfequalstheaptuecof the lbit-long key potiohat theedffseo dpeifiddt and 822
reside in different bl ocks and the access path to the bl ock associated with
record 812 does nby saidcinads; nisdthegaase that the-offses specified iimk the spde he

subordi nated recoyds (links 826, 828, and 0). t ecord.806 allo to
access data recorée%@g Y oL ARG k%@‘%é?.mﬁ%f(%ﬂré%&q%ﬁ%yﬁéscri bed
above obvi ate the C ' t | t [

desi gnat ed key of t%?(?é/%)ﬁ&eugggééﬁlﬁgrﬁfgg e%fa{)b?&ergiﬁﬁé%o% ing‘F}g g%at a

record (by the pagjthestond ; exanple of Fig. 13D, the specified prefix Al12355
I's duplicated three tinmes for records 812, 820 and 824). Repl acing the key

prefix with a li [ | (o) xed 45 | arger
than the r _epP'ese%{é’gﬁ%%giﬂégﬁgtsﬁgﬁﬁ%e&)gfaﬁgq’gﬁé\%g_ éa(’gé 2%%"2@38 ttﬁgc ?feﬁlgr d that
Lhe subordi nat i onndgldatechRl Pir!diitnising the shllb G Mep BPHABIGLREEN.
Fig. 13D, 13E illustrate that the subornation relationship charactieristics
of the invention pertioathdtidiscens thetwn therginaftér disceerihg oéfset)n. The
subordination relationship of the invention enables, thus, to render nore
efficient thglo ltol diR! SRR Bl R heCdtes\Atif. (381, t | fhgerto

_ known techni%hes\ﬁr%%éﬁeosdgr%se thaft6 one gi),n ex(canﬁlb a s%gii% t‘gz:ldﬁvmﬂl?h vari ous
data types and supsiuéofittie discersihgioffdetshi ps as conpared to separate index

files according to the prior art. This notw thstanding, there
: tii.0  if the data records are equal then terminate; or

ili.1 if the discerning offset matches the offset indicated by one of
| the nodes in the reference path, add another link originating
from said one node and assign to said link the value:of the
_search key portion at the discerning off$et taken from the search -
| | .key of the new data record; or -
{ii2 . ifthe discerning offset is larger.than that indicated by the leaf”
node that is linked, by means of a link, to the reference data
record: '
iii.2.1 disconne¢t-the link:from the reference data record (i.e. it .
" remains temporarily "loose")'-a.ﬁd move the link to a new
node; the new node is assigned with a value of the dis-
cerning offset;
iii.2.2 connect the reference data record and the new node
(which now becomes a leaf node) and assign to the link
(long link) a value of the search-key-portion at the
discerning offset taken from the search key of the refer-



- 73 - my, of course be applications according to the invention, where
more the @ PREYE file is utilized. Obvi-ously, each JICHHEI00038 -
subordi nated records 812, 820, 824 can have records subordinhated to it.
Moreover, there are sonme ot her advaniggges thalt_umﬂ“ t using the
proposed technique of the invention, e.g. mainty M’l grity.

Consi der, for exanple, an insert transaction that “istapplie the PAIF
800 of Fig. 13E, of dataqnéeaf‘l r&%%rsgnat ed Bwith a conposite key

A12355B930101123456 ; rc%g 6 havi desi gnat ed
key A12355). The sean:i'?}gyl ea gétﬁg’ fﬁ‘%ﬁ%sd@g.lﬁ@ﬁ@églgm‘iagfeé@a a&ﬂ%é%t 11 ofthe
inserted data record i s Gehbedd flisdichtd theliak RK) 4 key of
record 812 needs to be constructed (.byg&accessi ng%?lgcor?j 8 &\e}?;tﬁ i nk 826)
and the insertion of the seawhekeysportionrat therdiseerningpoff$et dakdri fieul d be
noted that the link to record 80§ ob%n ates the need to conduct a separate
search for record 806 by the searglp key af themew datagenordyon i t' s exi stence. Thus

t he mai nt enance..qgf i [dAYee kS r.eefficieng. .. Rerformng the
sane data int egvgtngh@%{}éﬁﬁgﬂbé’%ﬁl @‘E)%B}':Fi ‘?jn%t-?‘tetéh?rﬁcfé‘)@t?’ﬂﬂlt{‘%s |
consi der abl e overhe | bich egu [ t first, a
search is applied t%@t{eﬁ%ﬂb{éﬁsﬁcﬂoﬁatghtgéfa@gggbgg agpaf?/%g@ﬁf&%itﬁgrgp er to find
data record whose kaych shat2B&Qiscerling bt i) Mthe Gaire tiEOhLez R thiyPe B can
be inserted (and a separate index file is normally updated)~

the offset assigned to the father node and smaller than the offset

assigned to the child node —(— considered case A), or all the

nodes in the reference search path have a value greater than the

discerning offset — (-- considered case B); accordingly, apply

the following sub-steps:

iii.3.1 for case A and B, create a new node and assign the node
with the value of said discrening offset,
for case A only - disconnect the link from the father
node to the child node and shift the link to a new
internal node (i.e. the child node remains temporarily
"loose™); iii.3.2 for case A and B, connect
by means of a link (long link) the new data record and.
said new internal node; the value assigned to the link is
that of the search-key-portion at the discerning offset, as
taken from the search key of the new data record;

iii.3.3 for case A and B, connect by means of a new link the -
new node and for case A - the child node, for case B - -
the root node (i.e. the new node becomes for case A - a
new father node, for case B — a new root node), and the
value assigned to said link is the search-key-portion at -
the offset indicated by the new node, taken from the

search key of the reference data record.




When searchipng data, the data structure of fig 20E exenplifie
advant ages r 9??9?@ fromthe fact that subordi nated data recgﬁ;%ﬁg{ooems
linked to their "parent” record. For exanpl,ﬂu";”mﬂmﬂym__mtype Ais a
custoner and record fromtype B is an gqwoi {11} R U my needed to
access the invoice details with the custoner détail g TFhe*link fromthe

| nvoice to fRe chshomRh P YbAkaRe D SARRCAPARCHER, ' PARS uRISHRIC!

obt ai ned degj [ g&?"ﬁ : i | ' qﬁ?gtr&?% e d-por t ant
advant age iﬁlo?ﬁ%ieﬁ%é\??ga |0£\ia| tatgmfdri:i e%ﬁflici}?b%g@%np I shithg secf]ifjdggfi al
oper ati ons. said nodésPné&dfdgsdest RomexfwAResaid oded\ dre afssduigted IWith ddigre it is
required to "retrieve" all data records in an ascending order. Thus, it is
possi bl e t orecardsyshemiethadeormprising kxeouting|the fellovsing stepsiasimangetimes on) and
data records 802, 804 806, 812,820,824, and 808 are retrieved according to
the order ofS¥a@itgdsi gnator key. If only records of certain type are

needed, for exanpl.e the yecords, of 1 one ul,d ngvigate, in the index

in the sanme nanggb?v\hirf’g{ac%oar ﬁ%"ﬁ& ?%’3%5@5153%1' acr?gg’ég&aﬁ’gﬂ? éEtﬁaﬁE that are

not relevant. ACCOfd'&%}%pléﬁBl%Bk@Q% ﬁﬁfffé’@tiforﬁeégﬂ&% &Qﬁné%sagfsgaﬁed and it
t he e dccessed from

can be predicted that ata records that can node 814

by its Iinks and descepliteslbcloatte scodvntmsddted avitiih et of Sa@@@glit 8lkks t her eby
avoiding links 833, 823. In this, exarg)l e only records 802, 804, 806 and 808
.are and the remaining nodes from among the nodes of said split

block are accommodated within other split blocks;
(ii) coping at least one node from among the
. nodes of said replaced block into-a block such
that said at least two split blocks being children
blocks thereof.

