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0 PREAMBLE

0.1 Introduction

The TPC BenchmaFK DS (TPCDS) is a decision support benchmark that models several generally applicable
aspects of a decision support system, including queries and data maintenance. The benchmark provides a
representative evaluati on of nceasa gehgra fupaone ddaisibresupporte
system.

This benchmark illustrates decision support systems that:

1 Examine large volumes of data;

1 Give answers to reaborld business questions;

1 Execute queries of various operational requirements and complégitiesadhoc, reporting, iterative
OLAP, data mining);

1 Are characterized by high CPU and 10 load;

1 Are periodically synchronized with source OLTP databases through database maintenance functions.

T Run o n afi ®tpns,Buch as RDBMS as wellldadoopgSparkbased systems

A benchmark result measures queggponse time in single user mode, quargughputin multi user mode
and data maintenance performance for a given hardware, operating systelatagmebcessing system
configuration under a contledd, complex, multuser decision support workload.

Comment: While separated from the main text for readability, comments and appendices are a part of the
standard and their provisions must be enforced.

0.2 General Implementation Guidelines

The purpose of TPC benchrkaris to provide relevant, objective performance data to industry users. To
achieve that purpose, TPC benchmark specifications require benchmark tests be implemented with systems,
products, technologies and pricing that:

a) Are generally available to users;

b) Are relevant to the market segment that the individual TPC benchmark models or represents @&., TPC
models and represents complex, high data volume, decision support environments);

c) Would plausibly be implemented by a significant number of users in énketrsegment modeled or
represented by the benchmark.

In keeping with these requirements, the TPE database must be implemented using commercially available
data processingoftware, and its queries must be executed via SQL interface.

The use of new sysms, products, technologies (hardware or software) and pricing is encouraged so long as
they meet the requirements above. Specifically prohibited are benchmark systems, products, technologies or
pricing (hereafter referred to as "implementations") whasegry purpose is performance optimization of TPC
benchmark results without any corresponding applicability teweald applications and environments. In

other words, all "benchmark special” implementations, which improve benchmark results but-nairictal
performance or pricing, are prohibited.
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A number of characteristics shall be evaluated in order to judge whether a particular implementation is a
benchmark special. It is not required that each point below be met, but that the cumulative weight of the
evidence be considered to identify an unacceptable implementation. Absolute certainty or certainty beyond a
reasonable doubt is not required to make a judgment on this complex issue. The question that must be answered
is: "Based on the available evidendegs the clear preponderance (the greater share or weight) of evidence
indicate this implementation is a benchmark special?"

The following characteristics shall be used to judge whether a particular implementation is a benchmark special:

a) Is the implement#on generally available, documented, and supported?

b) Does the implementation have significant restrictions on its use or applicability that limits its use beyond
TPC benchmarks?

c) Is the implementation or part of the implementation poorly integrated intargpr product?

d) Does the implementation take special advantage of the limited nature of TPC benchmarks (e.g., query
templates, query mix, concurrency and/or contention, etc.) in a manner that would not be generally
applicable to the environment the benehkrepresents?

e) Is the use of the implementation discouraged by the vendor? (This includes failing to promote the
implementation in a manner similar to other products and technologies.)

f) Does the implementation require uncommon sophistication on the fghe ehduser, programmer, or
system administrator?

g) Is the pricing unusual or nezustomary for the vendor or unusual or faustomary compared to normal
business practices? The following pricing practices are suspect:

Avalilability of a discount to a smadlubset of possible customers;

Discounts documented in an unusual or-nastomary manner;

Discounts that exceed 25% on small quantities and 50% on large quantities;

Pricing featured as a closait or onetime special;

Unusual or norcustomary restrictionsn transferability of product, warranty or maintenance

on discounted items.

h) Is the implementation (including betalease components) being purchased or used for applications in the
market segment the benchmark represents? How many sites implemented ittaHy enelsers benefit
from it? If the implementation is not currently being purchased or used, is there any evidence to indicate
that it will be purchased or used by a significant number ofused sites?

=A =4 =4 -4 -4

0.3 General Measurement Guidelines

TPC benchmarkesults are expected to be accurate representations of system performance. Therefore, there are
specific guidelines that are expected to be followed when measuring those results. The approach or
methodology to be used in the measurements are either dyglEscribed in the specification or left to the

discretion of the test sponsor.

When not described in the specification, the methodologies and approaches used must meet the following
requirements:

a) The approach is an accepted engineering practice or stianda

b) The approach does not enhance the result;

¢) Equipment used in measuring the results is calibrated according to established quality standards;

d) Fidelity and candor is maintained in reporting any anomalies in the results, even if not specified in the
benchnark requirements.

Comment: The use of new methodologies and approaches is encouraged as long as they meet the
requirements outlined above.
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0.4 Workload Independence

TPGDS uses terminology and metrics which are similar to other benchmarks originated by the TP@rand oth
Such similarity in terminology does not in any way imply that TIP€results are comparable to other
benchmarks. The only benchmark results comparable teO%@re other TPDS results compliant with the
same major revision of the benchmark spedificeand with the same scale factor.

While this benchmark offers a rich environment representative of many decision support systems, it does not
reflect the entire range of decision support requirements. In addition, the extent to which a customeewan achi

the results reported by a vendor is highly dependent on how closelpT®Cap pr oxi mates t he ¢
application. The relative performance of systems derived from this benchmark does not necessarily hold for
other workloads or environments. Extragmas to any other environment are not recommended.

Benchmark results are highly dependent upon workload, specific application requirements, and systems design
and implementation. As a result of these and other factors, relative system performance vithewafore,

TPGCDS should not be used as a substitute for a specific customer application benchmarking when critical
capacity planning and/or product evaluation decisions are contemplated.

Benchmark sponsors are permitted to employ several possiblensyssigns and a broad degree of
implementation freedom within the constraints detailed in this specification. A full disclosure report (FDR) of
the implementation details must be made available along with the reported results.

0.5 Associated Materials

In addiion to this document, TROS relies on material which is only available electronically. While not
included in the printed version of the specification, this material is integral to the submission of a compliant
TPCDS benchmark resullable0-1 summarizes the electronic material related to the-DSGpecification

that is available for download from the TPC web site.

This material is maintained, versioned and revised independently of the specification itselfo Rpfeendix
F to determine which version(s) of the electronic content are compliant with this revision of the specification.

Table 0-1 Electronically Available Specification Material

Content File Name/Locati on | Usage Additional
Information

Data generator dsdgen Used to generate the data sets for the Clause 3.4
benchmark

Query generator | dsggen Used to generate the query sets for the Clause4.1.2
benchmark

Query query_templates/ Used by dsqgen to generate executable Clause4.1.3

Templates query text

Query Template | query_variants/ Used by dsqgen to generate alternative Appendix C

Variants executable query text

Table definitions | tpcds.sql Sample implementation of the logical Appendix A

in ANSI SQL tpcds_source.sql schema for the data warehouse.

Data data_maintenance/ Sample implementation of the SQL Clause 5.3
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Content File Name/Locati on | Usage Additional
Information

Maintenance needed for the Data Maintenance phase

Functions in of the benchmark

ANSI SQL

Answer Sets answer_sets/ Used to verify the initial population of Clause 7.3
the data warehouse.

Reference Data | run dsdgen with 8 Set of files for each scale factor to

Set validate flag compare the correct data generation of
base data, refresh data anddsggen data

0.5.1 Therulesfor pricing are included in the current revision of the TPC Pricipec8ication located on the TPC

website http://www.tpc.org.

Comment: There is a notinding How To_Guidedoc guide electronically available. The purpose of this
guide is to describe the most common tasks necessary to impleeGtdS benchmark. The target audience
is individuals who want to install, populate, run and analyze the database, queries and data maintenance
workloads for TPEDS.
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1.1

1 Business and Benchmark Model

Overview

TPC Benchmar-RE cobtéins befidhr@ark compmnis that can be used to asses a broad range of
system topologies and implementation methodologies in a technically rigorous and directly comparable,
vendorneutral manner. In order to ease the learning curve for users and benchmark sponsors who are new to
TPGDS, the benchmark has been mapped to a typical business environment. This clause outlines the business
modeling assumptions that were adopted during the development of the benchmark, and their impact on the
benchmark environment.

TPCDS models the désion support functions of a retail product supplier. The supporting schema contains
vital business information, such as customer, order, and product data. The benchmark models the two most
important components of any mature decision support system:

1 Use queries, which convert operational facts into business intelligence.
1 Data maintenance, which synchronizes the process of management analysis with the operational external
data source on which it relies.

The benchmark abstracts the diversity of operatfonnd in an information analysis application, while

retaining essential performance characteristics. As it is necessary to execute a great number of queries and data
transformations to completely manage any business analysis environment, no benchmackerahin exactly
mimicking a particular environment and remain broadly applicable.

While TPGDS does not aspire to be a model of how to build an actual information analysis application, the
workload has been granted a realistic context. It imitateadtigty of a multichannel retailer; thus tracking
store, web and catalog sales channels.

The goal of selecting a retail business model is to assist the reader in relating intuitively to the components of
the benchmark, without tracking that industry segtrso tightly as to minimize the relevance of the

benchmark. The TROS workload may be used to characterize any industry that must transform operational
and external data into business intelligence.

Although the emphasis is on information analysis, tsechmark recognizes the need to periodically refitssh
data The data represents a reasonable image of a business operation as they progress over time.

Some TPC benchmarks model the operational aspect of the business environment where transactions are
executed on a real time basis. Other benchmarks address the simpler, more static model of decision support. The
TPGDS benchmark, models the challenges of business intelligence systems where operational data is used both
to support the making of sound busiselecisions in near real time and to direct{mmnge planning and

exploration.
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Figure 1-1illustrates TPEDS benchmark components.
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Figurel-1: TPGDS benchmik components

1.2 Business Model

TPCGDS models any industry that must manage, sell and distribute products (e.g., food, electronics, furniture,
music and toys etc.). It utilizes the business model of a large retail company having multiple stores located
nation-wide. Beyond its brick and mortar stores, the company also sells goods through catalogs and the Internet.
Along with tables to model the associated sales and returns, it includes a simple inventory system and a
promotion system.

The following are exanmps of business processes of this retail company:

Record customer purchases (and track customer returns) from any sales channel
Modify prices according to promotions

Maintain warehouse inventory

Create dynamic web pages

Maintain customer profiles (Custom@elationship Management)

=A =4 =4 -4 -4

TPCDS does not benchmark the operational systems. It is assumed that the chasysiesub were designed

at different times by diverse groups having dissimilar functional requirements. It is also recognized that they
may be oprating on significantly different hardware configurations, software configurations and data model
semantics. All three channel sapstems are autonomous and retain possibly redundant information regarding
customers, addresses, etc. For more informatitimeilenchmarking of operational system, please see the TPC
website fittp://www.tpc.org.

TPGDS® modeling of the business environment falls i

91 Data Model and Data Access Assumpti¢gee Clausé.3)
1 Query and User Model Assyntions(see Clausé.4)
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1 Data Maintenance Assumptiqese Clausé.5)

1.3 Data Model and Data Access Assumptions

1.3.1 TPGDS models aystem thaallows potentially long running and mufiart queries where the DBA can
assume that thdata processing systasquiescenfor queriesduring any particular period.

1.3.2 The TPGDS data tracks, possibly with some delay, the state of an operational database through data
maintenance functions, which include a number of modifications impasximg part of the decision support
system

1.3.3 The TPGDS schema is a snowflake schema. It consists of multiple dimension and fact tables. Each dimension

has a single column surrogate key. The fact tables join with dimensions using each dimension talglate surr
key. The dimension tables can be classified into one of the following types:

9 Static: The contents of the dimension are loaded once during database load and do not change over time.
The date dimension is an example of a static dimension.

9 Historical: The history of the changes made to the dimension data is maintained by creating multiple rows
for a single business key value. Each row includes columns indicating the time period for which the row is
valid. The fact tables are linked to the dimensialues that were active at the time the fact was recorded,
thus maintaining fAhistorical trut ho. Item i s an

1 Non-Historical: The history of the changes made to the dimension data is not maintained. As dimension
rows are ugated, the previous values are overwritten and this information is lost. All fact data is
associated with the most current value of the dimension. Customer is an example dfliathiocal

dimension.
1.3.4 To achieve the optimal compromise between performandeoperational consistency, thestemadministrator
can set, once and for all, the locking levels and the concurrent scheduling rules for queries and data maintenance
functions.
135 The size of a DSS systeéinmore precisely the size of the data captureal DSS systerii may vary from

company to company and within the same company based on different time frames. Therefore;Dise TPC
benchmark will model several different sizes of the DSS (a.k.a. benchmark scaling or scale factor).

1.4 Query and User Model Assuyations
The users and queries modeled by the benchmark exhibit the following characteristics:

a) They address complex business problems
b) They use a variety of access patterns, query phrasings, operators, and answer set constraints
c) They employ query parametelsat change across query executions

In order to address the enormous range of query types and user behaviors encountered by a decision support
system, TPEDS utilizes a generalized query model. This model allows the benchmark to capture important
aspects ofhe interactive, iterative nature of-tine analytical processing (OLAP) queries, the loAgeming

complex queries of data mining and knowledge discovery, and the more planned behavior of well known report
queries.

1.4.1 Query Classes
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1411

14.1.2

1.4.1.3

1414

The size of the schenaad its three sales channels allow for amalgamating the above query classes, especially
ad-hoc and reporting, into the same benchmark. Ahaxlquerying workload simulates an environment in

which users connected to the system send individual queaiearthnot known in advance. The system's
administrator (DBA) cannot optimize the system specifically for this set of queries. Consequently, execution
time for those queries can be very long. In contrast, queries in a reporting workload are vienpwelin

advance. As a result, the DBA can optimize the system specifically for these queries to execute them very
rapidly by using clever data placement methods (e.g. partitioning and clustering) and auxiliary data structures
(e.g. materialized views drindexes). Amalgamating both types of queries has been traditionally difficult in
benchmark environments since per the definition of a benchmark all queries, apart from bind variables, are
known in advance. TROS accomplishes this fusion by dividingetechema into reporting and-bdc parts.

The catalog sales channel is dedicated for the reporting part, while the store and web channels are dedicated for
the adhoc part. The catalog sales channel was chosen as the reporting part because its dégdactoth of

the entiredata set The reporting and alloc parts of the schema differ in what kind of auxiliary data structures
can be created The idea behind this approach is that the queries accessinghbe pdrt constitute the dtc

guery sewhile the queries accessing the reporting part are considered the reporting queries.

A sophisticated decision support system must support a diverse user population. While there are many ways to
categorize those diverse users and the queries that theatgeM@CDS has defined four broad classes of
gueries that characterize most decision support queries:

1 Reporting queries

1 Ad hoc queries

9 Ilterative OLAP queries
9 Data mining queries

TPGDS provides a wide variety of queries in the benchmark to eentilete diverse query classes.
Reporting Queries

These queries capture the fireportingd nature of a LU
periodically to answer weknown, predefined questions about the financial and operational health of a

business. Although reporting queries tend to be static, minor changes are common. From one use of a given
reporting query to the next, a user might choose to shift focus by varying a date range, geographic location or a
brand name.

Ad hoc Queries

These quees capture the dynamic nature of a DSS system in which impromptu queries are constructed to
answer immediate and specific business questions. The central difference lzeteequeries and reporting
queries is the limited degree of foreknowledge thaviailable to th&ystem Admirstrator(SysAdmin)when
planning for arad hocquery.

Iterative OLAP Queries

OLAP queries allow for the exploration and analysis of business data to discover new and meaningful
relationships and trends. While thisclasgjai er i es i s similar to the AAd hoc
by a scenaridbased user session in which a sequence of queries is submitted. Such a sequence may include both
complex and simple queries.

Data Mining Queries

Data mining is the proce®f sifting through large amounts of data to produce data content relationships. It can
predict future trends and behaviors, allowing businesses to make proactive, kneavigdgealecisions. This

class of queries typically consists of joins and largeegggions that return large data result sets for possible
extraction.
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Data Maintenance Assumptions

A data warehouse is only as accurate and current as the operational data on which it is based. Accordingly, the
migration of data from operational OLTP systeto analytical DSS systems is crucial. The migration tends to

vary widely from business to business and application to application. Previous benchmarks evaluated the data
analysis component of decision support systems while excluding a realisticfozgh process. TROS offers

a more balanced view.

Decision support database refresh processes usually involve three distinct and important steps:

1 Data Extraction: This phase consists of the accurate extraction of pertinent data from production OLTP
datdases and other relevant data sources. In a production environment, the extraction step may include
numerous separate extract operations executed against multiple OLTP databases and auxiliary data sources.
While selection and tuning of the associated systand procedures is important to the success of the
production system, it is separate from the purchase and configuration of the decision support servers.
Accordingly, the data extract step of the ETL process (E) is not modeled in the benchmark. b8 TPC
data maintenance process starts from generated flat files that are assumed to be the output of this external
Extraction process.

91 Data Transformation: This is when the extracted data is cleansed and massaged into a common format
suitable for assimilatin by the decision support database.

9 Data Load: This is the actual insertion, modification and deletion of data within the decision support
database.

Taken together, the progression of Extraction, Transformation and Load is more commonly known by its
acrmym, ETL. In TPCDS, the modeling of Transformation and Load is known as Data Maintenance (DM) or
Data Refresh. In this specification the two terms are used interchangeably.

The DM process of TPOS includes the following tasks that result from such aptexnbusiness environment
as shown irFigure1-2:

i) Load the refresh data set, which consists of new, deleted and changed data destined for the data warehouse in
its operational format.

i) Load refresh data set intoetldata warehouse applying data transformations, e.g.:

1 Data denormalization (3rd Normal form to snowflake). During this step the source tables are mapped
into the data warehouse by:

A Direct source to target mapping. This type of mapping is the most conltrapplies to tables in
the data warehouse that have an equivalent table in the operational schema.

A Multiple data warehouse source tables are joined and the result is mapped to one target table. This
mapping translates the third normal form of the ofi@nal schema into the eeormalized form of
the data warehouse.

A One source table is mapped to multiple target tables. This mapping is the least common. It occurs
if, for efficiency reason, the schema of the operational system is less normalized tthatathe
warehouse schema.

1  Syntactically cleanse data
1 De-normalize
iii) Insert new fact records and delete fact records by date.

The structure and relationships between the flat files is provided in form of a table description and the ddl of the
tables that repeent the hypothetical operational database in Appendix A.
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Figure 1-2: Execution Overview of the Data Maintenance Process
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2 Logical Database Design

2.1 Schema Overview

TheTPCDS schema models the sales and sales returns process for an organization that employs three primary
sales channels: stores, catalogs, and the Internet. The schema includes seven fact tables:

1 A pair of fact tables focused on the product sales andhefar each of the three channels
1 A single fact table that models inventory for the catalog and internet sales channels.

In addition, the schema includes 17 dimension tables that are associated with all sales channels. The following
clauses specify the lazal design of each table:

1 The name of the table, along with its abbreviation (listed parenthetically)

1 Alogical diagram of each fact table and its related dimension tables

1 The highlevel definitions for each table and its relationship to other tabley tise format defined in
Clause2.2

1 The scaling and cardinality information for each column

2.2 Column Definitions

221 Column Name

22.1.1 Each column is uniquely named, and each column name begins with the abbreviatioatdgthewhich it
appears.

2212 Columns that are part of the tableds pr (Setdon®.3 key ar
and2.4). If a table uses a ogposite primary key, then for convenience of reading the order of a given column
in a tabledés primary key is |isted in parentheses f

2.2.1.3 Columns that are part of a business key are indicated with (B) appearing after the coluniBentiomes2.3
and2.4). A business key is neither a primary key nor a foreign key in the context of the deltawsar
schema. It is only used to differentiate new deden update data of the source tables during the data
maintenance operations.

2.2.2 Datatype

2221 Each column employs one of the following datatypes:

a) ldentifier means that the colunshall be able to hold any key value generated for that column.

b) Integermeans that the colunshall be able to exactly represent integer values (i.e., values in increments of
1) in the range of at leaét 1" )@ (2" *T 1), where n is 64

c) Decimal(d, f) means that the colurahall be abldo represent decimal values up to and including d digits,
of which f shall occur to the right of the decimal place; the values can be either represented exactly or
interpreted to be in this range.

d) Char(N) means that the colurshall be able to Hd any string of characters of a fixed length of N.

Comment: If the string that a column of datatype char(N) holds is shorter than N characters, then trailing
spaces shall be stored in the database or the database shall automatically pad with spaces upsnaietrieval
that a CHAR_LENGTH() function will return N.

e) Varchar(N) means that the colurshall be able to hold any string of characters of a variable length with a
maximum length of N. Columns defined as "varchar(N)" may optionally be implementetiar(N)".

f) Date means that the column shall be able to express any calendar day between January 1, 1900 and
December 31, 2199.

2222 The datatypes do not correspond to any specific-S@hdard datatype. The definitions are provided to
highlight the propertie that are required for a particular column. The benchmark implementer may employ any
internal representation or SQL datatype that meets those requirements.
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2.2.2.3 The implementatiochosen by the test spongor aparticular datatype definition shall be applied consistently
to all the instances of that datatype definition in the scher@ept for identifier columnsvhose datatype may
be selected to satisfy database scalaggiirements.

2.2.3 NULLs

I f a column def i ni NULbscolumn this aoldnenss p@pulated N évery row dof thegable
for all scale factors. If the field is blank this column may contain NULLSs.

224 Foreign Key

If the values in this column join withnother column, the foreign columns name is listed irfFtreign Key
field of the column definition.

2.3 Fact Table Definitions
2.3.1 Store Sales (SS)
23.1.1 Store Sales E®iagram

Date Dim+« Store

Item Store_Sales|—+ Time_Dim |
Promotion
Customer_
Demographics Customer_| | Household_

Address | | Demographics

Income_
Band

Customer

2.3.1.2 Store Sales Column Definitions

Each row in this table repsents a single lineitem for a sale made through the store channel and recorded in the
store_sales fact table.

Table 2-1 Store_sales Column Definitions

Column Datatype NULLs Primary Key Foreign Key
ss_sold_date_sk identifier d_date_sk
ss_sold_time_sk identifier t_time_sk
ss_item_sk (1) identifier N Y i_item_sk
ss_customer_sk identifier c_customer_sk
ss_cdemo_sk identifier cd_demo_sk
ss_hdemo_sk identifier hd_demo_sk
ss_addr_sk identifier ca_address_sk
ss_stoe_sk identifier s_store_sk
Ss_promo_sk identifier p_promo_sk
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Column Datatype NULLs Primary Key Foreign Key
ss_ticket_number (2) identifier N Y
SS_quantity integer
ss_wholesale_cost decimal(7,2)
ss_list_price decimal(7,2)
ss_sales_price decimal(7,2)
ss_ext_discount_amt decimal{,2)
ss_ext_sales_price decimal(7,2)
ss_ext_wholesale cost decimal(7,2)
ss_ext_list_price decimal(7,2)
Ss_ext_tax decimal(7,2)
Ss_coupon_amt decimal(7,2)
ss_net_paid decimal(7,2)
ss_net_paid_inc_tax decimal(7,2)
ss_net_profi decimal(7,2)
2.3.2 Store Returns (SR)

2321 Store Returns E®iagram

Date Dimp Store

Store_Returns —| Time_Dim |

Customer_
Demographics Customer_ HOUSEhOld_
Address | | Demographics
Income_
Band
Customer
2.3.2.2 Store Returns Column Definition

Each row in this table represents a single lineitem for the return of an item sold through the store channel and
recorded in the store_returns fact table.

Table 2-2 Store_returns Column Definitions

Column Datatype NULLs Primary Key Foreign Key
sr_returned_date_sk identifier d_date_sk
sr_return_time_sk identifier t time_sk
sr_item_sk (1) identifier N Y i_item_sk,ss_item_sk
sr_customer_sk identifier c_customer_sk
sr_cdemo_sk identifier cd_demo_sk
sr_hdemo_sk identifier hd_demo_sk
sr_addr_sk identifier ca_address_sk
sr_store_sk identifier s_store_sk
sr_reason_sk identifier r_reason_sk
sr_ticket_number (2) idertifier N Y ss_ticket_number
Sr_return_quantity integer

Sr_return_amt decimal(7,2)

Sr_return_tax decimal(7,2)
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Column Datatype NULLs Primary Key Foreign Key
sr_return_amt_inc_tax decimal(7,2)
sr_fee decimal(7,2)
sr_return_ship_cost decimal(7,2)
sr_refunded_cash decimal(7,2)
sr_reversed_charge decimal(7,2)
sr_store_credit decimal(7,2)
sr_net_loss decimal(7,2)
2.3.3 Catalog Sales (CS)

2.33.1 Catalog Sales ElRiagram

Date Dim Catalog_Page

Call Center Warehouse
ltem Catalog_Sales— Time_Dim |
- Ship_Mode
Promotion
Customer_
Demographics Customer_| | Household_
Address | | Demographics
Income_
Band
Customer

2.3.3.2 Catalog Sales Column Definition

Each row in this table represents a singleitam for a sale made through the catalog channel and recorded in
the catalog_sales fact table.

Table 2-3 Catalog Sales Column Definitions

Column Datatype NULLs Primary Key Foreign Key
cs_sold_date_sk identifier d_date_sk
cs_sold_time_sk identifier t_time_sk
cs_ship_date_sk identifier d_date_sk
cs_bill_customer_sk identifier c_customer_sk
cs_bill_cdemo_sk identifier cd_demo_sk
cs_bill_hdemo_sk identifier hd_demo_sk
cs_bill_addr_sk identifier ca_address_sk
cs_ship_customer_sk identifier C_customer_sk
cs_ship_cdemo_sk identifier cd_demo_sk
cs_ship_hdemo_sk identifier hd_demo_sk
cs_ship_addr_sk identifier ca_address_sk
cs_call_center_sk identifier cc_call_center_sk
cs_catalog_age sk identifier cp_catalog_page_sk
cs_ship_mode_sk identifier sm_ship_mode_sk
cs_warehouse_sk identifier w_warehouse_sk
cs_item_sk (1) identifier N Y i_item_sk
cs_promo_sk identifier p_promo_sk
cs_order_number (2) identifier N Y

Ccs_quanty integer

cs_wholesale_cost decimal(7,2)

cs_list_price decimal(7,2)

cs_sales_price decimal(7,2)
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Column Datatype NULLs Primary Key Foreign Key
cs_ext_discount_amt decimal(7,2)
cs_ext_sales_price decimal(7,2)
cs_ext_wholesale cost decimal(7,2)
cs_ext_list_price decimal(7,2)
cs_ext_tax decimal(7,2)
cs_coupon_amt decimal(7,2)
cs_ext_ship_cost decimal(7,2)
cs_net_paid decimal(7,2)
cs_net_paid_inc_tax decimal(7,2)
cs_net_paid_inc_ship decimal(7,2)
cs_net_paid_inc_ship_tax decimal(7,2)
cs_net_profit decimal(7,2)
234 Catalog Returns (CR)

2.34.1 Catalog Returns E®iagram

Date Dim (Catalog_Page]|

Call Center Warehouse

Catalog_Returns— Time_Dim |

Ship_Mode
Customer_
Demographics Customer_| | Household_
Address | | Demographics
Income_
Band
Customer
2.34.2 Catalog Returns Column Definition

Each row in this table represents a single lineitem for the return of an item sold through the catalog channel and
recordedm the catalog_returns table.

Table 2-4 Catalog_returns Column Definition

Colum Datatype NULLs Primary Key Foreign Key
cr_returned_date_sk identifier d_date_sk
cr_returned_time_sk identifier t_time_sk
cr_item_sk (1) identifier N Y i_item_sk,cs_item_sk
cr_refunded_customer_sk identifier c_customer_sk
cr_refunded_cdemo_sk identifier cd_demo_sk
cr_refunded_hdemo_sk identifier hd_demo_sk
cr_refunded_addr_sk identifier ca_address_sk
cr_returning customer_sk identifier C_customer_sk
cr_returning_cdemo_sk identifier cd_demo_sk
cr_returning_hdemo_sk identifier hd_demo_sk
cr_returning_addr_sk identifier ca_address_sk
cr_call_center_sk identifier cc_call_center_sk
cr_catalog_page_sk identifier cp_catalog_page_sk
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Colum Datatype NULLs Primary Key Foreign Key
cr_ship_mode_sk identifier sm_ship_mode_sk
cr_warehouse_sk identifier w_warehouse_sk
cr_reason_sk identifier r_reason_sk
cr_order_number (2) identifier N Y cs_order_number
cr_return_guantity integer
cr_return_arount decimal(7,2)
cr_return_tax decimal(7,2)
cr_return_amt_inc_tax decimal(7,2)
cr_fee decimal(7,2)
cr_return_ship_cost decimal(7,2)
cr_refunded_cash decimal(7,2)
cr_reversed_charge decimal(7,2)
cr_store_credit decimal(7,2)
cr_net_loss decimal(7,2)

2.35 Web Sales (WS)

2351 Web Sales ERDiagram

Warehouse

Promotion Web_Sales

Web_Page Ship_Mode

Time_Dim

Customer_ Customer_| | Household_
Demographics Address | | Demographics
Income_
Customer pand

2.35.2 Web Sales Column Definition

Each row in this table represents a single lineitem for a sale made through the web channel and recorded in the
web_sales fact table.

Table 2-5 Web_sales Column Definitions

Column Datatype NULLs Primary Key Foreign Key
ws_sold_date_sk identifier d_date_sk
ws_sold_time_sk identifier t_time_sk
ws_ship_date_sk identifier d_date_sk
ws_item_sk (1) identifier N Y i_item_sk
ws_bill_customer_sk identifier c_customer_sk
ws_bill_cdemo_sk identifier cd_demo_sk
ws_bill_hdemo_sk identifier hd_demo_sk
ws_bill_addr_sk identifier ca_address_sk
ws_ship_customer_sk identifier c_customer_sk
ws_ship_cdemo_sk identifier cd_demo_sk
ws_ship_hdemo_sk identifier hd_demo_sk
ws_ship_addr_sk identifier ca_address_sk
ws_web_page sk identifier wp_web_page sk
ws_web_site_sk identifier web_site_sk
ws_ship_mode_sk identifier sm_ship_mode_sk
ws_warehouseks identifier w_warehouse_sk
ws_promo_sk identifier p_promo_sk
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Column Datatype NULLs Primary Key Foreign Key
ws_order_number (2) identifier N Y
ws_quantity integer
ws_wholesale_cost decimal(7,2)
ws_list_price decimal(7,2)
ws_sales_price decimal(7,2)
ws_ext_discount_amt decimal(72)
ws_ext_sales_price decimal(7,2)
ws_ext_wholesale cost decimal(7,2)
ws_ext_list_price decimal(7,2)
ws_ext_tax decimal(7,2)
ws_coupon_amt decimal(7,2)
ws_ext_ship_cost decimal(7,2)
ws_net_paid decimal(7,2)
ws_net_paid_indax decimal(7,2)
ws_net_paid_inc_ship decimal(7,2)
ws_net_paid_inc_ship_tax decimal(7,2)
ws_net_profit decimal(7,2)
2.3.6 Web Returns (WR)

2.36.1 Web Returns EfDiagram

Reason

Warehouse

Time Dim

Web Returns
= Ship Mod
“Web Page |

Customer_ _ Customer_| | Household_
Demographics Address | | Demographics
Income_
Customer Band

2.3.6.2 Web Returns Column Definition

Each row in this table represents a single lineitenthe return of an item sold through the web sales channel
and recorded in the web_returns table.

