THCD AND APPARATUS FOR MANAG NG ELECTRONI C DATA W'TH’ VARI&@ E LENGT{-!
L5°OF THE | NVENTI ON The present invention relates to:a, net o~ -and’ an
appar atus for enploying and storing electronic data in a corrputer system
and nore particularly, to a process for managi ng and mai ntai uﬂl fbe dat a
with variable length by method of nodified-btrees (balance trees 10
BACKGROUND OF THE | NVENTI ON The dat abase systemin the prior arts is
usual |y focused on the managenent of electronic data with fixed record
| ength using predefined attributes to construct index data for users to
search. The nul tinedi a dat abase i ssued by "Integrate Milti-Medi a Dat abase
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shown in FIG 10. MVDB enploys a ugRRiABLENMETY ag a control interface
for a user to cormmunicate with the system 1.e., the user inputs an
operation instruction and the systemoutputs the reésulting data. 20

The information received by the user interface 1 is transferred to a record
processi n§ ndtiEbd QF Tk WE@F@M nes the pr ocessi ng node, including data
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actual order ftigliany ng 4 Beodas dof mdvidgihgoasaussintaieng ehe dat withogsibld n
MVDB only sets the space of the previous data to an unused status so that

next new dat dength Hyensthoded nadifi¢kbirees (ublapeeciecedlence, there is no order
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The database system in the prior arts is usually focused on the
management of electronic data with fixed record length using predefined
attributes to construct index data for users to search. The multimedia database
issued by ‘Integrate Multi-Media Database (MMDB) Based on Reslational-

15 Hierarchical Model”, Proceeding of National Computer Symposium, Taipei ROC,
1987, is a typical example as shown in FIG. 10.

MMDB employs a user interface 1 as a control interface for a user
to communicate with the system, i.e., the user inputs an operation instruction
and the system outputs the resulting data.

20 The information received by the user interface 1 is transferred to a
record processing method 2, which determines the processing mode, including
data storing and data fetching. After the processing mode is identified, the
record processing method 2 will continuously communicate with a table
processing method 3 and a tree processing method 4 in order to fetch or store

25 the record data desired. The order of the input data is not the actual order of
storing the data in MMDB because the deleting process in MMDB only sets the
space of the previous data to an unused status so that next new data can be
stored in the unused space. Hence, there is no order issue about MMDB record.

The access and connection of the data in MMDB are implemented
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2 by .t.able processing using a table processing method 3 in MVDB design,
which deals wth all tables desired. There are 8 tables in MVDB, wth which
the system can connect relations for all types of data, including data file
managenent, relation between the index tree and the record tree, relation 5
between the attribute and the record, the2result of search data, and so
forth. Every process associated with the data needs one or nore tables to
access and execute. For exanple, to fetch a record of data fromthe
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data. The table processing nmethod 3 w construct or provide suitable
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for another tree. VWile M constructs an index tree, the data formng the
i ndex are compcavidestitgble information according to what the record processing method 2
requires. _

15 The data in MMDB are all stored in the database with the format
of trees and those data generated under the same condition are stored in the
same tree such as a record tree, an index tree, or a sorting tree. Therefore, an
MMDB file is a collection set of trees. While processing the tree data, the
record processing method 2 obtains the desired data access rules from table

20 procsssing method 3 and processes the tree data from the tree processing
method 4 and then the tree processing method 4 stores the data into the
corresponding tree or fetches the data to send back to the record processing
method 2. There are two types of tree in MMDB, including data mode and
index mode trees. For a data mode tree, the data are stored in the node of the

25 tree such as a record tree, and the data can be fetched as soon as the location
of the desired node is found: for an index mode tree, the data can only be
accessed in an indirect manner with the help of a data mode tree and an index

tree where the daiz in the node serve as an index for another tree. While

MMDE constructs an index tree, the data forming the index are concurrently



3 stored in the index tree. To search for the desired data according to the
condition, only the ID of the record which is found is stored in the find
tree. In a search process, one newtree is constructed for each single
condition, which is used to further construct a find tree by appropriate
conmbi nation of AND or OR 5 operations. Regarding the sort process, MVDB
enpl oys Quick Sort & Bubble Sort, and the process to construct a sort tree
is the sane as the process for a find tree. MVDB uses a conventional btree
as basis and a block with fixed I ength as the node of the tree. The | ength
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into the database. The record data fromthe tree processing nethod 4 are
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record, i.e., the longer the record, the less the number of records in the block.

When identifying which node is desired, the tree processing method 4 will

inform the block processing method 5 which fetches the block in accordance

with the node back fo the tree proéessifag method 4 to deal with and stores the
15 data into the database.

