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Legal Notice

The TPC reserves all right, title, and interest to this document and associated source code as provided
under U.S. and international laws, including without limitation all patent and trademark rights therein.
Permission to copy without fee all or part of this document is granted provided that the TPC copyright
notice, the title of the publication, and its date appear, and notice is given that copying is by permission of
the Transaction Processing Performance Council. To copy otherwise requires specific permission.

No Warranty

TO THE MAXIMUM EXTENT PERMITTED BY APPLICABLE LAW, THE INFORMATION
CONTAINED HEREIN IS PROVIDED “AS IS” AND WITH ALL FAULTS, AND THE AUTHORS
AND DEVELOPERS OF THE WORK HEREBY DISCLAIM ALL OTHER WARRANTIES AND
CONDITIONS, EITHER EXPRESS, IMPLIED OR STATUTORY, INCLUDING, BUT NOT LIMITED
TO, ANY (IF ANY) IMPLIED WARRANTIES, DUTIES OR CONDITIONS OF
MERCHANTABILITY, OF FITNESS FOR A PARTICULAR PURPOSE, OF ACCURACY OR
COMPLETENESS OF RESPONSES, OF RESULTS, OF WORKMANLIKE EFFORT, OF LACK OF
VIRUSES, AND OF LACK OF NEGLIGENCE. ALSO, THERE IS NO WARRANTY OR
CONDITION OF TITLE, QUIET ENJOYMENT, QUIET POSSESSION, CORRESPONDENCE TO
DESCRIPTION OR NON-INFRINGEMENT WITH REGARD TO THE WORK.

IN NO EVENT WILL ANY AUTHOR OR DEVELOPER OF THE WORK BE LIABLE TO ANY
OTHER PARTY FOR ANY DAMAGES, INCLUDING BUT NOT LIMITED TO THE COST OF
PROCURING SUBSTITUTE GOODS OR SERVICES, LOST PROFITS, LOSS OF USE, LOSS OF
DATA, OR ANY INCIDENTAL, CONSEQUENTIAL, DIRECT, INDIRECT, OR SPECIAL
DAMAGES WHETHER UNDER CONTRACT, TORT, WARRANTY, OR OTHERWISE, ARISING IN
ANY WAY OUT OF THIS OR ANY OTHER AGREEMENT RELATING TO THE WORK,
WHETHER OR NOT SUCH AUTHOR OR DEVELOPER HAD ADVANCE NOTICE OF THE
POSSIBILITY OF SUCH DAMAGES.

Trademarks

TPC Benchmark, TPC-C, TPC-E, TPC-H, TPC-DS and TPC-VMS are trademarks of the Transaction
Processing Performance Council.

Product names, logos, brands, and other trademarks featured or referred to within this Specification are
the property of their respective trademark holders.
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Typographic Conventions

The following typographic conventions are used in this specification:

Convention Description

Bold Bold type is used to highlight terms that are defined in this document

Italics Italics type is used to highlight a variable that indicates some quantity whose value can be
assigned in one place and referenced in many other places.

UPPERCASE Uppercase letters names such as tables and column names. In addition, most acronyms are
in uppercase.
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CLAUSE 0 -- PREAMBLE

0.1 Introduction

0.1.1

0.1.2

The TPC Virtual Measurement Single System Specification, TPC-VMS, contains the rules and methodology for
measuring and reporting TPC Benchmarks metrics running in a Virtualized Environment.

Goal of the TPC Virtual Measurement Single System Specification

The TPC-VMS Specification leverages the TPC-C, TPC-E, TPC-H and TPC-DS Benchmarks by adding the
methodology and requirements for running and reporting virtualization metrics. TPC-VMS defines four new
benchmarks that are neither comparable to each other nor to the base benchmarks from which they are derived.

The primary metric reported as defined by TPC-VMS is in the form of VMS"performance” where the performance
units are specific by each TPC Benchmark, e.g. VMStpmC, VMStpsE, VMSQphH or VMSQphDS.

There is no requirement, intended or implied, to publish a Result of the TPC Benchmark used as the basis for the
TPC-VMS Result.

Restrictions and Limitations

Despite the fact that TPC benchmarks offer a rich environment that represents many typical IT applications,
these benchmarks do not reflect the entire range of customer IT requirements. In addition, the extent to which a
customer can achieve the Results reported by a vendor is highly dependent on how closely the TPC-VMS
measurements and configuration approximates the customer application. The relative performance of systems
derived from these benchmarks does not necessarily hold for other workloads or environments. Extrapolations to
any other environments are not recommended.

