s

frfmméEaﬁgm[odt node through said internedia
a node 'using said key record portion of the

next node indicated by said key record porti
a bottom node is reached, Q
bei ng accaSFEI-82H an i nme
processing nenory, to other concurrent transag
system (c) identifying and accessing said ke
‘limting all but read accesses to said k¢
limtations to the accessed nodes incl!

-(d)

aCcCess

nedes HEETH
mﬁ' SHEWSSI

rootRﬁ

bn of ?ﬂe

it e previ ouslly acqgﬁﬁg h,OdepThH.BbiQ)gﬁ%a\
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for the accessed key rec@MNGURRENT REGQRR| Wﬁﬁé@%béﬁ @Yé'éi% and (g)

renoving the access limtation to the key record after the record data has

been f et ched. Accordi ng to anot her aspect of the invention there, is
di scl osed in a data processing systéEﬁJELE%EE

od executed by a data

processor for inserting -a single key record in a group of record keys
stored in ad oce -
q.[th pJ[:nven ?énn%qute r¥o aé:a(i:grgz"org: sg:{)nga ang re spec:.f:.cally to

database management of records.

Current data proéessing systems include database management programs.
These programs provide easy access to database tables that each consist of
a multiple of records. A relational database program provides access to
severai different database tables where elements of one database table are
contained in another database table. The relational database program
allows the user to search, access, and alter data contained in several
different database tables using a specific element or field that is common
to these database tables. For example, one database table may contain
employees' names and empldyees' serial numbers. Another database table
may contain eﬁplojees‘ names and employees' salaries. A third database
table may contain employees' namés and employees' locations. A relational
database program may alloﬁ the user to access employees' names, employees'
serial numbers, employees' salaries, and employees' locations and make
changes to these tables without having to individually access each

database table separately.

An important aspect of the database programs is the capability to

provide fast and efficient access to records in the individual database.

More recent datéﬁprocessing systems provide support to a multiple of

users simultaneously enabling each user to access data concurrently.

An index file is commonly uéed by database management programs to
pfovide quick and-efficient access to records in tables. These index
files are commonly configured in a B-Tree structure. A reference that
discusses the B-Tree:is."Efficient.Locking For Concurrent Operation--On

B-Tree" by Lehman and Yao, ACM Transactions on Database Systems, volume 6,

number 4, December, 1981 pages 650-670. Other references addressing
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RHPE) ﬁga'gférl & féﬁ%@ §s3i.ng

—_—
. Bt



t Hrough an index tree during a transaction in the data processing system
wherein other transactions concurrently access said record keys through
said index tree, said index tree having at |east a root node, at |east on
intermedi ate | evel of at |east one node, each node having a key record

ref erenceaesB®@lor nore nodes in a next2successive |l evel of nodes and
havi ng bottom nodes that provide access to said record keys, said nethod
conprising the steps of: (a) limting all accesses to the key record being
i nserted; (b) traversing across said nodes in said data processing nenory

fromsaid root node throu aid intermediate |eyel of nodes by .accessing
a node udAEeS zﬁtau?’é’sfe?e’é%gﬂg‘%f TBg; Piapbtousoferregn P Fa’ﬂ%‘?'sm next
node i ndiguat&gk,byoRaied1key noditer d, afuneqi Ib78¢ CeafRad1213de7 prdnidl "@Gondeatémim
node i s reached; SC)B-lri rritiwggh%vlerbytk.r ead accesseg {0 ahe n bei ng
accessed BABR T8 oy & T Han - - hNe oF nediat ey SpTavi DrRscgeHis node, to

ot her corszGRCEISIGHON ISympdsignson Prriscinled aifaDatalmse sSystgmsy Mawehr as-98ai d
nodes argFg£§%@L§¢g; (d) identifying a next successively |ocated key
record r tive to the key record to be inserted in said bottom node and
limting all access to the bottomnode; (e) limting all accesses to said
next successjneehyadOeaie EokeVqure@04d a( BITdelSSE IREr & RbHsidERY of &L b8t

t hereafter, renpvi.n
node(éyth many leskls of nodes branching from the root node. The

information contained in these nodes include pointers to the nodes at .the
next level or pointers to records in the database. These pointers include
further information texmed key record information which may reference the
records in the database. The record keys are in an ordered form
throughout the nodes. For example, an index tree may exist for an
alphabetic listing of émployee names. The root node would include
reference keyed data that relates éo reeords indirectly or directly
referenced by the next level of nodes. The reference keys contain
information about the index field, i.e. the alphabetic spelling of the
employees name. Therefore, the ordered keys in the root node would
point to the next successive level of nodes. In other words, the next
successive node may indirectly or directly reference all employees names

beginning with A, B, and C.

A next successive node, parallel with the first successive node, may
contain employee records whose last name begin with the letters D-M. The
last successive node on this level would reference records of employees
with last names starting with N-Z. As one searches through the index file
_tfee, a bottom, or-leaf,'node is eventually reached. The contents of the
bottom node include record keys that point to the individual records in

storage.

One problem in providing concurrent accesses to database tables
occurs when multiple transactions are trying to access a record at the
same time. Specificaliy, when one user wishes to change a record and
another user is attempting to access this record, a contention situation

occurs. One solution to the contention problem is to provide exclusive



3 access (or locking) to the records or to the portions of the B-Tree

i ndexes to insure that the index node, or record is not changed while the
user is attenpting to access it. Locking is addressed in "lndex Locking
and Splitting" |IBM Technical Disclosure Bulletin, volunme 25, nunber 7B,
Decenber AT3E>02hages 3725-3729; and Locking Protocols for Concurrent
Operations on B-Trees", |IBM Technical D sclosure Bulletin, volume 19,
nunber 10, March, 1977, pages '3887-3889. " The disadvantages to a

| ocki ng solutionbis that a | ock, while providing access to one user,
prevents access by, an t her _user. Informatjon in.i es my b
al tered &GFPHY Q% c °§§¥‘rﬁ SV P e oF °e£1cé)e ER6aes sc%fnttglgﬁg(-fj%ggkey rgco(rad'
i nf or nat iinAetdmtoninsube thekethed iodex modet @ verordciy det aghangédgbiledhent o

or del et gdefrm.theA#FhRAS el £e. | REOLTR! L O ahEQUBANE: PRHGATRY cRfng
and Splitting" IBM Technical Disclosure Bulletin, volume 25, number 7B,
December, 1982, pages 3725-3729; and Locking Protocols for Concurrent
Operations on B-Trees", IBM Technical Disclosure Bulletin, volume 19,

number 10, March, 1977, pages 3887-3889.

The disadvantage to a locking solution is that a lock, while

providing access to one user, prevents access by any other user.

Information in index nodes may be altered during access by several
users. These nodes contain the key record information that may be deleted
or inserted s records are inserted into or deleted from the database
table. Information from one node may be moved to another node during a
record insert operation because of limited storage space for a node. The
inserting transaction may attempt to move key record information from one
node to another in order to accomplish the insertion task. This movement
of information during concurrent transaction access may generate errox
conditions within the concurrent transaction accesses because the index

information is being changed.

It is an object of the present invention is to provide concurrent
access to the index by several transactions while the index information is

being changed without introducing error conditionms.

According to the invention, there is provided-a method of operating a
computer system for effecting siﬁultaneous transactions on a database by
mualtiple users using an index tree of record keys, said tree having a root
node and lower level nodes, each node, except those in a lowest (leaf)
node referenéing one or more nodes in the next lower level, with those in
the leaf node referencing records in the database, said method comprising,
for a transaction involving insertion or deletion of a current record and

its corresponding record key, the steps of:

—
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neved to0 another node during a record insert operation because of |imted
storage space for a node. The inserting transaction may attenpt to nove
key record information from one node to another in order to acconplish the
i nsertion frgsgy.-obhi s movenment of informgjion during concurrent transaction
access may generate error conditions within the concurrent transaction
accesses because the index information is being changed.

SUMVARY OF | NVENTI ON It is an object of the invention to aneliorate
one or nore disadvantages of the prior art. Accordi ng to one aspect

of the inventiffavebeiny thralighCsOetodds Brdiflbaid¥e6€$d80to S $6£8Mnode MEL hOd
executed bhy.a dat rocgs or for fetchi EgjéF% record data stored in a data

processi n ﬁe?msax} T EEGr 85 bF TPERRRE PP PR E por tion of a key

record through an index tree during a transactlon in the data processing

system wher el 1y gefe df BURACLLGNS o T EONGHT LENLLY, A0ESRgLG Gecor d keys

through said in sal d tree easSt a4 root node at
| east one Yraverseddped @nl erwldlef-ela't P#%?H@vstm@rmedea@h node having a key
record reference to one or nore nodes in a next lower ordered | evel of

identifying a next successively located record key relative to the
record key to be deleted or inserted in the leaf node and limiting all

access to the leaf node;.

limiting all accesses to a record associated with said next

successively located record key;

inserting or deleting said current record and its corresponding
record key:; and :
- i .
removing said access limitation to said recoxrd associated with the
next successively located record key and all access limitations to the

traversed nodes.

_ There is further provided a digital data processing system for
effecting simultaneous transactioné on a database by multiple users using
an index tree of record keys, said tree having a root node and lower level
nodes, each node, except those in a lowest (leaf) node referencing one oxr
more nodes in the next lower level, with those in the leaf node
referencing records in'the datébase, said system comprising means for
traversing through said nodes from said root node to a leaf node using
said recoxd keys in responéé to an input request, means for limiting to
other users all but réad accesses to a node being traversed and an
immediately previouslyltraversed node, means for identifying a next
successively located record key relative to the fecord key to be deleted
or inserted the leaf node and;limiting all accesses to a record associated
with said next successively locatéd record key, means for inserting or
deleting said current record and its corresponding record key, and for

removing said access limitation to said record associated with the next

Sheet Has Been Replaced
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nodes and havi ng bottom nodes that provide access to said key record data,
said nethod conprising the steps of: (a) traversing across said nodes in
sai d data processi.ng nenory

4 from saf®edot?hode thr ough said interfediate | evel of nodes by
accessing a node using said key record portion of the root node and
traversing to a next node indicated by said key record portion of the
accessed node until a bottomnode is reached; (b) limting all but read

20%eoors LRuddisaids Belidangesadad, ik A JIREL Gy PLAKLOUS (n2o00S Sel

node 4 n sal rocessi ng nmenor her “concurren ransactions in
sai d data pravessed mgdesystem (c) identifying and accessing said key record
in said bottomnode; (d) limting all but read accesses to said key
record; (e) renoving_all access limtations to the accessed nodes

i ncludi ng t he BBtTHRAMAIE ek St LTvention vatt asyche 8egcridedr by FRY dfet chi ng
key recorgxgpta;, iRl fdferefd®¢bNthel BEcABERPIgl bFaWiaks Plint Pnidhe key record
after the record data
Pigure 1 is a illustration of a database table;
Figure 2 is a illustration of the database table stored in a computer
memory;
Figure 3 is a block diagram illustrating a simple B-Tree index;
Figure 4 is an illustration of the storage of index B-Tree node data
in a computer memory;
Figure 5 is a flow chart illustrating an initial search through an
index B-Tree; '
Figure 6 is a flow chart illustrating a fetch through the index
B-Tree; .
Figure 7 is a flow chart illustrating an insert through the index
B-Tree;
Figure 8 is a flow chart illustrating a delete through the index
B-Tree;
?igure 9 is a flow chart illustrating a node splitting algorithm; and

Figure 10 is a flow chart illﬁstrating a node collapsing algorithm.

