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SUMMARY OF THE INVENTION
It is an object of the invention to ameliorate one or more disadvantages:
art.
According to one aspect of the invention there is disclosed jni'a’ data processing
system a method executed by a data processor for fetching a sélected key_ recofd in a

group of record keys by utilizing a portion of a key record tlirough an index tree having

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

transactions may concurrently modify the structure of said index tree, said index tree

having at least a root node, each root node having.a‘key record reference to one or more

nodes in a next lower ordered level and havin, ttom nodes that provide access to said

key record data in an ordered sequence of key records, said method comprising the steps

performed within said data processing:system of: traversing across said nodes within
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said data processing system from said‘root node by using key record reference until an

appropriate bottom node is reached; identifying said selected key record in said bottom
node; requesting a conditio access restriction on said selected key record; fetching
said s_elected key record ifésdid conditional access restriction is granted; requesting an

unconditional access regfriction of said selected key record if said conditional access

restriction is not ited; examining said appropriate bottom node after said
unconditional acce§s Testriction is granted to determine whether or note said appropriate

bottom node ‘been substantially altered; fetching said selected key record is said

appi'opriate ottom node has not been substantially altered; and traversing across said
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system. from said root node by using said key record reference until an appropriate

bottom node is reached; identifying a next higher key record than e single key record

to be inserted; requesting a conditional access restriction on said:-next higher key record;

inserting said single key record into said appropriate bo node if said conditional

access resfriction is granted; requesting an unconditi access restriction on said next
higher key record if said conditional access restriction is not granted; examining said
appropriate bottom node after said uncondit
determine whether or not said appropriate ottom node has been substantially altered;
inserting said single kéy record into saifl ‘dppropriate bottom node if said appropriate

bottom node has not been substantially-altered; and traversing across said node from said

root node by using said key record Teference until a second appropriate bottom node is

reached if said appropriate bottom node has been substantially altered.
According to anothe: ect of the invention there is disclosed in a data processing

system a method executed:by a data processor for deleting a single key record in a group

of record keys accorf to a key record through an index tree having a modifiable
ansaction in said data processing system wherein other transactions
y modify the structure of said index tree, said index tree having at least a

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

lower ofdered level and having bottom nodes that provide access to an ordered sequence

of record keys, said method comprising the steps performed within said data processing

sy em of: traversing said nodes within said data processing system from said root node

access restriction is granmted to




“altered.’

restriction is granted to determine whether or not said appropriate bottom:riode has been

substantially altered; deleting said single key record from said appropriaté bottom node if

said appropriate bottom node has not been substantially altered;:afid traversing across
rence until a second

0de has been substantially

said nodes from said root node by using said key record .
appropriate bottom node is reached if said appropriate bott
According to another aspect of the invention .there is disclosed a data processing

system for fetching a selected key record in a p of record keys by utilizing a portioh

of a key record through an index tree having<a modifiable structure during a transaction
in said data processing system wherein o transactions may concurrently modify the
structure of said index tree, said indg_ tree having at least a root node, each root node
having a key record reference to one or more nodes in a next lower ordered level and
having bottom nodes that provide-access to said key record data in an ordered sequence
of key recdrds, said data pr: ing system comprising: means for traversing across said
nodes within said data processing system from said root node by using said key record
reference until an appropriate bottom node is reached; means for identifying said selected
key record in said bottom node; means for requesting a conditional access restriction on

said selected ke cord; means for fetching said selected key record if said conditional

access restriction is granted; means for requesting an unconditional access restriction of

d’ key record if said conditional access restriction is not granted; means for
i g said appropriate bottom node after said unconditional access restriction is
to determine whether or not said appropriate bottom node has been substantially

aid appropriate ‘bottom node. has,
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bottom nodes that provide access to an ordered sequence Of key records, said data
processing system comprising: means for traversing across‘said nodes within said data
processing system from said root node by using said key record reference until an
apﬁropria_te bottom node is reached; means for identifying a next higher key record than

the single key record to be inserted; means for esting a conditional access restriction

on said next higher key record; means for.inserting said single key record into said
appropriate bottom node if said conditi nal access restriction is granted; means for
requesting an unconditional access iction on said next higher key record if said
- conditional access restriction 1§ 4ot granted; means for examining said appropriate
bottom node after said uncondi nal access restriction is granted to determine whether or
not said appropriate bottom node has been substantially altered; means for inserting said
single key record into 4aj 'appropriate bottom node if said appropriate bottom node has

not been substantially‘altered; and means for traversing across said node from said root




processing system comprising: means for traversing said nodes withi
processing system from said root node by using said key record ref
appropriate bottom node is reached; means for requesting a conditional access restriction
ona next higher key record than the single key record to be deleted; means for deleting
said single key record from said appropriate bottom node i d conditional access
restriction is granted; means for requesting an unconditional-access restriction on said
pext higher key record if said conditional access restricti.__,n' is not granted; means for

examining said appropriate bottom node after said unconditional access restriction is

granted to determine whether or not said appropria
altered; means for deleting said single key recof ‘from said appropriate bottom node if

said appropriate bottom node has not been substantially altered; and means for traversing

across said nodes from said root node by.using said key record reference until a second
appropriate bottom node is reached if:;

altered.

