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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

1 Examine large volumes of data;
1 Execute queries with a high degree of complexity;
1 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. TheH gGeries:

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;

= =4 =4 =2 -4 -4 -

Are implemented with constraints derived from staying closely synchronized with-Emegproduction
database.

The TPGH operations are modeled as follows:

1 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)
maintenanceessions;

1 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
supportdatabase;

1 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
refreshfunctions may execute concurrently;

1 To achieve the optimal compromise between performance and operational requirements, the database
administratorcan set, once and for all, the locking levels and the concurrent scheduling rules for queries
and refresunctions.

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 indQlla&ise

The performance metric reported by TPids called the TP Composite QuerperHour Performance Metric
(QphH@Size), and reflects multiple aspects of the capabfiitiye system to process queries. These aspeitsie

the selected database size against which the queries are executed, the query processing power wtee queries
submitted by a singlstreamand the query throughput when queries are submitteduitiple concurrentisers. 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 reporting components (see Clause

TPC Benchmar®! H Standard Specification Revision 2.9.0 Page6



0.2

5.4.6. 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 commercially available database management system (DBMS)
and tle 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 leaudts, originated by the TPC and others. Such
similarity in terminology does not in any way imply that TPiQresults 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 requirements. In addition, the extent to which a
customer can achieveehesults reported by a vendor is highly dependent on how closeRHT&proximates the
customer application. The relative performance of systems derived from this benchmark does not necessarily hold
for other workloads or environments. Extrapolationany other environment are not recommended.

Benchmark results are highly dependent upon workload, specific application requirements, and systems design and
implementation. Relative system performance will vary as a result of these and other factorar&h€rREH

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

Benchmark sponsors are permitted several possible system designs, ptitatdedey adhere to the model
described in Clausg A full disclosure report (FDR) of the implementation details, as specified in GGaosgstbe
made available along with the reported results.

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

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

General Implementation Guidelines

The rules for pricing are included in the current revision of the TPC Pricing Specification Version 1 located at
www.tpc.org

The purpose of TPC benchmarks is to provide relevant, objective performance data to industry usdnevéo a
that purpose, TPC benchmark specifications require that benchmark tests be implemented with systems, products,
technologies and pricing that:

1 Are generally available to users;

1 Are relevant to the market segment that the individual TPC benchmarksnwdepresents (e.g., TREC
models and represents complex, high data volume, decision support environments);

1 Would plausibly be implemented by a significant number of users in the market segment the benchmark
modelsor represents.

The use of new systemgroducts, 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 psirparpose is performance optimization of TPC benchmark
results without any corresponding applicability to +eakld applications and environments. In other worals,
"benchmark special" implementations that improve benchmark results but rabréhpeformance or pricingare
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 point below be met, but that the cumulative weight of theechilennsidered

to identify an unacceptable implementation. Absolute certainty or certainty beyond a reasonable doubt is not
required to make a judgment on this complex issue. The question that must be answered is: "Based on the available
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0.3

evidence, doeshe 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 particular implementation is a benchmark special:

a) Is the implementé&n generally available, documented, and supported?

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

C) Is the implementation or part of the implementation poorly integrated intartper 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, etc.) in a manner that would not
be generallyapplicable to thenvironment the benchmark represents?

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

f) Does the implementation require uncommon sofgaison on the part of the eader, programmer, or
systemadministrator?

9) Is the implementation (including beta) being purchased or used for applications in the market area the
benchmarkrepresents? How many sites implemented it? How manyuses benefifrom it? If the
implementationis not currently being purchased or used, is there any evidence to indicate that it will be
purchased or usday a significant number of endaser sites?

Comment The characteristics listed in this clause are not intendetthade the driver or implementation specific
layer, which are not necessarily commercial software, and have their own specific requirements and limitation
enumeratedn Clause6. The listed characteristics and prohibitions of Clatistould be used toetermine if the
driver or implementation specific layer is a benchmark special.

General Measurement Guidelines

TPC benchmark results are expected to be accurate representations of system performance. Therefore, there are
certainguidelines that are expect to be followed when measuring those results. The approach or methodology to

be used in the measurements are either explicitly described in the specification or left to the discretion of the test
sponsorWhen not described in the specification, the rodthogies and approaches used must meet the following
requirements:

1 The approach is an accepted engineering practice or standard;

1 The approach does not enhance the result;

1 Equipment used in measuring the results is calibrated according to establishigtstaradiards;

1 Fidelity and candor is maintained in reporting any anomalies in the results, even if not specifiebAC the

benchmark requirements.

Comment: The use of new methodologies and approaches is encouraged so long as they meet the requirements
alhove.

TPC Benchmar®! H Standard Specification Revision 2.9.0 Page8



11

1: LOGICAL DATABASE DES IGN

Business and Application Environment

TPC BenchmarkE H is comprised of a set of business
mannemepresentative of complex business analysis applications. These duasgekeen given a realistic context,
portraying the activity of a whiesale 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
managesell, or distribute a product worldwide (e.g.r cental, food distribution, parts, suppliers, etc.). IR@oes
notattempt 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 utilizétien and
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
performanceanalysis because of the length of time the queries run, the system resources they use and the frequency
of their execution. The queries that have bedecsed exhibit the following characteristics:

1 They have a high degree of complexity;

They use a variety of access

They are of an ad hoc nature;

Theyexamine a large percentage of the available data;

They all differ from each other;

= = =4 -4 =

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;

= =4 =4 =4 =-a -a

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
maintenancethe refresh functions actually required in the benchmark do not attempt to model this aspect of the
businessenvironment. 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 featuresvhich would make the benchmarked configuration appropriate for 7x24 operation.
Referencego continuous availability and 7x24 operation are included in the benchmark specification to provide a
more completepicture of the anticipated decision support emwiment. A configuration offering less that 7x24

TPC Benchmar®! H Standard Specification Revision 2.9.0 Page9



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 TPC-H Business Environment

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

real time basis. The TRB benchmark, however, models the analysis end of the business environmentrevidse

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: FH&TREna.

Figure 2: The TPC-H Schema

PART (P) PARTSUPP (PS_) LINEITEM (L) ORDERS (0O_)
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 o
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
MMENT
NATIONKEY co SHIPMODE
PHONE NATION (N.) COMMENT
ACCTBAL
NATIONKEY REGION (R.)
COMMENT 5
NAME — | REGIONKEY
REGIONKEY i
NAME
COMMENT
COMMENT
Legend:
1 The parentheses following each table name contain the prefix of the column names for that table;
1 The arrows point in the direction of the ettemany relationships between tables;
1 The number/formula below each table name repmssthe cardinality (number of rows) of the table. Some

arefactored by SF, the Scale Factor, to obtain the chosen database size. The cardinality for the LINEITEM
table isapproximate (see Claude2.5).
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1.3

13.1

1.3.2

1.4

14.1

Datatype Definitions

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

1 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 common implementation of this datatypdlwe 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 character string to implement taetifier datatype;

1 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.

1 Decimal means that the column must be able to represent valué® imange-9,999,999,999.99 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;

1 Big Decimalis of the Decimal datatype as defined above, with the additional property that it naigide
enough to represent the aggregated values stored in temporary tables created within query variants;

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

Comment: If the string it holds is sheter 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.

1 Variable text, size Nmeans that the column must be able to haigt string of characters of a variable
length with a maximum length of N. Columns defined as "variable text, size N" may optionally be
implemented a%fixed text, size N";

1 Date is a value whose external representation can be expressed as-M¥¥BD, whereall characters
are numeric. A date must be able to express any day within at least 14 consecutive years. There is no
requiremenspecific to the internal representation of a date.

Comment: The implementation datatype chosen by the test sponsor for aufmrtilatatype 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 douent to represent the scale factor for the database (see @lause
Table Layouts

Required Tables

The following list defines the required structure (list of columns) of each table. The annotations for primary keys
and foreign references are for clarificat only and do not specify any implementation requirement such as integrity
constraints:

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, siz 25

P_BRAND fixed text, size 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 Reduements 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 reference to N_NATIONKEY
S PHONE fixed text, size 15

S ACCTBAL decimal

S COMMENT variable text, size 101

Primary Key: S_SUPPKEY

PARTSUPP Table Layout

Column Name Datatype Requirements Comment

PS PARTKEY Identifier Foreign key reference to P_PARTKEY
PS_SUPPKEY Identifier Foreign key reference to S_ SUPPKEY
PS_AVAILQTY integer

PS SUPPLYCOST Decimal

PS_COMMENT variable text, size 199

Compound 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
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C _ADDRESS variable text, size 40

C_NATIONKEY Identifier Foreign key reference to 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 reference to C_CUSTKEY
O_ORDERSTATUS fixed text, size 1

O_TOTALPRICE Decimal

O_ORDERDATE Date

O_ORCERPRIORITY 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 amglar in
thedatabase. The orders are assigned at random thiselg of the customers (see Clad3eThe purpose of
this is toexercise 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 reference to O_ORDERKEY
L_PARTKEY identifier Foreign key reference to P_PARTKEY,

Compound Foreign Key Reference to
(PS_PARTKEY, PS_SUPPKEY) with
L_SUPPKEY

L_SUPPKEY Identifier Foreign key reference to S_SUPPKEY,
Compound Foreign key reference to
(PS_PARTKEY, PS_SUPPKEY) with
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14.2

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, s&ze 1
date

date

date

fixed text, size 25
fixed text, size 10

variable text size 44

L_PARTKEY

Compound Primary Key: L_ ORDERKEY, L_LINENUMBER

NATION Table Layout

Column Nane

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 reference to R_REGIONKEY

Comment

identifier
fixed text, size 25

variable text, size 152

5 regions are populated

Primary Key: R_REGIONKEY

Constraints
The use of constraints is optional. There is no spefijuirement to define primary keys, foreign keys or check
constraints. However, if constraints are used, they must satisfy the following requirements:
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1 They must be specified using SQL. There is no specific implementation requirement. For example,
CREATETABLE, ALTER TABLE, and CREATE TRIGGER are all valid statements;

1 Constraints must be enforced either at the statement level or at the transaction level;
1 All defined constraints must be enforced and validated before the load test is complete (se& LClaRge
1 Any subset of the constraints listed below may be specified. No additional constraints may be used.

1.4.2.1 Nulls: The NOT NULL attribute may be used for any column.

1.4.2.2 Primary keys: The following primary keys may be defined as primary key (using the PRIMARYclkause or
other equivalent syntax):

P_PARTKEY;

S_SUPPKEY;

PS_PARTKEY, PS_SUPPKEY;

C_CUSTKEY;

O_ORDERKEY;

L_ORDERKEY, L_LINENUMBER,;

N_NATIONKEY;

R_REGIONKEY.

= = =4 =4 -4 -4 -a -a

Constraining a column (or set of columns) to contain unique values can only be implemetitepfomary key(s)
listed above.

1.4.2.3 Foreign Keys: Any of the foreign keys listed in the comments of Cla4sg may be defined. There is no specific
requirement for delete/update actions (e.g., RESTRICT, CASCADE, NO ACTION, etc.). If any foreign key
relationship is defined by an implementation, then all foreign key relationships must be defined by the
implementation.

1.4.2.4 Check Constraints: Check constraints may be defined to restrict the database contents. In order to support
evolutionarychange, the check comaints must not rely on knowledge of the enumerated domains of each column.
Thefollowing 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
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1.5

151
15.2

153

154

155

4. Multi-column constraints
L _SHIPDATE <= L_RECEIPTDATE

Comment: The constraints rely solely on the diagram provided in Clawsand the description in Clau$et.
They are not derived from explicit knowledge of the data population specified in @ause

Implementation Rules

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

The physical clustering of records within the database is allowed as long as this clustering does not alter the logical
independence of each table.

Comment The intenf 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 structures created by database directives (sed.&ERuse

allowed. Groups of rows from a table or auxiliary structure may be assigned to diffeegndigks, or areas. If this
assignment is a function of data in the table or auxiliary structure, the assignment must be based on the value of a
partitioning field. A partitioning field must be one and only one of the following:

1 A primary key as defineth Clause 1.4.2.2

1 A foreign key as defined in Clause 1.4.1 may be defined. There is no specific requirement for delete/update
actions (e.g., RESTRICT, CASCADE, NO ACTION, etc.). If any foreign key relationship is defined by an
implementation, then all feign key relationships must be defined by the implementation.

1 A single date column

Some partitioning schemes require the use of directives that specify explicit values for the partitioning field. If such
directives are used they must satisfy the followgngditions:

1 They may not rely on any knowledge of the data stored in the table except the minimum and maximum
valuesof columns used for the partitioning field. The minimum and maximum values of columns are
specified inClause4.2.3

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

1 The directives must allow the insertion of values of the partitioning column(s) outsidmtecovered by
the minimum and maximum values, as required by The database must allow for insertion of arbitrary data
valuesthat conform to the datatype and optional constraint definifrems Clausel.3 and Clausé.4.

