Real-Time SQL Monitoring

Decenber 2009

ORACLE



Real-Time SQL Monitoring

INTRODUCTION

Real-time SQL monitoring, introduced in Oracle Database 11g, provides a very
effective way to identify run-time performance problems with resource intensive
long-running and parallel SQL statements. Interactive Enterprise Manager screens
display details of SQL execution using new, fine-grained SQL statistics that are
tracked out-of-the-box with no performance penalty to production systems.
Statistics at each step of the execution plan are tracked by key performance metrics,
including elapsed time, CPU time, number of reads and writes, I/O wait time and
various other wait times. This allows DBAs to analyze SQL execution with greater
detail than it was previously possible and decide whether to terminate the long-
running SQL, let the SQL complete, or send the SQL for tuning,.

IMPLEMENTATION DETAILS

The Real-Time SQL Monitoring feature of Oracle Database enables monitoring the
performance of SQL statements while they are executing. By default, SQL
monitoring is automatically started when a SQL statement either runs in parallel or
has consumed at least 5 seconds of combined CPU and I/O time in a single

execution.

V$ views

There are 2 new views introduced in Oracle 11 g to support this:
V$SQL_MONITOR and V$SQI._PLAN_MONITOR.! These new views can be
used in conjunction with the following views to get additional information about

the execution being monitored:
o V$ACTIVE_SESSION_HISTORY
e V$SESSION_LONGOPS

! Although, it is by far the least friendly way to use SQL Monitoring, make sure to see
sections on Active Reports and SQL Monitoring in the Enterprise Manager for the
graphical representation of the same data.
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e  V$SQL
e  V$SQL_PLAN

The V$SQL_MONITOR view contains a subset of the statistics available in
V$SQL. However, unlike V$SQL, monitoring statistics are not cumulative over
several executions. Instead, one entry in VESQL_MONITOR is dedicated to a
single execution of a SQL statement. If two executions of the same SQL statement

are being monitored, each of these executions will have a separate entry in

V$SQL_MONITOR.

To uniquely identify two executions of the same SQL statement, a composite key
called an execution key is generated. This execution key is composed of three
attributes, each corresponding to a column in V§SQL_MONITOR:

e SQL identifier to identify the SQL statement (SQL_ID)
e  Start execution timestamp (SQL_EXEC_START)

e Aninternally generated identifier to ensure that this primary key is truly
unique (SQL_EXEC_ID)

SQL Monitoring Data Retention

Once monitoring is initiated, an entry is added to the dynamic performance view
V$SQL_MONITOR. This entry tracks key performance metrics collected for the
execution, including the elapsed time, CPU time, number of reads and writes, I/O
wait time and various other wait times. These statistics ate refreshed in near real-
time, once every second, as the statement executes. Once the execution ends,
monitoring information is retained in the V§SQL_MONITOR view for at least a
minute. The SQL Monitoring data in the SGA is not vulnerable to cursor age-outs
from V$SQL; however it exists in a size-constrained in-memory buffer and will
eventually be overwritten by statistics coming from new statements that are
monitored. So, if the system has a lot of long-running SQL statements and Parallel
Queries, not all SQL statements are guaranteed to be monitored because of two
factors: space limitation of the in-memory buffer and a 5-minute retention
guarantee for the SQL statements that made the monitored list. However,
practically this should never happen.

SQL Plan Monitoring

Real-time SQL monitoring also includes monitoring statistics for each operation in
the execution plan of the SQL statement being monitored. This data is visible in
the V$SQL_PLAN_MONITOR view. Similar to the V§SQL_MONITOR view,
statistics in V§SQL_PLAN_MONITOR are updated every second as the SQL
statement is being executed. These statistics also persist for at least 5 minutes after
the execution ends. There will be multiple entries in V§SQL_PLAN_MONITOR
for every SQL statement being monitored; each entry will correspond to an

operation in the execution plan of the statement.
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Parallel Execution Monitoring

Parallel queries, DML and DDL statements are automatically monitored as soon as
execution begins. Monitoring information for each process participating in the
parallel execution is recorded as separate entries in the V§SQL_MONITOR and
V$SQL_PLAN_MONITOR views.

V$SQL_MONITOR has one entry for the parallel execution coordinator process,
and one entry for each parallel execution server process. Each entry has
corresponding entries in V$SQL_PLAN_MONITOR. Because the processes
allocated for the parallel execution of a SQL statement are cooperating for the same
execution, these entries share the same execution key (the composite SQL_ID,
SQL_EXEC_START and SQL_EXEC_ID). It is therefore possible to aggregate

over the execution key to determine the overall statistics for a parallel execution.

On RAC systems, for parallel execution going cross-instance, the V§ view will show
only those processes that ran on the current instance. In order to see the cross-

instance statistics GV$ views must be used.

Active Reports

Starting with Oracle Database version 11g Release 2, reporting for SQL Monitoring
has been enhanced with the Active Reports functionality.

An Active Report is an interactive report that can be used for off-line analysis. It
offers the same level of interactivity as the live Enterprise Manager screens, with
drill-downs to various levels of detail. For example, the SQL Monitoring Active
Report displays the expected and actual number of rows returned for each step of
the execution plan. This information can be critical in understanding why the

optimizer chose a specific execution plan.

The active report can be saved as a single HTML file and archived for later
reference. Alternatively, the active report could be forwarded to appropriate

personnel for further analysis (e.g., emailed to an in house performance expert, or

to Oracle support).

Setup Preferences Help Logout
Database

Logged in As SYSTEM
| [ Save || S Mail | [F] View Report |
4

10 Statistics

10 Requests g 98

1O Bytes B8430K

Figure 1: SQL Monitoring Active Report.

The recipient does not need an Enterprise Manager or a Database installation to
view an Active Report. To generate an active report the user can either use new

button controls on top of the SQL Monitoring Execution Details page or
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alternatively generate it with a REPORT_SQL_MONITOR() function call (part of
the DBMS_SQLTUNE package).

SQL Monitoring Workflows in Oracle Enterprise Manager

SQL Monitoring was instrumented and available for command line use in the first
release of the Oracle Database 11g. The graphical user interface to monitor active
running SQL made its debut in Grid Control 10.2.0.5 and Database Control
11.1.0.7. Basically, the data from the GV$ views, described in the previous

subsections, is aggregated and presented in a user-friendly interactive fashion in

EM.

There are three different views at the SQL Monitoring data in EM. The first and
the most comprehensive (in a sense that it provides a system-wide view) is through
a link at the bottom of the Performance Page:

Additienal Monitoring Links
Top S and Top SOL data bom ASH can be found on the Tep Actmly page

+ |ngtance Locks
* [t
+ Sgarch Sessions

» Search S

+ Spapshals

Figure 2: SQL Monitoring link.

