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0.1

0: INTRODUCTION

Preamble

The TPC Benchmateld (TPGH) is a decision support benchmark. It consists of a suite of business orieifited ad

gueries and concurrent data modifications. The queries and the data populating the database have been chosen ftc
have broad industrwide relevance while maintdailg a sufficient degree of ease of implementation. This
benchmark illustrates decision support systems that

. Examine large volumes of data;
. Execute queries with a high degree of complexity;
. Give answers to critical business questions.

TPGH evaluates thegsformance of various decision support systems by the execution of sets of queries against a
standard database under controlled conditions. TheHgGeries:

. Give answers to reatorld business questions;

. Simulate generated dtc queries (e.g., via a poiand click GUI interface);

. Are far more complex than most OLTP transactions;

. Include a rich breadth of operators and selectivity constraints;

. Generate intensive activity on the part of the database server component of the system under test;

. Are executedgainst a database complying to specific population and scaling requirements;

. g\re ibmplemented with constraints derived from staying closely synchronized with-Emegproduction
atabase.

The TPGH operations are modeled as follows:

. The database is contiously available 24 hours a day, 7 days a week, fédroadqueries from multiple end
users and data modifications against all tables, except possibly during infrequent (e.g., once a month)
maintenance sessions;

. The TPCGH database tracks, possibly withns® delay, the state of the OLTP database throughoong
refresh functions which batch together a number of modifications impacting some part of the decision
support database;

. Due to the worlewide nature of the business data stored in the-HR{2tabasethe queries and the refresh
functions may be executed against the database at any time, especially in relation to each other. In addition,
this mix of queries and refresh functions is subject to specific ACIDity requirements, since queries and
refresh fuctions may execute concurrently;

. To achieve the optimal compromise between performance and operational requirements, the database
administrator can set, once and for all, the locking levels and the concurrent scheduling rules for queries
and refresh funabins.

The minimum database required to run the benchmark holds business data from 10,000 suppliers. It contains almost
ten million rows representing a raw storage capacity of about 1 gigabyte. Compliant benchmark implementations
may also use one of the ¢mr permissible database populations (e.g., 100 gigabytes), as defined indCla@ise

The performance metric reported by TPids called the TP Composite QuerperHour Performance Metric
(QphH@Size), and reflects iitiple aspects of the capability of the system to process queries. These aspects include
the selected database size against which the queries are executed, the query processing power when queries ar
submitted by a single stream and the query throughpebhwheries are submitted by multiple concurrent users. The
TPGH Price/Performance metric is expressed as $/QphH@Size. To be compliant with thé¢ SiR@ard, all
references to TPEl results for a given configuration must include all required reportimgponents (see Clause
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0.2

5.4.9. The TPC believes that comparisons of TIRQesults measured against different database sizes are
misleading and discourages such comparisons.

The TPGH database must be implemented using a ceroially available database management system (DBMS)
and the queries executed via an interface using dynamic SQL. The specification provides for variants of SQL, as
implementers are not required to have implemented a specific SQL standard in full.

TPCH uses terminology and metrics that are similar to other benchmarks, originated by the TPC and others. Such
similarity in terminology does not in any way imply that FPiQresults are comparable to other benchmarks. The
only benchmark results comparable to TR@re other TP@H results compliant with the same revision.

Despite the fact that this benchmark offers a rich environment representative of many decision support systems, this
benchmark does not reflect the entire range of decision support requiremeadslition, the extent to which a
customer can achieve the results reported by a vendor is highly dependent on how cloddhagi?@ximates the
customer application. The relative performance of systems derived from this benchmark does not neaddsarily h
for other workloads or environments. Extrapolations to any other environment are not recommended.

Benchmark results are highly dependent upon workload, specific application requirements, and systems design and
implementation. Relative system perforranwill vary as a result of these and other factors. Therefore;H'PC
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 spomss are permitted several possible system designs, provided that they adhere to the model
described in Clausé: . A full disclosure report (FDR) of the implementation details, as specified in Clause 8, must
be made availablalong with the reported results.

Comment 1: While separated from the main text for readability, comments and appendices are a part of the standard
and their provisions must be complied with.

Comment 2: The contents of some appendices are provided inchimareadable format and are not included in
the printed copy of this document.

General Implementation Guidelines
The rules for pricing are included in the TPC Pricing Specification locatednattpc.org.

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

. Are generally available to users;

. Are relevant tahe market segment that the individual TPC benchmark models or represents (e-H., TPC
models and represents complex, high data volume, decision support environments);

. Would plausibly be implemented by a significant number of users in the market segenbentthmark
models or represents.

The use of new systems, 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") whose primary purpose is performance optimization of TPC benchmark
results without any corresponding applicability to +eakld applications and environments. In other words, all
"benchmark special" implemeni@ts that improve benchmark results but not-keatld performance or pricing, are
prohibited.

The following characteristics shall be used as a guide to judge whether a particular implementation is a benchmark
special. It is not required that each poiatdw 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 thaberaistwered is: "Based on the available
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evidence, does the clear preponderance (the greater share or weight) of evidence indicate that this implementation is
a benchmark special?"

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

a) Is the implementation 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 implementationr part of the implementation poorly integrated into the larger product?

d) Does the implementation take special advantage of the limited nature of TPC benchmarks (e.g., query

profiles, query mix, concurrency and/or contention, isolation requirements,neécthanner that would not
be generally applicable to the environment the benchmark represents?

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 téogies.)

f) Does the implementation require uncommon sophistication on the part of thesemgrogrammer, or
system administrator?

9) Is the implementation (including beta) being purchased or used for applications in the market area the
benchmark representd?ow many sites implemented it? How many arsgrs 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 ofeset sites?

Comment Thecharacteristics listed in this clause are not intended to include the driver or implementation specific

layer, which are not necessarily commercial software, and have their own specific requirements and limitation
enumerated in Clauge . The listed characteristics and prohibitions of Clause 6 should be used to determine if the

driver or implementation specific layer is a benchmark special.

General Measurement Guidelines

TPC benchmark results are expected to be accuratesespations of system performance. Therefore, there are
certain guidelines that are expected to be followed when measuring those results. The approach or methodology to
be used in the measurements are either explicitly described in the specificationtatheftdiscretion of the test
sponsor. When not described in the specification, the methodologies and approaches used must meet the following
requirements:

. The approach is an accepted engineering practice or standard;

. The approach does not enhance thaltes

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

. Fidelity and candor is maintained in reporting any anomalies in the results, even if not specified in the TPC

benchmark requirements.

Comment: The use bnew methodologies and approaches is encouraged so long as they meet the requirements
above.
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11

1: LOGICAL DATABASE DES IGN

Business and Application Environment

TPC BenchmarkE H is comprised of a set of business
manner representative of complex business analysis applications. These queries have been given a realistic context,
portraying the activity of a wHesale supplier to help the reader relate intuitively to the components of the
benchmark.

TPGH does not represent the activity of any particular business segment, but rather any industry which must
manage sell, or distribute a product worldwide (e.g.reatal, food distribution, parts, suppliers, etc.). TiR@oes
not attempt to be a model of how to build an actual information analysis application.

The purpose of this benchmark is to reduce the diversity of operations found in an information appligasion,

while retaining the application's essential performance characteristics, namely: the level of system utilization and the
complexity of operations. A large number of queries of various types and complexities needs to be executed to
completely nanage a business analysis environment. Many of the queries are not of primary interest for
performance analysis because of the length of time the queries run, the system resources they use and the frequency
of their execution. The queries that have bedgcsad exhibit the following characteristics:

. They have a high degree of complexity;

. They use a variety of access

. They are of an ad hoc nature;

. They examine a large percentage of the available data;

. They all differ from each other;

. They contain query paraeters that change across query executions.

These selected queries provide answers to the following classes of business analysis:

. Pricing and promotions;

. Supply and demand management;
. Profit and revenue management;
. Customer satisfaction study;

. Market sharestudy;

. Shipping management.

Although the emphasis is on information analysis, the benchmark recognizes the need to periodically refresh the
database. The database is not atome snapshot of a business operations database nor is it a database where OLT
applications are running concurrently. The database must, however, be able to support queries and refresh functions
against all tables on a 7 day by 24 hour (7 x 24) basis.

While the benchmark models a business environment in which refresh functioas améegral part of data
maintenance, the refresh functions actually required in the benchmark do not attempt to model this aspect of the
business environment. Their purpose is rather to demonstrate the update functionality for the DBMS, while
simultaneosly assessing an appropriate performance cost to the maintenance of auxiliary data structures, such as
secondary indices.

Comment The benchmark does not include any test or measure to verify continuous database availability or
particular system featureswhich would make the benchmarked configuration appropriate for 7x24 operation.
References to continuous availability and 7x24 operation are included in the benchmark specification to provide a
more complete picture of the anticipated decision support@mient. A configuration offering less that 7x24
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availability can produce compliant benchmark results as long as it meets all the requirements described in this
specification.

Decision Maker

*

DSS Querie

N

DS¢<
Database
TPCH Business

\/ Analysis

Business
Operations

% OLTP
Transaction

Figure 1. The TP@H Business Environment illusteg the TPEH business environment and highlights the basic
differences between TRPB and other TPC benchmarks.

Figure 1: The TPCG-H Business Environment

Other TPC benchmarks model the operational end of the business environment where transactiongedenxaec

real time basis. The TRB benchmark, however, models the analysis end of the business environment where trends
are computed and refined data are produced to support the making of sound business decisions. In OLTP
benchmarks the raw data flowanthe OLTP database from various sources where it is maintained for some period

of time. In TPCH, periodic refresh functions are performed against a DSS database whose content is queried on
behalf of or by various decision makers.
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1.2

Database Entities, Rel&ionships, and Characteristics

The components of the TPIE database are defined to consist of eight separate and individual tables (the Base

Tables). The relationships between columns of these tables are illustrated in Figure 2: TH&TIREna.

Figure 2: The TPC-H Schema

PART (P.) PARTSUPP (PS_) LINEITEM (L)) ORDERS (0 )
SF*200,000 SF*800,000 SF*6,000,000 SF*1,500,000
PARTKEY PARTKEY ORDERKEY ORDERKEY
NAME SUPPKEY PARTKEY CUSTKEY -
MFGR AVAILQTY SUPPKEY ORDERSTATUS
BRAND SUPPLYCOST LINENUMBER TOTALPRICE
TYPE COMMENT QUANTITY ORDERDATE
SIZE EXTENDEDPRICH ORDER-
CUSTOMER (C_) PRIORITY
CONTAINER SF*150,000 DISCOUNT e
CUSTKEY —
RETAILPRICE TAX SHIP-
NAME
COMMENT RETURNFLAG PRIORITY
ADDRESS
LINESTATUS COMMENT
SUPPLIER (S_) NATIONKEY
SF*10,000 SHIPDATE
PHONE
SUPPKEY COMMITDATE
ACCTBAL
NAME RECEIPTDATE
MKTSEGMENT
ADDRESS SHIPINSTRUCT
COMMENT
NATIONKEY SHIPMODE
PHONE NATION (N_) COMMENT
25
ACCTBAL
NATIONKEY REGION (R_)
COMMENT 5
NAME
— REGIONKEY
REGIONKEY -
NAME
COMMENT
COMMENT
Legend:
. The parentheses following each table name contain the prefix of the column names for that table;
. The arrows point in the direction of the ettemany relationships between tables;
. The number/formula below each table name repmssthe cardinality (number of rows) of the table. Some

are factored by SF, the Scale Factor, to obtain the chosen database size. The cardinality for the LINEITEM
table is approximate (see Clauk2.5.
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1.3

13.1

1.3.2

1.4

14.1

Datatype Definitions

The following datatype definitions apply to the list of columns of each table:

. Identifier means that the column must be able to hold any key value generated for that column and be able
to support at least 2,147,483,647 unique values;

Comment A commonimplementation of this datatype will be an integer. However, for SF greater than 300 some
column values will exceed the range of integer values supported 4yt 4nteger. A test sponsor may use some
other datatype such asb§te integer, decimal or chacter string to implement the identifier datatype;

. Integer means that the column must be able to exactly represent integer values (i.e., values in increments
of 1) in the range of at leas?,147,483,646 to 2,147,483,647.

. Decimal means that the column mslube able to represent values in the rar8699,999,999.99 to
+9,999,999,999.99 in increments of 0.01; the values can be either represented exactly or interpreted to be in
this range;

. Big Decimalis of the Decimal datatype as defined above, with théiaddl property that it must be large
enough to represent the aggregated values stored in temporary tables created within query variants;

. Fixed text, size Nmeans that the column must be able to hold any string of characters of a fixed length of
N.

Commert: If the string it holds is shorter than N characters, then trailing spaces must be stored in the database or
the database must automatically pad with spaces upon retrieval such that a CHAR_LENGTH() function will return
N.

. Variable text, size Nmeans thathe column must be able to hold any string of characters of a variable
length with a maximum length of N. Columns defined as "variable text, size N" may optionally be
implemented as "fixed text, size N";

. Date is a value whose external representation caeipressed as YYY¥IM-DD, where all characters
are numeric. A date must be able to express any day within at least 14 consecutive years. There is no
requirement specific to the internal representation of a date.

Comment: The implementation datatype chasby the test sponsor for a particular datatype definition must be
applied consistently to all the instances of that datatype definition in the schema, except for identifier columns,
whose datatype may be selected to satisfy database scaling requirements.

The symbol SF is used in this document to represent the scale factor for the database (sée Clause
Table Layouts

Required Tables
The following list defines the required structure (list of columns) of each table. The anmofatiprimary keys
andforeign keysare for clarification :

PART Table Layout

Column Name Datatype Requirements Comment

P_PARTKEY identifier SF*200,000 are populated
P_NAME variable text, size 55

P_MFGR fixed text, size 25

P_BRAND fixed text, ske 10
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P _TYPE variable text, size 25

P_SIZE integer
P_CONTAINER fixed text, size 10
P_RETAILPRICE decimal
P_COMMENT variable text, size 23

Primary Key P_PARTKEY

SUPPLIER Table Layout

Column Name Datatype Requirements Comment

S _SUPPKEY identifier SF*10,000 are populated

S _NAME fixed text, size 25

S_ADDRESS variable text, size 40

S_NATIONKEY Identifier Foreign key to N_NATIONKEY
S PHONE fixed text, size 15

S ACCTBAL decimal

S COMMENT variable text, size 101

Primary Key S_SURPKEY

PARTSUPP Table Layout

Column Name Datatype Requirements Comment

PS_PARTKEY Identifier Foreign key to P_PARTKEY
PS_SUPPKEY Identifier Foreign key to S_SUPPKEY
PS_AVAILQTY integer

PS_SUPPLYCOST Decimal

PS COMMENT variable text, size 199

Primary Key PS_PARTKEY, PS_SUPPKEY

CUSTOMER Table Layout

Column Name Datatype Requirements Comment
C_CUSTKEY Identifier SF*150,000 are populated
C_NAME variable text, size 25

TPC Benchmark' H Standard Specifi¢an Revision 2.12.0 Pageld



C_ADDRESS variable text, size 40

C_NATIONKEY Identifier Foreign keyto N_NATIONKEY
C_PHONE fixed text, size 15

C_ACCTBAL Decimal

C_MKTSEGMENT fixed text, size 10

C_COMMENT variable text, size 117

Primary Key C_CUSTKEY

ORDERS Table Layout

Column Name Datatype Requirements Comment

O_ORDERKEY Identifier SF*1,500,000 are sparsely populated
O_CUSTKEY Identifier Foreign key to C_CUSTKEY
O_ORDERSTATUS fixed text, size 1

O_TOTALPRICE Decimal

O_ORDERDATE Date

O_ORDERPRIORITY fixed text, size 15

O_CLERK fixed text, size 15

O_SHIPPRIORITY Integer

O_COMMENT variable text, size 79

Primary Key O_ORDERKEY

Comment: Orders are not present for all customers. In fact;thind of the customers do not have any order i
the database. The orders are assigned at random-tbita® of the customersée Clausd: ). The purpose of
this is to exercise the capabilities of the DBMS to handle "dead data" when joining two or more tables.