Benchmark Results are highly dependent upon workload, specific application requirements, and system designs
and implementations. Relative system performance and virtualized environments will vary because of these and
other factors. Therefore, TPC-VMS Results should not be used as a substitute for specific customer application
benchmarking when critical capacity planning and/or product evaluation decisions are contemplated.

Test Sponsors are permitted various possible implementation designs, insofar as they adhere to the model
described and pictorially illustrated in this specification and other TPC specifications. A Full Disclosure Report
(FDR) of the implementation details, as specified in Clause 7, must be made available along with the reported
TPC-VMS Metrics.

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

0.2 General Implementation Guidelines

0.2.1

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

® Are generally available to users.

® Arerelevant to the market segment that the individual TPC benchmark models or represents.

Benchmark Specials

The use of new systems, products, technologies (hardware or software) and pricing is encouraged so long as they
meet the requirements above. Specifically prohibited are benchmark systems, products, technologies, pricing
(hereafter referred to as "implementations") whose primary purpose is optimization of TPC Benchmark results
without any corresponding applicability to real-world applications and environments. The intent is to disallow
"Benchmark Special” implementations that improve benchmark results but not real-world performance, pricing,
or energy consumption.
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0.2.2

The following characteristics should 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 the
evidence be considered to identify an unacceptable implementation. Absolute certainty or certainty beyond a
reasonable doubt is not required to make a judgment on this complex issue. The question that must be answered
is this: based on the available evidence, does the clear preponderance (the greater share or weight) of evidence
indicate that this implementation is a Benchmark Special?

Benchmark Special Characteristics

The following characteristics should be used to judge whether a particular implementation is a Benchmark

Special:

1) Is the implementation generally available, documented, and supported?

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

3) Is the implementation or part of the implementation poorly integrated into the larger product?

4) Does the implementation take special advantage of the limited nature of TPC benchmarks (e.g., limited
duration, use of virtualized capabilities not found in the commercially available product) in a manner that
would not be generally applicable to the environment the benchmark represents?

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

6) Does the implementation require uncommon sophistication on the part of the end-user, datacenter facility
manager, programmer, or system administrator?

7) Does the implementation use knowledge of the variability of the possible components to enhance the result in
such a way as to be significantly different from what a typical customer would experience?

8) Is the implementation being used (including beta) or purchased by end-users in the market area the
benchmark represents? How many? Multiple sites? If the implementation is not currently being used by
end-users, is there any evidence to indicate that it will be used by a significant number of users?

0.3 General Measurement Guidelines

TPC-VMS Results are expected to be accurate representations of system performance in a Virtualization
Environment. Therefore there are certain requirements which must be followed. The approach and
methodology are explicitly detailed in this specification and in the TPC Benchmark Standards.

e The approach is an accepted engineering practice or standard.
e The approach does not enhance the Results.
¢ The equipment used in measuring Results must conform to the requirements in Clause 6.

e Fidelity and candor is maintained in reporting any anomalies in the Results, even if not specified in the
benchmark requirements.

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

0.4 Definitions

A

Application

The term Application or Application Program refers to a computer program or piece of software designed to
perform a specific task in a TPC Benchmark. This may include both commercial and Test Sponsor written code.
An Application runs within the control of an Operating System.
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Application Server

An Application Server is hardware and software that provides the interface between the user and the Database
Server(s).

Attestation Letter

The TPC-Certified Auditor’s opinion regarding the compliance of a Result must be consigned in an Attestation
Letter delivered directly to the Test Sponsor.

Availability Date

The date when all products necessary to achieve the stated performance and energy characteristics will be
available (stated as a single date on the Executive Summary).

B

Benchmark Special

Any aspect of the benchmark implementation with the primary purpose of the optimization of TPC benchmark
results without any corresponding applicability to real-world applications and environments.

C

Consolidated Database Server

The Consolidated Database Server is the hardware and software that implements the Virtualization
Environment which consolidates the TPC Benchmark Standard Database Server functionality.

D
Database Management System, DBMS

A Database Management System (DBMS) is the commercially available software that manages the database
portion of the TPC Benchmark Standard transactions.