Multiple-level partitioning ofbase tables or auxiliary structures is allowed 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 diseld.

Physical placement of data on durable 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 whictods not rely upon explicit partitioning directives is

allowed. Explicit partitioning directives are those that assign groups of columns of one row to files, disks or areas
different from those storing the other columns in that row.
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156

1.5.7

158

159

1.5.10

Except as provided inl@usel.5.7, 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:

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

transictionis committed;

1 All copies of replicated data maintain full ACID properties (see Cl8us¢ all times.

Auxiliary data structures that constitute logical replications of data from one or more columns of a base table (e.g.,
indexes, materialized viesy summary tables, structures used to enforce relational integrity constraints) must
conformto the provisions of Clauske5.6. The directives defining and creating these structures are subject to the
following limitations:

1 They may reference no more thame base table, and may not reference other auxiliary structures.
1 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 that is a primary key on its own, or iscenponent of a compound primary key
asdefined in Required Tables
A A column that is a foreign key on its own, or is a component of a aonapforeign key
as definedn Required Tables.
A A column having a date datatype as defined in Clau&e
o] They may refenece more than one column of a base table only if those columns exactly comprise

a compoungrimary or foreign key of that table, as defined in Clalidel.
1 They may contain functions or expressions on explicitly permitted columns

No directives (e.g. DDLsession options, global configuration parameters) are permitt€&@@-H scriptswhose
effect is to cause the materialization of columns (or functions on columns) in auxiliary data structuréisaother
those columns explicitly permitted by the above tations. Further, no directives are permitted whose eietct
cause the materialization of columns in auxiliary data structures derived from more than one table.

Comment: Database implementations of auxiliary structures generated as a result of nbdipgietives usually

contain embedded pointers or references to corresponding base table rows. Database implementations that
transparentlyemploy either "row IDs" or embedded base table primary 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 are defined in Required
Tables.

Table names should match thgeevided in Clausé.4. In cases where a table name conflicts with a reserved word
in a given implementation, delimited identifiers or an alternate meaningful name may be chosen.

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

Column names must match those provided in Clduée

TPC Benchmar®! H Standard Specification Revision 2.9.0 Pagel8



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 accesbipléhe data
managerFor example, C_ADDRESS and C_PHONE cannot be implemented as tvpastof a single discrete
columnC_DATA.

Each column, as described in Clads#, must be accessible by the data manager as a single column. For example,
P_TYPE cannbbe implemented as two discrete columns 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.3 and Clausé.4.

Comment 1 Although the refreshuinctions (see Clause26) 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 the database schema definition from taking undtegedyt
the limited data population of the database (see also Qleised Clausé.2.7).

Data Access Transparency Requirements

Data Access Transparency is the property of the system that removes from the query text any knowledge of the
location and amess mechanisms of partitioned data. No finite series of tests can prove that the system supports
complete data access transparency. The requirements below describe the minimum capabilities needed to establish
that the system provides transparent datasace®n implementation that uses horizontal partitioning must meet the
requirements for transparent data access described in Ql&uaand Claus.6.3.

Comment The intent of this Clause is to require that access to physically and/or logically padititata be
provided directly and transparently by services implemented by commercially available layers such as the
interactiveSQL interface, the database management system (DBMS), the operating system (OS), the hardware, or
any combinatiorof these.

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

Using the names vith satisfy Clausd.6.2, any arbitrary naiPCGH query must be able to reference any set of
rows or columns:

1 Identifiable by any arbitrary condition supported by the underlying DBMS;
1 Using the names described in Cladsg.2 and using the same data maldpon 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 clawsis that each TRE& query uses general purpose mechanisms to access tlaa in
database.
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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 functions that must be
executed as part tfie TPGH benchmark.

General Requirements and Definitions for Queries

Query Overview

Each query is defined by the following components:

1 Thebusiness questionwhich illustrates the business context in which the query could be used;

1 Thefunctional query definition, which defines, using the S22 language, the function to be performed
by the query;

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

1 Thequery validation, which describes how to validatiee 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 functional query definitions are wen in the SQL-92 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
mustperform againsthe test database (see Clause}.

If an executable aary text, with the exception of its substitution parameters, is not identical to the specified
functional query definition it must satisfy the compliance requirements of Cla2ise

When a functional query definition includes the creation of a new erdity, (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 streams (see (BalIge3).

Functional query definitions in thidocument (as well as QGEN, see ClaRde4) achieve this separation by
appending dext-token to the new entity name. This tetaken is expressed in upper case letters and enclosed in
square brackets (i.e., [STREAM_ID]). This tegken, whenever founth the functional query definition, must be
replaced by a unique stream identification number (starting with 0) to complete the executable query text.

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

When a functional query definition includes the creation of a table, the datatype specification of the columns uses
the <datatype> notation. The definition of <dat&typs obtained from Clauge3.1.

Any entity created within the scope of an executable query text must also be deleted within the scope of that same
executable query text.

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

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

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

Comment: The allowance for tablespace syntax applies only to variants containing CREATE TABLE statements.
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2.1.2.8

2.1.2.9

2.13

2131

2.13.2

2.133

All tables created during the execution of a query must meet the ACID properties defined ir3Clause

Queries 23 , 10, 18 and 21 require that a given number of
rowso) . If N is the number of rows to be returned, t1l
rows qualify, in which casellarows must be returned. There are three permissible ways of satisfying this
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. Vendorspecific con r o | statements supported by a test sponso
SET ROWCOUNT n) to limit the number of rows returned.

2. Control statements recognized by the implementation specific layer (see 6laidgeand used to control a
loop which fetches the rows may be used to limit the 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 clasgiffi@as a minor query modification since it completes 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 Cla2i8e The syntax must deaolely with the 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 mosebstitution parameters When generating executable quéext a value must 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 Pricing Summary Report Query (see Cla2igg 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 arpart 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., YNWf-DD). The delimiter between the year,
month and day is not specified. Other date representationexdonple the number of days since 194801, 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 occurrences in the qustyomteplaced by that same value.

Comment 3 Generating executable query text may also involve additional text substitution (see21a2189.

The termrandomly selectedwhen used in the definitions of substitution parameters means selected at feomdom
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 following
method:

An initial seed (seed0) is first selected as the time stHitie 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. Further seeds (for the Throughput test) areashsesstd + 1, seed0 +
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 Run 2 can be 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 the form seed0, seed0 + 1
seed0 + 2,...., seed0 + s, wharel seedO is be the time stamp of the end of Run 1, expressed in the format defined
above.
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2.135

214

2141

2.2

221

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

Comment 2 QGEN is a utility provided by the TPC (see Clai@sk.4) to generate executable query text. If a
sponsor created tool is used instead of QGEN, the behadfidts 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 or rows built from data in the database and are callmatpl¢ data.

Outputdata for each query should be expressed in a format easily readable bgaphisticated computer user. In
particular, in order to be comparable with known output data for the purpose of query validation (se.@Jause
the format of the output datarfeach query must adhere to the following guidelines:

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

b) Nonrinteger expressions including prices are esped 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 format that includes the year, month and day in integer form, in that order (e.g.,

YYYY -MM-DD). The delimiter between the year, month and day is not specified. Other date
representations, for example the number of days since@B0Q, are specifically not allowed.

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

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

Theprecision of all values contained in the query validation output data must adhere to the following rules:

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

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

C) For results from SUM aggregates, the resulting values must be within $100 of the gjication output
data.

d) For results from AVG aggregates, the resulting values must be within 1% of the query validation output

data when reported to the nearest 1/100th, rounded up.
The QGEN Program

Executable query text must be generated according toetpgrements of Claus2.1.2 and Claus@.1.3. The

QGEN source code provided in Appendix D is a sample implementation of an executable query text generator. It
has been written in ANSI 'C' and has been ported to a large number of platforms. If QGEN its wsedion and

the release numbers must match the version and the release numbers of the benchmark specification.

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

Comment 2 The numbering used in this Clause for the definition of substitution parameters corresponds to the
numbering used by QGEN tenerate values for these substitution parameters.

Query Compliance

The queries must be expressed in a commercially available implementation of the SQL language. Since the latest
ISO SQL standard (currently ISO/IEC 9075:1992) has not yet been fully ireptech by most vendors, and since

the ISO SQL language is continually evolving, the TRGenchmark specification includes a number of
permissible deviations from the formal functional query definitions found in Clausa ongoing process is also
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2.2.2

2.2.3

2231

2.2.3.2

2.2.3.3

definedto approve additional deviations that meet specific criteria.

There are two types of permissible deviations from the functional query definitions, as follows:
a) Minor query modifications;

b) Approved query variants.

Minor Query Modifications

It is recognizedhat implementations require specific adjustments for their operating environment and the syntactic
variations of its dialect of the SQL language. Therefore, minor query modifications are allowed. Minor query
modifications are those that fall within the Imol$ of what is described in Clauge2.3.3. They do not require
approval. Modifications that do not fall within the bounds of what is described in Q&a218e3 are not minor and

are not compliant unless they are an integral part of an approved quant yage Claus22.4).

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 exception is for the queries that require a given number of rows to be returned. The
requirementgoverning thisexception are given in Clausel2.9.

Minor query modifications can be used to produce executable query terbdhfying either 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
andin the FROM clause of eacluery may be modified to reflect the customary naming conventions of the
systemunder test.

b) Selectlist expression aliasesFor queries that include the definition of an alias for a SELE&Titem
(e.g., AS CLAUSE), vendosspecific syntax may be used tead of the specified SQ82 syntax.
Replacement syntamust have equivalent semantic behavior. Examples of acceptable implementations
include "TITLE <string>", or "WITH HEADING <string>". Use of a seleli$t expression alias is optional.

c) Date expressions For queries that include an expression involving manipulation of dates (e.g.,
adding/subtractinglays/months/years, or extracting years from dates), vespmific syntax may be used
instead of thespecified SQE92 syntax. Replacement syntax must hageivalent semantic behavior.
Examples of acceptablenplementations 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, nestedléabxpression, or seledist alias
solely for the purposes of grouping or ordering on an expression, vendors may replace the view, nested
tableexpressionr selectlist alias with a vendespecific SQL extension to the GROUP BY or ORDER BY
clause. Examples of acceptable implementations include "GROUP BY <ordinal>", "GROUP BY
<expression>"!ORDER BY <ordinal>", and "ORDER BY <expression>".

e) Command delimiters Additional syntax may be inserted at the end of the executable query text for the
purposeof sigraling the end of the query and requesting its execution. Examples of such command
delimiters area semicolon or the word "GO".

f) Output formatting functions Scalar functions whose sole purpose is to affect output formatting or
intermediatearithmetic resulprecision (such as CASTs) may be applied to items in the outermost SELECT
list of thequery.

0) Transaction control statementé&y CREATE/DROP TABLE or CREATE/DROP VIEW statement may be
followed by a COMMIT WORK statement or an equivalent vengpecific tansaction control statement.

h) Correlation name$ Tablename aliases may be added to the executable query text. The keyword "AS"
beforethe tablename alias may be omitted.
i) Explicit ASC- ASC may be explicitly appended to columns in the ORDER BY.
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2.2.35
224

2241

2242

2243

i) CREATE TABLE statements may be augmented with a tablespace reference conforming to the
requirement®f Clause2.1.2.6.

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

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

"==", respectively.

m) Nested tablexpression aliasingFor queies involving nested tablexpressions, the nested keyword "AS"
before the table alias may be omitted.

n) | f an i mplementation is wusing variants involving
RESTRI CTO0 semantics (i . @dropped firdt), thbe guditionhl DROP statbmepts t s
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
aggregatefunctions AVG and COUNT may be replaced with equivaleabhdorspecific functions to
handle theexpanded range of values (e.g., AVG_BIG and COUNT_BIG).

p) Substring Scalar Functioris For queries which use the SUBSTRING() scalar function, vespecific
syntaxmay be used instead of the specified SQL 92 syrRa&placement syntax must have equivalent
semantib ehavi or. For example, ASUBSTRI NG(C_PHONE, 1,

q) Outer Joini For outer join queries, vendor specific syntax may be used instead of the specified SQL 92
syntax. Replacement syntax must have equivalent sg¢imdehavior. For example, the join expression
ACUSTOMERT OUTER JOI N ORDERS ON C_CUSTKEY = o0_cCU
addingCUSTOMER and ORDERS to the from clause and adding a specialed join predicate (e.g.,
C_CUSTKEY *= O_CUSTKEY).

The apflication 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 usedean
query, it must be used in a@ther queries involving date expressions or table names.