That link leads to the Monitored SQL Executions page that contains a list of all
SQL statements that are and have been monitored on the system:

ORACLE Enerpries Manager 10g

Sehio Brelwences Hik Losou
Grid €

005 | Repons

Wb Appl
Datavase instance: dey igsmngh7-g1 gragieads com >
mMonitored SOL Executions

Systems | Groups | All Targets

Active in last | AN - Refresh | 3 isconds v | siep Rafraik
Status Dt SO Session Parallel Datalrase Tine w Sart Lnded SO Teat

faree FifyanawhiGyr [E] §ror 08314 Pl Baluct s ure_si) ure_siie) ful (2] full (6 " * $GL

. Buarycos] o 128 ha - [LELE L] salwct P parallva. Th e _akb) ball () full (29 *4 7
« v Uzt grrsark, 19 oo e 08382 P 814 P Baluct s upe_margels) uss_masgech ol (a) all (5
< I 7~ wrerreisiod 13 2 [T TERS 40223 PM 4274 FM salach P pasallols, Thaie_akE) tall () fall ) "4
< B FIESyaramtGrm 40 g 041097 Pu (R Balbct 4 ube SR} ube_SE) ful (4] Full (B) "1 P SOL

2m gt it ¥ e 2 -3 1937 Fu saluch P win_marg o) uis_masgaich bell (o) bl ()
< [l Vv bk 48 R = 40223 M [T Iach s uta_marges] ums_masges kel )
Y 00 BT L e [ L This Api 2 2000 € Thu Api 2 000 G alact P+ pacallex) MBSl (4] Pall () P
< W ey Mz B2 Thu Api 23 2000 06 Th Api 23 2000 06 salesl ~+ win_skb) win_sis) full ) 1l () %" SOL
< v Uhipvgelgrrsark. " s g This Api 2 200 € Thi Api 24 2000 € Salact P+ ute_marge(s) use_masge{c) fell () all ()
o I o e 40 e ' Thu Api 232000 0 Thu Api 23 2000 0 salecl®+ pavallekia, Zhwie_akbh tal (o) ball ()
v W FIESyeramtSyr 135 o= This Api 2 2000 € Ths Api 23 200G EE alect P+ ue 8B ube_SCE) full ) Tull (3 1 $0L
< Vv b 5 . e Thu Api 232000 0 Th Api 232000 0 salecl "+ wbe_soni k) win_mwegsieh bl dal bull )
¢ - teercisiss 4 e [ SR This Api 29 2000 €0 Thi Api 23 200G EE salect P+ pacsllaa. ) sse_ab) Sall 4] hull (83
< B 1FByepmiiyr Mz R Thu Api 23 2000 05 Tha Api 23 2000 0 saleel ~+ win_skb) win_sid) full a) 1ll () %" SOL
< Uhivge1 grrsark 2 | RES g This Api 29 2000 EC. Th Api 23 2000 CE Salact P+ ute_marae(h) use_masgedc) full L) fall ()
¢ I v i L5~ e o Thu ApI 23 2000 06 Thu Apr 23 200006 salects pasallelia, Z) swe_nkb) til (a) full () *F "
v W FIbyerambiSyr ) [ EEL This Api 29 2000 € Th Api 23 2000 CK alect P+ ue 8B ube_Se) full ) Tull (3 1 $OL
2 g [ 2 E:  Apt "  ure_nm. s ) el )
< Vvl mari ] R B Thu ApI 23 2000 06 Thu Apr 23 2000 06 salect™s upe_moange(¥) upe_masge(e) tull a) tul (1)
o I discdintig ™ (B 2330 Thy ApiZI00UC. Thy Api 23 2000 €0 SELECT TO_CHARGsmant_Bmadtans AT TIME 201
—

Figure 3: Monitored SQL Executions page.

Each row on this page shows an instance of a SQL execution that has or is being
monitored. By default, rows are ordered in the table such that most recent
executions are shown first with the first few rows always showing SQL executions
that are in progress. Information on this page presents only key data about each
execution: global information like SQL id and text, parallel DOP and statistics on
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the execution like status, start and end times, duration, database time breakdown,
10O statistics. This page is refreshed on a periodic basis to update the statistics of

execution(s) that are in progress or to add additional entries for newly monitored
executions.

Clicking on an entry drills-down to the Monitored SQL Executions Detail page that
contains additional information about a specific SQL execution. If the execution of
interest is still in progress, it is possible to get real-time updates on the execution
statistics as well as to see what operation of the plan is being executed at that time.
Additionally, it is possible to see a lot of useful information about the SQL
execution, including: SQL-level statistics for the execution (database time
breakdown, CPU, I/O read/write breakdown), degree of parallelism for the quety,
start and finish time of the execution, etc.
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Figure 4: Monitored SQL Execution Details page.

The second view is at the SQL Monitoring statistics for different instances of a
SQL statement. It is exposed through the SQL Details page. A new SQL
Monitoring tab has been introduced on that page. It contains the list of all
previously monitored executions for that specific SQL statement:
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Figure 5: SQL Details page.

The third view is at the SQL Monitoring statistics for a specific session. It is
exposed through the Session Details Page. Just like with the SQL Details page, a
new SQL Monitoring tab has been added to the Session Details page. It contains all
monitored SQL statements that were part of that session.

Also note that it is possible to terminate the whole session from the Session Details
page (with the Kill Session button) as a prompt reactive measure of dealing with a
runaway SQL statement that is monopolizing system resources to the detriment of
all other users:
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Figure 6: Session Details page.

It is also possible to get to the SQL and Session Detail pages from the main
Monitored SQL Executions page, if more information about the SQL statement is
desired. Thus all three views at the SQL Monitoring data are interlinked in EM.
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Note that the SYSTEM—2>SQL~>SESSION approach to viewing database activity
for SQL monitoring is not new with this feature, it is the principal approach Oracle
Database has exposed in the EM GUI since version 10gR1 and SQL Monitoring is
simply fully integrated with that methodology.

MONITORED SQL EXECUTION DETAILS PAGE

This section is dedicated to describing different components of the new Real-Time
SQL Monitoring user interface available in the Enterprise Manager with a detailed
example of a complex parallel query. Its goal is to teach the DBA how to navigate
through the abundant run-time data available for a monitored SQL statement.
Monitored SQL Execution Details page is a drill down for an individual SQL
statement from the Monitored SQL Executions page.

On the very top of the screen, next to the title of the page, there is a status icon for
the SQL statement that this page is monitoring. Three types of icons to describe
the state of the SQL statement are available. They are: Done, Running, and Failed.

As the mouse goes over the icon we get the description of it:

mMonitored SOL Execution Details
Overview

DO ME (ALL ROWS)

SQLID  SwmrdwStsdoywf (i) T Time & Wait S
e | Parallel -;-ﬁ-,} 16 )
Crurati
E«-" I Execution Started  Fri Feb 27, 2009 12:49:49 PM
Last Refresh Tirme Fri Feb 27, 200% 12:53:41 FM Databasze Tin
?—/A"' I Execution IDD 16777216 W ait Ackivity
Uzar TRCD

PLASCL & Ja
Fetch Calls 2

Figure 7: status of a monitored SQL statement.

Also, it is worth noting that if the SQL has failed, the Oracle etror number and
message will be displayed via the icon tooltip. This enhancement was introduced

into SQL monitoring starting with Oracle database 11gR2 release.

Next thing is the SQL ID when we hover the mouse pointer over it we get the
SQL text corresponding to the running query:
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Figure 8: SQL text of a monitored SQL statement.

On the live system when a user clicks on the SQL ID link they navigate to the SQL
Details page that shows real-time as well as historical information about the SQL.
For long SQL statements and for purposes of copying SQL text from the SQL
Monitoring Ul into the clipboard, the user can click on the information icon next
to the SQL ID:
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Figure 9: SQL text of a monitored SQL statement.

