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"""V' .. u,,,.!lf§lffi 'ffi~::'J~~ti~nsi,~1;fil~~~tr~ in~exes •· to-insure -thai-'i 
/"' 

the index node, or record is -not changed while the user is attempting to access ,.Ji. 
j:::: 

Locking is addressed in "Index Locking and Splitting" IBM Technical DiscMsure 
.. (~ 

,. ..... 
Bulletin, volume 25, number 7B, December,_ 1982, pages 3725-3729; and/Lbcking 

Protocols for Concurrent Operations on B-Trees", IBM Technical Disclosure'-Bulletin, 
--. 

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

The disadvantages to a locking solution is that a lock, while prp'\Tiding access to 

one user, prevents access by any other user. 

Information in index nodes may be altered during access l?:f''~everal users. These 

nodes contain the key record information that may be deleted'.·~r inserted as records are 
_I· 

inserted into or deleted from the database table. lnfo~tion from one node may be 
(#l Afi,, 

moved to another node during a record insert operatio'!f;-IS'ecause of limited storage space 
r-S::·/ 

for a node. The inserting transaction may attetnpt ,.t~f1fuove key record information from 
.-:, .. ·· 

one node to another in order to accomplish, ,J:tii' insertion task. This movement of 
iL-"· 

information during concurrent transaction ~s may generate error conditions within 
;.f):r 

the concurrent transaction accesses beca~j~fu..e index information is being changed. 
A":1ir:· 

. S~Y OF INVENTION 

It is.an object of the inventlq,,:cto ameliorate one or more disadvantages of the prior 

,,llV art. 

through an index 

//;:" 
:f of the invention there is disclosed in a data processing 

by a data processor for fetching key record data stored in a 

in a group of record keys by using a portioJJ. of a key record 

during a transaction in the data processing system wherein other 

transactions J'~ncurrently access said record keys through said index tree, said index 
~riJ:;~::_~,--

tree having.zaf least a root node, at least one intermediate level of at least one node, each 
...::;:.-:~/""" 

node ~Ying a key record reference to one or -!Dore nodes in a next lower ordered level of 

nopes and having bottom nodes that provide access to said key record data, said method 
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1~~i)~~:~~9,\~{ff8.Jli~~l-tt1i~~fril®:i3,te.Je'Y~IF~~~;: by accessing a llode usi~ 

said key record portion of the root node and traversing to a next node indicated by ~id 
.•· 

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 acce~s&t node 

in said data processing memory, to other concurrent transactions in said da~;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 reg}rd; (t) fetching key 

record. data; and (g) removing the access limitation to the key retjitd after the record data 

has been fetched. /? 

According to another aspect of the invention there /A~closed in a data processing 
irP,.. 

system, a method executed by a data processor ro.~;iftiSerting a single key record in a 
.<4\~,;. 

group of record keys stored in a data process~Vmemory according to a key record 

through an index tree during a transaction iy,{ffi~ data. processing system wherein other 

transactions concurrently access said reco~qf~~ys through said index tree, said index tree 
,.j;:ft 

having at least a root node, at least on~iritermediate level of at least one node, each node 
-~·: : .. ,;• 

~>:..;-

having a key record reference to qtj¢ or more nodes in a next successive level of nodes 
... 1~w· 

and having bottom nodes that p~9vide access to said record keys, said method comprising 
/}"!} 

the steps of: (a) limiting ' ~ses to the key record being inserted; (b) traversing 

intermediate level of 

ta processing memory from said root node through said 

es by accessing a node using said key record of said root node 

and traversing to ~1 xt node indicated by said key record of said acc~ssed node until a 
. . . .J?f/' 

bottom node is _,,:#ached; (c) limiting all but read accesses to the node being accessed and 
.. P' 

not more th~'.one immediately previous accessed node, to other concurrent transactions 
,.·.· .. : 

i,~:)~~ 

in said ~ti processing system as said nodes are tr~versed; (d) identifying a next 

success.i~~ly located 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 

s~wS~!~~~~X~1Jt{~~'l-~fl/1~iii'.~~Ytitigts~ic1~1'.~~~ttf®.Ord; thereafter, (g) removing 
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;tlie~f:~~~lf.i~i.Ulifi~-fh'~~~~~i~~ty<ltit~W.~~fiiiedord: and· the bottom no9,e; 
and thereafter, (h) removing all remaining access limitations to the accessed nodes. /~ , .. 