The use of minor modifications to obtain executable query text must be disclosed and justified (se&Badse
Approved Query Variants

Approval of any new query variant is required prior ttngssuch variant to produce compliant THQresults. The
approval process is based on criteria defined in Cla2sé.3.

Query variants that have already been approved are listed in Appendix B of this specification.

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

The executable query text for each query in a compliant implementation must be taken from either the functional
query ckfinition (see Claus@) or an approved query variant (see Appendix B). Except as specifically allowed in
Clause 22.3.3, executable query text must be used in full exactly as written in thédTdp€Ecification. New query
variants will be considered for ppval if they meet one of the following criteria:

a) The vendor cannot successfully run the executable query text against the qualification database using the
functional query definition or an approved variant even after applying appropriate minor query
modifications ager Clause.2.3.

b) The variant contains new or enhanced SQL syntax, relevant to the 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 closereiceadd to an 1ISO SQL standard.

d) The variant contains minor syntax differences that have a straightforward mapping to ISO SQL syntax used

in the functional query definition and offers functionality substantially similar to the ISO SQL standard.
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2244

2.245

2.24.6

2.25

2.3

23.1

To be approve, a proposed variant should have the following properties. Not all of the following properties 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 systestunder
(SUT) or knowledge of specific data values in the test database.

d) Variant has broad 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.

o)) Variant is sponsored by a vendor who can implement it and who intends on using it in an upcoming

implementatiorof the benchmark.

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

Query variants listed in Appendix B are defined using the conventions defined for functional query definitions (see
Clause2.1.2.3 through Claus21.2.6).

Coding Style
Implementers may code the executable query text in any desired codingnstyiéing:

a) additional line breaks, 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 shediffers from the functional query definitions in Cla@se
must be disclosed.

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

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

1. A qualification database must be built in a manner substantially the same as the test database (dekZlause

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 Clauaé.3) must be the same as that used in the performasteThe default
substitutionparameters 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 execute the queries against the test database must be
used for tle validation of the qualification database.

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 the definition of each query.

6. Any difference between the outpobtained and the query validation output must satisfy the requirements of
Clause2.1.3.5.

Any query whose output differs from the query validation output to a greater degree than allowed bg.Claise
when run against the qualification database asifépe 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.
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2.3.2

No aspect othe System Under Test (e.g., system parameters and conditional software features such as those listed
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 changeshe 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 priggépgrt for all lineitems shipped as of 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, distinted extended price, discounted extended price plus tax, average quantity, average extended
price, and average discount. These aggregates are grouped by RETURNFLAG and LINESTATUS, and listed in
ascending order of RETURNFLAG and LINESTATUS. A count of thember 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,
coun(*) 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 flowing substitution parametenust be generated and used to build the executable query text:
7. DELTA is randomly selected within [60. 120].
Comment 199812-01 is the highest possible ship date as defined in thbaksgpopulationThis is ENDDATE-
30). The query will include all lineitems shipped 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 parameterand must produce the following output data:
Values for substitution parameser
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
1469649223.19 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 ofarcg/pe and size, the supplier who
can supply it at minimum cost. If several suppliers in that region offer the desired part type and size at the same
(minimum) cost, the query lists the parts from suppliers with the 100 highest account balancesh Boppker,
the query lists the supplier's account balance, name and nation; the part's number and manufacturer; the 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 =sp suppkey
and p_size = [SIZE]
and p_type like '%[TYPE]
and s_nationkey = n_nationkey
and n_regionkey = r_regionkey
and r_name = [REGION]'
and ps_supplycost = (
select
min(ps_supplycost)
from
partsupp, supplier,
nation, region
where
p_partkey = ps_ptey
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_hame,
p_partkey;

2.5.3 Substitution Parameters
Values for the followng substitution parameterust be generated and used to build the executable query text:

1. SIZE is randomly selected within [1. 50];
2. TYPE is randomly selected within the list Syllable 3 defined for Typ&danse4.2.2.13
3. REGION is randomly selected within the list of values defined for R_NAMElause4.2.3

2.5.4 Query Validation
For validationagainst the qualification datababe query must be executed using the followrafues 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 RUSSA 104695 Manufacturer#1
7852.45 Supplier#000005864 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 [ghing priority and potential revenue, defined as the sum 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 motEOthashipped orders exist, only the 10
orders with the largest revenue are listed.

2.6.2 Functional Query Definition

Return the first 10 selected rows

select
|_orderkey,
sum(l_extendedprice*(d_discount)) as revenue,
o_orderdate,
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_shippriority
order by

revenue desc,

o_orderdate;

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

1. SEGMENT is randomly selected within the list of values defined for Segme@tauised.2.2.13
2. DATE is a randomlyselected day within [19983-01 .. 199503-31].

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

1. SEGMENT = BUILDING;
2. DATE =19950315.
Query validaibn output 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 priosgstem is working and 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 one lineitem 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 |_ommitdate < |_receiptdate
)
group by
o_orderpriority
order by

o_orderpriority;

2.7.3 Substitution Parameters
Values for the following substitution parameteust be generated and usedtild 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.

2.7.4 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 paragtess:

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 volumestiitad from lineitem
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 parts ordered 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 |_aderkey = o_orderkey
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 by

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 randoml selected within the list of values defined for R_NAMEIlause4.2.3
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:

TPC Benchmar®! H Standard Specification Revision 2.9.0 Page36


../../Users/ROthayoth/Documents/anakha/TPC-PR/tpch_c4.rtf#Rag_Ref389030226

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 elindagain company
wide discounts in a given percentage range in a given year. Asking this type of "what if* query can be used to look
for ways to increase revenues.

Business Question

The Forecasting Rewnue Change Query considers all the lineitems shipped in a given year with discounts between
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 lineiteths|vguantity less than quantity. Note that the
potential revenue increase is equal to the sum of [|_extendedprice * |_discount] for all lineitems with discounts and
guantities in the qualifying range.

Functional Query Definition

select

sum(l_extendedprice*_discount) as revenue
from

lineitem
where

|_shipdate >= date '[DATE]

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

and |_discount between [DISCOUNTD.01 and [DISCOUNT] ©.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 thefirst of January of a randomly selected year within [1993 .. 1997];
2. DISCOUNT is randomly 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

2.10.1

2.10.2

2.10.3

Volume Shipping Query (Q7)

This quey determines the value of goods shipped between certain nations to help imégptiation of shipping
contracts.

Business Question
The Volume Shipping Query finds, for two given nations, the grassdnted revenues derived from lineitems in

which parts were shipped from a supplier 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 shighesk place in
that year. The query orders the answer by Supplier nation, Customer nation, and year (all ascending).

Functional Query Definition

select
supp_nation,
cust_natia,
|_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,
nationn2
where
s_suppkey = |_suppkey
and o_orderkey = |_orderkey
and c_custkey = o_custkey
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_namgNATION1])
)
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;

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

1. NATION1 is randomly selected within the list of values defined for N_NAMEIlguse4.2.3,

2. NATIONZ2 is randomly selected within the list of values defined for N_NAMElIguse4.2.3 and must be dif
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 must be 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 52520549.0 2
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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 marketshare for a given 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 quemtermines this for the 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(volme) as mkt_share
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
ard s_suppkey = |_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 '19912-31"
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 useduild the executable 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 selected NATION in e 1 above;

3. TYPE is randomly selected within the list o&$llable strings defined for Types €@lause 4.2.2.13.
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2.11.4 Query Validation
For validationagainst the qualification datagethe query must be executed using the following values for substitu
tion parameter and must produce the following output data:
Values for substitution parameser

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

2121

2.12.2

2.12.3

2124

Product Type Profit Measure Query (Q9)

This query determines howuoh 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, for each nation and each year, the profit fos alfgeed 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_supplycost * |_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_pibf
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,
orders,
nation
where
S_suppkey =1_suppkey
and ps_suppy = |_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
nation,
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 within the list of values defined for the generdtiorNAME in Clause4.2.3

2.12.4 Query Validation

For validationagainst thejualification databasthe query must be executed using the following values for substitu
tion parameter and 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 Returned Item Reporting Query (Q10)

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

2.13.1 Business question
The Returned Item Reporting Query finds the top 20 customers, in terms of their effect on lost revenue for a given
quarter, who have returned parts. The query considers orly 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
sum(l_extendedprice*¢l discount)) for all qualifying lineitems.

2.13.2 Functional Query Definition
Return the first 20 selected rows

select
c_custkey,
c_name,
sum(l_extenddprice * (1- |_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;

2.13.3 Substitution Parameters
Values forthe 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 12th month of
1994.

2.13.4 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 =199310-01.
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Query validatioroutput data:

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#0001 25341 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
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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 Identification Query finds, from scanning the available stock of suppliers in aagiganail
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 descending 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_nationkey
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 query text:

1. NATION is randomly selected within the list of values defined for N_NAMElause4.2.3
2. FRACTION is chosen as 0.0001 / SF.

2.14.4 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 substitutio parametes:
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 16101755.5 4
34452 15983844.72

[1038 More Rows]

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 shippagstively affecting the criticglrior-
ity orders by causing more parts to be received by customers after the committed date.

2.15.1 Business Question
The Shipping Modes and Order Priority Query countsstig mode, for lineitems actually received by customers in
a given year, the number of lineitems belonging to orders for which the |_receiptdate exceeds the |_commitdate for
two different specified ship modes. Only lineitems that were actually shippedebiie |_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
|_shipmale,
sum(case
when o_orderpriority =1JRGENT'
or o_orderpriority ='ZHIGH'
then 1
else 0
end) as high_line_count,
sum(case
when o_orderpriority <> “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
and |_receiptdate >= date [DATE]
and |_receiptdate < date '[DATE]' + interval '1' year
group by
|_shipmode
orderby
|_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 selectedthin the list of values defined for Modes@ause4.2.2.13

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. SHIPMODEL = 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 customers by 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
hawe 1, 2, 3, etc. A check is made to ensure that the orders counted do not fall into one 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
ando comment not | i ke 0% WORD1] %[ WORD2] %0
group by
c_custkey
)as c_orders (c_custkey, 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 possibleuesl: special, pending, unusual, express.
2. WORD?2 is randomly selected from 4 possible values: packages, requests, accounts, deposits.

2.16.4 Query Validation
For validationagainst theyualification databaste query must be executed using the following substitytézam
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 promotion such as TV advertisements or a special campaign.

2.17.1 Business Question
The Promotion Effect Query determines what percentage ofvkaue in a given year and month was derived from
promotional parts. The query considers 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 * sum(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 germated and used to build the executable query text:

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

2.17.4 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 paraetes:

1. DATE =199509-01.

Query validatioroutput 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, givenbmsiness, or identified for special recegni
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 quarteof a given year. In case of a tie, the query lists all suppliers whose contribution was equal to the
maximum, presented in supplier number order.

2.18.2 Functional Query Definition

create few revenue[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[STREBM_ID];

2.18.3 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 a randomly seted month between the first month of 1993 and the 10th month of
1997.

2.18.4 Query Validation
For validationagainst the qualification datababe querymust 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 validéion output data:
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S_SUPPKEY S_NAME 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 manguppliers can supply parts with given attributes. It might be used, for example, to
determine whether there is a sufficient number of suppliers for heavily ordered parts.

Business Question

The Parts/Syglier Relationship Query counts the number of suppliers who can supply parts that satisfy 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, amét from a supplier who has had complaints registered at the Better Business Bureau.
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) as supplier_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], [SIZEJSIZES6], [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 parametenust be generated and used to build the executable query text:

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

2. TYPE is made of the first 2 syllables of a string randomly selected within the lissydfable 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 edjfierent values within [1 .. 50];

SIZE4 is 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. SIZE®6 is randomly selected as a set of eight differentegalithin [1 .. 50];
9. SIZE7 is randomly selected 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 validationagainst the qualification datababe query must be executed using the following values for substitu
tion parameter and must produce the following outpiata:
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
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2.20 Small-Quantity-Order Revenue Query (Q17)

This query determines how much average yearly revenue would 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
baseWhat would be the average yearly gross (undiscounted) loss in revenue if orders for these parts witly a quan
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_pdkey
);

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 cleter string representing two numbers randomly and indepen
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 usthg following values for substitu
tion parametexr and must produce the following output data:
Values for substitution parameser

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

Query validatio output 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 #tese orders whose 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 quenylists the customer name, customer key, the order key, date and totamatittee quantity for the order.