The SQL Text window shows the full text of the statement as well as information
about bind variables used in the execution, including their values. Bind information
is shown in a separate tab of the SQL text window. Information on bind variables
is important to know because their value can change selectivity of SQL predicates,
which in turn impacts both the execution plan selected by the Oracle optimizer and
execution statistics. Showing bind variables is an enhancement introduced into SQL

monitoring starting with Oracle database 11g Release 2.

Real-Time SQL Monitoring Page 9




The next entry in the Overview box is called “Parallel” and indicates the degrees
of parallelism (DOP) for the query. In our case the query had DOP of 16:

Cheendew

SOLID  Swmrdwstsd0vf L
Parallzl
Execution Started Fri Feb 23 2nn0o k40,45 06a
Last Refresh Time  Fri Feb Cegres of Parallelism: 16
Execution ID 16777216
Uzar TPCD
Fetch Calls =

Figure 10: degree of parallelism for a monitored SQL statement.

This particular query was run on a single instance Oracle Database. Thus we only
have one number in the Parallel row. In case of RAC databases that support
multiple instances, the number of instances involved in processing this query will
be indicated next to the DOP icon.

[a}‘:'a}4 B2 ]

Figure 11: degree of parallelism for a monitored SQL statement.

Note that a Degree of Parallelism (DOP) of 16 does not necessarily mean that only
16 parallel servers were allocated to execute the query. Indeed, the DOP indicates
how many parallel execution servers are allocated per set of parallel execution
servers. Oracle allocates only one set to process simple queries while it will allocate
two sets of DOP processes each for more complex queries. In the latter case, the
reason we use the same DOP (i.e. 16 in our example and not 32) is because the
speedup is going to be at most 16 and not 32, even though 32 parallel execution
servers are allocated. That happens because of the normal dynamics of parallel
execution: the two sets of parallel servers are exchanging data in pipeline where

cither producers or consumers active in turns.

An example of the first case could be a simple query, such as select * from
table name, where only one set of parallel servers is needed to scan the table.
Usually parallelization occurs at the level of running one operation in parallel (in
our example — a table scan). A more complex query would generally involve at least
one pipeline. For example, assume that an aggregate is computed on the result of
the above simple select query. In that case, rows produced by the full table scan
operation will be pipelined to a second set of parallel servers assigned to a GROUP
BY operation. Thus the incoming data from the first (producer) set is redistributed
to the second (consumer) set. Please see the TABLE ACCESS and GROUP BY
operations highlighted on the graphical SQL plan. The red arrows indicate the data
communication between two sets of parallel servers:
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I_returnflaa,
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Figure 12: correlating SQL execution plan operations to SQL text.

The lower part of the “Monitored SQL Execution Details” page has several tabs.
The first one shown by default displays line by line statistics on the execution plan

of the statement being monitored:

Operation Name Estimate... Cost Temeline(232s) EMeC.. Actud.. Memo.. Temp .. 10 Requests  Cell ... CPU Activity o Walt Activity
) SELECT STATEMENT 33 4
B P COORDINATOR = 4 I
] P SEND G (ORDER) TRa0002 IR 18
[ SORT GROUD BY 5 80K a6 4 me

B #% RECEIE 5 %0k 18 =4

) P SEND RANGE TQLO000 5 B0k o
[ HASH GROUP BY 3 pop Ee— s 3 1m N
P BLOCK ITERATOR 17ITH | Ik e——— 1 7T

TABLE ACCUSS LINEITIM 1797M pon EEEREER a3 aTEM — 2PGF 77| aes e

Figure 13: plan operations of a monitored SQL execution.

The first few columns (operation, name, estimated rows and cost) show optimizer

information about the execution plan.

The column Name displays the name of the object associated with a plan
operation. For example, the table name LINEITEM is associated with the T4ABLE
ACCESS operation. Object names like “TQ70000 represent the name of parallel
table queues. Table queues are temporary in-memory objects created for the
duration of the parallel query execution and form the bases of the mechanism to
exchange rows in pipeline between two sets of parallel servers (see “TQ70000 on
our example) or between one set of parallel servers and the query coordinator (see

10100017 on our example).

The Estimated Rows column displays the numbers of rows that are expected to
be the input for the specific plan operation, as estimated by the Oracle optimizer

when the statement was compiled.
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Similarly, the Cost column displays the cost estimated by the optimizer for the
entire sub-tree rooted by a specific operation. The cost is expressed in internal

units.

The other columns (starting from the Timeline column) display run-time statistics
collected by SQL monitor for each line of the plan. Additionally, when the query
executes parallel, SQL monitor also indicates the type of parallel entities that
executes each operation. This information is shown using a small icon placed on
the left side of the operation name. There are three possibilities here, all llustrated
on our example: the parallel query coordinator executes the operation (

), the first set of parallel servers executes the operation (blue icons), and finally
the second set of parallel servers executes the operation (orange icons). In our
example, the second set of parallel servers (the orange set) scans the LINEITEM
table in parallel. Each server in that set scans a subset of blocks in the table and
then pre-aggregates the subset of rows it has selected. When the pre-aggregation is
completed, the pre-aggregated rows are sent to the first set of parallel servers (the
blue set) to perform in parallel the final aggregation. Rows are redistributed in a
pipeline manner between the two sets of servers based on the value of the group by
keys.

The Timeline column displays the relative start time, from when the query
execution started, and the actual duration of each plan operation. Note that the
total runtime of the query is displayed in the header of the column (e.g., in our case
232 seconds). Once the mouse pointer is over the timeline bar it is possible to see
quantitative information about the duration of each operation, as well as its relative

start time:

I<{' 95 1775M

First Active: 1=; Duration; 232s

Figure 14: timeline of a SQL execution plan operation.

Note, that plan lines come in and out of being active at different stages of a query
execution. For example, an operation on the right hand side of a nested-loop join
will be executed multiple times, so they will have busy periods and idle periods
during a SQL execution. The timeline column shows the first time an operation
was active and the total duration of that activity, including idle periods, until the last
time the operation was active. Finally, no timeline is shown when the operation

executes for less than one second.

The Executions column displays the number of times each line of the plan has
been executed. In our example you can see that the PX Coordinator operation was
executed 33 times. This is because every process participating in the parallel

execution executes that operation. The total number of process executing the
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parallel query is DOP x 2 because we have two sets of parallel servers and one for
the query coordinator process. If the DOP is 16 as in our example, 33 processes are
executing that particular operation. Other operations in the plan are executed in
parallel by either one of the two sets of servers, hence the column executions shows
16, which is equal to the DOP of our query. The Table Access operation is the
exception here since it was executed 1296 times. This is explained by the fact that
this operation is re-started by the PX BLOCK ITERATOR operation each time a
parallel server scans a different range of blocks in the LINMEITEM table. Indeed,
every time a range of blocks has been scanned, the PX BLOCK ITERATOR
operation would request the next range of blocks to scan from the parallel
coordinator process. Upon reception of that next range, the TABLE ACCESS
operation would get once again executed with that new range of blocks. A simple
calculation allows us to see the granularity of that TABLE ACCESS operation. We
had a total of 1296 executions, and all of them combined scanned 247 gigabytes of
data. Thus each execution of the TABLE ACCESS operation scanned a little less
then 200 megabytes of data, on average. Also, on average, each parallel execution
server executed the TABLE ACCESS operation 81 times (i.e. 1296 / 16). The table
is divided into a large number of block ranges, many more than the total number of
server processes, to enable dynamic load balancing among the parallel servers
involved in the scan operation. This scheme guarantees that each server will finish

at about the same time, even if some parallel servers go faster than others.