Table 2-6 Web_returns Column Definitions

Column Datatype NULLs Primary Key Foreign Key
wr_returned_date_sk identifier d_date_sk
wr_returned_time_sk identifier t time_sk
wr_item_sk (2) identifier N Y i_item_sk,ws_item_sk
wr_refunded_customer_sk identifier C_customer_sk
wr_refunded_cdemo_sk identifier cd_demo_sk
wr_refunded_hdemo_sk identifier hd_cemo_sk
wr_refunded_addr_sk identifier ca_address_sk
wr_returning_customer_sk identifier c_customer_sk
wr_returning_cdemo_sk identifier cd_demo_sk
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Column Datatype NULLs Primary Key Foreign Key
wr_returning_hdemo_sk identifier hd demo_sk
wr_returning_addr_sk identifier ca_address_sk
wr_web_page_sk identifier wp_web_page_sk
wr_reason_sk identifier r_reason_sk
wr_order_number (1) identifier N Y ws_order_number
Wr_return_quantity integer

wr_return_amt decimal(7,2)

wr_return_tax decimal(7,2)

Wwr_return_amt_inc_tax decimal(72)

wr_fee decimal(7,2)

wr_return_ship_cost decimal(7,2)

wr_refunded_cash decimal(7,2)

wr_reversed_charge decimal(7,2)

wr_account_credit decimal(7,2)

wr_net_loss decimal(7,2)

2.3.7 Inventory (INV)
23.7.1 Inventory ERDiagram
Inventory Warehouse
A 4
Date Dim
23.7.2 Inventory @lumn Definition
Each row in this table represents the quantity of a particular itehaod at a given warehouse during a
specific week.
Table2-7 Inventory Column Definitions
Column Datatype NULLs Primary Key Foreign Key
inv_date_sk (1) identifier N Y d_date_sk
inv_item_sk (2) identifier N Y i_item_sk
inv_warehouse_sk (3) identifier N Y w_warehouse_sk
inv_quantity_on_hand integer

2.4 Dimension Table Definitions
24.1 Store (S)

Each row in this dimension tablepresents details of a store.

Table 2-8: Store Column Definitions

Column Datatype NULLs Primary Key Foreign Key
s_store_sk identifier N Y
s_store_id (B) char(16) N
s_rec_start_date date
S_rec_enddate date
s_closed_date_sk identifier d_date_sk
s_store_name varchar(50)
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Column Datatype NULLs Primary Key Foreign Key
s_number_employees integer
s_floor_space integer
s_hours char(20)
S_manager varchar(40)
S_market_id integer
S_geography_class varchar(100)
S_narket_desc varchar(100)
s_market_manager varchar(40)
s_division_id integer
s_division_name varchar(50)
s_company_id integer
S_company_hame varchar(50)
s_street_number varchar(10)
s_street_name varchar(60)
S_street_typ char(15)
s_suite_number char(10)
S_city varchar(60)
S_county varchar(30)
s_state char(2)
s_zip char(10)
s_country varchar(20)
s_gmt_offset decimal(5,2)
s_tax_percentage decimal(5,2)
2.4.2 Call Center (CC)

Each row inthis table represents details of a call center.

Table 2-9 Call_center Column Definitions

Column Datatype NULLs Primary Key Foreign Key
cc_call_center_sk identifier N Y
cc_call_center_id (B) char(16) N

cc _rec_start date date

cc_rec_end_date date

cc_closed date sk integer d_date sk
cc_open_date_sk integer d_date_sk
cC_hame varchar(50)

cc_class varchar(50)

cc_employees integer

cc_sq_ft integer

cc_hours char(20)

cCc_manager varchar(40)

cc_mkt_id integer

cc_mkt_class char(50)

cc_mkt_desc varchar(100)

cc_market_manager varchar(40)

cc_division integer

cc_division_name varchar(50)

cc_company integer

cC_company_name char(50)

cc_street_number char(L0)

cc_street_name varchar(60)

cc_street_type char(15)

cc_suite_number char(10)

cc_city varchar(60)

cc_county varchar(30)

cc_state char(2)

cc_zip char(10)

cc_country varchar(20)

cc_gmt_offset decimal(5,2)

cc_tax_perentage decimal(5,2)

243 Catalog_page (CP)
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Each row in this table represents details of a catalog page.

Table 2-10 Catalog Page Column Definitions

Column Datatype NULLs Primary Key Foreign Key
cp_catalog_pagesk identifier N Y
cp_catalog_page_id (B) char(16) N
cp_start_date_sk integer d_date_sk
cp_end_date_sk integer, d_date_sk
cp_department varchar(50)
cp_catalog_number integer,
cp_catalog_page_number integer,
cp_description varchar(10)
cp_type varchar(100)
24.4 Web_site (WEB)

Each row in this table represents details of a web site.

Table 2-11 Web_site Column Definitions

Column Datatype NULLs Primary Key Foreign Key
web_site_sk identifier N Y
web_site_id (B) char(16) N
web_rec_start_date date
web_rec_end_date date
web_name varchar(50)
web_open_date_sk identifier d_date sk
web_close_date_sk identifier d_date_sk
web_class varchar(50)
web_manager varchar(40)
web_mkt_id integer
web_mkt_class varchar(50)
web_mkt_desc varchar(100)
web_market_manager varchar(40)
web_company _id integer
web_company _name char(50)
web_street_number char(10)
web_street_name varchar(60)
web_street_type cha(15)
web_suite_number char(10)
web_city varchar(60)
web_county varchar(30)
web_state char(2)
web_zip char(10)
web_country varchar(20)
web_gmt_offset decimal(5,2)
web_tax_percentage decimal(5,2)
245 Web_page (WP)

Each rowin this table represents details of a web page within a web site.

Table 2-12Web_page Column Definitions

Column Datatype NULLs Primary Key Foreign Key
wp_web_page_sk identifier N Y

wp_web_page_id (B) char(1) N

wp_rec_start_date date

wp_rec_end_date date

wp_creation_date_sk identifier d_date_sk
wp_access_date_sk identifier d_date_sk
wp_autogen_flag char(1)

wp_customer_sk identifier C_customer_sk
wp_url varchar(100)

wp_type char(5Q
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Column Datatype NULLs Primary Key Foreign Key
wp_char_count integer
wp_link_count integer
wp_image_count integer
wp_max_ad_count integer

2.4.6 Warehouse (W)
Each row in this dimension table represents a warehouse where items are stocked.
Table 2-13 Warehouse Column Definitions
Column Datatype NULLs Primary Key Foreign Key
w_warehouse_sk identifier N Y
w_warehouse_id (B) char(16) N
w_warehouse_name varchar(20)
w_warehouse_sq_ft integer
w_street_number char(10)
w_street_nam varchar(60)
w_street_type char(15)
w_suite_number char(10)
w_city varchar(60)
w_county varchar(30)
w_state char(2)
w_zip char(10)
w_country varchar(20)
w_gmt_offset decimal(5,2)

2.4.7 Customer (C)
Each row in this dimensioiable represents a customer.
Table 2-14: Customer Table Column Definitions
Column Datatype NULLs Primary Key Foreign Key
c_customer_sk identifier N Y
c_customer_id (B) char(16) N
c_current_cdemo_sk idenifier cd_demo_sk
c_current_hdemo_sk identifier hd_demo_sk
c_current_addr_sk identifier ca_addres_sk
c_first_shipto_date sk identifier d_date_sk
c_first_sales_date sk identifier d_date_sk
c_salutation char(10)
c_first_name char(20)
c_last_name char(30)
c_preferred_cust_flag char(1)
c_birth_day integer
c_birth_month integer
c_birth_year integer
c_birth_country varchar(20)
c_login char(13)
c_email_address char(50)
c_last_review date_sk identifier d_datesk

2.4.8 Customer_address (CA)
Each row in this table represents a unique customer address (each customer can have more than one address)
Table 2-15 Customer_address Column Definitions
Column Datatype NULLs Primay Key Foreign Key
ca_address_sk identifier N Y
ca_address_id (B) char(16) N
ca_street_number char(10)
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ca_street_name varchar(60)
ca_street_type char(15)
ca_suite_number char(10)
ca_city varchar(60)
ca_county varchar(30)
ca_stée char(2)
ca_zip char(10)
ca_country varchar(20)
ca_gmt_offset decimal(5,2)
ca_location_type char(20)
2.4.9 Customer_demographics (CD)
The customer demographics table contains one row for each unique combination of customer demographic
information.
Table 2-16 Customer_demographics Column Definitions
Column Datatype NULLs | Primary Key Foreign Key
cd_demo_sk identifier N Y
cd_gender char(1)
cd_marital_status char(1)
cd_education_status char(20)
cd_purchase_estimate integer
cd_credit_rating char(10)
cd_dep_count integer
cd_dep_employed_count integer
cd_dep_college_count integer

2.4.10 Date_dim (D)

Each row in this table represents one calendar day. The surrogate kate (¢kjifor a given row is derived
from the julian date being described by the row.

Table 2-17 Date_dim Column Definitions

Column Datatype NULLs Primary Key Foreign Key
d_date_sk identifier N Y
d_date _id (B char(16) N
d_date date

d_month_seq integer

d_week_seq integer

d_quarter_seq integer

d_year integer

d_dow integer

d_moy integer

d_dom integer

d_qgoy integer

d_fy year integer

d_fy quarter_seq integer

d_fy week seq integer

d_day name char(9)

d_quarter_name char(6)

d_holiday char(1)

d_weekend char(1)

d_following_holiday char(1)

d_first dom integer

d_last_ dom integer

d_same_day _ly integer

d_same _day Iq integer

d_current_day char(1)

d_current_week char(1)

d_current_month char(1)

d_current_quarter char(1)

d_current_year char(1)
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2.4.11 Household_demographics (HD)
Each row of this table defines a household demographic profile.

Table 2-18 Household_demographics Column Definition

Column Datatype NULLs Primary Key Foreign Key
hd_demo_sk identifier N Y
hd_income_band_sk identifier ib_income_band_sk
hd_buy_potential char(15)
hd_dep_count integer
hd_vehicle_count integer

2.4.12 ltem (1)

Each row in this table represents a unique product formulation (e.g., size, color, manufactuer, etc.).

Table 2-19 Item Column Definition

Column Datatype NULLs Primary Key Foreign Key
i_item_sk identifier N Y
i_item_id (B) char(16) N
i_rec_start_date date
i_rec_end_date date
i_item_desc varchar(200)
i_current_price decimal(7,2)
i_wholesale_cost decimal(7,2)
i_brand_id integer
i_brand char(50)
i_class_id integer
i_class char(50)
i_category id integer
i_category char(50)
i_manufact_id integer
i_manufact char(50)
i_size char(20)
i_formulation char(20)
i_color char(20)
i_units char(10)
i_container char(10)
i_manager _id integer
i_product_name char(50)
2.4.13 Income_band (IB)

Each row in this table represents details of an income range.

Table 2-20: Income_band Column Definitions

Column Datatype NULLs Primary Key Foreign Key
ib_income_band sk identifier N Y
ib_lower_bound integer
ib_upper_bound integer
24.14 Promotion (P)

Each row in this table represents details of a specific product promotion (e.g., advertising, sales, PR).

Table 2-21: Promotion Column Definitions

Column Datatype NULLs Primary Key Foreign Key
p_promo_sk identifier N Y

p_promo_id (B) char(16) N

p_start_date sk identifier d_date_sk
p_end_date_sk identifier d_date_sk
p_item_sk identifier i_item_sk
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Column

Datatype

NULLs

Primary Key

Foreign Key

p_cost

decimal(15,2)

p_response_target

integer

p_promo_name char(50)
p_channel_dmail char(1)
p_channel_email char(1)
p_channel_catalog char(1)
p_channel_tv char(1)
p_channel_radio char(1)
p_channel_press char(1)
p_chamel_event char(1)
p_channel_demo char(1)
p_channel_details varchar(100)
p_purpose char(15)
p_discount_active char(1)

2.4.15 Reason (R)

Each row in this table represents a reason why an item was returned.

Table 2-22: Reason Column Definitions

Column Datatype NULLs Primary Key Foreign Key
r_reason_sk identifier N Y
r_reason_id (B) char(16) N
r_reason_desc char(100)
2.4.16 Ship_mode (SM)
Each row in this table represents a shipping mode.
Table 2-23: Ship_mode Column Definitions
Column Datatype NULLs Primary Key Foreign Key
sm_ship_mode_sk identifier N Y
sm_ship_mode _id (B) char(16) N
sm_type char(30)
sm_code char(10)
sm_carrier char(20)
sm_contract char(20)
2.4.17 Time_dim (T)
Each row in this table represents one second.
Table 2-24: Time_dim Column Definitions
Column Datatype NULLs | Primary Key Foreign Key
t time_sk Identifier N Y
t_time_id (B) char(16) N
t_time Integer
t_hour Integer
t_minute Integer
t_second Integer
t am_pm char(2)
t_shift char(20)
t_sub_shift char(20)
t_meal_time char(20)
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2.4.18

2.5
251
2511

2512

2513

2514

2515

2516

2517

2518
2519

252

dsdgen_version

This table is not employed during the benchmarKat file is generated by dsdgen (see Appendix F), and it can
be helpful in assuring that the current data set was built with the correct version of #iESTBalkit. It is
included here for completeness.

Table 2-25: dsdgen_version Column Definitions

Column Datatype NULLs Foreign Key
dv_version Varchar(16) N
dv_create_date date N
dv_create time time N
dv_cmdline_args Varchar(200) N

Implementation Requirements

Definition of Terms

The tables defied in Claus.3and Claus.4 are referred to asase tablesThe flat file data generated by
dsdgencorresponding to each base table and loaded into each base tafderésl to as base table data. A
structure containing base table data is referred to as a base table data structure.

Other than the base table data structures, any database structure that amugynsf, reference to, or data
computed from base tabtlata is defined as anxiliary data structureADS). The data in the ADS is

materialized from the base table data; references are a form of materialization. There is an essential distinction
between base table data contained in a base table datarstramd data contained in auxiliary data structures.
Because auxiliary data structures contaipiesof, referencego, or data computed frotmase table data,

deleting data from an auxiliary data structure does not result in the loss of base taiol¢hdatais still

contained in the base table data structure. In contrast, deleting data from a base table data structure (in the
absence of copies in any auxiliary data structures) does result in the loss of base table data.

There are two types of aligiry data structures: Implicit and explicit. An explicit auxiliary data structure

(EADS) is created as a consequence of a directive (e.g. DDL, session options, global configuration parameters).
These directives are called EADS Directives. Any ADS whiatoisan EADS is by definition an Implict ADS

(IADS).

Comment: In contrast to an impliciADS, anEADS would not have been created without the directive.

The assignment of groups of rows from a talyl&ADSto different files, disks, or areas is defined as
horizongl partitioning

The assignment of groups of columns of one or more rows to files, disks, or areas different from those storing
the other columns of these rows is definedextical partitioning

A Primary Keyis one or more columns that uniquely idé&at a row. None of the columns that are part of the
Primary Keymay be nullable. A table must have no more thanRoimeary Key. A primary keynaybe
enforced, e.g. by a primary key constraint.

A Foreign Keyis a column or combination of columns use@s$tablish a link between the data in two tables.
A link is created between two tables by adding the column or columns that hold onePrlriaty Keyvalues
to the other table. This column becomdaeign Keyin the second tablé foreign keymaybe aforced, e.g.
by a foreign key constraint.Referential Integi#ya data propertwhereby aoreign Keyin one table has a
correspondindPrimary keyin a different table.

The definition of primary and foreign keys is optional.

Whenever this specificatioefers to a set of primary and foreign keys it refers to the set of primary and foreign
keys defined in clausé&s3and2.4.

Data Processing Syster& Tables
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2521
2522

2523

2524
2525

2.5.2.6

2527

2528

2529

2.5.2.10

25211

253

2531
2.53.2

Thedata pocessing systeshall be implemented usinggenerallyavailableand supportedystem(DBMS).

The SQL data definition statements and associatdadtsarsed toamplement the logideschema definition a&r
defined as th®DL.

The daabase whiclis built andutilized to run theQuery Validation testis defined as the qualification
database

The database which is built and utilized for performance reporting is defined as the test database

The physicatlustering of records of different tables within the database is allowed as long as this clustering
does not alter the logical relationships of each table.

Comment: The intent of this clause is to permit flexibility in the physical layout of a database and based up
the defined TPEDS schema.

Table names should match those provided in Clausend Clause.4. If the data processing systgmnevents
the use of the table names sfied in Clause2.3and Clause.4, they may be altered provided that:

1 The name changes are minimal (e.g., short prefix or suffix.)

1 The name changes have no performampeact

1 The name changes are also made to the query set, in compliance withAQ2aBise

Each table listed in Clauge3and Clause.4, shall be implemented according to the column definitions
provided above.

The column names used in thenchmarkmplementation shall match those defined for each column specified
in Clause2.3and Clause.4. If the data processing systepnevents the use of the column names specified in
Clause2.3and Clause.4, they may be alted provided:
1 The name changes are the minimal changes required (e.g., short prefix or suffix or character substitution.)
1 The changed names are required to follow the documented naming convention employsgistethe

used for the benchmark implementation
1 The names used must provide no performance benefit compared to any other names that might be chosen.
1 The identical name changes must also be made to the query set, in compliance with Clause 4.2.3

The columnswithin a given table may be implemented in amgler, but all columns listed in the table definition
shall be implemented and there shall be no columns added to the tables.

Each table column defined in Claud@and Claus®.4 shall be implemented as discrete columns and shall be

independently accessible by ttiata processing systess a single column. Specifically:

1 Columns shall not be merged. For example, C_LOGIN and C_EMAIL_ADDRESS cannot be implemented
as two sukparts of a single discrete column C_DATA.

1 Columns shall not be split. For example, P_TYPE cannot be implemented as two discrete columns
P_TYPE_SUBSTRL1 and P_TYPE_SUBSTR2.

The database shall allow for insertion of arbitrary data values that conformamtheu mn 6 sandl at at yp e
optional constraints defined in accordance with ClauSet

Explicit Auxiliary Data Structures (EADS)

Except as provided in this section, replication of database objects (i.e., tables, rows or calpmatshited.

An EADSwhich does not include data materialized from Catalog_Sales or Catalog_Resuhgct to the
following limitations:
1 It may materialize data from no more than base table
1 It may materialize all or some of the following thitems:
1. The primary key or any subset of PK columns if the PK is a compound key
2. Pointers or references to corresponding base
3. At most one of the following:
a) A foreign key or any subset of the FK columns if the FK is a compoupnd ke
b) A column having a date data type
c) A column that is a business key
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2.5.3.3 An EADSwhich includes data materialized from Catalog_Sales or Catalog_Retagnsot include any data
materialized from Store_Sales, Store_Returns, Web_Sales, Web_Returns or Inventory.

2534 An EADS which materializes data from both fact and dimension tables must be the result of joining BK FK
related columns.

2535 An EADS which materializes data from one or more dimension tables without simultaneously materializing
data from Catalog_Sales andCatalog_Returns is disallowed, unless otherwise permitted by Clause 2.5.3.2.
An EADS which materializes data from one or more dimension tables must materialize at least one dimension
row for every fact table row, unless the foreign key value for amsioa row is null.

Comment: The intent is to prohibit the creation of EADS on only dimension tables, except as allowed by
clause 2.5.3.3.

2.5.3.6 Thebenchmarkmplementation of EADS may involve replication of selected data from the base tables
provided that:
1 All replicated data are managed by thgstem used for the benchmark implementation
1 All replications are transparent to all data manipulation operations

2.5.3.7 The creation of all EADS must be included in the database load test (see Clause 7.4.3). EADS may not be
created or dleted during the performance test.

2538 Partitioning

2.5.3.8.1 Alogical table space is a named collection of physical storage devices referenced as a single, logically
contiguous, nodivisible entity.

2.5.3.8.2 TheDDL mayinclude syntax that directs a table in its entiretigdcstored in a particular logical table space.

2.5.3.8.3 Horizontal partitioning obase tablesor EADS is allowed. If the partitioning is a function of data in the table
or auxiliary data structure, the assignment shall be based on the values in the partitionimgs3oOnly
primary keys, foreign keys, date columns and date surrogate keys may be used as partitioning columns. If
partitioning DDL uses directives that specify explicit partition values for the partitioning columns, they shall
satisfy the following coditions:

1 They may not rely on any knowledge of the data stored in the partitioning column(s) except the minimum
and maximum values for those columns, and the definition of data types for those columns provided in
Clause2.

1 Within the limitations of integer division, they shall define each partition to accept an equal portion of the
range between the minimum and maximum values of the partitioning column(s).

1 For datebased partitions, it is permissible to paotitinto equally sized domains based upon an integer
granularity of days, weeks, months, or yeaibusing the Gregorian calendée.g., 30 days, 4 weeks, 1
month, 1 year, etc.). For dab@sed partition granularities other than days, a partition boyintky extend
beyond the minimum or maxi mum boundaries as estab
in Clause 3.4

1 The directives shall allow the insertion of values of the partitioning column(s) outside the range covered by
the minimum ad maximum values, as required by Clause 1.5.

If any directives or DDL are used to horizontally partition data, the directives, DDL, and other details necessary
to replicate the partitioning behavior shall be disclosed.

Multi-level partitioning of base tadd or auxiliary data structures is allowed only if each level of partitioning
satisfies the conditions stated above.

2.5.3.8.4  Vertical partitioning ofbase tableor EADS is allowed when meeting all of the following requirements:

1 SOQL DDL that explicitly partitionslata vertically is prohibited.
1 SOQL DDL must not contain partitioning directives which influence the physical placement of data on
durable media.
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1 The row must be logically presented as an atomic set of columns.

Comment: This implies that vertical partitioning whiatoes not rely upon explicit partitioning directives is
allowed. Explicit partitioning directives are those that assign groups of columns of one row to files, disks or
areas different from those storing the other columns in that row.

2.5.4 Constraints

254.1 The use bboth enforced and unenforcednstraints is permittedf constraints are used, they shall satisfy the
following requirements:
1 Enforced constraints shall be enforced either at the statement level or at the transaction level
1 Unenforcedconstraintanustbe validatedhfter al data is loaded during the Lodast and before the start
of the Performance Test
They are limited to primary key, foreign key, and NOT NULL constraints
NOT NULL constraints a allowed on EADSand tables. Only columns that are marké'dn their
logical table definitior{or columns in EADSs derived from such columeah be constrained with NOT
NULL.

1
1

25.4.2 If foreign key constraints are defined and enforced, there is no specific requirement for a particular
delete/update action when ertdimg a constraint (e.g., ANSI SQL RESTRICT, CASCADE, NO ACTION, are
all acceptable).

2.6 Data Access Transparency Requirements

2.6.1 Data Access Transparency is the property of the system that removes from the query text any knowledge of the
physical location andcaess mechanisms of partitioned data. No finite series of tests can prove that the system
supports complete data access transparency. The requirements below describe the minimum capabilities needed
to establish that the system provides transparent datasas&denchmark implementatiahat uses horizontal
partitioning shall meet the requirements for transparent data access described inZa2iard2.6.3

Comment: The intent otthis clause is to require that access to physically and/or logically partitioned data be
provided directly and transparently by services implementegehgrallyavailable layers such as the

interactive SQL interface, thdata processing systeihe operahg system (OS), the hardware, or any
combination of these.

2.6.2 Each of the tables described in Cla@sgand Clause.4 shall be identifiable by names that have no
relatiorship to the partitioning of tables. All data manipulation operations in the executable query text (see
Clause3) shall use only these names.

2.6.3 Using the names which satisfy Clausé.2 any arbitrary nofTPGDS query shall be able to reference any set
of rows or columns that is:

1 Identifiable by any arbitrary condition supported by the underlgysgem
1 Using the names described in Cla@sg.2and using the same data manipulation semantics and syntax for
all tables

For example, the semantics and syntax used to query an arbitrary set of rows in any one table shall also be
usable when querying another arbitrary set of rows in any other. tabl

Comment: The intent of this clause is that each TBS query uses general purpose mechanisms to access
data in the database.
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3 Scaling and Database Population

This clause defines the database population and how it scales.

3.1 Scaling Model

3.11 The TPCDS benchmar k defines a sesaefactws) db &teagptoEmatesizel i ng
of the raw data produced lbgdgen The actual byte count may vary depending on individual hardware and
software platforms.

3.1.2 The set of scale factors defined for PGS is:
1 1TB, 3TB, 10TB, 30TB, 100TB
where terabyte (TB) is defined be Z°bytes.

Comment: The maximum size of the test database for a valid performance test is currently set at 100TB. The
TPC recognizes that additional benchmark development work is necessary to alldwSTtBGcale beyond
that limit.

3.1.3 Each defined scale factordian associated value f6F, a unitless quantity, roughly equivalent to the number
of gigabytes of data present in the data warehouse. The relationship between scale factors and SF is summarized
in Table3-1 Scale Factor and SF

Table 3-1 Scale Factor and SF

Scale Factor SF
1TB 1000
3TB 3000
10TB 10000
30TB 30000
100TB 100000
3.14 Test sponsors may choose any scale factor from the defined $¢oi@dher scale faots may be used for a
TPGDS result.
3.15 Results at the different scale factors are not comparable, due to the substantially different computational
challenges found at different data volumes.
3.2 Test Database Scaling
3.2.1 Test databases the database used to exectlite database load test and the performance test (see THuse
3.2.2 The required row count for each permissible scale factor and each table in the test database is detalided in
3-2 Database Row Counts
Comment: The 1GB entries are used solely for the qualification database (see &adsand are included
here for ease of reference.
3.2.3 The row size information provided is an estiand may vary from one benchmark submission to another

depending on the precise data base implementation that is selected. It is provided solely to assist benchmark
sponsors in the sizing of benchmark configurations.
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Table 3-2 Database Row Counts

Table Ayr Rov| Sample Row Counts. Number of rows are within 1f1Bércent of these numbers
?Zb‘;tes 1GB 1TB 3TB 10TB 30TB 100TB

call_center 30! 6 42 48 54 60 6q
catalog_page 13¢ 11,718 30,000 36,000 40,000 46,00 50,00
catalog_returns 16( 144,067 | 143,996,756| 432,018,033| 1,440,033,112| 4,319,925,09 14,400,175 81
catalog_sales 22{ 1,441,548 | 1,439,980,416| 4,320,078,880| 14,399,964,710| 43,200,404,87 143,999,334,34
customer 13{ 100,000 | 12,000,000 30,000,000 65,000,000 80,000,00 100,000,00
customer_address 194 50,000 6,000,000 15,000,000 32,500,000 40,000,00 50,000,00
customer_

demographics 4] 1,920,800 1,920,800 1,920,800 1,920,800 1,920,80 1,920,80
date_dim 14] 73,049 73,049 73,049 73,049 73,04 73,04
household_

demographics 2] 7,200 7,200 7,200 7,200 7,20 7,20
income_band 14 20 20 20 20 2 20
inventory 14 11,745,000 783,000,000 1,033,560,000] 1,311,525,000, 1,627,857,00  1,965,337,83
ftem 28] 18,000 300,000 360,000 402,000 462,00 502,00
promotions 124 300 1,500 1,800 2,000 2,30 2,50
reason 34 35 65 67 70 72 75
ship_mode 54 20 20 20 20 24 2q
store 26 12 1,002 1,350 1,500 1,704 1,90
store_returns 13{ 287,514 | 287,999,764| 863,989,652| 2,879,970,104| 8,639,952,11 28,800,018,82
store_sles 16{ 2,880,404 | 2,879,987,999| 8,639,936,081| 28,799,983,563 86,399,341,81 287,997,818,08
time_dim 5 86,400 86,400 86,400 86,400 86,40 86,40
warehouse 11] 5 20 22 25 21 30
web_page o 60 3,000 3,600 4,002 4,607 5,004
web_returns 16] 71,763 | 71,997,522|  216,003,761| 720,020,485 2,160,007,34  7,199,904,45
web_sales 22 719,384 | 720,000,376| 2,159,968,881 7,199,963,324| 21,600,036,51 71,999,670,16
web_site 29] 30 54 66 78 84 96

3.3 Qualification Database Scaling
3.3.1 The Qualification databaseis the database used to executegnery validation test (see Claus®)
3.3.2 The intent is that the functionality exercised by running the validation queries against the qualification database

be the same as that exercised against the test dathlvasgethe performance test. To this end, the qualification
database must be identical to the test database in virtually every regard (except size), including but not limited
to:

a) Column definitions

b) Method of data generation and loading (but not degrearailplism)
c) Statistics gathering method

d) Data accessibilitymplementation

e) Type of partitioning (but not degree of partitioning)
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3.3.3

3.34
3.35

3.4
34.1

3.4.2

3.4.3

3.4.4

3.4.5

f) Replication
g) Table type (if there is a choice)
h) EADS (e.g., indices)

The qualification database may differ from the test datatwalyaf the difference is directly related to the
difference in sizes. For example, if the test database employs horizontal partitioning (se® 6l8udethen

the qualification database must also employzumtal partitioning, though the number of partitions may differ
in each case. As another example, the qualification database could be configured such that it uses a
representative subet of the CPUs, memory and disks used by the test database comfigufatie

qualification database configuration differs from the test database configuration in any way, the differences
must be disclosed

The qualification database must be populated usdgen and use a scale factor of 1GB.

The row counts of the quéitation database are defined in Clags2

dsdgen and Database Population

The tesdatabasand the qualification database must be populated with data produdsddsn the TPC
supplied data generator for THIS. The major and minor version numberdstilgenmust match that of the
TPGDS specification. The source code €imdgenis provided as part of the electronically downloadable
portion of this specification (sef&ppendix F.

The data generated bigdgenaremeant to be compliant withable3-2 andTable5-2. In case of differences
between the table and the data generatedstgen Table3-2 andTable5-2 prevail.

Vendors are allowed to modify thisdgencode for both the initial database population and the data
maintenance. However, the resultant data must meet the following requiremendisritodoe considered
correct:

a) The content of individual columns must be identical to that produceddiyen

b) The data format of individual columns must be identical to that producdddmen

¢) The number of rows generated for a given scale factor mudebgcal to that specified iable3-2 and
Table5-2.

If a modified version of dsdgen is used, the modified source code must be disclosed in full. In addition, the
audibr must verify that the modified source code which is disclosed matches the data generation program used
in the benchmark execution.

Comment: The intent of this clause is to allow for modification of the dsdgen code required for portability or
speed, while precludg any change that affects the resulting data. Minor changes for portability or bugs are
permitted in dsdgen for both initial database population and data maintenance.

If modifications are restricted to a subset of the source code, the vendor may polyligte individual dsdgen
source code files which have been modified.

The output of dsdgen is texthe content of each field isrminatedby ‘| A '|'in the first position of aow
indicates that the first colunwf the rowis empty. Two consecutivg' indicatethat the given column value is
empty Empty column values are only generateddolumns that are NUL{able as specified in the logical
database desigempty column valug as generated by dsdgenust be treated as NUL\Ialues in the data
processing system, i.e. the data processing system must be able to retriev@abl&chlumns using 'is null'
predicates.
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3.5 Data Validation

The tesdatabasenust be verified for correct data content. This must be done after the initial database load and
prior to any performance tests. A validation data set is produceddsiiggnwi t h-vtah e diat ed and |
vcount o options. VTcheu mti i imums ,alwhei dlorprfioduces 50
tabl es. The exced®ptfiaomts tbeeh lnegs tvhhei dir ewiulrinsonl y have
dimension tables with fewer than 50 total rows.

All rows produced in the validation data set must exist in the test database.
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4  Query Overview

4.1 General Requirements and Definitions for Qesri

41.1
41.1.1

Comment:

Comment:

41.1.2

41.2
41.2.1
4.1.3

41.3.1

41.3.2

4.1.3.3

41.3.4
4.1.3.5

4.1.3.6

4.1.3.7

Query Definition and Availability

Each query is described by the following components:

a) A business questiomvhich illustrates the business context in which the query could be used. The business
questons are listed in Appendix B.

b) The functional query definition, as specified in the TR@plied query templatésee Clausd.1.2for a
discussion of Functional Query Definitions)

¢) The substitution parametgmwhich describe the substitution values needed to generate the executable query
text

d) The answer sewhich is used in query validation (see Clads®

Some functional query definitions include a limit on the number of rows to be returned by the query. These
limits are omitted from the business question.

In cases where the businegsestion does not accurately describe the functional query definition, the latter will
prevail.

Due to the large size of the THZS query set, this document does not contain all of the query components.
Refer toTable0-1 Electronically Available Specification Materifdr information on obtaining the query set.

Functional Query Definitions
The functionality of each query is defined by its query templatedagden.

dsqggentranslates the query templates into fdlipctional SQL, which is known axecutable query text
(EQT). The major and minor version humberdsggenmust match that of the TROS specification. The
source code fodsqgenis provided as part of the electronically downloadable portion of teisifsgation (see
TableO-1 Electronically Available Specification Mater)al

The query templategre primarily phrased in compliance witB51999 core (with OLAP amendments). A

template includes the following, nestandard additions:

1 They are annotated, where necessary, to specify the number dbrbeseturned

1 They include substitution tags that, in conjunction wlisiqgen allow a single template to generate a large
number of syntactically distinct queries, which are functionally equivalent

The executable query text for each query in a compliant implementation must be taken from either the
functional query definition or an appred query variant (see Clause Appendix C). Except as specifically
allowed in Claused.2.3 Error! Reference source not found.and4.2.5 executable query text must be used in
full, exactly as provided by the TPC.