This invention relates to the accessing of records in a database _
system. The following example is an overly simplified database access
problem provided to enable the reader to more easily understand the
inventioﬁ contained herein. The reader should understand, that, in
reality, the number of entries and amount of information that is contained

in database tables are much greater than illustrated.

Figure 1 illustrates table 10 containing employee names and numbers.
Each employee record includes a single employee number. The names in
table 10 are listed in alphabetical order. However, it should be apparent

to those skilled in the art that this is not how the records are normally

stored in the computer memory. ,
This Sheet Has Been Replaced
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has beén f et ched. Accordi ng to anot her aspect of the invention there.
Is disclosed in a data processing system a nethod executed by a data
processor for inserting a single key record in a group of record keys
stored in a data processing nenory according to a key record through an

i ndex tredTT®7r®RL a transaction in the d&t a processing system wherein other
transactions concurrently access said record keys through said index tree,
said index tree -having at |east a root node, at |east one internedi ate

| evel of at |east one node, each node having a key record reference to one
or nore nodes_i,n a next successive |evel of nodes and having bottom nodes
that provide E¢8ESEs 2t &8 §LINsEErHMRYE theasiprage IRFdtROMIPINa%g t he steps
of : (a) | haid/nngbed kepees5@S ihOa tdtRpkedr nedrydibei Rgch neesteds, (19, 18,

traversin ross I d nodes i.n_sai d.data,processin ry .fromsajid root
node throg%‘nazséi ¥ ?gt‘:e°r'1r§é51|:sat°§ feev\?érﬁlcﬁ”%b S b§" gg@g&{lﬁg 88 Ssi ng
sai d key FeocUr dondistart] anoaddresdepoxaian t28avees iengldyeeanaxex80 nedé thedi cat ed
by said k@ﬁ{pfo?Qer'g.\lx}tharsﬁl d ACCEISRA 248 LB | cBuald SELMOHOQP £he én%énl%?g%b e

(c) limting all read accesses to t he node bei'ng accessed and
t han one neffedPaandl Fheremplovre sumkersdd iolbke qopputdremenpycurfabde 12 of

transacti pffure 2 illustrates that the storage of the names is not in alphabetical

order and is not even contiguous.

The database system normally provides an index tree that enables a
user to quickly access a specific record in storage. An example of such
an index is provided in Figure 3. For simplicity of presentation, the
index tree is presented in two levels. Index 40 consist of a root node
connected to:three nodes 50, 52, and 54. The root node 42 is termed
"index identifier" and details the type of information in the index. In
this example, the index is an alphabetically ordered (ascending) index of
the employees' names. Each employee's name includes a key. In this
exémple, the key is the first letter of the employee's name. The keys are
used to identify a next level node to be accessed in searching for a
specific employee name record. In the root node 42, the keys consist of
letters "D™ 44,"F" 46, "NULL" 48. The D key 44 directs the user from the
root node 42 (the parent node) to node 5Q (a child node). Node 50
contains key record information for direct access of the employees
aAndrews, Baker, and Chester. However, only a single key is used in the
root node. This key relatés to the highest level of information (or the
highest key reco;d) that might now exist or have existed in the node 50.
Likewise the "F" 46 directs a user to node 52 that contains the Edgar and
Edwards employee names. LaStly, "NULL" 48 directs the user toc node 54.
The "NULL" key indicates that node 54 is the last successive leaf node. It
should be apparent to those skilled in the art that the index 40 may alsé
contains multiple levels of nodes. The two level index 40 is provided for

the sake of simplicity.

The contents of node 50, 52 and 54 as it would appear in a computer

memory is illustrated in Figure 4 as columns 56, 58 and 60 respectively.



I n* sal & data processing system as said nodes are traversed; (d) identifying
a next successively located key record relative to the key record to be
inserted in said bottom node and limting all access to the bottom node;
(e) Iinitiqg g@lz ccesses to said next ssccessively |ocated key record,

(1) i nser th ng sald key record; thereafter, (g) renoving

5 the access Iimtation to the next successively |ocated key record and
the bottom node; and thereafter, (h) renoving all remaining access
limtations to the accessed nodes. Accordi ng to anot her aspect of the

i nvention dd1ehg 565 reh GRS tholrNtiR dAtSAEIGE Tohine8Y i Q6de JonRbitalibe
executed by a daIaaprocgssorefor del.efing keg,rec rd '@ a £°H§gé§62
record keyEoZedridddi FPrR G & B?%esg?#fﬂ‘nngﬁtﬁ"? ’6&:%8?0? Gt D g k&Y Pedor d
through arand asex stoegjedarén@aa tHodnsacbopointst tre thatinfprudgosi Fapteysiram
\é\ﬁ;?:‘je: 2 dce);t ee:: Sltg;t;;aos%?ma:m%ne&dxgeggagn% %@n}h%égaguﬁéi S%iigevyi%gé?r;goi&%¥§ ésh EQM
to thelemployee name Baker and related information. Thus, when a
transaction accesses a node, the t;ansaction first examines the pointer
portion of the node information to determine where the key record
information is stored. This pointer information provides direct access to
the storage containing the desired information. In multilevel indexing
structure including intermediate levels, the node storage would contain
pointers that point to addresses for the next successively located nodes
according the key record information. The pointers would be ordered
according to their respective key information. ﬁowever, a successive node,
such as 50 that contains several employee names is only referenced by a
single key from a parent node. The reference key is the highest key
record informatioh allowable in the node. In index trees including
intermediate nodes, the key in a preceding (or parent) node is a key for

the highest record that is referenced by any of the keys.

Figure 5 illustrates a flow chart for accessing record information
through the index. It should be understood that in a database management
system, the operations illustrated by Figures 5-8 is called during an
access transaction. In accordance with the illustrated example, the
transaction would be attempting to fetch a record to determine the
employee number or to perform some other operation such as record insert

or record delete operation.

Figures 3 and 4 also illustrate pointers 51 and 53 that point from
one leaf node to a next successively located leaf node. These pointers 72
and 74 direct an accessing transaction to the next successively located
leaf node. In this example, the NULL entry 76 in node 60 indicates that
node 60 is the last node.

In Figure 5, the access logic starts at step 100 and proceeds to step

102 where the index root node is S-Latched and accessed. An S-Latch



root node connected to at |east one internediate |evel of nodes, each node
having a key record reference to one or nore nodes in a next successive

: | evel "and havi ng bottom nodes that provide access to said record keys,

sai d nmet hodaesgIr031 ng the steps of: (a) graversing across said nodes from
said root node in said data processing nenory through said internediate

| evel of nodes by accessing a node according to said key record and
.traversing to a next node indicated by said key record of said accessed
node until a bottomnode is reached; (b) limting all but read accesses to
t he node bepwldeéeb@é@le%mcemttomrt érucubrEnt need-at Blis pimiteduaccess

accessed Nogg,vilads OtHRE btk GHEFL B ¢l rtﬁaS@a%bpﬁscy LD oadd deedat @130585§SSP99

system as sai d nodes are accessed; (c) _identifying a next successive
| ocat ed keyOFZFoRECTSE afife a8 dihteh'éaﬂé&l%@céiacf‘eclﬁtﬁé’rd@%d in P§8V¥Jlﬂel§ottom

node and | i @hé |1Ei§e:a|zldeﬁ€fﬁ.%& fcaet m@emnéyntn@c@ e(&B ihdl ah8 PRk a@s easses
to said next, SS|¥ehgﬁ%ocated #&yﬁrecord del eting said ke

record; t he?’é’a?lta *Fei8Yitrgear eTfASPRT g ’oi §§a’f‘3]ﬁ1 t TS 3R o0 t he
accessed nodes;tlaﬁdr trloge em’uﬂ.éride@gjfyf &h® \inagx tdscan aNpR&Sedicniddixi om to the

next Succesgég%ﬁ}fn% o%ggdfol§e¥he %ﬁ?ioy’ee names. AC_;LCOI‘ di n90§ OtﬁnOthI}ﬁd t?‘osdoegt of

the invention t I's di scl ose data proceSS|
be accessed would be identified according to the 1nformatlon in the parent

node. In step 104, it is determined whether not the operation to be
performed is a fetch operation. If tﬁe operation is not-a fetch
operation, in other words the opération is a record insert (or key record
insert) or record delete (or key record delete) operation, the program
proceeds to step 106 to determine if the next node beneath the parent node
is a leaf node or bottom node. If the next node is a leaf node, the
program proceeds to the step 110 and acquires an X-Latch on the child
node. The X-Latch is an exclusive latch that excludes all other accesses
tJ this node. In other words, the transaction that applies the X-Latch

excludes all other transactions from accessing this node.

Returning to step 104, if the operation is a fetch operation or,
returning to step 106, if the child is not a leaf node, the logic proceeds
to step 108 to acquires an S-Latch on the child node. The logic proceeds
to step 112, where it accesses the child node and determines if the key of
the record being searched is greater than the key in the child node. 1If
this key is greater, the logic proceeds to step 114 to determine if the
tree index structure is latched. If the tree is not latched, the logic
proceeds to step 118 wherein the parent and child nodes are unlatched and
the tree is latched. The logic then proceeds from step 118 back to step
102 to reinitiate the operation upon the granting of the tree latch.
Optimizations are possible to reduce the number of nodes to be accessed

when the operation is re-attempted.