The record data from the tree processing method 4 are fetched
and analyzed by the record processing method 2, and finally sent back to the
user interface 1. |

There are five problems in the above-mentioned MMDB system,

20 including:
The record length has to be fixed and variable length is not allowable.
The record is storé.d in random and the actual order of the record is
determined only by the system that can not be changed by a user.
Due to too many tables in the system, the operation speed for single
25 record search or conditional search is slow and it is difficult to deal with data
packing because the process for rearranging the tables and the records is too
complicated.
It takes too much time to accomplish a sort process due to the fact that

too many tables need to be transformed.



too many tables need to be transforned. 4 Due to the fixed length of the
bl ock, the nunber of record data is reduced as the data size becones | arger
so that the tree structure can not performas well as desired. SUMVARY OF
THE | NVENTI ON 5 The object of the present invention is to
provi de a nethod for managing the electrodic data with variable length in a
conputer system According to the invention, for the process of storing
data, a record is stored into a data area and then acquire the storing

address and the data | ength of the record. T d set
modi fi ed- bt ree) udde Wthedeeddengtisling @Ck-ﬁggé‘@%g’iﬁ?’c Bﬁiﬁs’gfmé@@d
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are determ neg E& gayitdye desired record set and record ID, the node
i ncl udi ng the ea% g? esired record is searched according to the search

al gorithm f orSE@NVAMARY W I THECINENTEEON The desired node can be found fromthe
node buffer or the data area. For storing data, the record address and

record | efdgth obt ai ned Tdeeobjest efl thatpreserddsvedipn sato erovide adasthed ferode

found. For fetchin (g%g]a]? é_he. Z%Qresa and Lj n tE.of the desired record are

fetched fromTABAYESHMEEE opiggata Wit é’ﬁ’&apﬁgﬁq@t & SOTIRPE data is
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arat us e e

i nvention al so provides an ap or menagi ng ectroni ata with
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control device, a sort control device, a nodified- btree rmanagenent device,

a node nanagetataiengiiviotthealedonh e prasedbracosd sat (8 modified-biree) usaeeby tor d
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process of fetching data, the present record set used by the user and the
corresponding 1D of the fetched data are determined.

From the desired record set and record D, the node including the
leaf of desired record is searched according to the search algorithm for a

15 modified-btree. The desired node can be found from the node buffer or the data
area.

For storing data, the record address and record length obtained
are stored into a desired leaf of the desired node found. For fetching data, the
address and length of the desired record are fetched from the designated leaf

20 and then the desired record data is fetched according to the address and length.

Moreover, the present inventicn also provides an apparatus for
managing the electronic data with variable length, which comprises a record
management device, a search control device, a sort control device, a modified-
btree management device, a node management device and an output device.

25 The record management device receives the requirement from the
user to delete, add, or fetch the record or receive the requirement from the
search control device or the sort control device, acquires the address and
length of the stored record via the modified-biree device, obtains the record

data from the data area, and then sends to the output device or back to the



search control device or the sort control device, acquires the address and
| ength of the stored record via the nodified-btree device, obtains the
record data fromthe data area, and then sends to the output device or back
to the 5 search control device or the sort control device. The search
control device deals with the instructionfof search data fromthe user

I ncl udi ng single record search and conditional search. The sort control
device deals with the instruction of data sorting fromthe user and adds 5
the designated record set to a result setéh new sort tree) according to

the sort concﬁelaf%c%mﬂﬁtdﬁﬁ*cﬁé’iﬁm? S/t CeBiYHeYEEn. The nodified-btree
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Is used to store e result o t he search process and nanage the ID of the
record neeti ngridobdedes ceazonith thomstrlibéorsof Hatersengfrdnt thedidaress! adds of
the sane structure but the sort tree is used to nmanage the result of record
sorting. $he thedgsignataseiaserd a@k/mc@ reslisaddatnew 89rg HeﬁhéC@Fé’glﬂQe@ thewert 5
data from a node, buf I;_ area a data area according to the requirenent of

f
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in the dat abase and al operations user nmay co the data in
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the record to the apparatus to deal with. The accessed data about the
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be acquired fromIngSESLEME fBrdHhreeting the search condition. The sort trees and
find trees are of the same structure but the sort tree is used to manage the
result of record sorting. |

The node management device is used to fetch the desired node

15 data from a node buffer area or a data area according to the requirement of the
modified-btree management device.

The present invention provides the data manager with an
apparatus to manage the relation between the records in the database and all
data operations. The user may combine the data in any format and with any

20 length into a piece of record and then transfer the record to the apparatus to
deal with. The accessed data about the record may be placed in the system
tree by the apparatus in the present invention according to the user's
requirement. When the user wants to fetch a specific record data, the file
address and data length of the record will be acquired from the system tree by

25 record 1D {the value of order for the record) and then used to fetch the desired
record data from the data area.

