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Disclaimer

The information contained in this presentation is provided for informational purposes only. While
efforts were made to verify the completeness and accuracy of the information contained in this
presentation, it is provided “as is” without warranty of any kind, expressed or implied. Cigna
shall not be responsible for any damages arising out of the use of, or otherwise related to, this
presentation or any other documentation provided.

Any statements of performance are based on measurements and projections using nonstandard
benchmarks in an uncontrolled environment. The actual throughput or performance
Improvements that you will experience will vary depending on many factors, including DBMS
configuration, OS configuration, I/O configuration, storage configuration, workload processed
and many others. Therefore, no assurance can be given that you will achieve similar or
comparable results.

IBM, DB2 and Db2 are registered trademarks of International Business Machines Corporation.
Linux is a registered trademark of Linus Torvalds.
Database Performance Analyzer (DPA) software produced by SolarWinds®.

Quest Central is a registered trademark of Quest Software.
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HW, SW and Currency

DBMS
OS

Server

o More resources (faster CPU; more memory; etc.)

Storage

Costs from lack of currency

o Security vulnerabilities

o Code defects

o Support

o Inability to use / lack of new features and functionality
o No beneficial performance improvements

o More CPUs = more licensing costs (generally)

¢ Cigna.



HW, SW and Currency

« Example: 21+TB PRD data warehouse (one of several for this app totaling 85+TB)
« Throughput not fast enough; but “this is not a performance issue”

* Request seeking more and faster CPUs which would increase costs, impact licensing, takes
significant man-hours, may require an outage impacting the business, adds risk, etc.

* Issue wasn’t with HW; rather design and implementation of the design resulting in
underutilization of the existing HW

« Configuration:

o One catalog node (coordinator) on one server

o Eight partitioning nodes (workers) across four servers

o Each of the five servers has four logical CPUs and 64 GB memory
o Total of 20 logical CPUs

¢ Cigna.



HW, SW and Currency
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HW, SW and Currency

« On the prior slide seven logical CPUs in use across the five logical servers

» Very inefficient use of resources from the database perspective

o Minimal parallelism

o Partitioning node servers generally under 25% (except backups)

o Catalog node server very busy, pushing 100% at times and leading to alerts on the logical server
o Catalog node should not be burdened with “heavy lifting” — it's supposed to be the coordinator

* Not a shortage of CPU, rather an inappropriate use of CPU

« Based on lack of proper partitioning and placement of database objects

o Large objects have to be partitioned properly to spread the workload
o And underlying files spread to obtain maximum parallelism

¢ Cigna.



HW, SW and Currency

il TeamQuest View
File Edit View Format Data Tables Window Help
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HW, SW and Currency

* On the prior slide for 20 minutes 13 logical CPUs in use across the five logical servers
« Essentially using double the CPU, driving significantly more 1O and increasing throughput

« Much more efficient use of resources from the database perspective

o Increased parallelism
o Partitioning node servers at 60%
o Catalog node server 50 to 60%

* |It's all about proper partitioning and placement

» Spreads the workload amongst the eight nodes on the four partitioning servers
« Puts more of the HW to use versus having it sit idle

* One example of partitioned workload processing

« Still have much more to go because there is still far too much processing on the catalog node
versus the partitioning nodes as the first slide showed

¢ Cigna.



HW, SW and Currency

 Direct ties via configuration parameters
« Parallelism/no parallelism and number of cores vs. speed of cores

* To compress or not to compress

o impact on processing (CPU)
o impact on storage and memory footprint

» Offload processing where possible to less expensive processing platforms

o IDAA (IBM Db2 Analytics Accelerator)

o Reporting databases

o Minimized (data: horizontally and vertically)

o Optimized for specific processing (DBMS configuration; storage; indexing)

e Storage

o SSD (Solid-State Drives) or Flash
o Spindle
o Optical

¢ Cigna.
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Database Configuration

« Some database configuration parameters control enablement of certain features

o Automatic maintenance activities (reorg, rebuild, stats, etc.)
o Compression

o Extent size, prefetching, etc.

o External tables and locations

o Parallelism and maximum degree

o Query optimization levels, statement concentration

o HA and DR

o Workload manager

o Monitoring / tracing activation

o Self-tuning, health monitoring

¢ Cigna.



Database Configuration

« Some database configuration parameters control and allocate hardware resources

o Memory allocations (caches, heaps, etc.) including defaults, min, max, auto

o Automatic memory management

o Network buffers

o HWMs / maximum limits (open files, locks, sessions, init. agents, pooled agents, etc.)
o Page cleaners, async readers, etc.

o CPUs, speed (auto detect)

o Logging (active log, sync points, transaction manager, diaglog, etc.)

o Recovery (e.g. backups and trackmod, etc.)

o Utility processing

« Example: Proper use of the Db2 LUW package cache (without statement concentrator)

o With proper use of parameter markers, saves significant space in the package cache
o Also reduces CPU significantly

o Repeatedly-executed statements with varying WHERE criteria in a highly-active OLTP environment
run faster and consume less resources than the repeated compilations

¢ Cigna.



Database Configuration

For a CRM app

o Recently implemented application changes reduced dynamic SQL compilation and prepare time
o Compiling a simple dynamic SQL statement may take a ms or two

o Some can take as much as 500 ms or even more

o Although generally small, as we’ll see later, in very high quantities this can lead to significant time

o And this is usually all CPU time as all necessary information is cached, assuming other settings in the
DBMS are configured appropriately

The following slide shows the impacts of application changes for six sets of SQL calls

Reduced total dynamic SQL compilation and prepare time about 60 minutes per day, or about
85% - all CPU time (catalog cache)

Reduced total database processing time over 12% by eliminating 10s of millions of
compilations per day

Picked the top six sets of SQL calls to get the “biggest bang for the buck”

¢ Cigna.



Database Configuration
Specified Waits | CILUDBXP0003_OR_04:50109\0VIHPRD | November 30, 2020 to March 27, 2021
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Database Configuration

« Seen similar issues with batch processing in another app
» Next slide shows high compile and prepare times
« Over the full 24-hour day, averaged >43% of the total database time

« For certain hours, much higher

o 00:00 93%
o 01:00 100%
o 02:00 62%
o 20:00 52%
o 21:00 52%

« Significant improvements to batch processing can be realized by using parameter markers
versus literals in dynamic SQL calls, to eliminate redundant compiling

* In many of these cases the compile times exceed the execution times

¢ Cigna.



Database Configuration
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Database Configuration

 Parameter markers / host variables

o Use appropriately for frequently-executed dynamic SQL calls that have varying WHERE criteria

o Eliminates unnecessary compile/prepare/bind time to repetitively determine access paths

o Compile time can exceed SQL call execution time, and frequently does for optimized SQL calls

o Can have a drastic impact on CPU consumption reflected as high COMP, PREP or BIND time

o Can calculate savings from using parameter markers

o Likewise can identify those candidates not using parameter markers when they should be

o Arecent example; the next slide shows dynamic SQL not using parameter markers (how not to do it)

o The subsequent slide shows dynamic SQL calls using parameter markers appropriately; examine the
execution count (Execs) versus the compilation count (Comps)

o From the final SQL call using parameter markers appropriately, we see
update INTXN.TASK ATTR set BUS_STEP ID=? where TASK ATTR ID=?

o Executed 11,027,200 times since first being inserted into the dynamic SQL statement cache (package
cache)

o Only two compiles at 1 ms each for a total of 2 ms
o But ... 11,027,198 compiles at 1 ms each were saved, for a total of 11,027,198 ms
o That's 11,027 seconds or over 3 hours of CPU time, for just one SQL statement in the cache

¢ Cigna.



Database Configuration

I Execs Comps Comp_ms SQL

1 1 1 update intxn.cmnt ¢ set c.case_id =? where c.cmnt_id in (1266612792)
1 1 1 update intxn.cmnt ¢ set c.case_id =? where c.cmnt_id in (1266612794)
1 1 1 update intxn.cmnt ¢ set c.case_id =? where c.cmnt_id in (1266612797)
1 1 2 update intxn.cmnt ¢ set c.case_id =? where c.cmnt_id in (1266612798, 1266612799)
1 1 1 update intxn.cmnt ¢ set c.case_id =? where c.cmnt_id in (12666128081)
1 1 1 update intxn.cmnt ¢ set c.case_id =? where c.cmnt_id in (12666128082)
1 1 1 update intxn.cmnt ¢ set c.case_id =? where c.cmnt_id in (1266612883)
1 1 1 update intxn.cmnt ¢ set c.case_id =? where c.cmnt_id in (1266612805)
1 1 1 update intxn.cmnt ¢ set c.case_id =? where c.cmnt_id in (1266612806)
1 1 1 update intxn.cmnt ¢ set c.case_id =? where c.cmnt_id in (1266612807)
1 1 1 update intxn.cmnt ¢ set c.case_id =? where c.cmnt_id in (1266612818)
1 1 1 update intxn.cmnt ¢ set c.case_id =? where c.cmnt_id in (1266612811)
1 1 1 update intxn.cmnt ¢ set c.case_id =? where c.cmnt_id in (1266612818)
1 1 1 update intxn.cmnt ¢ set c.case_id =? where c.cmnt_id in (1266612828)
1 1 1 update intxn.cmnt ¢ set c.case_id =? where c.cmnt_id in (1266612821)
1 1 1 update intxn.cmnt ¢ set c.case_id =? where c.cmnt_id in (1266612834)
1 1 1 update intxn.cmnt ¢ set c.case_id =? where c.cmnt_id in (1266612839)
1 1 1 update intxn.cmnt ¢ set c.case_id =? where c.cmnt_id in (1266612842)
1 1 1 update intxn.cmnt ¢ set c.case_id =? where c.cmnt_id in (1266612844)
1 1 1 update intxn.cmnt ¢ set c.case_id =? where c.cmnt_id in (1266612845)
1 1 1 update intxn.cmnt ¢ set c.case_id =? where c.cmnt_id in (1266612846)
1 1 1 update intxn.cmnt ¢ set c.case_id =? where c.cmnt_id in (1266612847)
1 1 1 update intxn.cmnt ¢ set c.case_id =? where c.cmnt_id in (1266612858)
1 1 1 update intxn.cmnt ¢ set c.case_id =? where c.cmnt_id in (1266612853)
1 1 1 update intxn.cmnt ¢ set c.case_id =? where c.cmnt_id in (1266612854)
1 1 1 update intxn.cmnt ¢ set c.case_id =? where c.cmnt_id in (1266612862)
1 1 1 update intxn.cmnt ¢ set c.case_id =? where c.cmnt_id in (1266612863)
1 1 1 update intxn.cmnt ¢ set c.case_id =? where c.cmnt_id in (1266612865)
1 1 1 update intxn.cmnt ¢ set c.case_id =? where c.cmnt_id in (1266612866)
1 1 1 update intxn.cmnt ¢ set c.case_id =? where c.cmnt_id in (1266612867)
1 1 2 update intxn.cmnt ¢ set c.case_id =? where c.cmnt_id in (1266612868, 1266612869, 1266612878)
1 1 1 update intxn.cmnt ¢ set c.case_id =? where c.cmnt_id in (1266612875)
1 1 1 update intxn.cmnt ¢ set c.case_id =? where c.cmnt_id in (1266612877)
1 1 1 update intxn.cmnt ¢ set c.case_id =? where c.cmnt_id in (1266612878)



Database Configuration

| Execs Comps
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.CMNT set case id=? where CMNT_ID=?

.CORR_RCPN set ADDR_LINE1=?, ADDR_LINE2=?, CITY NAME=?, FIRST_NAME=?, LAST_NAME=?, MIDDLE_INITIAL=?, PRIM_RCPN=?, STATE CODE=?, SUFFIX_TEXT=?, 7IP=? wh
.CORR_RCPN set DOC_ROW _ID=null where DOC_ROW_ID=?

.CORR_RCPN set DOC_ROW_ID=? where RCPN_ROW_ID=2?

.DOC set BUS_STEP_ID=null where BUS_STEP_ID=?

.DOC set BUS_STEP_ID=? where DOC_ROW_ID=?

.DOC set CASE_ID=2?, ATCH ID=?, DOC_TYPE=?, DOC_DESC=?, CREATED BY=?, CREATED TS=?, LAST_UPD_BY=?», LAST_UPD_TS=?, CREATOR_ROLE=?, UPDATER_ROLE=?, CORR_I
.DOC set case_id=null where case_ id=?

.FIELD _AUDIT set case_id=? where FIELD_AUDIT_ID=?

.FIELD AUDIT set FIELD NAME=2, LAST_UPD VAL=?, LAST_UPD_FULLNAME=? where FIELD_ AUDIT_ID=?