p 

According to another aspect of the invention there is disclosed in a data pr~-essing 
~''· 

system, a method executed by a data processor for deleting a key record in ali~oup of 
/. 

record keys stored in a data processing memory according to a key recorq/tlrrough an 

index tree during a transaction in the data processing system wherein ot:lJ6:.,transactions 
,f.·/ 

concurrently access said record keys through said index tree, said i11:4'~ tree having a . ,. 
/.,: 

root node connected to at least one intermediate level of nodes, eac.lf<node having a key 
. ~! 

record reference to one or more nodes in a next successive ~~~l and having bottom 

nodes that provide access to said record keys, said method c;.6mprising the steps of: (a) 

traversing across said nodes from said root node in said ~t~rocessing memory through 

said intermediate level of nodes by accessing a node ,,~rding to said key record and 
i'}/ 

traversing to a next node Indicated by said key r~~rd of said accessed node until a 
.. y> 

bottom node is reached; (b) limiting all but rea4f:~cesses to the node being accessed and 
,ri~~·,_:·;· 

not more than one immediately previous acg¢Ssed node, to other concurrent transactions 
... f 

in said data processing system as sa!.~f:nodes are accessed; (c) identifying a next 
''·~· 

successively located key record relat;i/g''~ the key record to be deleted -in said bottom 
/.{J . 

node and limiting all access to tl)e;1l>ottom node; (d) limiting all accesses to said next 

successively located key record,;~t:; deleting said key record; thereafter, (f) removing all 
. l);' 

remaining access limitations :'"" the accessed nodes; and thereafter, (g) removing the 

access limitation to the ne 

r aspect of the invention there is disclosed in. a data processing 

system, a method e,,, .. uted by a data processor for altering an index tree structure that 
,f~~t~~; 

provides access t9Pat least one key record in a group of record keys stored in a data 

processing m.~~~~ according to a key record for a transaction in the data processing 
/:.::~··:· 

system wb:etein 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 

r~(>rd~:fef~i~[~~~'"ij}:fj~"ltt~Q~~rW:·;~yip.~!;~*~i~~rd ·reference providing direqt 
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i~~f§J.\t.q~~i~~~~~4Mt.:ckl~~~~{\~.®-:•iP:c;:Jµ9tn,g;;'.~l,\l'~~i~~ion when°.·said··index .tree !~;:,; 

being changed said method comprising the steps of: (a) determining that no indicatifi'rif 

an index tree change is present in said data processing system; (b) providip.g· the 
r /'•.' 

indication of an index tree change that allows concurrent non-altering access to/the index 
1:1-,-'; 

tree to said data processing system; (c) altering said index tree node(s).An said data 
' p, 

.if.··· 

processing memory; (d) allowing concurrent non-altering access to said_ji)d.ex tree while 
,• .. 

. i· ·.· 

said index tree is being altered; and (e) removing the indication of iufindex 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 ~actions on a database by 

multiple users using an index configured as a tree ~,having a root node and lower 

level nodes, each node, except those in lowest levekiieaf nodes, referencing one or more 
.l··.l" 

nodes in the next lower level, with leaf nodes r4f~~encing corresponding records in the 
/~:~."/ 

database, and each node, except . leaf nodesJincluding key information to identify the 
J>·-": 

next level node to be accessed in searchy:ig''.for a particular record, and each leaf node 
.({:·': 

including keys relating to records ref~,g~ by that leaf node, the keys being ordered 

throughout the leaf nodes, said m~~'~comprising, for a transaction involving insertion 
~6~~/ 

or deletion of a current record imlhe database and its corresponding key in a leaf node in 

the index, the steps of: trav,~f~g through the nodes of the tree from said root node to 
.«f;/· 

the leaf node correspondt.6f /to said current record in response to an input request to 

access said current r~~ using the key information in said nodes; limiting access to a 

node being travers , d an immediately previously traversed node su~h that other users 

