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Abstract

A Database Management System (DBMS) with a parallel processing architecture is different from conventional database
systems. Accordingly, writing SQL for a parallel processing DBMS architecture requires special attention to maintain parallel
efficiency in DBMS resources usage such as CPU and I/O. In a large data warehouse, a large number of SQL queries are
executed by different user groups on a daily basis. Query response time needs to be minimal. Many batch jobs run to refresh
data warehouse subject areas several times a day. To allow batch cycles run more frequently and keep the data warehouse
environment stable the database system’s resource utilization must be optimal. Running efficient queries is critical to keep
resource utilization manageable. This article discusses the techniques of SQL writing, tuning, utilization of index, data
distribution techniques in a parallel processing DBMS architecture. We hope that these techniques will empower SQL
developers and business intelligence community to write efficient queries which will help maintain a stable data warehousing
environment.
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1 INTRODUCTION

ODAY’Sbusiness organizations use data warehouse as a central repository of data that come from internal opera-

tional sources as well as external sources (includes big data) [15]. As business organizations become global, there is

a need to run business operations twenty four-by-seven so business decisions could be made faster. The data
warehouse plays a prominent role in providing business intelligence (BI) capabilities [46]. It has proved to be one of the
key infrastructures of information technology for an organization to better manage and leverage its information [31,
45]. Data warehouses are used for target marketing, financial reporting, customer services, inventory management,
and more. They keep changing the way business is conducted [9]. Research suggests that data warehouses are increas-
ingly being used by medium and large companies as these organizations are realizing its benefits [36].

Due to global nature of business and increased competition the data warehouse users and analytical community
want to get near real-time information for strategic and tactical decision making. With the increased capabilities of ad-
vanced database technologies and massive parallel processing systems, it is now possible to load, maintain, and access
databases of terabyte size [14] in reasonable times. In order to maintain a stable data warehousing environment data
warehouse design, SQL writing, and load techniques all need to be efficient [2, 27]. Strategies are needed to save data-
base management system (DBMS) resources during load processes in order to make the DBMS available to analytical
tools and query processing while data warehouse refreshes continue at the same time. The data warehouse SQL que-
ries for both load process and reporting need to be efficient. In this article we propose a comprehensive list of SQL que-
ry optimization techniques. We argue that data warehouse resource consumption could be made optimal by taking
advantage of parallel processing architecture of database system.
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This article is organized as follows: Section 2 briefly discusses related work done in this area. Section 3 discusses our
proposed techniques of performance optimization. Section 4 discusses SQL parallel efficiency implementation steps
and DBMS resource savings. Section 5 provides SQL query performance metrics of use cases. Section 6 summarizes
and concludes the article.

2 LITERATURE REVIEW

Researches have been conducted in different area of data warehousing. These include design issues [11, 13,17, and 19],
extract-transform-load (ETL) tools [23, 43], temporal data updates [18], data warehouse automation [24], data mainte-
nance [1], implementation issues [21] and implementation effectiveness [36]. In this paper, we attempt to address the
question of how to make a data warehousing environment stable and how to keep resource consumption by individual
queries optimal by virtue of efficient SQL writing.

In data warehousing and data management systems parallel processing architecture is considered as a key capabil-
ity [10]. Database system performance and SQL query optimization are important in any database system [39, 47]. In
real world, the SQL queries that get executed are often quite complex and for data mining tasks queries are even more
complex and resource intensive [38]. Hence, SQL query optimization is very critical for data warehouse stability.

In order maintain a stable data warehouse system in terms of resource utilization researchers and industry technical
leaders propose many tools, techniques, algorithms and strategies. Here we take a cursory look at them. Ghazal et al.
[20] present an algorithm that dynamically chooses between saving and re-using compiled plans and minimize re-
compiling queries. Ganguly et al. [16] show that a cost model can predict response time with features of query execu-
tion parallelism. Kashem et al. [25] present a query optimization algorithm in rank aware queries to efficiently answer
to the queries with join of N relations. Rahman and Rutz [24] assert it is critical to ensure that processes in the data
warehouse are automated and optimized for performance. The authors propose using automation tools in a data
warehouse ETL process, SQL block generations for views, stored procedures and macros wherever possible.

