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SUMMARY OF THE INVENTION 

It is an object of the invention to ameliorate one or more disadvantages,,:B.f: lhe prior 
·J···::.;· .. · 

art. .... ,,~. :~ .'~-=.· 
_, .. ~·;.;(~;_:.:--·· 

According to one aspect of the invention there is disclosed _i¢::i1da.ta processing 
4::;~:.~~~/~:/' . 

system a method executed by a data processor for fetching a -~,~letted key record in a 

group of record keys by utilizing a portion of a key record ~i~;h an index tree having 
~c·>~·.;_/. 

a modifiable structure during a transaction in said data p(~sing system wherein other 

transactions may concurrently modify the structure :9f'.~~d index tree, said index tree 
.(:~;;~t·" 

having at least a root node, each root node having_.,~§:l{ey record reference to one or more 
. ;,Pftr;.:·· · 

nodes in a next lower ordered level and having!l)ohom nodes that provide access to said 
,.~~;;~!';, ~ 

key record data in an ordered sequence of_,~~>recorcis, said method comprising the steps 
.~:~f:~!t?/' . 

performed within said data processing,c~system of: traversing across said nodes within 
. ..::-~·;'/;':' 

said data processing system from s __ ," ->t~ot node by using key record reference until- an 
lf~~~t·· . 

appropriate bottom node is reac~~; identifying said selected key record in said bottom 

node; requesting a conditionaj'.'.~Ls restriction on said selected key record; fetching 
- h~ -

said selected key record wf~lld conditional access restriction is granted; requesting an 
- p;·_.,,. 

;/;~{-.'. 

unconditional access re~f,tfotion of said selected key record if said conditional access 
,.: ••• J.•, 

.4'.t/~-:: 

restriction is not g~~ted; examining said appropriate bottom node after said 

unconditional acc~~~[f~triction is granted to determine whether or note said appropriate 
.r:r<.:,}:.· 

bottom node ~(been substantially altered; fetching said selected k~y record is said 
.· Aj;!iy··· 

appropriate J,Nttom node has not been substantially altered; and traversing across said 
.r~.~ ·:.;'·. • 

nodes fro.~~~~~id root node by using said- key record reference until a second appropriate 

bottomg~~de is reached if said appropriate bottom node has been substantially altered. 

:Aecording to another aspect of the invei:ition there is disclosed in a data processing 
:.-:.:-.::· 

sy~1:¢in a method executed by a data processor for inserting a single key record in a 
·. ·.-:.:.:· 

~lt®Ii;Sn£;:-f~fi-f:;1(~yj11~{djjg:,~:::(q1:::~'£~e¥.ii-l®Qrd.l::'.tbi(jP.gg'. ·-~'.·-:iA~~~--- .•. tr_.--.--~ -having a _ - s 
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transactions may concurrently modify the structure of said index tree, said index .f'6e 

... (;:~:~~·/ 

having at least a root node, each root node having a key record reference to one Qt.':fiiore 

nodes in a next lower ordered level and having bottom nodes that provide dr to an 
t.[{}"d:::<· .. 

ordered sequence of key records, said method comprising the steps perf:ti#bied within 
./.n(;;:/ 

said data processing system of: traversing across said nodes within sai~):'.f(f:ata processing 

system from said root node by using said key record reference ml,~:/~ appropriate 

bottom node is reached;. identifying a next higher key record tb'.\1!t~j~·· single key record 

to be inserted; requesting a conditional access restriction on saj'¢::~~xt higher key record; 
,.t'.~Ji3? 

inserting said single key record into said appropriate .b9@lli node if said conditional 

access restriction is granted; requesting an unconditig'gkcess restriction on said next 
~4f::~:~~>··· 

higher key record if said conditional access restr.i~tfon is not granted; examining said 
AKi:V} . 

appropriate bottom node after said uncondltjphal access restriction is granted to · 