Besides the system tree, the apparatus also provides the find tree
and sort tree which enable the user to manage the record subset. The user

may fetch the record data by the system tree and transfer those IDs of the



25 record ID (the value of order for the record) and then used to fetch
the desired record data fromthe data area. Besides the systemtree, the
apparatus al so provides the find tree and sort tree which enable the user
to manage the record subset. The user may fetch the record data by the
systemtree and transfer those IDs of the6 6 records neeting the search
condition to the find tree which will nmanage the records after being
filtered. The user nmay also fetch the data about the record subset by the
find tree and_systemtree. However, the user, can perform.the search process
for the recorrac‘grﬁxﬁs@?e@&m? £52 ng‘?‘?‘ﬁ%?” ?15??\2Wdf§ﬁ%| Vi, wilb Manage, MA g
the problem gkesseiler 6 ;z{ér%d.sg%fecuf;er%%%%gmetc?ﬂﬁe%&é BILPIRGRREr N
user just needs to designate the data tor Sorting (nay come tromthe system

tree, find trg@set By th@Ghbiafes ahtl dysReH tredNd Howebm thbeusap ranaparforaf tHwpw t o
conpare the data such that the apparatus may construct a new sort tree

after being searadprab@ss for the record sDblset agaiat tor esnsinigt adether fipestree fohe
present invention will becone apparent af %gﬁg@}‘he fol |l ow n% descri ption
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flowchart of the sort control device in the present 1nvention; 20

FI G 4 incl udionpdre gise défa soch #iatthewpparatoperayt camstiucbackaw sodftracheftercor d
managenment device in the present invention; FIG 5 including 5A and 5B
shows an opet@in®d#etebwchart of the ’

10 Other features and advantages of the present invention will
become apparent after the following description which refers to the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 shows a system block diagram of a preferred embodiment

15 of the present invention;

FIG. 2 shows an operation flowchart of the search control device
in the present invention;

FIG. 3 shows an operation flowchart of the sort control device in
the present invention;,

20 FIG. 4 including Figs. 4A and 4B shows an operation flowchart of
the record management device in the present invention;

FIG. 5 including 5A and 5B shows an operation flowchart of the
modified-btree management device in the present invention,
FIG. 6 shows an operation flowchart of the node management

25 device in the present invention,

FIG. 7 shows a schematic diagram of the node structure in the
present invention, wherein Fig. 7A is a schematic diagram of the node header
for the modified-biree node, Fig. 7B is a schematic diagram of the leaf in the

system tree, and Fig. 7C is a schematic diagram of the leaf in the find tree and



nodi fi ed- btree nmanagenent device in the present invention; FIG 6 shows an
operation flowhart of the node managenent 25 device in the present
invention; FIG 7 shows a schematic diagram of the node structure in the
present invention, wherein Fig. 7A is a schematic diagram of the node
header for the nodified-btree node, Fig. 7B is a schematic di agram of the
|l eaf in the systemtree, and Fig. 7Cis a schematic diagramof the leaf in
the find tree and 7 sort tree; FIG 8 shows a schematic di agram of
searching process in the present invention; FIG 9 shows a schematic

di agram of so¥¥i¥i€eirecord in the present 5 invention, wherein Fig. 9Ais

a schemati c di agram of e.sort tree before adding.sorting d Q.. 9B 1S
a schemati c di agram of é[iﬁ-e 82815?\”? Peéc*&?"f‘%ﬁlc glﬁﬁrﬂ@ %@?%%rﬁgﬁaﬁrlg,%e%{ﬁ It—l?% 9C
is a schemati ' .the data area; and FIG 10 shows a system bl ock
diagramin trfgeg%@gb@%ﬁt%.’ DETAI LED DESCRI PTI ON OF THE PREFERRED

EVMBODI MENTS 10 FIG. 9 showvsid seiesthaticwiegtdreof keriiag raparariative pfewent
dealing with the record data of variable | ength and nanagi ng searchi ng and

sorting ofs t Havehtion, efhereindig. SA isTa saedmeliedidgeamiohine st tree baftreradding
three types of nodified- btrees in the present _invention, .includin
system tree, $AriS ﬁﬁt@eg}g-a‘%ﬁdl%ﬁ@hqrﬂ%%g*amﬁfmoiﬁh%?mﬁ Heedfter aﬁgqng S%’@E’Qt

tree, F1 is o) e d , . 4 i at ed sub-nodes;
the tree B igdégs%/ﬁlg%' ?nga %%epgﬁrg Gﬁgf;%?ﬁ]n%fg}g,e d&%gﬁgg ,..., and S13 are
associ ated sub-nodes. g, ¢0'sheaRslstemMsRsdiagrannm wrremaisee, find
trees, sort trees are conposed of a ‘node header and several |eaves. FIG 7A
i | lustrates tDETALHDR DESCRIPTION OB ddHbEREFERRADIEMBENIMINTS! t hree

cells, including Leaf Num 20 SubNum and Nxt Bl k. The Iengt h of each C§| I
may be 41Bytes. Leaf Nurhfi&sPriggent invention is an apparatus for dealing with the recor

data of variable length and managing searching and sorting of the data
efficiently. To achieve the above object, there are three types of modified-
btrees in the present invention, including a system tree, find trees, and sort
trees. InFIG. 8, the tree Ais a sort tree, F1 is a root node, and F2, F3, and F4