Elnaffar et al. [12] state that a DBMS workload could be considered as a determinant of performance tuning tech-
niques. The authors argue that DBMS workloads are different in terms of OLTP and DSS. They propose reconfiguring
DBMS resources by automatically identifying the DBMS work load. DSS queries process huge volume of data. Hence,
they take more resources than OLTP queries. Dayal et al. [7] and Sharaf and Chrysanthis [41] propose managing data-
base workloads with mixture of OLTP-like queries that run for fraction of a second and on the other hand, business
intelligence queries that run for a longer time. The standard benchmark for Decision Support Systems comprises data-
base workload and query performance metrics [42]. Powley et al. [40] present query throttling techniques as method to
control workload. Kerkad et al. [26] propose a query beehive algorithm for data warehouse buffer management and
query scheduling to improve data warehouse system's performance and scalability. Rahman [9] proposes a balanced
scorecard approach for measuring performance of data warehouse operations.

Meng et al. [34] propose logically splitting large queries so each of them deal with small set of data and cause less
impact on the overall warehouse environment and thus avoid consuming huge resource by one single large query.
Narasayya et al. [35] propose a buffer pool page replacement algorithm that effectively shares buffer pool memory in
multi-tenant relational database-as-a-service (DaaS). VanderMeer et al. [44] propose a cost-based database request
across a cluster of databases to spread workload and resource usage. Neumann [37] asserts that query optimizer needs
to be more efficient to efficiently handle different types of SQL queries. The author argues that query optimizer has
larger impact than that of runtime system.

Hill and Ross [22] present a method to make outer joins efficient in order to improve query performance and re-
sponse time. Rahman [18] discusses performance improvement of load and report queries, and maintenance of views
with temporal data. Armstrong [4] proposes reduction of data movement to increase user accessibility, minimize data
latency and improve performance of the entire data warehouse. Krompass et al. [28, 29] propose a workload manage-
ment system for managing the execution of individual queries based on customer service level objectives. Rahman [49]
proposes strict governance in data warehouse maintenance and operations to bring discipline and control. This in-
cludes defining guidelines for application developers and IT integration engineers to follow. The author presents a set
of data warehouse governance best practices with insights from real-world experience and research findings from in-
dustry and academic papers.

Allen and Parsons [3] demonstrate that anchoring and adjustment during query reuse by novice query writers can
lead to queries that are less accurate than those written from scratch. This suggests that in real-world SQL queries
could be written by users and developers of varieties skill-set. A significant number of them could be badly written.
Hence, SQL queries need to run through some SQL score-card process [1] to ensure parallelism of query runs. Lee et al.
[30] propose a Statistical Process Control (SPC) charts to detect database performance anomalies and identify their root
causes. However, performance anomalies could be prevented from happening if each SQL queries could be run
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through a SQL performance scorecard process [1].

In this article, we focus on writing efficient SQL that conforms to parallel processing architecture. We address the
problem of DBMS resource consumption and stability issue by taking care of SQL efficiency, defining indexes and
many other SQL optimization techniques. By taking advantage of database parallelism architecture the problem of
SQL query response time could be minimized [8]. This helps in achieving database system resources (CPU and 1/0O)
saving [5].

3 PERFORMANCE OPTIMIZATION IN A PARALLEL PROCESSING DBMS

In a parallel processing DBMS architecture a large number of individual Access Module Processors (AMP) are used.
We can think of these as “Units of Parallelism”. Each “unit” will have dedicated Disk and dedicated CPU. The goal of
the Physical Database Design, and the design of the SQL submitted, is to force the processing to be as well distributed
across all the AMPs as possible. Because the CPU and other resources are shared with other jobs across the system, the
actual impact of any given process is: the highest amount of resources used on any one AMP, times the number of
AMPs on that particular system. If the high AMP uses 80 CPU and 2000 I/O, and we have a 100 AMP system, then
the real impact of that job is as if it used 8000 CPU and 20,000 I/O, even if the total resources used by all the AMPs ap-
pears to be a much smaller amount. When a query executes, each step in the process waits until all the AMPS are fin-
ished for a given step, before the next step starts. For this reason, the most efficient processes are the ones which have
about the same amount of resources used on each AMP.

Internal Network |

Figure 1: A Parallel Processing DBMS Architecture.

Skewed processing is when there is significant difference between the resources used by the “high” AMP and average
of all AMP’s. If the Physical Database Design has been verified to be optimizes, then attention can be given to the SQL
being submitted. This document deals with different way to optimize the SQL.