appropriate bottom node has been substantially

According to still anther és ect of the invention there is disclosed a data processing

system comprising a concurrent access database system for providing access to data in

the database by a plurality”of users concurrently by means of a tree structure, said access

comprising first op ns in which the tree structure remains unchanged and second
operations in h the tree structure is modified, said data processing system
.coﬁiprising means for performing a transaction comprising a plurality of said operations,
means for storing the sequential positions of operations from which a
transaction can be rolled back to allow recovery of operations in the event of a system
.ﬂcharacterised in that the recovery means comprises means for storing an

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

“Hodifying the trée’ structure 1ﬁimed1ate1y--='-prlor:-- to cemmencement

said" sequierice



completion of said sequence, and for rolling back, on system failure,
in said sequence when said sequence has completed, by refi
compensation record. |

According to still another aspect of the inventioﬁ there 1s disclosed a method of
operating a data processing system comprising a con ent access database system for
providing access to data in the database by as plu ty of user concurrently by means of
a tree structure, said access including fir: erations in which eh tree structure remains
unchanged and second operations in which the tree structure is modified, the method
comprising the steps of: pe ihg a transaction comprising a plurality of said
operations; storing an indigation of the seq'hential position of a second operation in a

sequence of operations:thodifying the tree structure immediately prior to commencement

g compensation record.



example, with reference to the accompanying drawings, in which:

FIGURE 1 is a block diagram of a concurrent acces tabase system in

accordance with the present invention;
FIGURE 2 is a logic flow chart illustr an initial search operation through a
database;
FIGURE 3 is a logi

logic flow chart illustrating an inseﬁ operation through a dawbase;'

w-diagram illustrating a fetch operation through a database;

delete: operation through a database;




selected key record in a group of record keys by utilizing a portion of a key record

through an index tree having a modifiable structure during a transaction in s "data

identifying said selected key record in said botfs

requesting a condifional access restrictio $aid selected key record;

fetching said selected key record if said:eonditional access restriction is granted;
requesting an unconditional access. iction of said selected key record if said
conditional access restriction is not gra
examining said appropriate . om node after said unconditional access restriction
is granted to determine whe or note said appropriate bottom node has been
substantially altered;
fetching said selected key record is said appropriate bottom node has not been

substantially altered

2. Themethod according to claim 1, wherein said step of examining said appropriate

bqttam node after said unconditional access restriction has been granted to determine

g alteted further




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 exammmg sald

appropriate bottom node after said unconditional access restriction is granted to

determine whether or not said appropriate bottom node has been substant_": ly altered

further includes the step of determining whether or not é next lower kp record in said
ordered sequence of key records within said appropriate bottom nodéls lower than said
selected key record.
4, The method according to claim 1, wherein said step of examining said appropriate
bottom node after said unconditional access restriction is gr. to determine whether or
not said appropriate bottom node has been substantiall/ fered farther includes the step
of determining whether or not a key record exists i 1d. appropriate bottom node which
is lower than said selécted key record.

5. In a data processmg system a method executed by a data processor for inserting a

smgle key record in a group of record k : ‘according to a key record through an index

free having a modifiable structure d a transaction in said data processing system
wherein other transactions may con u_rr;ntly modify the structure of said index tree, said
index tree having at least a ro ode, each root node having a key record reference to
one or more nodes in a nex er ordered level and having bottom nodes that provide -
access to an ordered ence of key records, said method comprising the steps

performed within sa'd' ata processing system of:

traversing ac _oss said nodes w1ﬂun said data processing system from said root node
by using sa1d' ey'record reference unt11 an appropriate bottom node is reached;

1de_m_;;fy1ng a next higher key record than the single key record to be inserted;

_ qﬁesting a conditional access restriction on said next higher key record;
"""'inserting said single key record into said appropriate bottom node if said



xt higher key record if said:

conditional access restriction is not granted;

examining said appropriate bottom node after said unconditic;nal access
is granted to determine whether or not said appropriate bottom nod
substantially altered;

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

appropriate bottom node has not been substantially altered; and

traversing across said node from said root node by using sai key record reference

until a second appropriate bottom node is reached if said ap ﬂ_oprlate bottom node has |
been substantially altered.

6. The method according to claim 5, wherein said stép’ of examining said appropriate
bottom node after said unconditional access restriction:is granted further includes the step
of determining whether said single key record 6unded on said appropriate bottom
node. .