66. Inacomputer system having a storage medium of at least an internal
" memory that ranges between 10 to 20 M*byte or more, and an external
| memory;

a data structure that includes-an index ower the keys of the data
records; the index is arranged in blocks;such that for one billion data
records substantially no more than two accesses to said external memory are -

" required-in-order to access a block that istassociated with any one of said® -

billion data records, irrespective of the size of the key of said data records.

67. In a computer system having a storage medium of at least an internal
memory that ranges between 10 to 20 M byte or more, and an external
memory; |

a data structure that includes an index over the keys of the data
records; the index is arranged in blocks; such that one million data records

substantially all the blocks of the index are accommodated in said internal



retrieved. |In the same manner, one would avoid to nove along link 823 if
only recor¥Y9%8P8 e A and B are needed since it can be predCHVIa89/00038 a
link with a value D froma node with a value 6 addressing record 806 is a
link to subordinated data record degjpgnated D. | f_the PAIF index is.
a layered i ndex and assum ng that nodes 814 reside in a different block

than of node 822 t moue fr.om pode 814, tp, node 812 can [
on ©F ¢ "BRoRf Feadifent Ol R siarbP Bty otisata Exspraas 11 TR I EIETENAN Ml
use the link 421 of node B (422) when it is needed to advdncé by I1nk 4060
fromnode B (423) to node E (424). Havi ng exenplified the

subor di naé8 onl £t@hpees Systentibiatingef gopenddiwinhe specific enbodi ment of
Fig. 13, there follows a description that pertains to the nulti-di nensional-
charact eri sti ca datacataichiyetthatt inchxies andndsp ever thie kdys dffdtraécvids;

Turning now to Fig. 14, there is shown a schematic illustration of a

desi gnat &8¢ Idex Bcamangedgin @ balaneed strugtie off blogksandeenables tdhe i ndex
t ai h t.hs to,. desi d dat d .("DEPCSI T" dat

20057 " Aot oA PP eSS A St et aekolsl 368 Igtu ke 08 the o

conposi tees.ks@ii‘t?algllg?tdﬁ?é_ cgg@%g&{h@é- eﬂ?ﬁsaid‘ﬁ%%des the key fields account

nunber, date an i ent nunber and a second desi gnated key that includes

the key fields client nunber, date and account number. Reverting to the

above exanpl e, the account data record has a designated key ' Al133333'

(1201), U atfnng sforage medium used by a database file management system |

executed on data processing system, a data structure that includes:

an index over the keys of data records; the data records being of at least two
| types where data records of the second type are subordinated to the data
records of the first type. |
70.  In a storage medium used by a databasefﬁle management system
executed on data processing system, a data structure that includes:

a designated index over designated keys of data records; the data
records, constituting designated data records, being of at least two. types
where designated data records of the second type are subordinated to the
designated data records of the first type. '

71.  The storage medium of Claim 69, wherein said index constitutes
a layered index.

72.  The storage medium of Claim 70, wherein said designated index
constitutes a layered index.

73. The storage medium according to Claim 70, wherein said
designated index constituting a multi-dimensional index;

74. The storage medium according to Claim 72, wherein said
designated index constituting a multi-dimensional index;

75. The storage medium according to Claim 70, wherein said
designated index constituting a multi-model index.

76. The storage medium according to Claim 72, wherein said




deposit for the account (deposit subordinated to account) can_be

i npl enent ed WP WEIMY of designated record 203 subordi nat ed toPg&]H?ff’g?Séd
record 201. The PAIF would allow to access records 201203 frommnode—207 by
link 206. By the sane token, data recoggy204 represents

client. The key of record 202 is B133333. Updating ar] H m @:ﬂm j

client 202 can be inp] enented. by the |ndex 00 and node 20 8) to
data record 280l XGPH%!&'E § 2 A¥iiirmeds F&dexl A133333001019811346' (k1).

;rlhgl Iégym?f Clrleg 'Faﬁg % E%?ééﬁg ﬁ 1?&%@%@1@ é%agpdg426§h%4gw \t/vglel as
addi ti onal ﬁ&flgﬁti:@ﬂld%ﬂ%nﬁ n%‘? a ARG ool iddexsum which is an obvious

dr awback WhIC ts 1nan u e inflated file. Thi s drawback may

be overcone by 7&pr éﬂwﬁmmgemeslnmlaecdiﬁﬁ’@btlam@w}memdatﬂﬁebdidmﬁwsi on
record 210. Data record 210 8 . 14) is a nulti-dinmension record
that is updat the fustitypecadsubordinated @t@gﬁgﬁdw&m spgend HIE canside ABC t o t he
desi gnat or ke k,ené?ilesi nator C) and according to the designator key k2
(desi gnat or D§/°°I€ P- when dat a record is a nulti-dinension record,

t he desi gnator t The
path in the indeXx b?ﬁ}? §§&§g rﬂ?cf ?%‘%’%2?1%’2‘?“ gﬁtﬂéégﬂ)

desi gnator C efgiéﬁﬁf\(ﬁyﬁ;?el&d sﬂiwdxhafeardavéteeard Bf tHRCseBBhRA typR!t GordifRe di Ng to
t he desi gnat or allo to construct the relevant structdre. For exanple
construct a dehatstnany telatorishis. i ncl udes the key k[err].by links 213, 214
records 201 and 202 are accessed an thus wth the_date field of record 210
“all the key f.esths akhe gorage mediva, aq:nsilp&m]qlm A& whersin ggtaeeend] | eads

.to node 209 and.from T’cype ot SborSinkil8 data record of the second type constitute

one to one relationship.

81. The storage medium according to Claim 73, wherein data record
of the first type and subordinated data record of the second type constitute
one to many relationship. '

82. The storage medium of Claim 69, wherein said index includes trie.

83. '- The storage medium of Claim 70, wherein said.ir_Ldex includes trie. . -*

84, The storage medium of Claim 71,.wherein the“basic partitioned |
index-of said layered index being a trig. - ’

85. The storage medium. of Claim: 69, wherein for accessing or
updating* transaction’ in respect- of. subordinated data record having .
composite key K1.XKn, there-exists in the index 2 subordinated ‘search path:"
that leads to the subordinated data record according to the composite key:.
K1..XKn; the subordinated search path includes a search path.to a-data record
having key K1..kn-1.

86. The storage medium of Claim 70, whereinfor accessing or
updating transaction in respect of subordinated data. record having
composite key K1.XKn, there exists in the index a subordinated search path
that leads to the subordinated data record according to the:composite key
K1..Kn; the subordinated search path includes a search path.to a data record



- 76 - designator D of record 210. The information in the neta-data
accor di ng W@%93884jesi gnator D al | ows to-censtruct _the rel evBATIP88, ¢,
for exanple construct a data structure that includes the key k2. As shown,

the search path defined by the seangphke | eads to the
first field 212 having a value 'C (whi chmﬂmmufm& ,}r according to
search key k erl%ygl Thﬁ third field poinfs to datta secerd 201. The second
field 215 ilaﬁhﬁ vlé?'e "D - which is the designator according to search
key k[err]) gef th a S UC LS i ch path

89! ' NThealierdlR InedilitiC WUESrafld (bSCRARTY, Rufle

that is defined by the's Key o hé’fourth field has a

i nk to tRauhthivde] irdleddsaeldtidnaDaodel this nanner the record DEPCSI T
represents subordi nati on of both account and client, whilst avoiding

dupl i cati on88f t Whef storage anedium  accbrding thatCaimd 7§urwhereirstsaid d be not ed

that the datga, el nts .account and c¢lient are accessed by neans of link to
the origi ﬁﬁpﬁ%@ieqaﬁ@@b‘ﬂﬁ%d@?éﬁoﬁ?ﬁﬂg ‘Peimd the rest of the data (date and

can i nol ude 49t nor 0P Siojede"edihy e BIIR 6 ClabR g SVlrsiel Bid 5701 Ven

realizati Ciﬁuﬁﬁﬂod’élciﬁélﬁhegijeEf‘&lifﬁi?ﬂ?Erxd?l@l.rea' i zing data record 210 as

depicted in Fig 14 is only 'one out of many possible variants. The nunber of

search path§0is Mhe bkiorage dmedinnhaatcbeding etepl Glaimd 78povkerelrt Hsaidf er ence
also to Fig. 13E, if the sought data record is Axxxx (i.e. the account
record 20mphimedsl compliesomigh gichignyserperamodel. t he i ndex with a search key of

| AXXXX 5 to 9y Otl'hiet Istsorggeborgxg(iiir&?ﬁ eéjcc{)ﬁﬁgé dtso aim 98;5 “Wherein said:

multimodel includes relational model.

