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“to the portions of the B-Tree mdexes to'insure tha ;
the index node, or record is not changed while the user is attemptmg to access Jt
Locking is addressed in "Index Locking and Splitting" IBM Technical Dlsclgsu
Bulletin, volume 25, number 7B, December, 1982, pages 3725-3729; and _,;[;ockmg
IBM_Technical Disclos ______-e Bulletm

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

Protocols for Concurrent Operations on B-Trees”,

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

Information in index nodes may be altered during access b}'i":iféeveral users. These

inserted into or deleted from the database table. Informaiion from one node may be

moved to another node during zi record insert operatio ”‘because of limited storage space

for a node. The inserting transaction may atteinpt td‘move key record information from

one node to another in order to accomplish; the insertion task. This movement of

information during concurrent transaction access may generate error conditions within

the concurrent transaction accesses becaus‘é the index information is being changed.

SU]VIMARY OF INVENTION

It is an object of the inventiofi‘to ameliorate one or more disadvantages of the prior |

art.

node hav g a key record reference to one or more nodes in a next lower ordered level of

nodes and having bottom nodes that provide access to said key record data, said method

sald data prooessmg memory



.
Py

by aceessmg 4 node usmg

key record portion of the accessed node until a bottom node is reached; (b) hmmng all
but read accesses to the node belng accessed and an immediate previously accessed node
in said data processing memory, to other concurrent transactions in said data processmg
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 lnmtatlg_ns to the accessed
nodes including the bottom node except for the accessed key record, (f) fetching key
record data; and (g) removing the access limitation to the key record after the record data
has been fetched. -

According to another aspect of the invention there és«dlsclosed in a data processing

system, a method executed by a data processor for:inserting a single key record in a

group of record keys stored in a data processing“memory according to a key record

through an index tree during a transaction in:the data processing system wherein other

transactions concurrently access said record’keys through said index tree, said index tree
having at least a root node, at least ong/intermediate level of at least one node, each node

having a key record reference to o or more nodes in a next successive level of nodes

and having bottom nodes that prgvide access to said record keys, said method comprising

the steps of: (a) limiting “accesses to the key record being inserted; (b) traversing

across said nodes in sais ata processing memory from said root node through said

intermediate level 0 des by accessing a node using said key record of said root node

in said data processing system as said nodes are traversed; (d) identifying a next

succes_s___i&":'ely located key record relative to the key record to be inserted in said bottom
nodé?"énd limiting all access to the bottom node; (e) limiting all accesses to said next

ecord; ‘thereafter, (g) removing




ticcessively locatex key%ﬂrecdi'&i and- the ‘bottom "ndgi_'é';

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

According to another aspect of the invention there is disclosed in a data prog:essmg
system, a method execﬁted by a data processor for deleting a key record in a{;‘é}oup of
record keys stored in a data processing memory according to a key recor%ﬂ”{tzrough an
index tree during a transaction in the data processing system wherein other transactions
concurrently access said record keys through said index tree, said mdex tree having a
root node connected to at least one intermediate level of nodes, eaglli{:l}i;ode having a key
record reference to one or more nodes in a next successive level and having bottom
nodes that provide access to said record keys, said method oompnsmg the steps of: (a)
traversing across said nodes from said root node in said i&gbrocessing memory through
said intermediate level of nodes by accessing a node(éfgébrding to said key record and

traversing to a next node indicated by said key réCord of said accessed node until a

bottom node is reached; (b} limiting all but read’accesses to the node being accessed and

pot more than one immediately previous accéssed node, to other concurrent transactions

in said data processing system as said‘nodes are accessed; (c) identifying a next
successively located key record relative to the key record to be deleted in said bottom
pode and limiting all access to theé’bottom node; (d) limiting all accesses to said next

successively located key recordyi(e) deleting said key record; thereafter, (f) removing all

remaining access limitations;?;«.to the accessed nodes; and thereafter, (g) removing the

access limitation to the next successively located key record.

According to ano br aspect of the invention there is disclosed in a data processing

i
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syéiem, a method exg uted by a data processor for altering an index tree structure that

provides access {6-at least one key record in a group of record keys stored in a data
processing mefory according to a key record for a transaction in the data processing
system wherein other transactions concurrer_ltly access said record keys through said
index rree, said index tree structure having at least one node, said node having a key

rd reference providing- direct
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| next level node to be accessed in searchin

ba

being changed said method comprising the steps of: (a) determining that no indicatio p 6f

an index tree change is present in said data processing system; (b) prov1dmg . the

indication of an index tree change that allows concurrent non-altering access to ﬂle index

tree to said data processing system; (c) altering said index tree node(s) in

said data
processing memory; (d) allowing concurrent non-altering access to said index tree while
said index tree is being altered; and (e) removing the indication of anmdex tree change

after completion of said altering step.