In this example, an X-Latch on a tree is provided to indicate to all
other accesses that a change in tree structure is being made. If a tree

X-Latch access is in progress when a latch is attempted on the tree, the



system a nethod executed by a data processor for altering an index tree
structure that provides access to at |east one key record in a group of
record keys stored in a data processing nenory according to a key record
for a transaction in the data processing system wherein other transactions
concur r enkrlr9-89@%s said record keys thraugh said index tree, said index
tree structure having at | east one node, said node having a key - record
reference to either another node or having a key record reference providing
di rect ) 5a access to said
key record, said index tree including an indication when said index tree is
bei ng chald§EerEand arcerdAUSERittstiy the eprdier ofceqsa)s demeletni ndnpt hat no

i ndi cat i 0B-gitchAbniNdR¥e tilseBréiaBgerd 81D REENladcBs i do IRa cREDERES IHRT
system (g%ﬁgrOV|d|n% the -indication of an index tree change that all ows

concurren FEUZPt FANAGS AFERETE oMY PRH iRer 135685545 BaY FORstEreBEbtessi ng
system (@pcasd ehenindedi thelen X othe@e chank(ss fan ctat hndal &he S-Latch is

released. Tree traversal may occur regardless of the existence of
S-Latches or X-Latches. These tree traversals may include key record

deletions or insertions.

In step 114 if the tree is latched, or in step 1i2 if the key is not
greater than the highest key in the child, the logic proceeds to step 116
to determine if the child is a leaf. If the child is not, the logic
proceeds to step 115 to unlatch .the parent node and then returns to step
103. However, if the child is a leaf, the logic proceeds to step 120 to
unlatch the parent and then to step 122, 124 and 126 to determine if the
operation is a fetch, insert or delete operation. In this example
provided, if neither of these three'operations are attempted, the logic
will return to the user in step 130. In practice this return would
include an error indicator signifying that the operation to ke performed

is not identifiable by this accessing attempts

If the operation is a fetch operation, the logic proceeds to step 200
illustrated on Figure 6. In step 200, the logic finds the reguested key
being searched or at least’ the next highest key. In step 202, the logic
then requests a conditional lock on the key record. In this example a
conditiénal lock is requested from managing logic that manages the locks
on the record keys. The term "conditional" means that if the lock is not
immediately granted, a response will be provided to the requesting
accessor indicating that such a lock is not being granted. This response
is used in Step 204. If the lock has not been grantéd, the logic proceeds
to step 206 to unlatch the child node and then to step 208 to request an
unconditional lock on the key record. In step 208, the accessor then
waits until such lock is granted before it proceeds. Once the lock is
granted, it proceeds though connector 213 to step 102 in Figure 5 to
restart the search. Returning to step 204, if the lock has been granted,

the logic proceeds to stép 209 to return the key record data. In step 210,



processi ng menory; (d) allow ng concurrent non-altering access to said
I ndex tree while said index tree is being altered; and (e) renoving the

I indication of an index tree change after conpletion of said altering step.
According to another aspect of the invention there is disclosed a nethod of
operating ameoppsAr systemfor effecting gjnul taneous transactions on a
dat abase by nultiple users using an index configured as a tree structure
having a root node and | ower |evel nodes, each node, except those in
| owest | evel |eaf nodes, referencing one or nore nodes in the next |ower
| evel, with | eaf nodes referencing corresponding records in the database,
and each node, chkicepbdd daf umadesedi Tal stehipnglkey¥hé Ndegr fRidranis @nieeaid. f y t he

next | evel t ssed.ipn sea | ng f.or riicul record, and
each | eaf n%g’g%di%cgg | n%%k%/gh%g? a%‘ll%geq 5 r%hgo?g%%g% esﬁ"gﬁg%]& 5’99{ IF5EVT eaf
node, the kehen bed Fgansatdien ist henpigheoutr ehear eaflirgdesye.sai d nmet hod
conprising, for a transaction involving insertion or deletion of a current

record in the database and its corresponding key in a |leaf node in the
i ndex, the stept JHIuFe dvekls dgserly cugrrtine ¥odélusgraterd Ttethouidresai d

root node tdppakbie: leathdsedsknieaesPendi G txatShe 1yl F&Riral €6 Peliddbrted

response t(%fiq Lé”%ikoéﬁgyfeig Jégessary,.béfore the insert operation begins. This
operation would insert a record in the computer memory and provide an
inserted key into the index updating the respective node(s) of the index
enabling other transactions to access the newly inserted.record. In step
300, it is first determined if the key can fit into the bottom or leaf
node. If so, the logic proceeds to step 304 to find the next key that is
greater than the key to be inserted. If the next key is not in the node,
the access is pointed to the next successively located leaf node. If there
is no next successively located leaf node, the access finds the null

i indicator. Then, in step 308, the logic request a conditional X-Lock on

the next key record. In step 312, it is then determined whéther or not
this lock has been granted. If so, in step 318 the new key is inserted on
the first bottom node that was reached in step 300. In stép 324, the next
record and key record are unlocked. Also, any héld latches are released
in step 329. Then, in step 325, the logic returns. It should bé apparent
to those skilled in the art that the lock on the insertéd key record will
be released when the transaction is complete. Returning to step 312, if
the lock is not granted, the logic proceeds to step 316 to unlatch the
child and then to step 322 to request an unconditional X-Lock on the next
key record. The logic then returns through connector 328 to step 102

(Figure 5).

Returning to step 300, if the key will not fit into the leaf node,
the logic proceeds to step 302 to request a conditional tree X-Latch. 1In
step 306, it is determined whether or not the conditional latch is
granted.  If not the logic proceeds to step 310 to unlatch the child node
and £hen to step 314 to request an unconditional tree X-Latch. Upon being
granted the unconditional tree X-Latch or, in step 306 if the latch is

granted, the logic proceeds to step 320 to perform a node splitting



access said current record, using the key information in said nodes;
limting access to a node being traversed and an i nmedi ately previously
.traversed node such that other users are only allowed read access to said
node being traversed and said imediately previously traversed node;
inserting ofg del@hi ng said current record;and its corresponding record
key; and renoving, after said step of inserting or deleting, all the access
limtations to the traversed nodes; and characterised by the steps of:
"prior to said step of -.inserting or deleting, limting access to said |eaf
node such that no other user may access said |leaf node, identifying a next

successi Veilgorathat. edTKﬁsy nbde t@ﬂ.ﬂ&:ﬁxf; ARRroftKCbkBEidds a new node contalnlng a
5b keys, relatlv he current, record to _be del eted or

“inserted, %°nrd""fm ﬁ?‘g “%85’%%%"?0 R % BB HoES ¥ onthen §°F% SBLH HFRExt
successi veilgordtiat edy kaysospdvitibadddidiomzilhbntetnediatey weireSehexainl thecor d;

~and renovi %it@ét&aﬁr né@ésd wglrlfc’p bgfuﬁcﬁig&t | Bfe cﬂ’argg!: ex;[oldggis modified to contain
the highest key record and a pointer to the new node. A node splitting
algorithm is illustrated in Figure 9. Furthermore, node splitting is

addressed in Data Structures and Algorithms, by Aho, Hopcroft and Ullman,

Addison-Wesley Publishing Company, 1983, pages 170-179. Upon completion
of the node splitting algorithm, the logic proceeds to step 326 to unlatch
the tree. The logic would then return to step 102 (Figure 5) through

connector 327.

Fiqure 8 illustrates the delete operation. It should be apparent to
those skilled in the art that the key record to be deleted will be
X~Locked, if necessary, before the delete operation beginé. In step 400,
the logic finds the next key greater than the key to be deleted. 1In étep

. 402, the logic reguests &a conditiqnal ¥X-Lock on this next key record. The
logic proceeds to step 404 to determine if the lock is granted. If the
lock is not granted, thé logic proceeds to unlatch the child node in step
406 and then to regquest an unconditional lock on the next key record in
step 410. The logic then proceeds through connector 431 to steé 102 (Fig.
5). '

Returning to step 404, if the lock is granted, then the key is
deleted in step 408. The logic then proceeds to step 412 to determine if
the next node is empty. If not, the logic unlatches the node in step 421,
unlocks the next key record in step 413 and returns in step 414. However,
if the node is then empty, the logic proceeds to step 416 to request a
conditional tree X latch. Then'in step 418 the program determines if the
latch has been granted. If not, in step 420, the logic unlatches the
child node and then in step 422, p?oceeds to request an unconditional tree
X latch. Once the latch is granted, either from step 422 or from step
418, the logic pfoceeds'to step 424 to perform the node collapsing
algorithm which removes'the.empty node and the references to the empty

node from the preceding nodes in the index tree. This algorithm is



the acecess limtation to the record corresponding to the next successively -
| ocat ed key. According to still another aspect of the invention there
is disclosed a digital data processing systemfor effecting sinultaneous
transactions on a database by nultiple wusers, including an index

confi gur edaa®-83-02ke structure having a raet node and | ower |evel nodes,

i n which each node, except those in | owest |evel |eaf nodes, references one
or nore nodes in the next lower level, with | eaf nodes referencing
correspondi ng records "in the database, and in which each node, except | eaf
nodes, includes key information to identify the next |evel node to be
accessed i A Listrarrchgn biovke pkfi-t | ElIskPPr4e2CoFke thpe Hiseletnrtobeds IRodfep 429,

i ncl udi ng kryaenetéd ixag f&o&@%ﬁdﬁhé Qifeﬁf %Qeﬁg&yat{@hni&@ieanm,sh&m keys
being ordered throu hout nodes, said sgstenl urt her |ncluqﬁfg

means for PPRREEEI TRy §°S‘T r’! ]aeé’t ﬁBntqene’Eﬁ VPR SRR et3S BhlbreaRt &PFont

current reesarbachidrhdsdednglage. and its corresponding key in a |leaf node in
t he index, said processing nmeans conprising: neans for traversing through
t he nodes of the tree fromsaid root node to the | eaf node corresponding
to said currentFigecordillnstzspensenade aplittpud algomiddin. t dnatbes elgerithm a

current 1 aeRnhae USd %Qdé&‘%k%ﬂe ;HBOF 8L A L2k NRASS  inBBRE &OJ
I|n1t|ng access to a node
record. Additionally all the preceding, or parent, nodes in the index

tree may be updated to reflect the addition of this new node and the
information contained therein. In step 500, a new node is obtained. 1In
step 502, the new node is X-Latched. In step 504 a portion of the keys
from the node that is being split is moved to the new node. It should be
apparent that a pointer is also included in the node being split to
reference the new node. Additionally, if requi:ed, a pointer in the new
node is provided to indicate the next successively located node to the new
node. In step 506, the node being split and the new node are both
unlatched. In step 507, the parent node to the node being split is then
X~Latched. Iﬁ step 508, the parent node is updated. In step 510 the
parent node is unlatched. It should be apparent to those skilled in the
art, that the updating of the parent node may actually include the
splitting of the parent node and the updating of several succeséively

located parent nodes up the index tree.