15 are associated sub-nodes; the tree B is a system tree, S1 is a root node, and
82, 83,..., and $13 are associated sub-nodes.

The corresponding nodes of the system tree, find {rees, sort trees
are composed of a node header and several leaves. FIG. 7A illustrates the
structure of the node header, which consists of three cells, including LeafNum,

20  SubNum and NxtBlk. The length of each cell may be 4 bytes. LeafNum is the
number of leaves in the node, SubNum is the total number of leaves in the sub-
tree, and NxiBlk is the address of the root node in the sub-tree. FIG. 7B
illustrates the structure of the leaf in the node of the system tres. FIG. 7C
illustrates the structure of the leaf in the node of the find free and sort tree. The

25 length of the cell in each leaf may alsc be 4 bytes. Although the types of the
balance trees are different, the node blocks in the above three modified-birees
are of the same size, so only one size of node block needs to be managed.
The process is simplified and the speed of operation is increased. Due to the

same size of the node block and the different size of the leaves in different



nunber of |eaves in the node, SubNumis the total nunmber of |eaves in the
sub- tree, and NxtBlk is the address of the root node in the sub-tree. FIG
7B illustrates the structure of the leaf in the node of the systemtree.
FIG 7Cillustrates the structure of the leaf in the node of the find tree
and sort tree. The 25 Ilength of the cell 8in each |eaf may al so be 4 bytes.
Al t hough the types of the balance trees are different, the node bl ocks in

t he above three nodified-btrees are of the sane size, so only one size of

node bl ock needs to be naged Th ocess is . sinplified and the speed of
operation is bﬂﬁﬁ%gﬁﬁs% %mb igthenege P@kﬁeaé%sr%@aéﬁmettﬁ%e

different siz V, r r of
| eaves in thegﬁ%&@ %ﬁSL@% %\%% Fﬂé %‘%thgg?%ﬁé”fﬁ%%%?%sua Lﬁé%g %ﬁpee
sanme. The 'eatfneoﬁet%lﬁdré%ta‘?ﬂ‘ FECRRd l1Bndth Gof R Fécdi8 e the 84tanssd. hemé i
address and record length of the record in the database. The file address
and record | eagiresszedsteaort! iengtiRerddsioreainid RecAddr, ane spectieny ebspechivelixt Bl k
stores the location of the node in the next layer, i.e., the initial
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of trees in the apparatus sanme header which records the status

of the node. ghwmvrhigadld: 7@5m&h@e@ﬂe¢ltl¥mlcméthmbndmnmg bw@rtolfl&te 100N s
t he nunber of |eaves in the node, which is used at present. FIG

i | lustrates anstbResygtans tiﬁ%gihml'lﬂdeaﬂfs%%ﬁ*bwpﬁr@c@%%s Im’fh%épl?ﬁréﬂénmas the
by the sl aSRAITE RESREEBTRT BTy (6 FEbG O s AT POTEdRAs TV I the.
dot er i ne- ¢ har e Pgaes hamiEhy éﬁgﬁ £ U o B B A i,
| eaf (becauseis2fxed@tdreskh20), and the desired data is located at the second
eat of B3 (28 FIG. 8 illustrates a schematic diagram of a search process in the
present invention. Assume the system has received the search process
15 requested by the user and the tree A is a find free which has aroot node F1. If
the user wants to search for the 28th record, from F1, the system will determine
that the record is located at the NxiBlk sub-tree of the first leaf (because
25<28<25+1+20), and the desired data is located at the second leaf of F3 (28-
25-1) of which the record is related to the 781st record in the system tree from
20 the ReclD of the leaf. The tree B is also a system tree, which employs the
same process to search for the desired record. The record is known at the sub-
tree NxtBlk of the third leaf in the node 81 (because 225+1+280+1+247 <791 <
225+1+280+1+247+1+391). After another search process, the record is known
at the 36th record of the node 85 (because 791-225-1-280-1-247-1=38). After
25 further search process downward, the desired record is known at the second
leaf of the node $53. The actual record data may be found through fetching
Reclen and RecAddr.