According to another aspect of the invention there
operating a computer system for effecting simultaneous transactions on a database by
multiple users using an index configured as a tree struc_tﬁ‘%e having a root node and lower

level nodes, each node, except those in lowest level eaf nodes, referencing one or more

&

nodes in the next lower level, with leaf nodes réferencing corresponding records in the

database, and each node, except leaf nodes,/including key information to identify the
for a particular record, and each leaf node

including keys relating to records referénced by that leaf node, the keys being ordered

4!

throughout the leaf nodes, said me; _od comprising, for a transaction involving insertion

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

the index, the steps of: traversing through the nodes of the tree from said root node to

the leaf node correspondifig to said current record in response to an input request to

access said current r ?ﬁ, using the key information in said nodes; limiting access to a
node being traversed’and an immediately previously travefsed node such that other users
' “read access to said node being traversed and said immediately
previously trave sed node; inserting or deleting said current record and its corresponding
record key, nd removing, after said step of inserting or deleting, all the access
hmltatlons to the traversed nodes; and characterised by the steps of: prior to said step of

msertmg%or deléting, limiting access to said leaf node such that no other user may access

y.in terms of the ordering of

igation: when'said-index tree is:
A g

i8' disclosed a method of

A
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_ nt record to be del ed"or mserted and 11m1t1ng"f";
access to the record corresponding to said next successively located key such that‘ no
other user may access said record; and removing, after said step of msr;rtlng origi_'_eletmg,
the access limitation to the record corresponding to the next successively located icey.
According to still another aspect of the invention there is disclosej,g:j"fg: ldigital data
processing system for effecting simultaneous transactions on a da;aﬁése by multiple

users, including an index configured as a tree structure having aroot node and lower

level nodes, in which each node, except those in lowest level leaf nodes, references one

or more nodes in the next lower level, with leaf nodes refe; encmg corresponding records

in the database, and in which each node, except leaf des, includes key information to

identify the next level node to be accessed in searching for a particular record, with each

£

leaf node including keys relating to records referenced by that leaf node, the keys being

ordered throughout the leaf nodes, said systexii further including means for processing a

transaction involvin_g insertion or deletion:of a current record in the database and its

corresponding key in a leaf node in thesndex, said processing means comprising: means

for traversing through the nodes oOf the tree from said root node to the leaf node
corresponding to said current record in response to an input request to access said current
record, using the key informdtion in said nodes; means for limiting access to a node
being traversed and an immediately previously traversed node such that other users are

only allowed read acces$:to said node being traversed and said immediately previously

traversed node; meansfor inserting or deleting said current record and its corresponding

record key; and medns for removing, after said inserting or deleting, all of the access

limitations to the traversed nodes; and characterised by: means for limiting access to

said leaf nodé such that no other user may access said leaf node, for identifying a next

successively located key in terms of the ordering of keys, relative to the key of the

current record to be deleted or inserted, and for limiting access to the record
correspondmg to said next successively located key such that no other user may access

‘means for removmg, after said*




be

- limitatiol ‘to’ the ‘fecord ‘corresponding to the nexg’

successively located key.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

An embodiment of the invention will now be described, by way of exaggiiie, with
reference to the accompanying drawings, in which:

Figure 1 is a illustration of a database table; K

Figure 2 is a illustration of the database table stored in a compqté;'.rzlemory;

Figure 3 is a block diagrani illustrating a simple B-Tree mdex,

Figure 4 is an illustration of the storage of index B—Trq@j"'-ﬁode data in a computer

memory; | a

Figure 5 is a flow chart illustrating an initial sear rough an index B-Tree;

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

Figure 7 is a flow chart illustrating an insert __f":"’rough the index B-Tree;
Figure 8 is a flow chart illustrating a dele"'_,w through the index B-Tree; )

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

Figure 10 is a flow chart illustratin a node collapsing algorithm.
This invention relates to the dccessing of records in a database system. The
following example is an overly simiplified database access problem provided to enable the

reader to more easily underﬁ the invention contained herein. The reader should

NS

alfl€s are much greater than illustrated.
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1. In a data processing system, a method executed by a data processor for fetclifing

key record data stored in a data processing memory in a group of record keys by u ”?‘ng a

portion of a key record through an index tree during a transaction in the data processing

system wherein other transactions may concurrently access said record keys .-thi'ough said

index tree, said index tree having at least a root node, at least one 1nter édlate level of
at least one node, each node having a key record reference to one or ‘more nodes in a
next lower ordered level of nodes and having bottom nodes that prov1de access to said
key record data, said method comprising the steps of: "