LINEITEM Table Layout

Column Name Datatype Requirements Comment

L_ORDERKEY identifier Foreign key to O_ORDERKEY

L_PARTKEY identifier Foreign key to P_PARTKEY, Foreign Key to
(PS_PARTKEY, PS_SUPPKEY) with
L_SUPPKEY

L_SUPPKEY Identifier Foreign key to S_SUPPKEY, Foreign key to
(PS_PARTKEY, PS_SUPPKEY) with
L_PARTKEY
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1.4.2

L_LINENUMBER
L_QUANTITY
L_EXTENDEDPRICE
L_DISCOUNT
L_RETURNFLAG
L_LINESTATUS
L_SHIPDATE
L_COMMITDATE
L_RECEIPTDATE
L_SHIPINSTRUCT
L_SHIPMODE

L_COMMENT

integer

decimal

decimal

decimal

fixed text, size 1

fixed text, size 1

date

date

date

fixed text, size 25
fixed text, sze 10

variable text size 44

Primary Key L_ORDERKEY, L_LINENUMBER

NATION Table Layout

Column Name

N_NATIONKEY
N_NAME
N_REGIONKEY

N_COMMENT

Datatype Requirements

Comment

identifier
fixed text, size 25
identifier

variable text, size 152

Primary Key N_NATIONKEY

REGION Table Layout
Column Name
R_REGIONKEY
R_NAME

R_COMMENT

Datatype Requirements

25 nations are populated

Foreign key to R_REGIONKEY

Comment

identifier
fixed text, size 25

variable tex, size 152

Primary Key R_REGIONKEY

Constraints
The use ofrimary key, foreign key, check, and not null constraints is optional. If constraints are used, they must
satisfy the following requirements:

5 regions are populated

They must be specified using SQL. There is nocifigeimplementation requirement. For example,
CREATE TABLE, ALTER TABLE, and CREATE TRIGGER are all valid statements;
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. Constraints must be enforced either at the statement level or at the transaction level;
. All defined constraints must be enforced anddatkd before the load test is complete (see Clhudse.?;

. No additional constraints may be used.
1.4.2.1 The NOT NULL attribute may be used for any column.

1.4.2.2 The following columns or set of columns may be definegrémary keys (using the PRIMARY KEY clause or
other equivalent syntax):

. P_PARTKEY;

. S_SUPPKEY;

. PS_PARTKEY, PS_SUPPKEY;

. C_CUSTKEY;

. O_ORDERKEY;

. L_ORDERKEY, L_LINENUMBER;
. N_NATIONKEY;

. R_REGIONKEY.

Constraining a column (or set of columns) to contain unique values caheirhplemented for the columns
listed above.

1.4.2.3 Columns listed in the comments of Claukd.1as &éf or ei gn Kk ey doéeigmkeyg There isdoe f i ne
specific requirement to use referential actions (e.g., RESTRICT, CASCADRRO ACTI| ON, etc. ). I
key 6 is defined by an i mplementation, then al/l Of or e

1.4.2.4 Check Constraints: Check constraints may be defined to restrict the database contents. In order to support
evolutionarychange, the check constraints must not rely on knowledge of the enumerated domains of each column.
The following list of expressions defines permissible check constraints:

1. Positive Keys

P_PARTKEY >= 0
S_SUPPKEY >=0
C_CUSTKEY >=0
PS_PARTKEY >=0
R_REGIONKEY >=0
N_NATIONKEY >=0

2. Openinterval constraints

P_SIZE>=0
P_RETAILPRICE >= 0
PS_AVAILQTY >=0
PS_SUPPLYCOST >= 0
O_TOTALPRICE >=0
L_QUANTITY >=0
L_EXTENDEDPRICE >= 0
L TAX >=0

3. Closedinterval constraints
L_DISCOUNT between 0.00 and 1.00

4. Multi-column constraints
L_SHIPDATE <= L_RECEIPTDATE
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15

151
15.2

153

154

155

Comment: The constraints rely solely on the diagram provided in Clausand the description in Clauged.

They are not derived from explicit knowledgkthe data population specified in Clads2

Implementation Rules

The database shall be implemented using a commercially available database management system (DBMS).

The physical clustering of records within the databasdlowed as long as this clustering does not alter the logical

independence of each table.

Comment The intent of this clause is to permit flexibility in the physical design of a database while preserving a

strict logical view of all the tables.

At the end of the Load Test, all tables must have exactly the number of rows defined for the scale factor, SF, and the

database population, both specified in Cladise

Horizontal partitioning of base tables or auxiliary structunesated by database directives (see Clduse)) is

allowed. Groups of rows from a table or auxiliary structure may be assigned to different files, disks, or areas. If this

assignment is a function of data in the table or &yilstructure, the assignment must be based on the value of a

partitioning field. A partitioning field must be one and only one of the following:

. A primary key
. A foreign key
. A single date column

Some partitioning schemes require the use of directivesplegify explicit values for the partitioning field. If such

directives are used they must satisfy the following conditions:

. They may not rely on any knowledge of the data stored in the table except the minimum and maximum
values of columns used for thgartitioning field. The minimum and maximum values of columns are

specified in Clauséd.2.3

. Within the limitations of integer division, they must define each partition to accept an equal portion of the
range between the mimum and maximum values of the partitioning columinE®r datebased partitions,
it is permissible to partition into equally sized domains based upon an integer granularity of days, weeks,
months, or years (e.g., 30 days, 4 weeks, 1 month, 1 yearFeicdatebased partition granularities other
than days, a partition boundary may extend beyond the minimum or maximum boundaries as established in

that tablebdbs data chadaxteristics as defi

. The directivesnust allow the insertion of values of the partitioning column(s) outside the range covered by

the minimum and maximum values, as required by Clausé3

Multiple-level partitioning of base tables or auxiliary structureslmved only if each level of partitioning satisfies
the conditions stated above and each level references only one partitioning field as defined above. If implemented,

the details of such partitioning must be disclosed.

Physical placement of data on dhfe media is not auditable. SQL DDL that explicitly partitions data vertically is

prohibited. The row must be logically presented as an atomic set of columns.

Comment: This implies that vertical partitioning which does not rely upon explicit partitiodiregtives is

ned

n

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.
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1.5.7

1.5.8

1.5.9

Except as provided in Clauge5.7, logical replication of database objects (i.e., tables, rows, or columns) is not
allowed. The physical implementation of auxiliary data structures to the tables may involve data replication of
selected data from the tables provided that:

. All replicated cta are managed by the DBMS, the operating system, or the hardware;
. All replications are transparent to all data manipulation operations;
. Data modifications are reflected in all logical copies of the replicated data by the time the updating

transaction isommitted;

. All copies of replicated data maintain full ACID properties (see Cl8ugeat all times.

Auxiliary data structures that constitute logical replications of data from one or more columns of a base table (e.g.,
indexes, materialized views, summary tables, structures used to enforce relational integrity constraints) must
conform to the provisions of Claude5.6 The directives defining and creating these structures are subject to the
following limitations:

. They may reference no more than one base table, and may not reference other auxiliary structures.
. They must satisfy exactly one of the following two conditions:
o] They may reference no more than one base table column that is chosen from:
A A column contained in a primary key as listed in Clalugel
A A column contained in a foreign key as listed in Claligel
A A column having a date datatype as defined in Claue

o] They may reference more than one column of a base table only if those columns exactly comprise
a primary key or foreign key of that table, as defined in Clauéé.

. They may contain functions or expressions opliekly permitted columns

No directives (e.g. DDL, session options, global configuration parameters) are permitted-ih 3d?ipts whose

effect is to cause the materialization of columns (or functions on columns) in auxiliary data structures other than
those columns explicitly permitted by the above limitations. Further, no directives are permitted whose effect is to
cause the materialization of columns in auxiliary data structures derived from more than one table.

Comment: Database implementations afxdliary structures generated as a result of compliant directives usually

contain embedded pointers or references to corresponding base table rows. Database implementations that
transparently employ either "row IDs" or embedded base ieary key values for this purpose are equally
acceptable.

In particular, the generation of transparently embedded primary key values required by auxiliary structures is a
permitted materialization of the primary key column(s). Primary and foreign key columns aqili€ledsel.4.1.

Table names should match those provided in Clduéd. In cases where a table name conflicts with a reserved
word in a given implementation, delimited identifiers or an altermeaningful name may be chosen.

For each table, the set of columns must include all those defined in Qldudé column can be added to any of
the tables. However, the order of the columns is not constrained.

1.5.10 Column names nst match those provided in Clauké
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1511

1.5.12

15.13

1.6

16.1

1.6.2

1.6.3

Each column, as described in Clausd, must be logically discrete and independently accessible by the data
manager. For example, C_ADDRESS and C_PHONE cdmdnplemented as two sydarts of a single discrete
column C_DATA.

Each column, as described in Clads4 must be accessible by the data manager as a single column. For example,
P_TYPE cannot be implemented as two disccetamns P_TYPE1 and P_TYPE2.

The database must allow for insertion of arbitrary data values that conform to the datatype and optional constraint
definitions from Clausé&.3and Clausd..4.

Comment 1: Although the refresh functions (see Clads2g) do not insert arbitrary values and do not modify all
tables, all tables must be modifiable throughout the performance test.

Comment 2 The intent of this Clause is to prevent ttatabase schema definition from taking undue advantage of
the limited data population of the database (see also Qle2iaad Claus®.2.7).

Data Access Transparency Requirements

Data AccessTransparency is the property of the system that removes from the query text any knowledge of the
location and access mechanisms of partitioned data. No finite series of tests can prove that the system supports
complete data access transparency. The regaimes below describe the minimum capabilities needed to establish

that the system provides transparent data access. An implementation that uses horizontal partitioning must meet the
requirements for transparent data access described in Ql&@and Clausd..6.3

Comment The intent of this Clause is to require that access to physically and/or logically partitioned data be
provided directly and transparently by services implemented by commereigdlilable layers such as the
interactive SQL interface, the database management system (DBMS), the operating system (OS), the hardware, or
any combination of these.

Each of the tables described in Clatisémust be identifible by names that have no relationship to the partitioning
of tables. All data manipulation operations in the executable query text (see €lalsd must use only these
names.

Using the names which satisfy Clauk®.2 any arbitrary nosTPCGH query must be able to reference any set of
rows or columns:

. Identifiable by any arbitrary condition supported by the underlying DBMS;
. Using the names described in Cladsé.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 must also be usable
when querying another arbitrary set of rows in any other table.

Comment: The intent of this clause is that each TRQuery uses general purpose mechanisms to access data in the
database.
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2.1

211

2111

2112

2.1.2

2121

2122

2123

2124

2125

2126

2127

2: QUERIES AND REFRESH FUNCTIONS

This Clause describes the tweittyo decision support queries and the two database refresh functibnauitebe
executed as part of the TRCbenchmark.

General Requirements and Definitions for Queries

Query Overview

Each query is defined by the following components:

. Thebusiness questionwhich illustrates the business context in which the query coulds

. Thefunctional query definition, which defines, using the S@22 language, the function to be performed
by the query;

. The substitution parameters, which describe how to generate the values needed to complete the query
syntax;

. Thequery validation, which describes how to validate the query against the qualification database.

For each query, the test sponsor must create an implementation of the functional query definition, referred to as the
executable query text .

Functional Query Definitions

The functonal query definitions are written in tH8QL92 language (ISO/IEC 9075:1992), annotated where
necessary to specify the number of rows to be returned. They define the function that each executable query text
must perform against the test database (sees€lul.1).

If an executable query text, with the exception of its substitution parameters, is not identical to the specified
functional query definition it must satisfy the compliance requirements of ClaZise

When a functioal query definition includes the creation of a new entity (e.g., cursor, view, or table) some
mechanism must be used to ensure that newly created entities do not interfere with other execution streams and are
not shared between multiple execution streasae Clausé.1.2.3.

Functional query definitions in this document (as well as QGEN, see CkalLgk achieve this separation by
appending dext-token to the new entity name. This tetdken is expressed in upper case letters and enclosed in
square brackets (i.e., [STREAM_ID]). This tarken, whenever found in the functional query definition, must be
replaced by a unique stream identification number (starting with 0) to complete theablequiery text.

Comment Once an identification number has been generated and assigned to a given query stream, the same
identification number must be used for that query stream for the duration of the test.

When a functional query definition includestbreation of a table, the datatype specification of the columns uses
the <datatype> notation. The definition of <datatype> is obtained from ClaRide

Any entity created within the scope of an executable query text mosbaldeleted within the scope of that same
executable query text.

A logical tablespace is a named collection of physical storage devices referenced as a single, logically contiguous,
nondivisible entity.

If CREATE TABLE statements are used during the exien of the queries, these CREATE TABLE statements

may be extended only with a tablespace reference (e.g., IN <tablespacename>). A single tablespace must be used for
all these tables.

Comment: The allowance for tablespace syntax applies only to variamisining CREATE TABLE statements.
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2.1.2.8 All tables created during the execution of a query must meet the ACID properties defined ir3Clause

2.1.2.9

2.13

2131

2.13.2

2.133

Queries 2, 3, 10, 18 and 21 require that a given number of rows aretobereturged (¢ i Ret ur n t he f
rowso) . If N is the number of rows to be returned, t
rows qualify, in which case all rows must be returned. There are three permissible ways of satisying t
requirement. A test sponsor must select any one of them and use it consistently for all the queries that require that a
specified number of rows be returned.

[
[

1. Vendorspeci fic control statements support gbeubed(eq., t est
SET ROWCOUNT n) to limit the number of rows returned.

2. Control statements recognized by the implementation specific layer (see 6laueand used to control a
loop which fetches the rows may be usedrtotlthe number of rows returned (e.g., while rowcount <= n).

3. Vendorspecific SQL syntax may be added to the SELECT statement to limit the number of rows returned (e.g.,
SELECT FIRST n). This syntax is not classified as a minor query modification sitm@jitietes the functional
requirements of the functional query definition and there is no standardized syntax defined. In all other respects,
the query must satisfy the requirements of Cla2i@ The syntax must deal solely withe answer set, and
must not make any additional explicit reference, for example to tables, indices, or access paths.

Substitution Parameters and Output Data

Each query has one or mosabstitution parameters . When generating executable query text aiwahust be

supplied for each substitution parameter of that query. These values must be used to complete the executable query
text. These substitution parameters are expressed as names in uppercase and enclosed in square brackets. Fc
example, in the Priog Summary Report Query (see Cla2sd) the substitution parameter [DELTA], whenever

found in the functional query definition, must be replaced by the value generated for DELTA to complete the
executable query text.

Comment 1 When dates are part of the substitution parameters, they must be expressed in a format that includes
the year, month and day in integer form, in that order (e.g., YNYWf-DD). The delimiter between the year,

month and day is not specified. Other date@sentations, for example the number of days since-0911, are
specifically not allowed.

Comment 2 When a substitution parameter appears more than once in a query, a single value is generated for that
substitution parameter and each of its occurremnté¢he query must be replaced by that same value.

Comment 3 Generating executable query text may also involve additional text substitution (seeXZlaige

The termrandomly selected when used in the definitions of lsstitution parameters means selected at random
from a uniform distribution over the range or list of values specified.

Seeds to the random number generator used to generate substitution parameters must be selected using the followinc
method:

An initial seal (seed0) is first selected as the time stamp of the end of the database load time expressed in the format
mmddhhmmss where mm is the month, dd the day, hh the hour, mm the minutes and ss the seconds. This seed is
used to seed the Power test of Run 1.Hairseeds (for the Throughput test) are chosen as seed0 + 1, seedO +
2,...,seed0 + n where s is the number of throughput streams selected by the vendor. This process leads to s + 1 seeds
required for Run 1 of a benchmark with s streams. The seeds for Bam [2e the same as those for Run 1 (see
5.3.2). However, should the test sponsor decide to use different seeds for Run 2 from those used for Run 1, the
sponsor must use a selection process similar to that of Run 1. The seeds must again be of thedfcseredBeel 1,

seed0 + 2,...., seed0 + s, where and seed0 is be the time stamp of the end of Run 1, expressed in the format definec
above.

TPC Benchmark' H Standard Specifi¢an Revision 2.12.0 Page22



Comment 1 The intent of this Clause is to prevent performance advantage that could result from multiple streams
begnning work with identical seeds or using seeds known in advance while providing-defuedld and unified
method for seed selection.

Comment 2 QGEN is a utility provided by the TPC (see Cla&st.4 to generate executableigry text. If a

sponsor created tool is used instead of QGEN, the behavior of its seeds must satisfy this Clause and its code must
be disclosed. After execution, the query returns one or more rows. The rows returned are either rows from the
database oromws built from data in the database and are calledutmut data.

2.1.3.4 Output data for each query should be expressed in a format easily readable kgophisticated computer user. In
particular, in order to be comparable with known output data for theoperof query validation (see Claua8),
the format of the output data for each query must adhere to the following guidelines:

a) Columns appear in the order specified by the SELECT list of either the functional query deéinition
approved variant. Column headings are optional.

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

C) Integer quantities contain no leading zeros.

d) Dates are expressed in a fotrtizat 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 example the number of days since@B0Q, are specifically not aived.

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

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

2.1.3.5 Theprecision of all values contained in the query validation output data must adhigre filowing rules:

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

b) For ratios, results r must be within 1% of the query validation output data v when rounded to the nearest
1/100h. That is, 0.99*v<=round(r)=1.01*v.

c) For results from SUM aggregates, the resulting values must be within $100 of the query validation output
data.

d) For results from AVG aggregates, the resulting values r must be within 1% of the query validgtitn out

data when rounded to the nearest 1/0That is, 0.99*v<=round(r)2=1.01*v.