The instruction for adding or deleting the associated record will be

assigned an 1D, and based on the rule of balance trees and the path for



25-1) of which the record is related to the 791 st record in the system
tree from20 the ReclD of the leaf. The tree Bis also a systemtree,

whi ch enpl oys the sane process to search for the desired record. The record
is known at the sub- tree NxtBl k of the third |eaf in the node S1 (because
225+1+280+1+247 < 791 < 225+1+280+1+247+19391). After another search
process, the record is known at the 36th record of the node S5 (because
791- 225-1-280-1-247-1=36). After 25 further search process downward, the
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bi nary seachQHnttﬁisé atnrc]jethe comparison method of the sorting uses the order of the
. alphabet, the first step is to search the nearest leaf from the root node of the

15 tree A according to binary search rule and then obtain the next layer of sub-tree

from the leaf. Repeat the above process by the same binary search until the

last layer of node is found so that the address of the desired leaf to be added

can be obtained. For example, there are 40 leaves in the node from the node

S1 of the tree A, The first record to compare is at the 20th leaf of the node S1

20  (40/2=20) by binary search and the 20th leaf illustrates the 297th record. The

record address and length of the 297th record are fetched from the system tree

and used to fetch the desired data from the data area. In FIG. 8C, the desired

data are known as "American” which is smaller than “Japan’, so the search

process continues from the 21st to the 40th leaf of S1. Finally, it is found that

25 ‘“Japan’is between the 26th leaf (the data are "Chinese”) and the 27th leaf (the

data are "Philippine”), so the system starts to search from the sub-tree

designated by the 26th leaf, i.e., from the node S1-26, in the same manner of

searching to the terminal node §125. It will be found that “Japan” is between

the 2nd leaf (the data are "France’) and the 3rd leaf (the data are “Malaysia”) .



| ast | ayer of node is found so that the address of the desired |eaf to be
added can be obtained. For exanple, there are 40 | eaves in the node from
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of the node S1 20 (40/2=20) by binary search and the 20th leaf illustrates
the 297th record. The record address andi®ength of the 297th record are
fetched fromthe systemtree and used to fetch the desired data fromthe
data area. In FIG 9C, the desired data are known as "Anerican” which is
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i nvention. Theerusesfamends veltich natludes | adding delgtiogt fedchiogesatichingyi andy user
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communi cat e c\i\é\}age é?gcerfggsoé dseg?c:r}laal%gtrrrgfg;tondc%\gtaﬁginé at search condition, the search
control device 3 will communicate with the record management device 2 to
15 construct a new find tree and require the record management device 2 to
provide all record data within the search range. Then the record management
device 2 is informed of the record IDs of those records mesting the search
condition and the records are added to the new find tree. This approach
overcomes the problem associated with {oo many tables described in the prior
20 arts. The search control device 3 accesses record data by communicating with
the record management device 2. A new sort tree will be constructed by a sort
control device 4. Then the record management device 2 is asked {0 provide the
desired record data and the corresponding data will be transferred to the record
management device 2 record by record. Those data are required to add to the
25 new sort tree in a manner of comparison. Of course, the comparison condition
from the user interface 1 is transferred to the record management device 2.
The approach of executing the sort process is just like constructing a btree and
comparing data without constructing complex tables. Without having to manage

too many data transformation processes, it overcomes the bad performance



15 construct a new find tree and require the record nmanagenent device 2
to provide all record data within the search range. Then the record
managenent device 2 is informed of the record IDs. of those records neeting
t he search condition and the records are added to the new find tree. This
approach overcones the probl em associatétd with too nmany tables described in
the prior 20 arts. The search control device 3 accesses record data by
comuni cating with the record managenent device 2. A new sort tree will be
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When the user adds one record to the database, the data length and file
address of the record will be placed in a leaf of the system tree and the location
15 of the leaf may be determined by the user or just at the end of the system tree.
If & record is deleted, the system tree will delete the leaf with respect to the
record. Therefore, the order of the record is just the order of the leaf in the
system tree without the shortcoming of disorder in prior arts. - '
The find tree is used to store the result of the search process and
20 manage the ID of the record meeting the search condition. The value of the ID
represents the order in the sysiem tree. The sort free and find tree are of the
same structure but the sort tree is used to manage the result of record sorting.
The modified-btree control device 5 receives the requirement from the record
management device 2 to manage those btrees, including constructing the trees,
25 and adding and deleting the leaf.
Each type of tree in the present invention has a fixed length of
leaves for the reason that it is necessary to fix the number of the leaves in the
node so that the number of the teaves will not vary as the record length in the

leaf is changed, and further extends the advantage of the biree to overcome the



When the user adds one record to the database, the data length and file
address of the record will be placed in a leaf of the systemtree and the