Any query template whose EQT does not match the functionality of the corresponding EQT produced by the
TPCsupplied template is invalid.

All query templates and thesubstitution parameters shall be disclosed.

Benchmark sponsors are allowed to alter the precise phrasing of a query template to allow for minor differences
in product functionality or query dialect as defined in Clai2e3

If the alterations allowed by Claude?.3are not sufficient to permit a benchmark sponsor to produce EQT that
can be executed by the DBMS selected for their benchmark submission, they may suberihate ajtery
template for approval by the TPC (see Clatige3.9.

If the query template used in a benchmark submission is not identical to a template supplied by the TPC, it must
satisfy the complianceequirements of Clausds2.3 Error! Reference source not found.and4.2.5
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4.2 Query Modification Methods

421 The queries must be expressed in a commercially available implementation of the SQL language. Since the ISO
SQL language is continually evolving, the TS benchmark specification permits certain deviations from the
SQL phrasing used in the TRDplied query templates.

4.2.2 There are four types of permissible deviations:

a) Minor query modifications, defined in Clau£.3

b) Modifications to limit row counts, defined in clauée.4
¢) Maodifications for extraction queries, defined in clads2.5
d) Approved query variants, defined in Appendix C

4.2.3 Minor Query Modifications

423.1 It is recognized that implementations require specific adjustments for the@tiogeenvironment and the
syntactic variations of its dialect of the SQL language. The query modifications described indClaRigde
1 Are defined to be minor
1 Do not require approval
1 May be used in conjunction vitany other minor query modifications
1 May be used to modify either a functional query definition or an approved variant of that definition

Modifications that do not fall within the bounds described in Clduge3.4are not minor and are not compliant
unless they are an integral part of an approved query variant (see Appendix C).

Comment: The only exception is for the queries that require a given number of rows to be returned. The
requirements governing this exception areegiin Clause 4.2.4.1

4.2.3.2 The application of minor query modifications to functional query definitions or approved variants must be
consistent over the query set. For example, if a particular veapawmific date expression or table name syntax
is used in oneugry, it must be used in all other queries involving date expressions or table names.

4.2.3.3 The use of minor modifications shall be disclosed and justified (see Qlai&4.4.

4234 The following query modifications arainor:

a) Tables:

1. Table namesThe table and view names found in the CREATE TABLE, CREATE VIEW, DROP
VIEW and FROM clause of each query may be modified to reflect the customary naming conventions
of the system under test.

2. Tablespace reference€REATE TABLE statements may be augmented with a tablespace reference
conforming to the requirements of Clause 3.

3. WITH() clause- Queries using the "with()" syntax, also known as common tablespiessions, can
be replaced with semantically equivalent derivedesbr views.

b) Joins:

1. Outer Join For outer join queries, vendor specific syntax may be used instead of the specified syntax.
For example, the join expression "CUSTOMER LEFT OUTER JOIN ORDERS ON C_CUSTKEY =
O_CUSTKEY"™ may be replaced by adding CUSTOMERd ORDERS to the from clause and adding
a speciallymarked join predicate (e.g., C_CUSTKEY *= O_CUSTKEY).

2. Inner Join- For inner join queries, vendor specific syntax may be used instead of the specified syntax.
For example, the join expression "FROM CIMBVIER, ORDERS WHERE C_CUSTKEY =
O_CUSTKEY" may be modified to use a JOIN clause such as "FROM CUSTOMER JOIN ORDERS
ON C_CUSTKEY = O_CUSTKEY".

c¢) Operators:
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1. Explicit ASC- ASC may be explicitly appended to columns in an ORDER BY clause.

2. Relational operatorsRelational operators used in queries such as "<", ">", "<>", "<=", and "=", may be
replaced by equivalent vendspecific operators, for example ".LT.", ".GT.", "I=" or "=", ".LE.", and
"=="| respectively.

3. String concatenation operatoFor queries with use string concatenation operators, vendor specific
syntax can be used (e.g. || can be substituted with +).

4. Rollup operator an operator of the form "rollup (x,y)" may be substituted with the following operator:
"X,y with rollup". x,y are expressions

d) Control statements:

1. Command delimiters Additional syntax may be inserted at the end of the executable query text for the
purpose of signaling the end of the query and requesting its execution. Examples of such command
delimiters are a semicolon dre word "GO".

2. Transaction control statement& CREATE/DROP TABLE or CREATE/DROP VIEW statement may
be followed by a COMMIT WORK statement or an equivalent versgecific transaction control

statement.
3. Dependent views|f an implementation is using varits involving views and the implementation only
supports ADROP RESTRICTO semantics (i.e., all de

additional DROP statements for the dependent views may be added.
) Alias:

1. Selectlist expression aliasesFor qleries that include the definition of an alias for a SELHGTitem
(e.g., "AS" clause), vendeapecific syntax may be used instead of the specified syntax. Examples of
acceptable implementations include "TITLE <string>", or "WITH HEADING <string>". Use 0
selectlist expression alias is optional.

2. GROUP BY and ORDER BY For queries that utilize a view, nested tabkpression, or seledist
alias solely for the purposes of grouping or ordering on an expression, vendors may replace the view,
nested tald-expression or seletist alias with a vendespecific SQL extension to the GROUP BY or
ORDER BY clause. Examples of acceptable implementations include "GROUP BY <ordinal>",
"GROUP BY <expression>", "ORDER BY <ordinal>", and "ORDER BY <expression>".

3. Correlation names Tablename aliases may be added to the executable query text. The keyword "AS"
before the tablmame alias may be omitted.

4. Nested tablexpression aliasingFor queries involving nested tabdepressions, the nested keyword
"AS" before theable alias may be omitted.

5. Column alias column name alias may be added for columns in any SELECT list of an executable
query text. These column aliases may be used to refer to the column in later portions of the query, such
as GROUP BY or ORDER BY claes.

f) Expressions and functions:

1. Date expressionsFor queries that include an expression involving manipulation of dates (e.g.,
adding/subtracting days/months/years, or extracting years from dates),-gpediic syntax may be
used instead of the spified syntax. Examples of acceptable implementations include
"YEAR(<column>)" to extract the year from a date column or "DATE(<date>) + 3 MONTHS" to add 3
months to a date.

2. Output formatting functions Scalar functions whose sole purpose is to affetguitformatting (such
as treatment of null strings) or intermediate arithmetic result precision (such as COALESCE or CAST)
may be applied to items in the outermost SELECT list of the query.

3. Aggregate functions At large scale factors, the aggregates mayeed the range of the values
supported by an integer. The aggregate functions AVG and COUNT may be replaced with equivalent
vendorspecific functions to handle the expanded range of values (e.g., AVG_BIG and COUNT_BIG).

4. Substring Scalar Functionrgor gieries which use the SUBSTRING() scalar function, verspercific
syntax may be used instead of the specified syntax. For example, "SUBSTRING(S_ZIP, 1, 5)".
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5. Standard Deviation FunctiorFor queries which use the standard deviation function (stddev_samp),
vendor specific syntax may be used (e.g. stdev, stddev).

6. Explicit Casting- Scalar functions (such as CAST) whose sole purpose is to affect result precision for
operations involving integer columns or values may be applied. The resulting syntax must have
equivalent semantic behavior.

7. Mathematical functionsVendors specific mathematical expressions may be used to implement
mathematical functions in the executable query text. The replacement syntax must implement the full
semantic behavior (e.g. handling feULLs) of the mathematical functions as defined in the ISO SQL
standard. For example, avg() may be replaced by average() or by a mathematical expressions such as
sum()/count().

8. Date casting Explicit casting of columns that are of the date datatypeefased! in Clause 2.2.2, and
date constant strings, expressed in month, day and year, into a datatype that allows for date arithmetic in
expressions is permissible. Replacement syntax must have equivalent semantic behavior.

9. Casting syntax: Vendor specificasting syntax may be used to implement casting functions present in
the executable query text provided that the vendor specific casting syntax is semantically equivalent to
the syntax provided in the executable query text.

10. Existing scalar functionsExisting scalar functions (such as CAST) in the query templates whose sole
purpose is to affect output formatting or result precision may be modified. The resulting syntax must be
consistent with the query template's original intended semantic behavior.

Comment: At higher scale factors some of the existing scalar functions might need adjustments to enable the
benchmark to be run successfully at the intended scale factor. For example, to avoid numeric overflow at the
intended scale factor, changing the CAST of a colénmim decimal(15, 4) to wider decimal(31, 4) is allowed."

g) General

1. Delimited identifiers In cases where identifier names conflict with reserved words in a given
implementation, delimited identifiers may be used.

2. ParenthesesAdding or removing pareheses around expressions and-guéries is allowed. Both an
opening parenthesis ‘(' and its corresponding closing parenthesis ')’ must be added or removed together.

3. Ordinals- Ordinals can be exchanged with the referenced column name, or vice verSselEaj.a,b
from T order by 2;" can be rewritten to "select a,b from T order by b;".

Comment: The application o&ll minor query modifications must result in queries that have equivalent ISO
SQL semantic behavior as the queries generated from thesUjflied quer templates.

Comment: All query modifications are labeled minor based on the assumption that they do not significantly
impact the performance of the queries

4.2.4 Row Limit Modifications

4241 Some queries require that a given numberoffoves r et ur nedn (eheg. fi AIKEt 10 sel ec
the number of rows to be returned, the query must return exactly the first N rows unless fewer than N rows
qualify, in which case all rows must be returned. There are four permissible ways of satisfying tresmeofir

1 Vendorspecific control statements supported by a test spérsor i n t e rirterface may bedisgd
(e.g., SET ROWCOUNT n) to limit the number of rosesurned.

91 Control statements recognized by the implatagonspecific layer (see Clauge2.4 and used to control a
loop which fetches the rowsay be used to limit the number of rows returned (e.g., while rowcount <= n).

1 Vendorspecific SQLsyntax may be added to the SELECT statement of a query template to limit the
number of rowseturned (e.g., SELECT FIRST n). This syntax is not classified as a minor query
modification $nce it complées the functional requirements of the functional query defingrahthere is
no standardized syntax defined. In all other respects, the query must satisfy the requiremensg of Clau
4.1.2 The syntax added must deal solely with the size of the answandanust not make any additional
explicit reference, for example, to tahlé@wices, or access path
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4.2.5
4251

4252

4253

4.2.6
4.2.6.1

4.2.6.2

1 Enclosing the outer most SQL statement (or statements in case of iterative OLAP queries) with a select
clause and a row limiting predicate. For example, if Q is the original query text. Then the modification
would be: SELECT * FROM (Q) where rownum<=irhis syntax is not classified as a minor query
modification $nce it completes the functional requirements of the functional query defiatidthere is no
standardized syntax defined. In all other respects, the query must satisfy the requirements dfChause
The syntax added must deal solely with the size of the answeamnsetust nomnake any additional explicit
reference, for example, to tablé@sdices, or access paths.

A test sponsomust select one of these methods and use it consistently for all the queries that require that a
specified number ofows be returned.

Extract Query Modifications

Some queries return large result sets. These queries correspond to the queries describedlid &ahsse

that produce large result sets for extraction; theltesre to be saved for later analysis. The benchmark allows
for alternative methods for a DBMS to extract these result rows to files in addition to the normal method of
processing them through a SQL fraartd tool and using the froenhd tool to outputhte rows to a file. If a

query for any stream returns 10,000 or more result rows, the vendor may extract the rows for that query in all
streams to files using one of the following permitted vergpmrcific extraction tools or methods:

1 Vendorspecific SQLsyntax may be added to the SELECT statement of a query template to redirect the
rows returned to a file. For example, AUnload to

1 Vendorspecific control statements supported by a test spormteractive SQlinterface may be used. For

example,
set output _file = O6outputfiled
select cl1, c2¢;

unset output_file;

1 Control statements recognized by the implementatatific layer (see Clauge2.4 and used to invoke an
extraction tool or method.

If one of these alternative extract options is used, the output shall be formatted as delimitedvaidfixed
ASCII text.

If one of these alternative extract options is used, tinest meet the following conditions:

A test sponsomay select only one of the options4r2.5.1 That method must be used consistently for all the
queries that are eligible as extract queries

1 If the extraction syntax modifies the query SQL, in all other respects the query must satisfy the
requirements of Clausel.2 The syntax added must deal solely with the extraction tool or meahdd
must not make any additional explicit reference, for example, to tabtbses, or access paths.

1 The test sponsor must demonstrate that the file names used, and the extract facility itself, does not provide
hints or optimizatias in the DBMS such that the query has additional performance gains beyond any
benefits from accelerating the extraction of rows.

The tool or method used must meet all ACID requirements for the queries used in combination with the tool or
method.

Query Vaiants

A Query Variant is an alternate query template, which has been created to allow a vendor to overcome specific
functional barriers or product deficiencies that could not be address by minor query modifications.

Approval of any new query variant isoqngred prior to using such variant to produce compliant -TFESresults.
The approval process is defined Clads27.
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4.2.6.3 Query variants that have already been approved are summarized in Appendix C.

Comment: Since the soft ammndix is updated each time a new variant is approved, test sponsors should
obtain the latest version of this appendix prior to implementing the benchmark. See App€adhX&et
Requirementsfor more information)

4.2.7 Query Variant Approval

4.2.7.1 New query variants will be considered for approval if they meet one of the following criteria:

a) The vendor requesting the variant cannot successfully run the executable query text against the
gualification database using the functibgaery definition or an approved variant even after applying
appropriate minor query modifications as per Clatige3

b) The proposed variant contains new or enhanced SQL syntax, relevant to the benchmark,defiioddisn
an Approved Committee Draft of a new ISO SQL standard.

¢) The variant contains syntax that brings the proposed variant closer to adherence to an ISO SQL standard.

d) The proposed variant contains minor syntax differences that have a straightforyepidgria 1ISO SQL
syntax used in the functional query definition and offers functionality substantially similar to the ISO SQL
standard.

4.2.7.2 To be approved, a proposed variant should have the following properties. Not all of the properties are

specifically reqired. Rather, the cumulative weight of each property satisfied by the proposed variant will be

the determining factor in approving the variant.

a) Variant is syntactic only, seeking functional compatibility and not performance gain.

b) Variant is minimal and réscted to correcting a missing functionality.

¢) Variant is based on knowledge of the business question rather than on knowledge of the system under test
(SUT) or knowledge of specific data values in the test database.

d) Variant has broad applicability amontijferent vendors.

e) Variant is non procedural.

f) Variant is an approved ISO SQL syntax to implement the functional query definition.

g) Variant is sponsored by a vendor who can implement it and who intends on using it in an upcoming
implementation of the benchnkar

42.7.3 To be approved, the proposed variant shall conform to the implementation guidelines defined id.2l8use
and the coding standards defined in Clau2e9

4274 Approval of poposed query variants will be at the sole discretion of the-DBGubcommittee, subject to TPC
policy.

4.2.7.5 All proposed query variants that are submitted for approval will be recorded, along with a rationale describing
why they were or were not approved.

4.2.8 Variant Implementation Guidelines

4.2.8.1 When a proposed query variant includes the creation of g thbldatatypeshall conform to Claus2.2.2

4.2.8.2 When a proposed query variant includes the mreaif a new entity (e.g., cursor, viear tablg the entity

name shall ensure that newly created entities do not interfere with other query sessions and are not shared
between multiple query sessions.

4.2.8.3 Any entity created within aroposed query variant must also be deleted within that variant.

4.2.8.4 If CREATE TABLE statements are used within a proposed query variant, they may include a tablespace
reference (e.g., IN <tablespacename>). A single tablespace must be used for all takl®svittéa a proposed
guery variant

4.2.9 Coding Style

4.29.1 Implementers may code the executable query text in any desired coding style, including
a) use of line breaks, tabs or white space
b) choice of upper or lower case text
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4.29.2 The coding style used shall\veno impact on the performance of the system under test, and must be
consistently applied throughout the entire query set.

Comment: The auditor may require proof that the coding style does not affect performance.
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4.3 Substitution Parameter Generation

43.1

4.3.2

Each query has @nor more substitution parameters. Dsqgen must be used to generate executable query texts for the
guery streams. In order to generate the required number of query streams, dsqgen must be used with the
RNGSEED, INPUT and STREAMS options. The value fer RNGSEED option, <SEED>, is selected as the

timestamp of the end of the database load {immad End Timegxpressed in the format mmddhhmmsss as defined

in Clauser.4.3.8 The value for the STREAMS option, x3s two times the number of strean$, to be executed

during eactlhroughput Tes{S=2* S;). The value of the INPUT option, <input.txt>, is a file containing the location

of all 99 query templates in numerical order.

Comment: RNGSEED guarantees that the quarpstitution parameter values are not known prior to running
the power and throughput tests. Called with a value of <S> for the STREAMS parameter, dsqgen getlerates S
files, named query_0.sql through query_[S].sql. Hadetcontains a different permutah of the 99 queries.

Query_0.sql is the sequence of queries to be executed during the Power Test; files query_1.sql through
query_[S].sql are the sequences of queries to be executed dhérfiystThroughput Testand files
query_[S+1].sql through gery_[2*S)].sql are the sequences of queries to be executed dbarsgcond
Throughput Test

Comment: The substitution parameter values for the qualification queries are provitié®it.1Appendix
B:. They must be nmually inserted into the query templates.
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5.1
5.11

5.1.2

5.1.3

514

515

5.1.6

51.7

5.2
5.2.1

5 Data Maintenance

Implementation Requirements and Definitions

Data maintenance operations are performed as part of the benchmark execution. These operations consist of
processing refrestunsThe total number of feeshrunsin the benchmark equals the number of query streams

in oneThroughput TestAll data maintenance functions defined in Clabisare executed in each refrasm.

Each refreshun has its own data sas generated by dsdgen and must be used in the order generated by dsdgen.
Data maintenance operations exe@éparately frongueries. Refrestunsdo not overlap; at most one refresh

runis running at any time.

Each refreslunincludes all data maint@nce functions defined in Clausg on the refresh data defined in
Clauses.2. All data maintenance functions need to have finishedfreshrunn before any data maimtance
function can commenda refreshrunn+1 (see Claus&.4.8.5.

Data maintenance functions can be decomposed or combined into any humber of dgtaizdiensand the
execution order of the data maintenance functiondedneely chosen as long as the following conditions are
met. Particularly, the functions in each refreshmay be run sequentially or in parallel.

a) Data Accessibilityproperties (See Clause 6.1);

b) All primary/foreign key relationships must be preserueghrdless of whether they have been enforced by
constraint (see Clauge5.4. This does not imply that referential integrity constraints must be defined
explicitly.

c) A time-stamped output message is sent when the data maintepeocess is finished.

Comment: The intent of this clause is to maintain primary and foreign key referential integrity.

Comment: Implementers can assume that if all DM operations complete successfully that the PK/FK
relationship is preserved. Any exceptions are bugsnied to be fixed in the spec.

All existing and enabled EADS affected by any data maintenance operation must be updated within those data
maintenance operations. All updates performed by the refresh process must be visible to queries that start after
theupdates areompleted

The data maintenance functions must be implemented in SQL or procedural SQL. The proper implementation
of the data maintenance function must be validated by the auditor who may request additional tests to ascertain
that the data matenance functions were implemented and executed in accordance with the benchmark
requirements.

Comment: Procedural SQL can be SQL embedded in other programs, interpreted or compiled.

Thestaging areais an optional collection of database objects (elfeta indexes, views, etc.) used to

implement the data maintenance functions. Database objects created in the staging area can only be used during
execution of the data maintenance phase and cannot be used during any other phase of the benchmark. Any
object created in the staging area needs to be disclosed in the FDR.

Any disk storage used for the staging area must be priced. Any mapping or virtualization of disk storage must
be disclosed.

Refresh Data

The refresh data consists of a series of refdesht a set s, numbered 1, 2, 3én.
streams used in tHEhroughput Test of the benchmark. Each refresh data set consists of <N> flat files. The
content of the flat files can be used to populate the source schema, def\pgebimdix A. However, populating

the source schema is not mandated. The flat files generated for each refresh data set and their corresponding
source schema tables are denoted in the following table.

TPC Bench m8&tankldd SpeSification, Version 2.5.0 Page47 of 137



Table 5-1 Flat File to Source Schema Table Mapping and Flat File Size at Scale Factor 1

Flat File Name Approximate Size at SF1 Source Schema Table Name
Bytes Number of rows
s_catalog_order.dat 116505 682 s_catalog_order
s_catalog_order_lineitem.dat 592735 6138 s_catalog_order_lineitem
s_catalog_returns.dat 112182 578 s_catalog_returns
s_inventory.dat 26764259 540000 s_inventory
S_purchase.dat 142552 1022 S_purchase
s_purchase_lineitem.dat 1312480 12264 s_purchase_lineitem
s_store_returns.dat 159306 1235 S_store_returns
s_web_order.dat 43458 256 s_web_order
s_web_order_lineitem.dat 324160 3072 s_web_order_lineitem
Ss_web_returns.dat 42165 295 Ss_web_returns
inventory_delete 66 3 inventory_delete
delete 66 3 delete

1 The numbenf rows are correct to within 0.001%. However, the number of bytes can vary from refresh set to
refresh set due to NULL values.
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5.2.2

5.2.3

524

5.2.5

Table 5-2 Approximate Number of rows in the update sets

Source Approximate Number of Rovfsat Scale Factors:
Schema Table Name
PIEID I REmE 1 1000 3000 10000 30000 100000
(with .dat extension)
delete_1.dat 3 3 3 3 3 3
inventory _delete_#at 3 3 3 3 3 3
s_catalog_order_1.dat 682 681062 2043188 6810626 20431878 68106258
s_catalog_order_lineitem_1.da] 6138 | 6129558| 18388692 61295634| 183886902 612956322
s_catalog_returns_1.dat 595 612485 1838772 6128994 18382810 61291609
s_inventory_1.dat 270000 | 18000000/ 23760000 30150000| 37422000 90360000
s_purchase_1.dat 1022 1021594| 3064780 10215938| 30647816| 102159386
s_purchase_lineitem_1.dat 12264 | 12259128| 36777360 122591256| 367773792| 1225912632
s_store_returns_1.dat 1200 | 1226054| 3676450 12259852| 36777217 122600683
s_web_order_1.dat 256 255398 766196 2553984 7661954 25539846
s_web_order_lineitem_1.dat 3072 3064776 9194352 30647808 91943448 306478152
s_web_returns_1.dat 320 306222 918594 3061569 9190618 30642220
Table 5-3 Approximate size of update data sets in bytes
Source Schema Table Name Approximate Number of Byté”at Scale Factors:
Flat File Name
(with .dat extension) 1 1000 3000 10000 30000 100000
s_catalog_order 116505 118319211 356209093 | 1189890226 | 3582266543 11966927381
s_catalog_order_lineitem 592735 613833353| 1853028767 6200096417| 18729687588 62665689954
s_catalog_returns 112182 120659364 |  363309171| 1212531153| 3648947224] 12186641092
s_inventory 26764259 1784226065| 2355173608| 2988571049| 3709394541 4478391128
s_purchase 142552 145457806 | 438594877 1464772384| 41069025492| 14749907338
s_purchase_lineitem 1312480 1347883261 4070341609| 13601008735| 41069025492 137232918564
S_store_returns 159306 165441528 501145568| 1677710639| 5088325652 1702950799
s_web_order 43458 44295571 133116152 445523894 | 1338776975 4480621920
s_web_order_lineitem 324160 332423806 999959825| 3354924415| 10091449245 33855757519
s_web_page 482 24016 28815 31982 36801 40013
s_web_returns 42165 44803099 134594520 450275312 1353093091 4533145920
inventory_delete 66 66 66 66 66 66
delete 66 66 66 66 66 66

The number of rows present in each refrestlasscale factor 1 for each of the flat files is summarizékchivle
51

The efresh data set of each data maintenance function must be generatetbdgary The execution of
dsdgenis not timed. The output afsdgenis a text file. The storage to hold the refresh data sets must be part
of the priced configuration.

The refreshdata set produced by dsdgen can be modified in the following way: The output file for each table of
the refresh data set can be split into n files where each file contains approximately 1/n of the total number of
rows of the original output file. The aedof the rows in the original output file must be preserved, such that the
concatenation of all n files is identical to the original file.

Reading the refresh data is a timed part of the data maintenance process. The data set for a spegific refresh
must be loaded and timed as part of the execution of the retrasiihe loading of data must be performed via
generic processes inherent to tlata processing systewn by the loader utility the database software provides
and supports for general dateadling. It is explicitly prohibited to use a loader tool that has been specifically
developed for TPMS.

2 The number of rows are correct to within 0.001%.

3 The number of bytes can vary from refresh set to refresh set due to Wllids.
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5.3 Data Maintenance Functions

5.3.1 Data maintenance functions perform insertand delete operations that are defined in pseudo code. Depending on
which operéion they perform and on which type of table, they are categorized as Method1 through3viethod
They are:

Method1: fact insert data maintenance
Method?2: fact delete data maintenance
Method3: inventory delete data maintenance

5.3.2 The following table lists adata maintenance functions, their type of operation and target table. The number of
rows in the views mugie equal to the rowcounts in the source schema tables listed in column 6 of-#able 5
The rowcounts of the source schema tables are listedhle5-2.

Table 5-4 Data Maintenance Function Summary

Data Data Maintenance Function | Type of Operation | View Name | Target Table Source Schema Thb

Maintenance

Function ID

1 LF_CR(Clauses.3.11.§ Method1 crv catalog_returns s_catalog_returns

2 LF_CYClauses.3.11.5 Method1 csv catalog_sales s_catalog_sales

3 LF_I(Clause5.3.11.7 Method1 iv inventory s_inventory

4 LF_SRClause5.3.11.2 Method1 srv store_returns s_store_returns

5 LF_SSClauses.3.11.) Method1 SSv store_sales s_purchase_lineitem

6 LF_WR(Clause5.3.11.9 Method1 wrv web_returns s_web_returns

7 LF_WSClause5.3.11.3 Method1 WSV web_sles s_web_order_lineitem

8 DF_CSClause5.3.11.10 Method2 - catalog_sales [S], catalog_returns [R -

9 DF_SgClause5.3.11.9 Method2 - store_sales [S], storesturns [R]

10 DF_WSClause5.3.11.1) Method2 - web_sales [S], web_returns [R]

11 DF_I(Clause5.3.11.12 Method3 - Inventory [I]

5.3.3 Data maintenance functionethodl read rows from a view V (see column View Name of table in Clause
5.3.2 and insert rows into a data warehouse table T. Both VV and T are defined as part of the data maintenance
function. T is createds part of the initial load of the data warehouse. V is a logical table that does not need to
be instantiated.

5.34 The primary key of V is defined in the data maintenance function. Each data maintenance function contains a
table with column mapping betweda view V and its data warehouse table T. The primary key of V is
denoted in bold letters on the left side of this mapping table{alge 55).

5.35 Business keys are the primary keys from the source schema. Business keys are denoted in bold letters on th
right side of the mapping table for the data maintenance functiont@he5-5).

5.3.6 Generating a new primary key value for a dimension table is defined as generating the next largest value in the
dense sequence of the tigdssumidgghe [@ngastraareny prikagyykeyvadukigx s .
then the next value is x+1.

5.3.7 Method1: Fact Table Load

for every row v in view V corresponding to fact table F
get row v into local variable Iv
for every type 1 business key co lumn bkc in v
get row d from dimension table D corresponding to bkc
where the business keys of v and d are equal
update bkc of Iv with surrogate key of d
end for
for every type 2 business key column bkc in v
get row d from dimension table D corresponding to bkc
where the business keys of v and d are equal and
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rec_end_date is NULL
update bkc of Iv with surrogate key of d
end for
insert lv into F

end for

5.3.8 Method?2: Sales and Returns Fact Table Delete

Delete rows from R with corresponding rows in S
where d_date betwe  en Datel and Date2
Delete rows from S
where d_date between Datel and Date2

Comment: D_date is a column of the date_dim dimension. D_date has to be obtained by joining to the
date_dim dimension on sales date surrogate key. The sales date surrogat¢hieestéoe sales is
ss_sold_date_sk, for catalog it is cs_sold_date sk and for web sales it is ws_sold. date sk

5.3.9 Method3: Inventory Fact Table Delete
Delete rows from | where d_date between Datel and Date2

Comment: D_date is a column of the date_dim dimension. d&edhas to be obtained by joining to the
date_dim dimension on inv_date_sk.

5.3.10 Each data maintenance function inserting or updating rows in dimension and fact tables is defined by the
following components:

a) Descriptor, indicating the name of the data maintesefunction in the form of DM_<abbreviation of data
warehouse table> for dimensions and LF_<abbreviation of the data warehouse fact table> for fact tables.
The extension indicates the data warehouse table that is populated with this data maintenamte funct

b) Thedata maintenance methodlescribes the pseudo code of the data maintenance function.

c) A SQL view V describing which tables of the source schema need to be joined to obtain the correct rows to
be loaded.

d) Thecolumn mappingdefining which source sch& columns map to which data warehouse columns;

5.3.11 Each data maintenance function deleting rows from fact tables is defined by the following components:

a) Descriptor, indicating the name of the data maintenance function in the form of DF_<abbreviation of data
warehouse fact table>. The extension indicates the data warehouse fact table from which rows are deleted.

b) Tables:SandR, orl in case of inventory

¢) Two datesDatelandDate2

d) Thedata maintenance methodndicates how data is deleted

Comment: In the flat files gearated by dsdgen for data maintenance there are 2 files which relate to
deletes. One flat file (delete_<n>.dat) associated with deletes applies to sales and returns for
store, web and catalog where <n> denotes the set number, defined in Elb@se The
second flat file (inventory_delete_<n>.dat) applies to inventory only where <n> denotes the
set number,d efined in Claugel.2. In each delete flat file thereea3 sets of start and end
dates for the delete function. Each of the 3 sets of dates must be applied.

