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Abstract

Query performance is a key aspect for any development done in SAP HANA and it is very common to
have performance issues when the data size grows in the system. SAP HANA offers effective tools and
techniques for developers to make sure the query is optimized as per the hardware of SAP HANA
database. Understanding the details of Query processing by different HANA engines like Calculation
engine, Join engine, OLAP engine to name a few, and the role of the SQL optimizer, SQL plan cache,
PlanViz, OOM dumps helps developers to write and test the code to make sure performance is
optimized.
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1 Introduction:

SAP HANA offers many advancements over its predecessor ECC systems, one of the key features being in-
memory processing which enables computation of a high volume of data in a very short time. However it is
very important for developers to build the code of a HANA query in an effective manner and to be able to
analyze the query performance with the available tools and techniques offered by SAP HANA.

2 SQL Query Processing:

When the query comes in SAP HANA, it goes through SQL frontend, SQL optimizer and as per the
generated SQL plan row store or column store. As a row store engine there is a SQL engine. As a column
store, there are OLAP engine, JOIN engine and Calculation engine. These engines have their own
optimizers and caches. For a query execution, the existing SQL plan is checked in the SQL plan cache as the
very first step in the processing. If the plan is not found, the SQL front end checks for the syntax of the
query and then sends it to the SQL optimizer. SQL optimizer generates an optimized plan for the query as
per the query definition. As per the generated plan, the query is then executed in the appropriate execution
engine. At the SQL optimizer stage, it goes to the query optimizer tree and query execution plan. However,
in cases where the plan cache entry is found, it does not have to go through the optimizer. It just calls the
stored plan and uses the plan to execute the statement. Depending on the plan, it goes to a row store engine
or a column store engine.

3 SQL Plan Cache:

SQL statement is compiled to a plan before execution. Once the plan is compiled, it is efficient to use the
same plan instead of compiling plans every time. Whenever execution of the statement is requested, HANA
checks the SQL plan cache to see if there is a plan already compiled or not. If a plan is found, it is used,
otherwise SQL is compiled and the generated plan is cached. The monitoring view
M_SQL_PLAN_CACHE, has very useful information about plan cache such as plan cache identifiers like
USER_NAME, SESSION_USER_NAME, SCHEMA_NAME, STATEMENT STRING, and
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STATEMENT_HASH. Information columns such as EXECUTION_COUNT, PREPARATION_COUNT,
LAST EXECUTION _TIMESTAMP, and LAST PREPARATION _TIMESTAMP. This information is
very useful when a performance issue needs to be analyzed. By looking up the M_SQL_PLAN_CACHE
monitoring view, we can find when the plan was compiled and executed and whether the plan is still valid
or not. As per the specific statement, user name, or host, a developer can search the plan cache using the
wildcard. With the information from M_SQL_PLAN_CACHE, we can also search other useful information
in other monitoring views, such as M_EXPENSIVE_STATEMENT or M_EXECUTED_STATMENT.
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4 SQL Optimizer:

SQL optimizer is designed to make the optimal plan within a certain amount of time for the execution
engines to handle the execution. In SQL optimizer, there are two optimization steps, which are rule-based
optimization and Cost-based optimization. In the rule-based optimization step, the predefined, proven rules
are applied in order to simplify the plan and lower the costs without conducting cost comparison. There are
rules like filter pushdown, JOIN removal, or simplify GROUP BY.

Cost-based query optimization finds candidates from the plan generated in rule-based optimization. The cost
of every alternative is calculated and the cheapest one is chosen. The alternatives are found by applying
various enumerators such as A_ THRU B or PRE A_BEFORE_B. We can also control enumerators by
applying hints such as AGGR_THRU_JOIN, JOIN_THRU _JOIN, and JOIN_THRU_AGGR, and so on. In
AGGR_THRU _JOIN, SQL optimizer tries to push down the aggregation through the JOIN so that it can
reduce the data set of one of the JOIN candidates. In JOIN_THRU_JOIN it switches the order of the JOIN.
PREAGGR_BEFORE_JOIN adds a pre-aggregation to one of the JOIN candidates so that the size of the
JOIN can be reduced.

