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5 FIELD OF THE I NVENTI ON. The present invention is directed to conputer

dat abases. More particularly, the present invention is directed to the

col | ecti oRy@bre@egout er dat abase obj ect statistics. 10 BACKEROsbda74sh THE

| NVENTI ON The performance of databases and dat abase nmanagenent systens
("DBM5"s) is critical to many corporations to neet the need of their
custoners. Custoners desire tinely and accurate information, and this
information is freguently refriev | ' i nterfacing
w th a database. &ﬁ@t@%ﬁ&ﬁﬁ@é‘g&f BmmJgfﬁfﬂggmﬁo 15

i neffi & ent structured query |l anguage ("SQ.") by the application program

or inefficient _access path selection by the database and DBMS. Most DBMsSs,
such as the DBﬂEMEﬁ&lW)m | BM Corp., use database obj ect
statistics to determ ne access paths. The access paths may be deternined at
pl an bind ti melhegresamt inyention lsoﬁresﬁedréo ¢amputer databases Merp particulagdyythe | n ei t her
case, if the statistics are not 20 up to date the access path sel ected may
not be optpreseht inRentido ds dirested tathgicobedtion o corgpitératatabasy objest statistics of

dat abase obj ects. Exanples of these prior art products are "RUNSTATS" from
| BM Corp., and the "Dat abase Anal yzer from Platinum Technol ogy Inc.
Howevell one drBAGKOR N is that they nmust be run in

bat ch node, which is t| e consum further drawback is that if the
hi ghest The performance of databases and database management systems ("DBMS"s) is

critical to many corporations to meet the need of their customers. Customers desire timely
and accurate information, and this information is frequently retrieved by an application
program interfacing with a database. Poor performance of a database is usually due to

15 inefficient structured query language ("SQL") by the application program, or inefficient
access path selection by the database and DBMS.

Most DBMSs, such as the DB2 relational DBMS from IBM Corp., use database
object statistics to determine access paths. The access paths may be determined at plan bind
time, or at execution time in the case of dynamic SQL. In either case, if the statistics are not

20  up to date the access path selected may not be optimal.

Products are available for collecting statistics of database objects. Examples of these
prior art products are "RUNSTATS" from IBM Corp., and the "Database Analyzer" from
Platinum Technology Inc. However, one drawback with these products is that they must be
run in batch mode, which is time consuming. A further drawback is that if the highest

25 accﬁracy is desired, the database objects must be in a read-only state during statistics

collection.



25 accuracy is desired, the database objects nmust be in a read-only state
during statistics collection. WO 01/04798 2 PCT/US00/ 17491 Based on the
foregoing, there is a need for a system and nethod for’ collecting and
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nmore obj ect .fields and then:.creates a base set of ‘statistics for the .
sel ected dWjtstorsadrogly stafpsduringicaliectiohy ¢ her reads active | og records and

updates the base set of statistics when a change is read in the active |og

records. Finall tel | extracting | og records when an
end-of -file of Mﬁ&ﬁ,&ﬁg‘%ﬁiﬁds I s reached, and updates the o
updated statistics based on the extracted |og records., BRI EF DESCRI PTI ON OF
THE .DRAW NGS FiQqe embpdiment,pfthe preseng fuysmtion iga systanp for collacting database ehiegtt one
enbodi ment of the present invention. 15 Fig. 2 is a flowhart of the steps
per f or med Safistigsdy tabmeimmm-\mhpﬁy&mselﬁmmw ehicethandor esent
“invention. DETAILED DESCRIPTION Fig. | is a block diagramof a systemthat
can i npl erremresponding piroatimare pbjeet fields and then creates a base set of statistics for the : _

selected object fields. The system further reads active log records and updates the base set of
statistics when a change is read in the active log records. Finally, the system begins
10  extracting log records when an end-of-file of the 10 active log records is reached, and updates

the updated statistics based on the extracted log records.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 i§ a block diagram of a system that can implemént one embodiment of the
present invention. B | | .
15  Fig. 2is a flowchart of the steps bei'formed by the syétein in accordance with one

embodiment of the present invention.