LINTXN _CONTACT set last name=?, first name=?, full name=?, addr linel=?, addr line2=?, city=?, state=?, zip=?, email id=?, fax_num=?, phone num=?*, PART
LINTXN_CONTACT set last_name=?, first_name=?, full name=?, addr_linel=?, addr_line2=?, city=?, state=?, zip=?, email_id=?, fax_num=?, phone_num=2, PART
LINTXN_EXT set doc_num=?, rcvd_dt=?, acc_method=?, intxn_status=?, rgst_rel=?, followup_intxn_id=?, system_intxn_id=?, last_upd_by=?, CREATOR_ROLE=?, C
LRQST_EXT set PART_PROVIDER=?, REVIEW _TYPE=?, APPEAL_STATUS=?, PROCESSED_STATE=?, RECEIPT_MTHD=?*, APPEAL_TYPE=?, CIGNA_RECVD_DATE=?, APPEAL_RECWVD_DATE=

.rgst r set r.cmnt_text = ?, r.omnt_ind = "1, r.updater_fullname = ?, r.last_upd by = ?, r.last_upd_ts = ? where r.case_id = ?

.rgst r set r.rgst_status_code = ?, r.last upd by = ?, r.last upd ts = ? where case_id in (?, ?, ?, 2, ?, 2, 2, 2, 2, 3, 2, ¥, ?, 2, 2, 3, 2, 2, ")
.rgst r set r.rgst_status_code = ?, r.last upd by = ?, r.last upd ts = ? where case _id in (2, ?, 2, 2, 2, 2, 2, 2, 2, 3, 2, %, 3, 2, 2, ¥, %)

.rgst r set r.rgst_status_code = ?, r.last upd by = ?, r.last upd ts = ? where case _id in (2, ?, 2, 2, 2, 2, 2, 2, 2, 2, 2, %, 2, 2, )

.rgst r set r.rgst_status_code = ?, r.last upd by = ?, r.last upd ts = ? where case_id in (2, ?, 2, 2, 2, 2, 2, 2, ?, 2, 2, ?, ?)

.rgst r set r.rgst_status_code = ?, r.last _upd by = ?, r.last upd ts = ? where case_id in (2, ?, 2, 2, 2, 2, 2, 2, ?, 2, 2, )

.rgst r set r.rgst_status_code = ?, r.last upd by = ?, r.last upd ts = ? where case_id in (?, 2, 2, 2, ?, 2, 2, ?, 2, 2, )

.rgst r set r.rgst_status_code = ?, r.last upd by = ?, r.last upd ts = ? where case_id in (?, 2, 2, 2, 2, 2, 2, 2, 2, )

.rgst r set r.rgst_status_code = ?, r.last_upd by = ?, r.last_upd _ts = ? where case_id in (2, ?, ?, 2, ?, ?, 2, 2, )

.rgst r set r.rgst_status_code = ?, r.last_upd by = ?, r.last_upd ts = ? where case_id in (2, 2, 2, 2, ?, 2, 2, ?)

.rgst r set r.rgst_status_code = ?, r.last_upd by = ?, r.last_upd ts = ? where case_id in (2, 2, 2, 2, ?, 2, ?)

.rgst r set r.rgst_status_code = ?, r.last_upd by = ?, r.last_upd ts = ? where case_id in (2, 2, ?, ?, ?, ?)

.rgst r set r.rgst_status_code = ?, r.last_upd by = ?, r.last_upd _ts = ? where case_id in (2, ?, ?, ?, ?)

.rgst r set r.rgst_status_code = ?, r.last_upd by = ?, r.last_upd_ts = ? where case_id in (2, ?, ?, ?)

.rgst r set r.rgst_status_code = ?, r.last_upd by = ?, r.last_upd ts = ? where case_id in (2, 2, ?)

.rgst r set r.rgst_status_code = ?, r.last_upd by = ?, r.last_upd ts = ? where case_id in (2, ?)

.rgst r set r.rgst_status_code = ?, r.last_upd by = ?, r.last_upd ts = ? where case_id in (2?)

.RQST set ROST _EXT _ID=?, TYPE=?, sla=?, rqst_reason_code=?, rqgst_status code=?, alliance name=?, alliance partner=?, cigna role=?, RQST_CATG_ID=2, RQST

.TASK_ATTR set attr id=?, attr val=? where TASK ATTR_ID=?
.TASK_ATTR set BUS_STEP_ID=? where TASK_ATTR_ID=?



Database Configuration

« And of course there are exceptions — “it depends”

« Example: Situation where using parameter markers would degrade performance

o Non-uniform spread of indexed data (STATUS_CD)
o With literals provided, and valid runstats, the optimizer knows what to expect
o With so many rows qualifying (295M rows or 65%), Db2 chose table scan with prefetch as it should

o With parameter markers, it doesn’t know what to expect, and chose the access path based on certain
“assumptions’

o In this particular case, the optimizer generated an access path using a non-clustered index to
subsequently access data pages even though 65% of the data qualified

o Results in “death by random 10”
o The SQL will run significantly longer, even though EXPLAIN showed a lower cost (estimated timerons)

o REOPT VARS option may help

= REOPT ONCE (first time; may help; “should” choose table scan with list prefetch again)
= REOPT ALWAYS (back to repeated compiles)

¢ Cigna.



Database Configuration

 Miscellaneous

o Database status, level, etc.

o Authentication, security and security groups
o Data type defaults and conversions

o Date and other data type formatting

o Diagnostics (level; location; etc.)

o Language

o Codepage

o Locking and deadlocking, timeout values

o User exits

¢ Cigna.
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Maintenance

* Reorgs; when to reorg and why

o Online vs. offline; be aware of the differences

o Active tables needing reorg nightly or weekly; offline reorg quarterly

o Traditional approach as to when and what to reorg

o Logically deleted rows (e.g. purge; more later)

o Data re-located to less than optimal page placement (e.g. overflow access)

o Use a tool (or develop one) to track overflow accesses by table

o This is an excellent indicator of rows out of place and that are read, indicative of needing a reorg

« Database tuning started for the large data warehouse

o First set of reorgs completed 3/7, and more on 3/21 — see next slide

o Much more database tuning remains including repartitioning, SQL tuning, index tuning, data purging,
etc.

¢ Cigna.



Maintenance
Specified SQL Statements | CILDUDBP0003:50009\CAPPRD | January 4, 2021 to March 27, 2021
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Maintenance

« Runstats can solve major performance issues; two examples below

o First Incident from a while back

o Called in to investigate major CPU and locking issues on a Sunday afternoon

o Maintenance on Db2 zOS side, required bringing down a web app early Sunday morning
o Issue encountered later that morning after everything was back up

o Second issue in January

o This was a reoccurrence

o Performance would be fine for weeks, then would degrade for a while; then improve again
o No explanation as to why at the time

¢ Cigna.
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Houston, we have a problem

* An obvious problem, although they’re not always as obvious and certainly not
always CPU (although there is a tendency to focus on CPU).

cPU | @ Memory | Disk Network Sessions Waits License Compliance

0/S CPU Utilization (%)
100

10:00 PM 12:00 AM 2:00 AM 4:00 AM 2:00 AM 8:00 AM 10:00 AM 12:00 PM 2:00 PM 4:00 PM 00 PM 8:00 PM



Identifying “candidates” for improvement (2] 6)

* One thing is for certain — be sure you understand what the problem is and the
impact BEFORE tuning or taking any actions; else you could be tuning the wrong
SQL or taking the wrong actions.

 Example: INSERT statement running long due to locking. Everyone was focused
on the INSERTs and locking, but it wasn’t a locking issue; it was a performance
issue.

* Many performance issues masquerade or appear as locking issues. The issue
wasn’t even with the INSERT; it was a SELECT (two table join) including the table
that was INSERTed to, resulting in CPU exhaustion, locking, etc. And it didn’t
require an index to resolve either.
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Identifying “candidates” for improvement (4| 6)

* With poor response, a crisis call was initiated.

* The focus on this issue was locking experienced by certain INSERTs. Without full
understanding, an application recycle was attempted to no avail; same thing
happened afterward.

* Upon joining the crisis call, learned they were about to stop the application,
recycle Db2 and restart the application (again).

* Halted that activity since the root cause of the problem wasn’t fully understood;
therefore how could they say this would help?
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Identifying “candidates” for improvement (5| 6)

* Examined other data and stats; see reports on the next slide. Reviewing the
issue, shifted focus to a SELECT with a two-table join including the table suffering
from locking when performing INSERTS.

* From reports on the next slide, it’s clear the execution count for the SELECT was
normal for a Sunday, yet the access path must have changed resulting in
significantly more row reads overall and per execution.

* Instead of averaging under 70 row reads and under 0.2ms per execution, now the
SELECT was averaging over 370K row reads and over 35 seconds per execution.
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When a new index WASN'T needed #1 (1]|10)

* Next step is to examine the access path.

* From the next slide showing the “before” and “after” access paths, there’s a slight
difference resulting in very different performance levels.

* The access path change was a result of running stats when the two tables
accessed were empty!

e Solution was to run stats with sufficient data in the tables.

» Difference was incredible; instead of averaging over 370K row reads and over 35
seconds per execution, now the SELECT was averaging under 70 row reads and
under 0.2ms per execution again.

* Performance of this two-table SELECT was back to normal, stabilizing CPU and

eliminating locking. Performance of the INSERT was back to normal as well. .



Bl [&] Data operation complete (40.13)
16 +[E Sorted table data scan (40.13)
15E— 2] Datais sorted (40.13)
14B— }[ Sorted table data scan (40.13)
138 &) Datais sonted (40.13
128 4 Sorted table data scan (40.13)
11B—2] Datais sorted (40,13
IE)—E‘::', Nested loop join (4013
9 £3 Fetch table data - Inner join feed GAQA MED_CLAIM_DETAIL (18.50)
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3 £12 Fetch table data - Outer join feed GAQA MED_CLAIM [9.28)
2 L— 4= Index scan GAQA MED_CLAIMOX (6.77)
1 [ Table access full - Outer join feed SYSIBM.GENROW (0.00)

Object name

IType |Raws |Pagas|8talistics time:

GAQAMED_CLAIM

<

Table 0O 0

GAQAMED_CLAIM_DETAIL Table 0 0

2019-02-24 05:30:40 1
2019-02-24 05:30:41 1

10

A1

1

0

i}

0

1
1)

26
25

0
0

[Fle pages |Pcl free |FH parents |F1I childlm|ﬂ| selli(ey unigque |Key columns |Co| count |Check cour
3 i 0

>

Index name

[Type

[Unique e [Leat | Levets | Full keycard [First keycard | Cluster ratio | Col count | Statistics time

[Intemal 1D [ User defined|System req

GAQAMED_CLAIMOX  Chastering Unique 1 1 0 0 100 4 2019-02-24 05:30:40 1 Yes 0
GAQAMED_CLAIMIX  Regular  Primary Index 1 1 0 0 100 1 2019-02-24 05:30:40 2 Yes 1

< >
Column name IData type lLIsel type lAvg col Ienglhllndex DldsrlKey seq |Ca(di'1.ilylHigh2KeylLuw2Key ICDI number IF'arl key squNuIs INL‘ cour A
MBR_NUM CHARACTER [10) Mo 10 Ascending MN/& 0 " " 0 0 No O
MBR_SFX_RELCD CHARACTER[2) Mo 2 Ascending N/& 0 " " 1 0 No O
MBR_SORT_ORDER SMALLINT (2) No 2 Ascending N/& 0 2 0 No O
CLM_NUM CHARACTER [15) Mo 15 Ascending 1 1] " . 3 0 No O
CLM_SRC_SY5_CD CHARACTER (1) No 1 N4 N/A 0 " " 4 0 No O
CLM_STAT_DESC CHARACTER [20) No 20 N/& N/A 1] " " 5 0 No O
CLM_PROCSD_DT DATE [4) No 4 H/A MN/A 0 " 6 1] No O

Data operation complete (58.35)
4 Sorted tabh
158— Qi Datai

n [26.5 ’,
£03 Fetch table data - Inner join feed GAQA MED_CLAIM_DETAIL (20.31)
10 L— 4 Index scan GAQA MED_CLAIM_DETAILGX (13.54)
[ Sorted table data scan - Outer join feed (44.81)

4 L— & Index scan GAQA MED_CLAIM_DETAILOX (13.54)
3 £5 Fetch table data - Outer join feed GAQAMED_CLAIM (20.41)
2 L— 4= Index scan GAQA MED_CLAIMOX (13.54)

Object name

IType ]Flows ]Pag_es ISlatislics time

|File pages [Pct free| Rl parents|RI chidien| Rl self|Key unique [Key columnd Col count [Check cour

GAQAMED_CLAIM

<

Table 161582 11543 2019-02-24 13:48:03 11543

GAQAMED_CLAIM_DETAIL Table 438793 29269 ' 2019-02-24 13:48:56 29269

10
1

0

1

3 0 0 1
0 0 0 0

26
25

0
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The index is used to access the data