5.3.11.1 LF_SS
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CREATE view ssv as
SELECT d_date_sk ss_sold_date_sk,
t_time_sk ss_sold_time_sk,
i_item_sk ss_item_sk,
c_customer_sks s_customer_sk,
c_current_cdemo_sk ss_cdemo_sk,
c_current_hdemo_sk ss_hdemo_sk,
c_current_addr_sk ss_addr_sk,
s_store_sk ss_store_sk,
p_promo_sk ss_promo_sk,
purc_purchase_id ss_ticket_number,
plin _quantity ss_quantity,
i_wholesale_cost ss_wholesale_cost,
i_current_price ss_list_price,
plin_sale_price ss_sales_price,
(i_current_price - plin_sale_price)*plin_quantity ss_ext_discount_amt,
plin_sale_price * plin_ quantity ss_ext_sales_price,
i_wholesale_cost * plin_quantity ss_ext_wholesale_cost,
i_current_price * plin_quantity ss_ext_list_price,
i_current_price * s_tax_precentage ss_ext_tax,
plin_coupon_amt ss_coupon_amt,
(plin_sale_price * plin_quantity)
((plin_sale_price * plin_quantity)
((plin_sale_price * plin_quantity)
ss_net_profit
FROM s_purchase
LEFT OUTER JOIN customer ON (purc_customer_id = c¢_customer_id)
LEFT OUTER JOIN store ON (purc_store_id = s_store_id)
LEFT OUTER JOIN date_dim ON (cast(purc_purchase_date as date) = d_date)
LEFT OUTER JOIN time_dim ON(  PURC_PURCHASE_TIME =t_time)
JOIN s_purchase_lineitem ON (purc_purchase_id = plin_purchase_id)
LEFT OUTER JOIN promotion ON plin_promotion_id = p_promo_id
LEFT OUTER JOIN item ON plin_item_id = i_item_id
WHERE purc_purchase_id = plin_purchase_id
AND i_rec_end_date is NULL
AND s_rec_end_date is NULL;

- plin_coupon_amt ss_net_paid,
- plin_coupon_amt)*(1+s_tax_precentage) ss_net_paid_inc_tax,
- plin_coupon_amt) - (plin_quantity*i_wholesale_cos t)

Table 55: Column mapping for the store_sales fact table

5.3.11.2

Source Schema Column

Target Column

SS_SOLD _DATE_SK

SS_SOLD _DATE_SK

SS_SOLD_TIME_SK

SS_SOLD_TIME_SK

SS_ITEM_SK

SS_ITEM_SK

SS_CUSTOMER_SK

SS_QSTOMER_SK

SS_CDEMO_SK

SS_CDEMO_SK

SS_HDEMO_SK

SS_HDEMO_SK

SS_ADDR_SK

SS_ADDR_SK

SS_STORE_SK

SS_STORE_SK

SS_PROMO_SK

SS_PROMO_SK

SS_TICKET_NUMBER

SS_TICKET_NUMBER

SS_QUANTITY SS_QUANTITY
SS_WHOLESALE_COST SS_WHOLESALE_COST
SS_LIST_PRICE SS_LIST_PRCE

SS_SALES_PRICE

SS_SALES_PRICE

SS_EXT_DISCOUNT AMT

SS_EXT_DISCOUNT_AMT

SS_EXT_SALES_PRICE

SS_EXT_SALES_PRICE

SS_EXT_WHOLESALE_COST

SS_EXT_WHOLESALE_COST

SS_EXT_LIST_PRICE

SS_EXT_LIST_PRICE

SS_EXT_TAX SS_EXT_TAX
SS_COUPON_AMT SS_COUPON_AMT
SS_NET PAID SS_NET_PAID

SS_NET_PAID_INC_TAX

SS_NET_PAID_INC_TAX

SS_SOLD_DATE_SK

SS_NET_PROFIT

LF_SR
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CREATE view srv as
SELECT d_date_sk sr_returned_date_sk
t_time_sk sr_return_time_sk
Ji_item_sk sr_item_sk
,C_customer_sk sr_customer_sk
,c_current_cdemo_sk sr_cdemo_sk
,c_current_hdemo_sk sr_hdemo_sk
,c_current_addr_sk sr_addr_sk
,S_store_sk sr_store_sk
,I_reason_sk sr_reason_sk
,sret_ticket_number sr_ticket_number
,sret_return_qty sr_return_quantity
,sret_return_amt sr_return_amt
,sret_return_tax sr_return_tax
,sret_return_amt + sret_return_tax sr_return_amt_inc_tax
,sret_return_fee sr_fee
,sret_return_ship_cost sr_return_ship_cost
,sret_refunded_cash sr_refunded_cas h
,sret_reversed_charge sr_reversed_charge
,sret_store_credit sr_store_credit
,sret_return_amt+sret_return_tax+sret_return_fee
- sret_refunded_cash - sret_reversed_charge
FROM s_store_returns
LEFT OUTER JOIN date_dim
ON (cast(sret_return_date as date) = d_date)
LEFT OUTER JOIN time_dim
ON (( cast(substr(sret_return_time,1,2) AS integer)*3600
+cast(substr(sret_return_time,4,2) AS integer)*60
+cast(substr(sret_return_time,7,2) AS intege
LEFT OUTER JOIN item ON (sret_item_id = i_item_id)
LEFT OUTER JOIN customer ON (sret_customer_id = c_customer_id)
LEFT OUTER JOIN store ON (sret_store_id = s_store_id)
LEFT OUTER JOIN reason ON (sret_reason_id = r_reason_id)
WHERE i_rec_end_d ate IS NULL
AND s_rec_end_date IS NULL;

- sret_store_credit sr_net_loss

r)) =t_time)

Table 56: Column mapping for the store_returns fact table

5.3.11.3

Source Schema Column

Target Column

SR_RETURNED_DATE_SK

SR_RETURNED_DATE_SK

SR_RETURN_TIME_SK

SR_RETURN_TIME_SK

SR_ITEM_SK

SR_ITEM_SK

SR_CUSTOMER_SK

SR_CUSTOMER_SK

SR_CDEMO_SK

SR_CDEMO_SK

SR_HDEMO_SK

SR_HDEMO_SK

SR_ADDR_SK

SR_ADDR_SK

SR_STORE_SK

SR_STORE_SK

SR_REASON_SK

SR_REASON_SK

SR_TICKET_NUMBER

SR_TICKET_NUMBER

SR_RETURN_QUANTITY

SR_RETURN_QUANTITY

SR_RETURN_AMT

SR_RETURN_AMT

SR_RETURN_TAX

SR_RETURN_TAX

SR_RETURN_AMT_INC_TAX

SR_RETURN_AMT_INC_TAX

SR_FEE

SR_FEE

SR_RETURN_SHIP_COST

SR_RETURN_SHIP_COST

SR_REFUNDED_CASH

SR_REFUNDED_CASH

SR_REVERSED_CHARGE

SR_REVERSED_CHARGE

SR_STORE_CREDIT

SR_STORE_CREDIT

SR_NET_LOSS

SR_NET_LOSS

LF_ WS
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CREATE VIEW wsv AS
SELECT di1.d_date_sk ws_sold_date_sk,

t_time_sk ws_sold_time_sk,

d2.d_date_sk ws_ship_date_sk,

i_item_sk ws_item_sk,

cl.c_customer_sk ws_hill_customer_sk,
cl.c_current_cdemo_sk ws_bill_cdemo_sk ,
cl.c_current_hdemo_sk ws_bill_hdemo_sk,
cl.c_current_addr_sk ws_bill_addr_sk,
c2.c_customer_sk ws_ship_customer_sk,
c2.c_current_cdemo_sk ws_ship_cdemo_sk,
c2.c_current_hdemo_sk ws_ship_hdemo_sk,
c2.c_curr ent_addr_sk ws_ship_addr_sk,
wp_web_page_sk ws_web_page_sk,

web_site_sk ws_web_site_sk,

sm_ship_mode_sk ws_ship_mode_sk,
w_warehouse_sk ws_warehouse_sk,

p_promo_sk ws_promo_sk,

word_order_id ws_order_number,

wlin_quantity ws_quantity,

i_wholesale_cost ws_wholesale_cost,
i_current_price ws_list_price,

wlin_sales_price ws_sales_price,

(i_current_price
wlin_sal es_price * wlin_quantity ws_ext_sales_price,

- wlin_sales_price)*wlin_quantity ws_ext_discount_amt,

i_wholesale_cost * wlin_quantity ws_ext_wholesale_cost,

i_current_price * wlin_quantity ws_ext_list_price,
i_current_price * web_tax_percentage ws_ext_tax,
wlin_coupon_amtws_  coupon_amt,
wlin_ship_cost * wlin_quantity WS_EXT_SHIP_COST,
(wlin_sales_price * wlin_quantity)
((wlin_sales_price * wlin_guantity)

(( wlin_sales_price * wlin_quantity)
WS_NET_PAID_INC_SHIP,
(wlin_sales_price * wlin_quantity)

((wlin_sales_price * wlin_guantity)
WS_NET_PROFIT
FROM s_web_order

- wlin_coupon_amt)

- wlin_coupon_amt ws_net_paid,
- wlin_coupon_amt)*(1+web_tax_percentage) ws_net_paid_inc_tax,
- (wlin_qguantity*i_wholesale_cost)

- wlin_coupon_amt + (wlin_ship_cost * wlin_quantity)
+ i_current_price * web_tax_percentage WS_NET_PA
- wlin_coupon_amt)

ID_INC_SHIP_TAX,

LEFT OUTER JOIN date_dim d1 ON (cast(word_order_date as date) = d1.d_date)

LEFT OUTER JOIN time_dim ON (word

_order_time =t_time)

LEFT OUTER JOIN customer c¢1 ON (word_bill_customer_id = c1.c_customer_id)
LEFT OUTER JOIN customer c2 ON (word_ship_customer_id = c2.c_customer_id)

- (i_wholesale_cost * wlin_quantity)

LEFT OUTER JOIN web_site ON (word_web_site_id = web_site_id AND web_rec_end_date IS NU LL)
LEFT OUTER JOIN ship_mode ON (word_ship_mode_id = sm_ship_mode_id)
JOIN s_web_order_lineitem ON (word_order_id = wlin_order_id)
LEFT OUTER JOIN date_dim d2 ON (cast(wlin_ship_date as date) = d2.d_date)
LEFT OUTER JOIN item ON (wlin_item_id = i_item_id AND i_rec_end_date IS NULL)
LEFT OUTER JOIN web_page ON (wlin_web_page_id = wp_web_page_id AND wp_rec_end_date IS NULL)
LEFT OUTER JOIN warehouse ON (wlin_warehouse_id = w_warehouse_id)
LEFT OUTER JOIN promotion ON (wlin_promotion_id = p_promo_id);
Table 57: Column mapping for the web_sales fact table
Source Schema Column Target Column
WS _SOLD DATE_SK WS _SOLD DATE_SK
WS_SOLD_TIME_SK WS_SOLD_TIME_SK
WS_SHIP_DATE_SK WS_SHIP_DATE_SK
WS _ITEM_SK WS _ITEM_SK
WS _BILL_CUSTOMER_SK WS _BILL_CUSTOMER_SK
WS_BILL_CDEMO_SK WS_BILL_ CDEMO_SK
WS _BILL_ HDEMO_SK WS _BILL_ HDEMO_SK
WS BILL ADDR_SK WS BILL ADDR_SK
WS_SHIP_CUSTOMER_SK WS_SHIP_CUSTOMER_SK
WS_SHIP_CDEMO_SK WS_SHIP_CDEMO_SK
WS_SHIP_HDEMO_SK WS _SHIP_HDEMO_SK
WS_SHIP_ADDR_SK WS_SHIP_ADDR_SK
WS _WEB_PAGE_SK WS _WEB_PAGE_SK
WS_WEB_SITE_SK WS _WEB_SITE_SK
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Source Schema Column

Target Column

WS_SHIP_MODE_SK

WS_SHIP_MODE_SK

WS_WAREHOUSE_SK

WS_WAREHOUSE_SK

WS_PROMO_SK

WS_PROMO_SK

WS_ORDER_NUMBER

WS_ORDER_NUMBER

WS_QUANTITY

WS_QUANTITY

WS_WHOLESALE_COST

WS_WHOLESALE_COST

WS_LIST_PRICE

WS_LIST_PRCE

WS_SALES_PRICE

WS_SALES_PRICE

WS_EXT_DISCOUNT_AMT

WS_EXT_DISCOUNT_AMT

WS_EXT_SALES _PRICE

WS_EXT_SALES_PRICE

WS_EXT_WHOLESALE_COST

WS_EXT_WHOLESALE_COST

WS_EXT_LIST PRICE

WS_EXT_LIST PRICE

WS_EXT_TAX

WS_EXT_TAX

WS_COUPON_AMT

WS_COUPON_AMT

WS_EXT SHIP_COST

WS_EXT_SHIP_COST

WS_NET_PAID

WS_NET_PAID

WS_NET_PAID_INC_TAX

WS_NET_PAID_INC_TAX

WS_NET_PAID_INC_SHIP

WS_NET_PAID_INC_SHIP

WS_NET_PAID_INC_SHIP_TAX

WS_NET_PAID_INC_SHIP_TAX

WS_NET_PROFIT

WS_NET_PROFIT

LF_WR
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CREATE VIEW wrv AS

SELECT d_date _sk wr_return_date_sk
Jt_time_sk wr_return_time_sk
Ji_item_sk wr_item_sk
,cl.c_customer_sk wr_refunded_customer_sk
,cl.c_current_cdemo_sk wr_refunded_cdemo_sk
,cl.c_current_hdemo_sk wr_refunded_hdemo_sk
,cl.c_current_add r_sk wr_refunded_addr_sk
,C2.c_customer_sk wr_returning_customer_sk
,c2.c_current_cdemo_sk wr_returning_cdemo_sk
,c2.c_current_hdemo_sk wr_returning_hdemo_sk
,c2.c_current_addr_sk wr_returing_addr_sk
,wp_web_page_skwr_web_pag e_sk
,I_reason_sk wr_reason_sk
,wret_order_id wr_order_number
wret_return_qty wr_return_quantity
,wret_return_amt wr_return_amt
,wret_return_tax wr_return_tax

,wret_return_amt + wret_return_tax AS wr_return_amt_inc_tax

wret_return_fee wr_fee
,wret_return_ship_cost wr_return_ship_cost
,wret_refunded_cash wr_refunded_cash
,wret_reversed_charge wr_reversed_charge
,wret_account_credit wr_account_credit
wret_return_amt+wret_return_tax+wr

- wret_refunded_cash - wret_reversed_charge

et_return_fee

- wret_account_credit wr_net_loss

FROM s_web_returns LEFT OUTER JOIN date_dim ON (cast(wret_return_date as date) = d_date)

LEFT OUTER JOIN time_dim ON ((CAST(SUBSTR(wret_return_time,1,2) AS intege
+CAST(SUBSTR(wret_return_time,4,2) AS integer)*60+CAST(SUBSTR(wret_return_time,7,2) AS integer))=t_time)

LEFT OUTER JOIN item ON (wret_item_id = i_item_id)

1*3600

LEFT OUTER JOIN customer c1 ON (wret_return_customer_id = c1.c_customer_id)
LEFT OUTER JOIN customer c2 ON (wret_refund_customer_id = c2.c_customer_id)

LEFT OUTER JOIN reason ON (wret_reason_id = r_reason_id)

LEFT OUTER JOIN web_page ON (wret_web_page_id = WP_WEB_PAGE_id)
WHERE i_rec_end_date IS NULL AND wp_rec_end_date IS NULL;

Table: 5-8: Column mapping for the web_returns fact table

Source Schema Column

Target Column

WR_RETURNED_DATE_SK

WR_RETURNED_DATE_SK

WR_RETURNED_TIME_SK

WR_RETURNED_TIME_SK

WR_SHIP_DATE_SK

WR_SHIP_DATE_SK

WR_ITEM_SK

WR_ITEM_SK

WR_REFUNDED_CUSTOMER_SK

WR_REFUNDED_CUSDMER_SK

WR_REFUNDED_CDEMO_SK

WR_REFUNDED_CDEMO_SK

WR_REFUNDED_HDEMO_SK

WR_REFUNDED_HDEMO_SK

WR_REFUNDED_ADDR_SK

WR_REFUNDED_ADDR_SK

WR_RETURNING_CUSTOMER_SK

WR_RETURNING_CUSTOMER_SK

WR_RETURNING_CDEMO_SK

WR_RETURNING_CDEMO_SK

WR_RETURNING_HDEMO_SK

WR_RETURNING_HDEMO_SK

WR_RETURNING_ADDR_SK

WR_RETURNING_ADDR_SK

WR_WEB_PAGE_SK

WR_WEB_PAGE_SK

WR_SHIP_MODE_SK

WR_SHIP_MODE_SK

WR_REASON_SK

WR_REASON_SK

WR_WAREHOUSE_SK

WR_WAREHOUSE_SK

WR_ORDER_NUMBER

WR_ORDER_NUMBER

WR_RETURN_QUANTITY

WR_RETURN_QUANTTY

WR_RETURN_AMT

WR_RETURN_AMT

WR_RETURN_TAX

WR_RETURN_TAX

WR_RETURN_AMT _INC_TAX

WR_RETURN_AMT_INC_TAX

WR_FEE

WR_FEE

WR_RETURN_SHIP_COST

WR_RETURN_SHIP_COST

WR_REFUNDED_CASH

WR_REFUNDED_CASH

WR_REVERSED_CHARGE

WR_REVERSED_CHARGE

WR_ACCOUNT_CREDIT

WR_ACCOUNT_CREDIT

WR_NET_LOSS

WR_NET_LOSS

5.3.11.5 LF_CS
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CREATE view csv as

SELECT d1.d_date_sk cs_sold_date_sk
,t_time_sk cs_sold_time_sk
,d2.d_date_sk cs_ship_date_sk
,cl.c_customer_sk cs_bill_customer_sk
,cl.c_current_cdemo_sk cs_bill_ cdemo_sk
,cl.c_current_hdemo_sk cs_bill_hdemo_sk
,cl.c_current_addr_sk cs_bill_addr_sk
,c2.c_customer_sk cs_ship_customer_sk
,c2.c_current_cdemo_sk cs_ship_cdemo_sk
,c2.c_current_hdemo_sk cs_ship_hdemo_sk
,c2.c_current_ addr_sk cs_ship_addr_sk
,cc_call_center_sk cs_call_center_sk
,cp_catalog_page_sk cs_catalog_page_sk
,sm_ship_mode_sk cs_ship_mode_sk
,w_warehouse_sk cs_warehouse_sk
Ji_item_sk cs_item_sk
,p_promo_sk cs_promo_sk
,co rd_order_id cs_order_number
,clin_quantity cs_quantity
,i_wholesale_cost cs_wholesale_cost
Ji_current_price cs_list_price
,clin_sales_price cs_sales_price
J(i_current_price - clin_sales_price)*clin_quantity cs_ext_discount_amt
,clin_sales_price * clin_quantity cs_ext_sales_price
,i_wholesale_cost * clin_quantity cs_ext_wholesale_cost
Ji_current_price * clin_quantity CS_EXT_LIST_PRICE
Ji_current_price * cc_tax_percentage CS_EXT_TAX
,clin_coupon_amt ¢ s_coupon_amt
,clin_ship_cost * clin_quantity CS_EXT_SHIP_COST

,(clin_sales_price * clin_quantity)
,((clin_sales_price * clin_quantity)

,(clin_sal es_price * clin_quantity)

,(clin_sales_price * clin_quantity)

- clin_coupon_amt cs_net_paid

- clin_coupon_amt)*(1+cc_tax_percentage) cs_net_paid_inc_tax
- clin_coupon_amt + (clin_ship_cost * clin_quantity) CS_NET_PAID_INC_SHIP
- clin_coupon_amt + (clin_ship_cost * clin_quantity)

+ i_current_price * cc_tax_percentage CS_NET_PAID_INC_SHI P_TAX
,((clin_sales_price * clin_quantity) - clin_coupon_amt) - (clin_quantity*i_wholesale_cost) cs_net_profit
FROM s_catalog_order
LEFT OUTER JOIN date_dim d1 ON
(cast(cord_order_date as date) = d1.d_date)
LEFT OUTER JOIN time_dim ON (cord_order_t ime = t_time)

LEFT OUTER JOIN customer c1 ON (cord_bill_customer_id = c1.c_customer_id)
LEFT OUTER JOIN customer c2 ON (cord_ship_customer_id = c2.c_customer_id)
LEFT OUTER JOIN call_center ON (cord_call_center_id = cc_call_center_id AND cc_rec_end_date IS NULL)
LEFT OUTER JOIN ship_mode ON (cord_ship_mode_id = sm_ship_mode_id)
JOIN s_catalog_order_lineitem ON (cord_order_id = clin_order_id)
LEFT OUTER JOIN date_dim d2 ON
(cast(clin_ship_date as date) = d2.d_date)
LEFT OUTER JOIN catalog_page ON
(clin_c atalog_page_number = cp_catalog_page_number and clin_catalog_number = cp_catalog_number)
LEFT OUTER JOIN warehouse ON (clin_warehouse_id = w_warehouse_id)
LEFT OUTER JOIN item ON (clin_item_id = i_item_id AND i_rec_end_date IS NULL)
LEFT OUTER JOIN promoti  on ON (clin_promotion_id = p_promo_id);

Table 59: Column mapping for the catalog_sales fact table

Source Schema Column Target Column

CS_SOLD_DATE_SK

CS_SOLD_DATE_SK

CS_SOLD_TIME_SK

CS SOLD_TIME_SK

CS_SHIP_DATE_SK

CS_SHIP_DATE_SK

CS_BILL_CUSTOMER_SK

CS BILL_ CUSTOMER_SK

CS BILL CDEMO_SK

CS BILL_CDEMO_SK

CS _BILL HDEMO_SK

CS _BILL HDEMO_SK

CS BILL ADDR_SK

CS BILL ADDR_SK

CS_SHIP_CUSTOMER_SK

CS_SHIP_CUSTOMER_SK

CS_SHIP_CDEMO_SK

CS_SHIP_CDEMO_SK

CS_SHIP_HDEMO_SK

CS_SHIP_HDEMO_SK

CS_SHIP_ADDR_SK

CS_SHIP ADDR_SK

CS _CALL CENTER SK

CS _CALL _CENTER SK

CS_CATALOG_PAGE_SK

CS_CATALOG_PAGE_SK

CS_SHIP_MODE_SK

CS_SHIP_MODE_SK

CS_WAREHOUSE_SK

CS_WAREHOUSE_SK

CS _ITEM_SK

CS _ITEM_SK

CS_PROMO_SK

CS_PROMO_SK

CS_ORDER_NUMBER

CS_ORDER_NUMBER

CS_QUANTITY

CS_QUANTITY
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5.3.11.6

Source Schema Column

Target Column

CS_WHOLESALE_COST

CS_WHOLESALE_COST

CS_LIST_PRICE

CS_LIST_PRICE

CS_SALES_PRICE

CS_SALES_PRICE

CS_EXT_DISCOUNT_AMT

CS_EXT_DISCOUNT _AMT

CS_EXT_SALES_PRICE

CS_EXT_SALES _PRICE

CS_EXT_WHOLESALE_COST

CS_EXT_WHOLESALE_COST

CS_EXT _LIST_PRICE

CS_EXT _LIST_PRCE

CS_EXT_TAX

CS_EXT_TAX

CS_COUPON_AMT

CS_COUPON_AMT

CS_EXT_SHIP_COST

CS_EXT_SHIP_COST

CS_NET_PAID

CS_NET_PAID

CS_NET_PAID_INC_TAX

CS_NET_PAID_INC_TAX

CS_NET_PAID_INC_SHIP

CS_NET_PAID_INC_SHIP

CS_NET_PAID_INC_SHIP_TAX

CS_NET_PAID_INC_SHIP_TAX

CS_NET_PROFIT

CS_NET_PROFIT

LF_CR
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CREATE VIEW crv as
SELECT d_date_sk cr_return_date_sk
,t_time_sk cr_return_time_sk
Ji_item_sk cr_item_sk
,cl.c_customer_sk cr_refunded_customer_sk
,cl.c_current_cdemo_sk cr_refunded_cdemo_sk

,cl. c_current_hdemo_sk cr_refunded_hdemo_sk

,cl.c_current_addr_sk cr_refunded_addr_sk
,C2.c_customer_sk cr_returning_customer_sk
,c2.c_current_cdemo_sk cr_returning_cdemo_sk
,c2.c_current_hdemo_sk cr_returning_hdemo_sk
,c2.c_curre  nt_addr_sk cr_returing_addr_sk
,cc_call_center_sk cr_call_center_sk
,cp_catalog_page_sk CR_CATALOG_PAGE_SK
,sm_ship_mode_sk CR_SHIP_MODE_SK
,w_warehouse_sk CR_WAREHOUSE_SK
,I_reason_sk cr_reason_sk

,cret_order_id cr_orde r_number
,cret_return_qty cr_return_quantity
,cret_return_amt cr_return_amt

,cret_return_tax cr_return_tax

,cret_return_amt + cret_return_tax AS cr_return_amt_inc_tax

,cret_return_fee cr_fee
,cret_return_ship_cost cr_re
,cret_refunded_cash cr_refunded_cash
,cret_reversed_charge cr_reversed_charge
,cret_merchant_credit cr_merchant_credit
,cret_return_amt+cret_return_tax+cret_return_fee
- cret_refunded_cash
FROM s_catalog_returns
LEFT OUTER JOIN date_dim
ON (cast(cret_return_date as date) = d_date)
LEFT OUTER JOIN time_dim ON
((CAST(substr(cret_return_time,1,2) AS integer)*3600
+CAST (substr(cret_return_time,4,2) A

LEFT OUTER JOIN item ON (cret_item_id = i_item_id)

turn_ship_cost

- cret_reversed_charge

S integer)*60
+CAST (substr(cret_return_time,7,2) AS integer)) = t_time)

- cret_merchant_credit cr_net_loss

LEFT OUTER JOIN customer c1 ON (cret_return_customer_id = c1.c_customer_id)

LEFT OUTER JOIN customer c2 ON (cret_refund_customer_i
LEFT OUTER JOIN reason ON (cret_reason_id = r_reason_id)

d = c2.c_customer_id)

LEFT OUTER JOIN call_center ON (cret_call_center_id = cc_call_center_id)
LEFT OUTER JOIN catalog_page ON (cret_catalog_page_id = cp_catalog_page_id)

LEFT OUTER JOIN ship_mode ON

(cret_shipmode_id = sm_ship_mode_.id)

LEFT OUTER JOIN warehouse ON (cret_warehouse_id = w_warehouse_id)
WHERE i_rec_end_date IS NULL AND cc_rec_end_date IS NULL;

Table 510: Column mapping for the catalog_returns fact table

Source Schema Column

Target Colinn

CR_RETURNED_DATE_SK

CR_RETURNED_DATE_SK

CR_RETURNED_TIME_SK

CR_RETURNED_TIME_SK

CR_SHIP_DATE_SK

CR_SHIP_DATE_SK

CR_ITEM_SK

CR_ITEM_SK

CR_REFUNDED_CUSTOMER_SK

CR_REFUNDED_CUSTOMER_SK

CR_REFUNDED_CDEMO_SK

CR_REFUNDED_CDEMO_SK

CR_REFUNDED_HDEMO_SK

CR_REFUNDED_HDEMO_SK

CR_REFUNDED_ADDR_SK

CR_REFUNDED_ADDR_SK

CR_RETURNING_CUSTOMER_SK

CR_RETURNING_CUSTOMER_SK

CR_RETURNING_CDEMO_SK

CR_RETURNING_CDEMO_SK

CR_RETURNING_HDEMO_SK

CR_RETURNING_HDEMO_SK

CR_RETURNING_ADDR_SK

CR_RETURNING_ADDR_SK

CR_CALL CENTER SK

CR_CALL CENTER_SK

CR_CATALOG_PAGE_SK

CR_CATALOG_PAGE_SK

CR_SHIP_MODE_SK

CR_SHIP_MODE_SK

CR_WAREHOUSE_SK

CR_WAREHOUSE_SK

CR_REASON_SK

CR_REASON_SK

CR_ORDER_NUMBER

CR_ORDER_NUMBER

CR_RETURN_QUANTITY

CR_RETURN_QUANTITY

CR_RETURN_AMOUNT

CR_RETURN_AMOUNT
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5.3.11.7
5.3.11.8

Source Schema Column

Target Colinn

CR_RETURN_TAX

CR_RETURN_TAX

CR_RETURN_AMT_INC_TAX

CR_RETURN_AMT_INC_TAX

CR_FEE

CR_FEE

CR_RETURN_SHIP_COST

CR_RETURN_SHIP_COST

CR_REFUNDED_CASH

CR_REFUNDED_CASH

CR_REVERSED_CHARGE

CR_REVERSED_CHARGE

CR_ACCOUNT_CREDIT

CR_ACCOUNT_CREDIT

CR_NET_LOSS

CR_NET_LOSS

LF_I:

CREATE view iv AS
SELECT d_date_sk inv_date_sk,

i_item_sk inv_item_sk,

w_warehouse_sk inv_warehouse_sk,
invn_qgty_on_hand inv_quantity_on_hand

FROM s_inventory

LEFT OUTER JOIN warehouse ON (invn_warehouse_id=w

_warehouse_id)

LEFT OUTER JOIN item ON (invn_item_id=i_item_id AND i_rec_end_date IS NULL)

LEFT OUTER JOIN date_dim ON (d_date=invn_date)

5.3.11.9

5.3.11.10

5.3.11.11

5.3.11.12

1

Table 511: Column mapping for the inventory fact table

Source Schema Column

Target Column

inv_date_sk

inv_date_sk

inv_item_sk

inv_item_sk

inv_warehouse_sk

inv_warehouse_sk

inv_guantity_on_hand

inv_quantity_on_hand

DF_SSs:

S=store_sales
R=store_returns

Datel as generated by dsdgen
Date2 as generated by dsdgen

DF_CS:

S=catalog_sales
R=catalog_returns

Datel as generaéd by dsdgen
Date2 as generated by dsdgen

DF_WS:

S=web_sales

R=web_returns

Datel as generated by dsdgen
Date2 as generated by dsdgen

DF_L:

I=Inventory

Datel as generated by dsdgen
Date2 as generated by dsdgen
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6.1

6.1.1
6.1.1.1

6.1.1.2

Comment:

6.1.1.3

6.1.2
6.1.2.1

6.1.2.2

6.1.2.3

6 Data Accessibility Properties

TheData Accessitlity Properties

The System Under Test must be configured to satisfy the requirements for Data Accedstalityedn this

clause. Data Accessibility is demonstrated by the SUT being able to maintain operations with full data access
during andafter the permanent irrecoverable failuoé any single Durable Medium containing tablE&DS, or
metadata. Data Accessibility teste aonducted by inducing failure of a Durable Mediwithin the SUT.

Definition of Terms

Data Accessibility: The ability to mai@in operations with full data access after the permanent irrecoverable
failure of any single Durable Medium containing tabEA&DS, or metadata.

Durable Medium: A data storage medium thatither:

a. Aninherently norvolatile medium (e.g., magnetic digkagnetic tape, optical disk, solid state disk
persistent memortc.) or;

b. A volatile medium with its own selfontained power supply that will retain and permit the transfer of data,
before any data is lost, to an inherently rvahatile medium aftethe failure of external power.

Comment: A configured and priced Uninterruptible Power Supply (UPS) is not considered external power.

Memory can be considered a durable medium if it can preserve data long enough to satisfy the requirement (b)
above. For example, hemory is accompanied by an Uninterruptible Power Supply, and the contents of
memory can be transferred to an inherently-nolatile medium during the failure, then the memory is

considered durable. Note that no distinction is made between main memaongary performing similar
permanent or temporary data storage in other parts of the system (e.g., disk controller caches).

Metadata: Descriptive hformation about the database includivegnes andefinitions of tablesindexesand
other schema objectd/arioustermscommonly used to refer collieely to the metadata includeetastore,
information schema, data dictionary, or system catalog.

Data Accessibility Requirements

The test sponsor shall guarantee the test system will continue executing quidessamaintenance functions

with full data access during and after the permanent irrecoverable failure of any single durable medium
containing TPEDS database objects, e.g. tables, EADS, or metadata. The medium to be failed is to be chosen at
random by e auditor.

The Data Accessibility Test is performed by causing the failure of a single Durable Medium during the
execution of the first Data Maintenance Test as described in Clause 7.4. The Data Accessibility Test is
successful if all ifflight and subsquent queries and data maintenance functions complete successfully.

The Data Accessibility Test must be performed as part of the Performance Test that is used as the basis for
reporting the performance metric and results, while running against thetedsastaat the full reported scale
factor.
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7 Performance Metrics and Execution Rules

7.1 Definition of Terms
7.1.1 TheBenchmark is defined as the execution of thead Testfollowed by thePerformance Test
7.1.2 TheLoad Testis defined as all activity required to bringetBystem Under Testo the configuration that

immediately precedes the beginning of Bexformance Test TheLoad Testmustnot include the execution
of any of the queries in tHeower Testor Throughput Testor any similar query.

7.1.3 The Performance Testis defined as th®ower Test both Throughput Testsand bothData Maintenance
Tests

7.1.4 A query streamis defined as the sequential execution of a permutation of queries submitted by a single
emulated user. A query stream consists of the 99 queries definealiseCl.

7.1.5 A sessiornis defined as a uniquely identified process context capable of supporting the execution of user
initiated database activity.

7.1.6 A guery sessioris a session executing activity on behalf éfaver Test or @hroughput Test

7.1.7 A refresh run is defined as the execution of one set of data maintenance functions.

7.1.8 A refresh sessions a sessiomxecuting activity on behalf of a refregim.

7.1.9 A Throughput Test consists of5; query sessions each runningiaglequery stream.

7.1.10 A Power Testconsists bexactly one query session running a single query stream.

7.1.11 A Data Maintenance Testconsists otheexecution of a series of refresttreams.

7.1.12 A query is an ordered set of one or more valid SQL statements resulting from applying the required parameter
sulstitutions to a given query template. The order of the SQL statements is defined in the query template.

7.1.13 The SUT consists of a collection of configured components used to complete the benchmark.

7.1.14 The mechanism used to submit queries to the SUT and to regbsirrexecution time is calleddaiver .

7.1.15 A timestamp must be taken in the time zone the SUT is located in. It is defined as any representation

equivalent to yyyymmdd hh:mm:ss.s, where:

yyyy is the 4 digit representation of year

mm is the 2 digit repmeentation of month

dd is the 2 digit representation of day

hh is the 2 digit representation of hour int2dur clock notation

mm is the 2 digit representation of minute

ss.s is the 3 digit representation of second with a precision of at least 1/10 afié sec

= =4 =4 -4 -4 -4

7.1.16 Elapsed timeis measured in seconds rounded up to the nearest 0.1 second.

7.1.17 Test Databaseis theloadeddata andtreatedmeta data required to execute the TPE€ benchmark, i.e. Load
test, Power test, Throughput test, Data maintenance test and atbtgsted by the auditor.