92. The storage medium according to Claim 76, wherein said
multimodel includes object oriented model.
93. The storage medium according to Claim 76, wherein -said
multimodel includes object relational model.
94. The storage medium according to Claim 76, wherein said
. “multimodel complies with a client server model.
95. In a storage medium used by a database file management system
executed on data processing system, a data structure that inciudes:
an index being stored in the storage medium and constructed over
the keys of said data records that are stored in blocks; the index being
arranged in blocks with the leaf blocks being linked to data records by
means of links;
said index is characterized in that at least one of said links is

shared by at least two data records stored in the same block.

96. The storage medium of claim 95, wherein said index being - -
constituted by a trie.
97. In a storage medium used by a database file management system

executed on data processing system, a data structure that includes:

an index being stored in a storage medium and constructed over




the record of by the link fromthe subordinated recor of
type A . Suc‘ﬂoﬁé(g”g?(arrpl e link 213 of fig. 14. O her inpl erred‘fcgﬁl‘gglﬁ@rgg of
course feasible (e.g. maintaining'a link in the index to record A), all as
required and appropriate. The specifiegggescripti on which provides tw (and
in the general case at |east two) search paths to one physical occurrence

of data rec con testhe str re which is a
desi gnat ed &‘ﬁd@ g AEG; Wé’o&guh@t\safe gg%ei a@ﬂgﬁat @ #&%ta record
(called mul W??P Lo ments -
Fig. 15 |II%}J§?‘%t es anoﬁer egxt leaf ?IOCKS b@‘ﬂga k fHad ﬁ%ﬁdseﬂ;f

- 77 - thenepiNeoflifiks; i - €. data reI ationship feature. Thus, data record A
(a book data record) has C, F, J, Kand L data records subor di nat ed

thereto. The real i zssid dndex is bharabteszed aythatoat leastuene af sdidabinks is Accor di ng
to the present relationship featur one-{ 0-one an Oc&ne to-many rel ations

may easily ﬂ@fﬁ‘émlai&ﬁt%@ﬂéé’?cor %ﬁtozé@@awﬁbesamﬁ book has many
e onest o one. | Csaid BddETSrind WBYFed ihdel BRofied s RBAL'BAC. L re
data rel atigpgd éa?d'bﬁ&l&?ﬁﬁﬁfé)e d'ﬂiﬁeﬂ M@&?@%&Hgﬁgg&g&?) key of two

conponents: the rst 1s signated key of Its I'nating record and

the second pg.the difiswsnagemafiuhhef o9 7| wikdreih sa8d badic tiened is a
one-to-one relation thereis no need to use the key field of the

subor di nat eihexdeinglyonsiieted by atriene- t o- many

AR



relationship is inplenmented by a designator (conposite) key whose first
conponent i §old3Rsggsi gnator key of the subordinating record Pctonngss
second conmponent consi sts of the designator and key of the subordi nated
record. In this exanple, the one-to-one relation between a book
and its abstract is maintained by defining the key of L to be AxxxL, where
Axxx is the designated key of A L i s43e desi gnator of the key of record
L. The one-to-many rel ati on between a book and a category is nmintai ned by
defining the key of L to be AxxxLyyy, where Axxx is the designated key of
A, L is the designator of the key and yyy are the key field(s) of record L.
There foll o now a description that pertains to another feature according
to the secondyaspect of the invention that pertains to nulti-nodel
representation. In accordance with ks feature, and as will be expl ai ned
in greater detail below, one or norle4f|the follow ng (and possibly other)
nmodel s may be (epresented—by—+hRe—sHet\fed-destgrated—+ndex——Representing
rel ational tables by a nmulti-nodel {desipnated index-- Thej rel ati ona
nodel considerg all data as consisttnag—of tables. Each table congists of
records of the]lsame structure, called tuples. Suppose, the -

- 78 - tuplesjconsist _of fields Fl, F2 and F3.&Fach such fieﬂgﬂ s a key.
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sybordinate to keg F 1, and key F3 is subordinate to key F2 ﬁ@hﬂ ily
construct tM® to retrieve its tuples, follow the deS|gna? key
F1, and fron1there for each val ue of FI, follow the designator of F2 and
in the sane manner continue to F3. Each such triple defines a tuple of t he
tabl e. Sonme projections are even easieév35to find all the pairs of values of
F1 and F2 for which there exists a value of F3 in e table, we termnate
the search after processing (FI, F2). Performng \gg &lection of (F2, F3)
m ght be expensive, since it requires searching a @gs of Fl first.
However, if this operation is comon, the designa Tndgx shoul d al so
mai ntain the search path (F2, F3, Fl). l.e., we c tgudt| a new desi gnat or
conposite key F2'F3'F1' with new designators, and se+-t—t he addi ti onal
paths to the designated i ndex. Thus each record c be mgached via both
pat hs ‘and constitute rmulti-dimension record. AdfiFti8d)| model s on the
mul ti-nodel designated index - The desi gna ﬁ?ﬁ&x enables to
represent additional data nodels, including . rel &Rah dat abase, an
obj ect oriented system and a hierarchical databas k e substantially no
data is duplicated. | mpl enent i ng obj ect oriented ‘tgjstent dat a
structures) by nulti-nodel designated index - e The obj ect
ori ented approach consi der s~al ISdata as obj ects. Every obj ect

ines its structur ! whi ch met hods
The cl asses are

D

al

<

—[\%.;-EMANC;E .

~—t
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D,

51+

6

bel ongs to a class, mhich

"
Q

=
3
(@

™ OF{gani zed in a
hi erarchy, from which str re and nethod may be Nynherited. The
obj ect-oriented apprT gphemer al - an obj ect exsits only while

t he programt hat ::36 (/s active. (bjects th
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need to be suEEorted for a longer period of time, are defined as _
persi st entWOPHaR®4 ohj ects are stored on the disk and are avECTEEIA0033

- 79- ot her (authorized) prograns. The multi-nodel designated index
can easily support such object. Since their structure is uniformy
encoded with the aid of designaysys, later incarnations of the
program as wel | as ot her prograns can access these persistent
objects. Note that at the sanme tinme a persistent object can al so be
part of a relational table. There is no need to duplicate data.

