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(57) ABSTRACT 

A method and system for caching dynamic SQL statements 
and their sections at different nodes in a multiple node 
Relational Database Management System (RDBMS) While 
maintaining cache and application integrity across all nodes. 
Each node in the RDBMS having a global cache shared by 
all applications on that node. One of the nodes in the 
RDBMS being a catalogue node Which controls access to a 

Notice; This is a publication of a Continued pros- database. The catalogue node maintaining a list of partici 
ecution application (CPA) ?led under 37 pating nodes that have requested access to the database 
CFR 1_53(d)_ controlled by the catalogue node. The list of participating 

nodes being used to notify each participating node of any 
Appl, No; 09/162,165 changes to the database that may affect the validity of a 

dynamic SQL statement stored in the global cache of the 
Filed: Sep. 29, 1998 node. 
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CACHING OF DISTRIBUTED DYNAMIC SQL 
STATEMENTS IN A MULTIPLE NODE RDBMS. 

FIELD OF THE INVENTION 

[0001] This invention relates to relational database man 
agement systems (RDBMS) and more particularly to a 
method for caching dynamic SQL statements (and their 
sections) at different nodes in a multiple node database While 
maintaining cache and application integrity across all nodes. 

BACKGROUND OF THE INVENTION 

[0002] Structured Query Language (SQL) is the database 
access language most commonly used to access relational 
databases (such as the DB2 product sold by IBM Canada 
Ltd.) in an open, heterogeneous environment. Although this 
disclosure refers to the DB2 relational database product sold 
by IBM, individuals skilled in the art Will recogniZe that the 
caching of database access statements is applicable to any 
relational database management system (RDBMS). 

[0003] Within this speci?cation including the claims, the 
folloWing terms Will be used: 

[0004] Access Plan An access plan is the method(s) 
chosen by the SQL Compiler to satisfy an application 
request as stated in the form of an SQL statement. 

[0005] AgentAprocess used by a RDBMS to provide 
services for an application request. 

[0006] Node A node is a physical entity (eg. a pro 
cessor and memory) that is used to process applica 
tion requests to the RDBMS and contains some or all 
of the database. A serial version of the RDBMS 
contains at most 1 node, While a parallel version of 
the RDBMS can contain 1 or more nodes. 

[0007] Package A package is associated With an 
application and contains the information required by 
the RDBMS for all SQL statements de?ned in that 
application. The information in a package consists of 
a collection of sections and the compilation environ 
ment settings (eg. compile or binding options) used 
to compile any static SQL statements; some of the 
same settings are also used as the default environ 
ment for any dynamic SQL statements compiled by 
the application during eXecution. 

[0008] Section A section contains all the information 
required by the RDBMS to execute the chosen access plan 
for an SQL statement. A section is the compiled version of 
the access plan chosen by the SQL compiler. 

[0009] Section Entry A section entry contains infor 
mation about a speci?c section as Well as the SQL 
statement corresponding to that section. 

[0010] There are tWo basic types of SQL statements, static 
and dynamic. In using static SQL the user embeds SQL 
requests for data in an application program. An SQL pre 
compiler removes these statements from the application 
program and replaces them With function calls Whose 
parameters indicate a speci?c section entry for the package 
corresponding to the current source ?le. The removed SQL 
statement is then sent to DB2 for compilation. Compiling 
(also knoWn as preparing) a SQL statement is the process by 
Which the DB2 SQL compiler chooses and builds an access 
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plan to ef?ciently resolve the SQL statement. The access 
plan is saved in its eXecutable format, a section, in the 
system catalogues. 

[0011] The parsing of the statement and building of the 
access plan can be relatively long and complicated. Com 
pilation of static SQL improves run time performance by 
building the access plan before the application is executed. 