<

Index name ]Type lUnique ule 'Leai ILeveisIFulI_lwycadIFisl ki d]&:ster rdiolCoI comtlSlalistics time: llnlemal ID]Usef defned]Syslem req|Se
GAQAMED_CLAIMOX  Clustering Unique 1796 3 161582 11208 41 4 2019-02-24 13:48:03 1 Yes 0 17
GAQAMED_CLAIMIX Regular  Primary Index 1171 '3 161582 161582 1 1 2019-02-24 13:48.03 2 Yes 1 1
< >
Column name IData type IUset typelAvg col lenglhl Index ordeflKey seq ICudnaRy | High2Key [Lw2Key |Col mmberl Partkey s A
MBR_NUM CHARACTER (10) No 10 Ascending N/A 11208  '943767392°' ‘001442121 0 0
MBR_SFX_RELCD CHARACTER 2] No 2 Ascendng N/A 17 EE' ‘02 1 0
MBR_SORT_ORDER SMALLINT (2) No 2 Ascendng N/A 12 1 2 2 0
CLM_NUM CHARACTER (15) No 15 Ascending 1 161582  '9861905290250 ' '0191813187001 ' 3 0
CLM_SRC_SYS_CD CHARACTER (1) No 1 N/A N/& 3 R v 4 0
CLM_STAT_DESC CHARACTER (20) No 20 N/& N/A 6 'PENDING ' 'DUPLICATE 5 0
CLM_PROCSD_DT DATE (4) No 4 N/& N/& 728 '2019-02-24' '2017-02:28' 6 0
CLM_CHRG_AMT CHARACTER (13) No 13 N/A N/A 24832  '001237831.22° ‘000000000.01* |7 0
CLM_PD_AMT CHARACTER (13) No 13 N/& N/& 36352  '000753231.49' '000000000.01* 8 0
OTHER_INS_CONSIDERED CHARACTER [(13) No 13 N/& N/A 1 '000000000.00* '000000000.00° |9 0
OTHER_INS_PAID CHARACTER (13) No 13 N/A N/& 3552 '000047292.18" '000000000.18* 10 0
HSA_FSA_IND CHARACTER (1) No 1 N/A N/& 2 D' ' 1 0

CCN_IND CHARACTER (1) No 1 N/& N& 2 N' ' 12 0
HSA_PAYMENT_AMT CHARACTER (13) No 13 N/& N& 1 '000000000.00" '000000000.00* 13 0
MBR_LIABILITY_AMT CHARACTER (13) No 13 N/& N/& 27136 '000147726.45° '000000000.01" 14 0
PAID_FROM_HRA DECIMAL(11,2) No 6 N/A N/& 3616 +000002395.95 +000000000.02 15 0
PAID_FROM_FSA DECIMAL(11,2) No 6 N/& N/& 416 +000001897.03 +000000000.01 16 0
PAID_FROM_Haa DECIMAL(11,2) No 6 N/& N/& 99 +000000300.00 +000000000.30 17 0
REM_MBR_RESP DECIMAL(11,2) No 6 N/& N/& 20932  +000147726.45 +000000000.00 18 0
HRA_TYPE_CD VARCHAR (30)  No 4 N/A N/A 5 'GMPVRX' ‘GM' 18 0
MERPS_ACCT_NUM CHARACTER (7) No 8 N/& N/& 4 ‘3323396 ‘3208116 20 0
OTHER_INS_IND CHARACTER (1) No 2 N/& N/A 3 2 N' 21 0 v
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When a new index WASN'T needed #3 (8| 10)

* Here’s another issue that started January 28™. Further research and testing
showed the access path changed after runstats executed. No other changes were
made.

* The SQL calls affected are 7 table joins, unioned together 3 times.

* Although all the tables involved are small (under 100K rows) we found sampling
was used.

* Using full runstats resulted in a better access path improving performance as of
January 30t PM.

* There have been no access path changes since; the access paths have remained
stable since removing “SAMPLED” option.
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Data Archive and Purge

« Approach is very dependent on the relative amount of data to be archived and purged

- |f a large portion of the data is being archived and purged consider:

o Unloading the data to be archived (if necessary)

o Unloading the data to be retained

o Optionally drop unnecessary indexes

o Sorting the data to be retained in data clustering sequence
o Loading the data to be retained

o Optionally recreate indexes

o Runstat

* This method is extremely efficient if a large percentage of the data is being purged; e.g. no
reorgs needed

« |If there are HW updates, change of hosting, etc., can minimize data conversion and transport

» Useful if there is no scheduled, automated purge, and periodically (e.g. annually) a manual
purge is performed

¢ Cigna.



Data Archive and Purge

« |f a small portion of the data is being archived and purged consider:

o Using “traditional” methods of selecting the data to be archived (if necessary)
o Optionally drop unnecessary indexes

o Delete the data to be purged

o Optionally reorg

o Optionally recreate indexes

o Runstat

» This method is preferred if a small percentage of the data is being purged
« Reorgs may be needed

» Useful for a scheduled, automated purge (e.g. weekly) that can be combined with periodic
reorgs (e.g. monthly or quarterly)

¢ Cigna.



Data Archive and Purge

 In a partitioned environment, partition rotation can be used
« Be aware of any application- or Db2-maintained RI
« Rl drives the sequence of tables processed

 Either way, there should be an archive and purge strategy in place to keep size and space in
check

* Impacts sequential processing such as some batch, utilities (backup, reorg, runstats)

« Should have minimal impact on OLTP

« Monitor levels on indexes; an increase in levels can indicate an extra physical read

» Keeping objects purged to minimum necessary can keep levels in check, for OLTP

« Keeping objects purged to minimum necessary can keep batch and utilities consistent

* There are tools available, e.g. IBM InfoSphere Optim Archive, to facilitate archive and purge
« And they take into consideration RI

* If you haven't purged in a “long time” purging can result in huge improvements

¢ Cigna.



Data Archive and Purge

« Every application, every database must have documented data retention requirements
« From that, archive and purge rules can be defined
« Not all data in an application has to have the same retention; e.q. appeals data is needed longer

« Archive only the data necessary; likely a subset of tables, subset of rows (e.g. appeals data), subset of
columns

« The smaller the data needed for retention, the smaller the archive tables or files can be

« Archive and purge on some regular basis:

o Nightly / weekly during “quiet” times to minimize processing impact and take advantage of available resources
o Monthly if less-frequent cycle suffices since application volume is low
o Continuous for some very active applications; watch locking and commit frequency / UOW sizing

« Use your own or use a product; either way just use something to purge unnecessary data
» Be sure to reorg and runstat as required afterward
» Impacts processing that scans; sequential batch processing and maintenance (e.g. backups)

« Arecent example

¢ Cigna.



Data Archive and Purge

Top SQL Statements | CILUDBXP0003_OR_04:501009\...
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Data Archive and Purge

DB Physical Read Rate
100,000 4

St s e e e i i
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2 ™ _I—|_|—_I—|:_F—|_.
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Aug 7 Aug 14 Aug 21 Aug 28 Sep 4 Sep 11 Sep 18 Sep 25 Oct 2

Before purge: 8.052 Billion physical reads/day

After purge: 6.735 Billion physical reads/day (data copy tables present / image copied)

After purge: 2.765 Billion physical reads/day (data copy tables dropped)
* Net: 65.7% reduction in physical reads/day
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SQL

 |'ve presented previously at several CCDUG and IDUG conferences; in those presentations
you can find much on SQL tuning

« We'll review some items I've come across multiple times

o Don’t use SELECT * ...
v Hear this over and over
v Really can make a huge difference, especially when physical sorts are involved
v" And can make all the difference for index-only access considerations

o Proper placement of parentheses
v Include parentheses where needed (required), and for clarification
v’ Be specific and careful about placement
v' Avoid unnecessary parentheses
v" Incorrect placement can prevent proper index usage leading to performance issues
v ... And invalidate the actual query results returned

o Unnecessary sorting (ORDER BY, GROUP BY, DISTINCT)

o SQL simplification and function removal; impacting index usage
v' Know your data
v Don’t use functions unnecessarily

¢ Cigna.



SQL

« Formatting of SQL calls and proper placement of parentheses are key

» Here’s a portion of a SQL call from one of our FileNet databases:

SELECT
FROM PROVIDE2.DocVersion TO
WHERE (TO.home_id IS NULL
and TO.recovery item id IS NULL
AND ( ( ( ud4c98 producercode = ?
OR ( u4c98 producercode = ?
AND u53a3 statementdate <= ?
AND u53a3 statementdate >= ?
AND u2922 published = ?
AND uab72 viewable = ?))
AND object class_id="?
AND is_current = ?)))
ORDER BY u53a3 statementdate DESC

» Received a message of poor performing searches from our DBA; investigated

| noticed an issue immediately, something with the WHERE criteria different from all other
searches

¢ Cigna.



SQL

» | added some color and reformatted the SQL snippet to make it clear:

SELECT ...
FROM PROVIDE2.DocVersion TO
WHERE (TO.home_id IS NULL
and TO.recovery item id IS NULL
AND (((u4c98 producercode = ? OR
(u4c98 producercode = ? AND ub53a3 statementdate <= ? AND
uS53a3 statementdate >= ? AND u2922 published = ? AND
uab72 viewable = ?))
AND object class_id=?
AND is current = ?)))
ORDER BY u53a3 statementdate DESC

Confidential, unpublished property of Cigna. Do not duplicate or distribute. Use and distribution limited solely to authorized personnel. © 2021 Cigna /')("\ 49



SQL

 What was intended Is:

SELECT ...
FROM PROVIDE2.DocVersion TO
WHERE TO.home_id IS NULL
AND TO.recovery item id IS NULL
AND (u4c98 producercode = ? OR u4c98 producercode = ?)
AND u53a3 statementdate <= ?
AND u53a3 statementdate >= ?
AND u2922 published = ?
AND uab72 viewable = ?
AND object class id = ?
AND is current = ?
ORDER BY u53a3 statementdate DESC

» Corrected the performance issue, and more importantly corrected the results returned by
the SQL call

» Using an IN clause is preferred; much more readable and lessens the risk of making a
parentheses-related error

AND u4c98 producercode IN (?,7?)

¢ Cigna.



SQL

 What was intended Is:

SELECT
FROM
WHERE
AND
AND
AND
AND
AND
AND
AND
AND
ORDER

PROVIDEZ2 .DocVersion TO
TO.home id IS NULL
TO0.recovery item id IS NULL
u4c98 producercode IN (?,7?)
u53a3 statementdate <= ?
u53a3 statementdate >= ?
u2922 published = ?

uab72 viewable = ?

object class_id = ?

is current = ?

BY u53a3 statementdate DESC



When a new index WASN'T needed #2 (4|10)

* Here’s an example of SQL that needs to be tuned first:
SELECT ...
FROM PRV.CHCP USR TIN ACCSS MGR
WHERE trim(SSO_ID)=trim(?)
AND upper (trim(LOB TY) )<>'FIM'
AND (REGISTERED TIN is null OR trim(REGISTERED TIN)='")

 which can be rewritten as:

SELECT ...
FROM PRV.CHCP USR TIN ACCSS_MGR
WHERE SSO ID=?
AND LOB TY<>'FIM'
AND (REGISTERED TIN is null OR REGISTERED TIN='')

T W - .
[N - - -
’——-—----__——“\\\\ ~
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When a new index WASN'T needed #2 (5| 10)

* After verifying data from the table, EXPLAIN estimated a 99.98% reduction with
SQL changes alone.

* Db2 chose to use an already-existing index on SSO __ID as one would suspect since
it has good cardinality.

* The optimal index for this revised SQL call is an index on
CHCP_USR_TIN_ACCSS_MGR (SSO_ID, REGISTERED _TIN, LOB_TY), although we

never created it.