2.21.2 2.21.2 Functional Query Definition
Return the first 100 satéed 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]
)
andc_custkey = o_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 substition parametemust 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 forsubstitution parametsr

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 particular 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 refanalk orders 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 |_quantity >= [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_containér OMEDOBPEPROBAGMED PKG6, OMED PA
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_br aAN®3¥606[ BR

and p_container in ( 6LG CASEO6, 6LG BOXd, o6LG
and |_quantity >= [QUANTITY3] and |_quantity <= [QUANTITY3] + 10

and p_size between 1 and 15

and | shipmode in (6AI R6, O6AI R REGOH)

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 ch&astring representing two ndm
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.
QUANTITY2 = 10.
QUANTITY3 = 20.
BRAND1 = Brand#12.
BRAND?2 = Brand#23.
BRAND3 = Brand#34.

o g A~ w N E

Query validatioroutput data:

REVENUE

3083843.0578
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2.23 Potential Part Promotion Query (Q20)

The Potential Part Promoti Query identifies 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 e an excess of a given 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_name like TCOLOR]%'
)
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_nation&y = n_nationkey
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 aetied year within 1993..1997.
3. NATION is randomly selected within the list of values defined for N_NAMElause 4.2.3.

2.23.4 Query Validation
For validationagainst the qualificatiodatabas¢he 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 parameser
1. COLOR = forest.

2. DATE =199401-01.

3. NATION = CANADA.

Query validatioroutput data:

S_NAME

S_ADDRESS

Supplier#000000020

iybAE,RmTymrZVYaFZva2SH,j

Supplier#000000091

YV45D7TkidQan00Z7q9QxkyGUapUloOWU6G3

Supplier#000000197

YC2Acon6kjY3zj3Fbxs2k4Vdf7X0cd2F

Supplier#000000226

83q0dU2EYRAPQAQhEtn GRZEd

Supplier#000000285

Br7elnntlyxrw6lmgpJ7YdhFDjuBf

[194 more rows]

Supplier#000009862

rJzweWeN58

Supplier#000009868

ROjGgx5gvtkmnUUoeyy 7v

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 suppliers who wereatae 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 orde(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 selected raws

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_nationkey = n_natioek
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_NAMElause 4.2.3.
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2.24.4 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. 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#000002357 12
Supplier#000002483 12
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2.25 Global Sales portunity 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 customershini 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 defined 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 from 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 1 for 2) in
) QL 1741 LS N 120 1 LS O L B A V)
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. 11 é 17 are randomly s el essiblevdluesor Cduotny toderagdefmediatse on f r
4.2.2.9.

2.25.4 Query Validation
For validationagainst the qualification datababe query must bexecuted 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.

A L S e

Query validatioroutput data:

CNTRYCODE NUMCUST TOTACCTBAL
3 888 6737713.99
17 861 6460573.72
18 964 7236687.40
23 892 6701457.95
29 948 7158866.63
30 909 6808436.13
31 922 6806670.18
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2.26

2.26.1

2.26.2

2.26.3

General Requirements for Refresh functions

Refresh Function Overview
Each refresh functiois defined by the following components:

1 The business rationale, which illustrates the business context in which the refrégmsurmuld be used;

1 The refresh functiomefinition, which defines in pseuetmde the function to be performed by the refresh
function;

1 The refreshdata set, which defines the setrofvsto be 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 (s@&able 4: LINEITEM Cardinality.

Transaction Requirements 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 following conditions are met:

1 All ACID properties are met;

1 Each atmic transaction 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 tab
are both modified within the same transaction;

1 An output message is sent when the last transaction of the refresh furasioampleted successfully.

Refresh Function Compliance

2.26.3.1The benchmark specification does not place any requirements on the implementation of the refresk fithetion

than their functional equivalence to trefresh function definition and complianeéth Clause 2.26.2For RF1 and
RF2 only, the implementation is permitted to:

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

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

1 Provide the SUTwith the data to be inserted by RF1 or the set of keys for the tiotws 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(orsdnteset of key for
the rowsto be deleted) from the resources required to execute insert and delete operations against the database.

1 Group the individual refresh functierinto transactions and organize their execuserially 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 otherrttlamessage of successful completion.

2.26.3.3The proper implementatioof the refresh functics must be validated by the independent auditoo may request

2.27

2.27.1

2.27.2

additional tests to ascertain that the esfr functions execute in accordance with the benchmark requirements.

New Sales Refreslrunction (RF1)

This refresh functiomdds new sales information to the database.

Business Rationale
The New Sales refsh functioninserts new rowito the ORDERS and LINEITEM tablés the database followg
the scalingand data generation methods used to populate the database.

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 rovinto the LINEITEM 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 an example only. Test spemaay wish to explore other implementato

RefreshData Set
The set of rowso be inserted must be produced by DBGEN a modified version of DBGEN, s&&lause4.2.])
using the-U option. This option will produce as many sets of rows as required for use irsinediim tests.

Old Sales Refreshunction (RF2)

This refresh functiomemoves old sales inforation from the database.

Business Rationale
The Old Sales refresh functisamoves rowgrom the ORDERS and LINEITEM tablés 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 muchegter flexibility than the queries (s€dause
2.26.3. The definition provided here is an example only. Test spemay wish to explore other implementation

RefreshData Set

The primary kewalues for the set of rowt® be deleted must be produced by DBGEN a modified version of
DBGEN, seeClause4.2.]) using the-U option. This option will produce as many sets of primary keys as required
for use in multistream throughpuess. The rows being deleted begiith the first row of each of the two targeted
tables

Database Evolution Process

The test sponsanust 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 Gleaise5.1.1.9.

Comment It is explicitly not permitted to rebuild or reload the test database during the performance tefisee
5.1.1.3.

The test datbase may be endlessly reused if the test sponsor keeps 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 gmver test using the first set of insert/delete rows produced by DBGEN
(seeClause4.2.]). The throughput test would then execute the next five RF1/RF2ysang the second through 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: THE ACID PROPERTIES

3.1.1 The ACID (Atomicity, Consistencylsolation and Durability) properties of transaction processing systems must be
supported by the system under test during the timed portiomsobénchmark. Since TRPE 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 tastsath be performed to
demonstrate that these properties are met.

3.1.2 While it is required for the system under test ($trsupport the ACIOproperties defined in this Clause, the exe
cution of the corresponding ACID testsasly required in 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 @lahse may be sufficient 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.

3.1.3 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 thalested
during the performance test. This applies both to attributes of the database and to attributes of the datah@}e ses
used to execute the ACID and performance tests. The attributes of the se®siating the A Query (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 3.1.62must be the same as those used én th
performance test refrestream (se€lauses.1.2.9.

3.1.4 The mechanisms used to ensure durability of the qualification datahesebe enabled for the test database. For
example:

a) If the qualification databaselies on undo logs to ensure atomicity, then such logging must also be enabled
for the test database during the parfance 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 musbe taken of the test database.

c) If the qualification databaseelies data redundancy mechanisnts meet thedurability requirement (see
Clause 3.p these mechanisms must be active dutiiregeixecution of the performance test.

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

3.1.6 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 tests. In addition, to simplify the demonstration that AGipapties are enabled while readly
gueries are executing concurrentfith other activities, a speci@lCID Query is defined.

3.1.6.1 Both the ACIDtransaction and the ACID Query utilizdrancation function to guarantearithmetic function por
tability and consistencgf results. Defindrunc(n,p) as

Trunk(n, p) = én*10°a 1P
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

3.1.6.2 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

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

1 L_KEY selected at random from [1 ..]M/here

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_TOTALPRICE from ORDERS into [ototal] weeD_ORDERKEY = [0_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([extpice] * (1 - [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] = tmic([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_QUANTIT 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 oldhlues, as read before the updates.

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

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

SELECT SUM(trunc(
trunc(L_EXTENDEDPRCE * (1 - 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 for all tables of the-FRdatabase.

Atomicity Requirements

Atomicity Property Definition
The system under test must guarantee that transactions are; dtemsystem will either perform all individu
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 3.5) for a randomly selected set of input data and verify that the appro
priate rowshave been changed in tteRDERS, LINEITEM, and HISTORYables

Perform the ACIDTransaction for a randomly selected set giuindata, substituting a ROLLBACK of the transac

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

ConsistencyRequirements

ConsistencyProperty Definition
Consistencys the property of the application that requires any execution of transactions to 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_EXTENDEDPECE *(1 - L_DISCOUNT),2) * (1+L_TAX),2))

for each ORDERS andNEITEM defined by (O_ORDERKEY = L_ORDERKEY)

A TPC-H database, when populated as define@lause4.2, must meet the consistencgndition defined inClause
3.3.2.1

If data is replicated, as permitted unddause 1.5.10each copy must meet the consistenopdition defined in
Clause 3.3.2.1

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

1. Verify that the ORDERS, and LINEITEM tablese 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 AD Transactions from each of at least the number of execution stredmaery streams
+ 1 refreshstream) used in the reported throughtest (seeClauses.3.4). Each transaction must use values of
(O_KEY, L_KEY, DELTA) randomly generated within the ranges defineGlause 3.1.6.2Ensure 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
Isolationcan be defined in terms of the following phenomena that may occur dbengxecution of concurrent
database transactions (i.e., reagte transactions or reashly queries):

PO (ADig)ty DMatiakase transaction T1 r asatlassaciond@2at a el e m
then modifies or deletes that data element, and performs a 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 Retaalbase transaction T1 modifies a data e
that data element before T1 performs a COMMIT. If T1 were to perform a ROLLBACK, T2 will
have read a value that was never committetithat may thus be considered to have never existed.

P2 (fidkpeat abl e Reado): Database transaction T1 reads
modifies or deletes that data element, and performs a COMMIT. If T1 were to attemptéalre
the cata element, it may receive the modified value or discover that the data element has been
deleted.

P3 (APhant omo) : Database transaction T1 reads a set
Datébase transaction T2 then executes statementgémarate one or more data elements that
satisfy the <search condition> used 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 transian T1 and T2 above must be executed completely or not at all.

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

Phenomena P( Phenomena P1 Phenomena® 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 following terms are defined:

T, = An instance of the ACIOransaction;

T, = An instance of the ACIOransaction;

T3 = Any of the TPCGH queries 1 to 2 or an instance of the ACIguery;
T, = Any arbitrary transaction.

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

Req.

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

{T,T}1¢ije2 PO, PL P2 P3 T, Level 3 isolatiorbetween any two ACID
Transactions.

{T, T} 1lc¢ic¢c2 PO, P1, P2 T, Level 2 isolatiorfor any ACID Transation
relative to any arbitrary transaction.

{T,T}1l¢cicn 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 Txn1 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 isolatior the writewrite conflict of two updateransactions 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_SKIPP 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 (f@ause 2.3 agairst the qualification databasehere the sub
stitution parametefdelta] is chosen from the interval [0 .. 2159] so that the query runs for a sufficient length of
time.

Comment Choosing [deh] = 0 will maximize the run time of Txn1l.

2. Before Txnl completes, submit an ACTDansaction 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 been changed. In this case, the test is complete with only Steps 1 and 2. If Txn2 willphetiecom
before Txnl completes, perform Steps 3 and 4:

3. Ensure that Txnl is still active. Subnaitthird 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 appropriateirothe ORDERS, LINEITEM and HIS
TORY tableshave been changed.

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

Durability Requirements

The SUTmust guarantee durability: the ability to preserve the effects of committed transactions and ensase data
consistencyfter recovery from any one of the faiés listed irClause 3.5.3

Comment No system provides complete durability (i.e., durability under all possible types of failures). €liie spe
set of single failures addressed @Glawse 3.5.3is deemed sufficiently significant to justify demonstration of
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 tlamdfer of data,
before any data is lost, to an inherently ~vatatile medium after the failure of external power.
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3.5.2

3.5.2.1

3.5.2.2

3.5.3

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

Comment A durablemedium can fail; this is usually protected against by replicatioa 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 enohdo satisfy the requirement (b) above, for example, if it is accompanied by an 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 betweeimmemory and memory performing similar permanent or tempo
rary data storage in other parts of the system (e.g., disk controller caches).

Committed Property Definition

A transaction is considered committed when the transaction manager component dethehagseither written the
log or written the data for the committed updates associated with the transaction to ardediinhe.

Comment 1 Transactions can be committed without the user subsequently receivingatiotif 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 sustdl/ completed.

To facilitate the execution of the durability tests the driver must maintain a dwatdess file that records the
details of each transaction which has successfully completed and whose mes$ega masirned to the driver. At

the time of an induced failure this success 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 tests and must contain the following fields:

Fields Datatype Definition

P_KEY identifierForeign reference to P_PARTKEY
S_KEY identifierForeign reference to S_SUPPKEY
O_KEY identifierForegn reference to O_ORDERKEY
L KEY integer

DELTA Integer

DATE_T date and 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 outsid the ACIDTransaction, and if the durability of the success file is pro
vided by the same data manager as the-HR{atabase, it must use a different log file.

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

1 Permanent irrecoverable failure of any single durabledium containing TPEl database tableer
recovery log data. The media to be failed is to be chosen at random by the, anditcannot be specially
prepared.