[0012] Dynamic SQL is generally used for ad hoc SQL 
requests. For eXample, in a database used to track sales of 
individual products, a dynamic SQL query may be invoked 
to list the top ten individual products sold, by sales region. 
Depending upon the nature of a dynamic SQL request, the 
time required to parse it and create an access plan to satisfy 
the user request can be signi?cant. Further, if the dynamic 
SQL request is repeated later in the application by the same 
agent or perhaps by a different agent, a neW access plan must 
be seated in each instance. Thus, the creation of an identical 
access plan may often have to be repeated, thereby impact 
ing performance of the application. 

[0013] A dynamic SQL request originates on the node 
running an application and may require data from one or 
more other nodes (the remote nodes). In such a scenario, the 
prior art solution is to generate the section to obtain the data 
from the remote node(s) and send the section to the remote 
node(s) for eXecution. The inventors are not aWare of any 
solution proposed to date Which considers alloWing caching 
of the same statement across multiple nodes, thus not 
requiring the section to be eXecuted to be shipped. Main 
taining multiple iterations on multiple nodes result in less 
communications traffic and faster response times for remote 
parts of a dynamic SQL request due to faster startup times. 

SUMMARY OF THE INVENTION 

[0014] In accordance With the present invention there is 
provided a database system comprising: 

[0015] a) a plurality of nodes; 
[0016] b) a plurality of databases stored on the nodes; 

and 

[0017] c) a global cache stored on at least one node, 
the global cache being accessible to a plurality of 
applications in the database system. 

[0018] In accordance With the present invention there is 
also provided a method of maintaining ?che and application 
integrity across a relational database system comprising a 
plurality of nodes and a plurality of databases shared on the 
nodes, the method comprising the steps of: (a) providing, for 
at least some of the databases, a global cache including 
information to enable agents to access the databases, (b) 
originating a request through a coordinating node, the coor 
dinating node sending information on the variation to be 
eXecuted to remote nodes; (c) having each remote node 
receive the request and check the global cache on the 
respective remote node for a current variation; and (d) if the 
a remote node does not have the current variation, the 
remote node requesting the coordinating node to send the 
current version of the variation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] Reference Will noW be made, by Way of eXample, 
to the accompanying draWings Which shoW a preferred 
embodiment of the present invention and in Which: 
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[0020] FIG. 1 is a conceptual diagram of a Relational 
Database Management System; 

[0021] FIG. 2 is a conceptual diagram of a node of the 
Relational Database Management System of FIG. 1; 

[0022] FIG. 3 is a conceptual diagram of the global cache; 

[0023] FIG. 4 is a conceptual diagram of the statement 
portion of the dynamic cache portion of the global mesh; 

[0024] FIG. 5 is a conceptual diagram of the dependency 
portion of the dynamic cache portion of the global cache; 
and 

[0025] FIG. 6 is a conceptual diagram of a catalogue 
node, the participating nodes list and the participating nodes. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0026] FIG. 1 is a conceptual diagram of a Relational 
Database Management system (RDBMS) 10. The RDBMS 
of 10 of FIG. 1 illustrates only one of many con?gurations 
available in an RDBMS and is intended only to shoW a 
netWorked system that may utiliZe the present invention. In 
the con?guration as shoWn, RDBMS 10 contains a plurality 
of nodes (12, 14, 16, 18). Each node (12, 14, 16, 18) may 
contain a partition or all of a database. In the example of 
FIG. 1, the RDBMS has tWo databases, although any 
number of databases can be provided, the content of Which 
is partitioned among the plurality of nodes. The ?rst of these 
databases is divided into a partition 20 and a partition 21. 
The catalogue 22 for this ?rst database is stored on catalogue 
node 18. The catalogue 22 contains tables in Which resides 
all the “meta-data” such as the structure, tables packages and 
functions relating to the ?rst database. The second database 
is divided into partitions 23, 24 and 25. Note that in the 
illustrated example, the partition 24 of the second database 
also contains the catalogue tables for the second database. 
Thus, a catalogue node 18 may contain data as Well as 
catalogue tables. Catalogue tables are per database and can 
be located at different nodes for different database. This 
means that the term “catalogue node” is relative per data 
base, ie the catalogue could reside on any node. 