* With SQL changes alone these calls were rarely captured afterward and our
tooling reflected average run times of 0 to at most 0.76m:s.
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When a new index WASN’T needed #2 (6] 10)

* Before

o After

* Comparison

Data operation complete (171716.30] Object name |Type |F|cws |Pages |Stal|st|cs time |Fi\e pages”HI palenls|HI chi\dren| Rl sell|||[ZoI counll]]Stalus ||||Append mode || Lock suze|\-‘o\atile|
£ Fetch table data PRY.CHCP_USR_TIN_ACCSS_MGR [171716.30) PRV.CHCP_USR_TIM_ACCSS_MGR Table 2183559 191151 2018-09-0913:3829 305413 0 0 0 32 Nomal  Rows inseted Flow
59— } 15 Row identifier scan (RID) (10132.60)
2| Datais sorted (5014.16) Index name ”Unique lu\elLeal |Levels|FuII keycalleilsl keycardlCIusler latiolCo\ countlStatistics time ||| | Seq pagesl DensilylFirsl2 keycan:' First3 k
3.:_ V(2 Indes scan [no table acoess) S50IPRD.CHCP_USR_TIN_ACCSS_MGR_+3 (5013.62) | | | 550IPRD.CHCP_USA_TIN_ACCSS_MGR_PK. Unique 39376 4 2085153 612520 a9 4 2018-08-0819:2202 28936 42 612537 20025
2 Il_ Dﬂf is sorted (5118.44] PRY.CHCP_USR_TIN_ACCSS_MGR_X1 Duplicates 6777 3 329780 329780 13 1 2018-0808192202 5111 % 1 1
175 +12 Inded scan [no table aecess) SSOIFRD.CHEF_USR_TIN_ACCSS_MGR_#3 [(+600.80) )| | pRY.CHCP_USR_TIN_ACCSS_MGR_X2 Duplicates 21675 4 2002581 612532 72 2 2018.080819:2202 | 16661 |38 2002541 |4
SSOIPRD.CHCP_USR_TIN_ACCSS_MGR_X3 Duplicates 4805 3 1 1 38 1 2018-08-0819:2202 4604 96 - A
SS0IPRD.CHCP_USR_TIN_ACCSS_MGR_X4 Duplicates 4805 3 1 1 93 1 2018-08-0813:2202 4804 96 -1 A
SS0IPRD.CHCP_USR_TIN_ACCSS_MGR_X5 Duplicates 4300 3 1 1 93 2 2018-08-0813:2202 | | 4299 ] 1 B
< >
Column name |Dala type IUser lypelAvg col Iengthllndex orderIKey seqlEaldiﬂa\ityIHithKey ILowZKey |CD\ numher”NuIIs INuII count I Delau\tl ~
REGISTERED_TIN CHARACTER (1) No 2 Ascending N/A 1 " ! 20 Yes 2085153
CHCP_USA_ID BIGINT [8) No 8 NAA M/A B12520  993592910110717 26673 0 No O
S50_ID WARCHAR (32) No 14 /A M/A 630315 ‘zzzsleep' ‘0004506n' 1 No O
S Data operation complete (28.35) |Elb|ecl name |Type |How: |Pages |5tahst|cs time |F|Ie pagas” Rl parents | RI chlldren|HI :ell|||l:ol count|||5tatu: |I]]Append mode ||Lock snze|VoIahIe|
£ Fetch table data PRV.CHCP_USR_TIN_ACCSS_MGR (28.35) | PRV CHCP_UISR_TIN_ACCSS_MGR Table 2163553 191151 2018-03.0913:38:29 305413 0 0 0 32 Momal  Rows inserted Row
1 L— 4= Index scan PRY.CHCP_USR_TIN_ACCSS_MGR_X2 (20.30)
Index name "Un\que ru\elLeaf |Levels Full kegcaIdIFust Key:ard|CIusler |at|o|CDI count| Statistics time " ”5=q pages |Dems\ty|F|rst2 keycald]FllsG
SS50IPRD.CHCP_USA_TIN_ACCSS_MGR_PK  Unique 39376 4 2085153 612520 a3 2018-08-08 19:22:02 | * 28386 42 612537 2002
PRY.CHCP_USR_TIN_ACCSS_MGR_X1 Duplicates 6777 3 329780 329780 13 1 2018-08-08 152202 ° 5111 96 -1 1
PRY.CHCP_USR_TIN_ACCSS_MGR_X2 Duplicates 21675 4 2002541 612532 72 2 2018-08-08 19:22.02 * 16661 38 2002541 -1
S50IPRD.CHCP_USA_TIN_ACCSS_MGR_X3 Duplicates 4805 3 1 1 98 1 2018-08-08 19:22:02 * 4804 96 -1 -1
S50IPRD.CHCP_USR_TIN_ACCSS_MGR_¥4 Duplicates 4805 3 1 1 98 1 2018-08-08 19:22:02 ' 4804 396 1 1
SS0IPRD.CHCP_USR_TIN_ACCSS_MGR_X5  Duplicates 4300 3 1 1 98 2 2018-08-08 132202 || 4239 93 1 1
< >
Column name |Data type |Us=r lype |Avg col length |Index ulder| Key seq |Cardinulily | High2Key |Luw2Key|Eo\ numbcl"NuIIslNu\l cuunl|Delault A
SS0_ID WARCHAR (32) No 14 Ascending N/ 630315  ‘zzzsleep' ‘00045061 1 No O "
CHCP_TIN CHARACTER (3) Mo 3 Ascending N/4 329780  '9993935¢ ‘0000000 2 No 0 "
CHCP_USR_ID BIGIMT (B) Ha 8 N/A N/, 612520 99959291 26679 O No O
PROY_ID CH&ARACTER [/] Mo 8 NAA M/ 1 " " 3 Yes 1863610
Scenario name v Qualifiell Classl l Total cost | |70 cost | CPU cost I Elapsed time I Flowsl Columns I
Original SOL 5 1171716.30 192184.88 24841592832.00 N/A N/ N/A
Functions Eliminated 5 128.35 419 117581.48 NZ& N/ N/A

[ Total cost (Timerons)|

Original SQL

Functions Eliminated

| 171,716.30
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Total Wait Time for SQL 5 CHCP_USR_TIN_A.
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Indexing

 |'ve presented previously at several CCDUG and IDUG conferences; in those presentations
you can find much on Indexing

« We'll review several items I've come across multiple times

o Unused indexes
o Single-column indexes, no multi-column indexes

o Multi-index access versus multi-column index access
o Physical sorting

o Referential integrity

o Index-only access and INCLUDE columns

o “One fetch” access

o Expression-based indexes

o EXCLUDE NULL KEYS

¢ Cigna.



Indexing

* ldentify and DROP unused indexes

o Whenever I’'m analyzing SQL and recommending either a new index or an index change, | run a quick
check against PRD to see if all the indexes are used, and how recently:

SELECT

FROM
--HERE
WHERE
AND
ORDER

tbcreator, tbname AS TABLE NAME, creator, name AS INDEX NAME, lastused AS LAST USED,
firstkeycard AS FIRST KEY CARD, fullkeycard AS FULL KEY CARD, nleaf AS LEAF PAGES,
nlevels AS LVLS, numrids AS ROWS, colnames AS COLUMN NAMES

sysibm. sysindexes

tbcreator <> 'SYSIBM' -- Bypass UDB Catalog Tables
tbcreator = 'your table creator’
tbname IN ('your table namel', 'your table name2')

BY 1, 2, lastused DESC, firstkeycard DESC

o Why? Why not? Might as well

o Often | find never-used indexes, not-recently-used indexes, redundant indexes, etc.
o Eliminates overhead of maintaining indexes

o For redundant, run query above with ORDER BY 1, 2, colnames

o In earlier versions of Db2, there were issues getting proper lastused values updated in the sysindexes
table; that was long ago and is no longer an issue

o Of course always test thoroughly and be aware of indexes used solely for monthly, quarterly or yearly

processing

¢ Cigna.



Indexing

 Single-column indexes, no multi-column indexes

o I've seen various product databases come with many single-column indexes, and no or very few multi-
column indexes

o Forces the Db2 optimizer to choose either a single index or multiple index access, likely impacting
performance

o In some cases, single-column indexes are perfectly fine and all that is needed
o An example

¢ Cigna.



Typical index usage — single column #3 (7| 9)

* Application reportedly causing FA utilization alerts; HW team about to add
resources.

* Found various SQL calls without parameter markers running and performing

excessive asynchronous |0 leading to the alerts.
DELETE FROM APPDM.CP OG_CARDS DETAIL
WHERE request id = ######

select count(*) as delete row cnt
from appdm.CP_OG CARDS DETAIL
where request id=#######

* No indexes on the table; only access path choice was full table scan.
 Needed a new index on CP_OG_CARDS DETAIL(REQUEST _ID).
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Typical index usage — single column #3 (8| 9)

DB Physical Read Rate (reads/sec)
4,000,000 | /‘\
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I . - o E S
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Savings totaled over 3% hours per day and eliminated 198 Billion logical reads per day.

Experienced a 30% drop in physical reads from 460K to 320K reads/sec averaged
throughout the 24-hour day, saving more than 12 Billion physical reads per day.

Eliminated storage FA utilization impacts affecting other unrelated application processing
in the environment.

96% of the remaining physical reads were from daily Db2 backups.
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Typical index usage — multi-column #1 (1| 7)

* With more complicated SQL calls, more complicated indexing is required.

Think like the optimizer — what’s the best index?
The smallest index that gives the best filtering

When using multiple columns, weigh the length of the column (actual, in bytes) versus the
screening or filtering it provides

Don’t include columns that provide no benefit; e.g. a column with one value (cardinality=1)
provides no filtering (although there is at least one exception to this)

Don’t include long columns providing little benefit; e.g. a low cardinality column provides
little filtering

What's indexable; = versus <> versus LIKE, ANDs/ORs precedence, INs over NOT INs, etc.
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Multi-index usage versus multi-column index (1| 4)

* Generally, multi-index access indicates a potential tuning opportunity. The more
indexes involved (2, 3 etc.), the greater the opportunity.

* Essentially the optimizer has decided to use two different indexes and (usually)
AND the results together and then fetch the qualifying data rows.

* |n these cases, a better index choice would be a multi-column index having the
necessary columns to optimize access for the query using just one index.

* However there are exceptions to this. If for instance you do need the two indexes
for other processing, and it’s not worth the overhead of a third index
(overlapping columns with the other two indexes), and performance is
“sufficient” considering processing volume, then a third index isn’t warranted.
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Multi-index usage versus multi-column index (2| 4)

* In the following example, originally two different indexes were used to resolve
the criteria in the WHERE clause, including U7C98 CIGNA_ACCT_NR from the 4X
index and UO4A6_CIGNA_CLIENT_ID from the 2X index.

* Unfortunately this results in a less-than-optimal multi-index access path with
additional processing, including additional physical sorts.

* Since the 2X and 4X indexes were created specifically for other search calls, we
didn’t want to change them in such a way affecting other SQL.