Consi der, for exanple, the data sfrTqcture 220 of fig. 16. Data

records 223, 224, 225, and 226 arfe qubordinated to data record 221

and together with record 221 are Eofnsidered as an object. It is

possible to search efficiently inftHe index for all data records with a
key prefix equals to the designatled{key of record 221 (g@rtial key
search) and retrieve the entire o ct. If only part of_f{he object's data
i's needed such as the A type recoyd|and the subordinateg=B type

records, again a partial key sear is done for data regords with key
prefix that is equal to the desigpatjed key of record type A (for

exanpl e 221) and the designatore B gs the next key field.
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| mpl enenting object-relational by multi-nodel designated ind As
oggosed to t @9%5708‘& oriented a%proach the rel at |gonal apprgﬁé:gﬁn‘g"gnoso?sders
all data as tables. Thus it is difficult to integrate SQ queries in an

obj ect-oriented programm ng | anguage (C++ or Java). The object-rel ational
approach provides an interface to convgrs tables to objects. The interface
requires the user to specify the relationship between the objects and the
table attributes. If some attributes thenselves are tables, we need to

al low rel ati onal al gebra operations on these tables too. These conversions
are perforned by the application program Thus the database is unable to
optim ze the queries. The designated index treats data in a uniform manner,
thus providing an ideal interface between the object-oriented application
program and the data structures. The application progranis queries are

- 80- fornulated in terns of designated keys, so the database can optim ze
the query strategy. The database returns designated keys, which the

obj ect-oriented application programcan readily process by the

obj ect-ori ented net hodol ogy. The sequence of deS|gnators of the search path

to the object determines its class, and the dg tgr-srto—wari ous fields
allow the object-oriented programto resolve p%y rphijsmiof} t he net hod
calls. The desi gnat ed addre es all rel & dd@%l-@ exanpl e
assum ng S=
o0 = aololo
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that fig. 16 describes a data structure of an insurance conmpany where .
records of WOWB@8M845re custoners, records of type B are cust 8%} 8s and
records of type C are custoners paynents. As it is clearly shown, all the
data records are addressed by a single index structure. Now, one is
able to efficiently access all the olgygct instances since the index allows
to navigate froma custoner to its related data - clainms and paynents. At
the sane tinme one is able to navigate on the index structure efficiently
and effect the custoner table (the collections of recordsaf type A,
custoner clains table (the collections of records of type|¥and. B) and
custoners paynents table (the collection of records A E Si nce the
data structure does not inpose physical clustering_of QHta, if data is
shared anong different objects, it can be eff.ici ey accessed by the
different object views - and thus such data ra s anmlti -é’q;rensi on
record. In this exanple, a claimcan be ef/\efently accessed bo fromthe
cust oner object and the policy obj ect a Q¥ing froma type stglctured as

for example in fig.16 (structure 210) The object-orien approach
allows users to add(m¥e e@-:"e es (UDT) and user-defined ctions
(UDF). For exanple ” add tTe™plot os of accidents to thg% nsurance
conpany database. In the exanple, a ns&w™dgsignhated data recordssubordi nat ed

)

to the A type data record is defined. We claims details all-"e‘ sear ched,
the photo of the accident is accessed and sen{pNQ0 the photo printout

application. Wth a designated a - 81 -
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index, the relation between the photo data to the claimis h%,rg_?‘l Qsibdgsé he
sane manner Y¥39%F8% bui It in classes and rel ations. The new can

based on or be related (by subordination) to any other data type. Now, with
t he designated index, the application can navigate to the new UDT fromthe
defined classes fromwhich the new UDTgedn i nherent nethods and ot her
properties. In the exanple, when navigating in the index, one would
navigate to a claimfromwhich one could reach the photo as well as any

other part of the claims data. Net wor k and Hi erarchi cal Mbdel s:
| mpl enenti ng network and hi erarchical nodels by nulti-nodel designated
i ndex The network and hi erarchi cdfQnodel s have been repl aced by the

rel ati onal nodel. However, even though thes® nodels are obsol ete, they have
sone advantages (as well as many di sadvant ages)—over the table-oriented

i mpl enentation. Once a record is retrievé e\gddresses of related records
are readily avail abl e. Consi der, for exanple, a bank with custoners
and | oans. Each customer has an address JnP <sewetal | oans, while each | oan
is taken by one or nore custoners. In the netwofk nodel, each custoner is
represented by a node containing link tol04 Y oner and i nks to nodes
representing the |oans taken by thel h-Q0ode representing a loan is
| i kewi se linked to the nbi2s of the cus .3took06haﬁgl koan. Thus
given a | oan one can eas(ly access-e at t he | oan and

get their hone addres
12546 12445 12345
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The B-tree inplenentation, requires us to maintain two trees: one of the
cust oner s WP addresses, and the second of |oans and cFSTORRYY038h, s
having retrieved the data of a |oan, the names of the custoners that

- 82 - took the loan are available. To find their addresses, an

i ndependent B-tree search is requiregsfor each custoner. In the
proposed multi-nodel designated index (such as for exanple in fig. 16),
once reaching the node representing the | oan, one can continue to a
designator that identifies the custoners that took that | oan (for exanple
records of type B). Normally, at nost one disk access is required for each
custoner. The proposed nulti-di nensional designated i ndex has the

advant ages of the network nodel, wi thout its di sadvantages. Wile the
networ k nodel treated each node separately, and was susceptible to |ong
search paths, the nmulti-nodel designated index treats all data uniformy
and the length of the search paths in probably logarithmc such that the
base of the logarithmis the block size. Thus, in practice, the search

requires a single disk access. | mpl enenting server-client nodel with
obj ect oriented based on aliﬁsignated i ndex- The client-server node
enabl es efficient inplenen PQQS of the
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rel ational nodel. According to this nodel, all the data resides at a
central conp@%B8®Pdal | ed the server), and the application prBgFHMOR at
ot her conputers (called clients). Wen an application needs data, it"
formul ates an SQL query, which is sent by the client to the server. The
server evaluates the query and retur n§/§6he resulting table to the client.
Thus, the interface between the client and the server is via SQ queries
the server is unaware of the internal data structures and code of the
application. The client and the server have just to agree on the nanes of
t he tabl es and th@r attri butes. In the object-oriented approach
this nodel breaks-down. Sinceuwvach data itemis an object, the server nust-
be aware of itg ure. This problemis aggravated in the

presence of po h structure
and the detgi| s| hi er ar chy.
- 83- — [The desi g¥we ajlows to apply the client-seryer
approach fo he obyect-orig an j ational nodels. F¢r exanple,
to reach an sttriplte, the qpplicgt sends e path of jke and
| i nk desi gnat or ST ver. Base O?\ hi s
data the servler rgq e, 2 know edge~Qf {t he data
structure of Lgria @- client and _tgd $err
shoul d agree jon the Ry of the ffi plids and their “degiguators. The Erver
need not be aware of (e a%mof %ach
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such field, and its semantic content. According to yet another aspect of
t he i nventW@AR9/38094 s proposed to further conpress the represBGT/EIYA038f t he
i ndex therby render it nore efficient. Hereon there is an estinmation of the
space required by a trie and nmethods to reduce the space requirenments. If
the trie is a layered index the anal yzi,ng of the trie index structure wll
concentrate on the | ast |ayer (I[errf@: Storage requirenents for primry
key index of a trie - One of the nost inportant features of a trie based
data structure is the nodest size of its representation. The PAIF for
exanpl e mai ntai ns even snaller size than a conventional trie because of
it's conpressed representation. The last |level of the PAIF index contains a
trie with links that point to other tie nodes in the sa | ock, and |inks
that point to records. Let N be the nunber of recor%s in e dat abase. The