F;gure 10 illustrates a node collapsing algorithm. The purpose of
the node collapsing alqorithm is to remove an empty node from the index
tree to conserve memory and to provide efficient access to keys. In step
600, a node adjacent to the empty node is X-Latched. In step 602, the
keys of this adjacent node are then moved to the empty noée. In step 604,
the pointer in the receiving node the keys is then updated to locate the
node with newly loaded keys. In Step 606,'the_next node, now empty is
removed. In step 608, the latches for the child node, the node with the
newly removed keys, and the adjacent node, that has been removed, are
unlatched. The parent node or nodes are then X~Latched in step 610. 1In
step 612, the parent node or nodes are updated to remove the pointer to.

the removed node and to adjust the key associated with the node that



befng traversed and an i mediately previously traversed node such that
other users are only allowed read access to said node being traversed and
said imrediately previously traversed node; neans for inserting or
deleting said current record and its corresponding record key; and neans
for renovi n§T2 /" 821said inserting or deletidng, all of the access
limtations to the traversed nodes; and characterised by: neans for .
limting access to said | eaf node such that no other user nay access said
| eaf node, for identifying a next successively |located key in terns of the

ordering ofr§g¥ ive to the key of the current record to be deleted

s, rgela
or inserted; anl(yefsoﬁ’q (AT iSRG ddeetemavgd tipder e day gter: 614 eshenentegtt wodssi d
next successreehgn|wdateitkdkeyas dibcidiatl 1D FOGREY oy S&e 21366 €SS thé dent

[ L ' i ng; an ans for renoving, after
gglcgr d, prighad Q. SA4s rQasy%ret gn:%cggrs:qveel S}sclz.crc]a 5 as C‘iwogled be apparppt o tResSr
del eti-ng, tEsiHedets thempdntation to the record corresponding to the next

The present system provides_for a number of database transactions to
access an index tree concurrently. This concurrent access is provided in
a manner that guarantees that repeated accesses will provide consistent
results within a single transaction if deemed necessary. In other words,
the procedure previously illustrated provides that a transaction that is
accessing an index tree during the change of index tree by another
transaction will not return erroneous or invalid information that may
result from accessing a portion of the index tree during this change. This
is possible because of the tree latch. The tree latch is used in a way to
allow concurrent accesses to the tree during the index tree change.
However, the transaction protocol requires that when a condition exists
wherein an error is possible, the transaction encountering this possible
error’condition requests a latch on the tree as opposed to returning an
error :condition or'erroneous data. By requesting a latch on the tree, the
requesting transaction must wait if another transaction that, is in fact,
changing the index tree structure because this earlier transaction would
have also requested a tree latch. When the tree latch is finally granted,
the iequesting transacfion will then be assured that no changes are being
made to the index tree structure during its access. This procedure is
advantageous over excluding access to the index tree in that it allows
concurrent accesses and provides a mechanism to insure that transaction
will not retrieve information that is being changed during an index tree

structure change.



successtvely | ocated key. 'DESCRI PTI ON OF THE PREFERRED

EVMBODI MVENTS An enbodi nent of the invention will now be described, by
~way of exanple, with reference to the acconpanyi ng draw ngs, in which:
" Figure 1 is aillustration of a database table; Figure 2 1s a
i | lustrati od%B7t® dat abase table stored A a conput
Figure 3 is a block diagramillustrating a sinple BTﬁmIFﬂmm"”!,”“",
Figure 4 is an illustration of -the storage of index.B-Tree rode# data*in a
conputer nenory; Figure 5is a flowchart illustrating an initial
search through an index B-Tree; . Fiqure 6 is aflowchart illustrating
a fetch through the index B-Tree; é‘féﬂﬁe 7 is a flow chart

illustrating an insert through the i ndex B- Tr ee; Fi gure 8is a flow
chart |IIus§’rat' n e%ogeggtoe through om 'edex B-T i %l‘ is a
Flow chart 11 ubt Retig™E FEEE SN F(1TRIH GorTamies midecting sBrfffeBead s
a fl ow char trarsagsionst png danasksecby Iraisipie abgor ntimg an index tree of record
keys,_said tree having a root node and lower level nodes, each node,
except those in a lowest (leaf) node referencing one or more nodes in the
next lower level, with those in the leaf node referencing records in the
database, said method comprising, for a transaction inveolving insertion or
deletion of a current record and its corresponding record key, the steps

of:

traversing through said nodes from said root node to a leaf node

using said record keys in response to an input request;

limiting to other users all but read accesses to a node being
traversed and an immediately previously traversed node;
i
identifying a next successively located record key relative to the
record key to be deletéd or inserted in the leaf node and limiting all

access to the leaf node;

limiting all accesses to a record associated with said next

successively located record key:;

inserting or deleting said current record and its corresponding

recoxd key; and

removing said access limitation to said record associated with the
next successively located record key and all access limitations to the

traversed nodes.

2. A method according to claim 1, in which, for inserting said current
record, the removal of the access limitation to the record associated with

the next successively located record key precedes the removal of all

access limitations to the traversed nodes. - —
Bemchlmmd
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Thi's invention relates to the accessing of records in a database system

, The followi ng exanple is an overly sinplified database access probl em
'provided to enable the reader to nore easily understand the invention
contai ned herein. The reader should understand, that,

nunber of @TOrf&®¥2ind anount of informati ok t hat |s Jmmmm‘"'ﬂ"ul m,ase
tabl es are nuch greater than illustrated. gure *1 i€l | ustratses

10 contai ni ng enpl oyee nanmes and nunbers. Each enployee record includes a
singl e enpl oyee nunber. The names in table 10 are listed in al phabetical

order. Howeyer,.it .sh ap gnt to t hqse skille n rt that this
is not ho theAreég?%sacg?lg&r? rﬁgal G PRSP 141 180 f‘(erp’ar’fea?)‘]r ing sdid

5c insertigwgrent dekexdnghe the@owric @Ssall aredssobimittatidres tectnadtraversed
correspondi pgel G leREalithe AHGEES UeV BhY 2LOCH §8nk®)lion to the record

associated with the next successively located record key.

4. A method according to any one of the previous claims including, for

inserting said current record, the steps of:

determing if the record key associated with the current record can be

inserted in said leaf node; and

if the key can be so inserted, inserting the key and the current

record; or
if the key cannot be so inserted:

providing an indication that the index tree structure is to be

changed;

altering the index tree to add a node to receive said current

record;
removing the indication of the tree structure change; and
inserting the key and the current record.

S. A method according to any one of the previous claims including, for

deleting said current record, the steps of:

determining if the record key associated with the current record is

the only record in said leaf node; and

if it is not, deleting the key and the current record; or, if it is:

is Sheet Has Been Replaced
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DESCRLPTI ON OF THE PREFERRED EMBODI MENTS An enbodi nent of the
i nvention will now be described, by way of exanple, with reference to the
acconpanyi ng draw ngs, in which: Figure 1'is aillustration of a

dat abase t abl e; Figure 2 is aillustration j m" um Ila—ble
stored i nAE2-83nPL er nenory; Figuree3 is a HH mlzl ﬂ ﬁl ustrating

a sinple B-Tree index; Figure 4 is an illustrattort of® t he %t orage of
i ndex B-Tree node data in a conputer mnenory, Figure 5is a flow
chart illustrating an initial search through an index B-Tree; Fi gure
6 is aflowchart illustrating a fetch through the index B-Tree,

Figure 7 is a fl oWl CH:Fngi #P HSEGALIRE EhRt h%%rlf‘d?’hrtéegrﬁﬁrﬁét#rﬁdéi ® Peee;
Figure 8 is achhmywaghart illustrating a delete through the index B-Tree;
Figure 9 is a flowchart illustrating a node splitting algorithm and
Figure 10 is a flow chart illustrating a node collapsing algorithm ,

Thi s invention reldaitesirigothdekegcams chagutettcceeosd; N a dat abase system
The

altering the index tree structure to remove the node; and
removing the indication of the index tree structure change.

6. A digital data processing system for effecting simultaneous
transactions on a database by multiple users using an index tree of record
keys, said tree having a root node and lower level nodes, each node,
except fhose in a lowest (leaf) node referencing one or more nodes in the
next lower level, with those in the leaf node referencing records in the
database, said system comprising means for traversing through said nodes
from said root node to a leaf node using said record keys in response to
an input request, means for limiting to other users all but read accesses
to a node!being traversed and an immediately previously traversed node,
means for:identifying‘a next successively located record key relative to
the record key to be deleted or inserted the leaf node and limiting all
accesses to a record associated with said next successively locéted record
key, means for inserting or deleting said current rgcord and its
corresponding record key, and for removing said access limitation to said
record associated with the next successively located record key and all

access limitations to the traversed nodes.

7. A system according to claim 6 including, for insexrting said current
record, means for determing if the record key associated with the current
recoxd can be inserted in Saia'leaf node, and, for when the key can not be
SO inserted, means for providing an indication that the index tree
Structure is to be changed, means for altering the index tree to add a
node to receive said current record, and for removing the indication of
the tree structure change prior to insertion of the key and the current

record.

his Sheet Has Been Replaced
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" following exanple is an overly sinplified database access probl em provi ded -
to enable the reader to nore easily understand the_invention contained
herein. The reader should wunderstand, that, in reality, the nunber of
entries and anount of information that is contained| l[ﬂlﬁwﬂmﬁﬂumﬂﬂaets
are nuch gmBagflgaihan illustrated. 4 gure 1 ill :
cont ai ni ng enpl oyee nanes and nunbers. ach enployee recdrd"i ntl utes a
si ngl e enpl oyee nunber. The nanes in table 10 are listed in al phabeti cal
order. However, it should be apparent to those skilled in the art that this
is not howthe records are normally stored in the conputer nenory.
14 1. |l a Mlayat@i aeeasiing &y slem 6dorRilaod ©xasuiadypyros al@_te&i@cg Qaeasor
0 toort Brel kel S fedy 2P R Ehn P17 FLBSEP L %IRIEL R i 97 0P
the current record is the only record in said leaf node and, for when it

is, means for providing an indication that the index tree structure is to
be changed means for deleting the key and the current record, means for
altering the index tree structure to remove the node, and for removing the

indication of the index tree structure change.