determine whether or not said appropriate .if~~ node has been substantially altered; , 
~~~\~;;!~Y·. 

inserting said single key record into saj~Jf\ippropriate bottom node if said appropriate 
~-;; .. ···.··.;· 

A?~~:n?: 
bottom node has not been substantial!yYjltered; and traversing across said node from said 

Aq~;}::~-f~/ 
root node by using said key reco;i.:~tfeference until a second appropriate bottom node is 

reached if said appropriate bo@~9~~de has been substantially altered. 

According to another .. ~~tt of the invention there is disclosed in a data processing 
,(··:. -~· ,'~: 

system a method execu~~i'Y a data processor for deleting a single key record in a group 

of record keys accqf~:' to a key record through an index tree having a modifiable 
i;:::-.:~·~.::,· 

structure during .~;;~~~action in said data processing system wherein ~ther transactions 

may concurre..p:~y>modify the structure of said index tree, said index tree having at least a 
.(~~:~.:;'):·/· 

root node?<~h root node having a key record reference to one or more nodes in a next 
,i;.·:,':·· . 

lower 9f(;\ered level and having bottom nodes that provide access to an ordered sequence 
.. 1.~: .. )=~./~··' 

of .i:eeord keys, said method comprising the steps performed within said data processing 
,····.·:=.... . 

~yst6m of: traversing said nodes within said data processing system from said root node 

\(¥'-~~:Usfug:::,s1:i(if\i~~;;1·t;~t1:tsi~i~i!~ri6e.::::.uni.ifa'•·mi·ii~~£9JM~~-':"~~?~w~o:: ~~7: __ ,.·_,is_• .. · r~he<l;.·.· 1 
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record to be deleted; deleting said single key record from said appropriate bottom n~tif-
said conditional access restriction is granted; requesting an unconditional ./~ss 

.~· ' : ... ' 
;' .. :=··;·' 

restriction on said next higher key record if said conditional access restrictj~~,,: is not 

granted; examining said appropriate bottom node after said uncondit,iqjial access 
.·\·:-::.:··;· 

.r.::-·.;:~: .... 

restriction is granted to determine whether or not said appropriate bottoq(p.bde has been 
.r,~(t;·~\: ·.: 

substantially altered; deleting said single key record from said approp!'.iite bottom node if 

said appropriate bottom node has not been substantially altered;/~a~ ~aversing across 
{•·'.: .. _.·. 

said nodes from said root node by using said key record,,;~~:f~;ence until a second 

appropriate bottom node is reached if said appropriate bottg4fh~de has been substantially 

·altered. 
.. /~.L?·,., 

(' .. :::""' 

/,J~ij\{' 
According to another aspect of the invention/~~~ is disclosed a data processing 

system for fetching a selected key record in a grp:d~.;~f record keys by utilizing a portioh 
;J;:;~~!} 

of a key record through an index tree having,58;;modifiable structure during a transactioo. 

in said data processing system wherein qt,li_jf(transactions may concurrently modify the 
;t\~~·i::::.~ 

structure of said index tree, said indeg,fee having at least a root node, each root node 
.. l;.<r 

having a key record reference to 9,lJ.or more nodes in a next lower ordered level and 
AJ;f }~:~: 

having bottom nodes that proviq'«;·access to said key record data in an ordered sequence 
;'"·"· .··· 

. /~\::/· 
of key records, said data pr~sing system comprising: means for traversing across said 

~~r>:<:·· 

nodes within said data p~P,~~sing system from said root node by using said key record 

reference until an appi:~;l:~ bottom node is reached; means for identifying said selected 
)?·'.'·.~,· 

key record in said J),'.~~bm node; means for requesting a conditional access restriction on 

said selected keyf~~bord; means for fetching said selected key record if said conditional 
... ~ ~·--.·: ,_.:,·'. 

,,-.: .•. _:.·'· 

access restript!9h is granted; means for requesting an unconditional access restriction of 
>"":··:·:··;,. 

said seleq_~d>key record if said conditional access restriction is not granted; means for 
/·:.>.:.·i. 

exa.J:D:iJ'.ii~g said appropriate bottom node af~r said unconditional access restriction is 

grarl_~ to determine whether or not said appropriate bottom node has been substantially 
:'-.'." . .' .. ,. 

'1~t~~;~~¢#iij-,f~h~f~~filijg;~ii(Jfi~li;tc(fJtef;iec<:)i'iF·~r$aid::'~ppfoptiare::bottqm ... no<ie·.·hasr 
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node by using said key record reference until a second appropriate bottom nodt((is 
/qf· 

reached if said appropriate bottom node has been substantially altered. ..t:~t·:: 

According to another aspect of the invention there is disclosed a data P,r&6ssing 
... {::x:<_-, 

system for inserting a single key record in a group of record keys accordi.tm:ito a key 
Jt/?:>: 

record through an index tree having a modifiable structure during a tr~1¢tion in said 
/~.' ;··l ;· 

data processing system wherein other transactions may concurrently m~fy the structure 

of said index tree, said index tree having at least a root node, ea:~J''-1~~t node having a 
.. i:::;:-.t. 

key record reference to one or more nodes in a next lowered 9t4,ered level and having 
~/~.:;::;~( .. 

bottom nodes that provide access to an ordered sequence,:fif key records, said data 
/:'.".":' .. ." 