* We added UO4A6_CIGNA_CLIENT _ID to the existing 4X index and on the next two
slides are the original and improved access paths.
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(S Data operation complete [60.52) |Clbiecl name |Type |F|nws |Pages | Statistics time |F\Ia pages”F\I parentsl Rl chi\dranl Rl sell[l] Col cnunl”lﬁlalus ""Append mode || Lock swzal\.’n\aulel
10 [ Sorted table data scan (60.52) |CLIENTUS.DUCVEF|5IDN Table 2568933 91317 201901-2310:02:30 9117 0 0 0 133 Mormal ~ Rows insetted  Row
9B~ ﬁ$ Data is sorted (60.51)
8B T Nested loop join (60.51 Index name: "IJn\que ule ILeaf ILeveIleuII keycard]Flrsl keycard" Col cnunl]Stallstics time ""Saq pagssIDensityI First2 keycalleirst3 ke_l,lcard] Furst
7 £3 Fetch table data - Inner join feed CLIENTDS.DOCVERSION (30.27) SYSIBM.S0L150302115638840 Primary Index 2730 3 2568933 2568933 1 20159-01-2310:02:30 | 2789 80 -1 -1 -1
6E— }i= Row identifier scan (RID] (30.27) CLIENTOS.]_DOCVERSION2Z Duplicates | 3381 |3 2568933 2568933 3 2019-01-2310:02:30 | 3380 B4 2568933 2568933 |-
5B 4} Datais sorted (30.27) CLENTOS|_DOCVERSION73 Duplicates 714 (2 1 1 1 2019-01-2310:02:30 || 713 50 |4 El 1
4B Inde ANDing (30.27) CLIENTDS.CI_DOCVERSION_0SX  Urique 5315 3 2568333 1143 5 201301223 10:02:30 | 5814 g8 1145 1147 241
3 *i; Index scan [no table access) CLIENTOS.CI_DOCVERSION_D2X (15141} | 0 |ENTOS UI_UC7B7 OWNERDOCU  Duplicates 714 2 1 1 1 2019-01-2310:02230 | 713 500 1 1 1
_ 2 T4 Index scan [no table access) CLIENTOS.CI_DOCVERSION_D4X (1513) | || ) \eNTOS.C)_DOCVERSION 01X | Duplicates | 8161 3 2437018 2437018 1 201901-2310:0230 | @160 83 |- 1 1
1| Table access 1Ml - Outes join feed SYSIBM.GENROW (0.00) CLIENTOS.ClDOCVERSION_02¢  Duplicates 3566 3 2553343 100940 4 201901-23100230 | 3565 79 117520 146081 265
CLENTOS.CI_DOCVERSION_03X | Duplicates 682 2 13533 13498 2 2019-01-2310:02:30 | 681 47 13533 1 1
CLIENTOS.CI_DOCVERSION_04x Duplicates 4588 3 2553832 103617 4 2019-01-2310:02:30 4587 =x] 156812 254446 255
CLIENTOS.CI_DOCVERSION_DEX Unigque: 5217 3 2568333 1003 5 2019-01-2310:02:30 | 5216 86 1116 1118 181
CLENTOS.CI_DOCVERSION_07X  Duplicates 4710 3 2412358 1003 - 2019-01-2310:02:30 | 4703 85 1810 1308 190
CLENTOS.CI_DOCVERSION_08X  Duplicates 714 2 168 168 1 2019-01-2310:0230 | 713 50 1 1 1
CLIENTOS.CI_DOCVERSION_0%<  Unique 5618 3 2568333 1 5 2019-01-2310:02:30 | 5617 ¥ 5 185522 256
< >
Column name |Dala type IUser typeIAvg col Ienglhllndeu ordellKey squE‘aldinaIity l High2Key |Law2Key |Col number "Nulls{Nul\ caunl[DefauIt | ~
U7C98_CIGNA_ACCT_NR  VARGRAPHIC[7) Mo 18 Ascending N/& 103617  g'3302341°  g'3320853° 119 Yes 185321
UEED4_CwR_DOCUMENT _ID DOUBLE (8) Mo i Ascending N/4& Eql +2.07000000C +2.80000000C 103 Yes 185754
UEFBE_FREQUEMCY INTEGER [4) Mo 5 Ascending N/A 4 H 2 1186 Yes 185921
CREATE_DATE TIMESTAMP (10]  No 1 Ascending N/& 2146922 ‘201901181, ‘201603151 6 Yes |0
OBJECT_ID VARCHAR [16) Mo 20 N, 1 2568933 | W mHm:LL' ! 0 Mo D
OBJECT_CLASS_ID VARCHAR [16) Mo 20 N/& N/A 5 $ImYIKE? {c 'e_J0 1 No O
E— =] Data operation complete (60.52) |l]biect name |Type |Hows |F'ages |Statishcs tirme |F|Ie pages"RI parenls|FH children|H\ salf|||EoI couml|||5lalus ||||Append mode || Lock swza|Vo\ahIe|
10E—Z Sorted table data scan (0.52) [CLIENTOS.DOCVERSION Table 2568333 91317 2019-01-2310:02:30 91317 0O 0 0 133 Nomal  Rows insetted Fow
9E— %L Datais sorted (60.51)
B T3 Nested loop join (6051 Index name "Unique 1ule ILeaf ]Levelﬂ Full keycardl First keycal_d” Caol cnunlIStal\slics time | Seq pages Densityl First2 keycaldIFirst3 keycard] First
7B £59 Fetch table data - Inner join feed CLIENTOS.DOCVERSION (30.27) SYSIBM.SAL150302115630840 Primary Index 2730 3 | 2568933 2568933 | 1 201901-2310:02:30 | 2789 ERE ] 4
BE— 1= Row identifier scan (RID) (30.27) CLIEMTOS.I_DOCVERSIONZ2 Duplicates 3381 3 2566933 2568933 3 2019-01-2310:02:30 3380 94 2566933 2568933 -1
582 Datais sorted (30.27) CLIENTOS.|_DOCVERSION73 Duplicates 714 2 1 1 1 201901-2310:0230 713 50 1 1 1
45" inde ANDIng (30.27) CLIENTOS.CI_DOCVERSION_0SX  Unique 5815 3 2568933 1143 5 201901-2310:02:30 5814 88 1145 1147 241
3 t + Index scan [no table access) CLIENTOS,CI_DOCVERSION_02< (1514 | || 0y 1ENT0S.UI_UC7B7_OWNERDOCU || Duplicates 714 |2 |1 1 1 20190123 10:0230 713 500 A 1 1
_ 2 =4 Index scan [no table access) CLIENTOS.CI_DOCVERSION 04X (1513) | |0 \ENT0S.0_DOCVERSION_01% | Duplicales 8161 3 | 2437018 2437018 | 1 2013012310:0230 | 8160 83 - 1 1
11— Table access full- Outer join feed SYSIBIM.GENROW (0.00) CLIENTOS.CI_DOCVERSION_02X  Duplicates 3586 3 2553343 100340 4 20130123100230 3565 79 117620 148081 255
CLENTOS.CI_DOCVERSIDN_D3X | Duplicates 682 2 13533 13498 2 20190123 10:02:30 | 681 47 1353 1 k|
CUENTOS.C_DOCVERSION_D4X | Duplicates 4588 3 2553832 103617 4 20190123 10:02:30 | 4587 83 156812 254446 255
CLIEMTOS.CI_DOCVERSION_DEX Unique 5217 3 2568933 1003 5 2019-01-2310:02:30 5216 86 1116 1118 181
CLENTOS.CI_DOCVERSION_07X  Duplicates 4710 3 | 2412358 1003 3 201901-2310:02:30 | 4709 85 @10 1908 190
CLENTOS.CI_DOCVERSION_ 08X Duplieates 714 2 168 168 1 20190123 10:0230 . 713 50 1 1 1
CLIENTOS.CI_DOCVERSION_09¢ Unique 561813 2568933 1 5 20190123 10:02:30 | 5617 99 |5 195922 256
< >
Column name |Data type IUser lypel.dvg col length |Index nlderIKey seqlCardiﬂaIily | High2Key |an2Key ICnI number "Nulls{NuI\ cnunI{DefauIt | ~
U046 _CIGNA_CLIENT_ID INTEGER (4] No 5 Ascending N/A 100940 103857 1002 120 Yes 185921
UBED4_CwAR_DOCUMENT _ID DOUBLE (8) No 9 Ascending N/A A +2.07000000C +2.80000000C 109 Yes 185754
UEFB6_FREQUENCY INTEGER [4) No 5 Ascending N/A 4 3 2 116 Yes 185321
CREATE_DATE TIMESTAMP (10)  No 11 Ascending N/& 2146922  ‘2019:01-184. ‘201603151 6 Yes O 66
OBJECT_ID VARCHAR (16)  |No 20 NZ& i 2560933 | WWHmELL ! 0 No O
OBJECT_CLASS_ID VARCHAR (16) No 20 N/& N/A, 5 I$mmYIKD? {c 'c_J0 1 No O




Data operation complete [15.14]
£03 Fetch table data CLIENTOS.DOCVERSION (15.14)
1 L— & Index scan CLIENTOS.CI_DDCVERSION_04% (15.13)

‘Dbisct name |Typa |F|nws |Pagas |Slatislic: time: |Fi\e pages”ﬂl parenlsl Rl chi\dremlﬂl self H]Cnl counl[[lSlatus ””Append mode ” Lock swzel\.‘nlali\el
|CLIENTOS.DOCVERSION Table 2658933 94421 201903-251331:32 94421 0 0 0 133 Nomal  Fows inserted  Row

Index name " Unique rule I Leaf |Levels|FuI\ keycard IFirsl keycald” Col coumllStatistics time ”]] Seq pagesl D ensityl First2 keycarleirsB keycardl Firs!
SYSIBM.SOL150302115638840 Primary Index 2967 3 2658933 2658933 1 20190325 13:31:32 || 2789 80 -1 -1 1
CLIENTOS.|_DOCYERSION22 Duplicates 3594 3 2658333 2658933 3 20190325 13:31:32 ||| 3380 84 2658933 2658933 -1
CLIENTOS.|_DOCYERSIONT3 Duplicates | 739 2 1 1 1 2019-03-251331:32 | 113 50 -1 -1 -1
CLENTOS.CI_DOCVERSION_0Sx Unique 6180 3 2658933 1143 5 2019-03-2513:31:32 ||| 5814 88 1145 1147 24¢
CLENTOS.UI_UCYB7_OWNERDOCU Duplicates 733 2 1 1 1 2013-03-2513:31:32 ||| A13 50 -1 -1 -1
CLENTOS.CI_DOCVERSION_D1X Duplicates 8161 3 2527018 2527018 1 2019-03-2513:31:32 ||| 8160 89 -1 -1 -1
CUENTOS.CI_DOCVERSION_02x Duplicates | 3823 3 2643233 100340 4 2019-03-251331:32 ||| 3565 79 117523 146107 264
CLENTOS.CI_DOCVERSION_03 Duplicates 705 2 13533 13438 2 2019-03-2513:31:32 ||| 681 47 13533 -1 -1
CLENTOS.CI_DOCVERSION_04x Duplicates 5194 3 2643789 103637 x 2019-03-2513:31:32 4861 83 157120 255369 264
CLENTOS.CI_DOCVERSION_DEX Unigue 5541 3 2653933 1003 ] 2013-03-2513:31:32 ||| 5216 g6 1116 118 131
CLIENTOS.CI_DOCVERSION_O7X Duplicates 49339 3 2497496 1003 3 2013-03-2513:31:32 ||| 4709 85 1810 1306 13C
CLENTOS.CI_DOCVERSION_08x Duplicates 739 2 168 168 1 2019-03-251331:32 || 713 50 -1 -1 -1
CLIENTOS.CI_DOCVERSION_09< Unigue 5957 3 2668333 1 5 20190325 13:31:32 ||| 5617 85 5 195922 268
< >
Calumn name |Data type |User lype|Avg col Iength|lndex older| Key seq| Eardinalil_l,{ High2Key |Low2Key |Col nurnber"NuIlsI Null counll Defau|t| ~
U7C38_CIGNA_ACCT_NR WARGRAPHIC (7] No 18 Ascending N/A 103637 93302341 g'3320953' 119 Yes 185321
UssD4_CwR_DOCUMENT_ID DOUBLE (8] No 3 Ascending N/A 3 +2.07000000C +2.80000000C 109 Yes 185754
UEF86_FREQUENCY INTEGER [4) No L] Ascending N/A 4 3 2 116 Yes 185321

CREATE_DATE TIMESTAMP (10) No 11 Ascending N/& 2277776 '2019-03-08-1!'2016-03-15-1 6 Yes O

U448 _CIGNA_CLIENT_ID INTEGER (4) No 5 Ascending N/A 100940 103857 1002 120 Yes 185921

OBJECT_ID WARCHAR (18] No 20 MN/A 1 2658933 'WooHm:UL' ' 1] No |0

OBJECT_CLASS_ID WARCHAR (18] No 20 M8 N/& 5 §ImYIKE? {c 'c_J0 1 No |0

Scenario name

Qualifier I Class IConneclion| Total cost'| 1/0 cost I CPU cost I]]]

Original SQL 5

Updated 4X Index 5

CEOS3PVS. 60.52 8.00 231095.41
CEOS3PYS. 1514 2.00 101530.64

Total cost (Timerons)

Original SQL

Updated 4X Index

60.52

Original SQL

Updated 4X Index

VO cost (Data Page VO)

8.00

0 s 10 15 20 25 30 35 0 4 50 ss 60 65 0 1 2 3 4

CPU cost (Instructions)

Original SQL

Updated 4X Index

[ioismei

Original SQL

Updated 4X Index -

100,000

Elapsed time (Miliseconds)
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Sorting #1 (1| 15)

* One of the most powerful features of indexes is to eliminate reading all qualifying
data and then physically sorting it.

* SQL calls with ORDER BY, GROUP BY and DISTINCT clauses frequently require
physically sorting the results. And if the results set is large, overflowing to temp
space on disk is typical and has even larger impacts on performance.

* This applies to OLTP particularly when paging through multiple rows of data, and
to batch processing.

* Proper indexing taking into consideration the WHERE clause predicates AND sort
requirements, can lead to huge savings.
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Sorting #1 (2| 15)

SELECT ...
FROM CGIOS2.DocVersion TO
WHERE ((TO.object class id IN (?))

AND TO.home_id'fS NULL -- card=1l; always NULL
AND TO.recovery item id IS NULL -- card=1l; always NULL

AND ( ( version:Status = ?
AND ( ube06 searchtype = ? OR ube06 searchtype = ?))))
ORDER BY ul708 documenttitle ASC, object id ASC
FETCH FIRST 1000 ROWS ONLY
OPTIMIZE FOR 1000 ROWS

* An index on DOCVERSION (VERSION_STATUS, OBJECT_CLASS _ID,
U1708 DOCUMENTTITLE, OBJECT_ID, UBEO6_SEARCHTYPE) resolves the equal
and IN(?) (really an equal) from the WHERE clause, the two order by columns,
and the final OR condition on searchtype.
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Sorting #1 (3| 15)

* The index also resolves paging criteria on subsequent page request SQL calls that
look similar, with additional paging WHERE criteria on U1708 DOCUMENTTITLE
and OBJECT _ID.

* Allows processing to match and position within the index based on the first two
columns, and then retrieve the qualifying data in the desired sort sequence
WITHOUT ACTUALLY SORTING because it’s traversing the sorted index.

* While traversing the index, it applies the remaining filtering criteria on searchtype
and fetches and returns the data rows in the desired sequence meeting those
criteria.

* There are various names for this including “step-through” index processing.
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Sorting #1 (4| 15)

* Can be very beneficial when processing large amounts of data, for example batch
processing.

* Instead of having to retrieve and fetch all qualifying data and sort it, the data is accessed via
the index in sorted fashion.

* Even better if the table data is “clustered” by this index (coming up shortly) to minimize
physical 10 to the table data pages.

* Even for smaller processing such as OLTP, instead of retrieving all qualifying data
and sorting it, data is identified immediately and in pre-sorted sequence,
particularly useful for paging programs.
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Sorting #2 (5| 15)

* Another example:

SELECT
FROM
WHERE
AND
OR
AND
AND
ORDER
FETCH

DocVersion TO

(TO.home id IS NULL -- card=1l; always NULL

( ( ( u7118 documentstatus = ? -- card=5; 2 selected; poor index
u7118 documentstatus = ?) -— candidate; but small & needed

object class_id IN (?, ?, ?, ?, ?) -- card=1l2; 5 selected; poor

version status = ?))) -- card= 3; 1 selected; poor

BY udd5§;:eceivedon ASC, object id ASC
FIRST 400 ROWS ONLY

OPTIMIZE FOR 400 ROWS

* Created new index (VERSION_STATUS, UDD53_RECEIVEDON, OBJECT_ID,

OBJECT

CLASS_ID, U7118 DOCUMENTSTATUS).
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Sorting #2 (6| 15)

* Even with poor cardinality on the where clauses, this SQL statement ran well by
matching on the first column, using the second and third to resolve the physical
sort, and the fourth and fifth to provide additional screening on columns where

more than one value is specified.