'"" are. only allowe(ll.iread access to said node being traversed and said immediately 
l~r 

previously trav~J;sed node; inserting or deleting said current record and its corresponding 
F 

record key; /fuld removing, after said step of inserting or deleting, all the access 
, .... ·. 
'·.· 

limitations'.to the traversed nodes; and characterised by the steps of: prior to said step of 

insertii;tj'or deleting, limiting access to said leaf node such that no other user may access 

~~~t:·1W~i,~fi.!K~m~~-Wlfi.~9:-~~~~!Y!i'.1~~¥~~~Y. i_n ... ~rms ..• of ·the ordering·· of ·
1 
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~;:~l\~k~f'.~~~-.t~~::·· .. ·; -~-~->:~~-~.:~_/( :·:<> ·_.::" .. ~~ :·.:·.:~if.Y~\!?.~t1i~,~;r~ .. · . ·. . . · - ·: · · . . .;·! 

-~~~~f~t· · current record to be deleted or inserted, and limitirJt' ,. 
/.· 

access to the record corresponding to said next successively located key such th~f no 
- /·:.'":·· 

other user may access said record; and removing, after said step of inserting or .d~leting, 
;-

the access limitation to the record corresponding to the next successively loca~ key . 
.. /·' 

According to. still another aspect of the invention there is disclosef.1/a digital data 

processing system for effecting simultaneous transactions on a da.~6ase by multiple 

users, including an index configured as a tree structure having a,,'t6ot node and lower 
..... 

level nodes, in which each node, except those in lowest level leif nodes, references one 
.. :. 

or more nodes in the next lower level, with leaf nodes ref~~~hcing corresponding records 
,?./" 

in the database, and in which each node, except leaf nf>#~, includes key information to 

identify the next level node to be accessed in search~i'. ·~or a particular record, with each 

leaf node including keys relating to records ref~r¢ii.~ by that leaf node, the keys being 
.. ···• .. 

,..~:-. 

ordered throughout the leaf nodes, said systf}ttt: further inCluding means for processing a 
/{t::·" 

transaction involving illsertion or deletioJ{:bf a current record in the database and its 

corresponding key in a leaf node in the,.fd~ex, said processing means comprising: means 
-~; _:· .· .. 

for traversing through the nodes ,,d:f :fue tree from said root node to the leaf node 
,f}f:: 

corresponding to said current recd;.d in response to an input request to access said current 
,!t~~t 

record, using the key infor~tfon in said nodes; means for limiting access to a node 

being traversed and an i~iately previously traversed node such that other users are 
M·"· 

only allowed read acce_!"fJto said node being traversed and said immediately previously 

traversed node; m~ffbr inserting or deleting said current record and its corresponding 

record key; and m': for removing, after said inserting or deleting~ all of the access 
.. .-:_:.:·.~, .. -:;.-·::. 

Hniitations to tj.j~ traversed nodes; and characterised by: means for limiting access to 

said leaf nqd~~/;uch that no other user may access said leaf node, for identifying a next 
h~;~r: ... :· 

successi,y~iy located key in terms of the ordering of keys, relative to the key of the 
........ ·· ... · 

.... ~ ,_::"":.-· 

curr~:iJ.f record to be deleted or inserted, and for limiting access to the record 

cofresponding to said next successively located key such that no other user may access 
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'.t~~~~;;,~;,9'.~1-~~g{~§~g1'iitiitatid~·:i(j;:·llig',t~Va'·cortesponding to. the 

successively located key. 

;)'-' nex.*, .. 
,,,~·-· 

.< .. i' 
.. ;?'.; 

.·:::::..: ... · 

DESCRIPTION OF THE PREFERRED EMBODIMENTS A{/ 

An embodiment of the invention will now be described, by way of exaaj:Ple, 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 compt1te:t:' memory; 
... ;, 

Figure 3 is a block diagram illustrating a simple B-Tree illrl,~:k; 

Figure 4 is. an illustration of the storage of index B-Tre¢ .. node data in a computer 
.• / .. 

memory; ./·:.·· . ;;y· 
Figure 5 is a flow chart illustrating an initial sear~~through an index B-Tree; 

Figure 6 is a flow chart illustrating a fetch thr<!µ'~f the index B-Tree; 
.·.?~l 

Figure 7 is a flow chart illustrating an inserrihrough the index B-Tree; 
... ::::·~ .. 

Figure 8 is a flow chart illustrating a de!~~- through the index B-Tree; 
J.:·:;.-· 

.l1:·:' 

Figure 9 is a flow chart illustrating a.(P,ode splitting algorithm; and 