(a) traversing across said nodes in said data processiﬁg memory from said root

node through said intermediate level of nodes by accessi a node using said key record

portion of the root node and traversing to a next n’gae indicated by said key record

portion of the accessed node until a bottom node is:reached;

(b) limiting all but read accesses to the/hode being accessed and an immediate

focessing memory, to other concurrent

previously accessed node in said data

transactions in said data processing system

(c) identifying and accessing saigl‘icey record in said bottom node;

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

(e) removing all access limifations to the accessed nodes including the bottom node

2.

Stép (2);and

B
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the key record data according,

to the portion of the key record.
3. A method accordmg to claim 2 wherein said step (f) includes the steps of:
(f1) retrieving said key record in said node;
(f2) accessing a record according said key record in said node; and /

(f3) returning record data from said record.

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

limitation is removed from the key record.

5. In a data processing system, a method executed by ta processor for inserting a

single key record in a group of record keys stored:in a data processing memory

according to a key record through an index treg during a transaction in the data

processing system wherein other transactions concurrently access said record keys
through said index tree, said index tree hay at least a root npde, at least one
intermediate level of at least one node, each:hode baving a key record reference to one
or more nodes in a next successive level:6f nodes and having bottom nodes that provide
access to said record keys, said metho, comprising the steps of: |

(a) limiting all accesses to the‘k€y record being inserted;

(b) traversing across said/nodes in said data processing memory from said root
node through said intermediaté’level 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

ym node is reached;

(c) limiting all b 'read accesses to the node being accessed and not more than one
accessed node, to other concurrent transactions in said data
said nodes are traversed;

ing a next successively located key record relative to the key record to
n'said bottom node and limiting all access to the bottom node;

ted k_ey record;



(o)

(g) removing the access limitation to the next successively located key recordand

v
i

the_bottom node; and therea-fter,

(h) removing all remaining access limitations to the accessed nodes.
6. A method according to claim 5 wherein step (f) includes the steps of:

(f1) determining if the key record can be inserted in said node;

(f2) if the key can be inserted into the node, proceeding to step (f6),

(f3) if the key cannot be inserted into the node, providing __gﬁyindication that the

‘index tree structure is being changed;

(f4) altering the index tree structure to add a node to recelve the key record;
(f5) removing the in_d'ication of an index tree structuré:"’éhange; and

(f6) inserting said key record in the node.

7. In a data processing system, a method executed by a data processor for deleting a
key record in a group of record keys stored in a’data processing memory according to a

key record through an index tree during ansaction in the data processing system

wherein other transactions concurrently agtess said record keys through said index tree,
said index tree having a root node connected to at least one intermediate level of nodes,
each node having a key record refegilce to one or more nodes in a next successive level
and having bottom nodes that prqﬁ’ﬁe access to said record keys, said method comprising

the steps of:

node until a botton} de is reached;

1 but read accesses to the node being accessed and not more than one
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: irecopd-relative to the key record to’
be deleted in said bottom node and limiting all access to the bottom node;

(d) limiting all accesses to said next success1ve1y located key record;

(e) deleting said key record; thereafter, ’
(f) removing all remaining access limitations to the accessed nodes; and tlféreafter,
(g) removing the access limitation to the next successively located key r’ecord
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 record in said node;
(€2) if the key to be deleted is not the only key in the nq_dé’, .deleting said key
record in the node and then proceeding to step (f); 8
(e3) if the key to be deleted is the only key in the node, providing an indication
that the index tree structure is being changed; -

(e4) deleting said key record in the node;
(e5) altering the index tree structure to remove th node; and
(e6) removing the indication of an index tree, structure change.

9. A method according to claim 8 wherein gg;_rd 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 method executed by a data processor for altering an

index tree structure that provides access to at least one key record in a group of record

keys stored in a data processing

'mory according to a key record for a transaction in

the data processing system wher n other transactions concurrently access said record

..)

keys through said index tree,. sa_f" d

index tree structure having at least one node, said node
having a key record reference to either another node or having a key record reference
providing direct access to s d key record, said index tree including an indication when
said index tree is being cg@nged said method comprlsmg the steps of:

(a) determining it no indication of an index tree change is present in said data
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altering access to the index tree to said data processing system;

-(c) altering said index tree node(s) in said data processing memory;

(d) allowmg concurrent non-altering access to said index tree while said mdex tree
is being altered; and | |
(e) removing the indication of an index tree change after cox;;ﬁiétion of said

altering step.