5 SQL Trace:

The SQL trace captures every single SQL statement that enters the database. It is important to find which
query comes into the database layer in which order, and which part of it makes it slow. There are two ways
to collect the SQL trace. The first one is through HANA studio, and the other one is using SQL commands.
Since HANA 2.0 SPS04, the memory consumption can be tracked. The execution information including
CPU time and memory size is collected in SQL trace.
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6 Explain Plan:

Explain plan shows us a compiled plan in tabular form without executing it. The explain plan creates
physical data in a table called EXPLAIN_PLAN_TABLE, selects the data for display, and then deletes
everything immediately afterwards because the information does not need to be kept. In order to capture the
explain plan in HANA studio, you can select the statement and right-click and choose Explain Plan.

Operator properties contain enumeration information, recompilation information, and parameter values.
Firstly, we need to search PLAN_ID for the target query in M_SQL_PLAN_CACHE. After that, we can run
the simple SQL commands to see the existing explain plan, which is "EXPLAIN PLAN FOR SQL PLAN
CACHE ENTRY <PLAN ID>;".

BN SQL |8 Result
= EXPLAIN PLAN FOR
SELECT T1.A, T1.B, T4.C, T4.E, T4.H
FROM T
LEFT OUTER JOIN (
SELECT T2.C,
SUM(CASE WHEN T2.E > 10 THEN 10 ELSE @ END) AS E,
SUM(CASE WHEN T3.H <= 5@ THEN @ ELSE T3.H END) AS H
FROM T2 JOIN T3 ON (T2.C= T3.F AND T2.D=T3.G)
GROUP BY T2.C
) T4 Enumeration Info
ON (T1.A=T4.C) Recompilation/Compilation Info Table Size Location Info
LU / Parameter Values / /
LIMIT 20
OP OR AE (OPERATOR_PROPERTIES EXECUTION_ENGINE] SCHEMA _... TABLE_NAME TABLE_TYPE |TABLE_SIZE JOUTPUT _SIZEJHOST PORT
8 CH E T4H LATE MATERIALIZATION, OLTP SEARCH..4J COLUMN ? ? 7 ? 200 T e ] 34503
DER ENUM_BY: LIMIT_THRU_JOIN COLUMN ? ? 1 ? 20 ?
OIN EFT OUT.JJENUM_BY: LIMIT_THRU_JOIN COLUMN ? ? 1 20, ?
OLUMN SEARCH PARALLELIZED, ENUM_BY: CS_JOIN COLUMN ? #5YSQO.. ? 204 LT ~o| 34503
MIT ENUM_BY: LIMIT_THRU_JOIN COLUMN ? ? 7 20 ?
ORD ENUM_BY: LIMIT_THRU_JOIN COLUMN ? ? 1 100,000; ?
COLUMN SYSTEM T1 COLUMN ... 100,000 OO . ... worss s | 34,503
[PARALLELIZED, ENUM_BY: CS_JOIN OLAP ? #5Y5Q0.. ? 10,000,0004- .- pop| 34503
T OLAP ? ? 1 7] 10,000,000; ?
OLAP ? ? ? 7§ 10,000,000, ?
OLAP SYSTEM T2 COLUMN ... |10,000,000 § 10,000,000§.-'2 272 i oo | 34,503
OLAP SYSTEM T3 COLUMN ... |10,000,000 | 10,000,0004--"" 72 . .—-. .| 34503
Optimized Plan Plan Details Executed Engine Output Size

7 Visualized plan:

It is often called planviz. It shows us how a query executed, while EXPLAIN shows the execution plan. In
order to capture a visualized plan, you need to select the query first, right-click, and choose Visualize Plan
then click Execute. The execution time indicates the significance of the issue. The larger execution time
indicates that the query needs to be optimized and causes performance issues. Another factor to consider is
the compilation time. Most of the performance issues are due to slow execution however there are cases
where the performance issue is because of the slow compilation which needs to be fixed. PlanViz also
shows the dominant operators among the visualized plan. The Dominant Operators section displays the most
expensive top three operators which require large execution time. The Executed Plan tab shows the
graphical view of the plan. Understanding data flow is very important in terms of performance issue
analysis. Using PlanViz, we can understand the logical structure of the query plan and its data flow in our
analysis of the performance of the query.
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Executed [1,666.007 ms]
W Overview 2

Time Context

Compilation p.46 ms SQL Query SELECT T1.A, T1.B, TA.C, TAE, T4 H FROM..