7.  The method according to claim 5, wherein said step of examining said appropriate
bottom node after said unconditional ac¢ess restriction is granted further includes the step .
of determining whether said appr ',__l’l;).te bottom node is participating in a structure

modification operation which is 1ot yet complete.

8. In a data processing sy tem a method executed by a data processor for deleting a
single key record in a gro f record keys according to a key record through an index
tree having a modiﬂgb‘l' structure during a transaction in said data processing system
wherein other trans A ions may concurrently modify the structure of said index tree, said

index tree havmgat least a root node, each root node having a key record reference to

des in a next lower ordered level and having bottom nodes that provide

access to~dn ordered sequence of record keys, said method comprising the steps

perform d w1th1n said data processing system of:

;“traversing said nodes within said data processing system from said root node by
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“requesting’ a’ conditional “aiccess. restriction on' a next higher key record than the,

single key record to be deleted;

deleting said single key record from said appropriate bottom node . if said

conditional access restriction is granted;
requesting an unconditional access restriction on said next higher key fecord if said
conditional access restriction is not granted;
examining said appropriate bottom node after said unconditi access restriction
is granted to determine whether or not said appropriate '?;ett;)m node has been

substantially altered;

deleting said single key record from said appfiii)riate bottom node if said
appropriate bottom node has not been substantially altéred; and

traversing across said nodes from said root by using said key record reference

uritil a second appropriate bottom node is r ed if said appropriate bottom node has

been substantially altered.

9. The method according to claim herein said step of examining said appropriate
bottom node after said unconditional s restriction is granted further includes the step
of determining whether said appropriate bottom node is participating in a structure
modification operation which 1s 10t yet complete.

10. A data processing systen for fetching a selected key record in a group of record

“of a key record through an index tree having a modifiable
structure during a transaction in said data processing system wherein other transactions

may concurrently 1 6_d’ify the structure of said index tree, said index tree having at least a

rodf node, each i ot node having a key record reference to one or more nodes in a next
lower orderedlevel and having bottom nodes that provide access to said key record data
inan or@g;fg&'éequence of key records, said data processing system comprising:

means for traversing across said nodes within said data processing system from said
rgd""ér'iﬂ'(;de by using said key record reference until an appropriate bottom node is reached;

d in said bottom node;?




29

means for fetching said selected key record if said conditional access restrigtiiiih is

granted;

means for requesting an unconditional access restriction of said selectqd"' y record
if said conditional access restriction is not granted;

means for examining said appropriate bottom node after said
restriction is granfed to determine whether or not said appropriate by ttom node has been
substantially altered; '

means for fetchihg said selected key record if said appiopriate bottom node has not
been substantially altered; and |

means for traversing across said nodes from root node by using said key
record reference until a second appropriate bottom fiode is reached if said appropriate
bottom node has been substantially altered.
11. The data processing system accord to claim 10, wherein said means for

examining said appropriate bottom node“after said unconditional access restriction has

been granted to determine whethe: " pot said appropriate bottom node has been
; means for determining whether or not said selected
key record is a first key record in said ordered sequence of key records within said
appropriate bottom node.
12. The data proceséin' ‘system according to claim 10, wherein said means for
examining said appropriate bottom node after said unconditional access restriction is

granted to determln 'whether or not said appropriate bottom node has been substantially

altered further mcludes 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 selecté&;"key record.
13 The data processing system according to claim 10, wherein said means for

exammmg said appropriate bottom node after said unconditional access restriction is

bottom'riode Has been substantially s
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concurrently modify the structure of said index tree, said index tree havit 3'at least a root

node, each root node having a key record reference to one or moré nodes in a mext

lowered ordered level and having bottom nodes that provide .dc ss to an ordered

sequence of key records, said data processing system comprising

means for traversing across said nodes within said data "':___:fOOessing system from said

root node by using said key record reference until an appropriate bottom node is reached;
means for identifying a next higher key recordthan the single key record to be
inserted;
means for requesting a conditional access 'restriction on said next higher key
record;
means for inserting said single ke’__ ecord intd said appropriate bottom node if said
conditional access restriction is grant :

means for requesting an u nditional access restriction on said next higher key

record if said conditional access restriction is not granted;

: appropnatc bottom node has not been substantially altered and

4 :""for traversing across said node from said root node by using said key record

referénce until a second appropriate bottom node is reached if said appropriate bottom




bounded on said appropriaté bottom node.

16. The data processing system according to claim 14, wherein said:means for
examining said appropriate bottom node after said unconditional aceess :restriction. is
granted further includes means for determining whether said appropriate bottom node is
participating in a structure modificaﬁon operation which is not yet:complete.