7.1.18 Database Location is thelocation of loaded data that is directly accessible (read/write) by the test
database to query or apply dml operations on the TPC-DS tables defined in Clause2 as required by
Load test, Power test, Throughput test, Data maintenance test and all tests required by the auditor.
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7.2
7.2.1

7.2.2

7.2.3

7.2.4

7.2.5

7.2.6

7.2.7

7.2.8
7.28.1

7.2.8.2

Configuration Rules

The driver is a logical entity that can be implemented using one or more physical programs, processes, or
systems (see Claued).

The communication between the driver and the SUT must be limited to one session per query. These sessions
are prohibited from communicating with one another except for the purpose of scheduling Data Maintenance
functions (see Clause 5.3).

All query sessions must be initialized in exactly the same way. All refresh sessions must be initialized in exactly
the same way. The initialization of a refresh session may be different than that of the query session.

All session iiitialization parameters, settings and commands must be disclosed.

Comment: The intent of this clause is to provide the information needed to precisely recreate the execution
environment of any given stream as it exists prior to the submission of the first quakitg anaintenance
function.

The driver shall submit each THZS query for execution by the SUT via the session associated with the
corresponding query stream.

In thecase of the data maintenance functions,dtive is only required to submit the commanucessary to
cause the execution of each data maintenance function.

The driver's submittal of the queries to the SUT during the performance test shall be limited to the transmission
of the query text to the data processing systednveratever additional formation is required to conform to
the measurement and data gathering requirements defined in this document. In addition:

1 The interaction between the driver and the SUT shall not have the purpose of indicating to the SUT or any
of its components an exe@ut strategy or priority that is timéependent or quergpecific;

1 The interaction between the driver and the SUT shall not have the purpose of indicating to the SUT, or to

any of its components, the insertion of time delays;

The driver shall not insertrtie delays before, after, or between the submission of queries to the SUT;

The interaction between the driver and the SUT shall not have the purpose of modifying the behavior or

configuration of the SUT (i.edata processing systemn operating system gings) on a querpy-query

basis. These parameters shall not be altered during the execution of the performance test.

f
f

Comment: One intent of this clause is to prohibit the pacing of query submission by the driver.
Environmental Assumptions

The configuration and itialization of the SUT, the database, or the session, including any relevant parameter,
switch or option settings, shall be based only on externally documented capabilities of the system that can be
reasonably interpreted as useful for a decision supymktload. This workload is characterized by:

1 Sequential scans of large amounts of data;

91 Aggregation of large amounts of data;

1 Multi-table joins;

1 Possibly extensive sorting.

While the configuration and initialization can reflect the general nature ofxpécted workload, it shall not

take special advantage of the limited functions actually exercised by the benchmark. The queries actually
chosen in the benchmark are merely examples of the types of queries that might be used in such an
environment, not nessarily actual user queries. Due to this limit in the scope of the queries and test
environment, TPEDS has chosen to restrict the use of some database technologies (se@.6)lalumsgeneral,

the effect of tk configuration on benchmark performance should be representative of its expected effect on the
performance of the class of applications modeled by the benchmark.
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7.2.8.3 The features, switches or parameter settings that comprise the configuration of the opgstgmgthelata
processing systewr the session must be such that it would be reasonable to expect a database administrator
with the following characteristics be able to decide to use them:
1 Knowledge of the general characteristics of the workload asedeébove;
1 Knowledge of the logical and physical database layout;
1 Access to operating system and database documentation;
1 No knowledge of product internals beyond what is documented externally.

Each feature, switch or parameter setting used in the coafigurand initialization of the operating system, the
data processing systesnthe session must meet the following criteria:

1 It shall remain in effect without change throughout the performance test;
1 It shall not make reference to specific tables, indawegueries for the purpose of providing hints to the
guery optimizer.

7.2.9 The collection of statistics requested through the use of directives must be part of the database load. If these
directives request the collection of different levels of statisticsiffardnt columns, they must adhere to the
following rules:

1) The |l evel of statistics collected for a given col
2) Class definitions must rely solely on the following column attributes from the logicake design (as
defined in Clause 2):
1 Datatype;
1 Nullable;
1 Foreign Key;
1 Primary Key.
3) Class definitions may combine column attributes using AND, OR and NOT operators. (for example, one
class could contain all columns satisfying the following combinatiattdbutes: [Identifier Datatype]
AND [NOT nullable OR Foreign Key]);
4) Class membership must be applied consistently on all columns across all tables;
5) Statistics that operate in sets, such as distribution statistics, should employ a fixed set apprdipeiate t
scale factor used. Knowledge of the cardinality, values or distribution of-aayooolumn (as specified in
Clause 3) must not be used to tailor statistics gathering.

7.2.10 Profile-Directed Optimization

7.2.10.1 Special rules apply to the use ofcalled profiledirected optimization (PDO), in which binary executables are

reordered or otherwise optimized to best suit the needs of a particular workload. These rules do not apply to the

routine use of PDO by a database vendor in the course of building commercdiyplevand supported

database products; such use is not restricted. Rather, the rules apply to the use of PDO by a test sponsor to

optimize executables of a database product for a particular workload. Such optimization is permissible if all of

the following conditions are satisfied:

1 The use of PDO or similar procedures by the test sponsor must be disclosed.

1 The procedure and any scripts used to perform the optimization must be disclosed.

1 The procedure used by the test sponsor could reasonably be usedstyraer on a shipped database
executable.

1 The optimized database executables resulting from the application of the procedure must be supported by
the database software vendor.

1 The workload used to drive the optimization is described in Clazs20.2

1 The same set of executables must be used for all phases of the benchmark.

7.2.10.2  If profile-directed optimization is used, the workload used to drive it can be the execution of any subset of the
TPGDS queries or any data méenance functions, in any order, against a TPCdatabase of any desired
scale factor, with default substitution parameters applied. The query/data maintenance function set, used in
PDO, must be reported.
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7.3
7.3.1
7.3.2

7.3.3

7.4
7.4.1
74.1.1

74.1.2

7.4.1.3

74.1.4

7.4.1.5

7.4.1.6

7.4.2

7.4.3
7.4.3.1

7.4.3.2

Query Validation
All query templates used intenchmark submission shall be validated.
The validation process is defined as follows:

1. Populate the qualification database (see Cl8u3e
2. Execute the query template using qualification substitution parameters as defiie®@l In1Appendi B:;
3. Compare the output to the answer set defined for the query.

The output data shall match the answer set defined for the query, subject to the constraints definedirbClause

Execution Rules
General Requirements

If the load test, power test, either throughput test, or either data maintenance test fail, the benchmark run is
invalid.

All tablescreated with explicit directives duringetexecution of the benchmark tests must meedakee
accessibilityrequirementslefined in Clausé.

The SUT, including any database server(s), shall not be restarted at any time gitevethtest begins until
after all tests have completed.

The driver shall submit queries through one or more sessions on the SUT. Each session corresponds to one, and
only one, query stream on the SUT.

Parallel activity within the SUT directed towardethxecution of a single query or data maintenance function
(e.g. intraquery parallelism) is not restricted.

The realtime clock used by the driver to compute the timing intervals must measure time with a resolution of at
least 0.01 second.

The benchmark ost use the following sequence of tests:

a) Database Load Test

b) Power Test

c) Throughput Test 1

d) Data Maintenance Test 1
e) Throughput Test 2

f) Data Maintenance Test 2

Database Loadlest

The process of building the test database is known as datalaalsDatabase load consists of timed and un
timed components.

The populatiorof the test database, as defined in Clduggeconsists of two logical phases:
a) Geneation: the process of using dsdgen to create data in a format suitable for presentation to the load
facility. The generated data may be stored in memory, or in flat files on tape or disk.
b) Loading: the process of storing the generaltatéto the Database Location

Generation and loadingf the data can be accomplished in two ways:

a) Load from flat files: dsdgenis used to generate flat files that are storedr copied toa locationon the
SUT or on extrnal storagewhich isdifferent from the Database Locatidre. this data is a copy of the
TPCDS data The records in these files may optionally be permuted and relocated to the 8ki€rnal
storage Before benchmark executiaatamust bdoaded from theeflat files into theDatabasé ocation
In this case, only the loadingto the Database Locatiaontributes to the database load time.
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b) In-line load: dsdgen is used to generate data that is directly loaded infmthbaséd.ocationusing an "iR
line" loadfacility. In this case, generation and loading occur concurramidyboth contribute to the
database load time.

Comment: For option a) The TPDS data stored in the Database Location mustfu# eopy of the flat
files. l.e. if the flat files were deleted the benchmark could be exedttedeason for this is that the storing of
dsdgen data into the Database Location must result in a new copy of the data, i.e. logical copying is not allowed.

7.4.3.3 The resources used to generate, permute, relocate to ther3idid dsdgen data may optionally be distinct
from those used to run the actual benchmark. For example:
a) For loadfrom flat files, a separate system or a distinotaje subsystem may be used to generate, store and
permute dsdgen data into the flat files used for the database load.
b) For inline load separate and distinct processing elements may be used to generate and permute data and to
deliver t to theDatabase Location

7.4.3.4 Resources used only in the generation phase of the popuwétioatest database must be treated as follows:
For loadfrom flat files,

a) Any processing element (e.g., CPU or memaisgd exclusively to generate and hold dsddata or
relocate it to the SUPrior to the loagphase shall not be included in the total priced system and shall be
physically removed from or made inaccessible ®$WT prior to the start of tHeoad Testsing vendor
supported methal

b) Any storage facility (e.g., disk drive, tape drive or peripheral controller) used exclusively to generate and
deliver data to the SUduring the loagphase shall not be included in the total priced system. The test
sponsomust demonstrate to the satisfaction of the audtitairthis facility is not being used in the
PerformanceTests.

For inline load ary processing element (e.g., CPU or memory) or storage facility (e.g., disk drive, tape drive or
peripheral controller) used exclusively to generate and deliver dsidgeno the SUTuring the loagphase

shall notbe included in the total priced system and shall be physically removed from or made inaccessible to
the SUT prior to the start of tigerformancd ests.

Comment: The intent is to isolate the cost of resources required to generate data from those required to load
data into théDatabase Location

7.4.35 An implementatiormay require additional programs to transfer dsdiga into the database tab{&®m
either flat file or inline load. If non-commercial programs are used for this purpose, their source code must be
disclosed. If commercially available programs are used for this purpose, their vendors and configurations shall
be disclosed. Whether or not the softwaredammercially available, use of the software's functionality's shall
be limited to:

1. Permutation of the data generated by dsdgen
2. Delivery of the data generated by dsdgerthedata processing system

7.4.3.6 The database loadust be implemented using commercially available utilities (invoked at the command level
or through an API) or an SQhrogramming interface (such as embedded SQL or ODBC).

7.4.3.7 Database Load Time

7.4.3.7.1 The elapsed time to prepare thestDatabasdor the execution of the performance test is calledD@base
LoadTime (T.oap), and must be disclosed. It includes all of the elapsed time to create theltdisled in
Clause2.], load data, create and populate EADS, define and validate constgaithtsr statistickor the test
database, configure the system under test to execute the performance test, and to ensure that thegest databas
meets thalata accessibilityequirements including syncing loaded data on RAID devices and the taking of a
backup of thelata processing systemhen necessary.

7.4.3.8 TheDatabase Load Timénown asT | oap iS the difference between Load Start Time and Loadl Eme.
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1 Load Start Time is defined as the timestamp taken at the start of the creation of the tables defined in Clause
2.1or when the first character is read from any of the flat files or, in casdiagitoad, when the first
character is generated by dsdgen, whichever happens first

1 Load End Time is defined as the timestamp taken whemdkeDatabasks fully populated, all EADS are
created, a database backup has completed (if applicable) and the SUfigisrednas it will be during the
performance test

Comment: Since the time of the end of the database load is used to seed the random number generator for the
substitution parameters, that time cannot be delayed in any way that would make it premi¢tabtest
sponsor.

7.4.3.8.1 There are five classes of operations which may be excluded from databateéoad

a) Any operation that does not affect the state oftdim processing systef®.g., data generation into flat
files, relocation oflat files to the SUT permutation of data in flat files, operatisgstemlevel disk
partitioningor configuration);

b) Any modification to the state of thdata processing systetmat is not specific to the TROS worklbad
(e.g. logical tablespace creation or database block formatting);

¢) The time required to install or remove physical resources (e.g. CPU, memory or disk) on teSiue
not priced;

d) An optional backumf the test database perfagthat the test spongbis di scr et i on. Howeve
required to ensure that thata accessibilitproperties can be met, it must be included in the tvae;

e) Operations that create RAID devices.

f) Tests requied to fulfill data validation test (see Clau&é)

7.4.3.8.2 There cannot be any manual intervention during the Database Load.
7.4.3.8.3 The SUT or any component of it must not be restarted after the startladdtd est and biere the start of the

PerformanceT est.

Comment: The intent of this Clause is that when the timing ends the system under test be capable of
executing thd?erformanceT est without any further change. The database haaglbe decomposed into seale
phases. Database load time is the sum of the elapsed times of all phases during which activity other than that
detailed in Claus&.4.3.8.1occurred on the SUT

744 Power Test
7.4.4.1 The Power Test is exetmd immediately following the load test.

7.4.4.2 The Power Test measures the ability of the system to process a sequence of queries in the least amount of time
in a single stream fashion.

7.4.4.3 The Power Test shall execute queries submitted by the driver througheacgiegy stream with stream
identification number 0 and using a single session on the SUT.

7.4.4.4 The queries in the Power Test shall be executed in the asdigmed to its stream identification number and
defined in11.9.1.1Appendix D:

7.4.45 Only one query shall be active at any point of time during the Power Test.

7.4.4.6

7.4.5 Power Test Timing

7.4.5.1 The elapsed time of the Power Test, knowil @g./is the difference between
1 Power Test Start Time, which is the timestamp that must ba taere the first character of the
executable query text of the first query of Stream 0 is submitted to the SUT by the driver; and
1 Power Test End Time, which is the timestamp that must be taken after the last character of output data from
the last queryfoStream O is received by the driver from the SUT
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7.4.6
74.6.1

7.4.6.2

7.4.6.3

7.4.6.4

7.4.6.5

7.4.6.6

7.4.6.7

7.4.6.8

7.4.6.9
7.4.6.10

7.4.6.11

7.4.7
7.4.7.1

7.4.7.2
7.4.7.3

7.4.7.4

7.4.75

1 The elapsed time of the Power Test shall be disclosed.
Throughput Test

The Throughput Tests measure the ability of the system to process the most queries in the least
amount of time with multiple users.

Throughput Test immediately follows the Power Test. The sequencing of Throughput Tests and Data
Maintenance Tests is as follows:

1 Throughput Test 1 followed by Data Maintenance Test1 followed by Throughput Test 2 followed by
Data Maintenance Test 2.

Any explicitly created aggregates, as defined in Clause5.1.4 present and enabled during any portion
of Throughput Test 1or 2 must be present and enabled at all times that queries are being processed.

Each query stream contains a distinct permutation of the query templates defined for TPC -DS. The
permutation of queries for the first 20 query streams is shown in 11.9.1.1Appendix D..

Only one query shall be active on anytlué sessions at any point of time duringreoughput Test

TheThroughput Tesshall execute queries submitted by the driver through a speakmated number of query
streams (§. There must be one session per query stream on the SUT and each strearecuts queries
serially (i.e. one after another).

Each query stream is uniquely identified bgtaeam identification number s ranging from 1 to S, where S is
the number of query streams in thieroughput TestsThroughput Test plusThroughput Tesg).

Once astream identificatiomumber has been generated and assigned to a given query, sitileeaame number
must be used for that query stream for the duration of the test.

The value of $is any even number largdranor equal to 4.

The same value of,Shall be used for boithroughput Testsand shall remain constant throughout each
Throughput Test

The queries in each query stream shall be executed in the order assigned to the stream identification number and
defined in11.9.1.1Appendix D:

Throughput TesTiming

For a given query templateused to prodce theé™ query within query strears) thequery elapsedtime,

QD(s, i, t) is the difference between:

1 The timestamp when the firsharacter of the ecutable query text is submitted to the SUT by the drive

1 The timestamp whemg last character of the output is returned from the SUT to the driver and a success
message is sent to the driver.

Comment: All the operations that are part of the execution of a g(eegy, creation and deletion of a
temporary table or a view) must be included in the elapsed time of that query.

The elapsed time of each query in each stream shall be disclosed faiheawaphput Tesand Power Test.

The elapsed time of Throughput Teskhown as ¥y, is the difference between Throughput Test 1 Start Time
and Throughput Test 1 End Time

Throughput Test 1 Start Timevhich is the timestamp that must be taken before the first character of the
executable query text of the first query streafrithroughput Test 1 is submitted to the SUT by the driver.

Throughput Test 1 End Tim&vhich is the timestamp that must be taken after the last character of output data
from the last query of the last query stream of Throughput Test 1 is receiveddsivéndrom the SUT.
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Comment: In this clause a query stream is said to be first if it starts submitting queries before any other query
streams. The last query stream is defined to be that query stream whose output data are received last by the
driver.

7.4.7.6 The elapsedre of Throughput Test 2, known asg;Tis the difference between Throughput Test 2 Start Time
and Throughput Test 2 End Time,

7.4.7.7 Throughput Test 2 Start Time is defined as a timestamp identiBatsoMaintenanc&est 1 End Time.

7.4.7.8 Throughput Test 2 End Tim&vhich is the timestamp that must be taken after the last character of output data
from the last query of the last query stream of Throughput Test 2 is received by the driver from the SUT

7.4.7.9 The elapsed time of eadiroughput Tesshall be disclosed.
7.4.8 DataMaintenancél ests

7.48.1 The Data Maintenanc&ess 1 and 2neasure the ability to perform desired data chatgése TPCDS data

set
7.4.8.2 EachData Maintenance Testhall execute @2 refreshruns.
7.4.8.3 Each refreshun uses its own data set as generateddusigen.Refreshruns must be executed in the order

generated bysdgen

7.4.8.4 Any explicitly created aggregates, as defined in cl&uel present and enabled during any portion of
Throughput Test must conform to clausé4.6.3

7.4.85 Refreshruns do not overlap; at most one refrasimis running at any time. All data maintenance functions
need to have finished refreshrun n before any data maintenance function can commencdreahun n+1.

Comment: Each set of data maintenance functions runs with its own refresh data set. The order of refresh
runs is determined by dsdgen.

7.4.8.6 The scheduling of each data maintenance function wigtfieshrunsis left to the test sponsor.

7.4.8.7 The Durable Mdium failure required as part of the Data Accessibility Test (Clause 6.1.2) must be triggered
during Data MaintenancBest1 (at some time after the startitimestamp of thdirst refreshrunin Data
Maintenancélestl, and before the ending timestampts last refreshunin Data Maintenanc&est 2.

7.4.9 Data Maintenanc&iming

7.4.9.1 The elapsed timédI(i,s), for the execution of the data maintenance functiosf thes" refreshrun (e.g.

applying thes" refresh data set on the data maintenance funijticnthe difference between:

1 The timestamp, DS(i,s), when the first character of the data maintenance function i exeaetireshrun
s is submitted to the SUT by the driver, or when the first character requesting the execution of Data
Maintenance funabin i is submitted to the SUT by the driver, whichever happens first;

1 The timestamp, DE(i,s) end time, when the last character of output data from the last data maintenance
function of the last refrestunis received by the driverdm the SUT and a succemessage has been
received by the driver from the SUT.

7.4.9.2 The elapsed time, DI(s), for the execution of all data maintenance functions of rafresk the difference
between the start timestamp of refregshs, DS(s) and the end timestamp of refraghs, DE(s). DS(s) is
defined as DS(i,s), where i denotes the first data maintenance function executed imuafseSHE(S) is
defined as DS(j,s), where j is the last data maintenance function executed inngfi@sh

7.4.9.3 The elapsed time ddata Maintenace Test 1, known as gy is the difference betweddata Maintenanc&est
1 Start Time an@ata Maintenancé&est 1 End Time,

7.49.4 Data Maintenanc&est 1 Start Time is defined #w startingtimestamp D®f the first refreshiunin Data
Maintenance Test 1.

7.49.5 Data Maintenanc@est 1 End Time is definaabthe ending timestampE of the last refreshunin Data
Maintenancélest 1, including all EADS updates.
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7.4.9.6 The elapsed time ddata Maintenance Test Rnown as py. is the difference betweddata Maintenance Test
2 Start Time anddata Maintenance TestEhd Time,

7.4.9.7 Data Maintenance Test&art Time is defined abe starting timestamp DS of the first refreshin Data
Maintenance Test 2.

7.4.9.8 Data Maintenance TestEhd Time is define@sthe ending timestampE of thelast refreshrunin Data
Maintenance Test, 2ncluding all EADS updates.

7.4.9.9 The elapsed time of each data maintenance function within each mnefreshist be disclosed, i.e. all DI(i,s)
must be disclosed.

7.4.9.10  The timestamp of the start and end times and thpsethtime of each refrestin must be disclosed, i.e. for all
refreshruns DS(s), DE(s) and DI(s) must be disclosed.

7.5 Output Data
7.5.1 After execution, a query returns one or more rows. The rows are calledtthe data
7.5.2 Output data shall adhere to the feliog guidelines:

a) Columns appear in the order specified by the SELECT list of the query.

b) Column headings are optional.

¢) Noninteger expressions including prices are expressed in decimal notation with at least two digits behind
the decimal point.

d) Integer quatities contain no leading zeros.

e) Dates are expressed in a format that includes the year, month and day in integer form, in that order (e.g.,
YYYY -MM-DD). The delimiter between the year, month and day is not specified. Other date
representations, for exatepthe number of days since 1900-01, are specifically not allowed.

f) Strings are cassensitive and must be displayed as such. Leading or trailing blanks are acceptable.

g) The amount of white space between columns is not specified.

h) The order of a query outipdata must match the order of the validation output data, except for queries that
do not specify an order for their output data.

i) NULLs must always be printeloy the same stringattern ofzeroor more characters.

Comment: The intent of this clause is to assurattbutput data is expressed in a format easily readable by a
norsophisticated computer user, and can be compared with known output data for query validation.

Comment: Since the reference answer set provided in the specification originated from different data
processing systems, the reference answer set does not consistently express NULL values with the same string
pattern.

7.5.3 The precision of all values contained in the output data shall adhere to the following rules:

a) For singleton column values and results from COUAggregates, the values must exactly match the query
validation output data.

b) For ratios, results must be within 1% of the query validation output data when reported to the nearest
1/100th, rounded up.

¢) For results from SUM money aggregates, the resultihgegamust be within $100 of the query validation
output data.

d) For results from AVG aggregates, the resulting values must be within 1% of the query validation output
data when reported to the nearest 1/100th, rounded up.

7.6 Metrics
7.6.1 TPGDS defines three primanyetrics:

a) A Performance Metric, QphDS@SF, reflecting the TIPE query throughput (see Claugé.3;
b) A PricePerformance metric, $/QphDS@SF (see Clau6e);
c) System availability date (see Clau3et.5.
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7.6.2 TPGDS also defines several secondary metrics. The secondary metrics are:

a) Load time, as defined in Clauget.3.7

b) Power Test Elaged time as defined in Claugetl.4and the elapsed time of each query in the Power Test;

¢) Throughput Test 1 and Throughput Test 2 elapsed times, as defined in EdussSand7.4.7.6

d) When TPC_Energy option is chosen for reporting, the-DSGenergy metric reports the power per
performance and is expressed as Watts/QphDS@SF. (seEfd?@y specification for additional
requirements).

Each secondary metric shall be referenced in conjunction with the scale factor at which it was achieved. For
exampl e, Load Time references shall take t00&®.f or m o

7.6.3 The Performance Metric (QphDS&®)
7.6.3.1 The primary performance metric of the benchmark is QphDS@8fed as:

SF x(Q

VIpr *Trr *Tpy *TrLp

QphDSQSF =

Where:

9 SFis defined in Claus&1.3 and is based on the scale factor used in the benchmark

71 Qs the total nomber of weighted queries: @z99, with §; being the number of streams executed in a
Throughput Test

T Ter=Trower'Sq, Where Foueris the total elapsed time to complete the Power Test, as défi@duser.4.4
and § is the number of streamsenuted in & hroughput Test

1 Trr= T+ T1r2, Where Ty is the total elapsed time @hroughput Test and T is the total elapsed time
of Throughput Tes, as defined in Clause4.6.

1 Tom= TomitTomz, Where Toy; is the total elapsed time Bfata Maintenace Testl and Ty is the total
elapsed time oData Maintenance Te&t as defined in Clausg.4.9

1 Twois the load factor computed ag¥0.01*S*T |4a0, Where Gis the number of streams executed in a
Throughput Tesand T oaqis the time to finish the load, as defined in Clatge2

1 Ter, T1r. Tom @andTp quantities are in units of decimal hours with a resolution of at least 172660
hour (i.e., 1 second)

7.6.3.2

Comment: The floor symbol € |}) in the aboveequation truncates any fractional part.
7.6.4 The Price Performance Metric ($/QphDS@SF)
7.6.4.1 The priceperformance metric for the benchmark is defined as:
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7.6.4.2

7.6.5

7.6.6
7.6.6.1

7.6.6.2

7.6.7

P

Where:
P is the price of the Priced System as defined in Clauis#
QphDS@SF is the reported performance metric as defined in Gla&8e

If a benchmark configuration is priced in a currency other than US dollars, the units of theepficenance
metrics may be adjusted émploy the appropriate currency.

The System Availability Date, as defined in the TPC Pricing Specification Version 1 must be disclosed in any
references to either the performance or ppegormance metric of the benchmark.

Fair Metric Comparison

Resultsat the different scale factors are not comparable, due to the substantially different computational
challenges found at different data volumes. Similarly, the system price/performance may not scale down
linearly with a decrease in database size due thgeoation changes required by changes in database size.

If results measured against different database sizes (i.e., with different scale factors) appear in a printed or
electronic communication, then each reference to a result or metric must cleadyeinde database size

against which it was obtained. In particular, all textual references teD¥@etrics (performance or
price/performance) appearing must be expressed in the form that includes the size of the test database as an
integral part of themt ri c6s name; i .e. including the A@sized s
tables as well as those used to annotate charts or graphs. If metrics are presented in graphical form, then the test
database size on which metric is based mustiogediately discernible either by appropriate axis labeling or

data point labeling.

In addition, the results must be accompanied by a disclaimer stating:

"The TPC believes that comparisons of FBS results measured against different database sizes are
misleading and discourages such comparisons".

Any TPGDS result is comparable to other TS results regardless of the number of query streams used
during the test (as long as the scale factors chosen for their respective test databases were the same).

Requied Reporting Components

To be compliant with the TRDS standard and the TPC's fair use policies, all public references tDEPC
results for a given configuration must include the following components:

The size of the test database, expressed separasdypart of the metric's names (e.g., QphDS@10GB);
The TPGDS Performance Metric, QphDS@Size;

The TPGDS Price/Performance metric, $/QphDS@Size;

The Availability Dateof the complete configuration (see TPC Pricing Specification located on the TPC
website(http://www.tpc.org.

f
f
f
f

Following are two examples of compliant reporting of TBS results:

Example 1: At 10GB the RALF/3000 Server has a & QueryperHour metric of 3010 when run against a
10GB database yielding a THZS Price/Performance of $1,202 per qupey-hour and will be available-1
Apr-06.

Example 2: The RALF/3000 Server, which will start shipping ofpt-06, is rated 3,010 QphDS@10GB and
1202 $/QphDS@10GB.
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8 SUT AND DRIVER IMPLEMENTATION

This clause defines tHigystem Under Test (SUT) and the benchmark driver.

8.1 Models of Tested Configurations

8.1.1 The tested and reported configuration(s) is composed of a driver that submits queries to a system under test
(SUT). The SUT executes these queries and replies to the.drhedriver resides on the SUT hardware and
software.

8.1.2 Figure 81 illustrates examples of driver/SUT configurations. The driver is the shaded area. The diagram also

depicts the driver/SUT boundary (see Clanidel6and Clausé&.4) where timing intervals are measured.

Host Systems

Query
Execution
&
Database
Access

Client(s) Server(s)

*

I R *
[ ]

Query
Execution Database
Access
Items marked by an * are optional E%\/i

Figure8-1: Two driver/SUT configurations, a "hebased" and a "client/server" configuration

8.2 Sysem Under Test (SUT) Definition
8.2.1 The SUT consists of:

a) The host system(s) or server(s), including hardware and software supporting access to the database
employed in the performance test and whose cost and performance are described by the benchmark metrics
b) Any client processing units (e.qg., freahd processors, workstations, etc.) used to execute the queries
¢) The hardware and software components needed to communicate with user interface devices
d) The hardware and software components of all networks requiresht@ct and support the SUT
components
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e) Data storage media sufficient to satisfy scaling rules in Claudata accessibilitproperties in Clausé.1
and data described in Claugé.

8.2.2 All SUT components, as deribed in Claus8.2.1, shall be commercially available software or hardware
products.
8.2.3 An implementatiorspecific layer can be implemented on the SUT. This layer shall be logically located between

the driver andhe SUT, as depicted tRigure8-2.

Figure8-2: Implementation Specific Layer

Output Data

Implementation Specific Layer

Exec. Query Text + Row Count

=l

Commercially Available
Products
(eg., OS,DBMS, ISQL)

SUT

8.24 If present on the SUT, an implementatigpecific layer, shall be minimal and general pggpd.e., not limited
to the TPCGDS queries). The source code shall be disclosed. The functions performed by an implementation
specific layer shall be strictly limited to the following:

a) Database transaction control operations before and after each geenyi@x

b) Cursor control and manipulation operations around the executable query text

c) Definition of procedures and data structures required to process dynamic SQL, including the
communication of the executable query text to the commercially available tfyteessSUT and the
reception of the query output data

d) Communication with the commercially available layers of the SUT

e) Buffering of the query output data

f) Communication with the drivere it

The following are examples of functions that the implementegfecfic layer shall not perform:
a) Any modification of the executable query text;

b) Any use of stored procedures to execute the queries;

c) Any sorting or translation of the query output data;

d) Any function prohibited by the requirements of Clads28.1

8.3 Driver Definition

8.3.1 The driver presents the workload to the SUT. The driver is a logical entity that can be implemented using one
or more programs, processes, or systems. The driver shall perform only the following &inction

a) Generate a unique stream ID, starting with 1 for each query stream
b) Sequence queries for execution by the query
c) Activate, schedule, and/or synchronize the execution of data maintenance functions
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8.3.2

8.3.3

8.3.4

d) Generate the executable query text for each query

e) Generatevalues for the substitution parameters of each query

f) Complete the executable query text by replacing the substitution parameters by the values generated for
them and, if needed, replacing the ttoltens by the query stream ID

g) Submit each complete execut@luery text to the SUT for execution, including the number of rows to be
returned when specified by the functional query definition

h) Submit each data maintenance function to the SUT for execution

i) Receive the output data resulting from each query execiuionthe SUT

i) Measure the execution times of the queries and the data maintenance functions and compute measurement
statistics

k) Maintain an audit log of query text and query execution output

The generation of executable query text used by the driver tatsybenies to the SUT does not need to occur
on the SUT and does not have to be included in any timing interval.

The driver shall not perform any function other than those described in @&useSpecifically the driver
shall not perform any of the following functions:

a) Performing, activating, or synchronizing any operation other than those mentioned in&8alise

b) Delaying the execution of any query after the exien of the previous query other than for delays
necessary to process the functions described in C&8sk This delay must be reported and can not
exceed half a second between any two consecutive quetles sdme query stream

¢) Modifying the compliant executable query text prior to its submission to the SUT

d) Embedding the executable query text within a stored procedure definition or an application program

e) Submitting to the SUT the values generated for thestiution parameters of a query other than as part of
the executable query text submitted

f) Submitting to the SUT any data other than the instructions to execute the data maintenance functions, the
compliant executable query text and, when specified bfutigtional query definition, the number of rows
to be returned

g) Artificially extending the execution time of any query.

The driver is not required to be priced.
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9.1

9.11

9.1.2
9.121

9.1.2.2

9.1.2.3

9 PRICING

This section defines the components, functional requirements of what is priced, asdibvgtiztitions are
allowed. Rules for pricing the Priced Configuration and associated software and maintenance are included in the
current revision of the TPC Pricing Specification Versidachted on the TPC websitet{p//www.tpc.org.