Comment In cases where validation output data is computed using a combination of SUM aggregate and ratios, the
precision for this validation output data must adhere tetsub) and c) o€lause2.1.3.5(e.g. queries 8,14 and 17).

In cases where validation output data resembles a row count operation by summing up 0 and 1 using a SUM
aggregate, the precision for thialidation output data must adhere to bullet a) of Clau$e3.5(e.g. query 12). In

cases were validation output data is selected from views without any further computation, the precision for data that
is selected from viewmust adhere tbullet ¢) of Clause2.1.3.5(e.g. in Query 15, the precision of total revenue

must adhere to bullet ¢) of Claugd..3.5

2.1.4 The QGEN Program

2.1.4.1 Executable qug text must be generated according to the requirements of (Gaugand Claus®.1.3 TheQGEN
source code provided in Appendix D is a sample implementation of an executable query text génkestdneen
written in ANSI 'C' and has been ported to a large number of platforms. If QGEN is used, its version and the release
numbers must match the version and the release numbers of the benchmark specification.

Comment 1 Use of QGEN is strongly cemmended. Exact query answer set compliance is required. This may not
be possible unless substitution parameters and text tokens are generated and integrated within the executable query
text identically to QGEN's output.
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2.2

221

222

2.2.3

2231

2232

2233

Comment 2 The numbering used ithis Clause for the definition of substitution parameters corresponds to the
numbering used by QGEN to generate values for these substitution parameters.

Query Compliance

The queries must be expressed in a commercially available implementation of thar§@éage. Since the latest

ISO SQL standard (currently ISO/IEC 9075:1992) has not yet been fully implemented by most vendors, and since
the ISO SQL language is continually evolving, the TRGenchmark specification includes a number of
permissible deviatios from the formal functional query definitions found in Clase An ongoing process is also
defined to approve additional deviations that meet specific criteria.

There are two types of permissible deviations from thetfoimal query definitions, as follows:
a) Minor query modifications;
b) Approved query variants.

Minor Query Modifications

It is recognized that implementations require specific adjustments for their operating environment and the syntactic
variations of its dialet of the SQL language. Therefore, minor query modifications are allowed. Minor query
modifications are those that fall within the bounds of what is described in C2a2$e3 They do not require
approval. Modifications thado not fall within the bounds of what is described in Cla2i®e3.3re not minor and

are not compliant unless they are an integral part of an approved query variant (se@.2lduse

Comment 1 The intent of this Clause is to allow the use of any number of minor query modifications. These query
modifications are labeled minor based on the assumption that they do not significantly impact the performance of
the queries.

Comment 2: The only exceptin is for the queries that require a given number of rows to be returned. The
requirements governing this exception are given in Clauke.9

Minor query modifications can be used to produce executable query text by mgdifier a functional query
definition or an approved variant of that definition.

The following query modifications are minor:

a) Table names The table and view names found in the CREATE TABLE, CREATE VIEW, DROP VIEW
and in the FROM clause of each queryyrba modified to reflect the customary naming conventions of the
system under test.

b) Selectlist expression aliasesFor queries that include the definition of an alias for a SELESTitem
(e.g., AS CLAUSE), vendespecific syntax may be used instead thé specified SQI92 syntax.
Replacement syntax must have equivalent semantic behavior. Examples of acceptable implementations
include "TITLE <string>", or "WITH HEADING <string>". Use of a seldist expression alias is optional.

c) Date expressions For queries that include an expression involving manipulation of dates (e.qg.,
adding/subtracting days/months/years, or extracting years from dates),-gpediic syntax may be used
instead of the specified SG32 syntax. Replacement syntax must have eqeitasemantic behavior.
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.

d) GROUP BY and ORDER BY¥ For queries that utilize a view, nested tablgrssion, or seledist alias
solely for the purposes of grouping or ordering on an expression, vendors may replace the view, nested
tableexpression or selelist alias with a vendespecific SQL extension to the GROUP BY or ORDER BY
clause. Examples of eeptable implementations include "GROUP BY <ordinal>", "GROUP BY
<expression>", "ORDER BY <ordinal>", and "ORDER BY <expression>".

e) Command delimiters Additional syntax may be inserted at the end of the executable query text for the
purpose of signalinghe end of the query and requesting its execution. Examples of such command
delimiters are a semicolon or the word "GO".
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f) Output formatting functions Scalar functions whose sole purpose is to affect output formatting or
intermediate arithmetic result premn (such as CASTs) may be applied to items in the outermost SELECT
list of the query.

0) Transaction control statement&s CREATE/DROP TABLE or CREATE/DROP VIEW statement may be
followed by a COMMIT WORK statement or an equivalent versjuecific transaatin control statement.

h) Correlation name$ Tablename aliases may be added to the executable query text. The keyword "AS"
before the tablmame alias may be omitted.

i) Explicit ASC- ASC may be explicitly appended to columns in the ORDER BY.

)] CREATE TABLE statments may be augmented with a tablespace reference conforming to the
requirements of Clausz1.2.6

K) In cases where identifier names conflict with S@R reserved words in a given implementation, delimited
identifiers may be sed.

)] Relational operators Relational operators used in queries such as "<", ">", "<>", "<=", and "=", may be
replaced by equivalent vendspecific operators, for example ".LT.", ".GT.", "I=" or "~=", ".LE.", and

"==", respectively.

m) Nested tablexpressin aliasing For queries involving nested tabdgpressions, the nested keyword "AS"
before the table alias may be omitted.

n) | f an implementation is wusing variants involving
RESTRI CT0 s e ma penhdert agbjedtsimust be droppdd ffirst)dtieen additional DROP statements
for the dependent views may be added.

0) At large scale factors, the aggregates may exceed the range of the values supported by an integer. The
aggregate functions AVG and COUNT may b@laeed with equivalent vendspecific functions to
handle the expanded range of values (e.g., AVG_BIG and COUNT_BIG).

p) Substring Scalar Functioris For queries which use the SUBSTRING() scalar function, vespecific
syntax may be used instead of thecsfied SQL 92 syntax. Replacement syntax must have equivalent
semantic behavior. For exampl e, ASUBSTRI NG( C_PHON

q) Outer Joini For outer join queries, vendor specific syntax may be used instead of the specified SQL 92
syntax. Replacement syntax ridgave equivalent semantic behavior. For example, the join expression
ACUSTOMER LEFT OUTER JOI N ORDERS ON C_CUSTKEY =
adding CUSTOMER and ORDERS to the from clause and adding a specéled join predicate (e.g.,
C_CUSTKEY*= O_CUSTKEY).

2.2.3.4 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 verspecific date expression or table name syntax is used in one
query,it must be used in all other queries involving date expressions or table names.

2.2.3.5 The use of minor modifications to obtain executable query text must be disclosed and justified (se& Etgse

2.2.4 Approved Query Variants

2.2.4.1 Approval of any new query variant is required prior to using such variant to produce compliaiht T@2Qlts. The
approval process is based on criteria defined in Claisé.3

2.2.4.2 Query variants that have already been approved #ed lis Appendix B of this specification.

Comment Since Appendix B is updated each time a new variant is approved, test sponsors should obtain the latest
version of this appendix prior to implementing the benchmark.

2.2.4.3 The executable query text for each quiar a compliant implementation must be taken from either the functional
query definition (see Clause ) or an approved query variant (see Appendix B). Except as specifically allowed in
Clause2.2.3.3 executable query text must be used in full exactly as written in theHTBi&&cification. New query
variants will be considered for approval if they meet one of the following criteria:
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2244

2245

2.24.6

2.2.5

2.3

231

a) The vendor cannot successfully run the executable query texisagjfae qualification database using the
functional query definition or an approved variant even after applying appropriate minor query
modifications as per Clauge2.3

b) The variant contains new or enhanced SQL syntax, meleteathe benchmark, which is defined in an
Approved Committee Draft of a new ISO SQL standard.

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

d) The variant contains minor syntax differences that leastaightforward mapping to ISO SQL syntax used

in the functional query definition and offers functionality substantially similar to the ISO SQL standard.

To be approved, a proposed variant should have the following properties. Not all of the folloapegtips are
specifically required. Rather, the cumulative weight of each property satisfied by the proposed variant will be the
determining factor in approving it.

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

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

c) 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 brad applicability among different vendors.

e) Variant is non procedural.

f) Variant is an SQ92 standard [ISO/IEC 9075:1992] implementation of the functional query definition.

0) Variant is sponsored by a vendor who can implement it and who intends on usingnitupc@ming

implementation of the benchmark.

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

Query variants listed in Appendix B are defined using the conventions dédin&dctional query definitions (see
Clause2.1.2.3through Claus@.1.2.9.

Coding Style
Implementers may code the executable query text in any desired coding style, including:

a) additional line beaks, tabs or white space
b) choice of upper or lower case text

The coding style used must have no impact on the performance of the system under test, and must be consistently
applied across the entire query set. Any coding style that differs from the falajizery definitions in Clausz
must be disclosed.

Comment: This does not preclude the auditor from verifying that the coding style does not affect performance.
Query Validation

To validate the compliance of the executauery text, the following validation test must be executed by the test
sponsor and the results reported in the full disclosure report:

1. A gualification database must be built in a manner substantially the same as the test database (dek.Zllause

2. The query validation test must be run using a qualification database that has not been modified by any update
activity (e.g., RF1, RF2, or ACID Transaction executions).

3. The query text used (see Clauad.3 must be the same as that used in the performance test. The default
substitution parameters provided for each query must be used. The refresh functions, RF1 and RF2, are not
executed.

4. The same driver and implementation specific layer used to &x#wa queries against the test database must be
used for the validation of the qualification database.
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2.3.2

5. The resulting output must match the output data specified for the query validation (see Appendix C). A subset
of this output can be found as part of ttedinition of each query.

6. Any difference between the output obtained and the query validation output must satisfy the requirements of
Clause?.1.3.5

Any query whose output differs from the query validation output to a gréegeee than allowed by Claugd .3.5
when run against the qualification database as specified above is not compliant.

Comment The validation test, above, provides a minimum level of assurance of compliance. The auditor may
request additional assurance that the query texts execute in accordance with the benchmark requirements.

No aspect of the System Under Test (e.g., system parameters and conditional software features such as those listec
in Clause5.2.7, hardware configuration, software releases, etc.), may differ between this demonstration of
complianceand the performance test.

Comment While the intent of this validation test is that it be executed without any change to the hardware

configuration, building the qualification database on additional disks (i.e., disks not included in the priced system) is
allowed as long as this change has no impact on the results of the demonstration of compliance.
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2.4 Pricing Summary Report Query (Q1)

This query reports the amount of business that was billed, shipped, and returned.

2.4.1 Business Question
The Pricing Summary Report Query provides a summary prieipgrt for all lineitems shipped a$ a given date.
The date is within 66 120 days of the greatest ship date contained in the database. The query lists totals for
extended price, discounted extended price, discounted extended price plus tax, average quantity, average extended
price, andaverage discount. These aggregates are grouped by RETURNFLAG and LINESTATUS, and listed in
ascending order of RETURNFLAG and LINESTATUS. A count of the number of lineitems in each group is
included.

2.4.2  Functional Query Definition

select
|_returnflag,
|_linestatus,
sum(l_quantity) as sum_qty,
sum(l_extendedprice) as sum_base_price
sum(l_extendedprice*(lL discount)) as sum_disc_price
sum(l_extendedprice*(lL discount)*(1+l_tax)) as sum_charge,
avg(l_quantity) as avg_qty,
avg(l_extendedprice) as avg_price
avg(l_discount) as avg_disc,
count(*) as count_order
from
lineitem
where
|_shipdate <= date '1998-01'- interval '[DELTA]' day (3)
group by
|_returnflag,
|_linestatus
order by
|_returnflag,
|_linestatus;

2.4.3 Substitution Parameters
Values for the following substitution parameteust be generated and used to buikléRecutable query text:

7. DELTA is randomly selected within [60. 120].

Comment 199812-01 is the highest possible ship date as defined in the database pop(ildtisis ENDDATE-
30). The query will include all lineitemshipped before this date minus DELTA days. The intent is to choose
DELTA so that between 95% and 97% of the ranvehe tableare scanned.

2.4.4  Query Validation
For validationagainst the qualification datababe query must be executed using the following values for substitu
tion parameter and must produce the following output data:
Values forsubstitution parametgr

1. DELTA =90.

Query validatioroutput data:

L_RETURNFLAG L_LINESTATUS SUM_QTY SUM_BASE_PRICE SUM_DISC_PRICE
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37734107.00

56586554400.73

53758257134 .87

N 991417.00 1487504710.38 1413082168.05

N 74476040.00 111701729697.74 106118230307.61

R 37719753.00 56568041380.90 53741292684.60
SUM_CHARGE AVG_QTY AVG_PRICE AVG_DISC COUNT_ORDER
55909065222.83 25.52 38273.13 .05 1478493
1469649223.1 9 25.52 38284.47 .05 38854
110367043872.50 25.50 38249.12 .05 2920374
55889619119.83 25.51 38250.86 .05 1478870
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2.5  Minimum Cost Supplier Query (Q2)

This query finds which supplier should be selected to place an order for a given part in a given region.

2.5.1 Business Question
The Minimum Cost Supplier Query finds, in a given region, for each part of a certain type and size, the supplier who
can supply it at minimum cost. If several suppliers in that regfter the desired part type and size at the same
(minimum) cost, the query lists the parts from suppliers with the 100 highest account balances. For each supplier,
the query lists the supplier's account balance, name and nation; the part's number aadtunanuhe supplier's
address, phone number and comment information.

2.5.2 Functional Query Definition
Return the first 100 selected rows

select
s_acctbal,
S_name,
n_name,
p_partkey,
p_mfgr,
s_address,
s_phone,
s_comment
from
part,
supplier,
partsupp,
nation,
region
where
p_partkey = ps_partkey
and s_suppkey = ps_suppkey
and p_size = [SIZE]
and p_type like '%[TYPE]
and s_nationkey = n_nationkey
and n_regionkey = regionkey
and r_name = [REGION]'
and ps_supplycost = (
select
min(ps_supplycost)
from
partsupp, supplier,
nation, region
where
p_partkey = ps_partkey
and s_suppkey = ps_suppkey
and s_nationkey = n_nationkey
and n_regionkey = r_regionkey
and r_name §REGION]'
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order by
s_acctbal desc,

n_name,
S_name,
p_partkey;
2.5.3 Substitution Parameters
Values for the following substitution parameteust be generated and used to build thegteabdle query text:
1. SIZE is randomly selected within [1. 50];
2. TYPE is randomly selected within the list Syllable 3 defined for Typ€&ddnse4.2.2.13
3. REGION is randomly selected within the list of values defined for R_NAMEZ2r3
2.5.4 Query Validation
For validationagainst the qualification databatbe query must be executed using the following values for substitu
tion parameter and must produce the following output data:
Values for substitution parameser
1. SIZE = 15;
2. TYPE = BRASS;
3. REGION = EUROPE.
Query validatioroutput data:
S_ACCTBAL S_NAME N_NAME P_PARTKEY P_MFGR
9938.53 Supplier#000005359 UNITED KINGDOM 185358 Manufacturer#4
9937.84 Supplier#000005969 ROMANIA 108438 Manufacturer#1
9936.22 Supplier#000005250 UNITED KINGDOM 249 Manufacturer#4
9923.77 Supplier#000002324 GERMANY 29821 Manufacturer#4
9871.22 Supplier#000006373 GERMANY 43868 Manufacturer#5
[90 more rows]
7887.08 Supplier#000009792 GERMANY 164759 Manufacturer#3
7871.50 Supplier#000007206 RUSSIA 104695 Manufacturer#1
7852.45 Supplier#000 005864 RUSSIA 8363 Manufacturer#4
7850.66 Supplier#000001518 UNITED KINGDOM 86501 Manufacturer#1
7843.52 Supplier#000006683 FRANCE 11680 Manufacturer#4
S_ADDRESS S_PHONE S_COMMENT
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2.6 Shipping Priority Query (Q3)

This query retrieves the 10 unshipped orders with the highest value.

2.6.1 Business Question
The Shipping Priority Query retrieves the shipping priority and potential revenue, definédeasum of
|_extendedprice * (4_discount), of the orders having the largest revenue among those that had not been shipped as
of a given date. Orders are listed in decreasing order of revenue. If more than 10 unshipped orders exist, only the 10
orders vith the largest revenue are listed.

2.6.2 Functional Query Definition

Return the first 10 selected rows

select
|_orderkey,
sum(l_extendedprice*(L discount)) as revenue,
0_orcerdate,
o_shippriority
from
customer,
orders,
lineitem
where
c_mktsegment = [SEGMENT]'
and c_custkey = o_custkey
and |_orderkey = o_orderkey
and o_orderdate < date '[DATE]'
and |_shipdate > date [DATE]
group by

|_orderkey,

o_orderdate,

o_shipprority
order by

revenue desc,

o_orderdate;

2.6.3 Substitution Parameters
Values for the following substitution parametenust be generated and used to build the executable query text:

1. SEGMENT is randomly selected within the list of values defined for Segmeinirse4.2.2.13
2. DATE is a randomly selected daythin [199503-01 .. 199503-31].