* The DBMS can “step through” the index and retrieve the rows in sequence as
they appear on the index, up to 400 as specified in the SQL.

* And since the data is “clustered” (coming up next) on this index, physical 10 is
minimized.
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Sorting #2 (7| 15)

B[] Data operation complete [3193.73) Object name |Type |H0ws |F’ages |Statislics time " Pct fleelHI parenﬁ Rl childleanI se\fIKeg uniguel Key columnsl Cal countl Check countleerlIowIStatus |Tablespace |Index tablespace "Append mode "Lock sizel\u’o\ati
2B £ Felch table data CGIOS.DOCYERSION (71814.63] CGIOS.DOCYERSION Table 6103766 329103 2016-04-0313:03:53 -1 ] 1] ] ] 1 160 0 ] Momal CGIOSDATA TS CGIOSINDEX_ TS Rows insertted | Row
1 L— & Index scan CGI0S.CI_DOCYERSION_05 (5664.79) ﬂ_l ﬂ

Index name " Unique rule |Leaf |Levels| Full keycarle\rst kgycard" Col count |Slatistics time |Inlema| ID|User definedlSystem Teq |Seq pagesl Dens_it:,ll First2 keycarle\rstS kgycaldl First4 kg:,lc:ardl Pct freelUnique oo
CGI05.Cl_DOCVERSION_01X Duplicates | 131553 E10376E |12 4 2016-04-03 130359 1 ‘fes a 13154 95 12 E103766 103766 10 -1
CGI0S.|_DOCVERSION22 Duplicates | 8032 |3 E103766 | BO61193 3 2016-04-03 130359 | 2 ‘fes a 8031 93 6103751 E103766 Bl Bl -1
CGI0S.|_DOCVERSIONT3 Duplicates | 1696 |2 1 1 1 2016-04-03 130359 | 3 ‘fes a 1695 E9 -1 -1 Bl Bl -1
CGI05.Cl_DOCVERSION_10K Duplicates | 10559 3 5937906 | 447982 4 2016-04-03 130359 | 4 ‘fes a 10558 94 475410 922500 5937906 10 -1
CGI0S.UI_USAFS_APPLICATI Duplicates | 1696 |2 169 169 1 2016-04-03 130359 | 7 ‘fes a 1695 E9 -1 -1 Bl Bl -1
CGI0S.UI_UBE28_DCN Duplicates | 3826 |3 1173408 | 1173408 1 2016-04-03 130359 | 8 ‘fes a 3825 25 -1 -1 Bl Bl -1
CGI0S.UI_UC7B?_OWNERDOCU Duplicates | 1696 | 2 1 1 1 2016-04-03 130359 |9 ‘fes a 1695 E9 -1 -1 Bl Bl -1
SwSIBM.SAL150501215608300 | Primary Index | 6628 3 B103766 | B103766 1 2076-04-03 130359 10 Mo 1 EEZ7 a7 -1 -1 Bl Bl 1
CGI05.Cl_DOCVERSION_02 Duplicates | 10486 3 5932064 15813 4 2016-04-03 130359 11 ‘fes a 10485 94 155135 5926771 5932064 Bl -1
CGI05.Cl_DOCVERSION_03K Unique 14568 3 E103766 | 33025 B 2016-04-03 130359 12 ‘fes a 14567 95 33027 33278 46527 Bl [
CGI0S.ClI_DOCVERSION_04x Unigque 234400 3 E103766 12 5 2016-04-03 13:02:59 13 ‘res 1] 23439 95 15 B20032 6103766 -1 5
CGI05.Cl_DOCVERSION_05X Unique 13948 3 E1037EE 3 5 2016-04-03 130359 14 ‘Yes a 13947 94 546 E103766 £103766 bl 5
CGI05.Cl_DOCVERSION_0EX Duplicates | 7287 |3 B090722 | BO61193 2 2016-04-03 130359 15 ‘fes a 7286 90 E090722 -1 Bl Bl -1
CGI05.Cl_DOCVERSION_07X Unique 14542 3 E103766 | 2588 B 2016-04-03 130359 16 ‘fes a 14541 95 2590 2661 5428 Bl [
CGI05.Cl_DOCVERSION_08X Unique 13936 3 E1037EE |3 5 2016-04-03 130359 17 ‘fes a 13935 94 5 E74 103766 Bl 5
CGI05.Cl_DOCVERSION_0% Unique 14566 3 E10376E |22 B 2016-04-03 130359 18 ‘fes a 14565 95 24 29 437 Bl [
K| 2
Calumn name: |Data type |User type|.~’-\vg col Iengthllndex order IKey seqlCardiniitylHigh%gy |L0w2K§.l,l |EOI number | Part key seql Nulls | Hul countlDefauIt| ﬂ
YERSION_STATUS INTEGER (4] Nao 4 Ascending N/ 3 4 1 33 a Ho 0
UDD53 RECEVEDOM TIMESTAMP [10) Mo 11 Azcending  NAA 483 *2016-04-01-04.00.00.000000° *2014-03-13-04.00.00.000000° . 96 1] Yes BO49556
OBJECT_ID WARCHAR [16) Nao 20 Ascending 1 B103766 | e P! ' 0 1] Ho 0
OBJECT_CLASS_ID WARCHAR [16) Nao 20 Ascending MA& 12 e L -l LN-{-+E-R 1 1] Ho 0
U7118_DOCUMENTSTATUS VARGRAPHIC (18) No 5 Ascending N/ B gRESEND' gFalL' 151 a Yes B043556
SECURITY_ID WARCHAR [16) Na 20 Mt MAg 36 L et Y pmB-CkB-T-E-' 2 1] Mo |0
EPOCH_ID INTEGER (4] Na 4 Mt M 24 24 1 3 a Ho |0
HOME_ID WARCHAR [16) Na 5 Mt M 1 " " 4 a Yes |B103766
CREATOR WARGRAPHIC [20) | No 42 Mt M 12 g'odanwss’ g'C49655" 5 a Yes |0
CREATE_D&TE TIMESTAMP (10) Mo 1 Mt M/4  BEI19E5 |'2016-04-02-19.51.50.391000° '201205-12-07.05.55.145000° & a Yes |0
MODIFY_USER WARGRAPHIC [20)  No 40 Mt M/ 32 godanwss’ frysfeisisicey 7 a Yes |0
MODIFY_DATE TIMESTAMP (10) Mo 1 Mt M/a  BO02183 |'2016-04-02-19.51.50.394000° '201205-12-07.05.55.151000° & a Yes |0
STORAGE_CLASS WARCHAR [16) Na 2 Mt M/ 18 YT aB- T L0 —F 3 a Yes |0

L S E O -
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Sorting #3 (8| 15)

* Another example:

SELECT ...
FROM DocVersion TO

WHERE (TO.home_id IS NULL -- card=1l; always NULL
AND TO.recovery item id IS NULL -- card=1l; always NULL
AND ( ( ub3e8 clientname = ? -- card=30,209
AND object class_id="? -—- card=12
AND version status = ?))) -— card=3

ORDER BY ub3e8 clientname DESC, object id ASC
FETCH FIRST 400 ROWS ONLY
OPTIMIZE FOR 400 ROWS

* Created new index (VERSION_STATUS, OBJECT_CLASS D, UB3E8 CLIENTNAME,
OBJECT _ID). Even with poor cardinality and one column with fair cardinality on
the where clauses, this SQL statement ran well by matching on the first three
columns, and using the fourth to resolve the physical sort.

T W - .
[N - - -
’——-—----__——“\\\\ ~
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Sorting #3 (9] 15)

 The DBMS can “step through” the index and retrieve the rows in sequence as
they appear on the index, up to 400 as specified in the SQL.

* And since the data is “clustered” (coming up next) on this index, physical IO is
minimized.

* Note the DESC sort sequence doesn’t matter in this example since there is an
equal clause on UB3E8 CLIENTNAME; in fact the ORDER BY criteria on this
particular column isn’t even required, only OBJECT _ID.
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* Before

e After

10| 15)

W W W . - —
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—— W WL N

Data operation complete [16616.76)
[E Sored table data scan (16616.76)
5B 4} Datais soted (16616.76)
48— £ Fetch table data CGI0S2.DOCVERSION (16616.75)
3B } = Row identiier scan (RID) (1026.16)
sorted [1026.16]

= Index scan (no table access) CGI052.C1_DOCVERSION_0SX (969.08)

Dbject name ||Rows | Pages | Statistics time | File pages|| Rl parents | Rl childien | Rl self| Key unique|Key columns| Col count]| |[||| Append made [[Lock size| Volaile|
CGI0S2DOCVERSION 1830664 68698 2019.02-1016:08:00 68698 0 0 0 0 1 13 Rows inserted  Row

Index name ||Unique Tule |Leen‘ ]LwelledI kgﬁadlﬁst kﬂ&dlﬁustel 1atio |Cd cau‘llSt&ist\cs time: H]]]]FmZ kggcadlﬁsﬁ keﬁadlﬁ'rsm kgEarle'ct freell
SYSIBM SOL180B19113028090  Primary Index 2042 3 1880664 1880864 100 1 20190210 16:0800 | -1 1 1 1 :
CGI0S21_DOCVERSION22 Unique 24753 1880664 1860663 98 3 20190210 16:06:00 1880664  1880B64 -1 1
CGI0S2|_DOCVERSION73 Duplicates 523 (2 1 1 100 1 2019-021016:0800 | -1 1 1 1
CGI0S2.CI_DOCVERSION_01X | Unique 4934 3 1800884 59153 80 5 2019021016:0800 53154 238162 1880684 10 ¢
CGI0S2.CI_DOCVERSION_02X  Urique 53153 1880864 153782 90 5 2019021016:08:00 | 153783 284313 1880864 10
CGIOS2CI_DOCVERSION_04X  Duplicates 666 3 102640 102632 94 3 20190210 16:0800 102633 102640 1 1
CGIOS2CI_DOCVERSION_03X  Duplicates 2873 3 1460203 1459390 86 3 20190210 16:08.00 1453991 1460203 1 1
CGIOS2CI_DOCVERSION_0SX  Duplicates 8006 3 1880664 2 86 5 2019021016:0800 10 1692670 1860864 1

<

Column name [Data type ||Avgcolmh|lndexotdet||<egsg |Cadnaﬁg|Hﬂ ey |Low&ey [Col number [[Nuls [Null count [ Defaut |
VERSION_STATUS INTEGER [4) Ascending N/A 2 40 No O

OBJECT_CLASS_ID VARCHAR (16) 20 Ascending N/& 9 hﬂzEm 'a 1 No

U1708_DOCUMENTTITLE VARGRAPHIC (255) 64 Ascending N/A 1880664 g'sample’  g'30083335-Voca' 54 Yes 121556

OBJECT_ID VARCHAR (16) 20 Ascending 1 1880664 hiP 'd5 0 No

UBEOS_SEARCHTYPE  INTEGER (4] 5 Ascending N/A 2 2 70 Yes 1880656

Data opesation complete [37.04)
£03 Fetch table data CGIOS2 DOCVERSION (37.04)
1 L=} Index scan CGI0S2.CI_DOCVERSION_0BX (15.15)

Object name "F!ows

| Pages | Statistics time

IFib pages"RI paentsIFH ch'i:l:enIHI sel]Keyuique ]Keycuhms ]Elulmlmt

TM2ppend mode [[Lock size [volatite]

CGIOS2DOCVERSION 1880664 68638 2013-021213:21:17 66698

1] 1] 0 0 1 13

Rows inserited  Row

Index name "Uruque fule |Leen‘ |Levels|FuI keEulenst kgﬁadltluster 1atio |Col count| Statistics time | FmZ kgﬁadlﬁﬁ keycard |Fust4 kggdl Pct freelUruque col cml]ﬂ]
SYSIBM.SOL180619113028090 Pnmary Index 2042 1880664 1880664 100 1 2080212132197 1
CGIOS21_DOCYERSION22 Urique 2475 3 1880664 16880663 8 3 2018021213 21:.17 1830854 1880884 -1 3
CGIOS21_DOCVERSIONT3 Duplicates 523 2 1 1 100 1 2018-02121321:17 1 1 1 1
CGIOS2C1_DOCVERSION_01x  Urique 4534 3 1880664 59183 80 5 2030212132197 59154 238162 1880664 9

CGIOS2 CI_DOCVERSION_D02<  Uraque 5315 |3 1880664 153782 a0 5 0180212132197 153783 284313 1880664 5