' ThsSh&x
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portion®of a key record through an index tree during a transaction in the
data processing systemwherein other transactions nmay.concurrently access

said record keys through said index tree, said inde; fm@qs T O st
a root node, at |east one internediate |evel of at lleast i BERN,
node haV|ﬁ§ 38K&¢%1record reference to onel®dr nore nobes—in—a | 0

ordered | evel of nodes and havi ng bottom nodes that prOV|de access to said
key record data, said nethod conprising the steps of: (a) traversing
across said nodes in said data processing nmenory fromsaid root node '

key record portion of tREBrThSREEn de Bt BRE RS e Rext node”
i ndicated by said key record portion of the accessed node until a bottom
node is reached; (b) limting %Hsr read accesses to the node

bei ng accessed and an i mredi ate previ-ogasty—accessed node in said data
processing nenory, to other concurrent transactions in said data

processi ng system (c) identifying and accessing said Kkey record in
said bottom node; - (d) limting all but read access to said key
record: A data base system on a compqter uses an index tree containing record

keys which reference associated recorés in the data base. The tree, which
comprises a root node extending fhrough intermediate nodes to leaf nodes,
provides concurrent accesses to a plurality of users. When changes are to
be made to the key structure, action has to‘be taken to prevent users,
other than the user making the change, from corrupting the data or
receiving corrupted data. To do this, when one user is inserting or
dele;ing a key and its associated record, all accesses to a node beéing
traversed by this user and the immediately traversed mode are limited to
;ead accesses by other users. At the leaf node, all accesses by others to
the key and record being added or deleted are prevented together with

accesses to the next successively loczted record key and its associated

record. After the deletion or insertion, the access limitations are

removed.

Thls Sheet Has Been Re
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o kot 8 .y : - :
(e)y~refroving.all access Iimtations to the accessed nodes including the
bott om node except for .the accessed key record; (f) fetching key
record data; and (g) renoving the s limtation to the key record
~after the record data has been fetched. 2. A method according to claim
"1 wherein said step (c) further includes tpf steps of: (cl)

i dentifying and accessing said record keﬂs ¥n sai.d node; (c2)
determning fromsaid record keys in-the node if another node is to be
accessed; (c3) ipappother node is to be-accessed returning to step
(a); and ' 15
(c4)if anot h@pLygE i s not beggpcpemed, identifiying the key record data
according  NANE NUMBER
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. 3 i
to the portion of the key record. 3. A nethod according to claim 2

wherein said step (f) includes the steps of: (f1) retrieving said
key record in said node; (f2) accessing a record according said key
' record in said node; and (f3) returning record data fromsaid
record. 4. A nethod according to claimZymherein said step (g) further
I ncl udes waiting until the transaction requiring the fetch of key record
data is conpleted before the a h e ' I's repoved,fromthe k
record. 5. 1In a data process ﬁgﬁgskgﬂ“g!ﬁ@hod expe g%i by a a-&\y
processor for inserting a sinple key record in a grofpp of recordlkeys
stored in a data processing nejgyy accpgding to a_kgy recor rough an

index tree during a transactiopln the
ot her transactions concurrentl}
tree, said index tree having a Gk : atd | cast one

I nternmedi ate | evel of at |east onfe node, ¢ ¢ having a key record
reference to one ¢ DT € TOUES 1N a next|successive s and
havi ng bottom nodeg that pr OVSiAde

a procgssi pg system wherein
ylkeys through said index
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actess to said record keys, said nethod conprising the steps of:

(a) limting all accesses to the key record being inserted; (b)
traversing across said nodes in said data processing nenory from said root
node through said internediate |evel of nodes by accessing a node using
said key record 'of said root node and tyayersing to a next node indicated
by said key record of said accesseg nod lintil a bottom node is reached:

(c) limting all read accesses tofthegTapie bding jgagcessed and not nore

than one immedi ately previous acc&ssed node, /t o ot her concurrent

transactions in said o proce55| ng SYIS em as said nodes are traversed
ug

(d) identifying a nex ECOT O TE Ve € Key]
record to be inserted ™ sai d_bottom nosle and limting aII access to the
bottom node; . (e) limting aLAT(ﬁFCA‘?ﬁ)S A'C?E8§a' d n¢gxt successively | ocated
key record; ROOT. NODE 102

IDENTIFY CHILD NODE 403

UNLATCH
PARENT NODE

us

IS TREE
LATCHED
7

UNLATCH PARENT
NODE
UNLATCH CHILD NODE

gloo S-LATCH TREE
UNLATCH PARENT NODE

448 1~

130
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16 ' ~(g) renoving the access limtation to the next successively

| ocated key record and the bottom node; and thereafter, (h) renoving
all remaining access limtations to the accessed nodes. 6. A nethod
according to claim5 wherein step (f) includes the steps of: (f1)
determning if the key record can be inserted in said node; (f2) if
the key can be inserted into the node, @r&kteeding to step (f6); (f3)
if the key cannot be inserted into the node, providing an indication that
the index tree structure is being changed; (f4) altering the index
tree-structure to add a node to recei he key record; (f.5) renoving
the indication of an index tree strudtdtrg change; and (f6) inserting
said key record in the node. 7. |In aYdata processing system a method
executed by a data processor for deletrng a key record in a group of

d k t
record keys st or o REQUrST ED KET OR WERT “HIGHEST REY ™ 1200

REQUEST cONDITfONAL LOCK ON KEY RECORD 202

CON-

DITIONAL

LOCK GRANTED
7

204
RETURN KEY DATA 209
UNLATCH CHILD NODE 206 UNLATCH CHILD HODE 240
REQUEST UNCONDITIONAL UNLOCK KEY RECORD 244
LOCK ON KEY RECORD —

208
242
243

( RETURN

FIG. 6



[ ¥
key record through an index tree during a transaction in the data
pracessi ng system wherein other transactions concurrently access said
record keys through-said index tree, said index tree having a root node
connected to at |-east one internediate | evel of nodes, each node having a
key record reference to one or nore nodes-in a next successive |evel and
havi ng bottom nodes that provide access 5d7said record keys, said nethod
conprising the steps of: (a) traversing across said nodes fromsaid
root node in said data processing nenor hrough said internedi ate | evel
of nodes by accessing a node accordi ng i d key record and traversing
to a next node indicated by said key redQrgf of said accessed node until a
bottom node is reached; (b) limtiphpg all but read accesses to the
node bei ng accessed and not nore than one :'émﬁtely previ ous accessed
node, to other concurrent trans%ctions A B0 dawa '
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17 ; i (c) identifying a next successively |ocated key record relative
to qhe key record to be deleted in said bottomnode and limting al

‘access to the bottom node; (d) limting all accesses to said next
successively | ocated key record,; (e) deleting said key record,

t hereafter, - . (f) renoving all rena ?g access limtations to the
accessed nodes and thereafter, enoving the access limtation

to the next succe55|vely | ocat ed key record 8. A nethod according to
claim7 wherein step (e) includes theg eps of: (el) determning if
the key record to be deleted is the qﬂi’ key record in said node;

(e2) if the key to be deleted is not £ only key in the node, deleting

said key record in the node and then nroceedlng to step (f); (e3) if
the key to bepdeteted—is the or Rey 1T tie—rode,—providimg—am Tdrcgt i on
that the .nde(riu&eusxﬂusenr@a»ervswe.mi@rbmaa KEY  (e4) d8@ting s c

key record i n=H=ae rrUdC, (TJ} Ori=t FI1 o pe ettt ettt O

renove the node; and
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?
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(eB) renoving the indication of ‘an index tree structure change. 9. A

met hod according to claim8 wherein said step (g) further includes waiting
until the transaction requiring the deletion of the key record is
conpl eted before the access limtation is renoved fromthe key record.

10! In -a data processing system a met hod /ekecut ed by a data processor for
altering an index tree sggucture that provides access to at |egst one key
record in q'ﬁTdﬁb of Tecond "Keys stojed in a da[ﬁ'ﬁ?oce55|ng
accordi ng tg % k recordlifor a transactj,gn in

00q]

q ;
wher ei n otl’l F@gﬁ:ﬂj m@? ﬁgpgurren y ‘dccess s Egor OPNATCHEND JADENUBEXT |
i ndex Necesal

sai d index ltree,| “sai ree sfrycture d2d4e¥hg at |9t ANE (P
node’ havi gg a key record|reference ro ei t her apot her Qgge qﬁsdhzhybgg a ke*
record refdrence providifg direct acgess to sai ¢ key |r rd,Said index §:
tree incl ﬁaim t~rreh tor—wher—pald i ndex tree is being chajged said
met hod congri simgXtb&TEHeNEWORODE (a) deternfning that no indication of
an index tnee chpAl§®,i dFprNECESSARY Faild dat a processi ng sygtem
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system a net hog
stored in a data4
portion of a key
~data processing
said record keys through said 1index tree,
a root node, at least one internediate |evel of a 3
node having a key record reference to one or nnréwﬂmdes in a
ordered | evel of nod ' v, ess to said
key record data, Sai3&g§?ﬁg§ﬁ§@§§yﬁ§@gg@@@@%@gé%@ﬁ%p@é%é§§T§§§ traversing
across said nodes in said data processing nmenory fromsaid root node

t hr ough sABSTRACE edi ate 1 evel of nodes by accessing a node using said key
-record portion of the root node and traversing to a next node indicated by

~said key record portion of the accessed node until a bgottom,node is
reached: A data base system on a computer uses an index tree (40, 50, 52 54) containing record keys

which reference associated records in the data base. The tree, which comprises a root node
extending through intermediate nodes to leaf nodes, provides concurrent accesses to a plurality
of users. When changes are to be made to the key structure, action has to be taken to prevent
users, other than the user making the change, from corrupting the data or receiving corrupted
data. To do this, when one user is inserting or deleting a kéy and its associated record, all ‘
accesses to a node being traversed by this user and the immediately traversed mode are limited
to read accesses by other users. At the leaf node, all accesses by others to the key and record
being added or deleted are prevented together with accesses to the next successively located
record key and its associated record. Aftér the deletion or insertion, the access limitations are
removed. |

Fig. 4
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(b l'imting all but read accesses to the
i medi ate previously accessed node in sai§i4
~other concurrent transactions in said dajg
i dentifying and accessing said key record”tnd
limting all but read accesses to said key Ummwmwwt

access I Bl 062 1dckin) S0 30 R2RA GG p

for the accesse ey r

(g) renovinge 1H&e;@%&é80f 'reao}@tls ot lhahtd WENETRE s Ed?QL@édds dat a
has been fetched A nmet hod accordi ng to cI aim1 wher-ein said step
(c) furt herL(bdkﬁﬂgJFis?SadHf‘éssai eps"ladex Locking(aid Spliring!' f IBMoTectthicat cbisel

said record keys in said node; (c2) determining fromsaid record keys

i n the nodecBulfetianotdheme rizfj emisbero7Be Dezembers k982, pages 37283729; ambtlloekingode
is to be accessed, returning to step (a); and
Protocols for Concurrent Operations on B-Trees" MCM__ISC_IOSUI‘C_BM

volume 19, number 10, March, 1977, pages 3887-3889.

The disadvantages to a locking solution is that a lock, while providing access to
one user, prevents access by any other user.