Comment If main memory is used as a durabhedium, then it must be considered as a potential single point 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 meri®tlie durable medium and mirroring is the mecha

nism used to ensure durability, then the mirrored memories must be independently powered.

1 Instantaneous interruption (system crash/system hang) in processing which requires sysiemtae
recover.
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Commert: 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 of volatile memory (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 uretio log.

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

Comment 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.

1 SUT Power Failure: Loss of all exterrmdwer to the SUT for an indefinite time period.

Comment: To demonstrate 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 bfisigdéfgient to fail

one node or that set of nodes. If there is only one 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 subsetrafdibs in the cluster providing a distinct
function must be failed.

3.5.4 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 @irfgllure from the list irClause 3.5.2nd 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 tablese initially consistent as defined @Glause 3.3.2.lbased on a
random sample of at least 10 distinatues of O_ ORDERKEY.

2. Asynchronously submit a minimum of 200 ACIDansactions from each of at least the number of the execu
tion streamg# query streams + 1 refrestream) used in the reportddoughputest Each transaction must use
values of (O_KEY, L_KEY, DELTA) randomly generated within the ranges defin€tldnse 3.1.6.2Ensure
that all the values dd_ORDERKEY chosen in Step 1 are used by some transaction in Step 2. It mustbe dem
onstrated 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 cbrGjglese
the failure selected from the list @lause 3.5.3At the time of the failure, it must be demonstrated that:

1 At least one transaction is in flight.

No stream has completed submission of the required minimum mwhB&ID transactions as defined in
Step 2.

Comment The intent is that the failure is induced while all streams are continuously submitting and executing
transactions. If the number of-flight transactions at the point of failure is less than thaber of streams, this is
assumed to be a random consequence of interrupting some streams during the very small interval between commit
ting one transaction and submitting the next.

=

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

5. Compare theontents of the durability success file and the HISTORY tablesrify that records in the success
file for a committed ACIDTransaction have a corresponding record in the HISTORY table and that no success
record existfor uncommitted transactions. Count the number of entries in the success file and in the HISTORY
table and report any difference.

Comment This difference can only be due to transactions that were committed on the system under test, but for
which the datavas 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 is the database used to execute theskoaid the performance test (§€8ause 5.1.1 4
The test database mustdmaled as defined i@lause 4.1.3

The test database must be populated accotdiiause 4.2

Qualification Database

A qualification databasmustbe created and populated for use in the query validégtndescribed i€lause 2.3

The intent is that the funcnality 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 qualification data
base must be identical to the test databasetumlly every regard except size, including but not limited to:

1 Columndefinitions;

Method of data generation and loading
Statisticsgathering method;

ACID property implementatign

Type of partitioningbut not degree of partitioning);
Replication

Tabletype (if there is a choice);

= =4 =4 =4 -4 -a -a

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®Glause 1.5.8 then the qualifiation

database must also employ horizontal partitioning, though the number of partitions may differ in each case. As
another example, the qualification databaeeld 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
configuration differs from the test databasmfiguration in any way, the differences must be disclosedGkaese

8.3.5.9.

The populatiorof the qualification databageust be exactly equal to a scale fac®F, of 1 (se€lause4.1.3for a
definition of SF).

Database Scaling Requirements

Scale factors used for the test database must be chosen from the set of fixed scale factors defined 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 fi&dause4.2.5,
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 metntes Qphk®Size and PricperQphH@Size (seeClause
5.4), as well as in the executive summatgtement (see Appendix E):

1GB, 10GB, 30GB, 100GB, 300GB, 1000GB, 3000GB, 10000GB, 30000GB, 1BB000
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 database of 3GB (i.e., SF = 3) is not permitted. This requirement is intendedourage comparability of
results at the low end and to ensure a substantial actual difference in test datahase sizes
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Comment 2 The maximum size of the test database for a valid performance test is currently set at 100@&P (i.e.,
= 100,000). The TP@cognizes that additional benchmark development work is necessary to allott TP<tale
beyond that limit.

4.1.3.2 Test sponsa must choose the database $imy want to execute agairst selecting a size and corresponding scale
factorfrom the defined series.

4.1.3.3 The ratio of total data storage to database siast be computed by dividing the total duratisga sorage of the
priced configuratior(expressed in GB) by the size chosen for the test database as defuadeifactors used for
the test database must be chosen from the set of fixed scales fdetined as followsThe ratio must be reported to
the nearest 1/100th, rounded up. The ratio must be included in both the Full Dis&lepore and the Executive
Summary

4.2 DBGEN and Database Populaon

4.2.1 The DBGEN Program

4.2.1.1 The test database and the qualification database must be populated with data that meets the requi€lagses of
4.2.2andClause 4.2.3TheDBGEN source code provided in Appendix D is a sample implementation of a database
population generator. It has been written in ANSI 'C' and has been ported to a large humber of plab@®GEN
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 oufjig, in turn, may not be possible without duplicating the
exact sequence of random numbers generated by DBGEN.

4.2.1.2 The data generated by DBGEXe meant to be compliant wi@lause 4.2.2andClause 4.2.3In case of differences
between the content of these two Clauses and the data generated by DBGEN, the latter prevails.

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

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

Comment 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 effects the resulting data.

Comment 2 If a program other than DBGEN used to populate 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.

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

4.2.2.2 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.

4.2.2.3 The notatiorrandom value [x .. y]represents a random value between x and y inclusively, with a mean of (x+y)/2,
and wth 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 100 unique values.

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

4.2.2.5 The notatiorntext appended with digit [text, x] represents a string generated by concatenating thetsng text,
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the charater "# ", and the subtring representation of the number x.

4.2.2.6 The notationrandom a-string [x] represents a string of length x comprised of randomly generated alphanumeric
characters within a character set of at least 64 symbols.

4.2.2.7 The notationrandom v-string [x] 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 random value [0.4 x .. 1.6 X] rounded up to
the next integer.

4.2.2.8 The termdate represents a stringd aumeric characters separated 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 indexnto 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 be random [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 termtext string[x] represents a substring of a 300 MB string populated according fsé¢elotext grammar
defined inClause 4.2.2.14The length of the substring is a random value [0.4 x .. Jiréunded up to the next inte
ger. The substring offset is randomly chosen.
4.2.2.11The termtext string[x] represents a string generated by the pseudo text grammar defi@tlge 4.2.2.14The
length of the string is a random valu@®4 x .. 1.6 x] rounded up to the next integer. The output of the pseudo text
grammar is truncated at the selected length.

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 populate the database:
List nameTypes

Each string is generated by the concatenation of a variable length sydiduited at random from each of the three
following lists and separated by a single space (for a total 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 concatenation of 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).
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Syllable 1 Syllable 2

SM CASE

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
5-LOW

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
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forges braids hockey players frays
warhorses dugouts notornis epitaphs
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
snooze 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
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fluffily slowly quietly ruthlessly
thinly closely doggedly daringly
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
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text:<sentence>
|<text> <sentence>

sentence:<noun phrase> <verb phrase> <terminator>
|[<nounphrase> <verb phrase> <prepositional phrase> <terminator>
|<noun phrase> <verb phrase> <noun phrase> <terminator>
|<noun phrase> <prepositional ppex <verb phrase>
<noun phrase> <terminator>
|<noun phrase> <prepositional phrase> <verb phrase>
<prepositional phrase> <terminator>

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

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

prepositional phrase: <preposition> the <noun phrase>

noun:selected from Nouns (as definecClause 4.2.2.1)3

verb: selected from Verbs (as defiriadClause 4.2.2.13

adjective: selected from Adjectives (as define€lause 4.2.2.13
adverb: selected from Adverbs (as define@lause 4.2.2.1)3
preposition: selected from Prepositions (as define@lause 4.2.2.1)3
terminator: selected from Terminators (as define@lause 4.2.2.13

auxiliary: selected from Auxiliary (as defined @lause 4.2.2.1)3

4.2.2.15The grammar defined iGlause 4.2.2.14elies on the weighted, namiform distribution of its constituent distribu
tions (nouns, verbs, auxiliaries, etc.). A sponsimhing to use a means of data generation other than DBGEN\

4.2.3

assure that the distributions defined in the DBGEN source code are reproduced exactly.

Test Database Data Generation
The data generated by DBGHEBEeClause 4.2 1 must be used to populate the database as follows (where SF is the
scale factarseeClause 4.1.3)t

1

SF * 10,000 rowsn the SUPPLIERtablewith:

S_SUPPKEY unique within [SF * 10,000].

S_NAME text appended with digit ["'Supplier®, S_SUPPKEY].
S_ADDRESS random-string[25].

S_NATIONKEY random value [0 .. 24].

S PHONE generated accordingQtause 4.2.2.9

S ACCTBAL random value{999.99 .. 9,999.99].
S_COMMENT text string [63].

SF * 5 rowsare randomly selected to hold at a random position a string matching "Cus
tomer%Complaints". Another SF * 5 rovase randomly selected to hold at a randoostion a
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string matching "Customer%Recommends", where % is a wildcard that denotes zero or more
characters.

SF * 200,000 rowén the PART tablewith:

P_PARTKEY unique within [SF * 200,000].

P_NAME generated by concatenating fiuaique 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", "chtate", "coral",
"cornflower", "cornsnk" "cream", "cyan", "dark", "deep", "dim", "dodger", "drab", "firebrick",
"floral", "forest", "frosted", gamsboro "ghost", "goldenrod”, "green", "grey", "honeydew",

"hot", "|nd|an ivory", khakl" "lace”, "laveader"”, "lawn", "lemon", "light", "lime", "linen",
"magenta”, "maroon" "medium”, "metalllc" "rmtght" "mlnt" "misty”, "moccasin"”, "navajo",
"navy", "olive", "orange", "orchid", "pale", "papaya", "peach", "peru”, "pink", "plum", "powder",
"puff", "purple”, "red", "rose", "rosy", "royal", "saddle" "salmon”, "sandy", "seashell", "sienna",
"sky", "slate", "smoke", "snow", "spring", "steel", "tan", "thistle", "tomato", "turquoise"”, "violet",
"wheat", "white", "yellow"}.

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

P_BRAND text appended 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 [Coainers].

P_RETAILPRICE = (90000 + ((P_PARTKEY/10) modulo 20001 ) + 100 * (P_PARTKEY modulo
1000))/100

P_COMMENT text string [14].

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

PS_PARTKEY = P_PARTKEY.

PS_SUPPKEY =ps_partkey + (i * (( S/4 ) + (int)(ps_partkdy)/S)))) modulo S + 1 where i is thii
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 [124].

SF* 150,000 rowsn CUSTOMER tablavith:

C_CUSTKEY unigue within [SF * 150,000].

C_NAME text appended with digit ['"Customer”, C_CUSTKEY].
C_ADDRESS random-sgtring [25].

C_NATIONKEY random value [0 .. 24].

C_PHONE generated accorditgClause 4.2.2.9

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

C_COMMENT text string [73].

For each rowin the CUSTOMERtable ten rows in th©ORDERStable wth:
O_ORDERKEY unigue within [SF * 1,500,000 * 4].

Comment The ORDERS and LINEITEM tablesre 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. dressissmust not take advantage

of this aspect of the benchmark. For example, horizontally partitidghindest 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:
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"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.
O_TOTALPRICE computed as:

sum {_ EXTENDEDPRICE* (1+L_TAX) * (1-L_DISCOUNT)) for allLINEITEM of this order.
O_ORDERDATE uniformly distributed between STARTDATE and (ENDDATE1 days).
O_ORDERPRIORITY random string [Priorities].
O_CLERK text appended with digit ['Clerk”, C] where C = random value [000000001 .. (SF *1000)
O_SHIPPRIORITY set to O.
O_COMMENT text string [49].

1 For each rown the ORDERStable a random number of rows within [1 .. 7] in thkNEITEM table with;

L_ORDERKEY =O_ORDERKEY.
L_PARTKEY random value [1 .. (SF * 200,000)].
L_SUPPKEY = (_PARTKEY + (i * (( S/4 ) + (int)L_partkey1 )/S))) modulo S + 1
where i is the corresponding supplier within [0 .. 3] and S = SF * 10,000.
L_LINENUMBER unigque within [7].
L_QUANTITY random value [1 .. 50].
L_EXTENDEDPRICE = L_QUANTITY* P_RETAILPRICE
WhereP_RETAILPRICEis from the part with P_PARTKEY = L_PARTKEY.
L_DISCOUNT random value [0.00 .. 0.10].
L_TAX random value [0.00 .. 0.08].
L_RETURNFLAG set to a value selected as follows:
If L RECEIPTDATE<= CURRENTDATE
then either "R" or "A'is selected at random
else "N" is selected.
L_LINESTATUS set the following value:
"O"if L_SHIPDATE > CURRENTDATE
"F" otherwise.
L_SHIPDATE = O_ORDERDATE+ random value [1 .. 121].
L_COMMITDATE = O_ORDERDATE+ random value [30 .. 90].
L_RECEIPTDATE =O_ORDERDATE + random value [1 .. 30].
L_SHIPINSTRUCT random string [Instructions].
L_SHIPMODE random string [Modes].
L_COMMENT text string [27].

q 25 rowsin the NATION tablewith:

N_NATIONKEY unique value between 0 and 24.