| ocation 15 of the |l eaf nay be determ ned by the user or just at the end
of the systemtree. If arecord is deleted, the systemtree will delete the
leaf with respect to the record. Therefdle, the order of the record is just
the order of the leaf in the systemtree without the shortcom ng of

di sorder in prior arts. The find tree is used to'store the result of the
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fetching, and nodifying), and further access the record data 10 fromthe
dat a ar ea 9Oparaicaereigectint het modieddtrgeriadoe epgatajus het when theretinany
process associated with the access of the node data, thé nede management
device 6 will take chargse of the process. The node management device &
15 makes an optimal arrangement for the node used at present between the node
buffer area 7 and the data area 9.

FIG. 2 is an operation flowchart of the ssarch control device 3 in
the present invention. The detailed description about the flowchart is illustrated
step by step in order as follows. First, step 301 receives the search instruction,

20 search range, and search condition from the user interface 1. Step 302 notifies
the record management device 2 to construct a new search tree. Step 303
requests the record management device 2 to transfer the record data within the
search range. Because the search range from the user interface 1 is just used
to designate a desired tree, step 303 asks the record management device 2 {o

25 fetch all the record data about the designated tres. Step 304 fetches a record
data among the record set defined by the search range. Step 305 determines if
the record data meets the search condition; if not, step 307 is executed; if yes,
step 306 will require the record management device 2 to add the record ID to

the new search tree and then step 307 will check if ail the records in the search



out put device 8. The nodified-btree nanagenent device 5 handles all the
operations related to the nodified-btree in the apparatus but when there is
any process associated with the access of the node data, the node
managenent device 6 will take charge of the process. The node nmanagenent
device 6 15 nakes an opti nmal arrangeneﬂﬁ for the node used at present

bet ween the node buffer area 7 and the data area 9. FIG 2 is an operation
fl omchart of the search control device 3 in the present invention. The
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the record managenent device 2 to construct a new sort tree. Step 403
requests théhe deedrd Mt desrsiew gextifcee I toe tnannsr ol eeraparésser oroeddingvi t hi n
the sort r ar&%‘saquenﬂy, step 406 will check if all the records in the sort range are finished.
if there is still any record not finished, step 404 is executed to go on managing
15 the next piece of record data; if all the records are finished, the operation of the
sort control device 4 {s accomplished.

FIG. 4 is an operation flowchart of record management device in
the present invention. First, step 201 determines the process mode which is -
requested. If the record is a newly-added one, step 202 is executed to check if

20 the tree designated for adding the record is the system tree. If not, it means the
value of the input data is the record ID to be added to the search or sort tree
and step 204 is executed. If yes, it means that the vaiue of the input data is the
record data and the data ars then stored into the data area 8. The file address
and record length can be acquired after storing the data. The file address and

25 record length are taken as newly added leaf data and stored into the system
tree. Step 204 notifies the modified-btree management device 5 {o add a new
leaf to the designated tree according to the record ID. Step 205 stores the data
into the new leaf.

If the process of deleting record data is identified by step 201, step



Step 404 fetches a piece of record data anong the record set defined by the
10 sort range. Step 405 transfers the record and sort condition to the
record managenent device 2 and requests the record managenent device 2 to
add the record IDto the new sort tree in the manner of conparison for

addi ng. Subsequently, step 406 will checR4if all the records in the sort
range are finished. if there is still any record not finished, step 404 is
executed to go on managi ng 15 the next piece of record data; if all the
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data length of the record and step 208 is executed to delete the
cor r espondi ngcatadiagi o tthe designatedacomparison for adding. The modified-biree
management device 5 is continuously communicated with in this step to acquire
the file address and data length of the record for performing comparison
15 process. After the nearest leaf is found, step 211 starts to check if the node is
the terminal node; if nof, it means the insertion point is still not found and step
212 is then executed fo request the modified-btree management device 5 to
provide the data in the next layer of the sub-tree which has a root on the leaf,
and step 210 is executed again to repeat the above operation; if yes, it means
20 that the insertion point is found, i.e., step 210 has found the location of the leaf,
and step 213 requests the modified-btree management device 5 to add the new

leaf and stores the record ID for comparison into the leaf.