CGIDS2 C_DOCVERSION_04%  Duplicates BEE 3 102640 102632 94 3 0190212132197 102633 102640 -1 A
CGIOS2CI_DOCVERSION_03<  Duplicates 2873 3 1460203 1459930 &6 3 201902121321:17 1453991 1460203 1 1
CGIOS2C1_DOCVERSION_0S<  Duplicates 8006 3 1880664 2 86 5 0180212132197 10 1692670 1880664 1
CGIOS2.C1_DOCVERSION_0&< Duplicates 3691 3 1680664 2 99 4 2019021213.21:17 10 30011 1880664 -1

Column name |Dat_alpe |Userwpe[.nvgcol |’Mww [LME‘U |Co| mmbeilPart kggseqlNulIs |Nulcomi
VERSION_STATUS INTEGER (4] Mo Ascending M/A 2 1 40 1} Mo O
OBJECT_CLASS_ID VARCHAR (16) Mo 2|] Ascending NAA 9 };:L'[zF_I o' ‘a 1 1} Mo O
UB3EB_CLIENTNAME WARGRAPHIC (100) Mo 5 Ascending NZ& 30203  gVAMSI' g1 110 0 Yes 1820660
OBJECT ID VARCHAR (18] No 20 Ascending 1 1880664 'huP 'd5 ] 0

No O
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Sorting #3 (11]15)

* Comparison

Scenano name - Quaihevltless]tomedion ]Told cost IIIU cost ]CPU cost [[ﬂ '
Orignal SQL 5 CEOSGPVS. 16616.76 16387.38  1448523648.00
w/ New Optimal Index 5 CEOSGPVS. 37.04 483 35822381 8

Total cost (Timerons)

_—-vo cost (Data Pa

Original SQL 16616.76 | Original SQL 16,367.38 |
w/ New Optimal index w/ New Optimal Index 489
0 2,000 4,000 6,000 8,000 10000 12000 14000 16,000 18,000 0 2,000 4,000 6,000 8,000 10000 12000 14000 16000 18,000
Original SQL 1,448,523,648.00 | Original SQL o]
w New Optimal index 358,223.81 wi New Optimal index [o]
0 500,000,000 100,000,000 150,000,000 0
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Sorting #4 (12]15)

* Another example:

SELECT ...
FROM DocVersion TO
WHERE (TO.home id IS NULL -- card=1l; always NULL
AND TO.recovery item id IS NULL -- card=1l; always NULL
AND ( ( uab28 policynumber = ? -- card=64,001
AND object class_id=" -- card=12
AND version status = ?))) -—- card=3

ORDER BY ud1e§;policyfromdate DESC, object id ASC
FETCH FIRST 400 ROWS ONLY
OPTIMIZE FOR 400 ROWS

* Created new index (VERSION_STATUS, OBJECT_CLASS 1D,
UAB28 POLICYNUMBER, UD1E3 POLICYFROMDATE DESC, OBJECT ID). Even
with poor cardinality and one column with fair cardinality on the where clause,
this SQL statement ran well by matching on the first three columns, and using the

fourth and fifth to resolve the physical sort.
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Sorting #4 (13| 15)

 The DBMS can “step through” the index and retrieve the rows in sequence as
they appear on the index, up to 400 as specified in the SQL.

* And since the data is “clustered” (coming up next) on this index, physical IO is
minimized.

* Note that previously this used the index created in the prior example. Note also

the DESC sort sequence does matter in this example. Although with REVERSE
SCAN indexing, either works.
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£ Data operation complete (8110.23) | Object name ||Rows | Pages | Statistics time [File pages|| Rl parents[Ri children Rl sef|Key unique Key cohumns| Cal count[[[[[[4ppend mode [[Lock size [volatie |
: En_— :'ef table data scan [8110.23) |CGIOS2DOCVERSION 1880664 68698 201902121321:17 68638 0O 0 0 0 1 113 Rows inserted  Row
5 laty 0.2
é}_g; IFetch lajblle];ata CGI0S2. DOCVERSION (8110.23) Index name [lunique rue [Leaf ]LevdgFul keEalleist kewadlﬁusterﬂl&:l count] Statistics time [l Fes2 k_eycalleisiB keﬁadlﬁst# keE&le‘ct freel
3B} Row identiier scan (RID) (538.97) SYSIBM SOL180619113028090  Primary Index 2042 3 1680564 1880684 100 1 2019021213217 || |1 A A A
([ ] Befo re 2B #| Datais sonted (538 57 CGI0SZI_DOCVERSIONZZ  Unique 2475 3 1BG0GR4 1880663 5B 3 0130212132117 ||| 1880664 1880664 -1 g
1 L4 Index scan (no table access) CGIOS2.C1_DOCVERSION_06X (481.88) | || CIDS2I_DOCVERSIONT3 | Dupicates 523 2 1 1 100 1 2019021213217 ||| | 1 1 1
CGI0S2CI_DOCVERSION_01X | Unique 4934 3 1800884 59153 80 5 2019021213217 ||| 59154 238162 1880864 10
CGI0S2C_DOCVERSION 02X Unique 5315 3 1880684 153782 90 5 2019021213117 ||| 153783 2847313 1880864 10
CGIOS2CI_DOCVERSION_04¢ Duplicates 666 3 102640 102632 94 3 0190212132117 ||| 102633 102640 1 1
CGIOS2CI_DOCVERSION_03¢  Duplicates 2873 3 1460203 1459930 86 3 201902121321:17 ||| 1453391 1460203 1
CGIOSZCI_DOCVERSION 05X Duplicates 8006 3 1880864 2 8 5 2019021213217 ||| 10 1692670  1860B64 4
CGIOS2C_DOCVERSION 08X Duplcates 3591 3 1680864 2 39 4 0190212132117 10 30011 1880864 10
<
Column name [Datatype [[&va col length|Index orderKey seq [Cardinaity Hﬂgy [LowKey | Col numbed [ Nults [Null count[Default
VERSION_STATUS  INTEGER (4] 4 Ascending N/& 2 1 40 No 0
OBJECT_CLASS_ID  VARCHAR (16) 20 Ascendng N/& 9 }p‘.zEI[II ‘a 1 No 0
UB3ES_CLIENTNAME VARGRAPHIC (100) 5 Ascendng N/A 30209 gVAMSI' g1111102 10 Yes 1820680
OBJECTID VARCHAR (16) 20 Ascending 1 1880654 'haP ' 0 No 0
B =] Data operation complete (26.05) Object name |Rows  |Pages |Statistics time [File pages ][Rl parents| Rl children| Fil self|Key unique| Key columns| Cal count][[ [ 4ppend mode [[Lock size  [Volstie |
28— £ Felch table data CGIDS2.DOCYERSION (26.05) CGIDS2DOCVERSION 1880664 BBE38 20130213 10:44:00 68698 0 0 0 0 1 13 Rows inserted  Row
1 L= Index scan CGINS2.CI_DOCVERSION_O7X (15.14)
Index name ||Uraique rde|Leaf |Levels|F-.l kﬁadlﬁsﬁ keucald|Clu&ter ratio|l:ol comt]Slaﬁsﬁce time: I]]]ﬂF'lsQ keycard]Fisﬂ keycard| Fistd keycauﬂ_Pot ftee]Ur'E
PY Aft e r- SYSIBM.SOL180619113028090 | Primary Inde 2042 3 1880664 1880664 100 1 20190213 10:4400 || -1 1 1 1 1
CGIOS21_DOCVERSIONZ2 Unigue 2475 3 1880664  18B0EE3 98 3 2019-02-13 10:44:00 1880664 1880664 -1 1 3
CGIOS21_DOCVERSIONT3 Duplicates 523 2 1 1 100 1 20190213 10:44:00 A 1 al 1 1
CGIOS2CI_DOCVERSION_01X | Unique 4934 3 1880664 59153 20 5 201902:1310:44:00 || 59154 238162 1880664 10 5
CGIOS2CI_DOCVERSION_02x  Unigue 5315/ 3 1880664 153782 30 5 2019-02-13 10:44:00 153783 284313 1880664 10 5
CGI0S2 CI_DOCVERSION_04% | Duplicates 666 3 102640 102632 94 3 20190213 10:44:00 || 102633 102640 1 1 1
CGIOS2CI_DOCVERSION_0ZX = Duplicates 2873 3 1460203 14593930 86 3 20190213 10:44:00 1453991 1460203 1 1 1
CGI0S2 CI_DOCVERSION_0S% | Duplicates 8006 3 1880664 2 86 5 201902-1310:44:00 ||| 10 1692670 1880664 1 3
CGI0S2 CI_DOCVERSION_08X | Duplicates 3691 3 1880664 2 93 4 201902-1310:44:00 ||| 10 3001 1880664 10 1
CGIOS2C0_DOCVERSION_07<  Duplicates 5349 3 1880664 2 93 5 2013-02-13 10:44:00 10 60229 60229 10 -1
Cohumn name [Data type [[&vg col length|Index arder [Key seq|Cardinality [High2key [Low2tey [ Cot rumbes| [ Muls [Mul count €
VERSION_STATUS INTEGEF: (4) 4 Ascending N/ 2 4 1 40 Mo O
DBJECT_CLASS_ID VARCHAR [16) 20 Ascending N/A 9 plTzED @ 'a 1 Mo O
UABZ8 POLICYNUMBER  VARGRAFHIC(11) 20 Ascending N/& 64001 g'40000226' g'10000002" 98 ‘Yes BB279
UD1E3_POLICYFROMDATE TIMESTAMP (10) 11 Descending M/& 61441  '2174.04-10-04.00.00.000000° '2010-01-02-05.00.00.000000° 107 Yes 1820660
DBJECT_ID VARCHAR [16) 20 Ascending 1 1680664  ‘HIP 'd5 0 Mo O 81
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Sorting #4 (15| 15)

* Comparison

Scenario name A QuﬂmlOastmdim [Total cost [1/0 cost [CPU cost I[ﬂ A
Onginal SQL 5 CEOSGPVS. 811023  7861.88 1395637248.00
w/ New Index 5 |CEOSGPVS.2605 344 22000513 v
Original SQL 8.11023 Original SQL {7es1e8]
wi New Index wi New index
0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000
Original SQL [12s5637.248.00] Original SQL o]
wiNew index | - *[220.005.13 : : wi New Index o]
0 500,000,000 1,000,000,000 1,500,000,000 0
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Referential Integrity (1] 8)

* There are various types of referential integrity or RI.
* Rl can be DBMS-enforced or application-enforced.
* These days, let the DBMS handle Rl unless there are situations the DBMS can’t handle.

* The simplest is declaring a column or group of columns unique:

* A one-column example is the CLAIM table where you can only have one row for a CLAIM _ID;

this index would be defined as UNIQUE and the DBMS would prevent inserting a row with a
duplicate CLAIM _ID.

* Atwo-column example is the CLAIM_LINE table where you can only have one row for the
combination of CLAIM_ID and LINE_ITEM. This two-column index would be defined as

UNIQUE and the DBMS would prevent inserting a row with a duplicate CLAIM_ID / LINE_ITEM
combination.
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Referential Integrity (2] 8)

* When an index is unique, either one column or multi-column:

* Define the index as unique to tell the optimizer there will be only one row for any entry (e.g.
the chain length is always one).

 The DBMS can better optimize queries knowing this column or group of columns is unique.
* You can “INCLUDE” additional columns for index-only access (coming up shortly).

* Another type of Rl is the parent-child relationship involving foreign keys:

A CLAIM_LINE row can’t be inserted until the corresponding parent CLAIM row has been
inserted.

* The DBMS checks for the existence of the CLAIM_ID on the CLAIM table before allowing any
inserts to CLAIM_LINE with that same CLAIM _ID.

* For this check it’s imperative there's an index on the CLAIM_ID column, which there almost
certainly is since it’s likely the primary key of the table.
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Referential Integrity (3| 8)

* Consider the process to archive and purge old claims after some period. There
are three Rl options when deleting the parent:
* To delete all the children too at the same time as part of that delete, use CASCADE.