Priced System

The system to be priced shall include the hardware and software components present in the System Under Test
(SUT), a communication interface that can support user interface devices, additional operational components
corfigured on the test system, and maintenance on all of the above

System Under Test
Calculation of the priced system consists of:

Price of the SUT as tested and defined in Cl&se
Price of a communication interfacapable of supporting the required number of user interface devices
defined in Clausé;
1 Price of online storage for the database as described in Cidsgand sorage for all software included
in the priced configuration;
9 Price of additional products (software or hardware) required for customary operation, administration and
maintenance of the SUT for a period of 3 years
9 Price of all products required to creag@ecute, administer, and maintain the executable query texts or
necesary to create and populate the test database.

f
f

Specifically excluded from the priced system calculation are:

1 Enduser communication devices and related cables, connectors, and coargntrat

1 Equipment and tools used exclusively in the production of the full disclosure report;

1 Equipment and tools used exclusively for the execution ofisdgenor dsqgen(see Appendix F)
programs.0

User Interface Devices and Communications

The priced sysim must include the hardware and software components of a communication interface capable
of supporting a number of user interface devices (e.g., terminals, workstations, PCs, etc.) at least equal to 10
times the minimum number of query streams or theahctumber of query streams, whichever is greater.

Comment: Test sponsors are encouraged to configure the SUT with a genepalse communication
interface capable of supporting a large number of user interface devices.

Only the interface is to be priced. Not toibeluded in the priced system are the user interface devices

themselves and the cables, connectors and concentrators used to connect the user interface devices to the SUT.
For example, in a configuration that includes an Ethernet interface to commuwiitalRCs, the Ethernet card

and supporting softare must be priced, but not the Ethernet cables and the PCs.

Comment: Active components (e.g., workstations, PCs, concentrators, etc.) can only be excluded from the
priced system under the assumption that theirisodtrictly limited to submitting executable query text and
receiving ouput data and that they do not participate in the query execution. All query processing performed by
the tested cdiguration is considered part of the performance test and carberdgne by components that are
included in the priced system.

The communication interface used must be an industry standard interface, such as Ethernet, Token Ring, or
RS232.
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9.124

9.1.3
9.13.1

9.1.3.2
9.14
9.14.1

9.14.2

9.143

9.14.4

9.2
9.21

9.2.2

User Interface

7

The following diagram illustrates the boundary between what is priced (on titpaigl what is not (on the
left). In the event the driver is a commercial product its price should not be included in the price of the SUT

Driver SuT

-

Pricing Boundary

(Implementation Specific Layer)

Network Commercially Available
Products

(e.g., OS, DBMS, ISQL)

Device(s) ’l

Figure9-1: Pricing Boundary

Database Storage

The storage thas required to be priced includes:

9 storage required to execute the benchmark;

9 storage and media needed to assure that the test database nusgts dlobessibility requirements;
i storage used to hold optiorstaging area data.

All storage required foihie priced system must be present on the tested system.
Additional Operational Components

Additional products that might be included on a customer installed configuration, such as operator consoles and
magnetic tape drives, are also to be included in tleegsystem if explicitly required for the operation,
administraion, or maintenance, of the priced system.

Copies of the software, on appropriate media, and a software load device, if required for initial load or
maintenance updates, must be included.

The price of an Uninterruptible Power Supply, if specifically contributing to a durability solution, must be
included.

The price of all cables used to connect components of the system (except as noted th1Q2aBiseust be
included.

Allowable Substitution

Substitution is defined as a deliberate act to replace components of the Priced Configuration by the Test
Sponsor as a result of failing the availability requirements of the TPC Pricing Specification leosiaen
the Part Number for a component changes.

Some hardware components of the Priced Configuration may be substituted after the Test Sponsor has
demonstrated to the Auditor's satisfaction that the substituting components do not negatively impact the
reported TPEDS Performance Metric. All Substitutions must be reported in the Report and noted in the
Auditor's Attestation Letter. The following hardware component may be substituted:

9 Durable Medium
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10.1
10.1.1

10.1.2
10.1.3
10.1.4

10.1.5
10.1.6
10.1.7

10.2
10.2.1

10.2.2
10.2.3
10.2.4

10.3

10.3.1

10.3.1.1
10.3.1.2

10 FULL DISCLOSURE

Reporting Requirements

A Full DisclosureReport (FDR is required for a benchmark publication. The FDR is a zip file of a directory
structure containing the following:

A Report in Adobe Acrobat PDF format,
An Executive Summary Statement (ES) in Adobe Acrobat PDR&Qr

An XML document (AES.xmlo) with approximately the
Statement,

The Supporting Files consisting of various source files, scripts, and listing files.
Requirements for the FDR file directory structure are rilesd below.

The intent of this disclosuiis to simplify comparison between results and for a customer to be able to replicate
the results of this benchmark given appropriate documentation and products.

Format Guidelines

f
f
f

While established practice or practical limitations may cause a particular benchmark disclabfiez from

the examples provided in various small ways, every effort should be made to conform to the format guidelines.
The intentis to make it as easy as possible for a reviewer to read, compare and evaluate material in different
benchmark disclosures.

All sections of the report, including appendices, must be printed using font sizes of a minimum of 8 points.
The Executive Summampust be included near the beginning of the full disclosepert.
The directory structure of tHeDR has three folders:

ExecutiveSummaryStatemegbntains théexecutive Summary Statemearid ES.xml
Report - contains thdReport
SupportingFiles contains thesupporting Files

Full DisclosureReport Contents

The FDRshould be sufficient to allow an interested reader to evaluate and, if necesseggte an
implementatiorof TPGDS. If any sections in the FDR refer to another section of the report (e.g., an appendix),
the names of the referenced scripts/programs must be clearly labeled in each section.

Comment: Sincethe building of a database may consist of a set of scripts and corresponding input files, it is
important to disclose and clearly identify, by name, scripts and input files in the FDR

The order and titles of sections in thetteponsds full disclosureeport must correspond with the order and
titles of sections from the TRDOS standard specification (i.e., this document).

General Iltems

A statement identifying the belmnmark sponsgs) and other participating companies must be provided.

Settings must be provided for all custort@nable parameters and options that have been changed from the
defaults found in actual products, including but not limitzd t

a) Database tuning options;

b) Optimize¥Query execution options;

c) Query processing tool/language configuration parameters;

d) Recovery/commit options;
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10.3.1.3

10.3.1.4

e) Consistencfocking options;

f) Operating gstem and configuration parameters;

g) Configuration parameters and options for any other software component incorporated into the pricing
structure;

h) Compiler optimizatioroptions.

Comment: In the event that some parameters and optio@set multiple times, it must be easily discernible
by an interested reader when the parameter or option was modified and what new value it received each time.

Comment: This requirement can be satisfied by providing a full list of all parameters and optitorsg as
all those that have been modified from their default values have been clearly identified and these parameters
and options are only set once.

Explicit response to individual disclosurequirements specified in the bodfyearlier sections of this document
must be provided.

Diagrams of both measured and priced configurationst be provided, accompanied by a description of the

differences. This includes, but is not limited to:

a) Number and typef@rocessors (including size of L2 cache);

b) Size of allocated memory, and any specific mapping/partitiooimgemory unique to the test;

¢) Number and type of disk units (and controllers, if applicable);

d) Number of channels or bus connectida disk units, including their protocol type;

e) Number of LAN (e.g., Ethernet) connections, including routers, workstations, terminals, etc., that were
physically used in the test or are incorporated into the prtimgture;

f) Type and theuntime execution location of software components (elgta processing systequery
processing tools/languages, middleware components, software drivers, etc.).

The following sample diagram illustrates a measured benchmark configuration using Etimeerédyrzal
driver, and four processors in the SWote that this diagram does not depict or imply any optimal
configuration for the TP@S benchmark measurement.

Cluster of 4 Systems

|
L 96 x 2.1 GB Disk Units

RALF/3016 i I i i
16 x 1486DX @ -4 6Unts = - | EI

1 GB of memory

16 x SCSI-2 16
Channels
1 Ethernet
|| adapter

\
L I I I I
@ - 6Units = -B @

LAN: Ethernet using NETplus routers

CPU: 16 x a243DX 50MHz with 25&Byte Second Level Cache
1 gigabyte of main memory
4 x SCSH2 Fast Controllers

Disk: 96 x 2.1 gigabyte SCH drives

Figure10-1: Sample Configuration Diagram
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10.3.2
10.3.2.1

10.3.2.2

10.3.2.3

10.3.2.4
10.3.3
10.3.3.1

10.3.3.2

10.3.3.3
10.3.3.4

10.3.3.5

Comment: Detailed diagrams for system configtioams and architectures can vary widely, and it is
impossible to provide exact guidelines suitable for all implementtibime intent here is to describe the system
components and connections in sufficient detail to allow indqet reconstruction of the measurement
environment.

Clause2- Logical Database Design Related Items

Listings must be provided for the DDL scripts and must include all tidflrition statementsral all other
statements used to agb the test and qualification databsse

The physical organization of tablasd indices within the test and qualification databamsast be disclesl. If
the columrordering of any table is different from that specified in Cl2uer 2.4,, it must be noted.

Comment: The concept of physical organization undés, but is not limited to: record clustering (i.e., rows
from different logical tableare celocated on the same physical data page), iotlestering (i.e., rows and leaf
nodes of an index to these rows ardamatel on the same physical data page), and partighfiliors (i.e.,
physical data pages are left partially empty even though additional rows are available to fill them).

If any directives to DDLs are used to horizontally partition tables owsin the test and qualification
databasg these directives, DDLs, and other details necessary to replicate the partitioning behavior must be
disclosed.

Any replicationof physical objects must be disclosed and must conform to the requirements ofZfaBise
Clauses - Scaling and Database PopulatiRelated Items

The cardinality (e.g., the number of rgved each tablef the test database, as it existed at the completion of the
database loatsee Claus&.12) must be disclosed.

The distribution of tableand logs across all media must be explicitly described using a format similar to that
shown in the following example for both the tested and priced systems.

Comment: Detailed diagramfor layout of database tables disks can widely vary, and it is difficult to
provide exact guidelines suitable for all implementatioFhe intent is to provide sufficient detail to allow
independent reconstructiar the test database. The figure that follows is an example of database layout
descriptions and is not intended to describe any optimal layout for theDBRfatabase.

Controller Disk Drive Description of Content
40A 0 Operating system, root

40B

System page and swap

Physical log

100% of store_sales and store tables

33% of store_sales, catalog_sales and catalog_returns tables
33% of store_sales, catalog_sales and catalog_returns tables
34% of store_sales, catalog_sales and catalog_returns tables
100% of date_dim, time_dim and reason tables

WNFPOWNPF

Figure10-2: Sample Database Layout Description
The mapping of datale partitions/replicationsiust be explicitly described.

Comment: The intent is to provide sufficient detail about partitionamgl replicatiorio allow independent
reconstruction of the test database.

Implementationsmay use some form of RALDO he RAID level used must be disclosed for each device. If

RAID is used in an implementation, the logical intent of its use must be disclosed. Three levels of usage are

defined:

a) Base tables only: In this case only the Base Tables (see Clause 2) are protected by any form of RAID;

b) Base tables and EADS: in addition to the protection of the base tables, implementations in this class must
also employ RAID to protect all EADS;
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c) Everyting: implementations in this usage category must employ RAID to protect all database storage,
including temporary or scratch space in addition to the base tables and EADS.

10.3.3.6  The version number (i.e., the major revision number, the minor revision numbdéhjrariier number) of
dsdgen must be disclosed. Any modifications to the dsdgen source code (see Appendix B:) must be disclosed.
In the event that a program other tlimtgenwas used to populate the database, it must be disclosed in its
entirety.

10.3.3.7  The daabase loatime for the test database (see Clatige3.7 must be disclosed.

10.3.3.8  The data storage ratio must be disclosed. It is computed by dividing the total data storage of the priced
configuration(expressed in GB) by SF corresponding to the scale factor chosen for the test database as defined
in Clause3.1 The ratio must be reported to the nearest 1/100th, round&upxample, a system configured
with 96 disks of 2.1 GB capacity for a 100GB test database has a data storage ratio of 2.02.

Comment: For the reporting of configured disk capacity, gigabyte (GB) is defined to be 2*30 bytes. Since
disk manufacturers typically rept disk size using base ten (i.e., GB = 10"9), it may be necessary to convert the
advertised size from base ten to base two.

10.3.3.9  The details of the database laadst be disclosed, including a block diagram illustrating the overall process
Disclosureof the load procedure includes all steps, scripts, input and configuration files required to completely
reproduce the test and qualification database

10.3.3.10 Any differences between the cogtfiration of the qualification databaaed the test database must be disclosed.
10.3.4 Clause4 and5 - Query and Data MaintenaneRelated Itera

10.3.4.1  The query language used to implement the queries must be identified (e.g., "RALFISL

10.3.4.2  The method of verification for the random number generation must be described unless the dsggdied
anddsqgernwere used.

10.3.4.3  The method used to generate values for substitution parameters must be disclosed. The version number (i.e., the
major revision number, the minor revision number, and third tier number) of dsqgen must be disclosed.

10.3.4.4 The executable query text used for queaidationmust be disclosed along with the corresponding output data
generated during the execution of the query text against the qualification dathlraser modifications have
beenapplied to any functional query definitisror approved variants order to obtain executable query text,
these modifications must be disclosedl justified. The justification for a particular minor query modification
can apply collectively to all queries for which it has been used. The output data for the poWwercargghput
Test must be made available electronically upon request.

Comment: For query output of more than 10 rquwaly the first 10 need to be disclosed in the FDRe
remaining rows must be made available upon request.

10.3.4.5  All the query substitution parametassed during the performance test must be disclosed in tabular format,
along with the seeds used to generate these parameters.

10.3.4.6  All query and refresh session initialization parameters nggtiand commands must be disclosed (see Clauses
7.2.2 through 7.2.7).

10.3.4.7 The details of how the data maintenance funstiwere implemented must be disclosed (including source code
of any norncommercial program used).

10.3.4.8  Any object create in the staging area (see Clause 5.1.8 for definition and usage restrictions) used to implement
the data maintenance functions must be disclosed. Also, any disk storage used for the staging area must be
priced, and any mapping or virtualization of disgrage must be disclosed.

10.35 Clausesi Data Persistence Properties Related Iltems

10.3.5.1  The results of theata accessibilityests must be disclosed along with a description of howldteeaccessibility
requirements wermet. This includes disclosunéthe code written to implement tidata accessibilitQuery.
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10.3.6
10.3.6.1

10.3.6.2
10.3.6.3
10.3.6.4

10.3.6.5
10.3.6.6

10.3.6.7

10.3.7
10.3.7.1

10.3.7.2

10.3.7.3

10.3.8
10.3.8.1

10.3.8.2

10.3.8.3

10.3.9
10.3.9.1

Clause7- Performance Metricand Execution RuleRelated Items

Any system activity on the SUthat takes place between the conclusion of the testdand the beginning of
the performance test must be fully disclosed including listings of scripts or command logs.

The details of the steps foWed to implement the performance tesist be disclosed.

The timing intervals defined in Clausenust be disclosed.

For eachlrhroughput Testthe minimum, the 25th percentile, the median, the 75th piezeand the maximum

times for each query shall be reported

The start time and finish time for each query streaust be reported

The start time and finish time for each data maintenance furintibie refreshrun must be reported for the

Throughput Test

The computed performance metnielated numerical quantities and the plpegformance metrimust be

reported.

Clause8 - SUT and Driver ImplementatioRelated Items

A detailed textual description of how the driver performs its functions, how its varimogonents interact and
any product functionalities or environmental settings on which it relies must be provided. All related source

code, scripts and configuration files must be disclosed. The information provided should be sufficient for an

independenteconstruction of the driver.

If an implementatiorspecific layer is used, then a detailed description of how it performs its functions, how its
various components interact and any product functionalities or environmental eattiridch it relies must be
provided. All related source code, scripts and configuration files must be disclosed. The information provided
should be sufficient for an independent reconstruction of the implementation specific layer.

If profile-directed optnizationas described in Clauge2.10is used, such use must be disclosed. In particular,

the procedure and any scripts used to perform the optimization must be disclosed.

Clause9 - Pricing Related Items

A detailed list of hardware and software used in the priced system must be reported. The rules for pricing are
included in the current revision of the TPC Pricing Specification located on the EP<ltev

(http://www.tpc.org.

The System Availability Date (see Clausé.5 must be the single availability date reported on the first page of

the executive summaryhe full disclosureeport must report Availability Dates individually for at least each
of the categories for which a pricisgbtotal must be. All Availability Dates required to be reported must be

disclosed to a precision of 1 day, but the precise format is left to the test sponsor

Comment: A test sponsomay disclose additional detail on the availabitity

Notes sectin of the Executive Summagnd may add a footnote reference to the System Availability Date.

the systembs

Additional Clause 7 related items may be included in the full disclospat for each country specific peid

configuration

Clausell - Audit Related ltems

The auditor's agency name, address, phone number, and attestation letter with a beefrandry report

indicating conpliancemust be included in the full disclosueport. A statement should be included specifying

whom to contact in order to obtain further information regarding the audit process.
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10.4

Execuive Summary

The executive summary is meant to be a high level overview of aD®ithplementation. It should provide

the salient characteristics of a benchmark execution (metrics, configuration, pricing, etc.) without the exhaustiv
detail found in the FDR. When the THEDergy optional reporting is selected by the test sponsor, the additional
requirements and format of TPEhergy related items in the executive summary are included in the TPC

Energy Specification, located atvw.tpc.org

The executive summary has three components:
Implementation and Cost of Ownership Overview
Pricing Spreadsheet

Numerical Quantities

104.1 Page Layout
Each component of the executive sumnerguld apear on a page by itself. Each page should use a standard
header and format, including
a) 1/2 inch margins, top and bottom;
b) 3/4 inch left margin, 1/2 inch right margin;
c) 2 pt. frame around the body of the page. All interior lines should be 1 pt;
d) Sponsoidentification and System identification, each set apart by a 1 pt. rule;20 p6 Times Bold
font.
e) TPGDS, TPGPricing, TPCGEnergy (if reported), with three tier versioning (e.g., 1.2.3), and report date,
separated from other header iteand each other by a 1 pt. Rule, ihBpt. Times font.
Comment: Itis permissible to use or include company logos when identifying the sponsor
Comment: The report date must be disclosed with a precision of 1 day. The precise format is left to the test
sponsor
Comment: Appendix E contains a sample executive summiaiig meant to help clarify the requirements in
Clausel0.4and is provided solely as an example.
10.4.2 Implementaibn Overview
Implementation and Cost of Ownership Overview
The implementation overview page contains six sets of data, each laid out across the page as a sequence of
boxes using 1 pt. rule, with a title above the required quantity. Both titles and @sastitiuld use a2 pt.
Times font unless otherwise noted.
The middle portion of the page must contain two diagrams, which must be of equal size and fill out the entire
space. The left diagram shows the benchmarked configuration and the right diagrana hiewhart with the
percentages of the total time and the total times for the Load Test, ThroUgsplit and Throughputest2.
The next section must contain a synopsis of the SUT's major system components, including:
1 Total number of nodes used/totalmber of processors used with their types and speeds in GHz/ total
number of cores used/total number of threads used;
1 Main and cache memory sizes;
1 Network and I/O connectivity;
9 Disk quantity and geometry.
If the implementation used a twier archtecture, frontend and baclkend systems must be detailed separately.
10.4.2.1  The first section contains the results that were obtained from the reported runs of the Performance test.
Title Quantity Precisio  Units Font
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Total System Cost 3 yr. Cost of ownershifSee Clause 7) 1 $1 16-20 pt. Bold

TPCDS Composite Query per QphDS(see Clause 7.6 0.1 QphDS@nGB 16-20 pt. Bold
Hour Metric
Price/Perforrance $/QphDS(see Clause 7.6.4) 1 $/QphDS@nnGB  16-20 pt. Bold

The next section details the system configuration

Title Quantity Precision Units Font

Data SeSize Raw data size of test database 1 GB 9-12 pt. Times

Data Processing System Brand, Software Version @ata 9-12 pt. Times
Processing Systensed

Operating System Brand, Software Version of OSed 9-12 pt. Times

Other Software Brand, Software Version of other softwal 9-12 pt. Times
components

System AvailabilityDate System AvailabilityDate 1 day 9-12 pt. Times

Clustered Or Not Yes/No 9-12 pt. Times

Comment: The Software Version must uniquely identify the orderable software product referenced in the
Priced Configuration (e.g., RALF/2000 4.2.1)

10.4.2.2  The middle portion of the page must contain two diagrams, which must be of equal size and fill out the width of
the entire space. The left diagram shows the benchmarked configuration and the right diagram shows a pie
chart with the percentages of the total time and the total times for the Load Test, Thrdlegtpwtnd
ThroughpufTest2.

10.4.2.3 This section containghe database load and RAID information

Title Quantity Precision Units Font
Load includes backup Yes/No N/A N/A 9-12 pt. Times
RAID None / Base tables only / N/A N/A 9-12 pt. Times
Explicit Auxiliary Data Structures /
Everything
10.4.2.4 The nextsectiondf he | mpl ement ati on Overview shal/l contain
including:

Node and/or processor count and speed in GHz;
Main and cache memory sizes;

Network and IO connectivity;

Disk quantity and geometry

Total mass storage in the ped system.

If the implementation used a twier architecture, frorénd and baclend systems should be defined

separately.
10.4.2.5 The final section of the Implementation Overview shall contain a note stating:
fiDat abase Size incloudesnpgognliywdreaxyw d¢a@&tdandiane. stmr age
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10.4.3 Pricing Spreadsheet

The pricingspreadsheet, required by Clad€e4, must be reproduced in its entirety. Refer to Appendix E for a
sample pricingpreadsheet.

104.4 Numerical Quantities Summary
The Numerical Quantities Summary page contains three sets of data.

1. The first set is the number of query streams.

2. The second set contains the Start Date, Start Time, End Date, End Time, and Elapsed Time for:
1 Database Load

Power Test

ThroughputTestl

Data Maintenance Te#t

ThroughpufTest2
9 Data Maintenance Te&t

3. The third set is a table which contains the information required by Clause 10.3.6.4 .

=A =4 -4 =4

10.4.5 ES.xml Requirements

The schema of the ES.xml document ifirdid by the XML schema document tpegls xsd located on the TPC
website fttp://www.tpc.org. The ES.xml file must conform to the tpees.xsd (established by XML schema
validation).

Comment: TheSponsoris responsible for veriing that the ES.xml file they provide in tRaill Disclosure
Report conforms to the TPOS XML schema. A validation tool will be provided on the TPC web site to
facilitate this verification.

Appendix G describes the structure of the XML schema, definaadhedual fields, and explains how to use
the schema.

10.5  Availability of the Full Disclosur&keport

10.5.1 The full disclosureeport must be readily available to the public at a reasemdiarge, similar to charges for
comparable documents by that test sponEbe report must be made available when results are made public.
In order to use the phrase "TPC Benchmark DS", the full disclosure report must have be#tedubmi
electronically to the TPC using the procedure described in the TPC Policies document.

10.5.2 The official full disclosuregeport must be available in English but may be translated to additional languages.

10.6 Revisions to the Full BiclosureReport
Revisions to the full disclosudocumentation shall be handled as follows:

a) Fully documented pricehanges can be reflected in a new published price/performance. Adteriagk
need not be rerun to remain compliant.

b) Hardware or software product substitutiavithin the SUT with the exception of equipment emulated as
allowed under Clausg require the benchmark to benen with the new components in order te re
establish compliancd-or any substitution of equipment emulated during the benchmark, a new
demonstration must be provided.

c) The revisedeport shall be submitted as defined in Clause10.2.1.

Comment: During the normal product life cycle, problems will be uncovered that require changes, sometimes
referred to as patches or updates. When the cumulative result of applied changes causes the perfrinance m
(see Claus&.6.3 to decrease by more than 2% from the reported value, then the test $poegaired to re

validate the benchmark results.
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a) Fully documented pricehangegan be reflected in a new published price/performance.

b) When cumulative pricehanges have resulted in a worsening of the reported price/performance by 2% or
more the test sponsarust submit revised price/performance testo the TPGwithin 30 days of the
effective date of the price change(s) to remain in compliafioe benchmark need not bertm to remain
in compliance.

Comment: The intent of this Clause is that published @performance reflect actual current
price/performance.

a) A change in the committed availabilithate for the priced system can be reflected in a new published
availability date.

b) A report may be revised to add or delete Géfueelated items for countrgpecific priced configuratien

¢) Full disclosuraeport revisions may be required for other reasons as specified in thedlieies and
Guidelines document, and must be submitted using the mechanisms described therein.

10.7 Derived Results
10.7.1 TPCDS results can be used as the basis for newDB@esults if and only if:

a) The auditorensures that the hardmsand software products are the same as those used in the prior result;

b) The auditoreviews the FDRf the new results and ensures that they match what is contained in the
original sponsds FDR;

¢) The auditorcan attest to the validity of the pricimged in the new FDR

d) The intent of this clause is to allow a reseller of equipment from a given supplier to publish under the re
seller's name aAGDS result already published by the supplier.
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10.8 Supporting Files Index Table
An index for all files required by Claus#0.2.4 Supporting Files must be provided in thé&eport. The
Supporting Filesindexis presented in a tabular format where the columns specify the following:
1 The first column denotes the clause in the TPC Specification
1 The second column provides a short description of the file contents
1 The third column contains the path name for treedthrting at the SupportingFiles directory.

If there are ndSupporting Files provided then the description column must indicate that there is no supporting
file and the path name column must be left blank.

The following table is an example of tBeipporting Files Index Table that must beeported in theReport.

Clause Description Pathname
Database Tunable SupportingFiles/Introduction/DBtune.txt
Parameters
Introduction
OS Tunable SupportingFiles/Introduction/OStune.txt
Parameters
;z:arti)FI)etzscreatnn SupportingFiles/Clause2/createTables.sh
Clause 2 -
Indgx creation SupportingFiles/Clause2/createIndex.sh
scripts
Clause 3 Loa}d transaction SupportingFiles/Clause3/doLoad.sh
scripts
Clause 4
Clause 5 Data maintenance SupportingFiles/Clause5g&efresh.sh
scripts
Clause 6 gat_a Accessibility SupportingFiles/Clause6/runACID.sh
cripts
Output ofdata -
accessibilitytests SupportingFiles/Clause6/ACID.out
Clause 7
Clause 8
Clause 9
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10.9 Supporting Files

10.9.1

10.9.2

The Supporting Filescontain human readable carmachine executable (i.e., able to be performed by the
appropriate program without modification) scripts, executables and source code that are required to recreate the
benchmarkResult If there is a choice of using a GUI or a script, then the machineugtde script must be
provided in theSupporting Fileslf no corresponding script is available for a GUI, thenShpporting Filesnust

contain a detailed step by step description of how to manipulate the GUI.

The combination of the following rules shallow anybody to reproduce the benchmark result.

1 All software developed specifically for the benchmark must be included in the supporting files if the
software was used to cover the requirements of a clause of the benchmark specification or to conduct a
benchmark run with the SUT. This includes machine executable code in the form of scripts (e.g., .sql, .sh,
.tcsh, .cmd, or .bat files) or source code (e.qg., .cpp, .cc, .cxx, .c files). Specifically developed executables
(e.g., .exe files) need to be indkd unless their source code has been provided in the supporting files with
detailed instructions (e.g., make files) how teyenerate the executables from the source for the hardware
and operating system used for the benchmark.

1 References (e.g., URLsged to be provided for all software available for general purchase or download
which has NOT been developed specifically for the benchmark. The software must be available under the
location provided by the references for the time the benchmark is pubtiatted TPC website.

9 All command line options used to invoke any of the above programs need to be disclosed. If a GUI is used,
detailed instructions on how to navigate the GUI as used to reproduce the benchmark result need to be
disclosed.

The directory sucture under SupportingFiles must follow the clause numbering from theDBPGtandard
Specification (i.e., this document). The directory name is specified byQ®hird level Clauses immediately
precedinghe fourth levelSupporting Filesreporting requirements. If there is more than one instance of one type
of file, subfolders may be used for each instance. For example if muligleA machines were used in the
benchmark, there may be a folder for edr A machine.

File names should be chosen to indicate to the casual reader what is contained within the file. For example, if the
requirement is to provide the scripts for all table definition statements and all other statements usepl ttoeset

datdb a s e, file names of 1, 2, 3, 4 or 5 are unaccept e
iframesod should be used to convey to the reader what

SupportingFiles/Introduction Directory
All scripts required t@wonfigure the hardware must keported in the Supporting Files.

All scripts required to configure the software mustéygorted in the Supporting Files. This includes any
Tunable Parametersand options which have been changed from the defaults in comityeavailable
products, including but not limited to:

Database tuning options.

Recovery/commit options.

Consistency/locking options.

Operating Systemand application configuration parameters.

Compilation and linkage options and ftime optimizations ugkto create/install applications, OS, and/or
databases.

1 Parameters, switches or flags that can be changed to modify the behavior of the product.

=A =4 =4 -4 -4

Comment: This requirement can be satisfied by providing a full list of all parameters and options.

SupportingFileClaus2 Directory
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10.9.3

10.9.4

10.9.5

10.9.6

10.9.7

10.9.8

10.9.9

Scripts must be provided for all table definition statements and all other statements useg theetatabase.
All scripts must be human readable and machine executable (i.e., able to be performed by the appropriate
program without modifiation). All scripts are to beeported in the Supporting Files.

SupportingFiles/Clause3 Directory

Scripts must be provided for alsdgeninvocations used to populate the database with content. All scripts must
be human readable and machine executable dbée to be performed by the appropriate program without
modification). All scripts are to beeported in the Supporting Files.

SupportingFiles/Clause4 Directory

Theimplementatiorof eachqueryof the benchmark as defined per Cladsaust bereported in the
Supporting Files. This includes, but is not limited to, the code implementing the queries of this benchmark.

SupportingFiles/Clause5 Directory

Scripts must be provided for all steps used to maintaidatedbase content in order to implement Clausal
scripts must be human readable and machine executable (i.e., able to be performed by the appropriate program
without modification). All scripts are to lreported in the Supporting Files.

SupportingFiles/Clause6 Directory

Scripts must be provided for all steps used to validate CRusiescripts must be human readable and
machine executable (i.e., able to be perfed by the appropriate program without modification). All scripts
and the output of the scripts are torbported in the Supporting Files.

SupportingFiles/Clause7 Directory
No requirements
SupportingFiles/Clause8 Directory
No requirements
SupportingFies/Clause9 Directory

No requirements
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111
1111

11.1.2

11.1.3

11.1.4

11.2
11.21

11.2.2
11221

11.2.2.2
11.2.2.3
11.22.4

11 AUDIT

This clause defines the audit requirements for -TFC The auditor needs to ensure that the benchmark under
audit complies with the TROS specification. Rules for auditing Pricing information are included ifT @
Pricing Specification located atww.tpc.org When the TP&Energy optional reporting is selected by the test
sponsor, the rules for auditing of THEDergy related items are included in the TPC Energy Specification
located at www.tpc.org.

General Rules

An independent auddf the benchmark results by a Tle€rtified auditor is required. The term independent is
defined as "the outcome of the benchmark carries no financial benefit to the auditing atier than fees
earned directly related to the audit." In addition, the auditing agency cannot have supplied any performance
consulting under contract for the benchmark.

In addition, the following conditions must be met:

a) The audiing agencycannot be financially related to the sponsBor example, the auditing agency is
financially related if it is a dependent division of the sponsor, the majority of its stock is owned by the
sponsor, etc.

b) The audiing agencycannot be financially related to any one of the suppliers of the measured/priced
configuration e.g., thedata processing systesnpplier, the disk supplier, etc.

The auditots attestation letter is to be made readilgilable to the public as part of the full disclostgport. A
detailed report from the auditor is not required.

TPCDS results can be used as the basis for newDB@esults if and only if:
The auditorensures that the hardware and software products are the same as those used in the prior result;

The auditoreviews the FDRf the new results and ensures that they match what is contained in the original
sponsos FDR;

The auditorcan attest to the validity of the pricinged in the new FDR

Comment: The intent of this clause is to allow a reseller of equipment from a given supplier to publish unde
the reseller's name a TRDS result already published by the supplier.