[0027] FIG. 2 illustrates one scenario of the activity that 
may occur on any node of the system and, by Way of 
example, the node 16 of the RDBMS system 10 of FIG. 1 
is shoWn. Node 16 may contain any number of applications 
30, each accessing data from the database(s) to Which the 
node is connected. Each application 30 has a respective SQL 
Work area 32. Also contained Within node 16 is a global 
cache 40 in accordance With the present invention Which is 
shared by all applications on all the nodes. 

[0028] The Global Cache 

[0029] The global cache 40 acts as a repository for pack 
age and section information for static SQL and statement 
and section information for dynamic SQL as detailed beloW. 

[0030] In the preferred embodiment, the global cache is 
kept at the database level, and is accessible to all agents for 
a database at a particular node of the database (physical or 
logical). It is allocated from the same memory set as other 
database-level entities, such as the lock list or buffer pool; it 
is created When the database is initialiZed, and it remains 
active until the database is shut doWn. The global cache acts 
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like a “public” library for all the agents using the database 
at a given node. Agents simply copy the package informa 
tion and the modi?able portions of the sections (e.g. buffers 
and ?ags.) 

[0031] Referring to FIG. 3, the global cache 40, consists 
of tWo logical areas; the static SQL cache 42 and the 
dynamic SQL cache 44. The static cache 42 contains the 
information for packages 46, section entries 48, and static 
SQL sections 50. Thc dynamic SQL cache 44 contains the 
information and sections for dynamic SQL statements. 

[0032] The dynamic SQL portion 44 of the global cache 
40 is subdivided into tWo portions: the statement portion 60 
(FIG. 4) and the dependency portion 58 (FIG. 5). The 
statement portion 60 contains SQL statement entries 62 
Which contain the text of the cached dynamic SQL state 
ments 64 as Well as thc different sections compiled for each 
SQL statement. The statement portion 60 of the dynamic 
cache 44 is used to support application requests to prepare 
the dynamic SQL statement 64 and obtain an executable 
section. The dependency portion 58 of the dynamic cache 44 
contains entries for all the objects upon Which the cached 
dynamic SQL sections are dependent. This information is 
used Lo support cached object invalidation due to data 
de?nition language statements and other database activities. 

[0033] The primary structure of the dynamic SQL portion 
44 of the global cache 40 is based upon the unique text for 
a given SQL statement 64, Which is stored Within SQL 
statement entry 62. A SQL statement entry 62 contains 
characteristic information about the SQL statement 64 that 
is determined once the ?rst occurence of the statement text 
64 is compiled. This information is invariant since thc 
statement text 64 is constant and these characteristics are 
inherent in the statement text 64 itself, independent of the 
environment in Which it Was compiled. 

[0034] A section generated for the exact identical SQL 
statement text 64 is stored Within the compilation environ 
ment 66. The compilation environment 66 contains infor 
mation on the environmentL used to generate or compile the 
section. The compilation environment 66 contains all infor 
mation not already contained in the catalogue tables, that 
in?uence or control an access plan created by the SQL 
compiler, and thus the section. 

[0035] BeloW each compilation envionment 66 are stored 
individual units knoWn as “variations”68. A variation 68 
represents a unique section for the statement text 64, Where 
the uniqueness is speci?ed by the compilation environment 
66 used to generate the section. The compilation environ 
ment 66 encompasses all those elements that affect the 
nature and result of the section generated by the SQL 
compiler for a dynamic SQL statement (e.g., special regis 
ters, relevant package compilation defaults, use of default 
quali?ers, use of function path, etc.). Note that since privi 
leges do not affect the actual section generated, only Whether 
it is alloWed to be executed, the prerequistite privileges for 
a dynamic SQL statement 64 are irrelevant to the compila 
tion environment 66. In the preferred embodiment, privi 
leges are not part of the compilation environmnt 66. 