Database Server

The TPC Benchmark Database Server implements the TPC Benchmark Standard transactions. The Database
Server includes

¢ Commercially available server or servers
e Commercially available storage
e Commercially available Operating System

e Commercially available DBMS
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Executive Summary

The term Executive Summary refers to the Adobe Acrobat PDF file required by each TPC benchmark. The
contents of the Executive Summary are defined in each of the TPC Benchmark Standards.

F

Full Disclosure Report (FDR)

The Full Disclosure Report is a set of files required by the TPC Benchmarks. The purpose of the Full Disclosure
Report is to document how a benchmark Result was implemented and executed in sufficient detail so that the
Result can be reproduced given the appropriate hardware and software products.

G

M

Measurement Interval

The Measurement Interval is the period of time defined by the TPC Benchmark Standard used in the
computation of the TPC Benchmark primary performance metric.

N

@)

Operating System/OS

The term Operating System refers to a commercially available program that, after being initially loaded into the
computer by a boot program, manages all the other programs in a computer, or in a VM. The Operating System
provides a software platform on top of which all other programs run. Without the Operating System and the core
services that it provides no other programs can run and the computer would be non-functional. Other programs
make use of the Operating System by making requests for services through a defined application program
interface (API). All major computer platforms require an Operating System. The functions and services supplied
by an Operating System include but are not limited to the following:

e Manages a dedicated set of processor and memory resources.

e Maintains and manages a file system.

TPC Virtual Measurement Single System - Standard Specification, Revision 1.1.0 - Page 12 of 62



e Loads applications into memory.

e Ensures that the resources allocated to one application are not used by another application in an
unauthorized manner.

e Determines which applications should run in what order, and how much time should be allowed to run the
application before giving another application a turn to use the systems resources.

e Manages the sharing of internal memory among multiple applications.

e Handles input and output to and from attached hardware devices such as hard disks, network interface
cards etc.

Some examples of Operating Systems are listed below:

e  Windows

e Unix (Solaris, AIX)

e Linux(Red Hat, SUSE)

e MacOS

P

Performance Metric

The primary performance metric as expressed in the units specified by each TPC Benchmark Standard

Priced Configuration

The Priced Configuration consists of all components priced in the TPC Benchmark Standard including all
hardware, software and maintenance as required by the TPC Benchmark Standard.

Price/Performance Metric

The Price/Performance Metric is the total price of the VSUT divided by the TPC-VMS Primary Performance
Metric.

Q

R

Report

The term Report refers to the Adobe Acrobat PDF file in the Report folder in the FDR. The contents of the Report
are defined in Clause 7.

Reported

The term Reported refers to an item that is part of the FDR.

Result

A performance test, documented by an FDR and Executive Summary submitted to the TPC, claiming to meet the
requirements of an official TPC Benchmark Standard.
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S

Software Version

A Software Version uniquely identifies a software product, its release level, update level and/or patch level. It is
typically a string of alphanumeric characters that allows the software manufacturer to uniquely identify the
software.

Substitution

Substitution is the use of components in the Priced Configuration which are different than those used in the
measured configuration. This also requires compliance with the TPC Pricing Specification.

Supporting Files

Supporting Files refers to the contents of the Supporting Files folder in the FDR. The contents of this folder,
consisting of various source files, scripts, and listing files, are defined in Clause 7.

System Under Test (SUT)
System Under Test (SUT) - is defined by the TPC Benchmark Standard.

T

Test

A timed component of the TPC Benchmark consisting of a database load or a set of queries and/or transactions,
e.g. a TPC-H Power Test is a Test.

Test Sponsor

The Test Sponsor is the company officially submitting the Result with the FDR and will be charged the filing fee.
Although multiple companies may sponsor a Result together, for the purposes of the TPC’s processes the Test
Sponsor must be a single company. A Test Sponsor need not be a TPC member. The Test Sponsor is responsible
for maintaining the FDR with any necessary updates or corrections. The Test Sponsor is also the name used to
identify the Result.

TPC Benchmark, TPC Benchmark Specification or TPC Benchmark Standard

Use of the term TPC Benchmark represents one of the following TPC benchmarks: the TPC-C Benchmark
Standard, the TPC-E Benchmark Standard, the TPC-H Benchmark Standard or the TPC-DS Benchmark Standard.