Information in index nodes may be altered during access by several users. These
nodes contain the key record information that may be deleted or inserted as records are
inserted into or deleted frpm the database table. Infbrmation from one node may be
moved to another node during a record insert operation because of limited storage space
fof a node. The inserting transaction may attempt to move key record information from
one node to another in order to accomplish the insertion task. This movement of
information during concurrent transaction access may generate error conditions within
the concurrent transaction accesses because the index information is being changed.

SUMMARY OF INVENTION

It is.an object of the invention to ameliorate one or more disadvantages of the prior
art.

According to one aspec_:‘t of the jnvention there is disclosed in a data processing
system, a method executed by a d'ata processor for fetching key record data stored in a
data processing memory in a groilp of record keys by using a portion of a key record
thrbugh an index tree during a transaction in the data processing system wherein other
transactions may concurrently access said record keys through said index tree, said index
tree having at least a root node, at least one intermediate level of at least one node, each
node having a key record refefence to one or more nodes in a next lo§ver ordered level of
nodes and haviﬁg bottom nodes that provide access to said key record data, said method

comprising the steps of: (a) traversing across said nodes in said data processing memory

This is e repiammien he
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15= (c4) if another node is not to be accessed, identifying the key
record data according to the portion of the key record. 3. A nethod
according to claim?2 wherein said step (f) includes the steps of: .
(fl') retrieving said key record in said néde; (f2) accessing a record
according said key record in said node; and (f3) returning record

data from Sgbth {6966t nadt: throbgHRAIRARERRR! 801 dolddd g%.%caéaﬁh gl hirid P

(g) further i es wal ting e transaction requiring the fetch o

key record gag ke SecRiTpoficifoPRleG08t AR ARCPHRIsiAg 5 4 ﬁéﬁt%dbﬁndi@i@&’%g daiPm
the key record. "5. In a data processing system a nethod executed by a

data proceskey rdcofd posidnt ofnfie accesbdighaiekeyil ettt hodedisgeashed{b)rlaniing HEys
stored in a data processing nenory -
but read accesses to the node being accessed and an immediate previously accessed node
in said data processing memory, to other concurrent transactibns in said data processing
system; (c) identifying and accessing said key record in said bottom node; (d) limiting all
but read accesses to said key record; (e) removing all access limitations to the accessed
nodes including the bottom node except for the accessed key record; (f) fetching key
record data; and (g) removing the access limitation to the key record after the record data
has been fetched.

According to another aspect of the invention there is disclosed in a data processing
system, a method executed by a data processor for inserting a single key record in a
group of record keys stored in a data processing memory according to a key record
through an index tree during a transaction in the data processing system wherein other
transactions concurrently access said record keys through said index tree, said index tree
having at least a root node, at least one intermediate level of at least one node, each node

| having a key record reference to one or more nodes in a next successive level of nodes
and having bottom nodes that provide access to said record keys, said method comprising
the steps of: (a) limiting all accesses to the key record being inserted; (b) traversing
across said nodes in said data processing memory from said root node through said
intermediate level of nodes by accessing a node using said key record of said root node
and traversing to a next node indicated by said key record of said accessed node until a
boftom node is reached; (c) limiting all but read accesses to the node being.accessed and
not more than one immediately previous accessed node, to othér concurrent transactions
in said data processing system as said nodes are traversed; (d) identifying a next
successively located key record relative to the key record to be inserted in said bottom
node and limiting all access to the bottom node; (¢) limiting all accesses to said next

successively located key record; (f) inserting said key record; thereafter, (g) removing

This is the replacement. sheel
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actording to a key record through an index tree during a transaction in the
data processing system wherein other transactions concurrently access said
record keys through said index tree, said index tree having at |east a
root node, at |least one internediate |evel of at |east one node, each node
having a key record reference to one or nore nodes in a next successive

I evel of nogigsacasd InBithtich RPtHeONBXN QEGQRsSiIVEY 160atid Ky rea6REasd tiie Béttdin rmodey d
keys, said nethod conprising the steps of: ~(a) limting all accesses

to the key aethetbafier, () remevingall remaining(doest limitationsn the acressed aiodesiodes i n

said data processing nenory fromsaid root noede through said internediate

| evel of nodes Bgcardingsteiangther aspeet ofsthe gnweatidn heye isediseldseddf asdatal prasessingde

and traversing, to a next node indicated by said key record of said

accessed noskstamt a methasbexesnied yea idatarpraedsear; for deleting @) kay; fecerdnip agroupyef

read accesses to_the node being accessed and not re than one | d'hately
iugh =

previ ous ac%@%&e%ﬂéf@t'& 3 0p@, DroeRssIng rBsInony, agcerding ina key recgrd

Do 1 B e e aun hBSRot i i B bR ing m, bbb 5t gl
concurrently access said record keys through said index tree, said index tree having a
root node connected to at least one intermediate level of nodes, each node having a key
record reference to one or more nodes in a next successive level and having bottom -
nodes that provide access to said record keys, said method comprising the steps of: (a)
traversing across said nodes from said root node in said data processing memory through
said intermediate level of nodes by accessing a node according to said key record and
traversing to a next node indicated by said key record of said accessed node until a
bottom node is reached; (b) limiting all but read accesses to the node being accessed and
not more than one immediately pre{rious accessed node, to other concurrent transactions
in said data processing system as said nodes are accessed; (c) identifying a next
successively located key record relative to the key record to be deleted in said bottom
node and limiting all access to the bottom node; (d) limiting all accesses to said next
successively located key record; (€) deleting said key record; thereafter, (f) removing all
remaining access limitations to the accessed nodes; and thereafter, (g) removing the
access limitation to the next successively located key record.

According to another aspect of the invention there is disclosed in a data processing
syéfem, a method executed by a data proceséor. for altering an index tree structure that
provides access to at least one key record in a group of record keys stored in a data
processing memory according to a key record for a transaction in the data ﬁrocessing
system wherein other transactions concurrently access said record keys through said
index tree, said index tree structure having at least one node, said node having a key

record reference to either another node or having a key record reference providing direct
wont shast
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be-inserted in said bottomnode and limting all access to the bottom node;
(e) limting all accesses to said next successively |ocated key record;

16 (f) inserting said key record; thereafter, (g) renoving the.
access limtation to the next successivel yal ocated key record and the
bott om node; and thereafter, (h) renoving all remaining access

limitationsab@sd B sA keF $8Dra OKRS indeR tree And1Bdih® dn 36diOtION"GhenOsafd Bidex ree is
wherein step (f) includes the steps of: fl) determining if the key

record can beingrshangedcsaidimethod congeising the steffsf 1) (af déteemingg thanndindication béd

Into the node, proceeding to step (f6); (f3) if the key cannot be

i nserted intan index rtoske changevisdpregentnin saidcdata qrocdssing t $ystem; nehy xprovisting the

structure is being changed, (f4) altering the index tree structure to

add a node tindieasion) afcan; indexc woe ghange ghat allows concurrent non-altering access to the index
tree to said data processing system; (c) altering said index tree node(s) in said data -
processing memory; (d) allowing concurrent non-altering access to said index tree while
said index tree is being altered; and (¢) removing the indication of an index tree change
after completion of said altering step.

According to another aspect of the invention there is disclosed a method of
operating a computer system for effecting simultaneous transactions on a database by
multiple users using an index configured as a tree structure having a root node and lower
level nodes, each node, except those in lowest level leaf nodes, referencing one or more
nodes in the next lower level, with leaf nodes referencing corresponding records in the
database, and each node, except leaf nodes, including key information to identify the
next level node to be accessed in searching for a particular record, and each leaf node
including keys relating to records referenced by that leaf node, the keys being ordered
throughout the leaf nodes, said method comprising, for a transaction involving insertion
or deletion of a current record in the database and its corrgsponding key in a leaf node in
the index, the steps of: traversing through the nodes of the tree from said root node to
the leaf node corresponding to said current record in response to an input request to
access said current record, using the key information in said nodes; limiting access to a
node being traversed and an immediately previously traversed node such that other users
are only allowed read access to said node being traversed and said immediately
previously traversed node; inserting or deleting said current record and its corresponding
record key; and removing, after said step of inserting or deleting, all the access
limitations to the traversed nodes; and charac@erised by the steps of: prior to said step of

inserting or deleting, limiting access to said leaf node such that no other user may access

said leaf node, identifying a next successively located key in terms of the ordering of
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(f5) renoving the indication of an index tree structure change; and

(f6) inserting said key record in the node. 7. In a data processing
system a nethod executed by a data processor for deleting a key record i.n
“a group of record keys stored in a data p?%cessing menory according to a
key record through an index tree during a transaction in the data

processi ng t : ' I Clah@HAStaC e
Y3 ?éthV@&f kY Rethd CARER fe Sy 66 Qbefe@Nor InsEE SndS Rihnfiting

record keys tough sai X tree, sal ex tree having a root node

connect ed tgcads Pt reetRl tor@poRdth@tts saRlvidxt Qucdeiesly lo€aed kep dacth At b a

key record reference to one or nore nodes in a next successive |level and
havi ng bot t eienage sndyhaiceRrsaid teords and serhovingi after egidrstepkefyinserting dr kelckiag,
conprising the steps of: (a) traversing across said nodes from said
root node ithesaceds Hatimtion ¢ desicogrdroemespontingdadhe sexit du¢oassively thicated Kegvel of
nodes by accessing a node according to said key record and traversing-to a
“next node i ndi cAcearding toastil anophercaspedy offthe inventien these ds diselgsed atdigital data
bott om node i s reached,; (k) limting all but read accesses to t

node bei ng BIOSRSSHEISYBHA (foF effscung (Sipulaneous; HARWCHons) on  dofabase Bxclagﬁfvép

node, to other concyrrent.transa ti%Hs in said ckalttah ]
users, including an index configured as a tree structure having a root node and lower

level nodes, in which each node, except those in lowest level leaf nodes, references one
or more nodes in the next lower level, with leaf nodes referencing corresponding records
in the database, and in which each node, except leaf nodes, includes key information to
identify the next level node to be accessed in searching for a particular record, with each
leaf node including keys relating to records referenced by that leaf node, the keys being
‘ordered throughout the leaf nodes, said system further including means for processing a
transaction involving insertion or deletion of a current record in the database and its
corresponding key in a leaf node in the index, said processing means comprising: means
for traversing through the nodes of the tree from said root node to the leaf node
corresponding to said current record in response to an input request to access said current
record, using the key information in said nodes; means for limiting access to a node
being traversed and an in.lmediately previously traversed node such that other users are
only allowed read access to said node being traversed and said immediately previously
traversed node; means for inserting or deleting said current record and its corresponding
record key; and means for removing, after said inserting or deleting, all of the access
litflitations to the traversed nodes; and characterised by: means for limiting access to
said leaf node such that no other user may access said leaf node, for identifying a next
successively located key in terms of the ordering of keys, relative to the key of the
current record to be deleted or inserted, and for limiting access to the record
corresponding to said next successively located key such that no other user may access

said record, prior to said inserting or deleting; and means for removing, after said