[0036] A variation 68 is simply the representation of the 
fact that tWo applications issuing the same dynamic SQL 
statement 64 in the same context With the exact same 
compilation environment 66 should generate the exact same 
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section, although the results of execution may differ due to 
actions Within the individual units of Work. For example, 
tWo applications using the same section for SELECT C1 
FROM T1 may return different results if the ?rst application 
has inserted some roWs into T1 but not committed its 
changes. The ?rst application Will get the roW returned by 
the section, but the second application may not. 

[0037] In addition to the identifying compilation environ 
ment, each variation 68 under a statement entry 62 and 
compilation environment 66 also contains: the required 
privileges list of privileges needed to execute the section, the 
dependency list for the section and the section generated for 
the speci?ed compilation environment. The dependency list 
refers to those objects and entities in the catalogue tables 
required, either directly or indirectly, by the section for a 
variation 68. The dependency list is also used to determine 
Whether the section is no longer valid When an object on the 
dependency list is dropped; if the variation 68 is in use at the 
time, the drop request is rejected. When a section is no 
longer valid, the variation 68 becomes an invalid variation 
70 and must be regenerated. The dependency list functions 
in much the same manner as the package dependencies that 
are recorded for static SQL statements in the SYSCAT. 
PACKAGEDEP catalogue table of DB2. For static SQL the 
SYSPLANDEP table is scanned to locate packages depen 
dent upon the affected object and the packages are invali 
dated. Details of the dependency list and its use to invalidate 
dynamic SQL sections is discussed beloW in the description 
of FIG. 5. The major exception is that the loss of privileges 
does not result in any variation 68 being marked as an 
invalid variation U since, as noted previosuly, privileges do 
not affect the contents of the section. Since a variation 68 
represents a dynamic SQL statement, and dynamic SQL 
alWays re?ects the current environment, other actions such 
as issuing thc RUNSTATS command against a table or 
creating a neW User De?ned Function (UDF) can cause a 
variation to be marked invalid. 

[0038] Each dynamic SQL statement entry 62 may have 
one or more compilation environments 66, but each com 
pilation environment 66 may contain only one valid varia 
tion 68. An invalid variation 70 Will be ?ushed from the 
cache during cache space management. For example, an 
ALTER TABLE statement can cause a variation 68 to 
become an invalid variation 70 in the dynamic cache 44 and 
Will eventually be ?ushed from the dynamic cache 44. 

[0039] Dynamic SQL alWays re?ects the current environ 
ment, ie the section for a dynamic SQL statement alWays 
represents the choices the SQL compiler Would make given 
the most current environment. This is Why a dynamic SQL 
section is invalidated When a neW index is added or statistics 
are updated. The sections are ?ne in the sense that they Will 
Work, but the environment has changed and the sections may 
not re?ect neW choices that thc compiler might make. 

[0040] Referring noW to FIG. 5, the basic unit of the 
dependency portion 58 of the dynamic SQL cache 44 is the 
object 72. An object 72 represents a database object upon 
Which a dynamic SQL variation 68 is dependent. Each object 
72 is associated With one or more variations 68. Each object 
7 in the dependency portion 58 of the global cache 40 is 
distinct and only one occurrence of the object 72 may appear 
at any one time. To facilitate access, each object 72 is 
associated With a speci?c object type anchor point 74 by 
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hashing the quali?ed object name 76 to a unique anchor 
point 74. Once associated With an anchor point 74, the object 
72 is inserted into the list of objects 78 off that anchor point 
74 in alphabetical order based on the object name 76 
folloWed by the quali?er. Anchor points 74 are type speci?c 
(i.e. an alias anchor point only holds aliases) and only 
objects 72 of the type represented by the anchor point 74 are 
to be found off that and/or point 74. In the present embodi 
ment, objects of types: vieW, alias, index, User De?ned 
Functions (UDF), table, structured types, summary tables, 
hierarchiess and pagesiZe are supported. 