DETAILED DE§CRIPTION
Fig. 1 is a block diagram of a system that can implement one embodiment of the

present invention. The database object statistics collection system 10 includes a computer 15
20  coupled to a database 20 Comp_utér 15 can be any general purpose computer that includes at:
least a processor and a memory device (not shown).
Computer 15 executes a DBMS that interacts with database 20. In the embodiment -
described herein, the DBMS is DB2 from IBM Corp. However, any other DBMS can be

used that is capable of responding to the steps described below in conjunction with Fig. 2.




present invention. The database object statistics -collection system 10
includes a conputer 15 20 coupled to a dat abase 20. Conputer 15 can be any
gener al purpose corrputer that includes at:: :least a processor and a menory
devi ce (Nofod . 1. Conputer 15 execut es a DBMS that ipgafisagrizae t h

dat abase 20. I od| ment her n, t om | BM
Corp. However, n%ﬁa’ eéidﬁsgée&)%‘g%as? %é?dﬁ ﬁ@g@iﬁ%%ﬁ%&gb&ﬁa. ng to
t he steps d i N con unct 2. \/\D 01704798 3
PCT/ US00] 1758 %ﬁf aﬁﬁi’ o8, B A LGk Hpece.e g‘i’ 3\6“{?&? BHES R 2«
Exanpl es of dat e Q S e a. table bI espace, an |nd , an
i ndex spactPllegle P‘F‘U{E%‘fé’f' "r?‘éiafaggser?ﬂf’cbé: of E’@F’} %ﬂtéﬂgghﬁflm ool or
each dat abase Obj ect. For_ exanple, i be desired to callect the nunber
of rows i ncihsgwaberof gepesinlydedsin eeh tah'é e RmbE of agtivg @ageida g tablespace.
t abl espace. 5 These statistics allow the DBVMS to generate optini zed access
pat hs td dBeesestatistivpaliqwythe DBMS do penegnte epfimisedareessppthy dadatabagg2Q.ecor d. Each
log record is a record of changes that were nmade to its correspondi ng
tabl e, and can Eashgablglintdatabass 20/inclades alogrecord; Bachdomrecondris a recordodflchanges
Computer 15 stores in its nmenory device a set of instructions that, when
execut ed bthat viée made pribo@erespondiag ltable, ahd cdbRidisedtoprebdilk atabledn theiewent of a
collection of database object statistics in accordance with one enbodi nent
of the premeblem. nvention. Fig. 2 is a flowhart of the steps perforned by
system 10 in accordance with one enbodi nent of the present invention.
Computer 15 stores in its memory device a set of instructions that, when executed by
10  the processor, allow the DBMS to perform real-time collection of database object statistics in
accordance with one embodiment of the present invention. Fig. 2 is a flowchart of the steps
performed by system 10 in accordance with one embodiment of the present invention.
At step 200, at least one database object is selected to collect statistics on, and the
statistic fields from the objects are also selected. Examples of database objects include a table
15 and a tablespace. An example of a field for a table is the "number of rows in the table". An
example of a field for a tablespace is the “number of active pages in the tablespace.” In one
embodiment, the fields are columns within a DB2 catalog and are used to optimize access
paths to database 20.
At step 210, a request is initiated to begin collecting statistics for the objects and the
20  corresponding object fields selected in step 200.
At step 220, a base set of statistics are created by reading the entire contents of
database 20 and extracting statistics information for the selected objects and fields. Step 220

can be implemented using a known statistics retrieval product such as the "Database

Analyzer" from Platinum technology inc.



At step 200, at | east one database object is selected to collect statistics
on, and the statistic fields fromthe objects are also selected. Exanples
of dat abase objects include a table 15 and a tabl espace. An exanple of a

field for wipbsayeg i s the "nunber of rows in the table". &@_-rﬁjsafﬂgkﬁ of a
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correspondi ngs Obj ect fiel ds selected in step 200. At step 220, a base set .

of stati SFF¥-are created by reading the entire contents of database 20
and extracting statistics information for the_sel ected objects and fields.
Step 220 can Métqprgépéh@rﬁe@ﬂn%ﬁi wiethendhe ard-et-Bleiof theastivedpg isgoachedr Bduct
such as the "Database Analyzer" from Pl ati numtechnology inc. WO 01/ 04798