Operation u| Executions
[l SELECT STATEMENT 33

B P¥ COORDINATOR I 33

Gl EIPR $END QC (ORDER) . 16
i Bl $ORT GROUP BY L 16
ity [ PX RECEIVE 16
El P SEND RANGE " 16

Bl HASH GROUP BY b 16

B PX BLOGK ITERATOR 16

TABLE ACCESS 1296

Figure 15: number of executions column.

The Actual Rows column displays the actual number of rows that the plan
operation produced. The number of rows is accumulated across all parallel servers
working on the corresponding plan operation. This number is also cumulated, over
all executions of the operation. Note that the Actual Rows and Estimated Rows
column values can be different for two reasons: one reason is because the optimizer
only makes an estimate, which can differ from the actual run-time value. The other
reason for a mismatch is that the estimate made by the optimizer is sometimes
based on one execution of the operation and is not cumulative. A good example of
this is a nested-loop join operation where the right side is re-executed as many
times as the number of rows on the left. The optimizer estimates the rows only for
one execution of the right tree while SQL monitoring will show the cumulative
number. Hence, the two numbers will differ. Saying that, comparing the actual and
estimated number of rows can greatly help to uncover large variances in optimizer

estimates. Such variances can cause the optimizer to select a sub-optimal plan. Bad
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estimates can be corrected by making sure that statistics for the underlying database
objects accessed by the query are up-to-date. Other bad estimates are often
addressed by running the SQL Tuning Advisor, assuming that these bad estimates
are causing the optimizer to select a sub-optimal execution plan. SQL Tuning
Advisor can correct those by recommending a SQL profile.

9|:|K L1

5 0K 16 54

1737TM FEK 16| 1775M

Figure 16: correlating estimated and actual rows.

As you can see in our case optimizer’s estimates are not too far off.

The Memory (Max) column displays the sum of the maximum amount of
memory that was used in all execution of the specific plan operation. In our
example the HASH GROUP BY operation consumed an aggregated 13 megabytes
of memory highlighted by red box in Figure 17: Max memory column.

e ——— 5| ook — ca

Figure 17: Max memory column.

Note that this operation has been executed 16 times as seen in Figure 17: Max
memory column. In this example, the aggregation was performed in memory and
overall used 13 megabytes. This is a little bit less than 1 megabyte per parallel
server. The reason we did not have any memory consumed at earlier levels of the
plan is because many operations are processing data one row at a time. Hence, they
need very little run-time memory and are not reported in SQL monitoring. SQL
monitoring only reports the PGA memory consumed by work areas: hash join,

hash group-by, sort, bitmap merge, and bitmap create index.

Finally, note that the column Memory (Max) is only named “Memory” when the
query is executing. In that case, this column reports how much memory the
operation is consuming at that particular point in time. Once the query completes

the maximum value of consumed memory will be reported.

The Temp (Max) column displays the amount of temp space consumed by its
associated plan operation. A non-null value indicates that the operation has
“spilled” to disk. In some case, spilling can be avoided by tuning the value of the
parameter “pga_aggregate_target”. Please refer to the Oracle tuning guide for more

information on how to tune this parameter.

Finally, note that the column Temp (Max) is only named “Temp” when the query is
executing. In that case, this column reports how much temp space the operation is

consuming at that particular point in time.
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The next column IO Requests shows the number of read-and-write requests per
plan operation. In our example, we can see that all IOs have been performed by the
TABLE ACCESS operation, to scan the LINEITEM table. Once we place the
mouse cursor over the 10 bar, we get additional information about the number of
requests and the actual bytes read as well as the average size of the 10 operation,

which in our case is 863 bytes.

TABLE ACCESS LINEITEM 1737M 72K S 096 1775M 286K, 77| 4.65 -

Read Requests - 286,446 [100%)
Read Bytes - 247,288,676,352 (100%)
Auerage 10 size - BE3K bytes

Figure 18: IO Requests column.

It is also possible to toggle the 10O requests and bytes by selecting the top item in
the context menu. The context menu is activated by the right mouse click.

The Cell Offload Efficiency column has to do with the 1O efficiency factor when
using Hxadata storage. In our example the improvement of 77% is achieved
because, of the 247 gigabytes of data read from disks, only 58 gigabytes is shipped
through the 1O interconnect. This corresponds to a reduction factor of 77%. This
efficiency is typically achieved because projections and selections are offloaded and
evaluated directly by the Exadata storage cells. Hence, only the relevant rows and
columns are shipped back to the database server, saving 10 bandwidth. The
offloading optimization is only performed for full table scans and index fast full

scans.

Cell Offload Efficiency ||
Cell Ofload Efficiency: F7%

| Bytes read from dizks: 247G [
Bytes returned by Exadata: 58G

where |

|_shipdate «= to_date ('1998-12-01","7v-MM-DD') - 20
Figure 19: Cell Offload Efficiency column.

Note, the column will only be rendered if the workload is run against the Oracle
Exadata V1 system.

The next column, CPU Activity %, indicates the share of CPU resources
consumed by each operation. This percentage is derived by querying
GV$ACTIVE_SESSION_HISTORY (or ASH for short) and by counting how
many CPU samples are found for each operation relatively to all CPU samples. In
our example, the table access consumed only 4.65% of the CPU resources while the
hash group by consumed almost all the rest (i.e. 95%). Additional information
about the CPU activity is displayed when you mouseover it. It shows how many
ASH samples for CPU were captured for the selected operation. Keep in mind that

in the parallel query case, each parallel server is sampled every second, assuming it
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is not on an idle wait. This explains the large number of samples here, 2912 samples

for a query that executed for less than 240s.

Note that the accuracy of ASH estimation depends on the total number of samples
observed for the statement, which is proportional to the total runtime. Thus, long
running queries will have better estimates of resource breakdown by plan line. Also
note that a CPU sample in ASH means that the operation was on CPU or was
waiting for CPU (i.e. placed by the OS scheduler in the run queue).

-
DOperation CPU Activity %0 |Wait Activiby 20
(] - - L] . .

E HASH GROUP BY 95

B PE BLOCK ITERATOR .

TABLE ACCESS R Cpu - 2912 samples [(35%)

Figure 20: CPU Activity column.

In our example almost all of the CPU activity happened at the HASH GROUP BY
aggregation step.

The last column, Wait Activity %, is showing us the wait activity distribution for a
query. For example, the TABLE ACCESS operation needs to wait for data coming

from the Exadata cells ptior to process this data, hence causing some user I/O

waits.
Operation .. cell ... CPU Activity % | Wait Activity %0
- - - . . - - -
TABLE ACCESS 77| 465 100
- -

User If0: cell smarttable scan - 553 samples (100%)

Figure 21: Wait Activity column.

In our example all the wait activity happened at the table scan level and the first
instinct is to tune that large wait activity bar. However in order to correctly
concentrate one’s tuning efforts, a larger picture has to be considered. The question
that needs to be answered before embarking on a mission of tuning User I/O waits
is, “How do CPU and User I/O waits measure up against each othet?” The right
way to do this is to examine the DB time breakdown. If most of that time is CPU,
then it makes sense to optimize for CPU.
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Plan Statistics |3 Parallel

Active Sessions

12:50100PM 12:51:00PM 12152100PM 12153100PM u cpu

Figure 22: Activity tab on the Monitored SQL Execution Details page.