3.1 Row Redistribution in a Parallel Processing Architecture

In most large systems, a typical report will need to look at many tables. In a parallel processing database system, care
must be taken in choosing Primary and Secondary Indexes, to try to avoid “redistribution” steps in the SQL Parsing
steps. The optimizer joins 2 tables at a time and puts the result into a spool file. Then it joins that to another table or
spool file, and so on until all the tables are joined. On each of these joins the rows to be joined on each table must reside
on the same AMP. If the 2 tables have the same primary index (PI) then all the rows that will join together already re-
side on the same AMP. If the 2 tables have different PI's the DBMS needs to do one of two things: either duplicate (one
of the) table(s) on all AMPs or redistribute one of the tables (using a PI that is the same as the other table) so that the
rows being joined now reside on the same AMP. So the reason for redistribution is always that the 2 tables being joined
do not have the same PI. Sometimes we cannot do anything about this; it is just the way it works. Other times, we can
build a derived table, narrowing the selection of rows to a smaller number, and try to make the optimizer duplicate the
table on all AMPS. If it does not disturb other processes; the best way to eliminate redistribution is to build the tables
being joined with the same PI (this is not always possible). Depending on the choice of indexes, this join process can
have very different paths to get to the desired results.

3.2 Duplicating on all AMPs and Product JOINs

Sometimes, the optimizer sometimes builds a copy of a table on each unit of parallelism to facilitate parallel pro-
cessing. There are many cases where this proves to be the best path for the optimizer to take. To ensure that this dupli-
cating takes less resource, a derived table can be used in the SQL, creating a reduced set of rows and/or columns for
the optimizer to work with.
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Sometimes a Product-Joins occur when the optimizer needs to join a large and a small table. To improve perfor-
mance: narrow down the rows and columns of that small table; if the smaller table contains static data with few rec-
ords in that case column values could be placed in
memory variables (Figure | o T 2). That way, a JOIN with the

WHEN ANLC.fscl_yr_mo_nbr = :fscl_yr_mo_nbr THEN :last_day_curr_mo : CE
smaller table could be WHEN ANLC. FocT wr o nbr = -vol TUEN . DL3 —tay—curr entirely eliminated.
WHEN ANLC. fscl_yr_mo_nbr :Dt2
WHEN ANLC. fscl_yr_mo_nbr :Dt3
WHEN ANLC. fscl_yr_mo_nbr :Dt4
WHEN ANLC.fscl_yr_mo_nbr :DtS
WHEN ANLC.fscl_yr_mo_nbr :
WHEN ANLC.fscl_yr_mo_nbr
WHEN ANLC.fscl_yr_mo_nbr

WHEN ANLC.fscl_yr_mo_nbr Dt9

WHEN ANLC.fscl_yr_mo_nbr Dt10
WHEN ANLC.fscl_yr_mo_nbr Dtll
WHEN ANLC.fscl_yr_mo_nbr Dt12
WHEN ANLC.fscl_yr_mo_nbr Dtl3
WHEN ANLC.fscl_yr_mo_nbr Dt14
WHEN ANLC.fscl_yr_mo_nbr Dt15
WHEN ANLC.fscl_yr_mo_nbr Dtl6
WHEN ANLC.fscl_yr_mo_nbr Dtl7
WHEN ANLC.fscl_yr_mo_nbr Dt18
WHEN ANLC.fscl_yr_mo_nbr Dt19
WHEN ANLC.fscl_yr_mo_nbr Dt20
WHEN ANLC.fscl_yr_mo_nbr Dt21
WHEN ANLC.fscl_yr_mo_nbr Dt22
WHEN ANLC.fscl_yr_mo_nbr Dt23
WHEN ANLC.fscl_yr_mo_nbr Dt24

ELSE DATE '9999-12-31'
END AS depr_hist_clndr_dt

Figure2: Eliminate a skewed JOIN and populate column with memory variable values.

3.3 Parallel Efficiency

Skewed data distribution and skewed processing adversely affect parallel efficiency. Poor parallel efficiency occurs
when the join field is highly skewed. Rows are redistributed to AMPs based on the join column values; a dispropor-
tionate number of rows may end up on one AMP on or a few AMPs operation. Highly non-unique PIs cause uneven
row distribution. More than 1000 occurrences of a value in a Non-Unique Primary Index (NUPI) value begin to cause
performance degradation problems: Increased I/O’s for updates and inserts of over-represented values; Poor CPU
parallel efficiency on full table scans and bulk inserts.