TPC-Certified Auditor (Auditor)

The term TPC-Certified Auditor is used to indicate that the TPC has reviewed the qualification of the Auditor
and has certified his/her ability to verify that benchmark Results are in compliance with a specification. Note
that an Auditor may be certified for either a TPC Benchmark Standard or the TPC Virtual Measurement Single
System Specification or both. (Additional details regarding the Auditor certification process and the audit
process can be found in Section 9 of the TPC Policy document.)
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TPC-VMS Primary Performance Metric

This term refers to the reported metric and is the work done by the SUT in a virtualized environment. The metric
is constructed by prefixing the TPC Benchmark Primary Metric with the letters “VMS”, e.g. as in VMStpmC,
VMStpsE, VMSQphH or VMSQphDS.

TPC-VMS Result

TPC-VMS Result is a Result which meets the requirements of the TPC Virtual Measurement Single System
specification and reports TPC Virtual Measurement Single System Metrics.

U

\Y%

Virtualization Environment

A Virtualization Environment provides a separate execution environment for multiple TPC Benchmarks.

Virtual Machine (VM)

A self-contained computing environment, managed by a VMMS and that behaves as if it were a separate
computer.

Virtual Machine Management Software (VMMS)

The VMMS is a commercially available framework or methodology of dividing the resources of a Virtualization
Environment into multiple computing environments called Virtual Machines (VMs).

VM Identification
A VM Identification is used in the FDR to identify the VM that the FDR text is describing,.

VSUT - VMS System Under Test

The VSUT is composed of the hardware and software necessary to support the three TPC Benchmark SUTs. It
includes the Consolidated Database Server and any additional hardware or software required by the TPC
Benchmark Standard that is not consolidated onto the Consolidated Database Server, but that would be
included in the SUT definition for the TPC Benchmark Standard.

N < X =
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CLAUSE 1 -- OVERVIEW

1.1 Business and Application Environment

The TPC-VMS Specification leverages existing TPC Benchmarks, namely; TPC-C, TPC-E, TPC-DS and TPC-H.
Each of these benchmarks represents a specific set of customer environments and details can be found in the
relevant benchmark specification. For example, TPC-E exercises database server transaction functionality for a
financial environment that receives work requests from multiple sources.

From a market sizing standpoint, the TPC Benchmarks span diverse end-customer business environments
ranging from small-sized business to large-sized corporate IT datacenters. The TPC-VMS Specification defines
methodologies to determine virtualization efficiency for data processing servers deployed in these diverse
customer environments.
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CLAUSE 2 -- VIRTUALIZATION ENVIRONMENT

2.1 Introduction

The intent of this Specification is to represent a Virtualization Environment where three database workloads are
consolidated onto one server.

2.2 Goals

The goals for measuring TPC Benchmarks in a virtualized environment are as follows:

® Provide a consolidated system workload for three database environments running in a Virtualization
Environment.

® Provide virtualization metrics that are based on existing TPC Benchmark Standards.
e Provide for repeatable measurements.

® Provide requirements for disclosure and documentation of the measurements to ensure compliance with this
specification.

® [Leverage existing TPC Benchmark Standards without requiring any implementation changes.

2.3 Relationship to other TPC Benchmark Standards

This specification is intended to leverage existing TPC Benchmark Standards by specifying the requirements to
measure and report virtualization metrics. Unless otherwise specified in the TPC-VMS Specification, all rules and
procedures must be followed in the TPC Benchmark Standard Specifications.

2.4 VMS System Under Test (VSUT)

24.1

24.2

2421

The VSUT is composed of the hardware and software necessary to support the three TPC Benchmark SUTs. It
includes the Consolidated Database Server and any additional hardware or software required by the TPC
Benchmark Standard that is not consolidated onto the Consolidated Database Server, but that would be included
in the SUT definition for the TPC Benchmark Standard.

Virtualization Environment

A Virtualization Environment provides a separate execution environment for multiple TPC Benchmarks. A
Virtualization Environment consists of one or more physical nodes managed by one VMMS. If there is more than
one physical node, the parameters established in the VMMS must allow a single VM to span two or more
physical nodes.

Virtual Machine Management Software (VMMYS)

The VMMS is a commercially available framework or methodology of dividing the resources of a Virtualization
Environment into multiple computing environments called Virtual Machines (VMs). Each of these computing
environments allows a software stack to run in complete isolation from each other on the system. The VMMS
allows for the creation of multiple computing environments on the same system.

A VMMS cannot be implemented by the static partitioning of a system at boot time or by any static partitioning
that may take place through operator intervention.