The activity tab is the 3" tab on the Monitored SQL Execution Details page and it
visualizes ASH data on the Active Sessions vs. time graph. Here we can see exactly
same colors as on the Plan Statistics tab, however the colors (i.e., Waits) are

presented along a different dimension.

The activity tab is useful to see how query activity spreads over time. Also in the
case of Parallel Query it is useful to look for intervals where the SQL was not fully
parallelized.

The first main observation from this tab is that CPU time exceed 1/O waits by a
wide margin, thus our tuning efforts should be concentrated on the most significant
wait class rather than I/0O.

Another important factor to consider is the Maxcimum CPU line, which indicates
how many CPUs are available on the host where the database instance(s) run. In
our case we have an 8 CPU system, hence the maximum CPU line is at 8 active
sessions. Any light green area above this line will be waiting for CPU resources to
become available for processing. Regardless of the fact that we have allocated 16
parallel processes to work on the query, only 8 of them can consume CPU
simultaneously and the other half will wait for spare CPU resources. In our case we
are completely bottlenecked on CPU. Hence, the only way to speedup this query is
probably to modify the SQL execution plan or to add more CPUs resources.

To correlate these observations with the Plan Statistics tab, we come to the
conclusion that most of time spent by this query is in CPU activity at the partial
(i.e., lower-level) aggregation level. There are 1.7 billion rows retrieved from the
table scan and only 54 came out of the pre-aggregation operation. So that query is
inherently expensive (i.e. aggregating 1.7 billion rows takes a lot of CPU resources)
and speeding up the execution would probably require more or faster CPUs.
Alternatively, a materialized view could be creating to pre-compute that
aggregation. Creating this new access path will obviously also greatly improve the

execution time.

Dperation Name Estimated Rows | Cost Timeli... |E... Actual Rows

kil Bl HASH GROUP BY 5 oo M e

kil Bl P# BLOCK ITERATOR Tk S as

kol TAHBLE ACCESS LIMEIT e

Figure 23: correlating actual and estimated rows.
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As demonstrated in this section the interactive user interface contains an incredible
amount of useful information that DBAs’ can leverage when analyzing problematic
SQL statements.

SQL MONITORING USE CASES

This section of the paper presents five different use cases of SQL statements that
experienced performance issues at runtime. Real-Time SQL Monitoring will be

used to find the root cause problem in each of these cases.

Complex queries — big plans

One of the simplest applications of Real-Time SQL Monitoring can be for SQL
statements with very large plans. SQL execution plans can get large and very
complex to interpret so trying to figure out how the statement runs, where the
resources are being spent and mainly what the bottlenecks may be, can be quite a
tedious and, perhaps unmanageable task.

Let’s looks at a SQL statement with a big plan:

hacitred SO Esecutiontetid it

Figure 24: long SQL plan.
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Figure 24: long SQL plan. presents a difficult scenatio for a DBA who, upon
doing an explain plan on the SQL statement, needs to detect potentials problems
with it. It is obvious that with such a large plan, a DBA would need some serious
help!

Real-Time SQI Monitoring makes it possible to see what part of the plan is
important; ot in other words, which plan operations consume the most resources.
From Figure 24: long SQL plan. it is possible to see that only a few plan
operations have a significant color band next to them. Those operations are the
ones that requite closest attention because they are whete execution time is being
spent. To make things even more visually friendly, it is possible to condense some
steps of the plan into one line (see SORT AGGREGATE operation in Figure 25).
With one mouse click it was possible to reduce the plan from Figure 24: long
SQL plan. to its essential patt in Figure 25. Now we can see that the TABLE
ACCESS FULL operation is taking most of the CPU resources, at first for the
ORDERS table and then for the LINEITEM table. Thus, subsequent tuning
efforts should be concentrated on making that full table scan faster and less
resource intensive, or avoiding it by rewriting the SQL or creating better access
structures.

Monitored SQL Execution Detail «)

Text Report
Overview -
SQLID  £5g6bpbasavat (i) Tirne 10 & Wait Statistics
Execution Started Thu Feb 14 2008 01:57:51 FM
Duration 4.2m 1o Count -1ﬂ69K
Last Refrash Tirme Thu Feb 14 2008 02:02:03 PM
S 7 PLSQL B Iava 008 wait actvty < | *©
Fetch Calls &
Detail
|E] Plan statistics ||~ Activity
Plan Hash value 495342630
Operation Name Estima... Cost Timeline(253s) Exe... Actu... Memor.. Tem... CPU Activity %0 Wait Activity %0
Bl SELECT STATEMENT 251k 1 99
= COUNT STORPKEY 1 99
B VIEW 2406 251k 1 99
B} SORT GROUR BY STOPKEY 2406 251K e 1 99 6144
Bl HASH JGIN 65K 250K 1 3423K  3438K 662N il B0 e 70
Bl TABLE ACCESS FULL LIMNEITEM 2400K 223 1 4gm 29
User [/O: direct path read temp - 114 samples (50%)
SORT AGGREGATE 1 1 1 . .
TABLE ACCESS FULL ORDERS BOK 24K 1 897K e 79 DT

Figure 25: same big plan condensed by SQL Monitoring.

Poor index utilization strategies

The second example of using the Real-Time SQL Monitoring allows us to diagnose
a case of a poor indexing strategy. At the first glace it might seem the execution
plan may benefit from an index, if one exists. However, when the runtime statistics
for the SQL statement ate examined, the choice of an index for faster table access

presents itself in a different light — see Figure 20.

Looking at the resource consumption part of the Monitored SQL Execution Detail
allows us to see that most CPU resources, namely 55%, are being consumed by the
INDEX RANGE SCAN operation. Looking closely at this operation, notice that
the index is only doing a small amount of the filtering needed by the query - 880K
rows are pulled from the index from which only 60K rows are selected. So the
DBA should just notice that the query is mostly consuming CPU and most of it is
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in the INDEX RANGE SCAN operation as well as most of the filtering is only
done after doing a random I/O to get the row from the table.

Monitored S01L Execution Detall . L Tt Raport
: J
Pa—— -
oureser. [ 7+ 1o coune i 2¢
pananase T 7 | water v R
ol
| Plan statistics || activity
Flan Hash Value 987778140
Opuration M Estienated... Cost Teneboe(462s) Ex... Actual R, Me... Tem.. CPU Activity ¥ Wkt Activity 8
B SELECT STATEMENT 631" 1 TE 1200k
B HASH GROUD BY 1 631 1 TE 1200k
O VIEW 1 &3 1 ™
@ HASH GROUP BY 1 631 1 TR 1198F
B VIEW 1 631 1 78
B WINDOW ROSORT 1 631 1 78
B SCRT GROUP BY 1 69 —— 1 78 8192 . a3
[ = s
GneTeo 1oons e = s
[ HasH IO 1 gy — 1 MK 126TE jro?
B TABLE ACCESS BY INDEX RO, LU_OUTLET_393 LEURE] 1 [t L
B BITMAD COMVERSION TO ... - 1 @2
I TABLE ACCESE BT INDEX RO... LU ELEMENTOROUR_REL FON ] 204k S0k 2
INDEK RANGE $CAN LU_ELEMENTAROUR_REL 1051 a7 204K I 77 17
INDEX RAMGE SCAN LU_ELEMENTGROUP_REL_10¥1 L] 1 (10 121K Hrer
TABLE ACCESS BY INDEX ROWID LU_ELEMENTGROUP_REL 1 2 131K &0k jr40
Figure 26: poor indexing strategy.
B TABLE ACCESS BY INDEX RO,.. LU_ELEMENTGRCUP_REL 1 g S 204K 60K
INDEX RANGE SCAN LU_ELEMENTGROUP_REL_IDX1 47 B T 204K 882K

Figure 27: close up of indexing plan operation for the query from the previous
figure.