N_NAME stringfrom the following series of (N_NATIONKEY, N_NAME, N_REGIONKEY).
(0, ALGERIA, 0);(1, ARGENTINA, 1);(2, BRAZIL, 1);
(3, CANADA, 1);(4, EGYPT, 4);(5, ETHIOPIA, 0);
(6, FRANCE, 3);(7, GERMANY, 3);(8, INDIA, 2);
(9, INDONESIA, 2);(10, IRAN, 4);(11, IRAQ, 4);
(12, JAPAN, 2);(13, JORDAN, 4);(14, KENYA, 0);
(15, MOROCCO, 0);(16, MOZAMBIQUE, 0);(17, PERU, 1);
(18, CHINA, 2);(19, ROMANIA, 3);(20, SAUDI ARABIA, 4);
(21, VIETNAM, 2);(22, RUSSIA, 3);(23, UNITED KINGDOM, 3);
(24, UNITED STATES, 1)

N_REGIONKEY is takerfrom the series above.

N_COMMENT text string [95].

q 5 rowsin the REGIONtablewith:

R_REGIONKEY unique value between 0 and 4.

R_NAME string from the following series of (R_REGIONKEY, R_NAME).
(0, AFRICA);(1, AMERICA); (2, ASIA);
(3, EUROPE);(4, MIDDLE EAST)
R_COMMENT text string [95].
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4.2.4

4241

4.2.4.2

4.2.4.3

4.2.5

4251

Refresh Function Data Generation

The test database is initially populated with 75% sparse primaryféeytse ORDERS and LINEITEM tabletsee

Clause 4.2 Bwhere only the first eight key values of each group of 32 keys are used. Subsequently, the refresh
functionRF1 uses the 'holes' in theykranges for inserting new rows

DBGEN generates refresh data sets for the refresh functions such that:

1 For the first through the 100th execution of RF1 data sets are generated for inserting 0.1% newitbws
a primary keywithin the second 8 key values of each group of 32 keys;

1 For the first through the 1,000th execution of RF2 data sets are generadetefing 0.1% existing rows
with a primary keywithin the original first 8 key values of each group of 32 keys.

Comment As a result, after 1,000 executions of RF1/RF2 pairs the test database is still populated with 6% spar

primary keys but the second 8 key values of each group of 32 keys are now used.

The refresh functionlata set generation scheme can be repeated until 4000 RF1/RF2 pairs have been executed, at

which point the ppulationof the test database is once again in its initial state.

Database Size

Table 3: Estimated Database S&wws the test database diaea scaledctor, SF, of 1.

Table 3: Estimated Database Size

TableName Cardinality Length (in bytes) TypicaF Table
(in rows) of Typicaf Row Size (in MB)
SUPPLIER 10,000 159 2
PART 200,000 155 30
PARTSUPP 800,000 144 110
CUSTOMER 150,000 179 26
ORDERS 1,500,000 104 149
LINEITEM? 6,001,215 112 641
NATION* 25 128 <1
REGION' 5 124 <1
Total 8,661,245 956

! Fixed cardinality: does not scale with SF.

% Typical lengths and sizes given here are examples, not requirements, of what could result from an
implementsion (sizes do not include storage/access overheads).

% The cardinality 6the LINEITEM tableis not a strict multiple of SF since the number of lineitems in an
order is chosen at random with an average of fourGémese 4.2.5
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Comment: 1 MB is defined to be bytes.Data types are sized as followsbyte integers, ®yte decimals, byte
dates.

4.2.5.2 Table 4: LINEITEM Cardinalityshows the cardinality of the LINEITEM table at all authorized scale factors.

4.3

43.1

4.3.2

4.3.3

Table 4: LINEITEM Cardinality

Scale Factor (SF) Cardinality of LINEITEM Table
1 6001215

10 59986052

30 179998372
100 600037902
300 1799989091
1000 5999989709
3000 18000048306
10000 59999994267
30000 17999978268
100000 599999969200

Database Load Time

The process of building the test database is known as databas®#balase load consists of timed and untimed
components. However, all components must be fully disclosedC{aese 8.3.5.7)

The total elapsed time to prepare the test database for the execution of the performance test is called the database
loadtime, and must be reported. Thmeludes all of the elapsed time to create the tadiddimed inClause 1.4load

data, create indices, define and validate constrajatber statistickor the test database, configure the system under

test as it will be during the performance test, and ensure that the test database meets thegéitedibents

including syncing loaded data onwuites used to implement data redundancy mechasiand the taking of a

backup of the database, when necessary.

The populatiorof the test database, as define€lause 4.1consists of two logidgphases:

1. Generation: the process of using DBGEd a similar program to create data in a format suitable for presenta
tion to the DBMS loadacility. The generated data may be stored in memory, or in flat files on tajskor d

2. Loading: the process of storing the generated data into the database tables
Generation and loadirmyf the data can be accomplished in two ways:

1. DBGEN (or a similar program) is used to generate flat fdesred on disk or tape. The records in these files
may optionally be permuted and relocated to the SAffer tablecreation on the SUT, data is loaded from the
flat files into the database. In this case, caltet] from flat files, only the loading phase contributes to the
database load time.

2. DBGEN (or a similar program) is used to generate data that is directly loaded into the databasesitedpls
"in-line" loadfacility. In this case, calleth-line load, generation and loading occur concurremthg both con
tribute to the database load time.
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4.3.4
4.3.5
4.3.6

4.3.7

4.3.8

4.3.9

The database loaine must be measured on the system unde(S&st).
The timing of the database lotithe begins with the creation of the tabtkfined in Clause 1.4.

There are five classes of operations which may be excluded from database load time:

1 Any operation that does not affect the state of the DBMS (e.g., data generation into flat files, relocation of
flat files to the SUT permutation of data in flat files, operatisgstemlevel disk mrtitioning or
configuration);

1 Any modification to the state of the DBMS that is not specific to the -HP@orkload (e.g. logical

tablespace creation or database block formatting);

1 The time required to install or remove physical resai@g. processors/cores/threads, memory or disk
drives) on the SUThat are not priced (s€&ause 4.3.9

1 An optional backupf the test database performed at the test spdrdiscretion. However, if a backup is
required to ensure that the ACDoperties can be met it must be included in the toad;

1 Operations that creatievices used to implement data redundancy mechanisms.

Comment The time required to perform any necessary software reconfiguration (such as DBMS or operating sys
tem parameters) must be included in the databasditoad

The timing of the database loadds when the databaisefully populated and the SUI configured as it will be
during the performance test.

Comment The intent of this Clause is that when the timing ends the system under test be capable of executing the
performance test without any further changbe database load may be decomposed into several phases. Database
load time is the sum of the elapsed times of all phases during which activity other than that deGidedear.3.6
occurred on the SUT. The timing afload phase completes only when any change to the test database has been
written to durable media (s€dause 3.5.1

Comment 2: Since the time of the end of the database load is used to seed the random number generator for the
substitution parameter, that time cannot be delayed in anyhaaybuld make it predictable to the test sponsor.

The resources used to generate, permute, relocate to therSidld DBGENdata may optionally be distinct from
those used to run the actual benchmark. For example:

1 For loadfrom flat files, a separate system or a distinct storage subsystem may be used to generate, store and
permute DBGENlata into the flat files used for the database load.

1 For inline load separate and distinct pessing elements may be used to generate and permute data and to
deliver it to the DBMS.

Resources used only in the generation phase of the population of the test database must be treated as follows:

For loadfrom flat files,

1 Any processing element (e.g., processor/core/thread or memory) used exclusively to generate and hold
DBGEN data or relocate it to the SUgrior to the loadphase shall not be included in the total priced
system (se€lause 7.1 and must be physically removed from or made inaccessible to the SUT prior to the
start of the load phase;

1 Any storage facility (e.g., disk drive, tape drive or peripheralrofiet) used exclusively to generate and
deliver data to the SU®uring the loadphase shall not be included in the total priced system. The test
sponsormust demonstrate to the satisfaction of the audhat this facility is not being used in the
performance tests.

For in-line load

1 Any processing element (e.g., processor/core/thread or memory) or storage facility (e.g., disk drive, tape
drive or peripheral controller) usexclusively to generate and deliver DBGHMta to the SUTuring the
load phase shall not be included in the total priced system and must be physically removed from or made
inaccesdile to the SUT prior to the staof the measurement tests.

Comment The intent is to isolate the cost of resources required to generate data from those requiredata load
into the database tables
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4.3.10

4.3.11

An implementatiormay reqire additional programs to transfer DBGEMta into the database tabl@®m either

flat file or in-line load. If non-commercial programs are used for this purpose, their source code must be disclosed.
If commercially available programs are used for this purpose, their invocation and configuration must be disclosed.
Whether or not the software is commercially available, use of the software's functionality's must be limited to:

1. Permutation of the data generalsdDBGEN
2. Delivery of the data generated by DBGHENthe DBMS.

The database loahust be implemented using commercially available utilities (invoked at the command level or
through an API) or an SQprogramming interface (such as embedded SQL or ODBC).
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5.1

5.11
5.11.1

51.1.2

5.1.13

5114

5.1.15

5116
51.2

5121

51.2.2

5.1.2.3

5124

5.1.25

5.1.2.6

5.2

5.2.1

522

5.2.3

5: PERFORMANCE METRICS AND EXECUTION RULES

Definition of Terms

Components of the Benchmark

Thebenchmarkis defined as the execution of the |dadt followed by the performance test.

Theload testbegins with the creation of the database tables and includes all activity required to bring the system
under test to the configuration that immediately precedes the beginning of the performance test (see Clause 4.1.3).
The load test may not inglle the execution of any of the queries in the performance test (see Clause 5.1.2) or any
similar query.

Theperformance testconsists of two runs.

A run consists of one execution of the Power test described in Clause 5.3.3 followed by one execution of the
Throughput test described in Clause 5.3.4.

Run 1 is the first run following the loddst (see Clause 5.3.1.4). Run 2 is the run following Run 1.

A failed run is defined as a run that did not complete successfully due to unforeseen system failures.

Components of a Run

A query is defined as any one of the 22 TPIQueries specified i€lause 2

1 The symbol "@", with i in lowercase and from 1 to 22, represents a given query.
A query setis defined as the sequential execution of each and every one of the queries.

A query streamis defined as the sequential executidma single query set submitted by a single emulated user.

1 The symbol "S", in uppercase, is used to represent the number of query stseanasiring the throughput
test
1 The symbol "s", in lowercase and from 1 to S, is used to represent a given query stream

A refresh stream s defined as the sequential execution of an integral number of pairs of refreshnisiscionit
ted from within a batch program.

A pair of refresh functionsis defined as one of each of the two FHQefresh functions specified i@lause 2

1 The symbol "RF", with j in lowercase and from 1 to 2, represents a given refresh function

A sessionis defined as the process context capable of supporting the execution of either a quergrstresfnesh
stream.

Configuration Rules

The mechaism used to submit queries and refresh funestiinthe system under test (S)uand measure their exe
cution time is called a driver. The driver is a logical entity that can be implemented using one or more physical pro
grams, processes, or systems(€dause 6.3

The communication between the driver and the StiiBt be limited to one sessiper query strearor per refresh
stream. These sessions are prohibftem communicating with one another except for the purpose of scheduling
refresh functions (see Clause 5.3.7.8).

All sessionssupporting the execution of a query stredmst be initialized in exactly the same way. The init&l
tion of the session supporting the execution of the resrsam may be different than that of the query streams. All
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524

5.2.5

5.2.6

5.2.7

session initialization parameters, settings and commands must be disclosed.

Comment 1 The attributes of # sessiomused in the query streds) (see Clause 5.1.2.3) must be the same as the
attributes of the session used by the AQDery (see Clause 3.1.6.3). Similarly, the attributes of the session used in

the refreshstream (see Clause 5.1.2.4) must be the same as the attributes of the session used by the AGID Transac
tion (see Clause 3.1.6.3)

Comment 2 The intent of this Clause is to provide the information needed to preciselgteetiie execution envi
ronment of any given streapmior to the submission of the first query or refresh function

The driver submits each TPE query for execution by the SWiia the sessioassociated with the corresponding
query stream

In the case of the two refresh functiofRF1 and RF2), the driver is only required to submit the commands neces
sary to cause the execution of each refresh function.