2422 A VMMS cannot act as the Operating System that manages the Application(s) running inside a VM.
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2423

243

2431

2432

2433

2434

AllI/O devices must be virtualized by the VMMS or by the I/ O controller managing the I/O devices. The same
I/ O virtualization technology must work with a large number of VMs (number of VMs greater than number of
controllers).

Virtual Machine (VM)

A self-contained computing environment, managed by a VMMS and that behaves as if it were a separate
computer. A number of Virtual Machines can be supported by the physical hardware. A VM includes an
Operating System and Application software that runs in isolation from other VM Operating Systems and
Application software.

At the Test Sponsor’s option, the three VMs may or may not be identical in their characteristics or configuration.

It is a requirement that for all software (Operating System, DBMS, transaction monitor, and any other software
programs) that are to run in the VMs, the same Software Version can run without user intervention in a non-
Virtualization Environment. The same Software Version requirement does not extend to device drivers for
devices that do not have counterparts in a non-Virtualization Environment. It is permissible for the software (at
installation time or during execution) to recognize that it is running or not running in a Virtualization
Environment and load appropriate device drivers or execute a different code path.

Comment: This is not a requirement that the exact same software that runs on native hardware must be used in
the VMs. The requirement is that it can be done. Since no native hardware representing servers that are
consolidated onto the Consolidated Database Server are actually examined as part the TPCV-VMS Benchmark, it
is not possible to demonstrate that the same software that would have run on that hypothetical native hardware
is being used in the Virtualization Environment. Hence the test sponsor is asked to state that the converse is true
(Clause 7.3.4.7): for all software that is to run in the VMs, the same Software Version can run without user
intervention in a non-Virtualization Environment, with the exceptions noted in Clause 2.4.3.1.

Additional performance tuning options may be applied to the software running in the VMs. Given the
requirement of Clause 2.4.3.1, the Test Sponsor may use the same Software Version optimized to runin a
Virtualized Environment. The allowable tuning options are as follows:

e The Test Sponsor may use documented and supported parameters or answer installation questions such
that the software binary will modify its behavior to execute a code path optimized for a Virtualization
Environment.

e The software installation process can automatically determine the target installation environment and re-
compile, re-link, rebuild or load a binary optimized for the Virtualization Environment.

e The Test Sponsor may use documented and supported parameters or answer installation questions such
that the installation process can re-compile, re-link, rebuild or load a binary optimized for the
Virtualization Environment.

¢ The optimized versions of the same Software Versions may either be provided in the same installation
package (DVD or downloadable files) as the binaries that run on native hardware or provided in a
separate installation package (DVD or downloadable files).

A Software Version uniquely identifies a software product, its release level, update level and/or patch level. It is
typically a string of alphanumeric characters that allows the manufacturer to uniquely identify the software. For

the Software Version to be the same the unique strings must match, including the update level and/or path level.

The Test Sponsor cannot use a different Software Version than the one used to satisfy the requirements of
Clause 2.4.3.1.
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Comment: For this specification the term Software Version includes an update level, thus the Test Sponsor
cannot use a software release with an update that only runs in a Virtualization Environment and then claim to
pass the requirements of Clause 2.4.3.1 with the software release level without the update.

2.5 Consolidated Database Server

The Consolidated Database Server is the hardware and software that implements the Virtualization
Environment which consolidates the TPC Benchmark Standard Database Server functionality. Virtual Machine
Management Software (VMMS) virtualizes the Consolidated Database Server hardware into Virtual Machines
(VMs).

The TPC Benchmark Standard Database Servers are consolidated onto the Consolidated Database Server as
depicted by Figure 1. As shown the Database Server’s Operating Systems and DBMSs are consolidated onto the
Consolidated Database Server each in a separate Virtual Machine.

Database Server 1 Database Server 2 Database Server 3

Hardware V1

Hardware V2

Hardware V3

Consolidated Database Server

Virtual Machine (VM)

Virtual Machine (VM)

Virtual Machine (VM)

L Virtual Machine Management Software (VMMS) 1

_—

Hardware Vnew

Figure 1 - Consolidated Database Server

Figure 1 shows that each VM could be running a different Operating System and DBMS, however for ease of
benchmarking, the Test Sponsor may use the same DBMS and Operating System in all three VMs.
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251

252

253

2531

Communication between the VMs running the DBMS software

No sharing of information directly or indirectly can occur between any software running on the Consolidated
Database Server VMs running the DBMS software.