[0041] An essential characteristic of a dynamic SQL state 
ment is that it re?ects the current database environment and 
the dynamic SQL cache 44 does not alter this characteristic. 
If an environment change affects a dynamic SQL section, the 
variation 68 for that section Will become an invalid variation 
70. When invalidating a dynamic SQL variation 68 due to a 
change in a dependent object, the name of the affected object 
76 is hashed to obtain the appropriate anchor point 74 for the 
same object type. The list of objects 78 is then scanned to 
?nd a matching object 72. Once a matching object 72 is 
found, the list of dependant variations beloW that object is 
scanned and an attempt is made to invalidate them. 

[0042] Referring noW to FIG. 6, When a section needs to 
be executed at a remote node (24, 28), a request to execute 
the same variation as the current variation is sent to that node 
by a coordinator node 92. The coordinator node is respon 
sible for coordinating all database requests made by an 
application on that node. When the remote node (24, 28) 
receives the request, the list of shipped variations contained 
Within the global cache 40 is searched for a matching entry 
from the coordinator node 92. If none is found, then the 
remote node (24, 28) issues a request to the coordinator node 
92 to send the speci?ed variation and section to it. A long 
With the section, there is also sent the dependency informa 
tion and required privileges information. When this infor 
mation is received at the remote node (24, 28), it is inserted 
into the cache 40 at that node (24, 28) as a complete entry 
(i.e. as if it had originated at the remote node (24, 28); all 
information is in the cache including privileges and depen 
dencies). At this point, the normal actions taken for invali 
dating events Will process the transhipped variation just like 
any other in the remote nodes (24, 28) cache 40. 

[0043] The Participating Nodes List 

[0044] In order to minimiZe netWork traffic and to alloW 
for the ignoring of nodes that are either doWn or have not 
connected to a particular database, a list of participating 
nodes 94 for a database 20 is, built and maintained on the 
catalogue node 22. A participating node is a node Which is 
active, conencted to the database 20 and has registered in the 
participating nodes list 92 at the database catalogue node 22. 

[0045] The list of participating nodes 94 is used to de?ne 
Which nodes must be informed When a communication 
bulletin (described hereinbeloW) is to be broadcast for a 
database 20. The information is broadcast to all nodes in the 
list of participating nodes 20 other than the current one (the 
catalogue node 22) by the agent Wishing to send the infor 
mation. Before any broadcast, the broadcasting agent musy 
acquire the latch for thc list of participating nodes 92 to 
prevent any neW nodes from being added. Processing for the 
cache 40 at the catalogue node 22 is handled by the 
broadcasting agent. 
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[0046] Every time a node becomes active, a REGISTER 
request is sent to the catalogue node 22 to update the list of 
participating nodes 94 by adding an entry for this newly 
active node; the response to this request Will contain the 
current values of all global relevancy counters (described 
hereinbeloW) for the database 20. When a node becomes 
inactive, an UNREGISTER request is sent to the catalogue 
node 22 to remove the node from the participating nodes list 
92. 

[0047] When an action occurs that could invalidate any 
variation, an event broadcast is sent from the catalogue node 
22 to all active nodes using all of the nodes in the partici 
pating nodes list 94 to ensure that all affected variations at 
all nodes arc properly invalidated. If a node is not registered 
in the participating nodes list 94, then it has no global cache 
40 and thus does not need to be informed of changes until 
it registers. 