245

i ndex contains exactly N pointers to these records.<<If € poi nt er
requires 4 bytes, the size needed for the pointers i\ialm tes. In
addition, each pointer has a direction, (1 byte) thus egg otal is 5N
byt es. Now consi der the space required for a PAIF trig.e9%i nce N pointers
emanate fromthe index and each trie node has at | east 2@ ildren. there
are at nost (22} —

e < -
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- 84- nferr] N-1trie nodes. Let d denote the average number Ld dren
of a trie[naﬁé”’ﬁ@ﬁ“n [err] N/(d -1). Since in practige d >§(§‘:"Y‘&9'®§54\I.
Each trie node has a |level nunber (1 byte). Since each trie node has at
nost one incoming trie link, there are at nost n -1 trie |inks, each trie
link has a | abel, which is a single chﬂbgfter and an intra-block pointer (1
byte), thus a total of 3n bytes. Thus Th the worst case it is needed 3n +
AN < 7N bytes in thg worst case. And beftween 4N and 6N bytes I practice.
Perform ng the samejanal ysis but from @&ther angl e: Consi der §wo pointers
pl and P2 that emanfte from node v of f'e\sel k. Let x1 be a key|reachabl e
fromP1l and x2 a key reachadD® fromP2. Then x| and x2 share tTe first k -1
characters. In A PAlF struct Zch one o ese characters ifs

represented at nost|once. Int tree repré€dptation it is n¢eded to

explicitly represent the first char acter off gatk_key. The gavings in
: dharacter of s st\qred at npst once on
acters jfieed\be rephgpent ed, Furt her

each |l evel, and secé¢nd,
i ndex conpression -1l
for the pointers tojr
to save poi nter spage.

the PAIF are twofol §I: First
NSSi no d-Spacelis required

pre Rt hod |t hat al | ows

406

/
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The nethod is based on allow ng several links to records to share the sane
poi nter. ¥PPUIBEY fjrst, that the records have fixed size. PETALISOPI3BSt two
records reside in the sane block, then it is possible to keep a single ful
sized pointer for the first pointer to a block, and instead of keeping a
pointer for each of the remaining outyged ng |Iinks to that block, conputing
their displacenent, i.e., if the first two records reside in bl ock nunber
2000 and the third record in block 7000 it is possible to maintain the
structure 2000(e,f) 7000(h).The savings would be nuch nore substantial if a
| ar ger nunber 4qf2 out going links point all to the same block. If k such
links point to 41 - 85- a block, then
the 4B of the pointer gre4q8vided among al | #0%cords, thus the space for
addr essi ng eac recoiﬁ isreduced to 41k bybés pl us the space for the

direction [ s 2
bytes int vhriabl e sized records It is possible to intain
t he di spl af he} bl ock, for ﬁfame£)2000(e:[erH, f: df ,
7000( h: [er ai nt ai ni ng4 N | /PO nter, Z $ spl acenmenpnt t hat
could fit | of 64dW record i{ is

te i nt ai ned.
al

needed | by e e poi ntay/ the directiof, and 1
byte for t , p total of @
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bytes per record. Looki ng at the exanple of fig. 17, fig. 17
node 2000 ofWQ9%380®%4 with the |inks 2010, 2011, 2012 (vaI ues ]31’(3@95}%3@

respectively) that address 3 data records - 2002, 2004, 2006 at disk
address 3000, 5000, 7000 respectively. . The size needed to represent the
link values (1 byte for each |ink) andjt,be pointers (4 bytes) to the data
is 15 bytes. Turning now to fig. 17B where node 2000 mai ntains a shared
link (2010) to three data records (2002, 2004, 2006). The information that
represent the link is the address to bl ock 2020 (4 bytes) and the link
- values to the d 2 records 2002, 2004, 2006 that reside in the block (I
byte for each I|i val ue). The size needed to represent the pointer to the
data bl ock and the value of the links is only 7 bytes - (3000 5,9,A). Now
in order to accegs data record 2004 one can calculate it's address as the
address of the data black + the_displacemrsntwhi-ch—depends—en—t-he—egcord
size assum npg that the records in the data block are all of equal size. As
had been exp|ai ned, node P00Q can include |inkgy®o other data records$ or
data bl ocks [such | ink] 20 accomodati ng datajrecord
2008) . T N4 i pnagenent system of the
i nvention

//

FIG.7G
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shoul d be associated with known per se concurrency and/or distribu

capabi | i t WEB9%30%s to enable a plurality of users to accessPG/HOBIIBS
neously to the database.
or distributed anong two or
1 8A-D,
t he enhanced performance,

si mul t a-
| ocati on,
now to Fi gs.

ted.

The dat abase may be located in a central

nore renote | ocati ons.
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inserted ran whereas in the latter (1 8A and 1 8B) the data records
are a Hsnsty ( - 87- p%iori s BT ALP9/00038
according to search key. As shown the results are as before i.e. the system
of the invention is nore efficient in terms of both response tinme and file
si ze. Figs. 19A-D illustrates ailpgachmark graphs of a system of the

i nvention (operating under DOS operating systen) vs. commercially avail abl e
Bt ree based database system The results are as before i.e. the system of
the invention is nore efficient in ternms of both response tinme and file

si ze. Those versed in the art will appreciate that al phabetic and
roman characters designating claimsteps are nade for conveni ence of

expl anation only and should by no neans construes as inposing order of
steps, or how many tines each step is executed vis-a-vis other steps of the
met hod. - The present invention has been described with a certain degree
of particularity, but those versed in the art will appreciate that various
nodificationszgnd alterations nmay be inpl enentedmthout departing fromthe
scope and spi kbt of the follow ng clains:
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- 88- CLAI Ms: 1. In a storage nedium used by a database file
management WOP8BE execut ed on data processing system a dat RIOLRAQNWE t hat
i ncl udes: a layered index arranged in bl ocks; the |ayered index
includes a basic partitioned index that is associated with data records;
the basic partitioned i ndex enabl es Zg@gssing or updating the data records
by key or keys, and bei ng suscepti bl an unbal anced structure of bl ocks;
said | ayered i ndex enabl es accessing or updating the data records by key or
keys and constitutes a bal anced structure of blocks. 2. The | ayered i ndex
of Claim1l, wherein said basic partitioned index being a trie. 3. In a
storage nedi um used by a database file managenent system executed on data
processi ng system a data structure that includes: an i ndex arranged
in bl ocks and bei ng constructed over the keys of data records; the index
includes a basic partitioned index that is asSociated with the data
records; the bashc partitioned index enabl es accessing or. updating the
data records by ey or keyst ahd being susgeptible to an unbal anced ,
structure of bl ogks; i dli ndex enabl ¢s accessing or updating the data
records by key on keys and <g§13€=}. C ‘E’balanced structure of bl ocks.
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4. In ,a storage nedium used by a database file managenent s ut ed
on data proé@%%%ﬁ@méystenl a data structure that includes: Q@E@%&ﬁ%@g
arranged i n bl ocks and being constructed over the keys of data records; the
index includes a trie that is associated with the data records; the trie
enabl es accessing or updating the datagecords by key or keys, and being
susceptible to an unbal anced structure of bl ocks; sai d i ndex enabl es
accessing or updating the data records by key or keys and constitutes a

bal anced structure of bl ocks. -89 -
5. The | ayered index of Claim1, wherein said storage nmedi um bei ng an
external nenory. 6. 301¢hs Iayered index of Caimb5, wherein said storage
medi um bei ng f urt he—e—tRterrat—agnory. |. The | ayered index of Caim
1, wherein said sto m bei ng an internal nenory. 8 . The | ayered
i ndex of Clain1§b2 idtrig being a PAIF trie. 9. The | ayered

i ndex of dai m41¥4w . e basi ¢p30Qti oned i ndex and the
representative index’ aid | ayered i ndex being substantially the sane

i ndex schenes, 10. ayered index of Claim1l, wherein the basic
partitioned i ndex and representfati ve i ndex of said |ayered index being
di fferent
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i ndex schenmes. 11  The |l ayered index according to Claim 8, wherein the
repr esent Q 9¥380%tex of said | ayered i ndex being the Btree PEHESIOBREe.
12-. The | ayered i ndex according to Claim 10, wherein the.
representative i ndex being the Btree index schene. 13. The | ayered i ndex
according to Claim 8, wherein- the,,,.r presgph]‘tjltive i ndex of said |ayered
i ndex being substantially the PAIF |Wéé sch ’1\4\ The | ayered i ndex.
according to alm 9, vherein the representatfve Tndex perngjsubstantially
t he PAI F 4yigeX 5 The | ayered indg)x acco ng to Claim 1,

capable O ZLr}F [e—ODBCStapdard—16] TheQl/akdred i hdex
I[err]...I{ § ing to Caiml, corrp;,)i i Ing: a repr tative
i ndex |[33 4 ... con3yguCt ed such H% Y~ KON cted
over the repreésentathwelkeys of I[err]-1 17. i pdex
I[err],I[err] accoxding to O aim16, wherei