The driver's submittal to the SU®f the queries in the performance test (see Clause 5.1.2.1) is constrained by the
following restrictions:

1 It must comply with the query complianoequirements of Clause 2.2;

1 No part of the interaction between the driver and the S&iThave the purpose of indicating to the DBMS
or operating system an execution strategy or priority that is time dependent or query specific;

Comment Automatic priority adjustment perfoed by the operating system is not prohibited, but specifying a
varying priority to the operating system on a query by query basis is prohibited.

1 The settings of the SU3 components, such as DBMS (including talalled tablespaces) dmperating sys
tem, are not to be modified on a query by query basis. These parameters have to be set once before any
query or refresh functiois run and left in that setting for the duration of the performance test.

The configuréion and initialization of the SUT, the database, or the session, including any relevant parameter,
switch or option settings, must be based only on externally documented capabilities of the system that ean be rea
sonably interpreted as useful for antamt decision support workload. This workload is characterized by:

1 Sequential scans of large amounts of data;
1 Aggregation of large amounts of data;

1 Multi-tablejoins;

1 Possibly extensive sorting.

While the configuration and initialization can reflect the general nature of this expected workload, it shall not take
special advantage of the limited functions actually exercised by the benchmark. The queries actsfyircthe
benchmark are merely examples of the types of queries that might be used in such an environment, not necessarily
the actual user queries. Due to this limit in the number and scope of the queries and test environrerita3 PC
chosen to restrt the use of some database technologies (see Clause 1.5 and Clause 5.2.8). In general, the effect of
the configuration on benchmark performance should be representative of its expected effect on the performance of
the class of applications modeled by Hdemchmark.

Furthermore, the features, switches or parameter settings that comprise the configuration of the operating system,
the DBMS or the sessiomust be such that it would be reasonable to expect a database administrator with the fol
lowing characteristics be able to decide to use them:

1 Knowledge of the general characteristics of the workload as defined above;
1 Knowledge of the logical and physical database layout;

1 Access to operating system and database documentation;

1 No knowledge of prduct internals beyond what is documented externally.

Each feature, switch or parameter setting used in the configuration and initialization of the operating system, the
DBMS or the sessiomust meet the following criteria:

1 It shall remainm effect without change throughout the performance test;
1 It shall not make reference to specific tableslices or queries for the purpose of providing hints to the
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query optimizer.

5.2.8 The gathering of statistics is part of the database lo&dQlseise 4.3 but it also serves as an important configura
tion vehicle, particularly for the query optimizer. In order to satisfy the requiremetaade 5.2.7it is desirable
to collect the same quality of statistics for every column of every table. However, in order to reduce processing
requirements, it ipermissible to segment columns into distinct classes and base the level of statistics collection for a
particular column on class membership. Class definitions must rely solely on sekatad attributes of a aghn
and must be applied consistently@ss all tables. For example:

1 membership in an index
1 leading or other position in an index
1 use in a constrairfincluding a primary or foreign key relationships).

Statisticsthat operate in sets, such as distribution statistics, should employ a fixed set appropriate to the scale factor
used. Knowledge of the cardirtgli values or distribution of a nelkey columnas specified irClause 4cannot be
used to tailor statistics gathering.

5.2.9 Special rules apply to the use sd-called profiledirected optimization (PDO), in which binary executables are
reordered or otherwise optimized to best suit the needs of a particular workload. These rules do not apply to the rou
tine use of PDO by a database vendor in the course dfilgiicommercially available and supported database
products; such use is not restricted. Rather, the rules apply to the use of PDO by a test sponsor to optimize executa
bles of a database product for a particular workload. Such optimization is permifsalbtef the following condi
tions are satisfied:

1. The use of PDO or similar procedures by the test spenast be disclosed.
2. The procedure and asgripts used to perform the optimizationst be disclosed.

3. The procedure used by the test sporsaid reasonably be used by a customer on a shipped database execut
able.

4. The optimized database executables resuftiogn the application of the procedure must be supported by the
database software vendor.

5. The workload used to drive the optimizatisras described iGlause 5.2.10
6. The same set of DBMS executablessirioe used for all phases of the benchmark.

5.2.10 If profile-directed optimization is used under the circumstances describ@thuse 5.2.9the workload used to
drive it must be the (possibly repeated) execution of Querie4 arfel 5 in any order, against a T-Piatabase of
any desired Scale Factor with default substitution parameters applied.

53 Execution Rules

5.3.1 General Rules

5.3.1.1 The driver must submit queries through one or more sessiotie SUT Each session corresponds to one, and only
one, query streamn the SUT.

5.3.1.2 Parallel activity within the SUTirected toward the execution of a single query (i.e., igtrery parallelism) is not

restricted.

5.3.1.3 To measure the performance of a system using theBRBG ¢ hmar k E H, wilhexecuteertms com p on s o
posed of:
1 A power test to measure the raw query execution power of the system when connected with a single active

user. In this test, a single pair of refresh fumtsi are executed exclusively by a separate refresh stream and
scheduled before and after the execution of the querie€(aese 5.3.8

1 A throughput test, to measure the ability of the system toqass the most queries in the least amount of
time. In this test, several pairs of refresh funaiame executed exclusively by a separate refresh stream
and scheduled as defined by the test sponsor.

Comment The thraughput tesis where test sponsors can demonstrate the performance of their systems against a
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multi-user workload.

5.3.1.4 The performance test follows the load test. However, any system activity that takes place between the completion of
theload test (se€lause 5.1.1and the beginning of the performance test is limited to that which is not likely to
improve the results of the subsequent performance test. All such activity must be disclogeld(sees3.6.1)
Examples of acceptable activity include but are not limited to:

1 Execution of scripts or queries requested by the ayditor

Processing or archiving of files or timinigta gathered during the lobest;
Configuration of performance monitoring tools;

Execution of simple queries to verify that the database is correctly loaded,;
Taking database backups (if not needed to meet the ACID requirements);
Reboding the SUT or restarting the RDBMS.

= =4 =4 -4 =

5.3.1.5 The power tesand the throughput testust both be executed under the same conditions, using the same hardware
and software configuration and the same data manager and opeyatieign parameters. All such parameters must
be reported.

Comment The intent of this Clause is to require that both tests (i.e., the power and throughput tests) be run in iden
tical conditions except for the number of query streams and the schedulimgrefrdsh functions within the refresh
stream.

5.3.1.6 For each query, at least one atotnémsaction must be started and completed.

Comment The intent of this Clause is to specifically prohibit the execution of an entire query stsearsingle
transaction.

5.3.1.7 Each refresh function must consist of at least one atomic transaction. However, logically consistent portions of the
refresh functions may be implemented as separate transactions as de@itege2.26

Comment This intent of this Clause is to specifically prohibit the execution of pieltiefresh functiomas a sigle
transaction. The splitting of each refresh function into multiple transactions is permitted to encourage "trickle"
updates performed concurrentijth one or more query streanmsthe throughput test

5.3.2 Run Sequencing
The performance test consists of two runs. If Run 1 is a failed runQlaese 5.1.1)6the benchmark must be
restarted with a new load test. If Run 2 is a failed run, it may be restarted without a reload. The reported perfor
mance metric must be for the run with the lower TPComposite QuerPerHour Performance Metric. The same
set of ged values may be used in the consecutive runs.

The TPGH metricsr e ported for a given system must reprefsent
performance. Therefore, the reported performance metrics must be for the run with the lower ComposipeQuery
Hour metric

5.3.3 Power Test
5.3.3.1 The power tesiust be driven by queries submitted by the driver through a single sesstbe SUT The session
executes queries one after another. This test is used to measure the raw query execution power of the SUT with a
single query streani.he power test must be executed in parallel with a single refresins{se€lause 5.1.2%
5.3.3.2 The power test must follow these steps in order:
1. The refresh functioRRF1 is executed by the refreshestm
2. The full query set is executed once by the query stream

3. The refresh functioRRF2 is executed by the same refresh stream

5.3.3.3 The timing intervals (se€lause 5.3.Y for each query and for both refresh functions are collected and reported.

5.3.4 Throughput Test
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534.1

53.4.2

5.3.4.3

5344

535

5351

5.3.5.2

Table 11: Minimum Required StreamCount

SF S(Streams)
1 2
10 3
30 4
100 5
300 6
1000 7
3000 8
10000 9
30000 10
100000 11

The throughput teghust be driven by queries submitted by the driver through two or more sesgiting SUT

There must be one sessicer guery strearon the SUT and each stream must execute queries serially (i.e., one after
another). The value of S, the minimum number of query streams, is given inTTabléhe throughput test must be
executed in parallel with a single re$hstream (se€lause 5.1.2%

The throughputestmust immediately follow one, and only one, power.tB&t changes to theonfiguration of the
SUT can be made between the power test and the throughput test (see 5.2.7). Any operations performed on the SUT
between the power and throughput tests must have the following characteristics:

1 They are related to data collection raqdifor the benchmark or requested by the auditor

1 They are not likely to improve the performance of the throughput test

When measuring and reporting a throughput, té&t number, S, of query streamsist remain constamuring the

whole measurement interval. When results are reported with S query streams, these S streams must be the only ones

executing during the measurement interval (i.e., it is not allowed to execute more than S query streams and report
only the S bdsones).

For query sequencingurposes (se€lause 5.3.) each query streamithin the throughput teshust be asghed a
unique stream identification number ranging from 1 to S, the number of query streams in the test.

When measuring and reporting a throughput, tesingle refresktream(seeClause 5.1.2 ¥ must be executed in
parallel with the S query streams.
Query Sequencing Rules

The query sequencingiles apply to each and every query strearether part of the power test part of the
throughput test

Each query set has an orihg number, O(s), based on the identification number, s, of the query stremuting
the set. For example:

1 The query set within the unique query strezthe power tedhas the ordering number O(00);

1 The query set within the first query streamhthe throughput testas the ordering number O(01);
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5353

5354

5.3.6

5.3.7

53.7.1

53.7.2

5.3.7.3

53.7.4

5.3.75

1 The query set within the last of S query streafithe throughput testas the ordering nuper O(S).

The sequencingf query executions is done within a query set. The ordering number, O(s), of a query sehdster
the order in which queries must be submitted (i.e., se@aefor execution) within that set and is indegent of
any other query set.

The query submission order of an ordering number, O(s), is given in Appendix A by the ordevithd eference s.

Comment For tests where the list of or@er setsn Appendix A is exhausted, the last reference in the list must be
followed by the first reference in the list (i.e., wrapping around to s = 00).

Measurement Interval
The measurement intervdlg, for the throughput teé¢ measured in seconds as follows:

1 It starts either when the first character of the executable query text of the first query of the first query
streamis submitted to the SUBy the driver, or when the first charactequesting the execution of the
first refresh functions submitted to the SUT by the driver, whichever happens first;

Comment In this clause a query streasisaid to be first if it starts submitting queries befany other query
streams.

1 It ends either when the last character of output data from the last query of the last querissteeaived
by the driver from the SUTor when the last transaction of the last refresh fundiembeen completely
and sucessfully committed at the SUT and a success message has been received by the driver from the
SUT, whictever happens last.

Comment In this clause the last query streentefined to be that queryream whose output data are received last
by the driver.

Timing Intervals
Each of the TP&H queries and refresh functismust be executed in an atorfashion and timed in seconds.

The timing interval,QI(i,s), for the execution of the query,iQwithin the query stream, s, must be measured
between:

1 The time when the first character of the executable query text is submitted to they $idTdriver;

1 The time when the first character of the next executable query text is submitted to they 8id¢Tdriver,
except for the last query of the set for which it is the time when the last character of the query's output data
is received byhe driver from the SUT.

Comment All the operations that are part of the execution of a query (e.g., creation and deletion of a temporary
tableor a view must be included in the timing interval of that query.

The timing interval RI(j,s), for the execution of the refresh functjdRFj, within the query streaifior the power
tes) or the refresh stream (for the throughput)teshere s is 0 for the powégst and s is the position of the pair of
refresh functions for the throughput test, must be measured between:

1 The time when the first character requesting the execution of the refresh fuadidmmitted to the SUT
by the driver;

1 The last transaction of the refresh functiws been completely and successfully committed at thee®dT
a success message has been received by the driver from the SUT.

The realtime clock used by the drivéo compute the timing intervals must be capable of a resolution of at least
0.01 second.

The timing interval of each query and refresh function executed during both tests (i.e., during the power test and the
throughput test) must be individually reporteolynded to the nearest 0.1 second. For example, 23.74 is rounded to
23.7, and 23.75 is rounded to 23.8. Values of less than 0.05 second must be rounded up to 0.1 second to avoid zero
values.
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5.3.7.6 The throughput teshust include the execution of a single refresh streBms refresh stream must be used exclu
sively for the execution of the New Sales refresh tionqdRF1) and the Old Sales refresh function (RF2).