Without having to spend much time it was possible to find out that the problem
with the SQL statement from Figure 26 and Figure 27 had to do with the poor
index utilization strategy by the optimizer (also know as, using the “unselective
index”). Knowing that an index is actually harming the performance of this query,
the person trying to tune this SQL query can focus the tuning efforts on the right
part of the plan.

Detecting partially parallelized SQL

To reiterate, the first class of problematic SQL queties that SQL Monitoring was
intended for are long-running SQL statements. The second class — are parallel SQL
queries. The Real-Time SQL Monitoring allows examining how parallel queries run
and especially how the workload gets distributed among Parallel Servers running
that query.
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Oumrvinm

SOLID
Parallal

Exsoutian Started
Last Refrash Tima
Exenution 10
Sersion

Farkzh Calls

om0 Tiere
e A
Thu Fab 14 2008 C2108:26 PM
Thu Feb 14 2008 02110:28 P4
16777216
% PLISGL B Java

10 8 Waie Statistics

10 Count

s ety | "

Bl

etail

| Plan statistics |l Parallel || Activity

Flan varh Uslus 1890811330

Operation Harmn Estimat... Cost Timelne{123s) Exn... Actua... Memo... Temp ... CPU Activity O Wit Activity &
] SELECT STATEMENT 227K 1 93
5 COUNT STOPREY 1 L]
B PY COORDINATOR 17 3 jros
185 SIND 9¢ (GRDER) TRLOOE 2906 F3TE [] 00
B COUNT STORKEY -] 180
i 2406 22 o e
e B SORT GROUP BY STOPKEY 240 22TH & 180 23K
B FX RECEIVE 2406 2ITH L 19
B i SEND RANGE 1TQL0002 2406 22TH & 19K
B SORT GROUP BY 2908 2ITE 4 L 19 BIEK | RSl
I HASH JOIN E1K| 237K — B 2BEK  8397K sEM Jj 179 T El
Bl BUFFER SORT B A00ZK  333BK a0M | 179 I
B PX RECEIVE 480K 224K B 4002K jas7
E] P SEND HASH 1TQLO000 ABOK 224K 1 400K L7y
[ THBLE ACCESS F... LINEITEM 4B0K 2aep Se—— 1 s002K e =2 I 17
J B P¥ RECEIVE B0k 338D = g anTH
B Px SEND HASH 1TQroa01 60K 3385 - & asme
El P¥ BLOCK ITERAT... EOK 338% - e BT
TABLE ACCISS P,  ORDERS 60K 3305 = 10w s W7 . -
Figure 28: Partially parallelized query.
B PX RECEIVE 2406 227K 8 19K
E] PX SEND RANGE 1TQ10002 2406 227K 8 19K
B SORT GROUP BY 2406 227K 8 19K 836K §179
B HASH JOIN 61K 227K | 8 285K 8397K 68M §1.79
Bl BUFFER SORT 8 400ZK  333BK SoM g1.79
B PX RECEIVE 40K 224K g 4002K f357
B PX SEND HASH TQ10000 450K 224K 1 4002K §179
TABLE ACCESS F.., LINEITEM 40K 224K 1 4002K e 57

Figure 29: close up of the partially parallelized query.

The example captured in Figure 28 demonstrates a query that runs with DOP of 8

on 2 instances. Looking from top down the familiar pattern emerges that starts with

the query coordinator (the light green icons) and then one set of parallel servers

(the blue icons) gets alternated by the other (the orange icons). On the resource

consumptions side we see one operation of the plan took 82% of all CPU
consumed by the query. This operation is TABLE ACCESS FULL that returned
4002K rows and was run serially. That is an obvious case of partially parallelized

query since this full table scan would have completed much faster if executed in the

parallel manner.

The Parallel tab on the Monitored SQL Execution Detail (see Figure 30and Figure
31) shows resource consumption by different participants of the parallel execution.

We can immediately see how much more work the parallel query coordinator had

to perform when compared to the aggregated work for each of the parallel sets.

This situation is obviously abnormal. Instead of doing most of the work, the query

coordinator is supposed to coordinate workload distribution between parallel

execution servers, hence do very little work. Once this situation is detected the

DBA responsible for SQL tuning is going to implement an action plan that will
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fully parallelize the query. Here, the DBA simply need to alter the table
LINEITEM parallel (i.c., alter table LINEITEM parallel).

Monitored SQL Execution Detail | Toxt Rapart
— )
Ovarviow -
SQLID  cugmabaxezrhi Time 1 & Wait Statistics
Parallel flig B2
Exacution Started Thu Feb 14 2008 02:08:126 PM Duration | 2.1 10 Count J 935K
Last Refresh Tirme Thu Feb 14 2008 02:10:28 FM

session 76 PUSL & dma 0.0s waaciey % N,

Fatch Calls

Datail

|E] pian statistics |0l Paraliel ||s  Actvity |

[¥] Show Instance Hodes

Parallel Server Database Time W ait Activity O 10 Count Buffer Gets
B All Parallsl Sarvars
[ Instance 1
Parsllel Coordinator [ TTEELY . —e, 117K [ 1
By paralial sat 1 s RN . PEL L
@4 Paraliel set 2 il ees  —— . 22 [ "ELTY [ &
B Instance 2
B ¥y Parallel set 1 55 . SO [ ELLS
Parallel Set 2 . ceos . [ "gETS H:

Figure 30: resource consumption across parallel servers for the partially
parallelized query.

A ~~

( Parallel Server Database Time \

B All Parallel Servers

Bl Instance 1

Parallel Coordinator E 1.7m
[V Parallel Set 1 W s1os
00:01:39
| Parallel Set 2 Bl 4685

B Instance 2

[y Parallel Set 1 | e

\ | Parallel Set 2 B 4205 j

Figure 31: Close up: resource consumption across parallel servers for the
partially parallelized query.

Enabling Parallel DML

Continuing on parallel execution, next is an example of a SQL statement that a user
expects to run parallel but in fact it runs almost serial, using only one set of parallel
servers and a query coordinator. In this use case for whatever reason the DOP for
queries was forced to 4 (FORCE PARALLEL QUERY PARALLEL 4) so the
expectations is to see all statements hitting the system to run 4-way parallel.
However, the Insert statement on the LINEITEM table is 2 DML statement and
DML statement are not running parallel by default, hence the load operation is the
bottleneck here.

Starting with the Plan Statistics tab (see Figure 32) it is possible to see the uneven
distribution of work between the parallel coordinator and the parallel server set.
Most of CPU activity happens in LOAD AS SELECT and PX COORDINATOR
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operation for the COUNT STOPKEY. The query coordinator, creating an obvious

bottleneck, performs both of these operations.