Execution 16s System host:34503

Dominant Operators System Version 2.00.046.00.1581325702

Name Execution Time” System Compile Type rel

BwPopJoinlinwards 884.89 ms (53.11%) Memory Allocated 7414 MByte(s)

BwPopJoin3Inwards 636.12 ms (38.18%) Data Flow

BwPoploin13 110.19 ms (6.61%)  Number of Tables Used"” 4
R Result Record Count 20

Distribution

Number of Nodes 1

Number of Network Transfers 0

8 Out of Memory Dumps:

When SAP HANA requires additional memory and is not able to allocate new memory or reclaim memory,
then the transaction is aborted with out-of-memory error and out-of-memory dump is generated. We can
find all the running threads including SQLs and query plans under the THREAD section. STACK_SHORT
shows call stacks and pending exceptions of all threads. you can check the process information under the
PROCESS_INFO section. There is the OS_ MEMORY section and MEMORY_OOM information as well.
Also there is a monitoring view called M_OUT_OF _MEMORY_EVENTS which displays a list of the last
20 out of memory events which can be used for the analysis of multiple OOM dumps. There is a memory
statement limit set by the administrator. If the statement consumes more memory then it is terminated. Top
“limited composite allocator” lists the allocators consuming the most memory in the current system. We can
find the root allocator's connection ID and statement ID. Using this information, we can find the problematic
query. Once we find the problematic query that caused OOM, we can also see the explain plan of the query.
To see the query plan in a tabular view, we can copy and paste the query plan from the OOM dump into MS
Excel.

OOM Dump

[ 105 8 72 [T -# Build information

= [THREADS]

® Running threads information including SQLs and query plans

m [STACK SHORT] ® Short call stacks and pending exceptions of all threads
B [PROCESS_INFOQ] rrereeseesusnssssasssssisssssnsssssnsssases ® Process information of running processes on SAP HANA node

B [OS_MEMORY] ermmrssssmmmssssmsssssmssssmsssssssnssens ® Operating system information about memory

= [MEMORY_OOM]
m [STAT]

Information about current out of memory situation

QUERY PLAN: (OPERATOR_NAME [OPERATOR DETAILS
| OPERATOR_NAME | OPERATOR_DETAILS |OPERATOR_PROPERTIES | EXECUTION_ENGINE | DAT. [COLUMN SEARCH JOIN_COLO, JOIN_COL1, JOIN_COL2, JOIN_COL3, JOIN_COL4, JOIN_COLS
|COLUMN SEARCH|JOIN_COL®, JOIN_COL1, JOIN_COL2, JOIN_COL3, JOIN_COL4, JO ESX SEARCH JOIN_COLO, JOIN_COL1, JOIN_COL2, JOIN_COL3, JOIN_COL4, JOIN_COLS
|  ESX SEARCH|JOIN_COL@, JOIN_COL1, JOIN_COL2, JOIN_COL3, JOIN_COL4, JO LEFT OUTER JOIN JOIN CONDITION: (LEFT OUTER many-to-one) ZISRTAXITEM COMPANYt
LEFT OUTER JOIN|JOIN CONDITION: (LEFT OUTER many-to-one) ZISRTAXITE LEFT OUTER JOIN JOIN CONDITION: (LEFT OUTER many-to-one) ZPSRTAXRETURN.ORIGIN
LEFT OUTER JOIN|JOIN CONDITION: (LEFT OUTER many-to-one) ZPSRTAXR DISTINCT GROUPING: ZPBLTAXRETURN.MANDT, ZPBLTAXRE TURN.COMPANYCOD
DISTINCT|GROUPING: ZPBLTAXRETURN.MANDT, ZPBLTAXRETURN.COMPANYCOY ALTER ZPBLTAXRETURN TAXISNOTDEDUCTIBLE <> X AND ZPBLCALTAXRETR