Comment The purpose of the refregtreamis to simulate a sequence of batched data modifications executing
against the database to bringp to date with its operational data source.

5.3.7.7 The refresh streamust execute a number of pairs of refresh funstieerially (i.e., one RF1 followed by one RF2)
equal to the number of query streams used for the ghpout test

Comment The purpose of this requirement is to maintain a consistent read/write ratio across a wide range of num
ber of query streams

5.3.7.8 The scheduling of each refresh function within the refresh streant te kbie test sponsor with the only requient
that a given pair must complete before the next pair can be initiated and that within a pair RF1 must complete before
RF2 can be initiated.

Comment The intent of this Clause is to allow implementagidhat execute the refresh functaoin parallel with
the adhoc queries as well as systems that sgggeequery executions from database refreshes.

5.3.7.9 The scheduling of individual refresh funct®within an instance of RF1 or RF2 is left to the test spomsdong as
they meet the requirements@©fause 2.26.2ndClause 2.26.3

Comment The intent of this Clause ist| | ow t est sponsors to Atristhl eo t
maintain a more even refresh la&doughout the throughput test

5.3.7.10Prior to the execution of the refresh stredra DBGENdata used for RF1 and RF2 may only be generated, per
muted and relocated to the SUANny other operations on these data, such as data formatting or database activity,
must be included in the execution and the timifithe refresh functios

5.4  Metrics
TPCH defines three primary metrics:
1 The TPCH Composite QuerperHour Metric(QphH@Size) is the performance metric, definedCiause
5.4.3
1 The priceperformance metrits the TPGH Price/Performance ($/Qphtnd is defined ilClause 5.4.4
1 The Availability Date of the system, defined in Clause 0 of the TPC Pricing Specification Version 1.

No other TPGH metric exists. However, numerical quantitissich as TP& Powerand TPGH Throughput
(defined in Clause 5.4.1 and Clause 5.4.2 respectieglg)S, the number of query streaimghe throughput test
must be disclosed in the numerical quantities summaryGeessed.4.4).

54.1 TPC-H Power

5.4.1.1 The results of the power temte used to compute the TRCquery processingower at the chosen database silte
is defined as the inverse of the geometric mean of the timing intervals,ustdbencomputed as:

3600* SF

1522 <2
2 Q QI,0)* Q RI(},0)

TPCGH Power@Size =

Where:

QI(i,0) is the timing interval, in seconds, of queryv@thin the single query streanf the power tesfsee
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Clause 5.3y

RI(j,0) is the timing interval, in seconds, of refresh funct®if within the single query streawf the
power tes{seeClause 5.3.¥

Size is the database sizkosen for the measurement and SF the corresponding scale dacti®fined in
Clause 4.1.3

Comment the power numerical quantity is based on a query per hour rate (i.e., factored by 3600).

5.4.1.2 The units of TPEH Powe@Size are Queries perimo* ScaleFactor, reported to one digit after the decimal point,
rounded to the nearest 0.1.

5.4.1.3 The TPCH Powercan also be computed as:

A

£ 1 é22 22 43
3600" exp - — éa In(QI(1,0)+& In(RI(j,0))yi* SF
TPGH Powe@Size = [ 24 &= = 0y

Where:

In(x) is the natral logarithm of x

5.4.1.4 If the ratio between the longest query timing interval and the shortest query timing interval in the power test is
greater than 1000 (i.e., max[QI(i,0)]/min[QI(i,0)] > 1000), then all query timing intervals which are smaller than
max[QI(i,0)]/21000 must be increased to max[QI(i,0)]/1000. The quamix[QI(i,0)]/1000 must be treated as a
timing interval as specified iBlause 5.3.7.%or the purposes of computing the TPower@Size.
Comment: The adjusted query timings affect only THPowel@ Size and no other component of the FDR

5.4.2 TPC-H Throughput Numerical Quantity

5.4.2.1 The results of the throughput test are used to computeH' Proughput at the chosen database size. It is defined
as the ratio of the total number of queries executed over the lefdtle measurement interval, and must be
computed as:
TPGH Throughpu@Size = (S*22*3600)/I*SF
Where:

Tsis the measurement interval defineddlause 5.3.6

S is the number of query streamsed in the throughptest

Size is the database sideosen for the measurement and SF the corresponding scaledaalefined in
Clause 4.1.3

5.4.2.2 The units of TPEH Througlput@Size are Queries per hour * Scélector, reported to one digit after the decimal
point, rounded to the nearest 0.1.
5.4.3 The TPC-H Composite Query-Per-Hour Performance Metric

5.4.3.1 The numerical quantities TP Powerand TPCH Throughputare combined to form the TRPI& composite query
per-hour performance metrisvhich must be computed as:

onhHaSze 2\/Power @ Size* Throughput@ Size

5.4.3.2 The units of Qphi@Size are Queries per hour * Scélector, reported to one digit after the decimal point, dedn
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54.4

544.1

54.4.2

54.5

5451

545.2

5.4.6

to the nearest 0.1.
The TPC-H Price/Performance Metric

The TPGH Price/Performance metrat the chosen database siZ®CH Price-per-QphH@Size, must be com
puted using the performance metric Q@@Bize as follows:

TPCH PriceperQphH@Size = $/QphH@Size

Where:
$ is the total system prida the reported currency. The list of components to be priced is described in
Clause 7.1 of this specification. How to price the components and how to express the total system
price are defined in Clause 7 of the latest revision of the TG\ Specification Version 1.

QphH@Size is the composite quepgrhour performance metridefined inClause 5.4.3

Size is the database sideos@ for the measurement, as definecCiause 4.1.3

The units of PricgoerQphH@Size are expressed as in Clause 7 efldkest revision of TPC Pricing Specification
Version 1. In the United States the price performance is expressed as USD per QphH@Size rounded to the highest
cent (e.g., $12.123 must be shown as $12.13USD for price/performance).

Fair Metric Comparison

Comparisons of TPEl benchmark results measured against databases of different sizes are believed to be mislead
ing because database performance and capabilities may not scale up proportionally with an increase in database size
and, similarly, the system prigeerformance ratio may not scale down with a decrease in database size.

If results measured against different database Gieeswith different scale factoyrsppeain a printed or eldoonic
communication, then each reference to a result or metric must clearly indicate the database size against which it was
obtained. In particular, all textual references to TP @etrics(performance or priéperformance) appearing must

be expressed in the form that includes the size of
including the A@sized suffix. Thsiwell asathsp isedacsannbtate cimats r i C
or graphs. If metrics are presented in graphical form, then the test database size on which metric is based must be
immediately discernible either by appropriate axis labeling or data point labeling.

In addition, the results nstibe accompanied by a disclaimer stating:
fi T h e balieves that comparisons of TRCresults measured against different database areesiisleading and
di scourages such comparisonso.

Any TPGH result is comparable to oth€PCGH results regardless of the number of query streasad during the
test (as long as the scale facton®sen for their respective test databases were the same).

Required Reporting Components
To be compliant with the FG-H standard and the TPC's fair use policies, all public references té{Trieégults for
a given configuration must include the following components:

1 The size of the test database, expressed separately or as part of tHe maetés (e.gQphH@10GB);

1 The TPCGH Performance MetricQphH® Size;

1 The TPCH Price/Performance metri§/QphH@Size;

1 The availability date of the priced configuration (see Clause 7 of the TPC Pricing Specification Version 1).

Following are two examples of compliant reporting of TR@esults:

Example 1 At 10GB the RALF/3000 Server has a TPICComposite QuerperHour metricof 3010 when run
against a 10GB database yielding a fif®rice/Performance of $1,202 per quesrhour and will be available-1
Apr-99.

Example 2: The RALF/3000 Server, which will start shipping om\far-99, is rated 3,010 Qph@10GB and 1202
$/QphH@10GB.
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6: SUT AND DRIVER IMPLE MENTATION

6.1 Models of Tested Configurations
6.1.1 The tested and reported configuration(s) is composed of a driver that submits queries to a system unde}.test (SUT
The SUT executes these queries and replies to the driver. ke dsides on the SUT hardware and software.

6.12 Figure 3: Two dri ver /tbSRlsTe dooo mfnidg var antcil o nebnstrates ed@rhpbesrdd ¢ o n
driver/SUT configurations. The driver is the skwtlarea. The diagram also depicts the driver/SUT boundary (see
Clause 5.2ndClause 5.Bwhere timing intervals are measured.

Figure 3: Two dri ver / ShualTs ecdoon faingdu raa tficolnise n ta/ sfiehrovsetr 6 c o

Host Systems

Query
Execution
&
Database
Access

Client(s) Server(s)
*
w ]
i I * *
Query
Execution Database
Access

Items marked by an * are optional

6.2  System Under Test (SUT Definition

6.2.1 The SUT consists of:

1 The host system(s) or server(s) including hardware and software supporting access to the database
employed in the performance test and whose cost and perfaraemdescribed by the benchmark metrics

1 One or more client processing units (e.g., frentl processors/cores/threads, workstations, etc.) that will
execute the queries (if used);

1 The hardware and software components needed to communitfateser interface devices;

1 The hardware and software components of all networks required to connect and support the SUT
components;

1 Data storage media sufficient to satisfy both the scalitgs in Clause 4and the ACIDproperties of

Clause 3 The data storage media must holdthé data described i€lause 4and be attached to the
processing units(s).
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6.2.2
6.2.3

6.2.4

6.3

6.3.1
6.3.2

All SUT components, as describedGtause &.1, must be commercially available software or hardware products.

An implementation specific layer can be implemented on the SUT. This layer must be logically located between the
driver and the SUT, as depicted Bigure4: Implementation Specific Layer

Figure 4: Implementation Specific Layer

DRIVER

Exec. Query Text + Row Count *
Output Data

Implementation Specific Layer

Commercially Available
Products

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

SUT

An implementation specific layer, if present on the SUT, mastminimal, general purpose (i.e., not limited to the
TPGH queries) and its source code must be disclosed. Furthermore, the functions performed by an implementation
specific layer must be strictly limited to the following:

1
1
1

1
1
1

Database transaction control operations before and after each query execution;
Cursor control and manipulation operations around the executable query text;

Definition of procedures and data structuresquired to process dynamic SQlincluding the
communication of the executable query text to the commercially available layers of therslUfhe
reception of the query output data;

Communication with the commercially available layefshe SUT,
Buffering of the query output data;

Communication with the driver.

The following are examples of functions that the implementafatific layer shall not perform:

1

1
1
1

Any modification of the executable quesxt;
Any use of stored procedures to execute the queries;
Any sorting or translation of the query output data;

Any function prohibited by the requirements@ifiuse 5.2.7

Driver Definition

The driver presents the workload to the SUT

The driver is a logical entity that can be implemented using one or more programs, processes, or systems and per
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6.3.3

6.3.4

6.3.5

6.3.6

forms the functions defined Blause 6.3.3

The driver can perform only the following functions:

1
1
1

1
1
1

1

Generate a unique stredB starting with 1 (or 0 for the powees), for each query stream;
Sequence queries for execution by the query strésee€lause 5.3.5

Activate, schedule, afor synchronize the execution of refresh functiamthe refresh streafseeClause
5.3.7.9;

Generate the executaltjeery text for each query;
Generate values for the substitution paransetéeach query;

Complete the executable query text by replacing the substitution pararbgtére values gemated for
them and, if needed, replacing the tdtens by the query stredid;

Submit each complete executable query text to the BU&xecution, including the number of rotesbe
returned when specified by the fdional query definition

Submit each executable refresh functiorthe SUTfor execution;
Receive the output data resulting from each query execution from the SUT
Measurethe execution times of the queries and the refresh furscinod compute measurement statistics

Maintain an auditog of query text and query execution output.

The generation of executable query tegéd by the driver to submit queries to the SId€s not need to occur on
the SUT and does not have to be included in any timing interval.

The driver shall not perform any function other than those describ€thirse 6.3.3Specifically, the driver shall
not perform any of the following functions:

1
1

1

Performing, activating, or synchronizing any operation other than those menticQkedie 6.3.3

Delaying the execution of any queafter the execution of the previous query other than for delays
necessary to process the functions describe@lamuse 6.3.3This delay must be reported andnnot
exceed half a send between any two consecutiygeries of the same query stream

Modifying the compliant executable query text prior to its submission to the SUT
Embedding the executable query text within a stored procedure definition or an application program;

Submitting to he SUTthe values generated for the substitution parametea query other than as part of
the executable query text submitted,;

Submitting to the SUTRnNny data other than the instructions to exetlerefresh functiosy the compliant
executable query text and, when specified by the functional query definitiennumber of rowso be
returred;

Artificially extending the execution time of any query.

The driver is not required to be priced.
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