processing system comprising: means for traversing acrqi,~·:-~'~id nodes within said data 

processing system from said root node by using s~~;:{fJ~y record reference until an . g: . 
appropriate bottom node is reached; means for identj;fying a next higher key record than 

the single key record to be inserted; means for r~4'~~~ a conditional access restriction 
cff:/:/>··· 

on said next higher key record; means for:_.;;ij'erting said single key record into said 
./t~:~·-~;;.·· 

appropriate bottom node if said conditj4~ access restriction is granted; means for 
/., ... , ... ,,... 

requesting an unconditional access r~~iction on said next higher key record if said 
,.~(~<~:::.-··· 

conditional access restriction is .dJ.QF granted; means for examining said appropriate 
~:~\<'..!::>· 

bottom node after said uncon<J.iu~futl access restriction is granted to determine whether or 
~:f&;c>· 

not said appropriate bo~~'._;;fi.6de has been substantially altered; means for inserting said 
~1;.~?~)· 

single key record into/(ifti' appropriate bottom node if said appropriate bottom node has 
/~~.t~~~'.!:C/ 

not been substantiaj.ly' iltered; and means for traversing across said node from said root 
/:._: ;.·:.·· 

. /·: .. -_:(·.,·· 

node by using (said key record reference until a second appropriate bottom node is 

reached if s~~:~propriate bottom node has been substantially altered . . {:.:-;:: ~/ 

Acp§f ding to another aspect of the invention there is disclosed a data processing 
.-'.}/.'" .. 

systen:)f:(or deleting a single key record in a group of record keys according to a key 
·:,···· . 

re9QtJ :'through an index tree having a modifiable structure during a transaction in said 

ttli:'.;ptti~silig ·~:y~&iii":·'Wii~f~i~.:'6ili~i·ik~~~tiii~·:fuiy.'·tj0fu;firi~nuy:fu.d(liry•·'~e'·· sttuctUi;' 
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key record reference to one or more nodes in a next lower ordered level and ~~mg 

r·:.· .. 

bottom nodes that provide access to an ordered sequence of record keys, said::. data 
.·::·.· ::. 

processing system comprising: means for traversing said nodes within<}.~d data 
,.:::::·:).._:·· 

processing system from said root node by using said key record refc;;:f.¢tfue until an 
;:· .. ' 

appropriate bottom node is reached; means for requesting a condition~Jr-s restriction 
.. /-~·.: .. : .. ;: 

on· a next higher key record than the single key record to be delet¢;··:fueans for deleting 
/.-: .. ·.' 

said single key record from said appropriate bottom node if_";~d conditional access 
r.:·.: 

.[\:·£." 
restriction is granted; means for requesting an unconditio~:'access restriction on said 

·.;:· 

next higher key record if said conditional access restriqtiijh is not granted; means for 
.':·:::~::.' 

examining said appropriate bottom node after said ~nditional access restriction is 
;:e;T~~:~,: 

granted to determine whether or not said appropr~¢''bottom node has been substantially 
,/!~-:~.(". 

altered; means for deleting said single key recQt(f.from said appropriate bottom node if 
,;f".£•" 

said appropriate bottom node has not been §µ~~tantially altered; and means for traversing 
/-,;--:·: 

/;·.•:"' 

across said nodes from said root node I?y):i~ing said key record reference until a second 

appropriate bottom node is reached i('.'d{~ appropriate bottom node has been substantially 
<~<'. 

altered. l/> 

According to still anther ,-~~~~t of the invention there is disclosed a data processing 
--·~·~· .:'. . 

,1-:·>>;~. 
system comprising a conclifteht access database system for providing access to data in 

J'.T-:. 

\__.,, the database by a pluralJ~·:''bt users concurrently by means of a tree structure, said access 
./· .. ."::.:. 

comprising first op~~~hns in which the tree structure remains unchanged and second 
.. ·.: 

operations in w.lii&fi .· the tree structure is modified, said data processing system 
.::;; ..... ···· 

co~prising m.~filiffor performing a transaction comprising a plurality of said operations, 
/';:· .. : .• :·· .. · 

and recov,~~ means for storing the sequential positions of operations from which a 
.: .. ·.::: . 

transaqti{ih can be rolled back to allow recovery of operations in the event of a system 

fail¥t¢, characterised in that the recovery . means comprises means for storing an 
.-(·' '· 

indication of the sequential position of a second operation in a sequence of operations 

~;1fiC)dliYing::::·::ffi.~ ·-tt~--·~w~tiifQ, ··iirtrii~ik~l~--~iiat::·'i&-'':&;)ffifu.hii6eiii~nf: of. s~id ·_ seqtieD.eet 
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said sequence, and means for rolling back each of said plurality of said operationS,·iifthe 

transaction, by reference to said stored indication, when the system ~~~'':.:~;ior to 
1{;:;~.~:'.:.·· 

completion of said sequence, and for rolling back, on system failure, on):y/6perations not 
t:·:.·c·. 

in said sequence when said sequence has completed, by r«?f~f~b.be to said log 

compensation record. ..Jo:,'. · 
~<{f:}f.:1i~ .: .. 

According to still. another aspect of the invention t.ht~·'·is disclosed a method of 
.~:· :.:/ .:~ . .. 

·~;;:;\)_\:·· 

operating a data processing system comprising a ~~gwrent access database system for · 