.'.:'.''../ 

Figure 10 is a flow chart illustrati.efii~ node collapsing algorithm. 
,..-· .. ~ .. ;'; 

This invention relates to the /~tcessing of records in a database system. The 
/0;:: . . 

following example is an overly sWlplified database access problem provided to enable the 
~·:~:· 

reader to more easily under~~~ the invention contained herein. The reader should 
f''' 

understand, that, in reali ft:;_,ihe number of entries and amount of information that is 

contained in database s are much greater than illustrated. 

Figure 1 illu s table 10 containing employee names and numbers. Each 
.· .(c,•,· 

employee record .Ui~1udes a single employee number. The names in table 10 are listed in 
.":'-,..:.; 

/~·' :·? 

alphabetical g~q~~. However, it should be apparent to those skilled in the art that this is 
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,.§~ 
·~~: . 

,:.[':: 

tr 
1. In a data processing system, a method executed by a data processor for fetchjp:g' 

- ;!?/ 
key record data stored in a data processing memory in a group of record keys by ~~rig a 

portion of a key record through an index tree during a· transaction in the data pt'bssing 
t:: ___ ;: 

system wherein other transactions may concurrently access said record keys)lirough said 
... :. 

index tree, said index tree having at least a root node, at least one inteq1_iMiate level of 
/"~::.:· 

at least one node, each node having a key record reference to one 9.f·inore nodes in a 

next lower ordered level of nodes and having bottom nodes that ptovide access to said 

key record data, said method comprising the steps of: 
,..:··;, 

(a) traversing across said nodes in said data proces~~g memory from said root 
~/f// 

node through said intermediate level of nodes by access41;g' a node using said key record 
_,;~; 

portion of the root node and traversing to a next _(OCie indicated by said key record 
.. '.{;:;.': 

portion of the accessed node until a bottom node i~{reached; 
. ~ .. :-, . 

t? 
(b) limiting all but read accesses to th~/node being accessed and an immediate 

previously accessed node in said data "~focessing memory, to other concurrent 

transactions in said data processing syste~f >. 

(c) identifying and accessing saiq4~~~ record in said bottom node; 

(d) limiting all but .read acces~~~·j:>~o said key record; 
. . ,,f]y 

(e) removing all access lill!·tfations to the accessed nodes including the bottom node 
fr."":r 

l-t"Y 
except for the accessed key r , ~;·'fd; 

(g) removing the s limitation to the key record after the record data has been 

fetched. 
~-;W 

2. A method as9'fding to claim 1 wherein said step (c) further includes the steps of: 

(cl) idenqffl~g and accessing said record keys in said node; 

(c2) dt'.1,~rmining from said record keys in the node if another node is to be 

accessed; 
.;:,:.; , 
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to the portion of the key record. •·.· :· 

.. :;~:··;_: . 

3. A method according to claim 2 wherein said step (f) includes the steps of: ) . . ·· 

(fl) retrieving said key record in said node; 

(fl) 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 in.CtUdes waiting until 

the transaction requiring the fetch of key record data is compieted before the access 

limitation is removed from the key record. .·· .. ·. 

5. In a data processing system, a method executed by ,a.1~ta processor for inserting a 
.r,.~-.r-e' 

.. :.'~iH/ 
single key record in a group of record keys stort;4W'in a data processing memory 

according to a key record through an index tr~fii~ing a transaction in the data 
·::.:~i-

processing system wherein other transactions ,6¢hcurrently access said record keys . ·.·_,• 

through said index tree, said index tree h~y1' at least a root nr;>de, at least one 
1di···· 

intermediate level of at least one node, eaqJ1;;~~de having a key record reference to one 

or more nodes in a next successive leve~;{~J:~odes and having bottom nodes that provide 
'-~~j~, .. 

access to said record keys, said methq5tfieomprising the steps of: 
fii·,:.~:ft 

(a) limiting all accesses to th~~y record being inserted; 
,/J·~;t 

(b) traversing across said/)}tides in said data processing memory from said root 
/{~;/' 

node through said intermedia. ''.)fevel of nodes by accessing a node using said key record 