- 90- fully contained \n one bl ock. 18. The || aygnhed index of Caim 3,

wherei n said storage negi um bei ng an external ‘\y. 19. Thell ayered index
of Claim 18, wherein sai¥ storage nedi um bei ng
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further an internal menory. 20. The | ayered index of Caim 3, aid
storage nmediV@o38084 an internal nenory. 21. The | ayered chf%Qﬁgg'g@P%l ng
to Claim3, capable of supporting the ODBC standard. 22. The |ayered index
of G aim4, wherein said storage nedi um being an external nmenory. 23. The

| ayered i ndex of Caim 22, wherein sai %?é orage nedi um being further an
internal nmenory. 24. The Iayered |nde 6 Claim4, wherein said storage
medi um bei ng an internal nmenory. 25. The | ayered index according to Claim
4, capabl e of supporting the ODBC standard. 26. |In a database file
managenent system for accessing data records and being executed on data
processi ng system the data records are associated with a basic partitioned .
index arranged in blocks and being stored in a storage nedium the basic
partitioned i ndex enabl es accessing or updating the data records by key or
keys and bei ng susceptible to an unbal anc g | ocks; a

nmet hod for constructing a | ayered index arhkan ’,;‘ , conprising the
steps of: (a) providing said basic partigioned i ; (b)

~constructing a representative index overcyherep i ye keys of
said basic partitioned index; said |ayered\.n gccessing
or updating th&data recoéas by key or keys and utgs a

bal anced strucwyre of blocrs. ,/

© @ 310
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_ 91 - 27. The layered index of Claim 26 wherein said basic partitioned
i ndex bei \{O873809&. 28. In a database file management syst eRETBI980EEssi ng
data records and bei ng executed on data processing system the data records
are associated with a basic partitioned index arranged in bl ocks and being
stored in a storage nedium the basigartitioned i ndex enabl es accessing
or updating the data records by key or keys and bei ng susceptible to an

unbal anced structure of bl ocks; a nmethod for constructing an i ndex
over the keys of the data records, the index being arranged in bl ocks,
conprising the steps of: (a) '"providing said basic partitioned index;
(b) constructing an index over the [fepnesentative keys of -l basic
partitioned index; said index enabl emtessfng-ur—ﬂpﬂaﬁhiggzEE\\

data records by key or keys and conpt+tutes a bal anced st res

of bl ocks: - 29.c3Ln_a dat abase fillpcegnagement system for acces®ing data
records and bei ng-executed on dat@;pregessing systen1 the data records are-

associated with a. tie arranged i« |pkod , ]
medium the trie enables,:accessinglar updatlng t he data or dsedpy key or
keys and bei ng susceptible to an urbk§$nced stucturec of bl ocks; N
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a.method for constructing an index over the keys of the data rec

i ndex bei ng YPP¥8Y in bl ocks, conprising the steps of: 9%6%9 di ng
atrie; (b) constructing an index over the: representative keys of
said tie; sai d i ndex enabl es accessing or updating the data
records by key or keys and <9 titutes a bal anced structure of

bl ocks. 30. The nmet hod of C ai m 26, erein said storage nmedi um bei ng an
external menory. 92- 31. The
met hod of C ai m 30, er-ei-R—Sat-d—st-orage—hpdi Hh-beihg urther an internal
menory. 32. The mgt hod of C aim 26, whgreijn said stprage nedi um bei ng
an internal nenory. 33. The nethog=of] [ aijm 27, whet ei d trie being
a PAIF trie. 34. The met hod of al M 36— whrerermttrer artitioned
i ndex and the representative index Yetrgqspbsfantially } E | ndex
schenes. 35. The mgt hod of Cl aim lher eifh the bas [

and the representative index being di e ifndex sche
nmet hod of Claim 33, Wherein the repre }

schene. 37. The netthod of C aim 35
bei ng the Btree index{schenmg—,y
n
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38. The | ayered index according to Claim 33, wherein the representative
i ndex bei NYOtMBWAI F i ndex scheme. 39. The | ayered i ndex P&FALPMIOAIP t o
Claim 34, wherein the representative, index being the PAIF i ndex schene.
40. The nethod of C aim 26, capable of supporting the ODBC standard. 41.
The met hod of C aim 28, wherein said_storage nedi um being an external
menory. 42. The met@od of O ai m 443%herein said st orage nedi um bei ng
further an internalm/ma)ry. 43. Fhe_methad of C aim 28, wherein said
storage nedi um heidg an i nternal meMory 44. The net hod of C ai m 28,
capabl e of suppqrting the ODBC standard. 45. The net hod of C ai m 26,
wherein said i ndex sppports sequential opératijons. 46. The met hod of
Cl ai m 28, wherei{n saj d i ndex sugpor '
- 93- 47 The ngt hod of/CT%N m P9\ wheretn said i ndex supports
sequenti al oper atdgrb.\ 48. The net hadl fgryaccessing a sought data record
r by key k in AN

\
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the layered index of Claim1, conprising: (a) SearCh'”ngThﬂmﬁ&) g] to

I[err] wher Q9% K [err] 0 and in the case it is not Sound
in the key of a data record in order to find the bl ock I, -
| eadi ng to Kk; (b) repeating step (a) until reaching the block of
I[err] that is associ ated ya3b the data record with key k, if
exi sts. 49. The nmethod for inserting a data record rby key kin the

| ayered i ndex of Claim1, conprising: (a) searching k in lI[err] to
I[err] where h [err] k [err] O and in the case it is not found
in the key of a data record in order to find the bl ock of
ITerr],, leading to k; (b) repeating step (a) until reaching the

bl ock,B of I[err] that is associated with the data record with
key k ,if exiggs;. (c) associating rtoB. 50. The met hod for

deleting a dakq record rby key kin the |layered index of Claim]1l,

conpri si ng: (a) .searching k in I[err] to |{err] where h[err] k[err]O
and in the casé\%t is not found i he key of a data record in
order to find the bl ock ' of I[err] Teading to k; (b)
repeating step (a) unt reachi ngt he block B o I[err]that iIs &2
associated wth the a record mu!h k, 1 f pxists; o]
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(c) disconnecting r fromB. 51. The net hod for accessing 0 dat a
record r BYOR¥JBOR4in the | ayered i-ndex of Caim3, conprisi Hﬁ?ﬁ‘*&éﬂ‘%’s
(a) searching k in I[err] to I[err] where h [err] k [err] O and in the case

it is not found in the key of a data record in order to find

t he bl ock of IJerr] |eadiz3¢gé& o k; (b) repeating step (a)
until reaching the block of I[err] that is associated with the
data record with key k, if exists. 52. The nethod for inserting a data
record r by key k in the layered index of Claim3, conprising: (a)
searching k in Iferr] to I[err] where h [err] k [err] O and in the case it
i's not found in the key of a data record in order to find the .
bl ock of I[err] leading to k; (b) repeating step (a) until
reaching the block B of I, that is - associated with the data

record with key k, if exists;
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(c) associating rto B. 53. The nethod for deleting a data record r
key kin the W38 i ndex of O aim 3, conprising: (a) sE&TERPUYOR | n
I[err] to I[err] where h [err] k [err] O and in the case it is

not found in the key of a data record in order to find the bl ock

of I[err] leading to k; (b) repgpting step (a) until reaching the
block B of I[err] that is associated with the data record with
key k, if exists; (c) disconnecting r fromB. 54. The

met hod of Cl aim 26, wherein said construction step (b) includes: (a)