2.6.4 Query Validation
For validationagainst the qualification databatbe query must be executed using the follgwmalues for substitu
tion parametexr and must produce the following output data:
Values for substitution parameser

1. SEGMENT = BUILDING;
2. DATE =199503-15.

Query validatioroutput data:

L_ORDERKEY REVENUE O_ORDERDATE O_SHIPPRIORITY

2456423 406181.01 1995- 03- 05 0
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3459808 405838.70 1995- 03- 04
492164 390324.06 1995-02- 19
1188320 384537.94 1995-03-09
2435712 378673.06 1995-02- 26
4878020 378376.80 1995-03- 12
5521732 375153.92 1995-03- 13
2628192 373133.31 1995-02- 22
993600 371407.46 1995-03- 05
2300070 367371.15 1995-03- 13
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2.7  Order Priority Checking Query (Q4)

This query determines how well the order priority system iskingrand gives an assessment of customer satisfac
tion.

2.7.1 Business Question
The Order Priority Checking Query counts the number of orders ordered in a given quarter of a given year in which
at least oneiheitem was received by the customer later than its committed date. The query lists the count of such
orders for each order priority sorted in ascending priority order.

2.7.2 Functional Query Definition

select
o_orderpriority,
count(*) as order_count
from
orders
where
o_orderdate >= date [DATE]'
and o_orderdate < date '[DATE]' + interval '3' month
and exists (
select
*
from
lineitem
where
|_orderkey = o_orderkey
and |_commitdate < teceiptdate
)
group by
o_orderpriority
order by

o_orderpriority;

2.7.3 Substitution Parameters
Values for the following substitution parameteust be generated and used to build the wabde query text:

1. DATE is the first day of a randomly selected month between the first month of 1993 and the 10th month of
1997.

2.7.4 Query Validation
For validationagainst the qalification databaséhe query must be executed using the following values for substitu
tion parameter and must produce the following output data:
Values for substitution parameser

1. DATE =199307-01.

Query validatioroutput data:

O_ORDERPRIORITY ORDER_COUNT
1- URGENT 10594
2- HIGH 10476
3- MEDIUM 10410
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4- NOT SPECIFIED 10556

5- LOW 10487
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2.8  Local Supplier Volume Query (Q5)

This query lists the revenue volume done through local suppliers.

2.8.1 Business Question
The Local Supplier Volume Query lists for each nation in a region the revenue volume that resulteédeftem |
transactions in which the customer ordering parts and the supplier filling them were both within that nation. The
query is run in order to determine whether to institute local distribution centers in a given region. The query consid
ers only part®rdered in a given year. The query displays the nations and revenue volume in descending order by
revenue. Revenue volume for all qualifying lineitems in a particular nation is defined as sum(l_extendedprice * (1
|_discount)).

2.8.2 Functional Query Definition

select
n_name,
sum(l_extendedprice * (41_discount)) as revenue
from
customer,
orders,
lineitem,
supplier,
nation,
region
where
c_custkey = 0_custkey
and |_orderkey = o_derkey
and |_suppkey =s_suppkey
and c_nationkey = s_nationkey
and s_nationkey = n_nationkey
and n_regionkey = r_regionkey
and r_name = [REGION]'
and o_orderdate >= date '[DATE]'
and o_orderdate < date [DATE]' + interval '1' year
group by
n_name
order ly

revenue desc;

2.8.3  Substitution Parameters
Values for the following substitution parametenust be generated and used to build the executable query text:

1. REGION is randomly selected Wit the list of values defined for R_NAME in C;a$2.3
2. DATE is the first of January of a randomly selected year within [1993 .. 1997].

2.8.4 Query Validation
For validationagainst the qualification datababe query must be executed using the following values for substitu
tion parameter and must produce the following output data:
Values for substitution parameser
1. REGION = ASIA;
2. DATE =199401-01.

Query validatioroutput data:
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N_NAME

REVENUE

INDONESIA

55502041.17

VIETNAM

55295087.00

CHINA

53724494. 26

INDIA

52035512.00

JAPAN

45410175.70
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2.9

291

29.2

293

294

Forecasting Revenue Change Query (Q6)

This query quantifies the amount of revenue increase that would have resulted from eliminating certain-company
wide discounts in a given percentage range in a given yekingAghis type of "what if* query can be used to look
for ways to increase revenues.

Business Question

The Forecasting Revenue Change Query considers all the lineitems shipped in a given year witts disbween
DISCOUNT-0.01 and DISCOUNT+0.01. The query lists the amount by which the total revenue would have
increased if these discounts had been eliminated for lineitems with |_quantity less than quantity. Note that the
potential revenue increase isuadjto the sum of [I_extendedprice * |_discount] for all lineitems with discounts and
guantities in the qualifying range.

Functional Query Definition

select

sum(l_extendedprice*_di®unt) as revenue
from

lineitem
where

|_shipdate >= date '[DATE]

and |_shipdate < date '[DATE] + interval '1' year

and |_discount between [DISCOUNTD.01 and [DISCOUNT] + 0.01
and |_quantity < [QUANTITY];

Substitution Parameters
Values for the following substitution parametenust be generated and used to build the executable query text:

1. DATE is the first of January of a randomly selected year within [1993 .. 1997];
2. DISCOUNT israndomly selected within [0.02 .. 0.09];
3. QUANTITY is randomly selected within [24 .. 25].

Query Validation

For validationagainst the qualification datababe query must be executed using the following values for substitu
tion parametexr and must produce the following output data:

Values for substitution parameser

1. DATE =199401-01;
2. DISCOUNT = 0.06;
3. QUANTITY = 24.

Query validatioroutput data:

REVENUE

123141078.23
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2.10 Volume Shipping Query (Q7)

This query determines the value of goods shipped between certain nations to helginetetiation of shipping
contracts.

2.10.1 Business Question
The Volume Shipping Query finds, for two given nations, the gross discounted revenues derived from lineitems in
which parts were shipped from a glipr in either nation to a customer in the other nation during 1995 and 1996.
The query lists the supplier nation, the customer nation, the year, and the revenue from shipments that took place in
that year. The query orders the answer by Supplier n&iestomer nation, and year (all ascending).

2.10.2 Functional Query Definition

select
supp_nation,
cust_nation,
|_year, sum(volume) as revenue
from (
select
nl.n_name as supp_nation,
n2.n_name as cust_nation,
extract(year from |_shipdate) as |_year,
|_extendedprice * (1 1_discount) as volume
from
supplier,
lineitem,
orders,
customer,
nation ni,
nation n2
where
s_suppkey = |_suppkey
and o_orderkey = |_orderkey
and c_custkey = o ustkey
and s_nationkey = nl1.n_nationkey
and c_nationkey = n2.n_nationkey
and (
(n1.n_name ="[NATION1] and n2.n_name = '[NATIONZ2])
or (n1.n_name = [NATION2] and n2.n_name = [NATIONL1])
)
and |_shipdate between date '199501' and date '19962-31"'
) as shipping
group by
supp_nation,
cust_nation,
|_year
order by
supp_nation,
cust_nation,
|_year;

2.10.3 Substitution Parameters
Values for the following substitution parametenust beyenerated and used to build the executable query text:

1. NATION1 is randomly selected within the list of values defined for N_NAMElguse4.2.3

2. NATIONZ2 is randomly selected within the list of values defined for N_NAMElIguse4.2.3and must belif-
ferent from the value selected for NATIONL1 in item 1 above.
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2.10.4 Query Validation
For validationagainst the qualification datababe query musbe executed using the following values for substitu
tion parameter and must produce the following output data:
Values for substitution parameser
1. NATION1 = FRANCE;
2. NATION2 = GERMANY.

Query validatioroutput data:

SUPP_NATION CUST_NATION YEAR REVENUE

FRANCE GERMANY 1995 54639732.73
FRANCE GERMANY 1996 54633083.31
GERMANY FRANCE 1995 52531746.67
GERMANY FRANCE 1996 52520549.02
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2.11 National Market Share Query (Q8)

This query determines how the market share of a given nation within a given region has changed over two years for
a given part type.

2.11.1 Business Question
The market share for avgin nation within a given region is defined as the fraction of the revenue, the sum of
[I_extendedprice * (4_discount)], from the products of a specified type in that region that was supplied by suppli
ers from the given nation. The query determinesftrishe years 1995 and 1996 presented in this order.

2.11.2 Functional Query Definition

select
0_year,
sum(case
when nation = '[NATION]'
then volume
else 0
end) / sum(volume) as mkt_glea
from (
select
extract(year from o_orderdate) as o_year,
|_extendedprice * (L_discount) as volume,
n2.n_name as nation
from
part,
supplier,
lineitem,
orders,
customer,
nation ni,
nation n2,
region
where
p_partkey = |_partkey
and s_suppkey E suppkey
and |_orderkey = o_orderkey
and o_custkey = c_custkey
and c_nationkey = nl1.n_nationkey
and nl.n_regionkey = r_regionkey
and r_name = '[REGION]'
and s_nationkey = n2.n_nationkey
and o_orderdate between date '1:995)1' and date '19962-31"
and p type = [TYPE]'
) as all_nations
group by
0_year
order by
0_year;

2.11.3 Substitution Parameters
Values for the following substitution parametenust be generated and used to build ¥eew@able query text:

1. NATION is randomly selected within the list of values defined for N_NAMElause4.2.3

2. REGION is the value defined iClause 4.2.3 for R_NAME where R_REGIONKEY corresponds to
N_REGIONKEY for the sacted NATION in item 1 above;

3. TYPE is randomly selected within the list o&8llable strings defined for Types Glause4.2.2.13
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2.11.4 Query Validation
For validationagainst the qualification datababe query must be executed using the following values for substitu
tion parameter and must produce the following output data:
Values br substitution parametgr

1. NATION = BRAZIL,;
2. REGION = AMERICA;
3. TYPE = ECONOMY ANODIZED STEEL.

Query validatioroutput data:

YEAR MKT_SHARE
1995 .03
1996 .04
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2.12 Product Type Profit Measure Query (Q9)

2121

2.12.2

2.12.3

2124

This query determines how much profit is made on a given line of parts, broken out by supplier nation and year.

Business Question

The Product Type Profit Measure Query finds, dach nation and each year, the profit for all parts ordered in that
year that contain a specified substring in their names and that were filled by a supplier in that nation. The profit is

defined as the sum of [(I_extendedpricef(#Hliscount))- (ps_suppycost * |_quantity)] for all lineitems describing

parts in the specified line. The query lists the nations in ascending alphabetical order and, for each nation, the year

and profit in descending order by year (most recent first).

Functional Query Definition

select
nation,
0_year,
sum(amount) as sum_profit
from (
select
n_name as nation,
extract(year from o_orderdate) as o_year,
|_extendedprice * (1 1_discount)- ps_supplycost * |_quantity as amount
from
part,
supplier,
lineitem,
partsupp,
ordess,
nation
where
s_suppkey =|_suppkey
and ps_suppkey =|_suppkey
and ps_partkey = |_partkey
and p_partkey = |_partkey
and o_orderkey = |_orderkey
and s_nationkey = n_nationkey
and p_name like '%[COLOR]%'
) as profit
group by
nation,
0_year
order by
naion,
0_year desc;

Substitution Parameters
Values for the following substitution parameteust be generated and used to build the executable query text:

1. COLOR is randomly selected thin the list of values defined for the generation of P_NAMEIlsuse4.23.
2.12.4 Query Validation

For validationagainst the qualification datababe query must be executed using the following values for substitu

tion parameterand must produce the following output data:
Values for substitution parameser

1. COLOR = green.

Query validatioroutput data:
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NATION YEAR SUM_PROFIT

ALGERIA 1998 31342867.24
ALGERIA 1997 57138193.03
ALGERIA 1996 56140140.13
ALGERIA 1995 53051469.66
ALGERIA 1994 53867582.12

[165 more rows]

VIETNAM 1996 50488161.42
VIETNAM 1995 49658284.61
VIETNAM 1994 50596057.26
VIETNAM 1993 50953919.14
VIETNAM 1992 49613838 .33
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2.13

2.13.1

2.13.2

2.13.3

2.134

Returned Item Reporting Query (Q10)

The query identifies customers who might be having problems with the parts that are shipped to them.

Business question

The Returned Item Reporting Query finds the top 20 customers, in terms of their effest mvémue for a given

qguarter, who have returned parts. The query considers only parts that were ordered in the specified quarter. The
query lists the customer's name, address, nation, phone number, account balance, comment information and revenue
lost. The customers are listed in descending order of lost revenue. Revenue lost is defined as
sum(l_extendedprice*¢l discount)) for all qualifying lineitems.

Functional Query Definition
Return the first 20 selected rows

select
c_custkey,
c_name,
sum(l_extendedprice * (4l_discount)) as revenue,
c_acctbal,
n_name,
c_address,
c_phone,
c_comment
from
customer,
orders,
lineitem,
nation
where
c_custkey = o_custkey
and | orderkey = o_orderkey
and o_orderdate >= date [DATE]'
and o_orderdate < date [DATE]' + interval '3' month
and |_returnflag = 'R’
and c_nationkey = n_nationkey
group by
c_custkey,
c_name,
c_acctbal,
c_phone,
n_name,
c_address,
c_comment
order by
revenue desc;

Substitution Parameters
Values for the following substitution parameteust be generated and used to build the executable query text:

1. DATE is the first day of a randombelected month from the second month of 1993 to the first month of 1995.

Query Validation

For validationagainst the qualification datababe query must be executed using the following values for substitu
tion parameter and must produce the following output data:

Values for substitution parameser

1. DATE =199310-01.
Query véidation output data:
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C_CUSTKEY C_NAME REVENUE C_ACCTBAL N_NAME
57040 Customer#000057040 734235.24 632.87 JAPAN
143347 Customer#000143347 721002.70 2557.47 EGYPT
60838 Customer#000060838 679127.31 2454.77 BRAZIL
101998 Customer#000101998 637029.57 3790.89 UNITED KINGDOM
125341 Customer#000125341 633508.09 4983.51 GERMANY
[10 more rows]
110246 Customer#000110246 566842.98 7763.35 VIETNAM
142549 Customer#000142549 563537.24 5085.99 INDONESIA
146149 Customer#000146149 557254.99 1791.55 ROMANIA
52528 Customer#000052528 556397.35 551.79 ARGENTINA
23431 Customer#000023431 554269.54 3381.86 ROMANIA
C_ADDRESS C_PHONE C_COMMENT
Eioyzjfdpp 22-895- 641 - 3466 sits. slyly regular requests sleep alongside
of the regular inst
laReFYv,Kw4 14-742-935- 3718 ggle carefully enticing requests. final

deposits use bold, bold pinto beans. ironic,
idle re

64EaJSVMAHWJIl  12-913- 494- 9813
BOxJKIpNCc2RJi
WE

need to boost against the slyly regular
account

01c9CILn NtfOQ 33-593-865- 6378
YmZj

ress foxes wake slyly after the bold
excuses. ironic platelets are furiously car
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2.14 Important Stock Identification Query (Q11)

This query finds the most important subset of suppliers' stock in a given nation.

2.14.1 Business Question
The Important Stock Idenidation Query finds, from scanning the available stock of suppliers in a given nation, all
the parts that represent a significant percentage of the total value of all available parts. The query displays the part
number and the value of those parts in dedtey order of value.

2.14.2 Functional Query Definition

select
ps_partkey,
sum(ps_supplycost * ps_availgty) as value
from
partsupp,
supplier,
nation
where
ps_suppkey = s_suppkey
and s nationkey = n_nationkey
and n_name = [NATION]'
group by
ps_partkey having
sum(ps_supplycost * ps_availqty) > (
select
sum(ps_supplycost * ps_availqty) * [FRACTION]
from
partsupp,
supplier,
nation
where
ps_suppkey = s_suppkey
and s_nationkey = n_tiankey
and n_name = [NATION]'
)
order by
value desc;

2.14.3 Substitution Parameters
Values for the following substitution parameteust be generated and used to build the executable gxery

1. NATION is randomly selected within the list of values defined for N_NAMElause4.2.3
2. FRACTION is chosen as 0.0005F.

2.14.4 Query Validation
For validationagainst the qualification datababe query must be executed using the following values for substitu
tion parametes and must produce the following output data:
Values for substitution parameser
1. NATION = GERMANY;
2. FRACTION = 0.0001.

Query validatioroutput data:
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PS_PARTKEY

VALUE

129760

17538456.86

166726

16503353.92

191287

16474801.97

161758

16101755.54

34452

[1038 More Rows]

15983844.72

154731 7888301.33
101674 7879324.60
51968 7879102.21
72073 7877736.11
5182 7874521.73
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2.15 Shipping Modes and Order Priority Query (Q12)

This query determines whether selecting less expensive modes of shipping is negatively affecting therioritical
ity orders by causing more parts to be received by customers after the committed date.