providing access to data in the database by as _elqfiffy. of user concurrently by means ~f 
Ll.~o~;:~Xj.:r .. ·=· 

a tree structure, said access including first§.efations in which eh tree structure remains 
.~£tJq,t~:-;:::.:-···. 

unchanged and second operations ~:iYb:foh the tree structure is modified, the method 
. ~c~~-~;}):> .· ~ 

comprising the steps of: pe'.!-'.(Qrming a transaction comprising a plurality of said 
/.:~G~J(/ : I 

operations; storing an indiAAJi6n of the sequential position of a second operation in a 

sequence of operatiOD,$:'·.h~Jl~ing the tree structure immediately prior to commencement 
1:-:r.::ii:f··· _,.. 

of said sequense;/'storing a compensation log record pointing said indication on 
. .r::: .• :.··· 

completion ()(~hld sequence; rolling back each of aid plurality of said operations in the 

transac~oA, •by reference to said stored indication, on system failure prior t6 completion 
.• .:· ... 

o( said :s~quence; and rolling back, on system failure only operations not in sequence 

WE~i:'~~fd,:s~ti6ri~'~tribffiPletiC~;6y.:'f~f~~~#~··rq~~~td'.lifg::coriipe~a.ti()n··i:~r4. 
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The preferred embodiment of the invention will now be described, J,zy:;:·:~i~'>~f 

example, with reference to the accompanying drawings, in which: , r•~"p;;it'.}·('··· 
FIGURE 1 is a block diagram of a concurrent ~~i[;·~;ase system in 

-~:."/·.-:°"':-~: . 

accordance with the present invention; ,/:~Jc·· 
FIGURE 2 is a logic flow chart illustr~tl!l'i~~Y~tial search operation through a 

•'. ~·<~t'.~~:~;t;-.\~ '."" ... ·· 
database; ·'': ... : ·· .·.:. · · 

FIGURE 3 is a lo~*~fi§W::·~~~:n illustrating a fetch operation through a database; 
'· .:·':: ·;,~?:.:;:;'""·:::·:·:'. 

FIGURE :4/i$>a:logic flow chart illustrating an insert operation through a database; 
: :-:-~ ....... ·: .. :··. 

:~~l~'.EJ~:'.~·.is':,·1g~i9;:t}~!::~'.ill-µ$.1f~th.1$_';~t·~!~~·91?~~?l.1'thropgh.~··~ase; 
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CLAIMS 

2~~~;:_:~::\:'·'.'rfi::i'Sditi~fj'lmifi:':~~~irii:;~~;ffi6lli&tt~it~~t'M~6y;:·~-,<lli~·;,~t~sQf·· for·· ·tetch~fi,~:1· 

selected key record in a group of record keys by utilizing a portion of a key r@rd 

through an index tree having a modifiable structure during a transaction in ~~:id:·: data 
.=: ....... 

processing system wherein other transactions may concurrently modify the "'s~\icture of 

said index tree, said index tree having at least a root node, each root no.~J.tiiving a key 
.-}::,,::::-:·· 

record reference to one or more nodes in a next lower ordered level @d' having bottom 

nodes that provide access to said key record data in an ordered se.q®h.ce of key records, 
(· .. ··. 

said method comprising the steps performed within said data PJ:~~ing system of: 
/.'.··.'.· 

traversing across said nodes within said data process~·~:~~stem from said root node 

by using key record reference. until an appropriate bot19~·1K~de is reached; 
.... · .. ·· 

identifying said selected key record in said bq~il'.f node; 
/·<1.:.::.':" 

requesting a conditional access restriction p~t;~id selected key record; 
_,/~~-:r·::·· 

fetching said selected key record if sai4t®hditional access restriction is granted; 

requesting an unconditional access/tih.iction of said selected key record if said 
/::;:_-:'.\ 

conditional access restriction is not gr~f&i; 
:t~!·~~}=C': 

examining said appropriate g§~om node after said unconditional access restriction 
.: ......... . 

.... 9~/- _': 
is granted ta determine wh(!tb,et or note said appropriate bottom node has been 

-·~.<·,: ......... 

substantially altered; 
.. =<{;-:_:· 

fetching said sel~ key record is said appropriate bottom node has not been 

substantially altered;/~a''·· 
-'•' .· . . ::':-'··. 

traversing ~td~s said nodes from said root node by using said key record reference 
/:· .. < 

until a secon4/N>I>ropriate. bottom node is reached if said appropriate bottom node has 
.{·:·.;:··: 

.<.:·:::=·.·/' 
been sub~~tially altered . 

. . :· .. . ' ~ 

2. T~~- method according to claim 1, wherein said step of examining said appropriate 

bqttdm node after said unconditional access . restriction has been granted to determine 

-:~·\fJt~tf~~~.:~Q.t"i!::jl~t?s~4.';:~~fbt>iiK~:Y:6~~ffiffiXi{6h~::'.~~~f.•.~~h',···~u~~~ifu.it)'····~ie~~ci·:····turtheri 



.. 

\.__,/' 

-·------------------------------ ------- ----------

26 

Hiiclij~:')tl~;Z~tep::_9~;:~-rp~~~1::~~~W~r.·9~:·p,t,jf':sfila".'~~i~ k~)i'· ·teebrtt: i~--~1' first· -k,1}cj.1 

record in said ordered sequence of key records within said appropriate bottom node. / · 

3. The method of according· to claim 1, wherein said step of examinitJ.g·: said 

appropriate bottom node after said unconditional access restriction is g~ted to 

determine whether or not said appropriate bottom node has been substantful1y altered 
...... ,:··.-

further includes the step of determining whether or not a next lower k~f.'record in said .. ·.· . .' 

ordered sequence of key records within said appropriate bottom nod,¢.-·.1{ lower than said 

selected key record. 
..... ·:·.~i·":·."' 

. -~·: .. 
t;·.'·'·." 

4. The method according to claim l, wherein said step of.~~ining said appropriate 

bottom node after said unconditional access restriction is ~aii'1_ to determine whether or 