Monitored SQL Execution Detall )

| Jext Report |
Overview -
SQLID  abdksihyyaia () Tirme IO & Wait Statistics
Parsllel s Bo
Execution Starked Thu Feb 14 2008 02:17:11 PM ouration | ¥ 1 1o ceunt [ 705H
Last Refresh Time Thu Feb 14 2008 02:20:18 PM Database Time I 6.2m butfer oot [ 7
Execution ID 16777216
Session 76 PLSQL & Java 0.0s wait aciorty 5 [ 1 o0
Fatch Calls 0
Detail
\=] Plan Statistics |;,f; Parallel ||~ Activity | h
Plan Harh Vslue 818615361
Operation Name Estimat... Cost Timeline(182s) Exe... Actua... Memo... Temp ... CPU Activity 00 Wait Activity oo
| Bl INSERT STATEMENT G2 S——— 1 1
B LOAD AS SELECT 1 1 537K | RH
B COUNT STOPKEY EEEEE—| 1 20M
B PX COORDINATOR, I — 5 20M L - I -
i [ P SEND Q¢ (RANDOM) TQ10000 4BM  gop Se— L] 20M 1 [ TR
",\i"'. [E] COUNT STOPKEY T — Bl 20m
™ 1 PX BLOCK ITERATOR ABM pon — 4 20M
\.;\| TABLE ACCESS FULL LINEITEM asm ey SEmm——— 8 20M #3008 | EH
Figure 32: DML statement with forced DOP for queries.
The following Figure 33 and Figure 34 only reinforce the view that the parallel
coordinator was overwhelmed and performed roughly 3 times more work than the
Parallel Set 1. At this point it is clear that the DBA should be concentrating the
tuning efforts on getting this DML statement run parallel. This is simply achieved
by enabling parallel DML for the session (alter session enable parallel DML) and
making sure that the LINEITEM table is parallel (a/ter table lineitem parallel).
Monitored SOL Execution Detall Text Report
Drvervisur -
SQL D sboksihyygiie @ Tirme IO Wait Statistics
Parallal ;J.;.‘ e
Thu Feb 14 2008 02:17:11 PM Cruration _‘21m 10 Count LTD!N
s Tavprag IO oatabase Time |l > || 3ot s [
Execution ID 16777216
Sessian 76 PL/SQL & Java D05 weaic acuviey o [ °
Datad
] Plan statistics |0 Parallel ||o Actvity | I%
] show Instance modes
Parallel Server Database Tane Wait Activity %% 10 Count Buffer Cots
Al Parallel Servars
B Instance 1
J Parallal Cosrdinater [ SERT — 5 I <2 I st
B4y Parallel Set 1
Parallel Sarver 3 (p000) T EEED B — B4 |
Parallal Sarver 4 (p001) X e — I
gy Parallsl set 1
Parallel Sarver 1 (p000) [ Rt B — 0% T B
Parallel Sarver 2 (p001) [ EBY [ kH [SSELLS RS

Figure 33: parallel tab for the DML statement with forced DOP for queries.
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Parallel Server Database Time

. Parallel Coordinator ] 3.1m

B0 Parallel Set 1
Parallel Server 3 (pO0OD) ‘ 29.9s
\ Parallel Server 4 (p001) L 33,45 J
e .

Figure 34: Close up: parallel tab for the DML statement with forced DOP for
queries.

Detecting skews within PQ server groups

The final example covered in this paper has also to do with parallel queries. In fact,
SQL Monitoring has provided an unprecedented way of monitoring parallel SQL
statements as they are running. Making their tuning efforts a snap compared to the
equivalent task in previous releases of the Oracle Database.

Monitored SQL Execution Detail

[ rextnapert

e -
SQLID  TwSSadfaysiiz @ Time 10 & Walk Statistics
-

e o 7 IO s e I i = | | wutier et |
Sessien 76 PUSQLBIMA D03 wait actiey % - [ *°

Fatch Calls 4
Dabail

] Plan statstics |4 Parallel |l Activity

Plan Harh valee 3953405102

Operation Hame Estimat.. Cost meline(177s)  Execo. Actwal. Heme... Temp .. CPU Activity 9% Wit Ackivity %
[ SELECT STATEMENT ETS 17 1Y
B P# COORDINATOR 17 3
8% SIND &€ (RANDOM) Ta10001 144M DK 0 n
] HASH SROUP BY 1aam sk ] a1 4200k [~ EEL]
W ) P RECEIVE 144M 33K B 144m s Hose
51 9% SEND HAEH Tq10000 144M 93K B 144m N 0w
B VIEW 1a4m 93K B 144m jos3
B UNISN-ALL B 144m ho9a
B P BLOCK [TERATOR 4am 3p S L} 48M
THBLE 4CCESS FULL LINETTEM 48M 31K 101 4Em I o< I
3 P BLOCK ITERATOR 48M 31K — 8 48M
THBLE ASCESS FULL LINEETEM 48M 31K — 101 4Em T e Eo
) P BLOCK ITERATOR 48M 31K — 8 asm
TABLE ACCESS FULL LINELTEM 4BM 31k e v R

Figure 35: query with advanced PQ skews.

[ SELECT STATEMENT
B PX COORDINATOR
% B PX SEND QC (RANDOM)
la% E] HASH GROUP BY
9 B PX RECEIVE
B PX SEND HASH
B VIEW
B UNION-ALL
B PX BLOCK ITERATOR
TABLE ACCESS FULL
Bl PX BLOCK ITERATOR
TABLE ACCESS FULL
B PX BLOCK ITERATOR

TABLE ACCESS FULL

Figure 36: Close up: query with advanced PQ skews.
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Once the DBA examines the plan and notices the query ran in parallel, it is natural
to switch to the Parallel tab and further investigate various aspects of parallelism for
the query. Here, once all the parallel sets are expanded, it is possible to see the
workload distribution among parallel servers in each of the sets. On average the
distribution looks even; however, if Parallel Set 1 is examined, it is possible to see
that Parallel Server 3 is doing twice the amount of work of Parallel Server 2 and 8
times the amount of work of Parallel Server 4. This distribution of work is uneven,
so the tuning efforts should be centered on making it more even.

Datail
] Planstatictics [} paallal |jn, Activity
|¥] show Instance Nodes
Pacallel Server Database T Wit Activity Vi 10 Count Fuffer Guts

B All Parallel Servers
B Instance 1
Parallal Coardinator
Bigky Parallel Set 1

Parallel Server 5 (p0o0)

Parallel Server & (p081) Wios
Parallel Server 7 (p00Z) [ B0
arallel Semver & (p003) "B

B, Parallel Set 2

Barallal Sarsr 5 (p0D4) [ VEELS " EC s I B
Parallel Server & (p0os) 2em R - 251K 251k
Parallel Servar 7 (pO0e) [ “EELA | R B 2e0x W 260k
Parallel Server & (p007) W zam . 260K [ zeok

Bl Instance 2

gl Paralisl sat 1

Barallel Server 1 (p000) e
Parallel Server 2 (p00L) gl
Parallel Server 3 (p082) ﬁl.sm gose
Parallel Server 4 (p003) Nz

B paraliel set 2 epu-
Parallel Server 1 (p004) W E | S — F6IR | RS
Parallel Sarvar 2 (pOOS) | VEEL [ B — 35K [ R
Barallel Server 2 (pO0E) [ VERLY [ BE] — 44K [ B
Parallel Server 4 (pO07) [ EEL i — 5K | R

Figure 37: Parallel tab: query with advanced PQ skews.

/E] Instance 2 \

BV Parallel Set 1
Parallel Server 1 (p0O00) W B
Parallel Server 2 (p0O01) B 8s
Parallel Server 3 (p0D2) {_kl.Sm
Parallel Server 4 (p003) Nz
B¥) Parallel Set 2 CPU - 00:01:32 (6.46%)

Figure 38: Close up: Parallel tab: query with advanced PQ skews.