%REATF_ TABLE Capital_DRV_MET.fact_purch_doc_line

asof_src_dt DATE NOT NULL,
asof_src_ts TIMESTAMP(0) NOT NULL,

Src_sys_nm CHAR(20) CHARACTER SET LATIN NOT NULL,
purch_doc_nbr CHAR(10) CHARACTER SET LATIN NOT NULL,
purch_doc_line_nbr CHAR(5) CHARACTER SET LATIN NOT NULL,
purch_doc_Tine_shrt_dsc VARCHAR(40) CHARACTER SET LATIN,

)
PRIMARY INDEX xfact_purch_doc_1ine02 (purch_doc_nbr,purch_doc_line_nbr);
UNIQUE INDEX xfact_purch_doc_line01 (purch_doc_nbr ,purch_doc_line_nbr,src_sys_nm };

Figure 3: Primary Index defined with two columns for better row distribution.

Figure 3 shows a Primary Index (PI) with two columns to make sure rows are distributed to all AMPs. Initially we
defined index with a single column, that is, with “purch_doc_nbr’" only. But, since there are a large number of the same
“purch_doc_nbr” we redefined PI consisting of two columns. Addition of the second column, “purch_doc_line_nbr’
made data distribution much better. Table load performance has improved significantly. If there is still a need for an
index on purch_doc_nbr, we can build a secondary index

3.4 Primary Index Choice Criteria

There are several things to consider when choosing primary and secondary indexes in a parallel processing environ-
ment. Because some indexes are chosen based on usage of the data in reporting, there might be some testing needed,
later in the development process to arrive at the best possible set of indexes. The primary index of the table does not
necessarily need to be a unique index.

Access Demographics: Columns that would appear with a value in a WHERE clause. Choose the column most fre-
quently used for access to maximize the number of direct, single-row access operations. Distribution Demographics:
The more unique the index, the better the distribution.

PRIMARY INDEX xfact_pr02(pr_nbr)
UNIQUE INDEX xfact_prO1 (src_sys_nm, pr_nbr, pr_Tine_nbr, acct_asgn_nbr);

Figure 4: Primary Index defined on a column most often used as a filter.
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Volatility: The data values should not change quite often. Any changes to PI values may result in heavy I/O over-
head. Join activity should dictate the Pl definition. For large tables, the number of Distinct Primary Index values
should be much greater than the number of units of parallelism.

3.5 Synchronizing Source and Target Primary Indexes

Common indexes between source and target tables help bulk inserts. The optimizer performs index-based MERGE
JOINSs. In a large join operation, a merge join requires less I/O CPU time than nested join. A merge join usually reads
each block of the INNER table only once, unless a large number of hash collisions occur. In a real world scenario we
noticed that due to missing common primary indexes, the SQL of a stored procedure became 90% skewed. It pulled
records from two large tables with several join columns. Run time was 5 hours and 6 minutes to load 9 million rows.
After PI synchronization the run-time dropped to 1 minute 11 seconds.

3.6 Deriving Common PI’s Between Source Tables

Creating and populating a Global Temporary table helps in avoiding uneven PIs and eliminate LEFT OUTER JOIN in
the Final INSERT-SELECT step (second INSERT in Figure 5).

INSERT INTO TABLE2.GT_Asset Cost Centr
SELECT AstDrv.Asset_Nbr,AstDrv.Asset Sub_Nbr
AstDrv.Co_Cd,CC.Prit_Centr_Sap_Nbr
,CC.Prit_Centr_Char_Nbr
FROM Assetv_asset DRV AstDRV
LEFT OUTER JOIN
Capital_Analysis.v_dim_cost_centr_curr CC
ON AstDRV.cost_centr_cd = CC.cost_cenir_sap_nbr;

INSERT INTO
FROM Assetv_asset DRV AstDRV
INNER JOIN
TABLE1.GT_Asset_Cost_Centr CC
ON AstDrv.Asset Nbr = CC.Asset Nbr

AND AstDrv.Asset Sub_Nbr = CC.Asset_Sub_Nbr

AND AstDrv.Co Cd =CC.Co_Cd;

Figure 5: Deriving a Common Pl for Parallel Efficiency.

In a simulation of SQL-run we found that total CPU consumption dropped to 122 second, yielding a 44.68 sec sav-
ings. The total I/ O operation dropped to 111,192, yielding a 70,632 savings.