not said appropriate bottom node has been substantially,/ij~red further includes the step 
/i!' ·.'.. 

1.f?;~:.:;·:· 

of determining whether or not a key record exists in/s~id appropriate bottom node which 
Affy::-· 

is lower than said selected key record. , ... _ 
· /lj.L~~: .: .. 

5. In a data processing system a method ex~ted by a data processor for inserting a 

single key record in a group of record k(}y'f~rding to a key record through an index 
/(/),:: 

tree having a modifiable structure dqtmg a transaction in said data processing system 
-:(.·.:...~··:· 

wherein other transactions may CO:Q.qµirently modify the structure of said index tree, said 
.. (:.';:,:: 

index tree having at least a ro9t::'b.6de, each root node having a key record reference to 
_., ; . 

/ .· .. :~i:.· 

one or more nodes in a ne~f1.tfwer ordered level and having bottom nodes that provide 
.... 

access to an ordered .s~qtience of key records, said method comprising the steps 
/•·.:·.·:: ... 

performed within sai~·:'<;i~ta processing system of: 

traversing ~l~~~ said nodes within said data processing system from said root node 
,-:."~/·. _:_:.-·· 

by using sai~<~ey ·record reference until an appropriate bottom node is reached; 

ideiitlfying a next higher key record than the single key record to be inserted; 

··tbq~esting a conditional access restriction on said next higher key record; 

• · inserting said single key record into said appropriate bottom node if said 

~~flq1flo™1!',~~~:~)'~t:t~¢tion'is··,g~µfe9{: •. _ v 
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f!~§B.i;~g(ii!Z@~Mi£\P~FJ\~~'.:~~'1'~~0,'.6.'."9ij:~~('.l.'.:li~~fhigJi¢t··1cey::r~rd ... •if .s~~:'.:1 
... (~.:~.: 

conditional access restriction is not granted; :,·.: ..... 
. '.;_.·. ·:: 

.... . ·.·: :-' 

examining said appropriate bottom node after said unconditional access re~t¥~ction 

is granted to determine whether or not said appropriate bottom node. :<'bas been 
.~···.: . . ·, 

substantially altered; 
:·:·.'" .· .. ···:·.· 

inserting said single key record into said appropriate bott~,ti· node if said 
,,-··.: .. ·· ·' 

_.;_.:·;.,· 

appropriate bottom node has not been substantially altered; and 
/~~,:~ ·::.·. 

;.> .. : 
traversing across said node from said root node by using s~4,:·tey record reference 

.. ·t·:~ .. 

until a second appropriate bottom node is ·reached if said a:g~~6priate bottom node has 

been substantially altered. 

6. The method according to claim 5, wherein said s~j~f examining said appropriate 
.',:~::-.:.·: 

bottom node after said unconditional access restrictiqtt~ granted further includes the step 

6f determining whether said single key record :~.'\bounded on said appropriate bottom 
·':::···.·=";-::.'" 

mode. 
.. ~::. ::. ·.· . 

7. The method according to claim 5, vytj~~~in said step of examining said appropriate 

bottom node after said unconditional a~rrestriction is granted further includes the step 
...::~::;r:~. ;·· 

of determining whether said app~~ptiate bottom node is participating in a structure 
... (:.(.::-~ 

modification operation which is ,..(qfyet complete. 
,:· >··· 

8. 
.-'.···>:.·.··· 

In a data processing sy(tetn a method executed by a data processor for deleting a 
. ~ ... ~:~ . 

,;: .. ·: .. · 
1~·.:~·;~_:,:. 

single key record in a gr5?P:P'' of record keys according to a key record through an index 
/;;~~-:~.; .... 

tree having a modif:ra}:>1¢..:·structure during a transaction in said data processing system 
.1:'· :· ... ~ '.: ;' ,· 

wherein other ~~iibns may concurrently modify the structure of said index tree, said 
:~.. . . . . 

index tree hav~g:'S:t least a root node, each root node having a key record reference to 
,..:. ; . 

one or mort;:··~~des in a next lower ordered level and having bottom nodes that provide 
·"·". 

access tQ/'~ ordered sequence of record keys, said method comprising the steps 

perf9rfned within said data processing system of: 

.' . 
·. ':~raversing said nodes within said data processing system from said root node by 

. ;. 'illJifig.• $ij'llC¢y:i&biiP¥6r~rt&~:.tiAfii~,.i{jI)i'6prii~,·i><>fmrti·:ii0(1e·1s·t~ch~~ 
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single key record to be deleted; /·> .-. 

deleting said single key record from said appropriate bottom node /lf, said 
.<·:.:/·.·· 

conditional access restriction is granted; 

requesting an unconditional access restriction on said next higher key.'iecord if said 

conditional access restriction is not granted; 

examining said appropriate bottom node after said unconditip~ access restriction 

is granted to determine whether or not said appropria~" .. ,6ottom node has been 
... <.~/:···· 

substantially altered; "', ,, 

deleting said single key record from said appf~riate bottom node if said 
.; .. ·: ... 

appropriate bottom node has not been substantially al~fed; and 
. :, ... ;· .. ·".' 

traversing across said nodes from said root µ6(1~ by using said key record reference 
... y,·: .. · 

uritil a second appropriate bottom node is rea,<ih~ if said appropriate bottom node has .... •.,.· 

,···. ·: 

b6en substantially altered. ./):.··.: 

9. The method according to claim 81'.:wilerein said step of examining said appropriate 