17. A data prdcessing system for deleting a single key record:in‘a group of record keys

according to a key record through an index tree having a modifiable structure during a
transaction in said data processing system wherein oth transactions may concurrently -

modify the structure of said index tree, said index tree having at least a root node, each

root node having a key record reference to one of ‘ore nodes in a next lower ordered

level and having bottom nodes that provide access'to an;brdgr'ed sequence of record keys,

said data processing system comprising: | )
means for traversing said nodes w 1n said datq__proce_ssing system from said root

node by using said key record reference until an appropriatc..bottom node is reached;

means for requesting a conditional access restriction on a next higher key record




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

bottom node has been subsiantially altered.

18. A data processing system according to claim 17, wherein said means for.€xamining

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

includes means for determining whether said appropriate bottom node is articipating in

a structure modification operation which is not yet complete.

19. A data processing system comprising a concurrent access database system for
providing access to data in the database by a plurality of users concurrently by means of

hich the tree structure

a tree structure, said access comprising first operations i
remains unchanged and second operations in which the tree structure is modified, said

data processing system comprising means for perfor a transaction comprising a

plurality of said operations, and recovery means f tormg the sequential pqsitions of
operations from which a transaction can be rolled-back to aﬂow recovery of operations in
the event of a system failure,
characterised in that the recovery means éomprises means for storing an indication
of the sequential position of a second operation in a 'sequence of operations modifying
t0 commencement of said sequence, means for
storing a compensation log re pointing said indication on completion of said
sequence, and means for rolling.back each of said plurality of said operations in the
transaction, by reference t6:said stored indication, when the system fails prior to
completion of said sequenc , and for rolling back, on system failure, only operations not
in said sequence _Wh_en said sequence has completed, by reference to said log
compensation record
20. A datal_._\ processmg system according to claim 19, in which said tree structure is an
index treestructure having a root node includ_i_ng key record references to nodes in a next

lower-.'ﬁfdered level node, and respectively ordered lower level nodes, each referenced by

de, dowsi o bottoin niodes; having keys referencing the
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fation Conprisiig tiaversing the nodes, tsing said kéy
record references to an existing bottom node, and including means for req
conditi—onal access restriction on reaching a key record in the bottom node, r for
accessing referenced data in the data base on grant of the access restrictiod; means for
requesting an unconditional access restriction if said conditional access "_ triction is not
_ granted, and means for traversing said nodes from the root node to a- w bottom node if
said existing bottom node is substantially altered.
21. A data processing system according to claim 20, including means for examining
said bottom node on grant of said unconditional access restr tion to determine whether a
key record identified in the bottom node is the first key record in the node.
22. A data processing system according to claim 2] mbluding means for determining,
in said bottom node, whether a key record therein is lower than a requested key record.
23. A method of operating a data processing System comprising a concurrent access
database system for providing access to in the database by as plurality of user
concurrently by means of a tree structur id access including first operations in which
eh tree structure remains unchanged ;econd operations in which the tree structure is
modified, the method comprising the steps of:
performing a transaction . =i)rising a plurality of said operations;
storing an indication e sequential position of a second operation in a sequence
of operations modifying tree structure immediately prior to commencement of said
sequence;
storing a c_gr_gpeﬁsation log record pointing said indication on completion of said

sequence;

rollis ack each of aid plurality of said operations in the transaction, by reference

to sald stored indication, on system failure prior to completion of said sequence; and

- rolhng back, on system failure only operatlons not in sequence when said sequence



trichire is ‘an index . tre&”

in the next higher ordered node, down to bottom nodes having keys re nciilg the data

in the data base, each said operation comprising traversing the nedes, using said key
record references, to an existing bottom node, further includin, th teps of:
requesting conditional access restriction on reaching:a-key record in the bottom

node;

accessing referenced data in the data base or grant of the access restriction;

requesting an unconditional access restfiction if said conditional access restriction is
not granted; and - '
| traversing said nodes fr.om'?' the root node to a new bottom node if said existing
bottom node is substantially ter
25. A method according to claim 24, including the step of: examining said bottom
node on grant of aid unconditional access restriction to determine whether a key record

1dent1f1ed m the bottom node is the first key record in the node

26. A method acoordmg to claim 25, including the step of: determmmg in said
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ABSTRACT

A database system in a data processing system has an.i ¢ tree structure with a root

node (102) having reference keys to nodes in the next ] evel and so on until bottom

nodes (116)-having keys referencing the database fécords. Multiple users may access the

database concurrently. Transactions in which:the tree structure is to be modified (for

example removal of a record) are performed by traversing the tree to the appropriate bottom
node and setting an indication : ency of the modification. At the same time other
accesses to the database, ""':,ug nodes at which no tree structure modifications are to take
place, can continue. . When the structure modification has been performed, a log record of it
is made to prevent ndoing the modification in the event of a system failure, and database

access through all the bottom nodes then continues.