This ig the replacement. sheet
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prdcessi ng system as said nodes are accessed; (c) identifying
a next successively located key record relative to the key record to be
deleted in said bottomnode and limting gall access to the bottom node;

(d) limting all accesses to said next sug%essively | ocat ed key record;

(e) deleting said key record; thereafter, (f) renmoving all remaining
access | i m {3értiApSot Yelefifg AR 28€4As NaHRAionaRA thehedcdAd (c@Fresponding td Ghe next
renoving the access limtation to the next successively |ocated key record.
8. A et hagtcassbelyioogted kegl ai m 7 wherein step (e) includes the steps of:
(el) determining if the key record to be deleted is the only key record in

sai d node; ( e DESCRIPFIONYOFTHE RREEERRED: EMBODIMENTY key in the
node, deleting said key record in the node and the.ne;(i)roceedi ng to step
(f); An embodiment of the invention will now be described, by way of example, with

reference to the accompanying drawings, in which:

Figure 1 is a illustration of a database table;

Figure 2 is a illustration of the database table stored in a computer memory;

Figure 3 is a block diagram illustrating a simple B-Tree index;

Figure 4 is an illustration of the storage of index B-Tree node data in a computer
memory;

Figure 5 is a flow chart illustrating an initial search through an index B-Tree;

Figure 6 is a flow chart illustrating a fetch through the index B-Tree;

Figure 7 is a flow chart illustrating an insert through the index B-Tree;

Figure 8 is a flow chart illustrating a delete through the index B-Tree;

Figure 9 is a flow chart illustrating a node splifting algorithm; and

Figure 10 is a flow chart illustrating a node collapsing algorithm.

This invention rélates to the accessing of records in a database system. The
following example is an overly simplified database access problem provided to enable the
reader to more easily understand the invention contained herein. The reader should
understand, that, in reality_, the number of entries and amount of information that is
contained in database tables are much greater than illustrated.

Figure 1 illustrates table 10 containing employee names and numbers. Each
enibloyee record includes a single employee number. The names in table 10 are listed in
alphabetical order. However, it should be apparent to those skilled in the art that this is

not how the records are normally stored in the computer memory.
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(e3) if the key to be deleted is the only key in the node7_'meLi_dLng_an—

indication that the index tree structure is being chang

del eting said key record in the node; 14 (€5) alterl ﬂll“]jllg !& l{l m‘
structure to renove the node; and (e6) renoving t an
I ndex tree structure change. 9. A nmet hod according to cl ai'm erein
said step (g) further includes waiting gDAIMS t he transaction requiring the
del etion of the key record is conpleted before the access limtation is
renoved frorh t hénlacgata gprooessing $¥sterthn aamethod epeonteelsby aglasy ptaessson for fdicldng
executed by a data processor for altering an index tree structure that
provi des ac&ey seqond data|séered inadatacgproeassiog dnqmpra igagreumof regonsk keys lbyyusing a
stored in a data processing nenory according to a key recard for a '

transact i on PPFHon ofca Key secerd Huqughyan §?,f’§¥ diee NERG arfrassartiontip hes data ipspgessing
concurrently access sa record thro h said in tr id d
tree struct %y%erﬁavshqsané%qretma%was i oneiifiay guees ﬁ%@)}ﬁg’@?‘ﬂ@ gl gpid
ref erence to |ther ot ng_a. ke ref

vl dime ctndeis O sBRORAS wBP BEviBE of Ty rdbe B, IR ohE wtbhte Jeyel ot

I ndication WAgRs one node, each node having a key record reference to one or more nodes in a

next lower ordered level of nodes and having bottom nodes that provide access to said
key record data, said method comprising the steps of:

(a) traversing across said nodes in said data processing memory from said root
node through said intermediate level of nodes by accessing a node using said key record
portion of the root node and traversing to a next node indicated by said key record
portion of the accessed node until a bottom node is reached;
| (b) limiting all but read accesses to the node being accessed and an immediate
previously accessed node in said data processing memory, to other concurrent
transactions in said data processing system;

(c) identifying and accessing said key record in said bottom node;

(d) limiting all but read accesses to said -key record;

(e) removing all access limitations to the accessed nodes including the bottom node
except for the accessed key record;

(f) fetching key record data; and

(g) removing the access limité.tion to the key record after the record data has been
fetched.

2. A method according to claim 1 wherein said step (c) further includes the steps of:-

(c1) identifying and accessing said fecord keys in said node;

(c2) determining from said record keys in the node if another node is to be
accessed;

(c3) if another node is to be accessed, returning to step (a); and
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Dato: L%(% {q’l



(2) detormini ng that no”i ndr caton-of an index tree cn N TEENENIN -
said data processing system *TC LM s .

18 (b) providing the indication of AR index tree change that allows -
concurrent non- altering access to the index tree to said data processing
system ( g&t) af hiithéthodd iifindttd e dcbedsed) Gaktifying heSidlytretittdaiabl KLBRHEHHY
nmenory; (d) "al  owi ng concurrent non-altering access to said i ndex
tree while s®thd pordexof theckeyirscde@) ng al tered; and (e) renoving the

I ndi cation of an index tree change after corrpl etion of said altering step.
11. A net hod. of Aomethetliaccordingameletinr2 wheteimsaidstep (f) dualudey ths stepst afaeous
transactions (f1) retrieving said key record in said node;

(f2) accessing a record according said key record in said node; and

(f3) returning record data from said record.

4. A method according to claim 3 wherein said step (g) further includes waiting until
the transaction requiring the fetch of key record data is completed before the access
limitation is removed from the key record.

5. In a data processing system, a method executed by a data processor for inserting a
single key record in a group of record keys stored in a data processing memory
according to a key record through an index tree during a transaction in the data
processing system wherein other transactions concurrently access said record keys
through said index tree, said index tree having at least a root node, at least one
intermediate level of at least one node, each node having a key record reference to one
or more nodes in a next successive level of nodes and having bottom nodes that provide
access to said record keys, said method comprising the steps of:

(a) limiting all accesses to the key record being inserted;

(b) traversing across said nodes in said data processing memory from said root
node through said intermediate level of nodes by accessing a node using said key record
of said root node and traversing to a next node indicated by said key record of said
accessed node until a bottom node is reached;

(c) limiting all but read accesses to the node being accessed and not more than one
immediately previous accessed node, to other concurrent transactions in said data
processing system as said nodes are trave;'sed;

(d) identifying a next successively locat_ed key record relative to the key record to

be inserted in said bottom node and limiting all access to the bottom node;

(e) limiting all accesses to said next successively located key record;
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on“a dat abase by multiple users using an index configured as a tree
structure having a root node and | ower |evel nodes,

those in |owest |evel |eaf nodes, referepging one orﬂm"‘amﬁmmsmﬁﬂme .
next lower |evel, with |eaf nodes referencing correspéondtng racosds*in the
dat abase, and each node, except |eaf nodes, including key information to
identify the nef) insentivlg saibleeyt rechrd; degefee,d i n searching for a particul ar
record, and each | eaf node including keys relating to records referenced by
that |eaf, nodé) remevingythe aecasy linrithéior do tthe nexyisocoessivedy leratednkayerecoxiamn
met hod conprising, for a transaction involving insertion or deletion of a
current rechedottam nadeyanditheseafighd its corresponding key in a |leaf node in
t he index, the eps of: .traversing, through the nodes, of the tree

‘fromsaid root {MdEMEYINg Y TEEAINGARCESSIHRIANIES MY R Gcpsseifetur rent record
ey’ i i or me orAne B acdrEEE 1o ol AR e L e Lo e R thei g T

uears are onty G SRR o Y R R IERRE i R FoBC, <o and e d

i medi ately pr eﬁﬁ%ﬁﬂ‘%’ k%)(‘) BHEHS fifleydQfito the ngd?(iaﬂﬁ@ergg%l@%gfepq%),et ing said

.current record rrespondi ng recor
(f3) if the key cannot be inserted into the node, providing an indication that the

index tree structure is being changed;

(f4) altering the index free structure to add a node to receive the key record;

(f5) removing the indication of an index tree structure change; and

(f6) inserting said key record in the node. |
7. In a data processing system, a method executed by a data processor for deleting a
key record in a group of record keys stored in a data processing memory according to a
key record through an index tree during a transaction in the data processing system
wherein other transactions concurrently access said record keys through said index tree,
said index tree having a root node connected to at least one intermediate level of nc_Sdes,
each node having a key record reference to one or more nodes in a next successive level
and having bottom nodes that provide access to said record keys, said method comprising
the steps of:

(a) traversing across szﬁd nodes from said root node in said data processing
memory through said intermediate level of nodes by accessing a node according to said
key' record and fraversing to a next node indicated by said key record of said accessed
-node until a bottom node is reached;

(b) limiting all but read accesses to the node being accessed and not more than one
immediately previous accessed node, to other concurrent transactions in said data

processing system as said nodes are accessed;
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removing, after said step of inserting or deleting, all the acceéss

| l):‘ m tations to the traversed nodes; 17and char act’“"ﬁﬂm,m"’;’nru)mfps

said step of inserting or deleting, limting access to saifd teaf rfode such
that no other user may access said | eaf node, identifying a next

successi vel y | o¢gtigents g@neﬁt%ﬁ@esﬁ%l&h@ca@éddﬁy' Febordf rekeive to thd Réy Y&ok® té he
key of the current record to be deleted or inserted, and limting access

to the recobed delisdeinpaiichor®nt nodward livaiting liccess ltolﬂie)boktomaﬁcﬂé key such
that no other user may access said record; and renoving, after said
step of inserti (d) limitohgl adk doaesses tmesaéd:n@etsudcbssi\{emiooarted key tegordzcor d
corresponding to the next successively |ocated key. 12. A nethod according
to claim11, in(eidelgtingrsaid kaysieeerdy gheseafigr.current record, the

(f) removing all remaining access limitations to the accessed nodes; and thereafter,

(g) removing the access limitation to the next successively located key record.
8. A method according to claim 7 wherein step (e) includes the steps of:

(e1) determining if the key record to be deleted is the only key record in said node;

(e2) if the key to be deleted is not the only key in the node, deleting said key
record in the node and then proceeding to step (f);

(e3) if the kéy to be deleted is the only key in the node, providing an indication
that the index tree structure is being changed;