3.7 Temporary Tables versus Derived Tables

The solution to some of the resource intensive queries includes conversion of a derived table (DT) to a global tempo-
rary table (GTT). This is because the GTT can have statistics collected whereas the DT cannot. The GTT approach
makes the optimizer plans more aggressive and rely more heavily on collected statistics as opposed to sampled statis-
tics. As in all of life, there is trade-offs: relying on collected stats would produce better running queries than the ran-
dom samples. With data skew, the random samples were often wrong and caused wrong choices to be made. We can
achieve better performance plans for tables (GTT) with collected statistics. We cannot collect statistics on derived nor
volatile tables so these do not perform as well. Statistics collection on join and filter columns improve SQL query per-
formance [6]. Figure 6 shows performance results of an SQL that used derived tables. The result shows that per evalua-
tion criteria the SQL failed in terms of computing resources such as CPU, 10 and spool space usage. Their parallel effi-
ciencies are very poor.
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Figure 6:Resource Usage with an SQL that uses derived tables.
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Figure 7 shows that each SQL passed in terms of performance evaluation criterion. Computing resources consump-
tion such CPU, IO and spool usage is much lower compared to the resources used shown in Figure 6. Each SQL al-
soshows that they higher parallel efficiency.

Project Name: [Pracument Asalysis MSTR (
SQL Scorecard Results e ST L
‘System usad for Testing:|_Tocst
ETL CPU Ealuation | 10 Evaluaion o Rarg
Overall
U Score
Resoutce | Parallel
CPU:NO | Usage | Efficiency
SOLID| _ Procdureame 581 Railn
1| o et - TEVP HSERT () PASS [ PASS
7| 3o ot 1-TEWP INSERT [¥:) PASS | PASS
3 g ) 7ASS [ PASS
4| o0 1ot 2 - UROWTE [F:] 7ASS [ PASS
H 0 imi gt - FINAL NSERT [¥:] PASS PASS

Figure 7: Resource Usage with SQL’s that use GTT.

3.8 Handling NULLs for Better Parallel Efficiency

When performing a LEFT OUTER JOIN operation with a column with so many common values performance of join
operation degrades. It is important that NULL or blank values be filtered out in the SQL while doing join operation.
An MPP (Massively Parallel Processing) machine can get very slow when there is nothing to “parallel process”.

FROM Procurement.v_funds_rsrv_line AS LINE
LEFT OUTER JOIN

Material.v_mtrl_CRS AS mitrl

ON line.mtrl_id = mtrl.mtrl_id

Results:
mtrl_id Count(™)
000000000000000001 2

NULL/blank 463950 i

Figure 8: Avoiding NULLSs for Parallel Efficiency.

Figure 8 shows a scenario in which case only 2 rows with useful values. The rest of the rows show NULL/BLANK
which severely impact database optimizer to perform an MMP.

3.9 Avoiding Updates between Large Tables

When tables are large SELECT/INSERT performs much better. Update is good when source table has fewer rows. An
example provided in Figure 9.

UPDATE TrgtTbl
FROM Tablei.v_fact depr_hist base TrgtTbl
,Table2.gt fact depr_hist anlp4 SrcTbl
SET calc_curr_gtr_mo1_ordnry_amt = SrcTbl.depr_to_be_post_ordnry_amt
,calc_curr_gtr_mo1_unpln_amt = SrcTbl.depr_to_be_post_unpin_amt
WHERE TrgtTbl.co_cd = SrcTbl.co_cd AND TrgtTbl.asset_nbr = SrcTbl.asset_nbr
AND TrgtTbl.asset_sub_nbr= SrcTbl.asset sub nbr
AND TrgtTbl.depr area cd = SrcTbl.depr area cd
AND TrgiTbl.fscl_yr_mo_nbr_drv1 = SrcTblfscl_yr qtr_mo1_nbr;

Figure 9: Performance Degrades with large volume of Updates.

In one scenario the UPDATE operation by joining large source table caused CPU consumption of 1,013 seconds. If
we need to use a subset of data from large tables using global temporary tables will help in computing resource con-
sumption. In a simulation we noticed that by using global temporary tables for a sub-set of data in source table the
UPDATE operation took only 600 CPU seconds.

3.10 Partitioned Primary Index

If they are available, Partitioned Primary Indexes (PPI) can be very productive. A PPI is equivalent to row level parti-
tioning. Queries which specify a restrictive condition on the partitioning column avoid full table scans. Larger tables
are good candidates for partitioning. The greatest potential gain derived from partitioning a table is the ability to read
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a small subset of the table instead of the entire table.

Current commercial databases have come up with efficient indexes to improve query performance. When a query is
run with filters on PPI columns the DBMS will directly pull data based on particular bucket(s) instead of scanning the
whole table. Based on a SQL score-card on both PPI and non-PPI tables it was found that the SQL uses only 33% of the
resources to pull rows from a PPI table in relation to a non-PPI table. The run time is also less in the same proportion.
The potential gain derived from partitioning a table is the ability to read a small subset of the table instead of the entire
table. Queries which specify a restrictive condition on the partitioning column avoid full table scans. By defining a PPI
on ‘row effective timestamp’ the report query performance was found to be four times faster and CPU savings about
33%.