.. ···.:.·.,-:;::· 

bottom node after said unconditional,~s restriction is granted further includes the step 
,·. :~;·~.;.; .: 

of determining whether said appi~9priate bottom node is participating in a structure 

modification operation which ~/b'.6t yet complete. 

10. A data processing sy~~~ for fetching a selected key record in a group of record 
.-:::': .. <:(;:" 

keys by utilizing a portipq'.C:of a key record through an index tree having a modifiable 
, ~-~:: ::·~~= 

structure during a tr~~~tion in said data processing system wherein other transactions 
... ·.· .. 

may concurrently tµ6dify the structure of said index tree, said index tr~ having at least a 
/ .. ··. 

root node, each t§~t node having a key record reference to one or more nodes in a next 

lower ordere,<fi~vel and having bottom nodes that provide access to said key record data 
~~· .... .' 

in an ord~t,ed sequence of key records, said data processing system comprising: 
/. .. 

_ nl.~ for traversing across said nodes within said data processing system from said 

r?ot rt~de by using said key record reference until an appropriate bottom node is reached; 

·:~;;-~\'.-~,'.Lril~ri~,:fot'id~i#ifyµtg:~~l<t~ef~''lc~y-,~~#1.;:;.~,~~ia.~§tto~·@e~t 
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':rµg:.t:c?.~!:~~~~'I~fGQ~1{lfl~ii:L~~t~ttidtirili'.:6if.'Siid'.'.~~j~ key rec0r1;&~·, 
means for fetching said selected key record if said conditional access restrictfon is ,. ... 

granted; ...... :.,,. ..... 
means for requesting an unconditional access restriction of said selecte<f)i~y record 

,··-,:: .. ·. 

/~.:·-:·~ ' 
if said conditional access restriction is not granted; .. , 

.:l~~=;=-:·:. 

means for examining said appropriate bottom node after said wiiX>nditional access 
/·:·~:~::·::: 

restriction is granted to determine whether or not said appropriatc;tS.ottom node has been 

substantially altered; / .. ··,!.-.·· 

means for fetching said selected key record if said appf{jpriate bottom node has not 
~ ....... ,. ·: 

.··:::._:.:· 

been substantially altered; and .·· .. 

means for traversing across said nodes from ,,J~,:root node by using said key 

record reference until a second appropriate bottoµf~}k:me .is reached if said appropriate 
.( ·:"".· 

bottom node has been substantially altered. 

11. The data processing system accordmi':c·to claim 10, wherein said means for 

examining said appropriate bottom nod,e';~fter said unconditional access restriction has ......... 

been granted to determine whether<:df not said appropriate bottom node has been 

substantially altered further inclll;~#.!:riieans for determining whether or not said selected 

key record is a first key recqfd:·'' in said ordered sequence of key records within said . :. '• 

appropriate bottom node. ,.;ff ... ' 
_.:'·:-.";:-./ 

12. The data processi#g}:. system according to claim 10, wherein said means for 
,.: , .. '.;:·:.-

examining said apprqrit~te bottom node after said unconditional access restriction is .. , 
.i:· ,:: 

granted to determine: .Whether or not said appropriate bottom node has .been substantially 
.•. ·,:;: 

altered further i~cJftdes means for determining whether or not a next lower key record in 

said ordered/~~quence of key records within said appropriate bottom node is lower than 

said selec~~key record . 
..-: .. : 

13 .. th~ data processing system according to claim 10, wherein said means for 
.: . ... : 

e~ining said appropriate bottom node after said unconditional access restriction is 

;;;f~f.filt~~f:··t&·'~~~friiffie::~li~ili~i;:_gf.;:'hot':;8fila:-apP.t.Sli~:t.a.te:·.bottow·~n9d~:has bee11::~u~~~tiallyt 
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·'· ... ·· 

appropriate bottom node which is lower than said selected key record. 

14. A data processing system for inserting a single key record in a group of,ikord 

keys according to a key record through an index tree having a modifiabl~,:~~cture 
;:;}<:·· 

during a transaction in said data processing system wherein other tr~a¢tions may 
.~. :' .. 

j . . ,.; .. 

concurrently modify the structure of said index tree, said index tree hav~ at least a root 
: ~:- .. 

node, each root node having a key record reference to one or mo:r~·'D.odes in a next 

lowered ordered level and having bottom nodes that provide .. ~ss to an ordered 
:. ··:./ 

sequence of key records~ said data processing system comprising~{; 
/:·.:,:-;. 

means for traversing across said nodes within said da~ pt6cessing system from said 
/':'':f:' 

root node by using said key record reference until an apl!rbJjriate bottom node is reached; 
:':· ... : 

means for identifying a next higher key recor<:i/Jllian the single key record to be . .. ~ :" .. 
/:'·.··· 

inserted; 

means for requesting a conditional a~s restriction on said next higher key 

record; 

means for inserting said single key~ftbord into said appropriate bottom node if said 
/:'.• ,"!' 

··.·;= 

conditional access restriction is grante<fr··· 
·."··.;"" 

means for requesting an u~~ri.ditional access restriction on said next higher key 
,"":''.;. 

record if said conditional acce&$-'festriction is not granted; 
,..-·.:.: :~·· 

means for examining,s~~ appropriate bottom node after said unconditional access 