4 PGT/SUSCly amsofifile has rat beencreanhed stept2301s erminwesh; Ifdke ¢nd-of: tlabf thehetivelog step
230 the active and archived |log records are read. At step 240, the sel ected

fi el ds arhas bempataniied systém 20 stopsreading activierlog teeorleg . records. At step 250, it
I s determ ned whether the end-of-file of the active log is reached. If 5

t he end- of - f i |At step260,Gt reldainme extractivnchf log rpordSi3 begurclnnéxamirdnig logfredobds
end-of -file of the active:log has been reached, system 20 stops reading

active | dgforetrydfe writtentb €z alfitk log. In@nt einbodimeit; the EB20TLogExitd gmekeisds i s
begun by exam ning log records before they are witten to the active | og
I'n one erdediteitd implehnt6e extadfori-didg Exit 46 & knéwin DB2 application program
| 10 . interface ("API"), but any.method avﬁhble for extracting log records in real time can be used
in the present invention. |
At step 280, system 10 checks for a gap between the first live log record extracted and
the last log record read at step 230. If a gap exists, the gap is proc&ssed by rereading the
actlve log from the log record that corresponded to the end-of-file through the first live log - "
15 record extracted This insures that no log records were mlssed between end-of-file and the
| first extracted log record. _
After the gap hasbe_en checked and processed, at step 290 the real time extraction of
log records is continued.
At step 295, it is determined whether a request is issued by a user to refresh the
20 statistics. If a request is issued, at step 298 the statistic fields are updated and the up-to-date
datébase statistics are made available to the user. Step 290 then continues until an additional
refresh request is issued or a request to stop the process is received. In one embodiment, the

statistics are refreshed instantly by accessing the desired field and updating the database

catalog.
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executed to inplenent the extracti on. L'o'g. Exit is a known DB2 application
program 10 interface ("API"), but any nethod available for extracting |og
records in real tinme can be used: {in the present invention. At step 280,

system 10 wHoftisded Or @ gap between the first live | og recpefySydrast ed and
the last log record read at step 23 If, a gap sxi sts, the gap.1s processed

_ ®
by rereading t HBanothsrismbodisent, instaad|of Wagme; eshEepucsht SR 7 IR dba figldst he
end-of -file through the first live log 15 record extracted. This insures
that no | o fetiBpeRslyndated vdien ghanges wré gneayatepnd asitheslog rrropdsare extyagied. In
extracted |l og record. After the gap has been checked and processed, at step
290 t he r this embpdiment, thedfialds, ansk therefoge thestatiglics; may beegntigueuslydisplayed tod® | t
is determ ned whether a request is issued by a user to refresh the 20
st ati st i csuset. This allewsithsus¢rdo censtantly monitgr the dai@base hietisticat i stic fiel ds are
updated and the up-to-date database statistics are nade available to the
user. & ep 290 Adrisclasediithesystem andithethod inddéedrdance withroat embbdmengofthe | s
i ssued or.a request to stop the process is received. In one enbodi nent, the
stati sti cspregeit inedntion hltsivs maden it dojlettiand aroniter sigistibeindesttinecbrion@lethand)d
updati ng the database catalog. OF WO 01/04798 5 PCT/ US00/ 17491 I n anot her

enbodi menttherefosd prodidaig higly héwraft@ind&irﬁﬁ% eRfifticaEigRembtic totheider 95, the
fields are continuously updated when changes are encountered as the | og

records are extgegsrhPsnbodiinenitd bfIhEpiesst iRBhtiont & sgecicaldy illafrhtéddarkor e the

statistics, may be continuously displayed to the
described herein. However, it will be appreciated that modifications and variations of the

10  present invention are covered by the above teachings and within the purview of the appended

claims without departing from the spirit and intended scope of the invention.



user. This allows the user to constantly nonitor the database statistics. 5
As di scl osed, the system and nethod in accordance with one enbednent of the

present invention allows a user to collect and nonitor statistics in
real -time or on demand, therefore providing highly acc Riof 1 MElY
statisti CKPOVMH mation to the user.6Several enbodinents o¢ the present

i nventi on ar eWIDEE IS CEIAIMED[S1strat ed and/ or descri bed herein. However,
it will be appreciated that nodifications and variations of the 10 present

i nventi on ar el.cov ek amithoyd of belleating/databasa-olijeny statistigs by @ Hatabasamapagementy of t he -

appended clains without departing fromthe spirit and intended scope of

t he i nvegjstea(DRMEBY) $4i MAtidd@ompiisihs00/ 17491 WHAT IS CLAIMED IS 1. A

met hod of collecting database object statistics by a database nmanagenent
syst em ( DBVB)(a) Saisgletitighne ot fivks otéctgand(cajrespehding omgoranereobjentliddsbj ect s
and correspondi ng one or nore object fields; 5 (b) creating abase set of

statigtics fog)t heraBhgs bkt solifeatistidsgortae sdedledrobjudt figdsict i ve | og recor ds;