Resource Usage: PPl vs. Non-PPI Table
* Query-1: Rows Returned: 53262
— Non-PPI Table (01): Response Time: 8 sec;: CPU=29
= PPI Table (02): PPI defined on asof_src_dt;
Response Time: 1 sec; CPU= 2 sec

* Query-2: Rows Returned; 424076
— Non-PPI Table (07): Response Time: 25 sec: CPU=101
— PPI Table (09): Response Time: 4 sec; CPU=33 sec

cPu T w Spool
Parallel Parallel Total Parallel
Total y|  Total v Pesk Efficiency |
Mame (SOL) cPy ) Lo Spool
v ctrl_doc_captl_spnd_CURR_01 out 28] 64 286031 66 36,580,416] 13
v_ctrl_doc_captl_spnd_CURR_02 out 2| 15 2,122 33 35,580,416 13
v_ctrl_doc_captl_spnd CURR_07 out 101 58 210,329 &7 664,387,584 ®
[v_ctrl_doc_capti_spnd_CURR_09.out | 33 9 11,108] 68 455,382,016] 32
| 164 509,590 1,190,930,432

Figure 10: Resource Usage: PPl vs. No PPI tables.

Figure 10 shows a comparison of query response time and computational resource savings between PPI and No-PPI
queries. The first query was run to pull 53K rows, with no PPI defined. The response time was eight seconds and CPU
consumption was 29 seconds in row one. The same query was run against the same table with PPI defined on row ef-
fective date. For the second run the response time was one second and resource consumption was two seconds per row
two. The first two rows show the resource usage statistics. A second query was run to pull 424K rows, with no PPI de-
fined. The response time was 25 seconds and resource consumption was 101 CPU seconds in row three. The same que-
ry was run against the same table with PPI defined on row effective date. This second run response time was four sec-
onds and resource consumption was 33 seconds in row four.

There are many techniques to improve performance of data warehouse queries, ranging from commercial database
indexes and query optimization. A number of indexing strategies have been proposed for data warehouses in litera-
ture and are heavily used in practice.

4 SQL PARALLEL EFFICIENCY AND DBMS RESOURCE USAGE

In a data warehouse where thousands of queries run by batch processes, analytical and ad-hoc queries and applica-
tions all run concurrently, the computing resources are the most precious resources. These computing resources need
to be used very efficiently [33] to keep the data warehousing environment stable and running. The analytical commu-
nity cannot tolerate long running queries or delayed results. Response time of queries is one of the most important in-
dicators of data warehouse stability and its success. The knowledge workers lose confidence in the system if the enter-
prise data warehouse cannot return information within a reasonable time, especially when it comes to tactical decision
making. Transaction latency expressed as a deadline is the most commonly used form of SLA [32], reflecting the user’s
expectation for the transaction to finish within a certain amount of specified time [41].

In order to ensure the data warehouse is stable, scalable, and queries run efficiently many organizations institute a
governing body to oversee the operation and running of the data warehouses. They closely monitor the deployment of
objects such as views, stored procedures and macros to make sure they perform efficiently in the data warehouse. In
most cases all code that lands on data warehouses goes through a code review process to make sure they are opti-
mized. As a cross-check the DBA (database administrators) team constantly monitors queries and load procedures to
make sure the data warehouse is stable and running efficiently. Some things to watch for, to help with parallel efficien-

cy:
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4.1 Large Distribution Steps

Occasionally, there will be a job with a step which takes a lot of resources, just to get two tables ready for a join step.
This happens (as mentioned earlier) when the two tables being joined do not have the same Primary Index (PI). Some-
times, one of the tables can be changed, so the PI's are the same. When the PI’s are the same, the large redistribution
step is eliminated, sometimes with very nice results. However, we need to be careful not to introduce too much non-
uniqueness in the PI. Table 1 shows a real example of such results. The first row shows that almost all of the resources
used on this job were spent in the redistribution step. However, once redistribution steps are eliminated most of there-
source use disappeared (second row).

Table 1
Resource Saving Avoiding Row Redistribution
Elapsed Time| /O CPU Spool
before 00:05.1 00:00.0 | 31:12.0 |510,038,016
after 00:00.1 00:00.0 | 09:36.0 0

4.2 Secondary Indexes

Sometimes we cannot just change the PI of a table for the purposes of helping a join step. There are many reasons for
choosing the PI of a table. The first criteria should be Reporting Access Requirements. In these cases, it is possible to
add a Secondary Index, the same as what we would have liked for a PI.