of said root node and tra sing to a next node indicated by said key record of said 

accessed node until a bo node is reached; 

(c) limiting all , read accesses to the node being accessed and not more than one 
~~-

immediately previ9.~ accessed node, to other concurrent transactions in said data 
!-~~? 

processing syste~¥~ said nodes are traversed; 

(d) iden~jrJ{~g a next successively located key record relative to the key record to 

be inserted ~::~~d bottom node and limiting ~11 access to the bottom node; 
,· ··~··::.·. 
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,. 

·~ . 

(g) removing the access limitation to the next successively located key record ,,,arid 

the bottom node; and thereafter, 

(h) removing all remaining access limitations to the accessed nodes. 

6. A method according to claim 5 wherein step (f) includes the steps of: 

(fl) determining if the key record can be inserted in said node; 

(t2) if the key can be inserted into the node, proceeding to step (f6); 
::?:·: 

(f3) if the key cannot be inserted into the node, providing ail:'indication that the 

· index tree structure is being changed; 

(f4) altering the index tree structure to add a node to r~~ive the key record; 
-~· .. : .~ 

(f5) removing the indication of an index tree struc~F~>change; and 
/(~/· 

if;.· 
In a data processing system, a method execu¢Q by a data processor for deleting a 

(f6) inserting said key record in the node. 

7. 

key record in a group of record keys stored in .~;;d.ata processing memory according to a 

key record through an index tree during a/transaction in the data processing system 
/:-~/ 

/'./ 
wherein other transactions concurrently ~Fs said record keys through said index tree, 

. .!t-.1 

said index tree having a root node con~etted to at least one intermediate level of nodes, 
. ,(~·, .. 

each node having a key record refe11J6e to one or more nodes in a next successive level 
,~~ .. 1 

and having bottom nodes that pr~~de access to said record keys, said method comprising 
·' 

the steps of: / 

(a) traversing from said root node in said data processing 

ediate level of nodes by accessing a node .according to said 

to a l).ext node indicated by said key record of said accessed 

node until a bottom;· de is reached; 
.~1~r 

A-/ 
(b) limitin~:;au but read accesses to the node being accessed and not more than one 

memory through said in 

immediately pr~vious accessed node, to other concurrent transactions in said data 

;;;:~wo~~-~·~1~a~~r'.l';=, ..... ·.. .. 
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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; 

(e) deleting said key record; thereafter, 
/"/ 

(t) removing all remaining access limitations to the accessed nodes; and tli~~eafter, 
!'~." 

(g) removing the a.Ccess limitation to the next successively located key/~rd. 
r···· ,_ ... 

8. A method according to claim 7 wherein step (e) includes the steps of:· 
·•··. 

(el} determining if the key record to be deleted is the only key reC()rd in said node; 
.:·: 

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

(e3) if the key to be deleted is the only key in the n~e~ providing an indication 

that the index tree structure is being changed; 

(e4) deleting said key r~rd in the node; 

·' 

!4·)'/ 
.~ . _;, 

/\f 
/·:, 

(e5) altering the index tree structure to :remove #,le node; and 
,;-.~.:· 

..-:.::.: 

(e6) removing the indication of an index tree.,,siructure change. 

9. A method according to claim 8 wherein ~~d step (g) further includes waiting until 

the transaction requiring the deletion of the (~ey record is completed before the access 

limitation is removed from the key record./:/ 
.', 

10. In a data processing system, a me¢6d executed by a data processor for altering an 
/:_;' 

. index tree structure that provides ~~· to at least one key record in a group of record 
/~;-/' 

keys stored in a data processing m,¢.;tnory according to a key record for a transaction in 
~(~·: 

the data processing system whei;¢1n other transactions concurrently access said record 
.i.): • 

. · .(/ 
keys through said index tree,. s~jd index tree structure having at least one node, said node 

having a key record refurei;~ either another node or having a key record reference 

providing direct access tols.fid key record, said index tree including an indication when 
? 

said index tree is being crged said method ~mprising the steps of: . 