If the processing mode is identified as data retrieval of record data
in step 201, step 214 will be executed to inform the modified-biree management
25 device 5 to search for the leaf data from the designated tree according to the
record ID. Step 215 checks if the designated iree is the system tree; if yes, step
217 will be executed: if not, the leaf data which are found should be the record
ID in the system tree, so step 216 requires the modified-biree management

device 5 {o search for the leaf data from the system tree with reference to the



If the processing node is determ ned as conparison for adding in step 201,
It nmeans the sort process is undertaken and step 209 is executed to request
t he nodified-btree nmanagenent device 5 to provide the data in the first 10
| ayer of the designated sort tree. Step 210 is then executed to use binary
search in order to search the nearest | eBf of the data which are to be
added according to the designated conparison for adding. The

nodi fi ed- btree nmanagenent device 5 is continuously conmunicated with in
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processing node is identified as data retrieva reco data in step 201
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device 5 to search for the | eaf data fromthe designated tree according to
the record I1the a2Bpep ppaosse ree ktored bepletaibsilg@fat ed tree is the systemtree;
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record I D, anddifisebtiebepf Fefeiis sexmedifictchirdd todiad added un rsjep 301 esfepsiiad, the
| eaf data which are found are taken as the file address and data |ength of
the record aHi nolty thesnedited-bree managameant Hevica durasy theengdiiechblie®r om t he

data area 9; if data rﬁ?&' féc?lms%téss sqnqugesr%ggh %lgv?/chart of modified-btree
management device in the present invention. First, step 501 determines the

15 processing mode requested. [f to add a new leaf is identified, step 502 will
continuously communicate with the node management device 6 in order o
search for the node of the leaf to be added by traversing through the modified-

btree which is designated according to the record iD obtained. Step 503 adds a

new leaf to the location of the node which is found and step 504 deals with the

20 node split problem in the balance tree. Step 505 stores the data obtained to the
new leaf. Step 509 will correct the information about the total number of the
leaves in the sub-iree associated according to the traversing path in the
maodified-btree in step 502. If to delete a leaf is determined in step 501, step

506 will continuously communicate with the node management device 6 to

25  search for the node of the leaf to be deleted by traversing through the modified-
btree which is designated according to the designated ID. Step 508 will deal

with the problem of node combination in the modified-biree. Step 508 corrects

the information about the total number of the leaves in the sub-tree associated

according to the traversing path in the modified-btree in step 508. [f to fetch the



5 | eaf data are also taken as the file address and data | ength of the
record, the desired record data are deleted fromthe data area 9, the new
data are stored into the data area 9, and the file address and data | ength
whi ch are obtained in the above process are stored back to the leaf. If
there is a nodified-btree to be deleted itp step 201, step 218 wll 10
notify the nodified-btree managenent device 5 to del ete the designated

nodi fied-btree. If there is a nodified-btree to be added in step 201, step
219 will notify the nodified-btree managenent device 5 to add the
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step 510 Wi | {eteisy fha natEP ABYS Froat BieVidth e onEiep BRBadeaR I thkevbes 6 to
search for the node of the |eaf by
buffer area 7 is full. If it is not full, step 605 is executed. If it is full, step 604
deletes the node in LRU (least recently used) manner, which removes the node

15 that has not been used for the longest period. [If the node to be replaced is
madified, the node is stored back to the data area 9. Subsequently, step 605
places the node data onto the node buffer area 7. Step 806 modifies the order
value (provided for LRU) of the access process for the node and sends back the
node data.

20 From the above-mentioned description, the apparatus of the
present invention may be used to solve the access of electronic data having
variable length. A modified-btree is able to connect all the records with variable
length to form an intact database by a method for easily adding or deleting
record and storing the order of the record. The user may construct any part of

25 the record set by the record management device, search control device, and
sort control device according to what is required. Besides, those parts of the
record set can be repeatedly handled by filter, search, and sort process in order
to achieve the purpose of data management and application. The node

management device employs & good management algorithm to optimally adjust



traversing through the nodified-btree which is designated according to the
designated ID. Step 511 fetches the leaf data. If to add a newtree is
identified 5 in step 501, step 512 will construct a start node of the new
tree. If to delete a tree is identified in step 501, step 513 will delete
all nodes of the designated tree. If to fletch the node data is identified
in step 501, step 514 notifies the node nmanagenent device 6 to transfer
back the designated node data. FIG 6 shows an operation flowhart of node
managenent device 10 6 in the present invention. First, step 601 checks
it the node ansl POl resourRet ol thiswdsubrier srea and ferthar P@m@ﬁeﬁ"%% is
execut ed. CIQ@amnse ste 602 fe%g g @Qﬁ deS| ated node fromthe data
area 9. Steﬁ3 %n%%fc O'Eﬁas%éﬁ‘ﬂ faagpg Efsisfull if it is not
full, step 605 is exe I n LRU
(1 east recently used) Wn@ﬁggh,énv%i c%'s"rrée@ft)r\%gseﬁ ﬁt@?é%?ﬁg\‘t}é}ﬁggo\ﬁgr{é been
used for theHoamgest pescribbd lif fheeabode cﬂeschgtsmpita&edeqaemdlﬁheeohny he
node is stored back to the data area 9. Subsequently, step 605 pl aces the
node dat& onnedifigrationoge ceotfirationr that Tonmse pitbrs e spirit af thise irvieatien Jag ue
(provi ded for %Rgh of the access process for the node and sends back the
node dat a. From t he above-nentioned description, the