Table 2
Computing Resource Saving using Secondary Index
BEFORE
LogDate  |QryCount(*)| AvgElapsedTime|AvgCPUTime| AvgSpoolUsage| AvglOCount
10/8/2012 717 00:02.2 8.70 503,352,026 | 88,810
AFTER
LogDate  |QryCount(*)| AvgElapsedTime|AvgCPUTime| AvgSpoolUsage| AvglOCount
111272012 717 00:01.1 0.27 1,639,843 13,663

In one such case, we had a lot of queries doing the same join, so we added a Secondary Index to a table. This helped
the JOIN Condition find the applicable rows faster. This is bit different from an Index which helps find the rows being
selected.

Our experiment shows that resource reduction for one day was 6,000 CPU seconds, spool space 350 gigabytes, and
I/O reduction 50 million. Elapse time was 15 minutes.

4.3 Partitioning Rows which are Accessed Often

In this next case, we found that a lot of queries were asking for rows within a given date range, so we added Partition-
ing, in a way that reduced tables scans to a smaller set of data-blocks. Table 3 represents a set of queries for 1 day’s
activity.

Table 3

Using Partitioning to Avoid or Reduce Table-Scans

Before Query|After Query|Before |After CPU
Log Date |UserName |Count Count Avg CPU |Avg CPU |Saved
6/20/2011|MMBIETL1 |14,037 15,535 0.25 0.23 286
6/20/2011|A341545 [7,154 10,724 0.36 0.07 3111
6/20/2011|MMBIAPO1 (6,339 6,298 9.48 8.09 8771
6/20/2011|A130330 2,224 2,344 1.28 0.96 759
6/20/2011|MMBIO01 [2,115 2,314 46.93 43.06 8956
6/20/2011|A1887155 |9 57 63.03 16.96 2626
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4.4 Skewed Processing

Sometimes we chose a certain PI to help reporting, but allows too many rows to be stored on 1 or just a few AMPs
(Units of Parallelism). We discussed Skew in a previous section. In this case, we can use a different PI to spread the
data more evenly, then build a Secondary Index where we removed the first Primary Index.Here is a case where we
did this. We use a bit more resource with a Secondary Index over a Primary, but we save a lot more than that by
spreading the work out over the AMPS more evenly.

In Figure 11, we can see where we installed the change at 14:00 hours: There is a set of jobs which run every hour.
We can see the reduction in resources for the next hours.

TERAPRD?2 Teradata CPU Utilization For 2012-09-06

CPU Percent
8

@ Sum of %Usr

Figure 11: Resource Saving by Improving Parallel Efficiency.

4.5 Using Set versus Multi-Set Tables

SET tables do not allow duplicate rows - Multi-set tables do. The combination of a SET table, and a Non-Unique Pri-
mary Index, can dangerous if there is no other uniqueness constraint on the table (such as a Unique Secondary Index).
If there is a Unique Secondary Index, the table does not need to “worry” about checking for duplicate rows (because
the Index will be checking). If there is no other unique constraint on the table, when we have multiple rows with that
same PI, as rows are inserted, the table needs to check all rows with the same PI to see if in fact the whole row is a du-
plicate. If it is a full row duplicate, it will not be allow to be inserted. This dupe-row-checking can get very expensive
if there are a lot of rows with the same (non-unique) PI.

Table 4
Resource Savings - Set vs. Multi-Set tables

BEFORE I
LogDate TotallO TotalCP! ] |
4/8/2013(  183,104.00| 133 28:39.1| 0.00.23.17 25474 19.16| 33,772 544]

4/8/2013( 1,079,940.00| 5383 29.19.1) 0.01.16.37 224410, 41.69| 150,929 408|IMM_FCST_REQUEST_MV
4/8/2013) 228,405 00| 1388) 29:037[ 00014 53 2507 18.07| 32 450,048|IMM_FCST_REMOVAL_MV
4i8/2013(  943,791.00| 36.86) 30:48.0( 0:00:55.51 1,520.78| 41.26| 73,801,728|IMM_FCST_ISSUE_MV
4/8/2013)  190,319.00| 1006) 30:36 2| 0:0010 85 234 86| 2335 41,681,920{MM_FCST_RETURN_MV
2,613,562.00 | Totals 0:03:08.21 4505.18)Avg  43.53)