2.15.1 Business Quetson
The Shipping Modes and Order Priority Query counts, by ship mode, for lineitems actually received by customers in
a given year, the number of lineitems belonging to orders for which the |_rec¢eiptdzeds the |_commitdate for
two different specified ship modes. Only lineitems that were actually shipped before the |_commitdate are con
sidered. The late lineitems are partitioned into two groups, those with priority URGENT or HIGH, and those with a
priority other than URGENT or HIGH.

2.15.2 Functional Query Definition

select
|_shipmode,
sum(case
when o_orderpriority =1JRGENT'
or o_orderpriority ='ZHIGH'
then 1
else 0
end) as high_line_count,
sum(case
when o_orderpridty <> '1-URGENT'
and o_orderpriority <> “HIGH'
then 1
else 0
end) as low_line_count
from
orders,
lineitem
where
o_orderkey = |_orderkey
and |_shipmode in ([SHIPMODE1]', [SHIPMODEZ2]")
and |_commitdate < |_receiptdate
and |_shipdate < |_commitdate
ard |_receiptdate >= date [DATE]'
and |_receiptdate < date '[DATE]' + interval '1' year
group by
|_shipmode
order by
|_shipmode;

2.15.3 Substitution Parameters
Values for the following substitution parametenust be generated and used to build the executable query text:

1. SHIPMODEL1 is randomly selected within the list of values defined for Modetaimse4.2.2.13

2. SHIPMODE?Z? is randomly selected within the list of values defined for Mod€3ainse4.2.2.13and must be
different from the value selected for SHIPMODEL in item 1;

3. DATE is the first of January of a randomly selected year within [1993 .. 1997].

2.15.4 Query Validation
For validationagainst the qualification datababe query must be executed using the following values for substitu
tion parametex and must produce the following output data:
Values for substitution parameser

1. SHIPMODEL1L = MAIL;
2. SHIPMODEZ2 = SHIP;
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3. DATE =199401-01.

Query validatioroutput data:

L_SHIPMODE HIGH_LINE_COUNT LOW_LINE_COUNT
MAIL 6202 9324
SHIP 6200 9262
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2.16 Customer Distribution Query (Q13)

This query seeks relationships between customers and the size of their orders.

2.16.1 Business Question
This query determines the distribution of custosnigy the number of orders they have made, including customers
who have no record of orders, past or present. It counts and reports how many customers have no orders, how many
have 1, 2, 3, etc. A check is made to ensure that the orders counted dointi falke of several special categories
of orders. Special categories are identified in the order comment colpitooking for a particular pattern.

2.16.2 Functional Query Definition

select
¢_count, count(*) as custdist
from (
select
c_custkey,
count(o_orderkey)
from
customer left outer joinrders on
c_custkey = 0_custkey
and o_comment not | ike 0% WORD1] %[ WORD2] %8
group by
c_custkey
)as c_orders (c_ctley, c_count)
group by
c_count
order by

custdist desc,
c_count desc;

2.16.3 Substitution Parameters
1. WORDL1 is randomly selected from 4 possible values: special, pending, unusual, express.
2. WORD?2 is randomly selected from 4gsible values: packages, requests, accounts, deposits.

2.16.4 Query Validation
For validationagainst the qualification datababe query must be execdtesing the following substitutioparam
eters and must produce the following output data:
Values for substitutioparameters:
1. WORDL1 = special.
2. WORD?2 = requests.

Query validatioroutput data:

C_COUNT CUSTDIST

0 50005
9 6641
10 6532
11 6014
8 5937
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[32 more rows]

38 5
37 5
40 4
41 2
39 1
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2.17 Promotion Effect Query (Q14)

This query monitors the market response to a promotiona@lv advertisements or a special campaign.

2.17.1 Business Question
The Promotion Effect Query determines what percentage of the revenue in a given year and month was derived from
promotional parts. The queppnsiders only parts actually shipped in that month and gives the percentage. Revenue
is defined as (I_extendedprice *(1discount)).

2.17.2 Functional Query Definition

select
100.00 * sim(case
when p_type like 'PROMO%'
then |_extendedprice*{L discount)
else 0
end) / sum(l_extendedprice * {1 discount)) as promo_revenue
from
lineitem,
part
where
|_partkey = p_partkey
and |_shipdate >= date '[DATE]'
and |_shipdate < date '[DATE} interval '1' month;

2.17.3 Substitution Parameters
Values for the following substitution parameteust be generated and used to build the executable query text:

1. DATE is the first day of anonth randomly selected from a random year within [1993 .. 1997].

2.17.4 Query Validation
For validationagainst the qualification datababe query musbe executed using the following values for substitu
tion parameter and must produce the following output data:
Values for substitution parameser

1. DATE =199509-01.

Query validatio output data:

PROMO_REVENUE

16.38
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2.18 Top Supplier Query (Q15)

This query determines the top supplier so it can be rewarded, given more business, or identified for special recogni
tion.

2.18.1 Business Question
The Top Supplier Query finds the supplier who contributed the most to the overall revenue for parts shipped during
a given quarter of a given year. In case of a tie, the query lists all suppliers whoseutiontivas equal to the
maximum, presented in supplier number order.

2.18.2 Functional Query Definition

create viewevenue[STREAM_ID] (supplier_no, total_revenue) as
select
|_suppkey,
sum(l_extendedprice * (41_discount))
from
lineitem
where
|_shipdate >= date '[DATE]'
and |_shipdate < date '[DATE]' + interval '3' month
group by
|_suppkey;

select
s_suppkey,
s_name,
s_address,
s_phone,
total_revenue
from
supplier,
revenue[STREAM_ID]
where
s_suppkey = supplier_no
and total_revenue = (
select
max(total_revenue)
from
revenue[STREAM_ID]
)
order by
s_suppkey;

drop viewrevenue[STREAM_ID];

2.18.3 Substitution Parameters
Values fa the following substitution parametetust be generated and used to build the executable query text:

1. DATE is the first day of a randomly selected month between the first month of 1993 and the 10th month of
1997.

2.18.4 Query Validation
For validationagainst the qualification datababe query must be executed using the following values for substitu
tion parametex and must produce the following output data:
Values for substitution parameser

1. DATE =199601-01.

Query validatioroutput data:
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S_SUPPKEY S_NANME S_ADDRESS S_PHONE TOTAL_REVENUE

8449 Supplier#000008449 Wp34zim9qYFbVctdW  20- 469- 856- 8873  1772627.21
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2.19

2.19.1

2.19.2

2.19.3

Parts/Supplier Relationship Query (Q16)

This query finds out how many suppliers can supply parts with given attributes. It might be used, fdeexamp
determine whether there is a sufficient number of suppliers for heavily ordered parts.

Business Question

The Parts/Supplier Relationship Query counts the number of suppliers who can supphapastisfy a particular
customer's requirements. The customer is interested in parts of eight different sizes as long as they are not of a given
type, not of a given brand, and not from a supplier who has had complaints registered at the BetterBusiess

Results must be presented in descending count and ascending brand, type, and size.

Functional Query Definition

select
p_brand,
p_tYPe,
p_size,
count(distinct ps_suppkey¥ aupplier_cnt
from
partsupp,
part
where
p_partkey = ps_partkey
and p_brand <> [BRAND]'
and p_type not like [TYPE]%'
and p_size in ([SIZE1], [SIZE2], [SIZE3], [SIZE4], [SIZES5], [SIZE6], [SIZE7], [SIZES])
and ps_suppkey not in (
select
s_suppkey
from
supplier
where
s_comment like '%Customer%Complaints%'
)
group by
p_brand,
p_t)_/pe,
p_size
order by
supplier_cnt desc,
p_brand,
p_t)_/pe,
p_size;

Substitution Parameters
Values for the following substitution pararaet must be generated and used to build the executable query text:

1. BRAND = Brand#MN where M and N are two single character strings representing two numbers randomly and
independently selected within [1 .. 5];

2. TYPE is mae@ of the first 2 syllables of a string randomly selected within the listsyfllable strings defined
for Types inClause4.2.2.13

SIZE1 is randomly selected as a set of eight different values within [1 .. 50];
SIZE?2 is randomly selected as a set of eight different values within [1 .. 50];
SIZE3 is randomly selected as a set of eight different values within [1 .. 50];

SIZE4 s randomly selected as a set of eight different values within [1 .. 50];

N o o > w

SIZES5 is randomly selected as a set of eight different values within [1 .. 50];
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8. SIZES6 is randomly selected as a set of eight different values within [1 .. 50];
9. SIZE7 is randomly seléed as a set of eight different values within [1 .. 50];
10. SIZES8 is randomly selected as a set of eight different values within [1 .. 50].

2.19.4 Query Validation
For validationagainstthe qualification databaghe query must be executed using the following values for substitu
tion parameter and must produce the following output data:
Values for substitution parameser

BRAND = Brand#45.

TYPE = MEDIUM POLISHED .

SIZE1 =49

SIZE2 = 14

SIZE3 = 23

SIZE4 = 45

SIZE5 =19

SIZE6 =3

SIZE7 = 36

10. SIZE8 = 9.

Query validatioroutput data:

© © N o g kM w NP

P_BRAND P_TYPE P SIZE SUPPLIER_CNT
Brand#41 MEDIUM BRUSHED TIN 3 28
Brand#54 STANDARD BRUSHED COPPER 14 27
Brand#11 STANDARD BRUSHED TIN 23 24
Brand#11 STANDARD BURNISHED BRASS 36 24
Brand#15 MEDIUM ANODIZED NICKEL 3 24

[18,304 more rows]

Brand#52 MEDIUM BRUSHED BRASS 45 3
Brand#53 MEDIUM BRUSHED TIN 45 3
Brand#54 ECONOMY POLISHED BRASS 9 3
Brand#55 PROMO PLATED BRASS 19 3
Brand#55 STANDARD PLATED TIN 49 3

TPC Benchmark' H Standard Specifi¢an Revision 2.12.0 Page59



2.20 Small-Quantity-Order Revenue Query (Q17)

This query determines how much average yearly aemould be lost if orders were no longer filled for small
quantities of certain parts. This may reduce overhead expenses by concentrating sales on larger shipments.

2.20.1 Business Question
The SmaHlQuantityOrder Revenue Query considers parts of a given brand and with a given container type and
determines the average lineitem quantity of such parts ordered for all orders (past and pendingyéattdata
base. What would be the average yearly gross gaadnted) loss in revenue if orders for these parts with gityuan
of less than 20% of this average were no longer taken?

2.20.2 Functional Query Definition

select

sum(l_extendedprice)7.0 as avg_yearly
from

lineitem,

part
where

p_partkey = |_partkey

and p_brand = [BRAND]'

and p_container = JCONTAINER]'

and |_quantity < (

select

0.2 * avg(l_quantity)
from

lineitem
where

|_partkey = p_partkey
);

2.20.3 Substitution Parameters
Values for the following substitution parameteust be generated and used to build the executable query text:

1. BRAND = 'Brand#MN' where MN is a two character string representing two numbers rignaloesnindepen
dently selected within [1 .. 5];

2. CONTAINER is randomly selected within the list ofsgllable strings defined for Containers @lause
42213

2.20.4 Query Validation
For validationagainst the qualification datababe query must be executed using the follaywalues for substitu
tion parametexr and must produce the following output data:
Values for substitution parameser

1. BRAND = Brand#23;
2. CONTAINER = MED BOX.

Query validatioroutput data:

AVG_YEARLY

348406.05
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2.21 Large Volume Customer Query (Q18)

The Large Volume Customer Query ranks customers based on their having placed a large quantity order. Large
guantity orders are defined as those msdehose total quantity is above a certain level.

2.21.1 Business Question
The Large Volume Customer Query finds a list of the top 100 customers who have ever placed large quantity orders.
The query lists theustomer name, customer key, the order key, date and totabpdabde quantity for the order.

2.21.2 2.21.2 Functional Query Definition
Return the first 100 selected rows

select
c_name,
c_custkey,
o_orderkey,
o_orderdate,
o_totalprice,
sum(l_quantity)
from
customer,
orders,
lineitem
where
o_orderkey in (
select
|_orderkey
from
lineitem
group by
|_orderkey having
sum(l_quantity) > [QUANTITY]
)
and c_custkey ®_custkey
and o_orderkey = |_orderkey
group by
c_name,
c_custkey,
o_orderkey,
o_orderdate,
o_totalprice
order by
o_totalprice desc,
o_orderdate;

2.21.3 Substitution Parameters
Values for the following substitution parateemust be generated and used to build the executable query text:

1. QUANTITY is randomly selected within [312..315].

2.21.4 Query Validation
For validationagainst the qualification datababe query must be executed using the following values for substitu
tion parametex and must produce the following output data:
Values for substitutin parametes.

1. QUANTITY =300

Query validatioroutput data:
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C_NAME C_CUSTKEY O_ORDERKE O_ORDERDATE O_TOTALPRICE Sum(L_QUANTITY)

Y

Customer#000128120 128120 4722021 1994 - 04- 07 544089.09 323.00
Customer#000144617 144617 3043270 1997-02-12 530604.44 317.00
Customer#000013940 13940 2232932 1997-04- 13 522720.61 304.00
Customer#000066790 66790 2199712 1996 - 09- 30 515531.82 327.00
Customer#000046435 46435 4745607 1997 - 07- 03 508047. 99 309.00
[47 more rows]

Customer#000069904 69904 1742403 1996- 10- 19 408513.00 305.00
Customer#000017746 17746 6882 1997- 04- 09 408446.93 303.00
Customer#000013072 13072 1481925 1998 - 03- 15 399195.47 301.00
Customer#000082441 82441 857959 1994 - 02- 07 382579.74 305.00
Customer#000088703 88703 2995076 1994 - 01- 30 363812.12 302.00
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2.22

2221

2.22.2

Discounted Revenue Query (Q19)

The Discounted Revenue Query reports the gross discounted revenue attributed to the sale of selected parts handlec
in a particula manner. This query is an example of code such as might be produced programmatically by a data
mining tool.

Business Question

The Discounted Revenue query finds the gross discounted revenue fateadi for three different types of parts

that were shipped by air or delivered in person . Parts are selected based on the combination of specific brands, a list
of containers, and a range of sizes.

Functional Query Definition

select
sum(l_extendedprice * (4l_discount) ) as revenue
from
lineitem,
part
where
(
p_partkey = |_partkey
and p_brand = 6[ BRAND1] 6
and p_container in ( 6SM CASE®&6, 6SM BOXd6, OSM
and |_quarnty >= [QUANTITY1] and |_quantity <= [QUANTITY1] + 10
and p_size between 1 and 5

and | _shipmode in (6AI R6, O6AI R REGO)
and | _shipinstruct = ODELIVER I N PERSONS®
)
or
(
p_partkey = |_partkey
and p_brand = 6[] BRAND2] 6
and p_container in @, MEWVMEBARBKGO ,0 MENDE B OXACK O )
and |_quantity >= [QUANTITY?2] and |_quantity <= [QUANTITY2] + 10
and p_size between 1 and 10
and | shipmode in (6AI R6, O6AI R REGOH)
and | shipinstruct = O6DELIVER I N PERSONS®
)
or

(
p_partkey = |_partkey

and p_brand = 6[] BRAND3] 6

andp _container in ( 6LG CASE6, O6LG BOX6, O6LG PH£
and |_quantity >= [QUANTITY3] and |_quantity <= [QUANTITY3] + 10

and p_size between 1 and 15

and | _shipmode in (6AI R6, OAI R REGO)

and | _shipinstruct = ODELIVER I N PERSONS®G

);

2.22.3 Substitution Parameters

1. QUANTITY1 is randomly selected within [1..10].

2. QUANTITY2 is randomly selected within [10..20].
3. QUANTITY3 is randomly selected within [20..30].
4

BRAND1, BRAND2, BRAND3 = 'Brand#MN' where each MN is a two character steépgesenting two num
bers randomly and independently selected within [1 .. 5]
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2.22.4 Query Validation
For validationagainst the qualification datababe query must be executed using the following values for substitu
tion parameter and must produce the following output data:
Values for substitution parameser

QUANTITY1 = 1.
QUANTITY 2 = 10.
QUANTITY3 = 20.
BRAND1 = Brand#12.
BRAND?2 = Brand#23.
BRAND3 = Brand#34.

o g A~ w N E

Query validatioroutput data:

REVENUE

3083843.05

TPC Benchmark' H Standard Specifi¢an Revision 2.12.0 Page64



2.23 Potential Part Promotion Query (Q20)

The Potential Part Promotion Query itiéas suppliers in a particular nation having selected parts that may be can
didates for a promotional offer.