(e4) deleting said key record in the node;

(e5) altering the index tree structure to remove the node; and ;

(e6) removing the indication of an index tree structure change.
9. A method according to claim 8 wherein said step (g) further includes waiting until
the transaction requiring the deletion of the key record is completed before the access
limitation is removed from the key record.
10. In a data processing system, a method executed by a data processor for altering an
index tree structure that provides access to at least one key record in a group of record
keys stored in a data processing memory according to a key record for a transaction in
the data processing system wherein other transactions concurrently access said record
kej}s through said index tree, said index tree structure having at least one node, said node
having a key record reference to either another node or having a key record reference
providing direct access. to said key record, said index tree including an indication when
said index tree is being changed said method ;omprising the steps of:

() determining that no indication of an index tree change is present in said data
processing system;
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Tris is the roplacoment

ate: \5(% (ﬂ



r~

renoval of the access limtation to the record associated with the next
successively located key precedes the renoval of all T | i ‘to
the traversed nodes. 13. A nethod accordigg to claim iﬁlﬂlﬂ"MHﬂ"f"W :
deleting said current record, the renoval of all access*|ifm ttati®on8 to the
traversed nodes precedes the renoval of the access |[imtation to the
record associ at @) providing eheniidicatios OF i i@y tle® ChhME thay allovkst condhrigit od-
according to claim11l or 12 including, for insertingsaid current record,

t he steps oéltering accessad aherindex ¢ree fto sdid dum\pracessing sysean;wi t h t he current
record can be inserted in said |eaf node; and _if the key can be so
i nserted, i nser{Q)dfering saidindexdreerode(s) insaid dats prepesshrg memory; i f t he key
cannot be so inf(grted:_ provi ding an indication that the index
tree structure (B allowing eopcygient non-altering access 4p saifl; index; thee Whike said index Geaydd
a node to reqgeive &?!@f current record; renoving the indication
of the tree SHeREA ’@ﬁ’ange; and inserting the key and the
current record.

(e) removing the indication of an index tree change after completion of said
altering step. |
11. A method of operating a computer system for effecting simultaneous transactions
on a database by multiple users using an index configured as a tree structure having a
root node and lower level nodes, each node, except those in lowest level leaf nodes,
referencing one or more nodes in the next lower level, with leaf nodes referencing
corresponding records in the database, and each node, except leaf nodes, including key
information to identify the next level node to be accessed in searching for a particular -
record, and each leaf node including keys relating to records referenced by that leaf,
node, the keyé being ordered throughout the leaf nodes, said method comprising, for a
transaction involving insertion or deletion of a current record in the database and its
corresponding key in a leaf node in the index, the steps of:

traversing through the nodes of the tree from said root node to the leaf node
corresponding to said current record in response to an input request to access said current
record, using the key information in said nodes;

limiting access to a node being traversed and an immediately previously traversed
node such that other users are only allowed read access to said node being traversed and
said immediately previously traversed node;

inserting or deleting said current record and its corresponding record key; and

removing, after said step of inserting or deleting, all the access limitations to the
traversed nodes;

and characterised by the steps of:
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15" A met hod according to claim11 or 13 incl uding, Iﬁm ' '
current record, the steps of: determ ning i filﬂu ]Ilulmmmfed
with the current record is the only record,n said I%af® nbde" asnd *

20 if it is not, deleting the key an3 the current record; if it
I's; providing an indication that the index tree structure is to be

changed:; qeicetb B8idishp dFeMseriifl bmeleﬁﬁgr Siditihe 8UeSS to said leaPhddRl sudH thdie
i ndex tree structure to renove the node; and renovi ng the indication

of the indexnd other aferunay aecesdsaiddeaf dode, Aedtifylinignh neet sucpessivelysiongied key dm
for effecting simultaneous transactions on a database by multiple users,
i ncl udi ng arteimdek theoortlering ofl keys, ackative tas thelkey ofethéy guirenf record to be deleted or
inserted, and limiting access to the record corresponding to said next successively located
key such that no other user may access said record; and
removing, after said step of inserting or deleting, the access limitation to the record
corresponding to the next successively located key.
12. A method according to claim 11, in which, for inserting said current record, the
removal of the access limitation to the record associated with the next successively
located key precedes thé removal of all access limitations to the traversed nodes.
13. A method according to claim 11, in which, for deleting said current record,.the
removal of all access limitations to the traversed nodes precedes the removal of the
access limitation to the record associated with the next successively located key.
14. A method according to claim 11 or 12 including, for inserting;said current record,
the steps of:
determining if the key associated with the current record can be inserted in said
leaf node; and
if the key can be so inserted, inserting the key and the current record; or
if the key cannot be so inserted:
providing an indication that the index tree structure is to be changed;
altering the index tree to add a node to receive said current record;
removing the indication of the tree structure change; and
inserting the key and the current record.
15. A method according to claim 11 or 13 including, for deleting said current record,
the steps of:
determining if the key associated with the current record is the only record in said

leaf node; and
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root node and | ower | evel nodes, in which each node | owest
| evel leaf nodes, references one or nore nodes in ”!ﬁm ml‘l @ﬂll“vel
with leaf nodes referencing correspondi ngyrecords i e asex and in
whi ch each node, except |eaf nodes, includes key information to identify
the next level node to be accessed in searching for a particular record,
with each | eaf [fofleisimut] deletigg kby keyedrdt thegeurrent eecards or effeiteisy dovigingt it
| eaf node, the keys being ordered throughout the | eaf nodes, said system
further i noldisition tetahe inkdex tiee stractuieniy tabe clramgedit i on i nvol ving insertion
or deletion of a current record in the database and its corresponding key

in a leaf node Heletingtherkey,anddbe enrrgntsewsdii ng neans conpri si ng: means
‘for traversing.through t nodes of the tree sai d root node to the
| eaf node corr a4y Mhﬁdm(feétge&sarugmr?gh{en}ogegpednq P’é‘gponse to an i nput

request to access said_. curr or.d the information in said
nodes; mefieo ‘fﬁgﬂ}qlﬁfi 'E‘b“%ﬁ@gégde?‘ egs @aﬁéetraversed and an

i medi at el y.pre S LS y
al  owed r ea é)'ac t% %ags[ 3*%)6388%@ ngm ;f(?lgvfef?%e a% trﬁﬁs atel 911 2
previously piaGE S nfi®ilsle users, including an index configured as a tree structure having a

root node and lower level nodes, in which each node, except those in lowest level leaf
nodes, references one or more nodes in the next lower level, with leaf nodes referencing
corresponding records in the database, and in which each node, except leaf nodes,
includes key information to identify the next level node to be accessed in searching for a
particular record, with each leaf node including keys relating to records referenced by
that leaf node, the keys being ordered throughout the leaf nodes, said system further
including means for processing a transaction involving insertion or deletion of a current
record in the database and its corresponding key in a leaf node in the index, said
processing means comprising:

means for traversing through the nodes of th_e tree from said root node to the leaf
node corresponding to said current record in response to an input request to access said
current record, using the key information in said nodes;

means for limiting access to a node being traversed and an immediately previously
traversed node such that other users are only allowed read access to said node being
traversed and said immediately previously traversed node; _

means for inserting or deleting said current record and its corresponding record
key; and

means for removing, after said inserting or deleting, all of the access limitations to
the traversed nodes;

and characterised by:
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medns for inserting or deleting said current record aﬁ_d__i”t-é corres rﬁ ng

record key; and nmeans for renoving, after sai cumnﬁ L“H““ﬁm
deleting, all of the access limtations tgg the traver Al s
characterised by: e 21
means for limting access to said | eaf node such that no other user may
access said | eméansdde Jinfiting achess tof saich tpafi nodexsuch wleat osother] yser owatacdesk sgidi n
terms of the ordering of keys, relative to the key of the current record
to be del etleaf aedd, forridentifyingca next sucessively losated &ey tip termes pk sy grdering of
correspondi ng to _said next successively |ocated key such that n of, her
user may acke¥§sredative todbe key of theopurrent e60 F‘h?"eleIF&?S QFIN3EE t??fgforalﬁﬁmng
means for renoving, after, said inserting..or deletin he,acgess Ligitation
Lo the r ectirtsclr Mesbith FTCROMIEE o sridciral suGeindiyy [oRuRChS, yen Hat %o

other user may access said record, prior to said inserting or deleting; and

and

means for removing, after said inserting or deleting, the access limitation to the
record corresponding to the next successively located key.
17. A system according to claim 16 including, for inserting said current record, means
for determining if the key associated with the current record can be inserted in said leaf -
node, and, for when the key can not be so inserted, means for providing an indication
that the index tree structure is to be changed, means for altering the index tree to add a
node to receive said current record, and for removing the indication of the tree structure
change prior to insertion of the key and the current record.
18. A system according to claim 16 including, for deleting said current record, means
for determining if the key associated with the current record is the only record in said
leaf node and, for when it is, means for providing an indication that the index tree
structure is to be changed means for deleting the key and the current record, means for :
altering the index tree structure to remove the node, and for remoiring the indication of

the index tree structure change.

This is thée replacement sheet

Date: L%l% /CV_]



17 A system according to claim 16 including, for inserting said current
record, means for determning if the key associated wth the current
record can be inserted in said | eaf node, and, for when the key can not he
so inserted, neans for providing an indication that the index tree
structure is to be changed, neans for alt22ing the index tree to add a

node to receive said current record, and for renoving the indication of the
tree structure change prior to insertion of the key and the current

record. 18. A systen1according to claim16 including, for deleting said

current record, meansge ' I,.th the
current record is the onIy recgﬁgkﬁh salAmkh§g¥ﬁ%82§§§§€?h§%pﬂvhen it is,
means for ﬁ#gipg an indication that the index tree structure is to be
changed n@gﬁg deleting the key and the current record, neans for
altering the index tree structure to renove the node, and for renoving the

I ndi cati oRdof the i‘'ndex tree structure chang
ata base system on a computer uses an index tree (40 50, 52, 54) containing record keys

which reference associated records in the data base. The tree, which comprises a root node
extending through intermediate nodes to leaf nodes, provides concurrent accesses to a plurality
of users. When changes are to be made to the key structure, action has to be taken to prevent
‘users, other than the user making the change, from corrupting the data or receiving corrupted
data. To do this, when one user is inserting or deleting a kéy and its associated record, all
accesses to a node being traversed by this user and the 1mmed1ately traversed mode are limited
to read accesses by other users. At the leaf node, all accesses by others to the key and record
being added or deleted are prevented together with accesses to the next successively located
record key and its associated record. After the deletion or irilsertion, the access limitations are
removed. .

Fig. 4
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