: (d) updating the base set of statistics when a first change is read in
the active | ) I GefitlSactivElogib@ndsan end-of -file of the active log records
I's reached, begin extracting |og _iO records; and (f) updating the updated

statistics baged Icl{sﬁdét)t({g tﬁéﬁ%@ﬁét%@sﬂaﬁ&icﬁ QBeH & first ehangd ' ro®d iAWk ftivelogi M 1,

wherein step ) cuted I1n response to a user

records;

()  when an end-of-file of the active log records is reached, begin extracting log -

10  records; and

® updating the updated statistics based on the extracted log records.

2. The method of claim 1, wherein step (f) is executed in response to a user

request.

3. The method of claim 1, wherein step (f) is executed in response to a second

15  change read in the extracted log records.
4. The method of claim 1, further comprising:
checking for a gap when a first log record is extracted.

S. The method of claim 4, wherein checking for a gap comprises:

rereading the active log records from the active log record corresponding to the end-

20 of-file through the first extracted log record.

6. The method of claim 1, wherein the DBMS is DB2.
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request. 3. The nethod of claim1, V\/.nerei"n step (f) is executed in response
to a second 15 change read in the extracted |log records. 4. The nethod of
claim1, further conprising: checking for a: gap when a first log record.is

extracted. ‘P’ﬁ Bfa met hod of claim4, wherein checking for pgrgRfy@eiPri ses:
€ acti

rer eadi ng ve | o records fr the t| ve l.og recqrd !c? rrespondl ng
to the end- 207-of - fihedn F’WE”(SQ& ?S‘PH‘B‘BS GEPCPURR? P8 B The
met hod of claim 1, wherein the DBIVB i's DB2. LTI 1111111HI JI 11111 11

I * C fungignt A |ir WO 01/04798 7 PCT/ US00/ 17491 7. The nethod of claim
6, wherein step (e) conprises executing a |og exit function. 8. A system

for collecting database object statistics by a database nanagement system
(DBMS), said s§fst erft Eystem foricaliecting database P@Fc‘sséﬂ“éﬁ‘ﬁ By datebass MARASEMEN; ect s
-and correspond one or nore object fields; neans for creating a base set

of stati s%)fst,em 8); said systern egmpHisiegst fi el ds; nmeans for reading active | og
records; neans for updating the base set of statistics when a first change
is readl i n t hemeansifarselecting one or more objects and corresponding one or more object fields;

means for creating a base set of statistics for the selected object fields;
means for reading active log records;
means for updating the base set of statistics when a first change is read in the active
log records;
10 means for begin extracting log records when an end-of-file of the active log records is
reached,; and

means for updating the updated statistics based on the extracted log records.

9. The system of claim 8, wherein said means for updating the updated statistics

is executed in response to a user request.

15 10.  The system of claim 9, wherein said means for updating the updated statistics

is executed in response to a second change read in the extracted log records.

11.  The system of claim 8, further comprising:

means for checking for a gap when a first log record is extracted.

12.  The system of claim 11, wherein said means for checking for a gap comprises:
20 means for rereading the active log records from the active log record corresponding to

the end-of-file through the first extracted log record.

13.  The system of claim 8, wherein the DBMS is DB2.
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| og records; 10 neans for begin extracting | og records when an end-of-file
of the active log records is reached,; and neans for updating the updated
statistics based on the extracted log records. 9. The 'system of claim8,
wherein sg; RERES for updating the pdated statistics b@m&%ﬁﬁ#&ﬁd in

0 a_user

response ° e =st st.em of, A

means for upddfi ngThh i’dmilto*a‘tvp? nsgid rigans for & gi x'ﬁg%ﬁ?
second change read i.n t e extraated | og records. 11. The systentof cIa|n18
further G@WBF#§FH§”“H%& g%klng for a gap when a first log record is

extracted. 12. The systentof claim 11, wherein said nmeans for checking for,
a gap conprises: 20 neans for rereading the active |og records fromthe
active log record corresponding to the end-of-file through the first
extracted log record. 13. The systemof claim8, wherein the DBM5S is DB2.
FEEErer ety reedr 121121 {0 il G Wo 01/04798 8 PCT/US00117491 14, The
system of claim 13, wherein said neans for begin extracting |og records
conprises executing a log exit function. 1111111 1112111 1111111111111111
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