[0048] All information broadcasts for a database 20 must 
be done from the catalogue node 22 and use the list of 
participating nodes 94. If an error occurs during the broad 
cast, the transaction fails and is rolled back 

[0049] Dynamic SQL in a Parallel Environment 

[0050] Dynamic SQL statements in a parallel environment 
require that the identical section be eXecuted on all partici 
pating nodes. To ensure this behaviour, the coordinator agent 
(the agent dealing directly With the application) Will place 
the needed identi?cation for the variation to be eXecuted in 
the request sent to cache remote node, Where a remote node 
is a node Working for the application that is not the coor 
dinator node. The remote nodes Will request that this varia 
tion be loaded into their SQL Work Area (32 of FIG. 2, 
Which Will be in the application’s common memory in most 
cases). The node’s dynamic SQL cache 40 is then chocked 
for this variation, if it is not there, a request is made to the 
coordinating node for a copy of the variation from that node 
Which is inserted into the requesting node’s dynamic SQL 
cachce 40 upon receipt. Once loaded into the SQL Work 
Area (32 of FIG. 2), this section Will be used by all agents 
executing in parallel for this application at this node. If the 
variation is not found at the coordinating node (or is not 
valid), an error Will be returned to the requesting agent. 

[0051] The shipped ID sent by thc coordinating agent With 
the request to eXecute consist of the originating node, the 
statement ID and variation ID at the node of origin, and the 
insertion time of the variation into the global SQL cache at 
the node of origin as Well as the speci?c subsection to be 
eXecuted. A subsection is a logical sub-component of a 
section. Requests are made to different agents specifying 
different subsections. The insertion time is required to 
ensure the identical variation is used at all nodes as the one 
speci?ed by the coordinator node in its request. No check on 
the validity of the variation is performed as it is assumed to 
be still protected by the coordinator node; hoWever, the 
status of the variation inserted in to the local node’s global 
SQL cache Will be identical to its value at the node of origin 
(eg an invalid variation Will be inserted as invalid and 
marked as such). 

[0052] Since the speci?ed variation is from another node, 
it may or may not eXist at the current node and if it does eXist 
at the current node, it Will have a different variation ID. To 
help map from shipped IDs to valid variation IDs at a node, 
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a list of shipped IDs and the associated variation ID at this 
node is linked from a control block (not shoWn) Within the 
statement portion 60 of the global cache 40, to help agents 
?nd the desired variation quickly. Once the variation ID for 
this node is knoWn, the variation is handled eXactly like any 
other variation. 

[0053] If a slipped ID is not found in the list, the variation 
is requested from the node of origin and inserted into the 
dynamic SQL cache of the requesting node. When the 
variation is requested, the folloWing information Will be sent 
to the requesting node in order to alloW complete support of 
the shipped variation in the cache for the requesting node: 

[0054] Statement Length 

[0055] Statement TeXt 

[0056] Statement Information 

[0057] Compilation Environment 

[0058] Required Privileges List 

[0059] Dependency List 

[0060] Section Data 

[0061] Relevancy Counters 

[0062] In order to ensure that database changes are rec 
ogniZed and communicated to all agents Working on a 
database in a simple yet effective manner, a number of 
relevancy counters are used. Relevancy counters are a 
simple method of determining Whether past decisions or 
cached information are still relevant in the current environ 
ment. When an object is cached or a privilege is checked, the 
value of the appropriate relevancy counter is stored at that 
time. When the cached object or decision point is neXt 
revisited, the stored value is compared to the current value. 
If they are the same, then the old object or decision is still 
valid, else it must be revisited. Relevancy counters are only 
meaningful to coordinator agents. There are tWo types of 
relevancy counters; those based on global, shared database 
information, and those focussed on application/connection 
information. 

[0063] The folloWing counters are global across the data 
base and are maintained at ale catalogue node. 

[0064] Database Privileges Counter 

[0065] Re?ects revocation actions against the SYS 
DBAUTH catalogue table. 

[0066] Package Privileges Counter 

[0067] Re?ect revocation against the SYSPLAN 
AUTH catalogue table. 