(a) determining ttJi no indication: of an index tree change is present in said data 

;:,1»>.t~§it'l'-~iitt$llfllllil~f>W.;~W-~W,'.m~*P·'i.HU~'\.>· ·. '. .··.. . .·· · · ··· · · ·· . i 
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:i2'f:l\~fflf~tlr-ll-t~:~l'.ilan\°1h:dei<'ttee elia'llgei that''rufows ooncurtent 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 ~~elk~ tree 

is being altered; and 
··'·' .· . ~ 

t"':" 

( e) removing the indication of an index tree change after con;ipietion of said 
/·· .. 

altering step. _,,_-:::· 

11. A method of operating a computer system for effecting si1:11:iiltaneous transactions 

on a database by multiple users using an index configured as. ~ .tree structure having a 

root node and lower level nodes, each node, except tho~r-:-in lowest level leaf nodes, 
'• ii;·· 

referencing one or more nodes in the next lower levek with leaf nodes referencing 
:;.· 

corresponding records in the database, and each no4~!: except leaf nodes, including key 
<~~~/ 

information to identify the next level node to b~· 'aecessed in searching for a particular 
. ..,.. 

record, and each leaf node including keys ;rela~ing to records referenced by that leaf 
-~<;.,.~7' 

/.' ',•' 

node, the keys being ordered throughout,1ttf~ leaf nodes, said method comprising, for a 
.:<.$r':) 

transaction involving insertion or de\~tion of a current record in the database and its 
f.-.'.;·· 

corresponding key in a leaf node i»,{$~ index, the steps of: 
.j'.'zj> 

traversing through the {d~s of the tree from said root node to the leaf node 

corresponding to said c~ record in response to an input request to access said current 

record, using the key i . · mation in said nodes; 

a node being traversed and an immediately previously traversed 
r.·:..;;~· 

node such that qtfib~ users are only allowed read access to said node being traversed and 
.· _A:>· . 

said immedi~~ly previously traversed node; 
/"_;. 

insC(ttfrig 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; 

.'j 
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~ /r~~~~1 .. ·:\::::'.;··:':.:r>.-:~::;:-;·>~:r:.:/.\::·>· ... ~~~I1r~r.~~~1:z;~~-\~-~- . .-::·:.· _: .-: · .. =_: _·· .. • =" 

"or deleting; limiting access to said leaf node such ~at 
t..-

no other user may acces~ said leaf node, identifying a next successively located Ji~~ in 
...::::, 

terms of the ordering of keys, relative to the key of the current record to be q¢ieted or 

inserted, and limiting access to the record corresponding to said next successivbl~ located 
~. ' 

/·. 

key such that no other user may access said record; and 

removing, after said step of inserting or deleting, the access limitati,6:n to the record ..... _ ... 

corresponding to the next successively located key. 

12. A method according to claim 11, in which, for inserting sajd current record, the 
.·._; 

removal of the access limitation to the record associated \Y~th the· next successively 
~ . : : 

located key precedes the removal of all access limitations to .tf{6 .traversed nodes. 
/}~ 

13. A method according to claim 11, in which, for ~f~tlng said current record, the 
Jf! 

removal of all access limitations to the traversed ~~~ precedes the removal of the 

access limit:ation to the reoord associated with the ~ft'successively located key. 
/(~~-... 

14. A method according ,to claim 11 or 12 inglfiaing, for inserting said current record, 
,l'" 

the steps of: ""4)' 
/'i)" 

determining if the key associated -th the current record can be inserted in said 
f:Y 

leaf node; and / .. ,~ 
/:-~j.> 

if the key can be so inserted~r:ifi~erting the key and the current record; or 
t-Jt? 

if the key cannot be so i 1·;'."fed: 

·ion that the index tree structure is to be changed; 

altering the i ex tree to add a node to receive said current record; 

indication of the tree structure change; and 

insertmi1 the key and the. current record . 
. /f'lfj/ 

15. A methoU~icco:rding to claim 11 or 13 including, for deleting said current record, 

the steps q.(tfi'P 

determining if the key associated with the current record is the only record in said 
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,,.~i,~~:'[~9:;:~~;.f.litr¢)lti)f:~tcl';· or~ if it is; providing an 

indication that the index tree structure is to be changed; 

deleting the key and the current record; 