 Ifinstead you don’t want to delete the parent until all children are deleted first, use RESTRICT
to prevent deleting child rows.

e Can also set the CLAIM_ID on the CLAIM _LINE table to NULL using the SET NULL option.
* Same options on UPDATEs.
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Referential Integrity (4| 8)

* For example:

ALTER TABLE CLAIM LINE
ADD CONSTRAINT CLAIM FK
FOREIGN KEY (CLAIM ID)

REFERENCES CLAIM -- On CLAIM LINE insert, ensure CLAIM ID exists on CLAIM
ON DELETE CASCADE -- On CLAIM delete, cascades; index CLAIM LINE (CLAIM ID)
ON UPDATE RESTRICT -- On CLAIM update, restricts; index CLAIM LINE (CLAIM ID)

* Index on CLAIM_LINE (CLAIM_ID, LINE_ITEM) suffices since CLAIM _ID is leading
column.
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Referential Integrity (5| 8)

* Here’s an example of a very straightforward DELETE:

delete from REASON_NOT_COVERED
where RNC = 1368
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Referential Integrity (6] 8)

* Here’s an example of a very straightforward DELETE:

delete from REASON NOT COVERED
where RNC = 1368

. And here’s the EXPLAIN:

[ ata operation complete (59118904.00) Object name Type Rows Pages Statistics time File pages Pt free [HI parents IRI children |Rl self Key unigue | Key columns | Col count
7 Filter data (53118904.00] DEADMIN.FEND_CHASE_RNC_DET | Table 273 2 2016-07-10 03:27.09 2 E 1 0 [i ] 2 2
7 [—4[E Table access full DBADMIN.PEND_CHASE_RNC_DET (50.27 DBADMIM.CLAIM Table 14450057 3624302 2016-07-10 03:14:26 | 3691072 1 7 13 0 0 1 124
B | +[E Table access full DBADMIN.CLAIM (14461639.00) DBADMIN.CLAIM_AL Table 15014211 3774298 2016-07-1003:12.45 | 3791936 1 7 3 0 0 2 126
5 4 Table access ull DBADMIN.CLAIM AU (14857040.00 DEADMIN.CLAIM_SERVICE_ITEM  Table 38444745 | 3510567 20160710 03:21:43 | 3532160 1 5 0 0 0 2 77
4 —4[E Table access full DBADMIN.CLAIM_SERVICE_ITE} DBADMIN.CL_SERV_ITEM_AU Table 40200893 4043198 2016-07-10 03:29:55 | 4062445 1 4 0 0 o 3 78
8 [— 4 Tabls access ful DBADMIN.CL_SERV_ITEM_AU (159 DBADMIN.REASON_NOT_COVERED Table 542 a7 20160710 03:23:40 47 1 0 5 0 0 1 8
2 S Delete statement (50.03) = s
1 L— 4 Index scan [no table access) DEADMIN.PK_RNC [25.02) il—l
Index name |Type |Unique Tule |Lsaf |Levels |Fu|| keyeard ]Flrst keycard ]Cluster ratio ]Col count [‘lallsllcs time !' temnal ID |Uw defined |5ystem 1&g |Seq pages |De
DBADMIN.PE_RNC Regular  Primary Index 2 2 542 542 £ 1 2016.07-1003:23:40 1 No 1 0 ]
T
Column name |Data type |Ussr type |Avg col length |Index order lKey s8q ]Cardiniily [High2Key [Low2Key |Colnunbe« |Patkey seq |Nu1ls |Nul|count |Default |
RNC SMALLINT (2] MNa 2 Ascending 1 542 1941 z 0 0 No 0O
RNC_DESCRIPTION CHARACTER (100)  No 101 NS N4 365 Zero dollars b ‘Allegiance-Cr 1 0 Yes 1
PRINTED_DESC VARCHAR (1024) No 194 NS NS 356 *YOUR PLAN ‘Based on Ot 2 0 Yes 0
SAVINGS CHARACTER (1) No 2 NS NS 3 s ' 3 0 Yes 0
STATUS_IND SMALLINT (2] Mo 3 NS NAA 1 4 0 Yes 542
NETWORK_NAME CHARACTER (10) Mo 11 NS NAA 3 " ! 5 0 Yes 539
PRINT_DESTINATION  CHARACTER (1) |No 2 N/, N 4 T i 3 0 Yes 2
TERM_DATE DATE (4] No 5 N/, N/, 11 20160707 20071142 7 0 Yes 413

 What happened here? Why five tablescans? Four are quite large compared to
the simple DELETE using the PK index. 88
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Referential Integrity (7] 8)

* Looking at the REASON_NOT_COVERED DDL, we see:

ALTER TABLE PEND_CHASE RNC_DET
ADD CONSTRAINT FK_PEND_CHASE D1 FOREIGN KEY (RNC)
REFERENCES REASON_NOT COVERED (RNC)
ON DELETE RESTRICT
ON UPDATE NO ACTION

ALTER TABLE CLAIM
ADD CONSTRAINT FK 536 FOREIGN KEY (RNC)
REFERENCES REASON NOT COVERED (RNC)
ON DELETE RESTRICT
ON UPDATE NO ACTION

ALTER TABLE CLAIM AU
ADD CONSTRAINT FK 20654 FOREIGN KEY (RNC)
REFERENCES REASON NOT COVERED (RNC)
ON DELETE RESTRICT
ON UPDATE NO ACTION

ALTER TABLE CLAIM SERVICE_ ITEM
ADD CONSTRAINT FK 537 FOREIGN KEY (RNC)
REFERENCES REASON_ NOT COVERED (RNC)
ON DELETE RESTRICT
ON UPDATE NO ACTION

ALTER TABLE CL_SERV_ITEM AU
ADD CONSTRAINT FK_20657 FOREIGN KEY (RNC)
REFERENCES REASON_NOT COVERED (RNC)
ON DELETE RESTRICT
ON UPDATE NO ACTION
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Referential Integrity (8| 8)

* Each of these tables:

PEND CHASE RNC DET
CLAIM

CLAIM AU

CLAIM SERVICE ITEM
CL_SERV_ITEM AU

requires an index with leading column RNC to eliminate the table scans.

 Table PEND _CHASE_RNC_DET is only two pages so a table scan is acceptable,
however an index would be optimal and avoid accessing the data pages at all.
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Index-only access (1]2)

» Often we can eliminate access to table data pages entirely by adding one or more

columns to an index.
* Doing this increases the size of the index, and time to create and maintain the index (e.g.
INSERTSs), but may also benefit other SQL calls.
* The goalis to eliminate what will likely be physical IO to the table data pages to get additional
columns in the select clause.
* Don’t overuse this feature; it may make sense in cases where adding a short
column or two helps many SQL calls; that’s where to use this.

 Some DBMS index analyzers make recommendations that flood indexes with
additional columns to reduce IO.
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Index-only access (2]2)

* Doing this can lead to redundant indexing on primary keys and other unique
indexes. DBAs often had to create a unique index to ensure a unique constraint,
and for performance reasons create a second index with additional columns for
index-only access which is redundant.

* To avoid this, nearly all DBMS have added the INCLUDE feature, to include
additional columns on a unique index for index-only access without affecting the
unique constraint on the base column or columns. For example:

CREATE UNIQUE INDEX CLAIM PK
ON CLAIM
(CLAIM ID ASC)
INCLUDE
(CLAIM STATUS) ;

92



“One fetch” access (1] 3)

* “One fetch” access is a very special case; a frequently-used example is a subselect
to get the maximum (or minimum) of some date column:

SELECT MAX (EFF_DATE)
FROM tablename
WHERE ACCT NUM =?
AND SUBSC_PID=?
e This SQL will benefit from an index on (ACCT_NUM, SUBSC_PID) but then require

access to data pages to get EFF_DATE, and a sort to derive the maximum value.

* Instead, create optimal index (ACCT_NUM, SUBSC_PID, EFF_DATE DESC) to:

* Make this query index only and

* “One fetch” because the first entry accessed will be the max since the collating sequence on
EFF_DATE is descending.
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“One fetch” access (2| 3)

* This has a lot of applicability especially when retrieving maximum or minimum
values in a subselect passed back to complete criteria in the main select.

* An example from 2001 was a recommended index change to improve one SQL
call run repeatedly (average of once every 20 seconds):

SELECT MAX (A RANDOM NUM) INTO :H :H
FROM GGDD.PORG PROV_RFL MAP

e Changed index to (A_RANDOM_NUM DESC)

* Converted NMlI-scan to "one-fetch" access; dramatically reduced lock contention,
completely eliminated lock timeout abends (over 15 CICS abends per day), etc.

 Saved $1,600,000 per year (CPU) plus intangible savings from dramatically
reduced customer wait time, abends, frustration and rework.
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“One fetch” access (3| 3)

"One Fetch" Access With Index Change Implemented Sunday 9/16/2001
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Indexing

« EXxpression-based indexes

o 0O 0O O O O

Impacts of mixed case data

Data entered free form; could be lower, upper or mixed case

Data used frequently in searches, but unsure what case to use

Concerned about performance of searches? And results returned by searches? You should be
Recent example using relatively-new (Db2 10.5) LOWER (SSO_ID) and LOWER (EMAIL)

Two options:

1. If possible, choose case to convert to before data row insert, and use for searches; either lower (e.g. email
address) or upper (e.g. street address); will save processing time later and avoid potential issues

2. If mixed case is required (e.g. names):

4
4

4
4

Insert data in mixed case for proper display

Settle on one case to use when retrieving data from a mixed-case column, either upper or lower (has no
impact on how the data is displayed); in this case we’ll use upper

Create an index on UPPER (LAST_NAME) for search purposes to avoid table / non-matching index scan
Always use WHERE UPPER (LAST_NAME) = ? (which is all upper case)

Recent example using relatively-new (Db2 10.5) LOWER (SSO_ID) and LOWER (EMAIL)
CREATE INDEX ERD.DLG USER6X

ON ERD.DLG USER
(LOWER (EMAIL) ASC)

ALLOW REVERSE SCANS;

¢ Cigna.



Indexing

Specified SQL Statements | CILUDBXP0001:602000SSOUDB | May 1, 2020 to October 5, 2020

Minutes

| PP | O TY T 1 DR P [ | 1 P

May 1 May 1l May21 May3l Junl0 Jun20 Jun30 Jull0

Jul 20

Confidential, unpublished property of Cigna. Do not duplicate or distribute. Use and distribution limited solely to authorized personnel. © 2021 Cigna

Jul 30

Aug9 Augl9 Aug29 Sep8 Sepl8 Sep?28

W5DLG USER By LOWER S50 ID 01
WS DLG_USER By LOWER SSO _ID 02
B5DLG USER By LOWER S50 ID 03
WSDLG USER By LOWER S5O ID 04
M 5 DLG_USER By LOWER SSO_ID 05
BSDLG_USER By LOWER EMAIL 01

B5DLG USER By LOWER S50 ID 06
M3 DLG USER By LOWER EMAIL 02

WS DLG _USER By LOWER S50 1D 07
B 5DLG USER By LOWER SSO ID 08

¢ Cigna.
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Indexing

« EXCLUDE NULL KEYS

Situation encountered on FileNet database with column that should be unique
However this column is NULL for multiple “template rows”
Need to enforce uniqueness via UNIQUE index, but couldn’t until ...

Relatively-new (Db2 10.5) EXCLUDE NULL KEYS allows multiple rows with NULL while enforcing
unigueness across all other rows
CREATE UNIQUE INDEX SVPPS8DENTAL.CI DOCVERSION 13X

ON SVPP8DENTAL.DOCVERSION

(U2728 DCN ASC)

PCTFREE 10

ALLOW REVERSE SCANS

EXCLUDE NULL KEYS;

o This was the first time we’ve ever had to use this option
o Improves compatibility for migrations from Oracle (default in Oracle)

O
O
O
O

¢ Cigna.
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Flash Storage (SSD)

Storage types

o SSD (Solid-State Drives) or Flash
o Spindle
o Optical

Measurable impact

o Large project that included multiple performance improvements

1.

o ok WD

Major data purging

DB re-configuration, including HADR

Created six new indexes and changed ten existing indexes

HW, OS and DBMS upgrades

CPU cores reduced 25%

SSD or Flash storage for all tables, indexes and transaction logs

* We could easily measure the overall impact, but what impact did SSD alone have?

* We found out on 6/30 when we were “migrated” off SSD in error

« Two weekends later, migrated back onto SSD; see next slide showing the impact

¢ Cigna.
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Implementation Details

« HADR

* Replication and bi-directional failback capability

o Using the prior example

1.

2.
3.
4

o

DBMS upgrade required an OS upgrade
OS upgrade required a HW upgrade
Able to provide bi-directional failback capability with the additional HW copy

While still operating on the old platform, we moved data to new platform, purged, reorged, runstat, and we also
replicated updates from the operational database on the old platform to the new platform

After two weeks, we “migrated” (re-pointed) the app to the new platform

If we encountered an issue after migration, we could re-point to the old environment where the data was
current, again due to replication to keep the old platform data accurate

After several days, we cut the lifeline to reduce overhead and began to free up the old platform resources

We used IIDR\SQL Replication (DProp) for the data propagation in both directions (old to new before migration
and new to old after migration)

¢ Cigna.
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Q & A and More Information

c Q&A
* “How To Make Up Time, Or, How To Save Five Days In A Single Day”

o CRM application upgrade and performance improvement project including HW upgrade, CPU core
reduction, OS upgrade, storage conversion to SSD, DBMS upgrade, many configuration updates,
major data purges, six index adds and ten index changes, all while maintaining bidirectional failback
capability

o 2018-06-05 Central Canada Db2 User Group (CCDUG) Conference

o 2019-06-04 International Db2 User Group (IDUG NA) Conference

* “Indexes: They’re Not Just For Where Criteria Anymore”

o Presentation covering many aspects of indexing, many slides included in this presentation
o 2019-04-30 Central Canada Db2 User Group (CCDUG) Conference
o 2020-08-13 International Db2 User Group (IDUG NA) Virtual Conference

« Jim Bean, Cigna Performance & Forensics

 Email: jim.bean@cigna.com
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