[0068] User Privileges Counter 

[0069] Re?ects revocation actions 
SYSUSERAUTH catalogue table. 

against the 

[0070] Statistics Iteration Counter 

[0071] Re?ects changes to statistical information 
either through an Update Statistics statement or a call 
to RUNSTATS 

[0072] Any change to the value of one of these counters 
must be broadcast to all nodes of the database in order to 
ensure database and application relevancy. 
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[0073] The following counters are unique to a speci?c 
application and are only referenced or updated by the 
coordinator agent. They are used to determine if a neW 
compilation environment exists for the application or 
Whether any SQL statements being compiled are possibly 
dependent on uncommitted Data De?nition Language 
(DDL) performed by the application in this Unit of Work. 

[0074] Compilation Ennvironment Counter 

[0075] Re?ects changes in the application compila 
tion environment for dynamic SQL that affect the 
compilation environment used to select variations. 
An example Would he if the application issued a SET 
CURRENT SCHEMA statement Which changes the 
default quali?er to be used for unquali?ed object 
references in any future dynamic SQL statements 
issued by the application. 

[0076] DDL in UOW Counter 

[0077] Re?ects the sentence of DD1, actions by the 
application Within the current unit of Work. 

[0078] These counters are kept With other application 
information that is shared by all agents Working for that 
application. These counters are used to determine if a neW 
variation is required during a unit of Work due to DDL or 
SRT statements issued by the applications since the begin 
ning of current unit of Work. 

[0079] 
[0080] A variation for a dynamic SQL statement can 
become invalid for a number of reasons, some of Which 
relate to a change in the compilation environment in Which 
the variation Was created. Since dynamic SQL must re?ect 
all changes in the compilation environment, as these 
changes occur a variation may become invalid and be 
eligible to be ?ushed from the dynamic SQL cache. 

Invalidation of a Variation 

[0081] All invalidating events are broadcast from the 
catalogue node to participating nodes once the invalidation 
event has occurred: ie the invalidation event is broadcast as 
part of the processing for an invalidation event. 

[0082] 
[0083] There are a number of cache synchroniZation mes 
sages used to pass information betWeen global SQL caches 
on different nodes. Synchronization messages are used to 
inform the cache at a node that a change has been made to 
the database environment and action needs to be taken to 
ensure the cache at this node remains relevant to the current 
environment. Upon receipt of a synchroniZation message 
that affects cached dynamic SQL statements, the receiving 
node Will search the depedency portion 58 of the dynamic 
SQL cache 44 to determine Which variations, if any, are 
affected by the message contents; these variations are invali 
dated. Upon receipt of a message affecting a cached pack 
age, the receiving node Will perform the indicated action on 
the speci?ed package. 

Inter-node Communication Messages 

[0084] The format of a synchroniZation message is, 

[0085] Node of Origin 

[0086] Application ID 

[0087] 
[0088] 

Originating Agent ID 

Event Class 
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[0089] Update package privilege counters 

[0090] Flush package from cache (Exclusive Lock 
and remove from cache 

[0091] Invalidate package in cache (Exclusive Lock 
and set package status to INVALID) 

[0092] Inoperate package in cache (Exclusive Lock 
and set package status to INOPERATE) 

[0093] Invalidate dynamic SQL—Hard (Exclusive 
access on each variation affected and invalidate the 

variation) 
[0094] Invalidate dynamic SQL—Soft (Invalidate 

the variation) 

[0095] Update user privilege counters 

[0096] Update db auth privilege counters 

[0097] Temporary tablespace DDL—Soft (Invalidate 
the variation) 

[0098] Temporary tablespace DDL—Hard (Exclu 
sive access on each variation affected and invalidate 

the variation) 

[0099] Object Type 

[0100] Object Schema 

[0101] Object Name 

[0102] Object Usage 

[0103] Object Column Information (if applicable) 

[0104] Counter information (if applicable) 

[0105] A synchroniZation message Which is invalidating a 
package or cached dynamic SQL statements requires that the 
cache at the receiving node guarantee that all relevant 
cached packages or variations are locked exclusively for the 
requesting application. Once the appropriate action has been 
taken for a synchroniZation message, the receiving node(s) 
must respond to the requesting node With a con?rmation 
message With a success or failure indicator. 