altering the index tree structure to remove the node; and 

removing the indication of the index tree structure change. 

16. A digital data processing system for effecting simultaneous trans,tions on a 

database by multiple 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, vvitl1 leaf nodes referencing 

corresponding records in the database, and in which ~h ·node, except leaf nodes, 

includes key information to identify the next level node .• :·.t.6·''be accessed in searching for a 
,· .... 

particular record, with each leaf node including k~ys relating to records referenced by 
(;.:::-> 

that leaf node, the keys being ordered through9uf the leaf nodes, said system further 

including means for processing a transaction.Jfi~olving insertion or deletion of a current 

record in the database and its correspoµ~~ key in a leaf node in the index, said 
/;~(;" 

. .4tY 
processmg means compnsmg: Jo> 

means for traversing through":~~>~odes of the tree from said root node to the leaf 
·~ . 

node corresponding to said currff~f?~ecord in response to an input request to access said 
.... :::1·i 

-~·;~,; 

current recotd, using the key ·~'formation in said nodes; 
. ~ 

means for limiting ss to a· node being traversed and an immediately previously 

traversed node such other users are only allowed read access to said node being 

traversed and said;__ ediately previously traversed node; 
. . ..~-;,~~;~~~? . 

means fo~)}ihserting or deleting said current record and its corresponding record 
. ·;:· ·~~-: 

key; and -~A\/. 
c.··. ,. 

lll:eattS for removing, after said inserting or deleting, all of the access limitations to 

the ·traversed nodes; 
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. ~:· 

leaf node, for identifying a next successively located key in terms of the orderi~g/af 
.··i·.: 

keys, relative to the key of the current record to be deleted or inserted, and for,. 1ifuiting 

access to the record corresponding to said next successively located key such that no 

other user may access srud record, prior to said inserting or deleting; an,d . 

means for removing, after said inserting or deleting, the a~ss limitation to the 

record corresponding to the next successively located key. 

17. A system according to claim 16 including, for inse.J;t,~~ said current record, means 
(· .. ·, 

/:."(> 

for determining if the key associated with the curre .. ".,,;cord can be inserted in said leaf 

node, and, for when the key can not be so ins~~: means for providing an indication ........ 
• .r.: '~ . 

that the index tree structure is to be chang~r;;fueans for altering the index tree to add a 
A,~~·>· 

node to receive said current record, al}~jor removing the indication of the tree structure 
.Af~+~:.r-

change prior to insertion of the kif/;aftd the current record. 
,/ff 

18., A system according to '"fut 16 including, for deleting said current record, means 

sociated with the current record is the only record in said 

n it is, means for providing an indication that the index tree leaf node and, fo1>:;; .· 
.~0~t~~~~ 

structure is t<_Mlf.i;tghanged means for deleting the key and the current record, means for 
~ <~~-%1{~· :·: 

altering ~t:'!fildex tree structure to remove the node, and for removing the indication of 



CONCURRENT RECORD ACCESS DATAB.t\~J{'SYSTEM 

ABSTRACT ,,.()!/ .. 

A data base system on a computer uses an index q;d'.(40, 50, 52, 54) containing record keys 
.:!-::::· 

. ~l/l~:~: 

which reference associated records in the da~lfa'se. The tree; which comprises a root node 
. d~t>' 

extending through intermediate nodes to -*af nodes, provides concurrent accesses to a plurality 

of users. When changes are to be . . .e to the key structure, action has to be taken to prevent 

users, other than the user 

data. To do this, when o 

· ) · e change, from corrupting the data or receiving corrupted 

er is inserting or deleting a key and its associated record, all 

accesses to a node be· aversed by this user·and the immediately traversed mode are limited 

to read accesses~~~~~~~ users. At the leaf node, all accesses by others to the key and record 
~;~fl;~?~~ : 

being added q(rJ!eleted are prevented together with accesses to the next successively located 
~~· . . 

record k~y·:~d its associated record. After the deletlon or insertion, the access limitations are 
. ~ .. . . 

Fig. 4 