Comment: In the event that all conditions listed in Cladgel.2are met, the auditas not required to follow
the remaining aditor's check list items from Clau4é.2

In the event that a remote audit procedure is used in the context of a-tizeegeaudit, a remote connection to
the SUT must be available for the auditor to verify deld@@udit items from Clause 9.2

Auditor's Check List

This clause defines the minimal audit checks that the auditor is required to conduct fOISTRE order for
the auditor to ensure that the benchmark under audit complies with th®FR@ecificatiorthe auditor is
allowed to ask for additional checks.

Clause 2 Related Items

Verify that the data types used for each colarconformant. For example, verify that decimal columns can
be incremented by 0.01 frof8,999,999,999.99.

Verify that the tabledave the required list of columns
Verify that the implementatiorules are met by the test database.

Verify that the test database meets the data access transparency requirements.
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11.2.2.5

11.2.3
11.2.4

11241
11.2.4.2

11.2.4.3
11.2.4.4
11.2.45

11.2.4.6

11.2.4.7

11.2.4.8

11.2.4.9

11.3
11311

11.3.1.2

11.3.1.3

11.31.4

11.3.15

11.3.1.6

Verify that conforming arbitrary data values can be inserted into any of the. takésaples of verification tests
include:

Inserting a rowthat is a complete duplicate of an existing row except for a distinct primary key;

Inserting a rav with columnvalues within the domain of the data type and check consttaibtseyond the
range of existing values.

Ensure that all EADS satisfy the requirements of Clause 2.5.3

Verify that the set of EADS thaitre present and enabled at the end of the load test are the same set that are
present and enabled at the end of the performance test as required by Clause 2.5.3.6. A similar check may be
performed at any point during the performance test at the discoftiba auditor. Note the method used to

verify that this requirement has been met.

[This auditor clause states a requirement that does not appear to be stated before (that no ADS can be created
during the test). If such a requirement exists it shouldtéied in clause 2.]

Clause 3 Related Items

Verify that the qualification databageproperly scaled and populated.

Verify that the qualification and test databases were constructed in the same manner so that correcviehavio
the qualification database is indicative of correct behavior on the test database.

Note the methodsed to populate the database (dedgenor modified version of dsdgen). Note the version
number (i.e., the major revision number, thimor revision number, and third tier number) of dsdgen, and the
names of the dsdgen files which have been modified. Verify that the version matches the benchmark
specification.

Verify that storage and processing elements that are not included in e qoitfiguratiorare physically
removed or made inaccessible during the performance test using a vendor supported method.

Verify that the validation data sets are proven consistent with the data loaded into the databasg &zcordin
clause 3.5.

Verify referential integrity in the database after the initial load. Referential Integrity is a data property that can
be VERIFIED BY CHECKING THAT EVERY FOREIGN KEY HAS A CORRESPONING PRIMARY KEY.

Clause 4 Related Items

Verify that the lasis for the SQlused for each query is the functional query definitoan approved variant or
meets Clause 9.2.3.2

Verify that anydeviation in the SQlfrom either the functional query definitiar an approved variaig
compliant with the specified minor query mbicitions. Verify that minor query modifications have been
applied consistently to the set of functional query definitions or approved variants used.

Verify that the executable query text produces the required output when exeaited g qualification
databaseising the validatiowalues for substitution parameter

Note the method used to generate the values for substipgrametes (i.e.,dsqgen modified version of
dsqgenother method). llsqgenwas used, note the version number (i.e., the major revision number, the minor
revision number, and third tier number)dsfiggenVerify that the version matches the benchmark specification.

Verify that the generated substitutiparameters are correctly generated. For each stream take 10 random
gueries and verify their substitution values.

Verify that no aspect of the system under test, except for the databasmsizhanged between the
demonstration of complian@gainst the qualification databaaed the execution of the reported measurements.
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11.4 Clause 5 Related Items

11.4.1.1  Verify immediately after the performance test that all EADS that were created as part of the database load are
correctly maintained. This test is to be conducted with a script that perthenfiollowing two types of
subtests:

1. For any index measure the response time for index lookups of two keys, one that was loaded during the
database load test and one that was loaded during the data maintestRoe test Type 1 verify that both
keysare in the index and verify that the query response times are not substantially differrent from each
other, as would be the case if the index was not maintained. (e.g. having a difference of more than 50%)

2. Create another instance for all iiomex EADS usig the same directives as used for the original EADS.
Verify that the creation of the second instance does not query the original EADS. Verify that their content
is logically identical.

11.4.1.2  Verify that the data maintenance funcsome implemented according to their definition.

11.4.1.3  Verify that the data maintenance functions update, insert and delete the correct update data. For each data
maintenance function in a random stream verify that 2 random rows have been corcatiylpipserted and
deleted.

11.4.1.4  Verify that the order of the data maintenance functions is in accordance with Clause 5.

11.4.15 Note the method used to execute database maintenance operations.

11.4.2 Verify that the refresh data loaded as part of each data maintenacterius in accordance with Clause.4

11.5 Clause 6 Related ltems

11.5.1.1  Verify that the requirediata accessibilitproperties are supported by the system under test as configured for the
execution of the reported meassments.

11.6 Clause 7 Related ltems

11.6.1.1  Verify that the execution rulesre followed for the Load Test, Power Test, Throughputslleahd 2,andData
Maintenance &ss 1 and2.

11.6.1.2  Verify that the database logithe is measured according to the requirements.
11.6.1.3  Verify that the queries are executed against the test database.

11.6.1.4  Verify that the query sequencimngles are followed.

11.6.1.5 Verify that the measurement interval for tiroughput Testis measured as required.
11.6.1.6  Verify that the method used to measure the timing intervals is compliant.

11.6.1.7 Verify that the metricare computedsarequired.

11.6.1.8 Verify that any profiledirected optimizatioperformed by the test sponsmnforms to the requirements of
Clause 7.2.

11.6.1.9 Verify the set of EADS that exist at the end of the load test exist and arendlighdo date at the end of the
performance test by querying the meta data of the test database before the Power Test and after Throughput Test
2. If there is any doubt that the EADS are not maintained the auditor shall run additional tests.

11.7 Clause 8 Relad Items

11.7.2.1  Verify that the driver meets the requirements of Clauses 8.3.

11.8 Clause 9 Related ltems

11.8.1.1  Verify that the composition of the SUF in compliance with the Clause 9 and that its components will be
commercially available products accordinghe current version of TPC pricing specification.
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11.8.1.2
11.8.1.3

11.8.1.4
11.8.1.5
11.8.1.6

11.8.1.7
11.8.2

11.9
11911

Note whether an implementatispecific layer is used and verify its compliangéh Clause 9.1.

Verify that all required components thfe SUTare priced according to the current version of TPC pricing
specification.

Verify that a user communication interface is included in the SUT
Verify that all required maintenance is priced according to the current version gridit@ specification.

Verify that any discount used is generally available and complies according to the current version of TPC
pricing specification.

Verify that any thirdparty pricingcomplies with the requirements of TPC pricing sfieation.

Verify that the pricingspreadsheet includes all hardware and software licenses, warranty coverage, and
additional maintenance costs as required according to the current version of TPC pricing specification.

Comment: Since final pricingor new products is typically set very close to the product announcement date,
the auditoris not required to verify the final pricing of the tested system.

Clause 10 Related Items

Verify that major portions of the full disclosureport are accurate and comply with the reporting requirements.
This includes:

1 The executive summayry

1 The numerical quantity summary;

1 The diagrams of both measured and priced configurstion

1 The block diagram illustrating the database Ipeatess.
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Appendix A: Logical Representation of the Refresh Data Set

A.1 Refresh Data Set DDL

The following DDL statements define a detailed structure of the flat files, generated by,dbdgeonstitute
the refresh data set. The datatypes correspond to those in Zlause

Table A1: Column definition s_zip_to_gmt

Column Datatype NULLs Foreign Key
zipg_zip charb) N
zipg_gmt_offset integer N

Table A2: Column definition s_purchase_lineitem
Column Datatype NULLs Foreign Key
plin_purchase_id identifier N
plin_line_number integer N
plin_item_id char(16) i_item_id
plin_promotbn_id char(16) p_promo_id
plin_quantity integer
plin_sale_price numeric(7,2)
plin_coupon_amt numeric(7,2)
plin_comment char(100

Table A3: Column definition s_customer

Column Datatype NULLs | Foreign Key
cust_custmer_id identifier N c_customer_id
cust_salutation char(10)

cust_last name char(20)

cust_first name char(20)

cust_preffered_flag char(1)

cust_birth_date char(10)

cust_bhirth_country char(20)

cust_login_id char(13)

cust_email_address char(50)

cust_last_login_chg_date char(10)

cust_first_shipto_date char(10)

cust_first_purchase_date char(10)

cust_last_review_date char(10)

cust_primary_machine_id char(15)

cust_secondary_machine_id char(15)

cust_street_number char(10),

cust_suite_number char(10)

cust_street_namel char(30)

cust_street_name2 char(30)

cust_street_type char(15)

cust_city char(60)

cust_zip char(10)

cust_county char(30)

cust_state char(2)

cust_country char(20)

cust_loc_type char(D)

cust_gender char(1) cd_gender
cust_marital_status char(1) cd_marital_status
cust_educ_status char(20) cd_education_status
cust_credit_rating char(10) cd_credit_rating
cust_purch_est numeric(7,2) cd_purchase_estimate
cust_buy potential char(@5) hd_buy potential
cust_depend_cnt integer cd_dep_count
cust_depend_emp_cnt integer cd_dep_employed_count
cust_depend_college cnt integer cd_dep_college count
cust_vehicle_cnt integer hd_vehicle_count
cust_annual_income numeric(9,2) ib_lower_ound, ib_upper_bound
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Table A4: Column definition s_purchase

Column Datatype NULLs Foreign Key

purc_purchase_id identifier N plin_purchase_id

purc_store_id char(16) s_store_id

purc_customer_id char(16) s_customer_id

purc_purchase_date char(10) d_date

purc_purchase_time integer t_time

purc_register_id integer

purc_clerk_id integer

purc_comment char(100)

Table A5: Column definition s_catalog_order

Column Datatype NULLs Foreign Key
cord_order_id identifier N clin_order_id
cord_bill_customer_id char(16) c_customer_id
cord_ship_customer _id char(16) c_customer_id
cord_order_date char(10) d_date
cord_order_time integer t_time
cord_ship_mode_id char(16) sm_ship_mode _id
cord call_center _id char(16) cc_call _center id
cord_order_comments varchar(100)

Table A6: Column definition s_web_order

Column Datatype NULLs Foreign Key
word_order_id identifier N wlin_order_id
word_bill_customer _id char(®) c_customer_id
word_ship_customer_id char(16) c_customer _id
word_order_date char(10) d_date
word_order_time integer t_time
word_ship_mode_id char(16) sm_ship_mode_id
word_web_site_id char(16) web_site_id
word_order_comments char(100)
TableA-7: Column definition s_item

Column Datatype NULLs Foreign Key
item_item_id char(16) N i_item_id
item_item_description char(200)
item_list_price numeric(7,2)
item_wholesale_cost numeric(7,2)
item_size char(20)
item_formulation char(20)
item_color char(20)
item_units char(10)
item_container char(10)
item_manager_id integer

Table A8: Column definition s_catalog_order_lineitem
Column Datatype NULLs Foreign Key
clin_order_id identifier N cord_order_id
clin_line_number integer
clin_item_id char(16) i_item_id
clin_promotion_id char(16) p_promo_id
clin_quantity integer

clin_sales_price

numeric(7,2)

clin_coupon_amt

numeric(7,2)

clin_warehouse_id char(16) w_warehouse_id
clin_ship_date char(10)

clin_catalog_number integer

clin_catalog_page _number integer

clin_ship_cost

numeric(7,2)
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Figure A9: Column definition s_web_order_lineitem

Column Datatype NULLs Foreign Key
wlin_order _id identifier N word_order_id
wlin_line_number integer N

wlin_item_id char(16) i_item_id
wlin_promotion_id char(16) p_promo_id
wlin_quantity integer

wlin_sales_price

numeric(7,2)

wlin_coupon_amt

numeric(7,2)

wlin_warehouse_id cha(16) w_warehouse_id
wlin_ship_date char(10) d_date
wlin_ship_cost numeric(7,2)

wlin_web_page_id char(16) wp_web_page

Figure A10: Column definition s_store

Column Datatype NULLs Foreign Key
stor_store_id char(16) N s store_id
stor_closed_date char(10) d_date
stor_name char(50)
stor_employees integer
stor_floor_space integer
stor_hours char(20)
stor_store_manager char(40)
stor_market_id integer
stor_geography_class char(100)
stor_market_manager char(40)
stor_tax_percentage numeric(5,2)

Table A11: Column definition s_call_center
Column Datatype NULLs Foreign Key
call_center_id char(16) N cc_center_id
call_open_date char(10) d_date
call_closed_date char(10) d_date
call_center_name char(50)
call_center_class char(50)
call_center_employees integer
call_center_sq_ft integer
call_center_hours char(20)
call_center_manager char(40)
call_center_tax_percentage numeric(7,2)

Table A12: Column definition s_web_site
Column Datatype NULLs Foreign Key
wsit_web_site_id char(16) N web_site_id
wsit_open_date char(10) d_date
wsit_closed_date char(10) d_date
wsit_site_name char(50)
wsit_site_class char(50)
wsit_ste_manager char(40),
wsit_tax_percentage decimal(5,2)

Table A13: Column definition s_warehouse
Column Datatype NULLs Foreign Key
wrhs_warehouse_id char(16) N w_warehouse_id
wrhs_warehouse_desc char(200)
wrhs_warehase_sq_ft integer

Table A14: Column definition s_web_page
Column Datatype NULLs Foreign Key
wpag_web_page_id char(16) N web_page_id
wpag_create_date char(10) d_date
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Column Datatype NULLs Foreign Key
wpag_access_date char(10) d_date
wpag_autogen_flag char(1)
wpag_url char(100)
wpag_type char(50)
wpag_char_cnt integer
wpag_link_cnt integer
wpag_image_cnt integer
wpag_max_ad_cnt integer
Table A15: Column definition s_promotion
Column Datatype NULLs | Foreagn Key
prom_promotion_id char(16) N
prom_promotion_name char(30)
prom_start_date char(10) d_date
prom_end_date char(10) d_date
prom_cost numeric(7,2)
prom_response_target char(1)
prom_channel_dmail char(1)
prom_channel_email char(1)
prom_channel_catalog char(1)
prom_channel_tv char(1)
prom_channel_radio char(1)
prom_channel_press char(1)
prom_channel_event char(1)
prom_channel_demo char(1)
prom_channel_details char(100)
prom_purpose char(15)
prom_discount_act® char(1)
Table A16: Column definition s_store_returns
Column Datatype NULLs | Foreign Key
sret_store_id char(16) s_store_id
sret_purchase_id char(16) N
sret_line_number integer N
sret_item_id char(16) N
sret_custorer_id char(16) s_customer_id
sret_return_date char(10) d_date
sret_return_time char(10) t_time
sret_ticket_number char(20)
sret_return_qty integer
sret_return_amount numeric(7,2)
sret_return_tax numeric(7,2)
sret_return_fee numeric(7,2)
sret_return_ship_cost numeric(7,2)
sret_refunded_cash numeric(7,2)
sret_reversed_charge numeric(7,2)
sret_store_credit numeric(7,2)
sret_reason_id char(16) r_reason_id
Table A17: Column definition s_catalog_tiens
Column Datatype NULLs | Foreign Key
cret_call_center_id char(16) cc_call_center_id
cret_order_id integer N
cret_line_number integer N
cret_item_id char(16) N i_item_id
cret_return_customer _id char(16) c_customer_id
cret_refund_customer id cha(16) c_customer_id
cret_return_date char(10) d_date
cret_return_time char(10) t_time
cret_return_qty integer
cret_return_amt numeric(7,2)
cret_return_tax numeric(7,2)
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Column Datatype NULLs Foreign Key
cret_return_fee numeric(7,2)
cret_return_ship_cost numeric(7,2)
cre_refunded_cash numeric(7,2)
cret_reversed_charge numeric(7,2)
cret_merchant_credit numeric(7,2)
cret_reason_id char(16) r_reason_id
cret_shipmode_id char(16)
cret_catalog_page_id char(16)
cret_warehouse_id char(16)
Table A18: Column definition s_web_returns
Column Datatype NULLs Foreign Key
wret_web_page_id char(16) wp_web_page_id
wret_order_id integer N
wret_line_number integer N
wret_item_id char(16) N i_item_id
wret_return_customer_id char(16) c_customer_id
wret_refund_customer_id char(16) c_customer_id
wret_return_date char(10) d_date
wret_return_time char(10) t_time
wret_return_gty integer
wret_return_amt numeric(7,2)
wret_return_tax numeric(7,2)
wret_return_fee numeric(7,2)
wret_return_ship_cost numeric(7,2)
wret_refunded_cash numeric(7,2)
wret_reversed_charge numeric(7,2)
wret_account_credit numeric(7,2)
wret_reason_id char(16) r_reason_id
Table A19: Column definition s_inventory
Column Datatype NULLs Foreign Key
invn_warehouse _id char(16), N w_warehouse _id
invn_item_id char(16), N i_item_id
invn_date char(10) N d_date
invn_qty _on_hand integer
Table A20: Column definition s_catalog_page
Column Datatype NULLs | Foreign Key
cpag_catalog_number integer N
cpag_catalog_page number integer N
cpag_department char(20)
cpag_id char(16)
cpag_start_date char(10) d_date
cpag_end_date char(10) d_date
cpag_description varchar(100)
cpag_type varchar(100)

A.2 Relationships between source schema tables
The following relationships are defined between source schema tables:

Table A21: Column definition

Source Schema Tablg Source Schema Table 2
1

S_purclase
s_web_order
s_catalog_order

Join Condition

s_purchse_lineitem
s_web_order_lineitem
s_catalog_order_lineitem

purc_purchase id = plin_purchase_id
word_order_id = wlin_order_id
cord_order_id = clin_order_id
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B.1

B.2

B.3

B.4

B.5

Appendix B: Business Questions

Comment: The leading zeros in the numerical sufised when parameters hold multiple values match the
output of dsqgen. The leading zeros do not appear in the query templates.

queryl.tpl

Find customers who have returned items more than 20% more often than the average customer returns for a
store in a yen state for a given year.

Qualification Substitution Parameters:

1 YEAR.01=2000
1 STATE.O01=TN
1 AGG_FIELD.O01 = SR_RETURN_AMT

query2.tpl

Report the increase of weekly web and catalog sales from one year to the next year for each week. That is,
compute the inease of Monday, Tuesday, ... Sunday sales from one year to the following.

Qualification Substitution Parameters:

1 YEAR.01=2001

query3.tpl

Report the total extended sales price per item brand of a specific manufacturer for all sales in a specific month
of the year.

Qualification Substitution Parameters:

T MONTH.01=11
T MANUFACT=128
1 AGGC =s ext _sales_price

query4.tpl

Find customers who spend more money via catalog than in stores. Identify preferred customers and their
country of origin.

Qualification Substittion Parameters:

1 YEAR.01=2001
I SELECTONE.O1# s _secyear.customer_preferred_cust flag

query5.tpl

Report sales, profit, return amount, and net loss in the store, catalog, and web channelsifor withdow.
Rollup results by sales channel and channel 8pesziles method (store for store sales, catalog page for catalog
sales and web site for web sales)

Qualification Substitution Parameters:

1 SALES_DATE.01=200@8-23
1 YEAR.01=2000

TPC Bench m8&tankldd SpeSification, Version 2.5.0 Pagel00of 137



B.6

B.7

B.8

query6.tpl

List all the states with at least 10 customers who during a givathrbought items with the price tag at least

20% higher than the average price of items in the same category.

Qualification Substitution Parameters:

1
1

MONTH.01=1
YEAR.01=2001

query7.tpl

Compute the average quantity, list price, discount, and sales prigefootional items sold in stores where the
promotion is not offered by mail or a special event. Restrict the results to a specific gender, marital and

educational status.

Quialification Substitution Parameters:

f
f
f
f

YEAR.01=2000
ES.01=College
MS.01=S
GEN.01=M

query8.tpl

Compute the net profit of stores located in 400 Metropolitan areas with more than 10 preferred customers.

Qualification Substitution Parameters:

B R I I e

Z1P.01=24128
ZIP.02=76232
ZIP.03=65084
Z1P.04=87816
Z1P.05=83926
ZIP.06=77556
Z1P.07=20548
Z1P.08=26231
ZIP.09=43848
ZIP.10=15126
ZI1P.11=91137
ZIP.12=61265
Z1P.13=98294
Z1P.14=25782
Z1P.15=17920
Z1P.16=18426
Z1P.17=98235
ZIP.18=40081
ZIP.19=84093
ZIP.20=28577
ZIP.21=55565
Z1P.22=17183
Z1P.23=54601
Z1P.24=67897
Z1P.25=22752
Z1P.26=86284
ZIP.27=18376

ZIP.81=57834
ZIP.82=62878
ZIP.83=49130
Z1P.84=81096
Z1P.85=18840
Z1P.86=27700
Z1P.87=23470
Z1P.88=50412
ZIP.89=21195
ZIP.90=16021
ZIP.91=76107
ZIP.92=71954
Z1P.93=68309
Z1P.94=18119
Z1P.95=98359
Z1P.96=64544
Z1P.97=10336
ZIP.98=86379
ZIP.99=27068

ZIP.161=13354 ZIP.241=15734 ZIP.321=78668
ZIP.16245375 ZIP.242=63435 ZIP.322=22245
ZIP.163=40558 ZIP.243=25733 ZIP.323=15798
Z1P.164=56458 ZIP.244=35474 ZIP.324=27156
Z1P.165=28286 ZIP.245=24676 ZIP.325=37930
Z1P.166=45266 ZIP.246=94627 ZIP.326=62971
ZIP.167=47305 ZIP.247=53535 ZIP.327=21337
Z1P.168=69399 ZIP.248=17879 ZIP.328=51622
ZIP.169=83921 ZIP.249=15559 ZIP.329=67853
ZIP.170=26233 ZIP.250=53268 ZIP.330=10567
ZIP.171=11101 ZIP.251=59166 ZIP.331=38415
ZIP.172=15371 ZIP.252=11928 ZIP.332=15455
ZIP.173=69913 ZIP.253=59402 ZIP.333=58263
ZIP.174=35942 Z|P.254=33282 ZIP.334=42029
ZIP.175=15882 ZIP.255=45721 ZIP.335=60279
ZIP.176=25631 ZIP.256=43933 ZIP.336=37125
ZIP.177=2460 ZIP.257=68101 ZIP.337=56240
ZIP.178=44165 ZIP.258=33515 ZIP.338=88190
ZIP.179=99076 ZIP.259=36634 ZIP.339=50308

ZIP.100=39736 ZIP.180=33786 ZIP.260=71286 ZIP.340=26859
ZIP.101-98569 ZIP.181=70738 ZIP.261=19736 ZIP.341=64457
Z1P.102=28915 ZIP.182=26653 ZIP.262=58058 ZIP.342=89091
Z1P.103=24206 ZIP.183=14328 ZIP.263=55253 ZIP.343=82136
Z1P.104=56529 ZIP.184=72305 ZIP.264=67473 ZIP.344=62377
ZI1P.105=57647 ZIP.185=62496 ZIP.265=41918 ZIP.345=36233
Z1P.106=54917 ZIP.186=22152 ZIP.266=19515 ZIP.346=63837
ZIP.107=42961 ZIP.187=10144 ZIP.267=36495 ZIP.347=58078
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ZIP.28=38607
Z1P.29=45200
ZIP.30=21756
Z1P.31=29741
ZIP.32=96765
ZIP.33=23932
ZIP.34=89360
ZIP.35=29839
Z1P.36=2589

ZIP.37=28898
Z1P.38=91068
ZIP.39=72550
ZIP.40=10390
ZIP.41=18845
ZI1P.42=47770
ZIP.43=82636
Z1P.44=41367
ZIP.45=76638
ZI1P.46=86198
Z1P.47=81312
Z1P.48=37126
ZIP.49=39192
ZIP.50=88424
ZIP.51=72175
ZIP.52=81426
ZIP.53=53672
Z1P.54=10445
ZIP.55=42666
ZIP.56=66864
ZIP.57=66708
ZIP.58=41248
ZIP.59=48583
ZIP.60=82276
ZIP.61=18842
ZIP.62=18890

Z1P.63=49448
Z1P.64=14089
Z1P.65=38122
Z1P.66=34425
ZIP.67=79077
ZIP.68=19849
ZIP.69=43285
ZIP.70=39861
ZIP.71=66162
ZIP.72=77610
ZIP.73=13695
ZIP.74=99543
Z1P.75=83444
ZIP.76=83041
ZIP.77=12305
ZIP.78=57665
ZIP.79=68341

ZIP.108=91110 ZIP.188=64147 ZIP.268=DB430 ZIP.348=17043
ZI1P.109=63981 ZIP.189=48425 ZIP.269=22351 ZIP.349=30010
Z1P.110=14922 ZIP.190=14663 ZIP.270=77191 ZIP.350=60099
ZIP.111=36420 ZIP.191=21076 ZIP.271=91393 ZIP.351=28810
ZIP.112=23006 ZIP.192=18799 ZIP.272=49156 ZIP.352=98025
ZIP.113=67467 ZIP.193=30450 ZIP.273=50298 ZIP.353=29178
ZIP.114=32754 ZIP.194=63089 ZIP.274=87501 ZIP.354=87343
Z1P.115=30903 ZIP.195=81019 ZIP.275=18652 ZIP.355=73273
Z1P.116=20260 ZIP.196=68893 ZIP.276=53179 ZIP.356=30469
ZIP.117=31671 ZIP.197=24996 ZIP.277=18767 ZIP.357=64034
Z1P.118=51798 ZIP.198=51200 ZIP.278=63193 ZIP.358=39516
ZIP.119=72325 ZIP.199=51211 ZIP.279=23968 ZIP.359=86057
ZIP.120=85816 ZIP.200=45692 ZIP.280=65164 ZIP.360=21309
ZIP.121=68621 ZIP.201=92712 ZIP.281=68880 ZIP.361=90257
ZIP.122=13955 ZIP.202=70466 ZIP.282=21286 ZIP.362=67875
ZIP.123=36446 ZIP.203=7994 ZIP.283=72823 ZIP.363=40162
Z1P.124=41766 ZIP.204=22437 ZIP.284=58470 ZIP.364=11356
Z1P.125=68806 ZIP.205=25280 ZIP.285=67301 ZIP.365=73650
Z1P.126=16725 ZIP.206=38935 ZIP.286=13394 ZIP.366=61810
Z1P.127=15146 ZIP.207=71791 ZIP.287=31016 ZIP.367=72013
Z1P.128=22744 ZIP.208=73134 ZIP.288=70372 ZIP.368=30431
ZIP.129=35850 ZIP.209=56571 ZIP.289=67030 ZIP.369=22461
ZIP.130=88086 ZIP.210=14060 ZIP.290=40604 ZIP.370=19512
ZIP.131=51649 ZIP.211=19505 ZIP.291=24317 ZIP.371=13375
ZIP.132=18270 ZIP.212=72425 ZIP.292=45748 ZIP.372=55307
ZIP.133=52867 ZIP.213=56575 ZIP.293=39127 ZIP.373=30625
Z1P.134=39972 ZIP.214=74351 ZIP.294-26065 ZIP.374=83849
ZIP.135=96976 ZIP.215=68786 ZIP.295=77721 ZIP.375=68908
ZIP.136=63792 ZIP.216=51650 ZIP.296=31029 ZIP.376=26689
ZIP.137=11376 ZIP.217=20004 ZIP.297=31880 ZIP.377=96451
ZIP.138=94898 ZIP.218=18383 ZIP.298=60576 ZIP.378=38193
ZIP.139=13595 ZIP.219=76614 ZIP.299=24671 ZIP.379=46820
ZIP.140=10516 ZIP.220=11634 ZIP.300=45549 ZIP.380=88885
ZIP.141=90225 ZIP.221=18906 ZIP.301=13376 ZIP.381=84935
ZIP.142=58943 ZIP.222=15765 ZIP.302=50016 ZIP.382=69035
Z1P.143=39371 ZIP.223=41368 ZIP.303=33123 ZIP.383=83144
ZIP.144=94945 ZIP.224=73241 ZIP.304=19769 ZIP.384=47537
Z1P.145=28587 ZIP.225=76698 ZIP.305=22927 ZIP.385=56616
Z1P.146=96576 ZIP.226=78567 ZIP.306=97789 ZIP.386=94983
ZIP.147=57855 ZIP.227=97189 ZIP.307=46081 ZIP.387=48033
ZIP.148=28488 ZIP.228=28545 ZIP.308=72151 ZIP.388=69952
ZIP.149=26105 ZIP.229=7@31 ZIP.309=15723 ZIP.389=25486
ZIP.150=83933 ZIP.230=75691 ZIP.310=46136 ZIP.390=61547
ZIP.151=25858 ZIP.231=22246 ZIP.311=51949 ZIP.391=27385
Z1P.152=34322 ZIP.232=51061 ZIP.312=68100 ZIP.392=61860
Z1P.153=44438 ZIP.233=90578 ZIP.313=96888 ZIP.393=58048
ZIP.154=73171 ZIP.234=56691 ZIP.314=64528 ZIP.394=56910
Z1P.155=30122 ZIP.235=68014 ZIP.315=14171 ZIP.395=16807
ZIP.156=34102 ZIP.236=51103 ZIP.316=79777 ZIP.396=1781

ZIP.157=22685 ZIP.237=94167 ZIP.317=28709 ZIP.397=35258
ZIP.158=71256 ZIP.238=57047 ZIP.318=11489 ZIP.398=31387
ZIP.159=78451 ZIP.239=14867 ZIP.319=25103 ZIP.399=35458
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1 ZIP.80=25003 ZIP.160=54364 ZIP.240=73520 ZIP.320=32213 ZIP.400=35576
1 QOY.01=2
1 YEAR.01=1998

B.9 query9.tpl

Categorize store sales transactions into 5 buckets according to the number of iterBacolducket contains
the average discount amount, sales price, list price, tax, net paid, paid price qhtdxdior net profit..

Quialification Substitution Parameters:

AGGCTHENO1=ss_ext_discount_amt
AGGCELSEOQ1=ss_net_paid
RC.01=74129

RC.02=122840

RC.03=56580

RC.04=10097

RC.05=165306

=A =4 =4 -4 -4 -8 -9

B.10 queryl0.tpl

Count the customers with the same gender, marital statugtedustatus, purchase estimate, credit rating,
dependent count, employed dependent count and college dependent count who live in certain counties and who
have purchased from both stores and another sales channel during a three month time period yéar given

Qualification Substitution Parameters:

YEAR.O1 = 2002

MONTH.01 =1

COUNTY.01 = Rush County
COUNTY.02 = Toole County
COUNTY.03 = Jefferson County
COUNTY.04 = Dona Ana County
COUNTY.05 = La Porte County

=A =4 =4 -4 -4 -84

B.11 queryll.tpl

Find customers whose increase pesding was large over the web than in stores this year compared to last
year.

Qualification Substitution Parameters:

1 YEAR.01 =2001
1 SELECTONE =_s_secyearustomer preferred_cust_flag

B.12 queryl2.tpl

Compute the revenue ratios across item classes: Foiteackn a list of given categories, during a 30 day time
period, sold through the web channel compute the ratio of sales of that item to the sum of all of the sales in that
item's class.

Quialification Substitution Parameters

1 CATEGORY.01 = Sports
1 CATEGORYD2 = Books
T CATEGORY.03 = Home
1 SDATE.O01 = 199902-22
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1 YEAR.01 =1999

B.13 queryl13.tpl

Calculate the average sales quantity, average sales price, average wholesale cost, total wholesale cost for store
sales of different customer types (e.g., based on maritas statucation status) including their household
demographics, sales price and different combinations of state and sales profit for a given year.

Qualification Substitution Parameters:

1 STATE.01=TX

1 STATE.02=0OH

1 STATE.03=TX

1 STATE.04 =OR

1 STATE.O5=NM

1 STATE.06 = KY

1 STATE.07 =VA

1 STATE.08=TX

i STATE.09 =MS

1 ES.O01 = Advanced Degree
1 ES.02 = College

1 ES.03 =2 yr Degree
1 MS.01=M

1 MS.02=S

1 MS.03=W

B.14 queryl4.tpl)
This query contains multiple iterations:

Iteration 1: First identify items in the same brand, classl category that are sold in all three sales channels in
two consecutive years. Then compute the average sales (quantity*list price) across all sales of all three sales
channels in the same three years (average sales). Finally, compute the total sakesoaaichumber of sales

rolled up for each channel, brand, class and category. Only consider sales of cross channel sales that had sales
larger than the average sale.