If B(inl[err] overflows, it is split into tw (or nore) blocks and

the representative ofBinl[err] is replaced bn he representatives of
t he new bl ocks. (b) I'f the block of I[erEmt overfl ows an additi onal
| ayer I[err] is created and added thﬁ | ayer ed i ndex.
95- b55. The net hod according to Ch‘al meg4, perfornmed on the fly.
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56. The nethod according to claimb54, perfornmed post factum 57.
The net hodvofe/fleas m 28, wherein said construction step (b) PEE/ILIHI8

(a) If B(inl[err]) overflows, it is split into two (or nore) blocks and
the representative of Binl[err] is replaced by the representatives of

t he new bl ocks. (b) If the b|0§§38f I[err] overflows an additi onal

| ayer I[err], is created and added to the | ayered i ndex. 58 .
The net hod according to daim57, perfornmed on the fly. 59. The net hod
according to claimb57, performed post factum 60. The nethod according to

claim 26, wherein the construction step (b) includes: (a) at |east one
short link anong the short |inks of a node (hereon split node)
in the block (of Blerr]) is deleted (heregﬁ—split link) in a
way that at |least two tries exist in tée I‘Hck;n (b) each of the
sub-trees-is noved to a separate bl ock& "N7 ( i tmthe bl ock of B[err],
does not exist, B[err],- is-created and a |eéopi §d3m0 of the
split node is created in B,; (d) N_tNe HM¢k pf Blerr] exists and a
copi ed node of the split node does o t)ﬁi st in Blerr], then a
copi ed node of the split node is created irE g
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m| |[&
S |8 @
o| L < 18
g_/ g I
N <| |¥
< <
: T
o
o

FIG.13C

800
AJ11334

SURSTITUTE SHEET (RULE 26)



Bl.err] and connected to the trie of B[err] such that B[err] (a_th of
the split pMREYPY s accessible in a search path that inclu "f‘ﬁgégorags
root node in B[err] and the copied node and its | abel ed |inks

according to the representative key of B[err] (e) if the copied node
has no direct link, a direct link is adggd from t he copi ed node
to the block B-, ; - 96- *

() a far link added fromthe copied node to the block B[err] or if the
copi ed node has a short link to a child node in the direction of the
far link, the far link is replaced by a directrHhnk fromthe child

node to bl ock B[err] 61. In a storage medipourﬁ Ned 1y a dat abase file .
nmanagenent system executed on data processi i&te M) |adata structure that
includes at |east one probablistic acﬂ'ess i ngexinrlg fml e%PAI F) having a
plurality of nodes and |i nks; 00 ™ )
R
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t he | eave nodes of said PAIF are associated each with at |east one data
record acco¥O9PB084t o0 said user application program and wher CRIR9/Q0838st
portion of said data record constitutes at |east one search-key;

sel ected nodes in said Pl AF represent, each, a given offset of a search key
portion within said inset search keysy44 nk(s) originated fromeach given
node from anong sai d sel ected nodes, represent, each, a unique val ue of

sai d search key portion; the PI AF having at |east two sub-PlAF s
bei ng arranged, each, in a bl ock; said data base file
management systemis further capabl g of arranging said blocks as a bal anced
structure of blocks. 62. The data ocessj ng stem according to Caim®61l,

wherein at | east sone data records ~ h&%pci ated to said | eaf nodes
are held in at |east one separate fi\gﬁ—bg? 1§ data processing system
according to Claim6l, wherein at |ea ﬁgcn eaf is associated with nore
t han one data record. 64. A net hod ffg i§3¢ﬁi n new data record into
an existing PAIF according to C|q5n16 MCIudbnb exgcution of the
followi ng steps: 1. advanci ng alsng ;5 Qberaﬁie

e 0

[ f mrenci ng fromthe
root node and ending at a a :qu SIS

¢d Yo a | eaf node
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"reference data record"); in each node in the reference path, advanci
along a |i nW}PY3$MMat ed from said node if the val ue representrga'"b?f’qoﬂ%g

| ink equal s the value of the 1-bit-long key portion at the offset specified
by said node; in the case that the offset specified in the node is

beyond any correspondi ng key portion ig/sghe key, or if there is no link
with said val ue, advancing along an arbitrary path to any reference

data record; ii. conparing the search key of the reference data record
to that of the new data record for determ ning the small est offset
of the search key portion that discerns the two (hereinafter

di scerning offset). iii. proceed to one of the follow ng. steps
(itii.0Gii1i.3) depending upon the val ue of the discerning offset:
iii.O if the data records are equal then tenw nate; or .1 if

t he di scerning offsg mat ches the of fsetnjn 'cat gd by one of
the nodes in the reference path, add ano%i‘ i riginating '

fromsaid one ppde ahd assign to said Ii tht val e of the =
search key por&on al the discerning offset}|takgn L\o%nthe sear<ti
di

key of the newdatd rgcord; or iii2Y it the cerning gffset is
| arger.than thaty i ndigated by the leaf'" node thaXis |inked,

by means of a li/nk,|2£q the reference d%a st recordi=
iii.2.1 disconpecjt tae link fromidge rebereffge dE r&ord(i.e. it
remai ns tenporgprijlyy "ljoose") and ve tRe Iak t ) new

node; the new hode lis]assigned wit t e, dis-

referencé®data record and
h now becones a | eaf®¥node) and

cerning offset .

t he new node
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(long link) a value of the search-key-portion at the _
di scer ni ngv@®9/38994 t aken fromthe search key of the refer- PCT/IL99/00038
iii.2.3 connect by nmeans of a link the new data record and the

new node and assign to the link (long Iink) a value of the

search-key-portion at the discerningopfdf set taken from the
search key of the new data record; or 1ii.3 if conditions iii.Qiii. 1 and
iii.2 are not net, there exists, in the ref erence search path, a
father node and a child node thereof such that the discerning offset
is, at the sanme tine, larger than the offset assigned to the father
node and smaller than the offset assigned to the child node (-
consi dered case A), or-.all the nodes_in the reference search path
have a val ue greater hai tﬁe difscdrnj fhg of fset - (-- considered case
B); accordingly, apply 0%28 fpl | @w ng-sub- $t eps: i1i1.3.1 for
case A and B, create @ nepwr{ anfl agsign tihe hode with the
val ue of said discrenfng offsgt for case A only - disconnect
the link fromthe father ) node tpp the child node and shift the
link to a new ifMtier nal ngde i(i.e. the child node remains
tenporarily oz
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"l oose");

iii.3.2 for case A and B, connect

a link (1 on}0®98P94 he new data record and

node;

means of a new link the

node, for case B - the root node (i.e. tlhe inew node becones
for case A - a new f at her node, for casg B _a~mBw r oot node),
and the . ate assigned to hd_LAMR-8"fhe Isear §§- key- portion
at the ofif sgt pndicdted™tiy the new node,;—t-gken fromthe _
search key of the refa@ren data record. 65. A et hod for obt ai ni ng
a bal anced PAIF index;| tHh ncludi ng bl ocks eacld _accommodating a
plurality of node:{aﬁt | ilnks ori@inate omgsai oﬁes; | eaf nodes from
anong sai d nodes e dssdciated wth data record e rmLﬁbggconprising
executing the fo@ﬁomﬁrg q S [ equi f ed: o~ (i)
replacing a bl ocky constijtutyng a i at | east
two split blocks suchijtdigt fe roma bfO gai d
split block are accommobdated wi t hh\n one ocks
and the remai ni ng nodes from anong t he Sphi t
\/ffgg
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bl ock are aGggepRghej €d Wi thin other split bl ocks; (ii) coping at