|

|

|

| FILTER|ZPBLTAXRETURN.TAXISNOTDEDUCTIBLE <> ‘X' AND ZPBLCALTAX
| HASH JOIN (LEFT OUTER)|HASH BUILD: RIGHT, |JOIN CONDITION:

| COLUMN TABLE| | |ESX| |_SYS_REPO|_SYS_SS2_TMP_TABLE_3_650212
| COLUMN TABLE| | |ESX| |_SYS_REPO|_SYS_SS2_TMP_TABLE_3_650212
| FILTER|FILTER CONDITION: ZPBLTAXRETURN.TAXISNOTDEDUCTIBLE <> 'X
| HASH JOIN (LEFT OUTER)|HASH BUILD: LEFT, JOIN CONDITION: ZPBL
| COLUMN TABLE| | |ESX||_SYS_REPO|_SYS_SS2_TMP_TABLE_3_650212_1
| COLUMN TABLE| | |ESX||_SYS_REPO|_SYS_SS2_TMP_TABLE_3_650212_7
| GROUP BY|GROUPING: ZPBLTAXRETURN.MANDT, ZPBLTAXRETURN.COMPANYCODE
| HASH JOIN (LEFT OUTER)|HASH BUILD: DYNAMIC, JOIN CONDITION: ZIS|
| COLUMN TABLE| | |ESX| |_SYS_REPO|_SYS_SS2_TMP_TABLE_3_620515_123
| COLUMN TABLE| | |[ESX||_SYS_REPO|_SYS_SS2_TMP_TABLE_3_631892_226

HASH JOIN (LEFT OUTER)

HASH BUILD: RIGHT, JOIN CONDITION: ZTAXITEMFISCALYEAR = =A1F

COLUMN TABLE

COLUMN TABLE

ALTER

FILTER CONDITION: ZPBLTAXRETURN.TAXISNOTDEDUCTIBLE <> X' AN

HASH JOIN (LEFT OUTER) HASH BUILD: RIGHT, JOIN CONDITION: AMANDT = BMANDT AND A<
COLUMN TABLE
COLUMN TABLE

GROUP BY GROUPING: ZPBLTAXRETURN.MANDT, ZPBLTAXRE TURN.COMPANYCOD

HASH JOIN (LEFT OUTER)

HASH BUILD: DYNAMIC, JOIN CONDITION: ZISRTAXITEM.ACCOUNTING

COLUMN TABLE

COLUMN TABLE
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9 SQL Tuning Tips:

There are some tips which need to be kept in mind to avoid performance issues and create efficient queries.
Tip 1- Record materialization leads to longer execution time and extra memory consumption as well as
more CPU consumption. It is important to use proper type casting as much as possible to avoid data
materialization. Queries which use type casting of the fields trigger the materialization of records.

Tip 2- Use Partition pruning as much as possible to improve performance by ruling out irrelevant parts in a
first step, restricting the amount of data. It is important to set the partitioning criteria in a way that supports
the most frequent and expensive queries processed by the system.

Tip 3- In SQLScript, inlining is used to simplify complex queries by removing join operations and
condensing several separate queries into a single query. Inlining is used in order to simplify complex
queries. If the queries are fully inlined, then many intermediate sequences are merged into one big step.
Therefore it is considered as beneficial for most procedures.

Tip 4- Group By clause is responsible for materialization. Hence it should be used carefully or with
appropriate HINTS so that it does not create a suboptimal execution plan for the query.

Conclusion:

SAP HANA SQL Query performance optimization is essential to any project. Understanding the key
components involved in the query processing and having a detailed understanding of the flow of the query
process helps a developer write an efficient query. Also by understanding and utilizing the tools and
techniques like SQL plan viz, Explain plan, SQL trace, use of plan cache, OOM dump analysis, SQL tuning
tips in the SAP HANA system, a developer can troubleshoot and check query performance and make
alterations in the query to make it performance efficient.
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