Iteration 2: Based on the previous query compare December store sales.
QualificationSubstitution Parameters:

1 DAY.01=11
1 YEAR.01=1999

B.15 queryl5.tpl

Report the total catalog sales for customers in selected geographical regions or who made large purchases for a
given year and quarter.

Qualification Substitution Parameters:

1 QOY.01=2
1 YEAR.01 =2001
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B.16 queryl16.tpl

Report number of orders, total shipping costs and profits from catalog sales of particular counties and states for
a given 60 day period for neneturned sales filled from an alternate warehouse.

Qualification Substitution Parameters:

1 COUNTY_E.O1 = Williamson County
1 COUNTY_D.01 = Williamson County
1 COUNTY_C.01 = Williamson County
1 COUNTY_B.01 = Williamson County
1 COUNTY_A.O01 = Williamson County
1 STATE.O1=GA

1 MONTH.01=2

Al

YEAR.O01 = 2002

B.17 queryl7.tpl

Analyze, for each state, all items thagre sold in stores in a particular quarter and returned in the next three
quarters and then+gurchased by the customer through the catalog channel in the three following quarters.

Quialification Substitution Parameters:

1 YEAR.01 =2001

B.18 queryl8.tpl

Computefor each county, the average quantity, list price, coupon amount, sales price, net profit, age, and
number of dependents for all items purchased through catalog sales in a given year by customers who were born
in a given list of six months and living ingiven list of seven states and who also belong to a given gender and
education demographic.

Quialification Substitution Parameters:

MONTH.01 =1
MONTH.02 = 6
MONTH.03 =8
MONTH.04 =9
MONTH.05 =12
MONTH.06 =2
STATE.01 = MS
STATE.02 = IN
STATE.03 = ND
STATE.04 = OK
STATE.05 = NM
STATE.06 = VA
STATE.07 = MS
ES.01 = Unknown
GEN.O1=F
YEAR.01 = 1998

=4 =8 =844 _4_4_4_49_4_49_49_-4.-4°.-°

B.19 query19.tpl

Select the top revenue generating products bought by out of zip code customers for a given year, month and
manager. Qualification Substitution Pardens

1 MANAGER.01 =38
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! MONTH.01=11
1 YEAR.01 =1998

B.20 query20.tpl

Compute the total revenue and the ratio of total revenue to revenue by item class for specified item categories
and time periods.

Qualification Substitution Parameters:

CATEGORY.01 = Sports
CATEGORY.02 = Books
CATEGORY.03 = Home
SDATE.O1 = 199902-22
YEAR.01 = 1999

=A =4 =4 -8 -4

B.21 query21.tpl

For all items whose price was changed on a given date, compute the percentage change in inventory between
the 3Qday period BEFORE the price change and thel@pperiod AFER the change. Group this information
by warehouse.

Quialification Substitution Parameters:

1 SALES_DATE.O1 = 200311
1 YEAR.01 =2000

B.22 query22.tpl

For each product name, brand, class, category, calculate the average quantity on hand. Rollup datatby produc
name, brand, class and category.

Qualification Substitution Parameters:

1 DMS.01=1200

B.23 query23.tpl
This query contains multiple, related iterations:

Find frequently sold items that were sold more than 4 times on any day during four consecutive yegrs throu
the store sales chann€ompute the maximum store sales made by any given customer in a period of four
consecutive years (same as abo@®mpute the best store customers that are in the 5th percentile of sales.

Finally, compute the total web and catglkales ira particular montimade by our best store customers buying
our most frequent store items.

Quialification Substitution Parameters:

1 MONTH.01=2
1 YEAR.01 =2000
1 TOPPERCENT=50

TPC Bench m8&tankldd SpeSification, Version 2.5.0 Pagel06o0f 137



B.24 query24.tpl
This query contains multiple, related iterations:

Iteration 1 Calculate the total specified monetary value of items in a specific color for store sales transactions
by customer name and store, in a specific market, from customers who cutrenttjée tin their birth

countries and in the neighborhood of theetand list only those customers for whom the total specified
monetary value is greater than 5% of the average value

Iteration 2: Calculate the total specified monetary value of items in a specific color for store sales transactions
by customer namend store, in a specific market, from customers who currenthyrlive tin their birth

countries and in the neighborhood of the store, and list only those customers for whom the total specified
monetary value is greater than 5% of the average value

Qualification Substitution Parameters:

1 MARKET =8

1 COLOR.1 =peach

1 COLOR.2 =saddle

T AMOUNTONE = ss_net_paid

B.25 query25.tpl
Get all items that were

1 sold in stores in a particular month and year and
1 returnedandre-purchased by the customer through the catalog chantted same month arid thesix
following months.

For these items, compute the sum ofprefit of store sales, net loss of store loss and net profit of catalog .
Group this information by item and store.

Qualification Substitution Parameters:

1 YEAR.01 =2001
1 AGG.01 =sum

B.26 query26.tpl

Computes the average quantity, list price, discount, sales price for promotional items sold through the catalog
channel where the promotion was not offered by mail or in an event for given gender, marital status and
educatioal status.

Qualification Substitution Parameters:

T YEAR.01 =2000
1 ES.O01 = College
1 MS.01=S

1 GEN.O1=M

B.27 query27.tpl

For all items sold in stores located in six states during a given year, find the average quantity, average list price,
average list sales pagaverage coupon amount for a given gender, marital status, education and customer
demographic.

Qualification Substitution Parameters:

1 STATE_F.01=TN
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STATE_E.01=TN
STATE_D.01 =TN
STATE_C.01 =TN
STATE_B.01=TN
STATE_A.01=TN
ES.01 = College
MS.01 =S

GEN.01 =M
YEAR.O01 = 2002

=8 =4 =4 -8 -8 -8 _-a_-a_-9

B.28 query28.tpl

Calculate the average list price, number of non empty (null) list prices and number of distinct list prices of six
different sales buckets of the store sales channel. Each bucket is defined by a range ofetistiacidt
information about list price, coupon amount and wholesale cost.

Quialification Substitution Parameters:

WHOLESALECOST.01=57
WHOLESALECOST.02=31
WHOLESALECOST.03=79
WHOLESALECOST.04=38
WHOLESALECOST.05=17
WHOLESALECOST.06=7
COUPONAMT.01=459
COUPONAMT.02=2323
COUPONAMT.03=12214
COUPONAMT.04=6071
COUPONAMT.05=836
COUPONAMT.06=7326
LISTPRICE.01=8
LISTPRICE.02=90
LISTPRICE.03=142
LISTPRICE.04=135
LISTPRICE.05=122
LISTPRICE.06=154

=4 =4 =4840 _0_0_9_9_4_4_9_4_-49_-29_-2-:-21-

B.29 query29.tpl

Get all items that were sold in stores in a specific month aadand which were returned in the next six
months of the same year andmarchased by the returning customer afterwards through the catalog sales
channel in the following three years.

For those these items, compute the total quantity sold througlotiee tsle quantity returned and the quantity
purchased through the catalog. Group this information by item and store.

Qualification Substitution Parameters:

T MONTH.01=9
1 YEAR.01 =1999
1T AGG.01 =sum
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B.30 query30.tpl

Find customers and their detailed customer déwa have returned items, which they bought on the web, for an
amount that is 20% higher than the average amount a customer returns in a given state in a given time period
across all items. Order the output by customer data.

Quialification Substitution Pameters:

1 YEAR.01 =2002
1 STATE.01=GA

B.31 query31l.tpl

List counties where the percentage growth in web sales is consistently higher compared to the percentage
growth in store sales in the first three consecutive quarters for a given year.

Quialification Substittion Parameters:

1 YEAR.01 =2000
1 AGG.01 =ssl.ca_county

B.32 query32.tpl

Compute the total discounted amount for a particular manufacturer in a particular 90 day period for catalog
sales whose discounts exceeded the average discount by at least 30%.

Quialification Substitution Parameters:

1 CSDATE.O1 = 200@1-27
1 YEAR.01 =2000
1 IMID.01 =977

B.33 query33.tpl

What is the monthly sales figure based on extended price for a specific month in a specific year, for
manufacturers in a specific category in a given time zoneugisales by manufacturer identifier and sort
output by sales amount, by channel, and give Total sales.

Quialification Substitution Parameters:

1 CATEGORY.01 = Electronics
1T GMT.01=-5

T MONTH.01=5

T YEAR.01 =1998

B.34 query34.tpl

Display all customers with specifiuy potentials and whose dependent count to vehicle count ratio is larger
than 1.2, who in three consecutive years made purchases with between 15 and 20 items in the beginning or the
end of each month in stores located in 8 counties.

Qualification Substution Parameters:

COUNTY_H.01 = Williamson County
COUNTY_G.01 = Williamson County
COUNTY_F.01 = Williamson County
COUNTY_E.01 = Williamson County
COUNTY_D.01 = Williamson County
COUNTY_C.01 = Williamson County

= =4 =4 -4 -8 -4
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COUNTY_B.01 = Williamson County
COUNTY_A.01= Williamson County
YEAR.O01 = 1999

BPTWO.01 =Unknown

BPONE.O1 = >10000

=A =4 -8 -8 -9

B.35 query35.tpl

Forthe groups o€ustomers living in the same state, having the same gender and marital status who have
purchased from stores and from either the catalog or the web dugirgn year, display the following:

A state, gender, marital status, count of customers

A min, max, avg, count distinct of the customeros d
A min, max, avg, count distinct of the customeros e
A min, max, avg, countids t i nct of the customeros dependents in

Display / calculate the Acount of customerso mul tiop
Qualification Substitution Parameters:

1 YEAR.01 = 2002
1 AGGONE = min

1 AGGTWO = max
1 AGGTHREE = avg

B.36 query36.tpl
Compute store sales gross profit margin ranking for items in a given year for a given list df states.
Quialification Substitution Parameters:

STATE_H.01=TN
STATE_G.01 =TN
STATE_F.01=TN
STATE_E.01 =TN
STATE_D.0O1=TN
STATE_C.01=TN
STATE B.01=TN
STATE_A.01=TN
YEAR.O01 = 2001

=8 =4 =4 -4 -4 -8 -8 _-9_-9

B.37 query37.tpl

List all items and current prices sold through the catalog channel from certain manufacturers in a given $30
price range and consistently had a quantity between 100 and 500 on handdayap@®iod.

Qualification Substitution Parameters:

PRICE.O1 = 68

MANUFACT_ID.01 = 677
MANUFACT_ID.02 = 940
MANUFACT_ID.03 = 694
MANUFACT_ID.04 = 808
INVDATE.O1 = 200602-01

=4 =4 =4 -4 -8 -9

TPC Bench m8&tankldd SpeSification, Version 2.5.0 Pagel10of 137



B.38 query38.tpl
Display count of customers with purchases from all 3 channels in a given year.
Quialfication Substitution Parameters:

1 DMS.01=1200

B.39 query39.tpl
This query contains multiple, related iterations:

Iteration 1: Calculate the coefficient of variation and mean of every item and warehouse of two consecutive
months

Iteration 2: Find items thatald a coefficient of variation in the first months of 1.5 or large
Qualification Substitution Parameters:

1 YEAR.01 =2001
T MONTH.01=1

B.40 query40.tpl

Compute the impact of an item price change on the sales by computing the total sales for items in a 30 day
period before and after the price change. Group the items by location of warehouse where they were delivered
from.

Qualification Substitution Parameters

1 SALES_DATE.O1 = 200@3-11
1 YEAR.01 =2000

B.41 query4l.tpl
How many items do we carry with specific combinasiarfi color, units, size and category.

Quialification Substitution Parameters

UNIT.08 = Pound
UNIT.09 = Pallet
UNIT.10 = Gross
UNIT.11 = Cup
UNIT.12 = Dram

T MANUFACT.01 =738
M SIZE.01 = medium

1 SIZE.02 = extra large
1 SIZE.03 = N/A

M SIZE.04 = small

1 SIZE.O05 = petite

1 SIZE.06 = large

9 UNIT.01 = Ounce

f UNIT.02=0z

9 UNIT.03 = Bunch

9 UNIT.04 =Ton

T UNIT.05 = N/A

9 UNIT.06 = Dozen

9 UNIT.07 = Box

1

1

1

1

1
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UNIT.13 = Each
UNIT.14 = Thl
UNIT.15=Lb

UNIT.16 = Bundle
COLOR.01 = powder
COLOR.02 = khaki
COLOR.03 = brown
COLOR.04 = honeydew
COLOR.05 = floral
COLOR.06 = deep
COLOR.07 = light
COLOR.08 = cornflower
COLOR.09 = midnight
COLOR.10 =snow
COLOR.11 = cyan
COLOR.12 = papaya
COLOR.13 = orange
COLOR.14 = frosted
COLOR.15 = forest
COLOR.16 = ghost

E I R I IE B BE IEE R |

B.42 query42.tpl
For each item and a specific yeard month calculate the sum of the extended sales price of store transactions.
Qualification Substitution Parameters:

1 MONTH.01 =11
1 YEAR.01 =2000

B.43 query43.tpl
Report the sum of all sales from Sunday to Saturday for stores in a given data range by stores.
Qualification Substitution Parameters:

1 YEAR.01 =2000
1 GMT.01=-5

B.44 query44.tpl
List the best and worst performing products measured by net profit.
Qualification Substitution Parameters:

I NULLCOLSS.01 =ss_addr_sk
1 STORE.01=4

B.45 query45.tpl

Report the total webales for customers in specific zip codes, cities, counties or states, or specific items for a
given year and quarter. .

Qualification Substitution Parameters:

1 QOY.01=2
1 YEAR.O1 = 2001
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1 GBOBC =ca_city

B.46 query46.tpl

Compute the pecustomer coupon amounté net profit of all "out of town" customers buying from stores
located in 5 cities on weekends in three consecutive years. The customers need to fit the profile of having a
specific dependent count and vehicle count. For all these customers pring theciived in at the time of
purchase, the city in which the store is located, the coupon amount and net profit

Quialification Substitution Parameters:

CITY_E.O1 = Fairview
CITY_D.01 = Fairview
CITY_C.01 = Fairview
CITY_B.01 = Midway
CITY_A.01 = Fairview
VEHCNT.01 =3
YEAR.01 = 1999
DEPCNT.01 =4

=4 =4 =4 =4 -4 -8 -8 -9

B.47 query47.tpl

Find the item brands and categories for each store and company, the monthly sales figures for a specified year,
where the monthly sales figure deviated more than 10% of the average monthly saleydar tsorted by
deviation and store. Report deviation of sales from the previous and the following monthly sales.

Qualification Substitution Parameters

1 YEAR.01=1999
1 SELECTONE =v1l1.i_category, v1.i_brand, vl.s_store_name, v1.s_company_name
1 SELECTTWO =yvl.d_year, vi.d_moy

B.48 query48.tpl

Calculate the total sales by different types of customers (e.g., based on marital status, education status), sales
price and different combinations of state and sales profit.

Qualification Substitution Parameters:

MS.01=M
MS02=D
MS.03=S

ES01=4 yr Degree
ES02=2 yr Degree
ES03=College
STATE01=CO
STATE02=0H
STATEQ3=TX
STATE04=0R
STATE05=MN
STATE06=KY
STATEOQ7=VA
STATE08=CA
STATE09=MS
YEAR.01=2000

=4 =4840 _0_0_9_9_4_4_4_4_-°9_-24_-°
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B.49 query49.tpl

Report the worst return ratios (sales to returns) ofeaths for each channel by quantity and currency sorted by
ratio. Quantity ratio is defined as total number of sales to total number of returns. Currency ratio is defined as
sum of return amount to sum of net paid

Qualification Substitution Parameters:

T MONTH.01=12
1 YEAR.01 =2001

B.50 query50.tpl

For each store count the number of items in a specified month that were returned after 30, 60, 90, 120 and more
than 120 days from the day of purchase.

Quialification Substitution Parameters:

1 MONTH.01=8
1 YEAR.01 =2001

B.51 query51.tpl

Compute the count of store sales resulting from promotions, the count of all store sales and their ratio for
specific categories in a particular time zone and for a given year and month.

Quialification Substitution Parameters:

1 DMS.01 =1200

B.52 quer52.tpl
Report the total of extended sales price for all items of a specific brand in a specific year and month.
Qualification Substitution Parameters

1 MONTH.01=11
1 YEAR.01=2000

B.53 query53.tpl

Find the ID, quarterly sales and yearly sales of those manufactrergroduce items with specific
characteristics and whose average monthly sales are larger than 10% of their monthly sales.

Quialification Substitution Parameters:

1 DMS.01=1200

B.54 query54.tpl

Find all customers who purchased items of a given category aswarigdhe web or through catalog in a given
month and year that was followed by arstore purchase at a store near their residence in the three consecutive
months. Calculate a histogram of the revenue by these customers in $50 segments showing tled numbe
customers in each of these revenue generated segments.

Qualification Substitution Parameters:

1 CLASS.01 = maternity
1 CATEGORY.01 =Women
T MONTH.01=12
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1 YEAR.01 =1998

B.55 query55.tpl
For a given year, month and store manager calculate the total storef sag€ombination all brands.
Qualification Substitution Parameters:

1 MANAGER.O1 =28
T MONTH.01=11
1 YEAR.01=1999

B.56 query56.tpl

Compute the monthly sales amount for a specific month in a specific year, for items with three specific colors
across all sales ahnels. Only consider sales of customers residing in a specific time zone. Group sales by
item and sort output by sales amount.

Qualification Substitution Parameters:

COLOR.01 =slate
COLOR.02 = blanched
COLOR.03 = burnished
GMT.01 =-5
MONTH.01 =2
YEAR.O01 = 2001

= =4 =4 =4 -4 -4

B.57 query57.tpl

Find the item brands and categories for each call center and their monthly sales figures for a specified year,
where the monthly sales figure deviated more than 10% of the average monthly sales for the year, sorted by
deviation and all center. Report the sales deviation from the previous and following month.

Qualification Substitution Parameters:

1 YEAR.01=1999
1 SELECTONE =v1l.i_category, v1.i_brand, vl.cc_name
1 SELECTTWO =yvl.d_year, vi.d_moy

B.58 query58.tpl

Retrieve the items generagithe highest revenue and which had a revenue that was approximately equivalent
across all of store, catalog and web within the week ending a given date.

Qualification Substitution Parameters:
1 SALES_DATE.O1 = 20001-03
B.59 query59.tpl
Report the increase ofegkly store sales from one year to the next year for each store and day of the week.
Qualification Substitution Parameters:

1 DMS.01=1212
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B.60 query60.tpl

What is the monthly sales amount for a specific month in a specific year, for items in a specific category
purchased by customers residing in a specific time zone. Group sales by item and sort output by sales amount.

Qualification Substitution Parameters:

CATEGORY.01 = Music
GMT.01 =-5
MONTH.01 =9
YEAR=1998

=A =4 -8 -4

B.61 query61.tpl

Find the ratio of items sold with anmdthout promotions in a given month and year. Only items in certain
categories sold to customers living in a specific time zone are considered.

Qualification Substitution Parameters:

GMT.01 =-5
CATEGORY.01 = Jewelry
MONTH.01 =11
YEAR.O01 = 1998

=A =4 =4 =4

B.62 query62tpl

For web sales, create a report showing the counts of orders shipped within 30 days, from 31 to 60 days, from 61
to 90 days, from 91 to 120 days and over 120 days within a given year, grouped by warehouse, shipping mode
and web site.

Qualification Substution Parameters:

1 DMS.01=1200

B.63 query63.tpl

For a given year calculate the monthly sales of items of specific categories, classes and brands that were sold in
stores and group the results by store manager. Additionally, for every month and managss pearly
average sales of those items.

Quialification Substitution Parameters:

1 DMS.01=1200

B.64 query64.tpl

Find those stores that sold more crsakes items from one year to another. Csade items are items that are
sold over the Internet, by catalagd in store.

Qualification Substitution Parameters:

YEAR.O01 = 1999
PRICE.O1 = 64
COLOR.01 = purple
COLOR.02 = burlywood
COLOR.03 = indian
COLOR.04 = spring
COLOR.05 = floral
COLOR.06 = medium

=A =4 =4 -4 -4 889
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B.65 query65.tpl

In a given period, for each store, report thedfstems with revenue less than 10% the average revenue for all
the items in that store.

Qualification Substitution Parameters:

1 DMS.01=1176

B.66 query66.tpl

Compute web and catalog sales and profits by warehouse. Report results by month for a givemgear du
given 8hour period.

Quialification Substitution Parameters

SALESTWO.01 = cs_sales_price
SALESONE.O1 = ws_ext_sales_price
NETTWO.01 = cs_net_paid_inc_tax
NETONE.O1 = ws_net_paid

SMC.01 = DHL

SMC.02 = BARIAN

TIMEONE.O1 = 30838

YEAR.O1 = 2001

=4 =4 =4 =4 -4 -8 -84

B.67 query67.pl
Find top stores for each category based on store sales in a specific year.
Qualification Substitution Parameters:

1 DMS.01=1200

B.68 query68.tpl

Compute the per customer extended sales price, extended list price and extended tax for "out of town" shoppers
buying from stores located in two cities in the first two days of each month of three consecutive years. Only
consider customers with specific dependent and vehicle counts.

Qualification Substitution Parameters:

CITY_B.01 = Midway
CITY_A.01 = Fairview
VEHCNT.01 =3
YEAR.O01 = 1999
DEPCNT.01 =4

=A =4 =4 -4 A

B.69 query69.tpl

Count the customers with the same gender, marital status, education status, education status, purchase estimate
and credit rating who live in certain states and who have purchased from stores but neittiee fratalog nor
from the web during a two month time period of a given year.

Qualification Substitution Parameters:

1 STATE.O1 = KY
1 STATE.02 = GA
1 STATE.03 =NM
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1 YEAR.01 =2001
1T MONTH.01=4
B.70 query70.tpl

Compute store sales net profit ranking by state andtgdar a given year and determine the five most
profitable states.

Qualification Substitution Parameters:

1 DMS.01=1200

B.71 query71.tpl

Select the top revenue generating products, sold during breakfast or dinner time for one month managed by a
given manageraoss all three sales channels.

Qualification Substitution Parameters:

1T MANAGER.01=1
T MONTH.01=11
1 YEAR.01=1999

B.72 query72.tpl
For each item, warehouse and week combination count the number of sales with and without promotion.
Quialification Substitution Rameters:

1 BP.01=>10000
1 MS.01=D
1 YEAR.01 =1999

Comment: The addingpft he scal ar number 5 t3d dhtt>dll.ddladees i n t he
means that 5 days are added talddate.

B.73 query73.tpl

Count the number of customers with specific buy potergiatswhose dependent count to vehicle count ratio is
larger than 1 and who in three consecutive years bought in stores located in 4 counties between 1 and 5 items in
one purchase. Only purchases in the first 2 days of the months are considered.

Quialification Substitution Parameters:

COUNTY_D.01 = Orange County
COUNTY_C.01 = Bronx County
COUNTY_B.01 = Franklin Parish
COUNTY_A.01 = Williamson County
YEAR.O01 = 1999

BPTWO.01 =Unknown

BPONE.01 = >10000

=4 =4 =8 -8 -8 -89
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B.74 query74.tpl

Display customers with both store and welesah consecutive years for whom the increase in web sales
exceeds the increase in store sales for a specified year.

Qualification Substitution Parameters:

YEAR.01 = 2001
AGGONE.O1 = sum
ORDERC.01 =1
ORDERC.02=1
ORDERC.03=1

=A =4 =8 -8 -9

B.75 query75.tpl
For two consedive years track the sales of items by brand, class and category.
Qualification Substitution Parameters:

1 CATEGORY.01 = Books
1 YEAR.01=2002

B.76 query76.tpl

Computes the average quantity, list price, discount, sales price for promotional items sold threweih the
channel where the promotion is not offered by mail or in an event for given gender, marital status and
educational status.

Quialification Substitution Parameters:

1 NULLCOLCS.01 =cs_ship_addr_sk
1 NULLCOLWS.01 =ws_ship_customer_sk
T NULLCOLSS.01 = ss_storesk

B.77 query77.tpl

Report the total sales, returns and profit for all three sales channels for a given 30 dayRatiod.the
results by channel and a unique channel location identifier.

Quialification Substitution Parameters:

1 SALES_DATE.O1 = 200@8-23

B.78 query78.tpl

Report the top customer / item combinations having the highest ratio of store channel sales to all other channel
sales (minimum 2 to 1 ratio), for combinations with at least one store sale and one other chanDetisalbe
output by highestatio.

Qualification Substitution Parameters:

1 YEAR.01 =2000
1 SELECTONE.O1 =ss_sold_year, ss_item_sk, ss_customer_sk
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B.79 query79.tpl

Compute the per customer coupon amount and net profit of Monday shoppers. Only purchases of three
consecutive years made on Miays in large stores by customers with a certain dependent count and with a
large vehicle count are considered.

Qualification Substitution Parameters:

1 VEHCNT.01=2
1 YEAR.01=1999
1 DEPCNT.01=6

B.80 query80.tpl

Report extended sales, extended net profit atding in the store, catalog, and web channels for a 30 day
window for items with prices larger than $50 not promoted on television, rollup results by sales channel and
channel specific sales means (store for store sales, catalog page for catalog seddssitedor web sales)

Qualification Substitution Parameters:

1 SALES_DATE.O1 = 200@8-23

B.81 query81.tpl

Find customers and their detailed customer data who have returned items bought from the catalog more than 20
percent the average customer returns fororuets in a given state in a given time period. Order output by
customer data.

Qualification Substitution Parameters:

1 YEAR.01 =2000
1 STATE.O1=GA

B.82 query82.tpl
Find customers who tend to spend more moneydaiet) online than in stores.

Qualification Substution Parameters

1 MANUFACT_ID.01 =129
1 MANUFACT_ID.02 = 270
1 MANUFACT_ID.03 = 821
1 MANUFACT_ID.04 = 423
1 INVDATE.O1 = 200605-25
1 PRICE.O1 =62

B.83 query83.tpl

Retrieve the items with the highest number of returns where the number of returns was approximately
equivalent across all store, catalog and web channels (within a tolerancel6f4), within the week ending a
given date.

Qualification Substitution Parameters

1 RETURNED_DATE_THREE.O1 = 20001-17
1 RETURNED_DATE_TWO.01 = 20009-27
1 RETURNED_DATE_ONE.O1 = 2aB06-30
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B.84 query84.tpl
List all customers living in a specified city, with an income between 2 values.
Quialification Substitution Parameters

7 INCOME.O1 = 38128
1 CITY.01 = Edgewood

B.85 query85.tpl

For all web return reason calculate the average sales, averagestetastt and average return fee by different
combinations of customer and sales types (e.g., based on marital status, education status, state and sales profit).

Quialification Substitution Parameters:

1 YEAR.01 =2000

1 STATE.0O1=IN

1 STATE.02=OH

1 STATE.03 =NJ

1 STATE.04 = WI

1 STATE.0O5=CT
 STATE.06 = KY

1 STATE.O7 =LA

i STATE.08 = 1A
 STATE.09 = AR

1 ES.O01 = Advanced Degree
1 ES.02 =College

T ES.03 =2 yr Degree
T MS.01=M

T MS.02=S

1T MS.03=W

B.86 query86.tpl

Rollup the web sales for a given year by category and class, antheasédes among peers within the parent,
for each group compute sum of sales, location with the hierarchy and rank within the group.

Qualification Substitution Parameters:

1 DMS.01=1200

B.87 query87.tpl

Count how many customers have ordered on the same daydtethe web and the catalog and on the same
day have bought items in a store.

Qualification Substitution Parameters:

1 DMS.01=1200
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B.88 query88.tpl

How many items do we sell between pacific times of a day in certain stores to customers with one dependent
court and 2 or less vehicles registered or 2 dependents with 4 or fewer vehicles registered or 3 dependents and
five or less vehicles registered. In one row break the counts into sells from 8:30 to 9, 9 to 9:30, 9:30 to 10 ... 12
to 12:30

Quialification Substution Parameters:

STORE.01=Unknown
HOUR.01=4
HOUR.02=2
HOUR.03=0

=A =4 =8 -9

B.89 query89.tpl

Within a year list all month and combination of item categories, classes and brands that have had monthly sales
larger than 0.1 percent of the total yearly sales.

Qualification Substitution Parameters:

CLASS_F.01 =dresses
CAT_F.01 = Women
CLASS_E.O1 = birdal
CAT_E.O1 = Jewelry
CLASS_D.01 = shirts
CAT_D.01 = Men
CLASS_C.01 = football
CAT_C.01 = Sports
CLASS_B.01 = stereo
CAT_B.01 = Electronics
CLASS_A.01 = computers
CAT_A.01 = Boks
YEAR.O01 = 1999

=4 =8 =8 =448 849 _9_9_°9_-°9

B.90 query90.tpl

What is the ratio between the number of items sold over the internet in the morning (8 to 9am) to the number of
items sold in the evening (7 to 8pm) of customers with a specified number of dependents. Consider only
websites wth a high amount of content.

Qualification Substitution Parameters:

1 HOUR_PM.01 =19
1T HOUR_AM.01=8
1 DEPCNT.01=6

B.91 query9l.tpl

Display total returns of catalog sales by call center and manager in a particular month for male customers of
unknown educationrdemale customers with advanced degrees with a specified buy potential and from a
particular time zone.

Qualification Substitution Parameters:

1 YEAR.01 =1998
1 MONTH.01=11
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1 BUY_POTENTIAL.O1 = Unknown
1 GMT.01=-7

B.92 query92.tpl

Compute the total discount on lweales of items from a given manufacturer over a particular 90 day period for
sales whose discount exceeded 30% over the average discount of items from that manufacturer in that period of
time.

Quialification Substitution Parameters:

1 IMID.01 =350
1 WSDATE.QL = 200001-27

B.93 query93.tpl

For a given merchandise return reason, report on cu
items.

Qualification Substitution Parameters:

 REASON.O1=reason 28

B.94 query94.tpl

Produce a count of web sales andltstépping cost and net profit in a given 60 day period to customers in a
given state from a named web site for non returned orders shipped from more than one warehouse.

Qualification Substitution Parameters:

1 YEAR.01 =1999
1 MONTH.01=2
1 STATE.Ol1=IL

B.95 queng5.tpl

Produce a count of web sales and total shipping cost and net profit in a given 60 day period to customers in a
given state from a named web site for returned orders shipped from more than one warehouse.

Qualification Substitution Parameters:

1 STATEO1=IL
1 MONTH.01=2
1 YEAR.01=1999

B.96 query96.tpl

Compute a count of sales from a named store to customers with a given number of dependents made in a
specified half hour period of the day.

Qualification Substitution Parameters:

1 HOUR.01 =20
1 DEPCNT.01=7
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B.97 query97tpl

Generate counts of promotional sales and total sales, and their ratio from the web channel for a particular item
category and month to customers in a given time zone.

Qualification Substitution Parameters:

1 DMS.01=1200

B.98 query98.tpl
Report on items solih a given 30 day period, belonging to the specified category.
Quialification Substitution Parameters

YEAR.01 = 1999
SDATE.O1 = 199902-22
CATEGORY.01 = Sports
CATEGORY.02 = Books
CATEGORY.03 = Home

=A =4 =4 -8 -9

B.99 query99.tpl

For catalog sales, create a report showilegcthunts of orders shipped within 30 days, from 31 to 60 days, from
61 to 90 days, from 91 to 120 days and over 120 days within a given year, grouped by warehouse, call center
and shipping mode.

Quialification Substitution Parameters

1 DMS.01=1200
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Appendix C: ApprovedQuery Variants

The following Query variants are approved. F$able0-1 for location of Original Query Template and
Approved Query Variant Templates.

Original Query Template Approved Query Variant Template
Quen0.tpl Queryl0a.tpl
Query18.tpl Queryl8apl
Query27.tpl Query2atpl
Query35.tpl Query35a.tpl
Query36.tpl Query3@.tpl
Query51.tpl Query5h.tpl
Query70.tpl Query7@.tpl
Query77.tpl Query7atpl
Query80.tpl Query8@.tpl
Query86.tpl Query8a.tpl
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