2.23.1 Business Question
The Potential Part Promotion query identifies suppliers who have ansestcasgiven part available; an excess is
defined to be more than 50% of the parts like the given part that the supplier shipped in a given year for a given
nation. Only parts whose names share a certain naming convention are considered.

2.23.2 Functional Query Definition

select
Ss_name,
s_address
from
supplier, nation
where
s_suppkey in (
select
ps_suppkey
from
partsupp
where
ps_partkey in (
select
p_partkey
from
part
where
p_namdike '[COLOR]%'
)
and ps_availqty > (
select
0.5 * sum(l_quantity)
from
lineitem
where
|_partkey = ps_partkey
and |_suppkey = ps_suppkey
and | shipdate >= date(' [ DATE] 6)
and | shipdate < date('[DATE]J®) + inte
)
)
and s_nationkey = n_natikay
and n_name = [NATION]'
order by

S_name;
2.23.3 Substitution Parameters
1. COLOR is randomly selected within the list of values defined for the generation of P_NAME.
2. DATE is the first of January of a randomly selected ye#hinil993..1997.
3. NATION is randomly selected within the list of values defined for N_NAME in Cldu&

2.23.4 Query Validation
For validationaganst the qualification databagiee query must be executed using the following values for substitu
tion parameter and must produce the following output data:
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Values for substitution paramese
1. COLOR = forest.

2. DATE =199401-01.

3. NATION = CANADA.

Query validatioroutput data:

S_NAME

S_ADDRESS

Supplier#000000020

iybAE,RmTymrZVYaFZva2SH,j

Supplier#000000091

YV45D7Tkf dQan00Z7q9QxkyGUapU100WU6G3

Supplier#000000197

YC2Acon6kjY3zj3Fbxs2k4Vdf7X0cd2F

Supplier#000000226

83q0dU2EYRAPQAQhEtn GRZEd

Supplier#000000285

Br7elnntlyxrw6lmgpJ7YdhFDjuBf

[194 more rows]

Supplier#000009862

rJzweWeN58

Supplier#000009868

ROjGgx5gvtkmnUUoeyy7v

Supplier#000009869

ucLgxzrpBTRMewGSM29t0rNTM30g1Tu3Xgg3mKag

Supplier#000009899

7XdpAHrzrit,UQFZE

Supplier#000009974

7wJ,J5DKcexSU4KplcQLpbcAvB5ASVKT
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2.24 Suppliers Who Kept Orders Waiting Query (Q21)

This query identifies certain ppliers who were not able to ship required parts in a timely manner.

2.24.1 Business Question
The Suppliers Who Kept Orders Waiting query identifies suppliers, for a given nation, whose product was part of a
multi-supplier order (with current status of 'F') where they were the only supplier who failed to meet the committed
delivery date.

2.24.2 Functional Query Definition

Return the first 100 $ected rows

select
S_name,
count(*) as numwait
from
supplier,
lineitem 11,
orders,
nation
where
s_suppkey = I1.I_suppkey
and o_orderkey = I1.]_orderkey
and o_orderstatus = 'F'
and I1.I_receiptdate > |1.|_commitdate
and exists (
select
*
from
lineitem 12
where
12.1_orderkey = I1.I_orderkey
and 12.I_suppkey <> I1.|_suppkey
)
and not exists (
select
*
from
lineitem 13
where
13.1_orderkey = I1.I_orderkey
and 13.I_suppkey <> I1.|_suppkey
and 13.I_receiptdate > 13.I_commitdate
)
and s_ationkey = n_nationkey
and n_name = [NATION]'
group by
S_name
order by
numwait desc,
S_name;

2.24.3 Substitution Parameters
1. NATION is randomly selected within the list of values defined for N_NAME in Cldu3&
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2.24.4 Query Validation
For validationagainst the qualification datababe query must be executed using the following valuesudbstitu
tion parameter and must produce the following output data:
Values for substitution parameser

1. NATION = SAUDI ARABIA.

Query validatioroutput data:

S _NAME NUMWAIT
Supplier#000002829 20
Supplier#000005808 18
Supplier#000000262 17
Supplier#000000496 17
Supplier#000002160 17

[90 more rows]

Supplier#000001916 12
Supplier#000001925 12
Supplier#000002039 12
Supplier#0 00002357 12
Supplier#000002483 12
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2.25 Global Sales Opportunity Query (Q22)

The Global Sales Opportunity Query identifies geographies where there are customers who may be likely to make a
purchase.

2.25.1 Business Question
This query counts how many customers within a specific range of country codes have not placed orders for 7 years
but who have a greater than average fipositivedo acco
Country code is efined as the first two characters of ¢c_phone.

2.25.2 Functional Query Definition

select
cntrycode,
count(*) as numcust,
sum(c_acctbal) as totacctbal
from (
select
substring(c_phone fra 1 for 2) as cntrycode,
¢_acctbal
from
customer
where
substring(c_phone from 1 for 2) in
(' rrayp,pr2ypoe, 3y, 4,151,161
and c_acctbal > (
select
avg(c_acctbal)
from
customer
where
¢_acctbal > 0.00
and substring (c_phone from arf2) in
) (AT, 121, 1381, 14T, 1S ], 18T, 17 T)
and not exists (
select

from
orders
where
0_custkey = c_custkey
)
) as custsale
group by
cntrycode
order by
cntrycode;

2.25.3 Substitution Parameters

1. 1 1 “arelrandomly selected without repetition from the possible values for Country code as defined in Clause
4.2.2.9

2.25.4 Query Validation
For validationagainst the qualification datababe query must be executed using the following substitution param
eters and must produce the following output data:

1. 11=13.
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12 =31.
I3 =23.
14 =29.
15 =30.
16 =18.
17 =17.

Query validatioroutput data:

CNTRYCODE NUMCUST TOTACCTBAL
13 888 6737713.99
17 861 6460573.72
18 964 7236687.40
23 892 6701457.95
29 948 7158866.63
30 909 6808436.13
31 922 68066 70.18
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2.26 General Requirements for Refresh functions

2.26.1 RefreshFunction Overview
Each refresh functiois defined by the following components:

. The business rationale, which illustrates the business context in which the refresh surmtildinbe used;

. The refresh functiomefinition, which defines in pseuetmde the function to be performed by thé&ash
function;

. The refreshdata set, which defines the set of rawde inserted or deleted by each execution of the refresh

functioninto or from the ORDERS and LINEITEM tableEhis set of rows represents 0.1% of the initial
populationof these two tables (sdable 4: LINEITEM Cardinality.

2.26.2 Transaction Requrements for Refresh functions
The execution of each refresh functi®F1 or RF2) can be decomposed into any number of database transactions
as long as the flowing conditions are met:

. All ACID properties are met;

. Each atomidransaction includes a sufficient number of data modifications to maintain the logical database
consistencyFor example, when adding or deleting a new order, the LINEITEM and the ORDERS tables
are both modified within the same transaction;

. An output message is sent when the last transaction of the refresh flragiompleted successfully.
2.26.3 Refresh Function Compliance
2.26.3.1The benchmark specification does not place any requirements on the implementation foéshefwactiors other

than their functional equivalence to the refresh function definition and complidtic€lause 2.26.2For RF1 and
RF2 only, the implemntation is permitted to:

. Use any language to write the code for the refresh furstion

. Preprocess, compile and link the executable code on the &Ua&ny time prior to or during the
measurement interval;

. Provide the SUTwith the data to be inserted by RF1 or the set of keys for the tiotvs deleted by RF2
prior to the execution of the benchmark (this specifically does not allovexgeution of the refresh
functiors).

Comment The intent is to separate the resources required to generate the data to be inserted (or the set of key for
the rowsto be deleted) from the resources required to execute insert and delete operations against the database.

. Group the individuatefresh functios into transactions and organize their execution serially or in parallel.
This grouping may be different in the power t@stl in the throughpuést

2.26.3.2The refresh functiomdo not produce any output other than a message of successful completion.

2.26.3.3The proper implementatioof the refresh functics must be validated by the impndent auditowho may request
additional tests to ascertain that the refresh functions execute in accordance with the benchmark requirements.

2.27 New Sales Refreslrunction (RF1)

This refresh functiomdds new sales information to the database.

2.27.1 Business Rationale
The New Sales refresh functiarserts new rowito the ORDERS and LINEITEM tablés the database followg
the scalinganddata generation methods used to populate the database.

2.27.2 RefreshFunction Definition

LOOP (SF * 1500) TIMES
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2.27.3

2.28

2.28.1

2.28.2

2.28.3

2.29

2.29.1

INSERT a new rovinto the ORDERS table
LOOP RANDOM(1, 7) TIMES
INSERT a new rownto the LUNEITEM table
END LOOP
END LOOP

Comment: The refresh functian can be implemented with much greater flexibility than the queriesClsese
2.26.3. The definition provided here is @xample only. Test sponsomay wish to explore other implementations.

RefreshData Set
The set of rowso be inserted must be produced by DBGEN a modified version of DBGEN, s&&ause4.2.])
using the-U option. This option will produce as many sets of rows as required for use irstnediin tests.

Old Sdes RefreshFunction (RF2)

This refresh functiomemoves old sales information from the database.

Business Rationale
The Old Sales refresh functisamoves rowgrom the OPERS and LINEITEM tables the database to emulate
the removal of stale or obsolete information.

RefreshFunction Definition

LOOP (SF * 1500) TIMES
DELETE FROM ORDERS WHERE O_ORDERKEY = [value]
DELETE FROM LINEITEM WHERE L_ORDERKEY = [value]
END LOOP

Comment: The refresh functian can be implemented with much greater flexibility than the queriesClsese
2.26.3. The definition provided here is an exampleyofilest spons@rmay wish to explore other implementation

RefreshData Set

The primary kewalues for the set of rowt® be deleted must be produced by DBGEr a modified version of
DBGEN, seeClause4.2.]) using the-U option. This option will produce as many setgrimary keys as required

for use in multistream throughpuess. The rows being deleted begin with the first row of each of the two targeted
tables

Database Evolution Process

The tessponsomust assure the correctness of the database for each run within the performance test.
This is accompbishedt byt oOdabbbasg, keeping tsloadk of v
be used by RF1 and RF2 for each run Gleeise5.1.1.9.

Comment It is explicitly not permitted to rebuild or redd the test database during the performance tesC{aase
5.1.1.3.

The test database may be endlessly reused if the testosgaeeps careful track of how many pairs of refresh-func

tions RF1/RF2 have been executed and completed successfully. For example, a test sponsor running five streams
would execute one RF1/RF2 pair during the power test using the first set of insertdete produced by DBGEN
(seeClaused.2.7). The throughput test would then execute the next five RF1/RF2 pairs usirggtimel shrough the

sixth sets of inset/delete rows produced by DBGEN. The next run would use the sets of insert/deletedumed pro

by DBGEN for the seventh RF1/RF2 pair, and continue from there.
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3.1.1

3.1.2

3.1.3

3.14

3.15
3.1.6

3.16.1

3.1.6.2

3: THE ACID PROPERTIES

The ACID (Atomicity, Consistencylsolation and Durability) properties of transaction processing systems must be
supported by the system under test during the timed portion of this bekctBnare TPEH is not a transaction
processing benchmark, the ACID properties must be evaluated outside the timed portion of the test. It is the intent of
this section to informally define the ACID properties and to specify a series of tests that carfobmegeto
demonstrate that these properties are met.

While it is required for the system under test (3t support the ACIDproperties defined in this Clause, the exe
cution of the corresponding ACID tests is only reqdiiie lieu of supplying other sufficient evidence of the SUT's
support for these ACID properties. The existence of another publishegHTde@chmark for which support for the

ACID properties have been demonstrated using the tests defined in this Clauke sudfjcient evidence that the

new SUT supports some or all of the required ACID properties. The determination of whether previously published
TPGCH test results are sufficient evidence of the above is left to the discretion of the.auditor

Comment 1 No finite series of tests can prove that the A@Hoperties are fully supported. Being able to pass the
specified tests is a necessary, but not sufficient, condition for meeting the ACID requirements.

Comment 2 The ACIDtests are intended to demonstrate that the ACID properties are supported by taadSUT
enabled during the performance measurements. They are not intended to be an exhaustive quality assurance test.

The ACID tests must be performed against the qualification databasesame set of mechanisms used to ensure

full ACID properties of the qualification database during the ACID tests must be used/enabled for the test database
during the performance test. This applies both to attributes of the database and to attributes of the daiah@3e ses
used to execute the ACID and performance tests. The attributes of the sessiating the ACIDQuery (see

Clause 3.1.6.8must be the same as those used in the performance test querysjt(saetlauses.1.2.3, and the
attributes of the session executing the ACID transactionGtaese 3.1.6. 2must be the saenas those used in the
performance test refrestream (se€lauses.1.2.9.

The mechanisms used émsure durability of the qualification databasast be enabled for the test database. For
example:

a) If the qualification databaselies on undo logs to ensure atomicity, then such logging nasba enabled
for the test database during the performance test, even though no transactions are aborted.

b) If the qualification databagelies on a database backopmeet the durability requirement (S€kuse 3.5 a
backup must be taken of the test database.

c) If the qualification databaselies on data redundancy mechanisms to meet the durability requirement (see
Clause 3.p these mechanisms must be active during the execution of the performance test.

The test sponsor must attest that the reported configuration would also pass the ACID tests with the test database.

The ACID Transaction and The ACID Query

Since this benchmark does not contain any OLTP transaction, a sp€tial Transaction is defined for use in
some of the ACID test$n addition, to simplify the demonstration that ACID properties are enabled whileniad
gueries are executing concurrentfith other activities, a speci@lCID Query is defined.

Both the ACIDtransaction and hACID Query utilize aruncation function to guarantee arithmetic function por
tability and consistencgf results. Defindrunc(n,p) as

Trunk(, p) = L n* 10° |/ 10°
which truncates n to thé"mlecimal place (e.g., trunc(1.357,2) = 1.35).

Comment: The intent of this clause is to specify the required functionality without dictating a particular implemen
tation

The ACID Transaction must be implemented to conform to the following transaction profile:
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Given the set of input data (O_KEY, L_KEY, [delta]), with

. O_KEY selected at random from the same distithuts that used to populate L ORDERKEY in the
qualification databasgseeClause4.2.3,

. L_KEY selected at random from [1 .. M] where

M = SELECT MAX(L_LINENUMBER) FROM LINEITEM WHERE L_ORDERKEY = O_KEY

using the qualification databasend [delta] selected at random within [1 .. 100]:

BEGIN TRANSACTION

Read O_TOTALPRCE from ORDERS into [ototal] where O_ ORDERKEY =[o0_key]

Read L_QUANTITY, L_EXTENDEDPRICE, L_PARTKEY, L_SUPPKEY, L_TAX, L_DISCOUNT into
[quantity], [extprice], [pkey], [skey], [tax], [disc]
where L_ORDERKEY = [o_key] and L_LINENUMBER =[l_key]

Set [ototal]= [ototal] -
trunc( trunc([extprice] * (& [disc]), 2) * (1 + [tax]), 2)

Set [rprice] = trunc([extprice]/[quantity], 2)

Set [cost] = trunc([rprice] * [delta], 2)

Set [new_extprice] = [extprice] + [cost]

Set [new_ototal] = trunc([new_extprice] * (1-Qdisc]), 2)
Set [new_ototal] = trunc([new_ototal] * (1.0 + [tax]), 2)
Set [new_ototal] = [ototal] + [new_ototal]

Update LINEITEM
where L_ORDERKEY = [o_key] and L_LINENUMBER = [|_key]

Set L EXTENDEDPRICE = [new_extprice]

Set L_QUANTITY = [quantity] + [delta]

Write L EXTENDEDPRICE, L_QUANTITY to LINEITEM
Update ORDERS where O_ORDERKEY =[0_key]

Set O_TOTALPRICE = [new_ototal]

Write O_TOTALPRICE to ORDERS

Insert Into HISTORY
Values ([pkey], [skey], [o_key], [|_key], [delta], [current_date_time])

COMMIT TRANSACTION

Return [rprice], [quantity], [tax], [disc], [extprice], [ototal] to driver

Where HISTORY is a tableequired only for the ACIDests and defined as follows:
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3.1.6.3

3.1.6.4

3.1.6.5

3.2

3.21

3.2.2

3.221

3.2.2.2

3.3

3.3.1

3.3.2

3321

Column Name Datatype Requirements

H_P_KEY identifier Foreign reference to P_PARTKEY

H S KEY identifier Foreign reference to S_SU

H_O_KEY identifier Foreign reference to
O_ORDERKEY

H_L_KEY integer

H_DELTA integer

H DATE. T date and time to second

Comment The values returned by the ACIDansaction are the old values, as read before the updates.