| east one node from anong the nodes of said repl peegddlogsds
into a. block such that said at least two split bl ocks being
children bl ocks thereof. 66. In a conputer system having a
storage nedium of at least an internat; genory that ranges between 10 to 20
M byte or nore, and an external nenory; a data structure that

i ncl udes an index over the keys of the data. records; the index is arranged
in blocks; such that for one billion data records substantially no nore

than two accesses to sai208gter nal ry are required in order to access a

bl ock that if associated with a one o\ said billion data records,
irrespective of the size of the/key of said data records. 67. In a
conput er system having a storagé¢ nmedium gf at |least an internal nmenory that
ranges between 10 to 20 M byte nd an external menory; a
data structure that inclaﬁéé i '1é%ys of the data records;
the index is arranged in bl ocks; t hat\one mllion data records

substantially all the bl ock Ok accomopdated in said interna
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100 - nenory regardl ess of the size of the key of said data recor 68.
- I'n a conput ¥08938%4 havi ng a storage nmedi um a data stll"‘f}z%géooﬁat

i ncl udes an index over the keys of data records; the index is arranged in a
bal anced structure of blocks and enables to perform sequential operations
on said data records; the index size kg,3gssentially not affected fromthe
size of said keys. 69. In a storage nedium used by a database file
managenent system dﬁgcuted on data processing system a data structure
that includes: an i Tjover The ReysS of data records, the datajrecords
bei ng of at |east two types e %@Ea records of the second fype are
subordinated to theéﬁﬁ? re E ﬁ%o he first type. 70. | st or age
medi um used by atdlat ge f nagenent system executed on| fata

processi ng systeg a datja s[1@FREEe that includes: a_desj gmat ed i ndex
over designated ysg-)(gﬁ_data records; the data records, f¢ns uting

desi gnat ed data,E%gor S,| being of at least two types whef¢ dekiignated data
records of the s nd type are subordinated to the desighfite ata records
of the first typg, 4004. The storage medi um of ai m 69} | whigf @i n said

i ndex constitutesS a |ayered index. 72. The st{orapée nedi upn] ¢f C aim 70,
wherein said desFgnated |index constitutes a |ayefé¢d | hdek 3. The
storage nedium geca¥fdrlg to Caim 70, wherefnH saild | des| gnak B¢l i ndex
constituting a nfti-di mensional index;

2 200-

100~
0
4 5 6 7 8 9
No. OF TRANS x 100,000
FIG.18A

. 200 .

o GROUP #2 - = : ‘

< 1 mPaF ' - .

Y - OCTREE .~ --

= ' } s [

= 100-

o ..

> S

= a! -

Led

. aﬂ j ¥

1 2 3 4.5 6 7 8 9 10

No. OF TRANS x 100,000

F1G.18B.



74.

i ndex; 75.

The storage nmedium according to aim 72, wherein said designated

i ndex constidggsiigyd a mul ti - di nensi onal The st PCHYSIFEBBuUmM

according to Claim 70, wherein said designated index constituting a

mul ti - nodel i ndex.

wherein said

constituting a nulti-nodel
Claim 74, wherein said designated index constituting a multi-nodel

78.

76.

i ndex. 7?.’7’/36

The storage

The storage nmedium according to Claim 72,
- 101 -

desi gnat ed i ndex
medi um according to
i ndex.

The storage medi um according to Claim69 wherein data record of the

first type and subordi nated data record of the second type constitute one

to one relationshi

P.

79.

The storage nmedium according to Claim 70,

wherein data record of the first type and subordi nated data record of the

second type constitute one to many rel ationship.

80.

The storage nmedi um

according to Claim 71, wherein data record of the first type and
subordi nated data record of the second type constitute one to one

rel ati onship. - 81

The storage nedium according to C

aim 73, wherein data

record of the fi

constitute one t
wherein said i ndg

many T et atT onstip:

pf the second type

sg% dedi um of O ai m 69,

b X ipcludes trie.
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83. The storage nediumof Caim 70, wherein said index includes tr]

84The st oragﬁogﬂ?ﬂo&h of Claim 71, wherein the basic partiti ongﬁ%ésg@%& sai d
~layered index being atried 85. The storage nmediumof C aim&69,. wherein
" for accessing or. updating transaction in respect. of subordinated data
record having conposite key KlI.Kn, thegeexists in the index a subordinated
search path that |eads to the subordinated data record according to the
conposite key. KlI..Kn; the subordinated search path includes a search path
to a data record having key Kl..kn-1I. 86. The storage nmediumof Caim
70, whereimfor accessing or updating transaction in respect of

subordi nated data record having conposite key Kl1..Kn, there exists in the _
i ndex a subordi nated search path that | eads to the subordi nated data record
according .to theconposite key Kl ..Kn; the subordinated search path

i ncludes a search path to a data record havi ng key Kl ..kn-1. 87.
The storage nedium according to Caim75, wherein said nmulti-nodel includes
rel ati onal nodel ..— 88 The storage nedium accaording to Claim 75, _
wherein said nul tji nodel b€ } . 89. The storage
medi um accordingfto Cain TENNEN i Bcl udes obj ect
rel ati onal nodel. ‘
§p)
.y -
{ ™~
|y -
" .
=¥ -
o
' N\ !
<=
f -
N\ )
i = Q
0
FN\ % oo
l— - g
~N g
S 7
L________§§- o
w2

(8W) 3WNI0A XIONT,

SUB$UHREEWEETGRKEZQ'



90. The storage nmedium according to Caim75, wherein said nultinodel
conpl i es W®RY38084 i ent server nodel. 91. The storage ne8CHALWO8R8II ng
to daim 76, wherein said: nultinodel includes relational nodel. 92.
The storage nmedium according to Caim76, wherein said nultinodel

i ncl udes object oriented nodel. The storage medi um according to

Claim76, wherein said nmultinodel i nc:1 udes object relational nodel. 94.
The storage nmedi um according to Claim76, wherein said nmnultinodel conplies
with a client ser qrmdel. 95. In a storage nediumused by a dat abase,

file managenent syt executed on data processing system a {lata
structure that incl udgs GROUP #7 an i ndex being stored in the¢ storage
medi um and copst ruct ed {3 h_he keys of said data records that |are stored
in blocks; thgindex tEI% % ranged in blocks with the leaf jb] pcks bei ng

i nked to dat@record< bmmagg of Iinks; ‘ ai d i ndex|{is
characteri zedg ng | east one of sai dlinks is ahared Qyi at | east two
data records ored 1n the same bl ock. 96. The st|aragef mgdj 4m of cl aim
95, wherein sgid indey being constituted by a trie. |97. [iIn} & storage

medi um used b a dat aBase fil e nmanagenent systermexegciut gd ol dat a
processi ng syBtem a data structure that indljudds] an i ndex bei ng
stored in a storage di um and constructpgd qvier
& “400-
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- 103- +the keys of said data records that are stored in blocks; the index
bei ng arrang¥@%A8¥#ocks with the | eaf bl ocks being |inked toPEHILIPU3Sr ds

by neans of |inks; said index is characterized in that at |east
one of said |links is shared by at |east two data records stored in the sanme
bl ock; sai d index constitutj.ng a |ayered index according to

claim1, and bl ocks ;@sai d basic partitioned index are linked to said data

records. 98. T tporage nmediunmof —chrarmr o7, wWherer T Ssar o |si ¢
(partitioned i nex being coaﬁbidlyt#? by a trie. —
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