Here is an interesting insight into how the Activity and Parallel tabs can be used in
tuning efforts. Notice, the graph on the Activity tab seems to be even except for
two gaps where the system seems to be idle for some time.

There are two things one needs to notice to resolve this problem. First, the Parallel

tab to the Plan Statistics tab need to be correlated, which is how the user can
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diagnose the issue. On the Parallel tab, one server set has a skew (some server
doing mote work than 3 others, see Figure 37), then from the color of that set
(blue) one has to look at the plan to find out what step in the plan is being executed
by that parallel set. Secondly, from the Activity tab one can find gaps when the
skew was occurring, and, then, based on when the gaps occurred during the query’s
timeline, and the timeline information on the Plan Statistics tab, one can figure out

what specific row source encountered the issue.

In this case, the skew happens at the GROUP BY level because the values of the
group-by keys are skewed (one value of the group-by has most of the row). Since
only one execution server handles each specific value, this server receives most of

the rows to aggregate, causing this particular skew.

Tuning this query seems a little more involved in terms of tuning efforts. However,
not having SQL Monitoring in the DBA’s toolbox would make this tuning task
next to impossible. At least SQL monitor is able to pinpoint the root cause of the
problem even if finding a simple solution can be hard in that case since it involves

rewriting the query to push the aggregation also inside the union all views.

Monitored SQL Execution Detaill ) Taxt Report
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SQLID  7wsS6xfBy9llz T Time 10 & Wart Statistics
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Execution Started Thu Feb 14 2008 02:52:09 PM Duration - 3.0m IO Count 2440K
Refi Th 4 i Pl
e oy, IO vt e I i 7 eter e R
Exacution 1D 1&€77721&
session 7 PUsaL b Iana 000 wareacier |
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T Plan Statistics (30} Parallel Activity
I 1%

u cPu
B diect path read

W P¥Deq: reap credit
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Adtive Sessions

4+ lePu coras
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0
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Figure 39: Activity tab: Query with advanced PQ skews.

CONCLUSION

There is a wealth of runtime statistics being interactively exposed by the Real-Time
SQL Monitoring. This data can be used for monitoring of long-running and
parallel SQL statements. This paper covered the core concepts of the feature, went
over the graphical interface provided by Enterprise Manager and illustrated a
number of use cases in which Real-Time SQL Monitoring could be used to help
solve important and difficult SQL tuning tasks. Hopefully this material will be
helpful in getting the reader started on using this exciting new feature of Oracle
Database 11g.
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SQL Text

APPENDIX A: COMMAND LINE USE OF SQL MONITORING

The purpose of this Appendix is to shed some light on how to use SQL Monitoring
via command line APIs for usets who do not have Enterprise Manager user
interface available. It is worth noting that all the interactivity of EM SQL
Monitoring screens will not be available however the data can still be extracted

through the command line interface.

To generate the SQL monitor report, run the REPORT_SQL_MONITOR
function in the DBMS_SQLTUNE package:

variable my rept CLOB;
BEGIN
:my_rept :=DBMS_SQLTUNE.REPORT_SQL MONITOR() ;
END;
/

print :my_rept
The DBMS_SQLTUNE.REPORT_SQL_MONITOR function accepts several
input parameters to specify the execution, the level of detail in the report, and the
report type ("TEXT', 'HTML!, or "XML"). By default, a text repott is generated for
the last execution that was monitored if no parameters are specified as shown in the
example.

Here is a sample text-based SQL Monitoring report:

select * from (select O ORDERDATE, sum(O_TOTALPRICE)

from orders o, lineitem 1
where 1.1 orderkey = o.o orderkey

group by o _orderdate
order by o orderdate) where rownum < 100

Global Information
Status
Instance ID
Session ID
SQL ID
SQL Execution ID
Plan Hash Value
Execution Started
First Refresh Time
Last Refresh Time

EXECUTING

1

980

br4m75c20p97h
16777219

2992965678
06/07/2007 08:36:42
06/07/2007 08:36:46
06/07/2007 08:40:02

| Elapsed | Cpu I0 | Application | Other Buffer | Reads |Writes
| Time(s) | Time(s) Waits(s) | Waits(s) | Waits(s) Gets |
\ 198 | 140 56 | 0.31 | 1.44 1195K | 1264K | 84630

SQL Plan Monitoring Details

| Id | Operation | Name |  Rows | Cost | Time
|Start | | | (Estim) | | Active(s) |

| 0 | SELECT STATEMENT | | | 125K |

| 1 COUNT STOPKEY | | | |

| 2 | VIEW | | 2406 | 125K |

| 3| SORT GROUP BY STOPKEY | | 2406 | 125K | 99|+101
| =>4 | HASH JOIN | | 8984K | 123K | 189(+12
| 5 | INDEX FAST FULL SCAN | I L OKEY | 8984K | 63191 | 82 |+1
| 6 | PARTITION RANGE ALL | | 44913K | 57676 | 94| +84
| 7| PARTITION HASH ALL | | 44913K | 57676 | 94 |+84
| 8 | TABLE ACCESS FULL | ORDERS |  44913K | 57676 | 95|+84

continuation of above table (additional columns to the right)
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reliable message (3)

Starts | Rows | Memory | Temp | Activity | Activity Detail |
Progress| (Actual) | | | (percent) | (sample #) |
1| | | | | |
1 \ \ \ \ |
1| \ \ \ \ |
1 0| | | 4.02 | Cpu (8) |
1] 28130K | 10000K | 724M | 25.13 | Cpu (48) | 87%
| | | | | direct path read temp (2) |
1] 32734K | | | 34.17 | Cpu (58) |100%
| | | | | direct path read (10) |
1] 45000K | | | | |
84 | 45000K | | | | |
672 | 45000K | | | 36.68 | Cpu (28) |
| | | | | |
I | | I | |

direct path read (42)

There are few things to notice about this sample report. In the Global Information
section of the report, the S7atus field shows that this statement is still executing.
The Time Active(s) column shows how long the operation has been active (the delta
in seconds between the first and the last active time). The Start Active column
shows, in seconds, when the operation in the execution plan started relative to the
SQL statement execution start time. In this report, the fast full scan operation at ID
5 was the first to start (+1s Start Active) and ran for the first 82 seconds. The Szarss
column shows the number of times the operation in the execution plan was
executed. The Rows (Actnal) column indicates the number of rows produced, and
the Rows (Estim) column shows the estimated cardinality from the optimizer. The
Memory and Temp columns indicate the amount of memory and temporary space
consumed by each operation of the execution plan. The Activity (percent) and Activity
Detail (sample #) columns are derived by joining the VSSQL_PLAN_MONITOR
and VSACTIVE_SESSION_HISTORY views. Activity (percent) shows the
percentage of database time consumed by each operation of the execution plan.
Activity Detail (sample#t) shows the nature of that activity (i.e., CPU or wait event). In
the report, this column shows that most of the database time, 36.68%, is consumed
by operation ID 8 (TABLE ACCESS FULL of ORDERS). This activity consists of
73 samples (28+3+42), of which more than half of the activity is attributed to
direct path read (42 samples), and a third to CPU (28 samples).The last column,
Progress, shows progress monitoring information for the operation from the
V$SESSION_LONGOPS view. In this report, it shows that the hash-join
operation is 87% complete.
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