The ACID Query must be implemented to conform to the following functional query definition:
Given the input data:

. O_KEY, selected within the same distributions as those used for the popolatlorORDERKEY in the
qualification database

SELECT SUM(trunc(
trunc(L_EXTENDEDPRICE * (: L_DISCOUNT),2) * (1 + L_TAX),2))
FROM LINEITEM
WHERE L_ORDERKEY = [0_key]

The ACID Transaction and the ACID Query must be used to demonstrate that the ACID properties are-fully sup
ported by the system under test

Although the ACIDTransaction and the ACID Query do not involve all the tabfeke TPCH database, the ACID
properties must be supported fortalbles of the TP database.

Atomicity Requirements

Atomicity Property Definition
The system under test must guarantee that transactions are; d@twmaystenwill either perform all individual
operations on the data, or will assure that no part@iypleted operations leave any effects on the data.

Atomicity Tests

Perform the ACIDTransaction (se€lause 3.1.pfor a randomly selected set of input data and verify that the appro
priate rowshave been changed in tteRDERS, LINEITEM, and HISTORYables

Perform the ACIDTransactiorfor a randomly selected set of input data, substituting a ROLLBACK of the transac

tion for the COMMIT of the transaction. Verify that the appropriate rbage not been changed in tB®DERS,
LINEITEM, and HISTORYtables

Consisteny Requirements

ConsistencyProperty Definition
Consistencys the property of the application that requires any execution of tréorsstd take the database from
one consistent state to another.

ConsistencyCondition

A consistent state for the TR€ database is defined to exist when:
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3.3.2.2

3.3.2.3

3.3.3

3.4

34.1

O_TOTALPRICE =
SUM(trunc(trunc(L_EXTENDEDPRICE *(2 L_DISCOUNT),2) * (1+L_TAX),2))

for each ORDERS andNEITEM defined by (O_ORDERKEY = L_ORDERKEY)

A TPC-H database, when populated as defined in Cldi&sanust meet the consistgncondition defined in Clause
3.3.2.1

If data is replicated, as permitted undaausel.5.7 each copy must meet the consistenondition defined in
Clause3.3.2.1

ConsistencyTests
To verify the consistencyetween the ORDERS, and LINEITEM tahlpgrform the following steps:

1. Verify that the ORDERSand LINEITEM tablesre initially consistent as defined @lause 3.3.2.lbased on a
random sample of at least 10 distinct values of O_ ORDERKEY.

2. Submit at least 100 ACIDransactionsrbm each of at least the number of execution stre@thguery streams
+ 1 refreststream) used in the reported throughtest (see Claus®.3.4). Each transaction must use values of
(O_KEY, L_KEY, DELTA) randomly generated within the ranges defineGlause3.1.6.2 Ensure that all the
values of O_ORDERKEY chosen in Step 1 are used by some transaction in Step 2.

3. Reverify the consistencyf the ORDERS, and LINEITEM tabless defined inClause 3.3.2.based on the
same sample values of O_ ORDERKEY selected in Step 1.

Isolation Requirements

Isolation Property Definition
Isolation can be defined in terms of the following phenomena that may occur during the execution of concurrent
database transactionse(i. readwrite transactions or reaahly queries):

PO (ADig)txy DNVatiakase transaction Tl reads a data el em
then modifies or deletes that data element, and pasfa COMMIT. If T1 were to attempt to-re
read the data element, it may receive the modified value from T2 or discover that the data element
has been deleted.

P1 (ADid):y Retaadbase t r awaasetemeantoPatabbde transadtionf TR then reads
that data element before T1 performs a COMMIT. If T1 were to perform a ROLLBACK, T2 will
have read a value that was never committed and that may thus be considered to have never existed.

P2 ( fiepeatableRe ad o) : Database transaction T1 reads a dat.
modifies or deletes that data element, and performs a COMMIT. If T1 were to attemptéalre
the data element, it may receive the modified value or discover that theldatant has been
deleted.

P3 (APhant omo) : Database transaction T1 reads a set
Datébase transaction T2 then executes statements that generate one or more data elements that
satisfy the <search conditionsed by database transaction T1. If database transaction T1 were to
repeat the initial read with the same <search condition>, it obtains a different set of values.

Each database transaction T1 and T2 above must be executed completely or not at all.

The folowing tabledefines four isolatiohevels with respect to the phenomena PO, P1, P2, and P3.

Phenomena P( Phenomena P1 Phenomena P2 Phenomena P3

Level O Not Possible Possible Possible Possible
Level 1 Not Possible  Not Possible Possible Possible
Level 2 Not Possible Not Possible Not Possible Possible
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Level 3 Not Possible Not Possible Not Possible Not Possible

Table 1: Isolation Levels

The followingterms are defined:

T, = An instance of the ACIOransaction;

T, = An instance of the ACIOransaction;

T3 = Any of the TPCGH queries 1 to 22 or an instance of the AGjery;
T, = Any arbitary transaction.

Although arbitrary, the transactior, $hall not do dirty write.
The following tabledefines the isolatiorequirements that must be met by@H implementations.

Req.

# Fortransactions in these phenoena: must NOT be seen Textual Description:
this set: by this transaction:

{Ti T} 1<ij<2 PO, P1, P2 P3 T, Level 3 isolatiorbetween any two ACID
Transactions.

{T, T} 1l<i<c2 PO, P1, P2 T, Level 2 isolatiorfor any ACID Transation
relative to any arbitrary transaction.

{T;, Tg}l<i<n PO, P1 T Level 1 isolatiorfor any of TPGH queies
1 to 22 relative to any ACIDransction
and any arbitrary transaction.

3.4.2

3421

Table 2: Isolation Requirements
Sufficient conditions must be enabled at either the system or application level to ensure the required isolation
defined above is obtained.

However, the required isolatidevels must not be obtained by the use of configurations or explicit sdeg&in
options that give a particular sessmrtransactiora priori exclusive access to the database.

The intent is not to preclude automatic mechanisms such asesweation, but to disallow configurations and
options that would a priori preclude queries and upttatesactions against the same database from makingepsog
concurrently

In addition, the configuration of the database or sedsiegl options must be such that the continuous submission
of arbitrary (reaebnly) queries against one more tablegould not indefinitely delay update transactions affecting
those tables from making progress.

Isolation Tests

For conventional lockingchemes, isolatioghall be tested as described below. Systems that implement other isola
tion schemes may require different validattenhniques. It is the responsibility the test sponsdo disclose those
techniques and the tests for them. If isolation schemes other than conventional locking are used, it is permissible to
implement these tests differently provided full details are disclosed.

The sixtests described here are designed to verify that the system under test is configured to support the required
isolationlevels, as defined i€lause 3.4.1All Isolation Tests are performed ngia randomly selected set of values
(P_KEY, S_KEY, O_KEY, L_KEY, DELTA).

Comment In the isolatiortests, the values returned by the ACTEansaction are the old values, as read before the
updates

Isolation Test 1
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3.4.2.2

3.4.2.3

3.4.2.4

This test demonstrates isolatifor the reaewrite conflict of a readwvrite transaction and a reaahly transaction
when the readvrite transaction is committe&.erform the following steps:

1. Start an ACIDTransaction Txn1 for a randomly selected O_KEY, L_KEY, and DELTA.
2. Suspend Txnl immediately prior to COMMIT.

3. Start an ACIDQuery Txn2 for the same O_KEY as in Step 1.n@attempts to read the data that has just been
updated by Txnl.)

4. Verify that Txn2 does not see Txnl's updates.
Allow Txnl to complete.

Txn2 should now have completed.

Isolation Test 2

This test demonstrates isolatifor the reaewrite conflict of a readvrite transaction and a reaahly transaction
when the readrite transaction is rolled back. Perform the following steps:

1. Start an ACIDTransaction Txnl for eandomly selected O_KEY, L_KEY, and DELTA.
2. Suspend Txnl immediately prior to COMMIT.

3. Start an ACIDQuery Txn2 for the same O_KEY as in Step 1. (Txn2 attempts to read the data that has just been
updated by Txnl.)

4. Verify that Txn2 doesiot see Txnl's updates.
Force Txn1 to rollback.

6. Txn2 should now have completed.

Isolation Test 3

This test demonstrates isolatitor the writewrite conflict of two update transactis when the first transaction is
committed. Perform the following steps:

1. Start an ACIDTransaction Txnl for a randomly selected O_KEY, L_KEY, and DELTAL.
2. Stop Txnl immediately prior to COMMIT.

3. Start another ACIDrIransaction Txn2 for the same O_KEY, L_KEY and for a randomly selected DELTAZ2.
(Txn2 attempts to read and update the data that has just been updated by Txn1l.)

4. Verify that Txn2 waits.
Allow Txn1 to complete. Txn2 should now complete.
Verify that

Txn2.L_EXTENDEDPRICE = Txnl.L_ EXTENDEDPRICE+

(DELTAL * (Txn1.L_EXTENDEDPRICE / Txn1l.L_QUANTITY))

Isolation Test 4

This test demonstrates isolatitor the writewrite conflict of two updater&insactions when the first transaction is
rolled back. Perform the following steps:

1. Start an ACIDTransaction Txn1 for a randomly selected O_KEY, L_KEY, and DELTAL.
2. Stop Txnl immediately prior to COMMIT.

3. Start another ACIDTransaction Txn2 for the same O_KEY, L_KEY and for a randomly selected DELTAZ2.
(Txn2 attempts to read and update the data that has just been updated by Txn1.)

4. Verify that Txn2 waits.
5. Force Txnl to rollback. Txn2 should now complete.
6. Verify that
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3.4.2.5

3.4.2.6

3.5

351

Txn2.L_EXTENDEDPRICE = Txnl.L_EXTENDEDPRICE

Isolation Test 5

This test demonstrates the ability of read and write transactions affecting different database taalesprogress
concurrently

1. Start an ACIDTransaction Txn1l with randomly selected values of O_KEY, L_KEY and DELTA.
2. Suspend Txnl immediately prior to COMMIT.

3. Start a transaction Txn2 that does the following:
4

Select random values of PS_PARTKEY and PS_SKIEPP Return all column®f the PARTSUPP tablfor
which PS_PARTKEY and PS_SUPPKEY are equal to the selected values.

o

Verify that Txn2 completes.

Allow Txnl to complete. Verify that the appropriate romshe ORDERS, LIEITEM and HISTORY tables
have been changed.

Isolation Test 6

This test demonstrates that the continuous submission of arbitraryofiddjueries against one or more tatdés
the database @s not indefinitely delay update transactions affecting those tables from making progress.

1. Start a transaction Txnl. Txnl executes Q1 (from Clau§eagainst the qualification databasbere the sb-
stitution parametefdelta] is chosen from the interval [0 .. 2159] so that the query runs for a sufficient length of
time.

Comment Choosing [delta] = 0 will maximize the run time of Txn1.

2. Before Txnl completes, sofit an ACID Transaction Txn2 with randomly selected values of O_KEY, L_KEY
and DELTA.

If Txn2 completes before Txnl completes, verify that the appropriateirothe ORDERS, LINEITEM and HIS
TORY tableshave leen changed. In this case, the test is complete with only Steps 1 and 2. If Txn2 will pletteom
before Txnl completes, perform Steps 3 and 4:

3. Ensure that Txnl is still active. Submit a third transaction Txn3, which executes Q1 against the qualification
databasevith a testsponsor selected value of the substitution paranjéédta] that is not equal to the one used
in Step 1.

4. Verify that Txn2 completes before Txn3, and that the apprapr@vsin the ORDERS, LINEITEM and HIS
TORY tableshave been changed.

Comment In some implementatienTxn2 will not queue behind Txnl. If Txn2 completes prior to Txnl comple
tion, it is not necessary taim Txn3 in order to demonstrate that updates will be processed in a timely manner as
required bylsolation Tests

Durability Requirements

The SUTmust guaranteeutability: the ability to preserve the effects of committed transactions and ensurasgata
consistencyfter recovery from any one of the failures liste€lause 3.5.3

Commert: No system provides complete durability (i.e., durability under all possible types of failures). €liie spe
set of single failures addressed @Glause 3.5.3s deemed sufficiently significant to justify demonstratioh
durability across such failures.

Durable Medium Definition
A durablemedium is a data storage medium that is either:

a) Aninherently norvolatile medium (e.g., magnetic disk, magnetic tape, optical disk, etc.) 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 «votatile medium after the failure of external power.

TPC Benchmark' H Standard Specifi¢an Revision 2.12.0 Pager9



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

Comment A durablemedium can fail; this is usually protected against byicapbnon a second durable medium

(e.g., mirroring) or logging to another durable medium. Memory can be considered a durable medium if it can pre
serve data long enough to satisfy the requirement (b) above, for example, if it is adedniyyagin Uninterruptible

Power Supply, and the contents of memory can be transferred to an inhereniylatde medium during the fail

ure. Note that no distinction is made between main memory and memory performing similar permanent-or tempo
rary datastorage in other parts of the system (e.g., disk controller caches).

3.5.2 Committed Property Definition

3.5.2.1 A transaction is considered committed when the transaction manager component of the system has either written the
log or written the data for the committeddates associated with the transaction to a durabtéum.

Comment 1 Transactions can be committed without the user subsequently receiving notification of that fact, since
message integrity is not required for THIC

Comment 2: Although the order of operations in the ACIDansaction is immaterial, the actual return of data can
not begin until the commit operation has successfully completed.

3.5.2.2 To facilitate the execution of the durability test® driver must maintain a duratdeccess file that records the
details of each transaction which has successfully completed and whose message has been returned to the driver. At
the time of an induced failure thisccess file must contain a record of all transactions which have been committed,
except for transactions whose commit notification message to the driver was interrupted by the failure.

The durability success file is required only for the durability tasts must contain the following fields:

Fields Datatype Definition

P_KEY identifierForeign reference to P_PARTKEY
S_KEY identifierForeign reference to S_SUPPKEY
O_KEY identifierForeign reference to O_ ORDERKEY
L KEY integer

DELTA Integer

DATE_T dateand time to second

Comment If the driver resides on the SUthe success file must be isolated from the FHP@atabase. For exam
ple, the success file must be written outside of the AQi&nhsaction, and if the durabilitf the success file is pro
vided by the same data manager as the-HR{atabase, it must use a different log file.

3.5.3 Durability Across Single Failures
The test sponsads required to guarantee that the test system will preserve the siataththe effects of committed
updates after recovery from any of the failures listed below:

. Permanent irrecoverable failure of any single durabledium containing TPEl database tableer
recovery logdata. The media to be failed is to be chosen at random by the aadiocannot be specially
prepared.

Comment If main memory is used as a durabbedium, then it must be considered as a potentialesipgjint of

failure. Sample mechanisms to survive single durable medium failures are database archiving in conjunction with a
redo (after image) log, and mirrored durable media. If memory is the durable medium and mirroring is the mecha
nism used to ensudkurability, then the mirrored memories must be independently powered.

. Instantaneous interruption (system crash/system hang) in processing which requires sysiemtae
recover.
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3.54

Comment This implies abnormal system shutdown, which requires loaafimgfresh copy of the operating system

from the boot device. It does not necessarily imply loss of volatile memory. When the recovery mechanism relies on
the prefailure contents of volatile memory, the means used to avoid the loss afevolamory (e.g., an Uninter

ruptible Power Supply) must be included in the system cost calculation. A sample mechanism to survive-an instan
taneous interruption in processing is an undo/redo log.

. Failure of all or part of memory (loss of contents).

Commernt: This implies that all or part of memory has failed. This may be caused by a loss of external power or the
permanent failure of a memory board.

. SUT Power Failure: Loss of all external power to the SUT for an indefinite time period.

Comment: To demonstrat durability in a cluster during a power failure, the largest subset of the SUT maintained
by a single UPS must be failed. For example, if a system has one UPS per node or set of nodes, it is sufficient to fail
one node or that set of nodes. If there iy @ame UPS for the entire system, then the entire system must be failed. In
either case, all UPSs must be priced.

Regardless of UPS configuration, at least one node of each subset of the nodes in the cluster providing a distinct
function must be failed.

Durability Tests

The intent of these tests is to demonstrate that all transactions whose output messages have been received by the
driver have in fact been committed in spite of any single failure from the I@aimse 3.3 and that all consistency
conditions are still met after the database is recovered.

For each of the failure types defineddrause 3.5.®erform the following steps:

1. Verify that the ORDERS, and LINEITEM tablege initially consistent as defined @Glause 3.3.2.lbased on a
random sample of at least 10 distinct values of O_ ORDERKEY.

2. Submit ACID transactions from a number of comeunt streams. The number of streams must be at least the
number of the exedion streamg# query streams + 1 refrestream) used in the reported throughtest. Each
stream must subit ACID transactions continuously, i.e. without delay between the completion of one
transaction and the submission of the next. The submission of transactions may not be synchronized to any
actions outside of the stream on which they are submitted. tEmu$action must use values of (O_KEY,
L_KEY, DELTA) randomly generated within the ranges define€liause 3.1.6.2Ensure that all the values of
O_ORDERKEY chosen in Step 1 are used by some transaction in Step 2.tlbendenonstrated that
transactions are in progress at the time of the failure.