Table being worked
IMM_FCST_INSTALLATION_MV

AFTER
LogDate
4/2212013]  123,034.00 378| 27:307| 0000257 749 189| 21767,376/IMM_FCST_RETURN_MV
42212013 119,611.00 507 27207] 0000363 28 22) 557 74,287 616]MM_FCST_REMOVAL_MV
42212013] 347.427.00 83 27251] 0:00.0486 30.96] 3.73] 113,038, 848[MM_FCST_REQUEST MV
42212013]  312,617.00 a7 2r242] 0000499 18.58 2.13] 117,903, 360]IMM_FCST_ISSUE_MV
42212013 176,712.00 668 27153 0000455 4768 7.15| 89,515,008/ MM_FCST_INSTALLATION_MV
1,077,901.00 [totals 0:00:20.65 13291jvg 411

Impove
ments _|2X

TotallO | TotalCl PU | CpuSkew I Table being worked

33X 10% |

Let us suppose, there are 1000 rows with the same PI to be inserted. The second row inserted needs to only check 1
row for duplicates. The 100th row needs to check 99 rows. The 950th row needs to check 949 rows. The number of row
checks would be 1+2+3+4+5...+999. Here are the results of a set of changes we made to a set of jobs which populated a
few tables. We changed them from set to multi-set tables, to avoid duplicate row checking. And we changed the Pri-
mary Indexes to a column with less skewing. And we added a Secondary Index to replace the benefit we had with the
old Primary Index.
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5 MEASURING SQL PERFORMANCE

Performance statistics of SQL blocks in a stored procedure are shown in Figure 10. We show the score-card results of a
stored procedure SQL blocks. The SQL’s were written in such a way that they are in compliant with the parallel pro-
cessing architecture of the underlying database system.

In Figure 12 we can see that each of the SQL’s in a stored procedure passed in terms of CPU, 1/O, and spool parallel
efficiency. In the stored procedure SQL’s were written in small code blocks. Each of them takes fewer CPU seconds;
they run with parallel efficiency. We see all of the SQL blocks passed in score-carding.

Project Name:|Casts DRV
SQL Scorecard Developer Name: |5 or -{é
System used for Testing
ETL CPU Evaluation 110 Evaluation Spool Evaluation EXPLAIN Evaluation Rai

P 0 Spool | Seatistics | Joins Querall

Paraliel Tots! Parsllel | onall | o Filess Resource | Paralel | Score

Towl  Efficiency Usage | Efficiency

[x] 5 .
Fi [ ASS [ PASS
e F B 1 ASS [ PASS
or_Fi o’ 5, ASS [ PASS
or_Fract_grant_gred 3.5 ASS || PASS
or_Fract_grant_gred 1.5 ASS [ PASS
or_Fi 5.3 ASS [ PASS
or Fi (LS ASS | PASS

o F [ PASS | PASS | PASS
o Fi P PASS | PASS | PASS
10 _Jor R PASS | PAss | PASS
o 50.5% FASS | PSS | PASS
1 3 0.5% ] PASS [ PASS PASS
3 5119 4SS i
or_Ffact_grant_grirld 5043 i S5 || PASS
or_Fract_grant_grrld 5549 1 ASS || PASS
or_Fract_grant_grirls 6667 i ASS [ PASS
T |or Fiact grant gtk 195 BL3E ASS [ PASS
1B_|pr Ffact grant_gurl? 14083 36 ASS | PASS

19 [s Flact_grant_gert i 5% 165 PASS ASS | PAS
0o Flact gt geetd i 6367 164 503,50 % I PASS | PSS | PASS
o oo gt ge2d |39 7.0 940 18,200,054] 8 VES [} 31| PASS | PASS | PASS

09 I_Taati] 0,410,175 P 00| PASS [

Figure 12: Score-Card Results of SQL’s of a Stored Procedure

6 CONCLUSION

In this article we provided an overview of a parallel processing DBMS architecture. We have highlighted as to what
key aspects needs to be considered to take advantage of parallelism. We have provided an exhaustive list of techniques
of SQL optimization. These techniques have been tested and implemented in a large production data warehouse sys-
tem. In each of the optimization techniques we have provided computing resource savings as well query response time
decrease statistics.

We proposed evaluating SQL queries using SQL scorecard tools. A scorecard process and performance optimization
techniques will enable the SQL programmers to empower themselves in writing efficient queries without much de-
pendence on database administrators. Currently, database administrators spend many hours inspecting various log
files and queries [48]. Our proposed developer-centric SQL query optimization will help database administrators
maintain a stable database system and its performance with much less effort. As part of our future research we intend
to do explore optimization of queries in NoSQL database systems.
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