appar at us of the present invention may be used to solve the access of

el ectronic data having variable length. A nodified-btree is able to connect
all the records with variable length to forman intact database by a nethod
for easily adding or deleting record and storing the order of the record.
The user may construct any part of 25 the record set by the record
managenment devi ce, search control device, and sort control device according
to what is required. Besides, those parts of the record set can be
repeatedly handled by filter, search, and sort process in order to achieve
t he purpose of data managenent and application. The node managenent device
enpl oys a good managenent algorithmto optimally adjust 17



and apply the resource of the node buffer area and further pronote the
efficiency of execution associated with the apparatus. Al though only the
preferred enbodi nents of this invention were shown and described in the
above description, it is requested that Zﬁy 5 nodi E@lﬁgmﬁmm tion
that comes within the spirit of this invehtion be profii il 1 vi¥at i s
clainmed is: 1. A nethod for managing el ectronit datad wi't h”vari abl e
length in a conputer system including a data storing process conprising
the steps of; storing a data record into a data area, obtaining a record
storing addVdR® IQR®IAEE S engt h of said data record being stored, and
determ ning a present record set and a corresponding record identifier;
searching fdr a desir8dnabips BF raanrang eeqteaic fate with vegigblgslesgtiaindasi r ed
tree using the present record set and the record identifier determned in
step a. accOPUPHEprtSysken dagludinglaydrtastenngt pracesicempidsinathemsteps ofe; finding
the desired node of step b. froma node buffer area or a data area; and
storing the recosWriggaer alg racdiddsto anata aeadabtainiog gtreconst storiegl addressep a.
into the desired leaf of step b.; and a data fetching process conprising
t he steps ofandididatiefgthny seigrdsie recordcheidg sttredndnd dademesingnaliprgsargcor d
identifier of a requested data record; searching for a desired node of a
desi gnat ed Freeadrdisat it arecmsgending ascted idendifier,ee usi ng the present record
set and the record identifier identified in step e. according to said
sear ch al gori t hmeeérchimgdormadidsired nogkbaicedasied; loéf indha geddrds déaidassitedode of
step f. froma node buffer area or a data area; and

tree using the present record set and the record identifier determined in step a.

according to a search algorithm of a modified balance tree;

finding the desired node of step b. from a node buffer area or a data
area; and

storing the record storing address and the data length obtained in step a.
into the desired leaf of step b.;

and a data fetching process comprising the steps of:
identifving a present record set and a corresponding record identifier of a
requested data record;

searching for a desired node of a designated leaf in the records of a
desired tree using the present record set and the record identifier identified in
step e. according to said search algorithm of said modified balance tres;

finding the desired node of step f. from a node buffer area or a data ares;
and

fetching a requested record address and requested data length of said
requested data record from said designated leaf, and then fetching said
requested data record in accordance with the requested record address and the

requested data length.



fetching a requested record address and requested data |l ength of said
requested data record fromsaid designated | eaf, and then fetching said
requested data record in accordance with the requested rd address and
the requested data | ength. 19 2. An appar at gg o H

el ectronic data with variable I ength, whiléh is used to S t he
el ectronic data in a conputer system having an input device, a nenory

devi ce, and an output device, conprising: a record managenent device for
addi ng, deleting and fetching a data record; a search control device for
executing séarch proceysapparaieenégi mgnaging elecicords dsitg ehithavariadariehgt;, a
sort control device for executing sort process by conparison for adding; a
nmodi fi ed balwimick i$ neednensigesrent! ataplog ehé wleciomigdate i syIingputhr egstespr t
trees, and find trees in a nodified bal ance tree, storing the file address
and data | ertgivingén inpdadaviceca irbrisrytdericsy ahé antougsut désidel Bgmptisingal |
record data in a database, and stores a record identifier of the system
tree to the sort 4 rer@mamggdrmast dé8ee &6 adding! debtihfardiafdcies ¥ datand a
node managenent devi ce for managi ng the storage of the record data in a
node buffer raggay:and a data area.

T

a search control device for executing search process and managing data
records which are searched;

a sort control device for executing sort process by comparison for
adding;

a modified balance free management device for managing a system tree,
sort trees, and find trees in a modified balance iree, storing the file address an.:
data length of a data record to the system tree, dealing with all record data in a
database, and stores a record identifier of the system iree to the sort tree or the
find tree as a part of the data record; and

a node management device for rhanagfng the storage of the record data

in & node buffer area and a data area.