3. Wait until at least 100 of the ACID transactions from each stream submitted in Step 2 have completed. Cause
the failure selected from the list @lause 3.5.3At the time of the failure, it must be demonstrated that:

. At least one transaction is in flight.
. All streams are submitting ACID transactions as defined in Step 2.

Comment The intent is that the failure is induced while all streanescantinuously submitting and executing
transactions. If the number of-flight transactions at the point of failure is less than the number of streams, this is
assumed to be a random consequence of interrupting some streams during the very srahbbéttesgn commit

ting one transaction and submitting the next.

4. Restart the system under test using normal recovery procedures.

5. Compare the contents of the durability success file and the HISTOR Yt¢addeify that records in the success
file for a committed ACID ransaction have a corresponding record in the HISTORY table and that no success
record exists for uncommitted transactions. Count the number of entries in the success file and in the HISTORY
table and report gndifference.

Comment This difference can only be due to transactions that were committed on the system under test, but for
which the data was not written in the success file before the failure.

6. Reverify the consistencgf the ORDERS, and LINEITEM tables defined irClause 3.3.2.1
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4.1
41.1
41.1.1
41.1.2

41.1.3
41.2

41.2.1

41.2.2

4.1.3

41.3.1

4: SCALING AND DATABASE POPULATION

Database Definition and Scaling

Test Database

The test database the database used to execute the tesdand the performance test (see Cl&usd.g.
The test database must be scaled as defined in Clau8e

The test database sttbe populated according to Clads2

Qualification Database

A qualification databasmust be created and poptdd for use in the query validatidest described i€lause2.3.

The intent is that th&unctionality exercised by running the validation queries against the qualification database be
the same as that exercised against the test database during the performance test. To this end, the qualHication data
base must be identical to the test dasalia virtually every regard except size, including but not limited to:

. Columndefinitions;

. Method of data generation and loading

. Statisticsgathering method;

. ACID property implemention;

. Type of partitioningbut not degree of partitioning);
. Replication

. Tabletype (if there is a choice);

. Auxiliary data structures (e.qg., indices).

The qualification databaseay differ from the test database only if the difference is directly related to theeddéer

in sizes. For example, if the test database employs horizontal partitisei®Glausel.5.4, then the qualifiation

database must also employ horizontal partitioning, though the number of partitions may differ in each case. As
another eample, the qualification databaseuld be configured such that it uses a representativsetubf the
processors/cores/threads, memory and disks used by the test database configuration. If the qualification database
configuraion differs from the test database configuration in any way, the differences must be disclosed (see Clause
8.3.5.9.

The populatiorof the qualification databageustbe exactly equal to a scale faGt8iF, of 1 (se€lause4.1.3 for a
definition of SF).

Database Scaling Requirements

Scale factors used for the test database must be chosen from the set of fixettwalddfined as follows:

1, 10, 30, 100, 300, 1000, 3000, 10000, 30000, 100000
The database side defined with reference to scale faciofi.e, SF = 1; approximately 1GB as pélause4.2.5),
the minimum required size for a test database. Therefore, the following series of database sizes corresponds to the
series of scale factors and must be used in the metnes Qphk®Size and PricperQphH@Size (see Clause
5.4), as well as in the executive summstatement (see Appendix E):

1GB, 10®, 30GB, 100GB, 300GB, 1000GB, 3000GB, 10000GB, 30000GB, 100000GB
Where GB stands for gigabyte, defined to Bbgtes.
Comment 1 Although the minimum size of the test database for a valid performance test is 1GB (i.e., SF = 1), a

test databasef 3GB (i.e., SF = 3) is not permitted. This requirement is intended to encourage comparability of
results at the low end and to ensure a substantial actual difference in test datahase sizes
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41.3.2

4.1.3.3

4.2

421

421.1

42.1.2

4.2.1.3

4.2.2
4221

4222

42.2.3

4224

4.2.2.5

Comment 2 The maximum size of the test dbtise for a valid performance test is currently set at 100000 (i.e., SF
= 100,000). The TP@cognizes that additional benchmark development work is necessary to allott TP<tale
beyond that limit.

Test spons@ must choasthe database sifigey want to execute against by selecting a size and corresponding scale
factorfrom the defined series.

The ratio of total data storage to database size r must be computed by dividing therabiel diata storage of the

priced configuration (expressed in GB) by the size chosen for the test database as defined in the scale factor used for
the test database. The reported value for the ratio v must be rounded to the nearest 0.01. Tdwadit 2)=iThe

ratio must be included in both the Full Disclosure report and the Executive Summary.

DBGEN and Database Population

The DBGEN Program

The test database and theafffication database must be populated with data that meets the requiremétsisdé
4.2.2andClause 4.2.3TheDBGEN source code provided in Appendix D is a sample implementatiardafabase
population generator. It has been written in ANSI 'C' and has been ported to a large number of platforms. If DBGEN
is used, its version and release numbers must match the version and release numbers of the benchmé#idaspecifica

Comment Use of DBGEN:Is strongly recommended. Exact query answecsetplianceis required and this may
not be possible unless data is identical to DBGEN's output. This, in turn, may not be possible without duplicating the
exact sequence of random numbers generated by DBGEN.

The data generated by DBGEre meant to be compliant wi€lause 4.2.2ndClause 4.2.3In case of differences
between the content of these two Clauses and the data generated by DBGEN, the laif®r prev

If a program other than DBGEM used to populate the database, the resultant data must meet the following
requirements in order to be considered correct:

. The content of individual colummaust match that produced by DBGEN
. The data format of individual colummsust be identical to that produced by DBGEN
. The number of rowgenerated for a given scale factoust match that produced by DBGEN

Commert 1: The intent of this clause is to allow for modification of the DBG&ide required for portability or
speed, while precluding any change that affects the resulting data.

Comment 2 If a program other than DBGEN used to popake the database, its complete source code must be
included in the full disclosureeport. Alternatively, if a modified version of DBGEN is used, the modified source
files must be disclosed in full.

Definition Of Terms
The temrandom means independently selected and uniformly distributed over the specified range of values.

The termunique within [x] represents any one value within a set of x values between 1 and x, unique within the
scope of rowdeing populated.

The notatiorrandom value [x .. y]represents a random value between x and y inclusively, with a mean of (x+y)/2,
and with the same number of digits of precision as shown. For example, [0.01 .. 100.00] has 10,000 unique values,
whereas [1..100] has only 10@ique values.

The notatiorrandom string [list_name] represents a string selected at random within the list of strings list_name as
defined inClause 4.2.2.1Fach string must be selected with equal probability.

The notdion text appended with digit [text, X] represents a string generated by concatenating thsetsng text,
the character "# ", and the satysing representation of the number x.
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4.2.2.6 This clause intentionally left blank.

4.2.2.7 The notation random -string [min, ma} represents a string comprised of randomly generated alphanumeric
characters within a character set of at least 64 symbols. The length of the string is a randdmtwelere min and
max inclusive.

4.2.2.8 The termdate represents a string of numeric charactepasated by hyphens and comprised of a 4 digit year, 2 digit
month and 2 digit day of the month.

4.2.2.9 The termphone numberrepresents a string of numeric characters separated by hyphens and generated as follows:

Let i be an indeinto the list of strings Nations (i.e., ALGERIA is 0, ARGENTINA is 1, etc., §dause 4.2.8
Let country_code be the suitring representation of the number (i + 10),

Let local_numberl beandom [100 .. 999],

Let local_number2 be random [100 .. 999],

Let local_number3 be random [1000 .. 9999],

The phone number string is obtained by concatenating the followingtsngs:

country_code,-", local_numberl,-", local_number2,-", local_number3
4.2.2.10The term text stringhin,max represents a substring of a 300 MB string populated according to the pseudo text
grammar defined in Clausé.2.2.14 The length of the substrinig a radmon number between min and max
inclusive The substring offset is randomly chosen

4.2.2.11This clause intentionally left blank.

4.2.2.12All dates must be computed using the following values:

STARTDATE = 199201-01 CURRENTDATE = 199506-17 ENDDATE =199812-31

4.2.2.13The following list of strings must be used to p@ialthe database:
List nameTypes

Each string is generated by the concatenation of a variable length syllable selected at random from each of the three
following lists and separated by a single spacedftmtal of 150 combinations).

Syllable 1 Syllable 2 Syllable 3
STANDARD ANODIZED TIN
SMALL BURNISHED NICKEL
MEDIUM PLATED BRASS
LARGE POLISHED STEEL
ECONOMY BRUSHED COPPER
PROMO

List name Containers
Each string is generated by the concatenadf a variable length syllable selected at random from each of the two
following lists and separated by a single space (for a total of 40 combinations).

Syllable 1 Syllable 2

SM CASE
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LG BOX

MED BAG

JUMBO JAR

WRAP PKG
PACK
CAN
DRUM

List name Segments

AUTOMOBILE BUILDING FURNITURE MACHINERY
HOUSEHOLD

List name Priorities
1-URGENT 2-HIGH 3-MEDIUM 4-NOT SPECIFIED
5LOW

List name Instructions

DELIVER IN PERSON COLLECT COD NONE TAKE BACK RETURN
List name Modes
REG AIR AIR RAIL SHIP
TRUCK MAIL FOB
List nameNouns
foxes ideas theodolites pinto beans
instructions dependencies excuses platelets
asymptotes courts dolphins multipliers
sauternes warthogs frets dinos
attainments somas Tiresias' patterns
forges braids hockey players frays
warhorses dugouts notornis epitaphs
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pearls tithes waters orbits
gifts sheaves depths sentiments
decoys realms pains grouches
escapades

List name Verbs
sleep wake are cajole
haggle nag use boost
affix detect integrate maintain
nod was lose sublate
solve thrash promise engage
hinder print X-ray breach
eat grow impress mold
poach serve run dazzle
snhooze doze unwind kindle
play hang believe doubt

List name Adjectives
furious sly careful blithe
quick fluffy slow quiet
ruthless thin close dogged
daring brave stealthy permanent
enticing idle busy regular
final ironic even bold
silent

List name Adverbs
sometimes always never furiously
slyly carefully blithely quickly
fluffily slowly quietly ruthlessly
thinly closely doggedly daringly

TPC Benchmark' H Standard Specifi¢an Revision 2.12.0

Page86



bravely stealthily permanently enticingly
idly busily regularly finally
ironically evenly boldly silently
List name Prepositions
about above according to across
after against along alongside of
among around at atop
before behind beneath beside
besides between beyond by
despite during except for
from in place of inside instead of
into near of on
outside over past since
through throughout to toward
under until up upon
without with within
List name Auxiliaries
do may might shall
will would can could
should ought to must will have to
shall have to could have to should have to  must have to
need to try to

List name Terminators

4.2.2.14Pseudo text used in the dgtopulation (se€lause4.2.2.1Q must conform to the following grammar:

text:<sentence>

|<text> <sentence>
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sentence:<nouphrase> <verb phrase> <terminator>
|[<nounphrase> <verb phrase> <prepositional phrase> <terminator>
|<noun phrase> <verb phrase> <noun phrase> <terminator>
|[<noun phrase> <prepositional phrase> <verb phrase>
<noun phrase> <terminator>
|[<noun phrase> <ppesitional phrase> <verb phrase>
<prepositional phrase> <terminator>

noun phrase:<noun>
|<adjective> <noun>
|<adjective>, <adjective> <noun>
|<adverb> <adjective> <noun>

verb phrase:<verb>
|<auxiliary> <verb>
|<verb> <adverb>
|<auxiliary> <verb> <adwb>

prepositional phrase: <preposition> the <noun phrase>

noun:selected from Nouns (as definedCiause 4.2.2.13

verb: selected from Verbs (as defineddiause 4.2.2.13
adjective:selected from Adjectives (as definedGfause 4.2.2.13
adverb: selected from Adverbs (as define@€lause 4.2.2.13
preposition: selected from Prepositions (as definedlause 4.2.2.1)3
terminator: selected from Terminators (as define@lause 4.2.2.1)3
auxiliary: selected from Auxiliary (as defined @lause 4.2.2.1)3

4.2.2.15The grammar efined inClause 4.2.2.14elies on the weighted, namiform distribution of its constituent distribu
tions (nouns, verbs, auxiliaries, etc.). A sponsi@hing to use a means of data generation other than DBGESt
assure that the distributions defined in the DBGEN source code are reproduced exactly.

4.2.3 Test Database Data Generation
The data generated by DBGEBkeClause 4.2 1must be used to populateetbatabase as follows (where SF is the
scale factarseeClause 4.1.3)1

. SF * 10,000 rowsn the SUPPLIERtablewith:

S_SUPPKEY unique within [SF * 10,000].

S_NAME text appendedith digit ['Supplier", S_SUPPKEY].

S_ADDRESS random-string[10,40].

S_NATIONKEY random value [0 .. 24].

S PHONE generated accordingQtause 4.2.2.9

S ACCTBAL random value-§99.99 .. 9,999.99].

S_COMMENT text string25,100].
SF * 5 rowsare randomly selected to hold at a random position a string matching "Cus
tomer%Complaints". Another SF * 5 rowse randomly selected to hold at a randomtposia
string matching "Customer%Recommends", wh#reis a wildcard that denotes zero or more
characters.

. SF * 200,000 rows thePART tablewith:
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P_PARTKEY unique within [SF * 200,000].

P_NAME generated by concatenating five unique randomly selected strings from the following list,

separated by a single space:
{"almond", "antique", "aquamarine", "azure", "beige", "bisque", "black", "blanched", "blue",
"blush", "brown", "burlywood", "burnished", "chartreuse", "chiffon", "chocolate", "coral",
"cornflower”, "cornsilk", "cream”, "cyan"/dark", "deep”, "dim", "dodger”, "drab", "firebrick",
"floral", "forest", "frosted", "gainsboro", "ghost", "goldenrod", "green", "grey", "honeydew",
"hot", "indian", "ivory", "khaki", "lace", "lavender”, "lawn", "lemon", "light", "lime", "linen",

"magentd, "maroon", "medium", "metallic", "midight”, "mint", "misty", "moccasin”, "navajo",

"navy", "olive", "orange", "orchid", "pale", "papaya",
"puff", "purple”, "red", "rose", "rosy", "

"sky", "slate", "smoke", "snow",
"wheat", "white", "yellow"}.

P_MFGR text appended with digit ["Manufacturer",M], where M = random value [1,5].

P_BRAND textappended with digit ['Brand",MN], where N = random value [1,5] and M is defined while
generating P_MFGR.

P_TYPE random string [Types].

P_SIZE random value [1 .. 50].

P_CONTAINER random string [Containers].

P_RETAILPRICE = (90000 + ((P_PARTKEY/10) modul®@1 ) + 100 * (P_PARTKEY modulo
1000))/100

P_COMMENT text string5,22.

For each rovin the PART tablefour rows in PartSupp table with:

PS _PARTKEY = P_PARTKEY.

PS_SUPPKEY = (ps_partkey + (i * (( S/4 ) + (int)(ps_partke)/S))) modulo S + 1 where i is théhi
supplier within [0 .. 3] and S = SF * 10,000.

PS_AVAILQTY random value [1 .. 9,999].

PS SUPPLYCOST random value [1.00 .. 1,000.00].

PS_COMMENT text string [49,198].

. SF * 150,000 rowsn CUSTOMER tablewith:

C_CUSTKEY unigue within [SF * 150,000].

C_NAME text appended with digit ['Customer", C_CUSTKEY].
C_ADDRESS random-gtring [10,40].

C_NATIONKEY random value [0 .. 24].

C_PHONE generated accordingGtause 4.2.2.9

C_ACCTBAL random value-p99.99 .. 9,999.99].
C_MKTSEGMENT random string [Segments].

C_COMMENT text string [29,116].

. For each rowin the CUSTOMERtable ten rows in th©RDERStable with:
O_ORDERKEY unigue within [SF * 1,500,0604].

peach”, "peru", "pink", "plum", "powder",

royal", "saddle", "salmon'sdndy"”, "seashell", "sienna",

spring", "steel", "tan", "thistle", "tomato", "turquoise", "violet",

Comment The ORDERS and LINEITEM tableswe sparsely populated by generating a key value that causes the
first 8 keys of each 32 to be populated, yielding a 25% use of the key range. Testspurstarot take advayge

of this aspect of the benchmark. For example, horizontally partitidhindest database onto diéet devices in
order to place unused areas onto separate peripherals is prohibited.

O_CUSTKEY =random value [1 .. (SF * 150,000)]
The generation of this random value must be such that O_ CUSTKEY modulo 3 is not zero.

Comment: Orders are not present for all customers. Every third customer (in C_CUSTKEY order) is not assigned
any order.
O_ORDERSTATUS set to the following value:
"F" if all lineitems of this order have L_LINESTATUS set to "F".
"O" if all lineitems of this order have L_LINESTATUS set to "O".
"P" otherwise.
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