:··:.:-·· 

restriction is granted to d,~t~rmine whether or not said appropriate bottom node has been 

subs~tially altered~, . , ·. ,, 

means for J~~f~ing said single key record into said appropriate bottom node if said 

appropriate, po~lii node has not been -substantially aitered; and 

m~ for traversing across said node from said root node by using said key record 
~ ·;,. . .. 

·· .. 

refer~nee until a second appropriate bottom node is reached if said appropriate bottom 

*9~¢J1~·:5~µ::s,µ~~f@®fly_-aftit&L: .... r 
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examining said appropriate bottom node after said unconditional access restrictiq~<~is 
granted further includes means for determining whether said single 

bounded on said appropriate bottom node. 
.;:· ... ~. ·- .. 

16. The data processing system according to claim 14, wherein sa~cl:<'lneans for 

examining said appropriate bottom node after said unconditioQal a~s ·restriction is 

granted further includes means for determining whether said appropr-¥i,f6: bottom node is 
.c ~.: .... 

participating in a structure modification operation which is not yet_~fuplete. 
. .~···:~::~;. 

17. · A data processing system for deleting a single key recordjii::a group of record keys 
::·:"JF~~i 

according to a key record through an index tree having a Jil.Odifiable structure during a 

transaction in said data process~g system wherein oth~f·:f Lactions may concurrently 

modify the structure of said index tree, said index tr~iY&:ving at least a root node, each 
{:·'.:,!:;· 

root node having a key record reference to one 9fffuore ·nodes in a next lower ordered 
.... ~.~\/;~:·· . . . .· 

level and having bottom nodes that provide acAA~j'.to an ord~red sequence of record keys, 

said data processing system comprising: 
('~fj}·:· 
· .. ~,. 

/.:::: .. ~ 

means for traversing said nodes w~~fri said data. processing system from said root 

node by using said key record referf'.itii~ntil an appropriate .bottom node is reached; 
~ . ·;.:• 

means for requesting a coµ.(1'.f tl~nal access restriction on a next higher key record 

than the single key record to ~l-~~~eted; . 

means for deleting saj.ctsingle key record from said appropriate bottom node if said 

conditional access res~~4,~ib~ is granted; 
.. ·~}:{;:·'··" 

· · ng an unconditional access restriction on said next higher key 

10nal access restriction is not granted; 

examining said appropriate bottom node after said unconditional access 

restrictioµL · granted to determine whether or not said appropriate bottom node has been 
;)~/ . . 

subs~~µilly altered; 
./~:\~~)·v· . . 

/;_~ifueans for deleting said single key record from said appropriate bottom node if said 

~~1~-~~i~.tl~}~'I;n.:~W.~-~A'.~~P~~r.~UY'.~!~~~;_::·.~~~·.·~ 
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"',_)~~.:i6F:if~~bi~lli~.:ahf'.os:~/,~~Hd. ·.rirides; · it6rif '.~fil&:::fOb~' rtrlde::bt :rt~irig.· said ~¢,Y' 

record reference until a second appropriate bottom node is reached if said appropt)ite 

bottom node has been substantially altered. .:::\<"·.''' 

18. A data processing system according to claim 17, wherein said means for.~Lining 
J ··:' =~. 

said appropriate bottom node after said unconditional access restriction is grifuied further 

includes means for determining whether said appropriate bottOm node ~::~lll'ticipating in 

a structure modification operation which is not yet complete. :· ·:~: ·.· . 

_,-; .... 

19. A data processing system comprising a concurrent access./~tabase system for 

providing access to data in the database by a plurality of users c:O#&rrently by means of 

a tree structure, said access comprising first operations iµ{1~hich the tree structure 
.. , ·~ · .. 

remains unchanged and second operations in which the '1:~·;: structure is modified, said 

diita processing system comprising means for perforri]'i.~~ a transaction comprising a 

plurality of said operations, and recovery means f9t:f{~furing the sequential positions of 
/.~.:.:.:.: 

operations from which a transaction can be rolleg back to allow recovery of operations in 
~: ·.;. 

the event of a system failure, ····.··. 
~ .. : ...... . 

characterised in that the recovery m~f'<-~mprises means for storing an indication 
/.:· :~· .··· . 

of the sequential position of a second 9p~t~tion in a sequence of operations modifying 
·:·:· .. 

the tree structure immediately prio;:itp commencement of said sequence, means for 

storing a compensation log reC9~ij·:,{~ointing said indication on completion of said 
/'.·:···· 

sequence, and means for rollip:g:b~k each of said plurality of said operations in the 
·.·,. 

transaction, by reference ,t,9;· .. ·:s,id stored indication, when the system fails prior to 
.::: .. ··:-;-~:::.--

completion of said sequ~.P.¢6: and for rolling back, on system failure, only operations not 
:.··· .. ,' . 

/~·::~ ::}·' 

in ·said sequence w4en said sequence has completed, by reference to said log 

compensation re<;c>rd~ . . ' . 

20. A data,pto~essing system according to claim 19, in which said tree structure is an 

index tree···~trhcture having a root node includi.ng key record references to nodes in a next 