11. A method of operating a computer system for effecting snnultaneous transactions
on a database by multiple users using an index configured as: a tree structure having a
root node and lower level nodes, each node, except thogg--'--m lowest level leaf nodes,

referencing one or more nodes in the next lower level; with leaf nodes referencing

corresponding records in the database, and each node, except leaf nodes, including key

information to identify the next level node to be accessed in searching for a particular

record, and each leaf node including keys ; "'::ating to records referenced by that leaf

node, the keys being ordered throughout, the leaf nodes, said method comprising, for a

transaction involving insertion or del¢tion of a current record in the database and its

corresponding key in a leaf node ip:t e index, the steps of:

traversing through the podes of the tree from said root node to the leaf node

corresponding to said currefifrecord in response to an input request to access said current

record, using the key inférmation in said nodes;
limitihg accessito a node being traversed and an immediately previously traversed
node such that other users are only allowed read access to said node being traversed and

said immediatély previously traversed node;

inserting or deleting said current record and its corresponding record key; and
;jéﬁibving, after said step of inserting or deleting, all the access limitations to the

traversed nodes;
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no other user may access said leaf node, identifying a next successively located ky in
terms of the ordering of keys, relative to the key of the current record to be deleted or
inserted, and limiting access to the record corresponding to said next successwely located
key such that no other user may access said record; and | | .

removing, after said step of inserting or deleting, the access llmltatlon to the record
corresponding to the next successively located key.
12. A method according to claim 11, in which, for inserting said current record, the
removal of the access limitation to the record associated w1th the next successively

located key precedes the removal of all access limitations to ﬂle traversed nodes.

13. A method according to claim 11, in which, for d.e%ung said current record, the

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

access limitation to the record associated with the next successively located key.

14. A method according to claim 11 or 12 inclix ing, for inserting said current record,

the steps of: |
determining if the key associated th the current record can be inserted in said

leaf node; and
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rd;+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 dlgltal data processing system for effecting simultaneous transactlons on a
database by multiple users, mcludlng an index configured as a tree _s_tructure having a
root node and lower level nodes, in which each node, except thoséf':i'n lowest level leaf
nodes, references one or more nodes in the next lower level, w1th leaf nodes referencing

corresponding records in the database, and in which each node except leaf nodes,

includes key mformatmn to 1dent1fy the next level node to be accessed in searching for a

particular record, with each leaf node including keys relaung to records referenced by

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

including means for processing a transaction involving insertion or deletion of a current
record in the database and its correspo ng key in a leaf node in the index, said
processing means comprising:
means for traversing throughﬂ thé nodes of the tree from said root node to the leaf
node corresponding to said curre;
current recotd, using the key; rmation in said nodes;
| means for limiting a _.ss to a'node being traversed and an immediately previously
traversed node such { it other users are only allowed read access to said node being

traversed and said immediately previously traversed node;

means for flserting or deleting said current record and its corresponding record

key; and
means for removing, after said lnsertmg or deleting, all of the access limitations to

the - traversed nodes;




e tio ‘other user may access said. -
leaf node, for identifying a next successively located key in terms of the orderir'ltg-.,:"'--".(:f
keys, relative to the key of the current record to be deleted or inserted, and for 11m1t1ng
access to the record corresponding to said next successively located key such that no
other user may access said record, prior to said inserting or deleting; and a

means for removing, after said inserting or deleting, the access limitation to the

record corresponding to the next successively located key.

17. A system according to claim 16 including, for inser 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 inserted, means for providing an indication

that the index tree structure is to be changed;: means for altering the index tree to add a
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. ABSTRACT

Fig. 4

CONCURRENT RECORD ACCESS DATABASE SYSTEM

A data base system on a computer uses an index tre 4?(40, 50, 52, 54) containing record keys

P

which reference associated records in the daftgf base. The tree, which comprises a root node

#

extending through intermediate nodes to Jeaf nodes, provides concurrent accesses to a plurality

of users. When changes are to be /I‘Ilﬁ to the key structure, action has to be taken to prevent

users, other than the user maki e change, from corrupting the data or receiving corrupted

data. To do this, when onedier is inserting or deleting a key and its associated record, all
accesses to a node beingitraversed by this user and the immediately traversed mode are limited
to read accesses B other users. At the leaf node, all accesses By others to the key aﬂd record
being added or/deleted are prevented together with aécesses to the next successively located

record key and its associated record. After the deletion or insertion, the access limitations are

removed.