[0106] Since all DDL actions take place at the catalogue 
node, the catalogue node Will be the source of all synchro 
niZation messages. All messages Will be sent to all partici 
pating nodes except the current one (the catalogue node) as 
the cache at the current node Will be manipulated directly. If 
a communication failure occurs during a transmission to a 

participating node, the sending function fails and the trans 
action is rolled back. Any other errors Will also halt pro 
cessing and cause the transaction to be rolled back. 

We claim 
1. A database system comprising: 

a) a plurality of nodes; 

b) a plurality of databases stored on the nodes; and 

c) a global cache stored on at least one node, the global 
cache being accessible to a plurality of applications in 
the database system. 

2. A database system as claimed in claim 1, Wherein the 
global cache comprising a static portion and a dynamic 
portion. 



US 2002/0026448 A1 

3. A database system as claimed in claim 2, wherein the 
dynamic portion of the global cache includes a plurality of 
variations. 

4. A database system as claimed in claim 3, Which 
includes a catalogue node, Wherein the database system 
includes, in the catalogue node, a list comprising a list of 
participating nodes that are active and connected to the 
database system. 

5. A database system as claimed in claim 4, Wherein the 
static cache of the global cache comprises: 

a) one or more packages, and one or more section entries 
Within each of said packages; and 

b) Wherein the dynamic portion of the global cache 
comprises a statement portion and a dependency por 
tion. 

6. A method of maintaining cache and application integ 
rity across a database system comprising a plurality of nodes 
and a plurality of databases stored on the nodes, the method 
comprising providing a global cache on one node including 
variations for access to data in a database, and the global 
cache being accessible to a plurality of applications on the 
database system; When a request is to be made of a database, 
?rst checking the global cache for a variation matching the 
current request and eXecuting said variation if present. 

7. A method of maintaining cache and application integ 
rity across a relational database system comprising a plu 
rality of nodes and a plurality of databases shared on the 
nodes, the method comprising the steps of: 

(1) providing, for at least some of the databases, a global 
cache including information to enable agents to access 
the databases; 

(2) originating a request through a coordinating node, the 
coordinating node sending information on the variation 
to be eXecuted to remote nodes; 

(3) having each remote node receive the request and 
check the global cache on the respective remote node 
for a current variation; and 
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(4) if the a remote node does not have the current 
variation, the remote node requesting the coordinating 
node to send the current version of the variation. 

8. The method as claimed in claim 7, the method includ 
ing providing a catalogue node and maintaining, on the 
catalogue node, a list of participating nodes that are active 
and connected to the database system, and broadcasting a 
communication bulletin from the catalogue node to the 
nodes on the list of participating nodes When a change 
occurs to an object in the database that may invalidate a 
variation. 

9. The method as claimed in claim 8, the method includ 
ing: 

(1) the catalogue node receiving a REGISTER request 
When a node becomes active and updating a list of 
participating nodes by adding an entry for the neWly 
entered node, and 

(2) the catalogue node receiving an UNREGISTER 
request When a node becomes inactive and removing 
that node from the participating nodes list. 

10. The method as claimed in claim 9, the method 
including broadcasting a communication bulletin from the 
catalogue node to nodes on the list of participating nodes to 
ensure that all affected variations and all nodes are properly 
invalidated. 

11. The method as claimed in claim 10, the method 
composing the steps of: 

(a) verifying if the section requested to be eXecuted is 
valid and executing such section or, 

(b) if such section requested to be eXecuted is invalid, 
requesting a valid section from the coordinating node 
and executing such section upon receipt of the same 
from the coordinating node. 