lower ordered level node, and respectively ordered lower level node~, each referenced by 
,. ... 
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~~ :m!il~.·uaula~~;·:~~ll'S.~d,~l),¢f:~ti~lf·cqiJipr)$ii,®7~y~rsing;tlfo•·nb<Ie~,·11smg .. said .·.-~Y: 

record references to an existing bottom node, and including means for reqq~~lhg 
,_ .. ·,:: .. :· 

conditional access restriction on reaching a key record in the bottom node, ~ for 

accessing referenced data in the data base on grant of the access restricti9~i;.~:geans for 
·/:"· .•.. 

requesting an unconditional acce~s restriction if said conditional access. f~triction is not 
:.·:· ... -' 

granted, and means for traversing said nodes from the root node to a·il.64 bottom node if 
.. : ~~ .. ··~ 

said existing bottom node is substantially altered~ 
.... · .. _,_. 

21. A data processing system according to claim 20, incl~~g ·means for examining 

said bottom node on grant of said unconditional ~s restd6tion to determine whether a 

key record identified in the bottom node is the first key reBbrd in the node. 
J::.-:.-.·-· ... ~· ·:· ... ·.·-· . .-· 

22. A data processing system according to claim 21;/:ihcluding means for determining, 
/\.'·': ·:' 

in said bottom node, whether a key r~rd therein.;.~a~wer than a requested key record. . 

23. A method of operating a data process~~;,~;~tem oomprising a concurrent access 

database system for providing access to ,~ in the database by as plurality of user 
·:·.:·;· ,. 

,/;·,:~-:-.: . 

concurrently by means of a tree struc~~~fsaid access including first operations in which 
·-.·:' 

eh tree structure remains unchanged}~~.if second operations in which the tree structure is 
/."·".• 

modified, the method comprising tb'.~:.~teps of: 
·::·.:.::::· 

performing a transaction ~fuprising a plurality of said operations; 
,,~-· • .. :,..: 

storing an indication 9.f:):ffie sequential position of a second operation in a sequence 
.-··,·- :· 

of operations modifying .tll,e tree structure immediately prior to commencement of said 
.· :.'/' 

sequence; 

storing a C9rllpensation log record pointing said indication on c~mpletion of said 

sequence; · 
·.·. 

rollj~ back each of aid plurality of said operations in the transaction, by reference 

to said sto;~d indication, on system failure prior to completion of said sequence; and 

··.·falling back, on system failure only op~rations not in sequence when said sequence 

t~::'cd.mJ>lefutf~j'.fiy:~¥er~f'~fi~':M::~&i<l'.Jl6g::cijifip~tiSii1dn::r~r<I. ~-
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:~~r:fi~:f:fu~th.Ci<i'."~¥a~;·:t9LCit~µlj.,3~3:·~ :· i~ · ~~i9~;\s.a.it1/;t'f~: ·sWcfilr~·:: i§·, ~ri, · ititlex ... ~~~5 

structure having a root node including key record references to nodes in a next··: JbWer 

ordered level node, and respectively ordered lower level nodes, each refere~'·b; keys 
.<: .. <·· 

in the next higher ordered node, down to bottom nodes having keys re(~{b~df~g the data 

in the data base, each said operation comprising traversing the q~~~,, ~sing said key 

record references, to an existing bottom node, further including··~s:~~ps of: ..... -··;· 

requesting conditional access restriction on reachi.rlgiJt·~'key record in the bottom 

node; 

accessing referenced data in the data base wi:Jgia:llt of the access restriction; 
-· <· ... ··~.;" 

requesting an unconditional access r~t((cti~n if said conditional access restriction is· 

not granted; and 

traversing said nodes fro.µf:ihb root node to a new bottom node if said existing 

bottom node is substanti~l}f,aliered . 
..-;· ... ,. .... 

' .... 

25. A method a~t(;litig to claim 24, including the step of: examining said bottom 
........... : 

node on grant of said unconditional access restriction to determine whether a key record 

identified-·.:fu:.th~ bottom node is the first key record in the node. 

26 ... ·'A method according to claim 25, including the step of: determining, in said 

,.,·h'\Jtt6rtr:·ii6d.6·;:':wKeih~i:~:k:e)i!)i~i~f lli~i~iht:f~···tt;~~t··ili~h?i·~reCil.le~~::i:~y•·record°l 
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ABSTRACT 

... <·:.:: ... =;:_:·::· 

. (.:::?.~~~}~~~·· 
.. : · .. ::~ -·::::.::~ 

A database system in a data processing system has all,;~~f tree structure with a root 
~~ .. :r;.:;,.; ;)··· 

node (102) having reference keys to nodes in the next)qjlitetlevel and so on until bottom 
.... }:;;~·:.~:~.· 

nodes (116) .. having keys referencing the databa~;:f~brds. Multiple users may access the 
... ~=: f; !~~~:~·~>· . 

database concurrently. Transactions in whi~li.~the tree structure is to be modified (for 
.'t:·::·~d~;r:)~;, . 

example removal of a record) are perf.tjrirled by traversing the tree to the appropriate bottom 
A,;;IY' 

node and setting an indication 9f:'~dency of the modification. At tbe same time other 
.... ~:~ :.;:-':~{ ,:·. 

accesses to the database, tlp:'.pttgh nodes at which no tree structure modifications are to take 
·. ";~~· :):· 

place, can continue ... , yi:lie~ the structur~ modification has been performed, a log record of it 

...... ~--·-· 
is made to prey~# tindoing the modification in the event of a system failure, and database 

access thr()trgh ·an the bottom nodes then continues. 