Database Scaling and Database Population

Each database must follow the scaling and database population rules specified in the TPC Benchmark Standard.

TPC Benchmark SUT Components other than the Database Server

TPC Benchmark SUT components other than the Database Server may be replicated, consolidated onto systems
with or without a VMMS, or consolidated onto the Consolidated Database Server in separate VMs. This
requirement may disallow configurations otherwise allowed by the base benchmark, (e.g. TPC-E and TPC-C).

Comment: For example, if the TPC Benchmark SUT requires application software that typically runs on an
Application Server, then it is the Test Sponsor’s option for the application software to run on the Consolidated
Database Server in a separate VM or on a separate client system or systems. The communication between the
Application software in one VM with the DBMS in a separate VM must be through commercially available
software interfaces. Neither the DBMS nor the Application software can execute differently if they are both
located on the Consolidated Database Server or on separate systems.
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CLAUSE 3 -- METRICS

3.1 Introduction

Multiple instances of a given TPC Benchmark are run in a Virtualization Environment. Each VM must be
running the same TPC Benchmark; different TPC Benchmarks cannot be used across the VMs. Each VM must be
running the given TPC Benchmark at the same scaling factor.

Comment:
Examples of compliant implementations include:
e each VM running TPC-C scaled for 10,000 warehouses
e each VM running TPC-E scaled for 42,000 customers
e each VM running TPC-H at Scale Factor 100 GB
Examples of non-compliant implementations include:

e each VM running TPC-C, with one VM scaled for 10,000 warehouses and the other VMs scaled for 20,000
warehouses

e one VM running TPC-C scaled for 10,000 warehouses, one VM running TPC-E scaled for 10,000
customers, and another VM running TPC-H at Scale Factor 1,000 GB.

3.2 TPC-VMS Primary Performance Metric

The TPC-VMS Primary Performance Metric is the minimum value of the TPC Benchmark Primary metrics for
the TPC Benchmarks run in the Virtualization Environment. The TPC-VMS Primary metric is reported by
prefixing a “VMS” to the TPC Benchmark Standard Primary Metric, e.g. VMStpmC, VMStpsE,
VMSQphDS@ScaleFactor or VMSQphH®@ScaleFactor.

3.3 TPC-VMS Primary Price/Performance Metric

The TPC-VMS total price divided by the TPC-VMS Primary Performance Metric is known as the TPC-VMS
Primary Price/Performance Metric. Refer to Clause 6 for the detailed pricing rules. Similar to the TPC-VMS
Primary Performance Metric the prefix “VMS” is used to denote the TPC Benchmark Standard, e.g.
$/VMStpmC, $/ VMStpsE, $/ VMSQphDS@ScaleFactor or $/ VMSQphH®@ScaleFactor.

3.4 TPC-VMS Availability Date

The TPC-VMS Availability Date requirements are specified by the TPC Benchmark Specification and the TPC
Pricing Specification.

3.5 TPC-VMS Primary Energy Metric

The TPC-Energy Primary Metric is the ratio of total energy consumed by the VSUT for all required TPC
Benchmark measurement intervals in the numerator divided by the TPC-VMS Primary Performance Metric, e.g.
watts/ VMSKtpmC, watts/ VMStpsE, watts/ VMSQphDS@ScaleFactor or watts/ VMSKQphH®@Scalefactor. Refer
to the TPC-Energy Specification for further details.
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3.6 TPC-VMS Numerical Quantities

There are no additional TPC-VMS Numerical Quantities beyond those required by the TPC Benchmark
Standard.
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CLAUSE 4 -- DRIVER / CONTROLLER SOFTWARE

4.1 Overview

411

The TPC-VMS Benchmark does not require any new driver or controller software except as required to be
compliant with Clause 5.3.2. Any modification made by the Test Sponsor to facilitate ease of benchmarking must
adhere to all TPC-VMS Specification run rules and procedures.

Communication between the TPC Benchmark drivers

No sharing of information directly or indirectly can occur between the TPC Benchmark drivers during the
Measurement Interval except for synchronization of TPC Benchmark execution as specified by Clause 5.3.
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CLAUSE 5 -- RULES AND PROCEDURES

5.1 Introduction

This clause defines the run rules and procedures for implementing TPC-VMS Benchmark. Unless otherwise
specified in the TPC-VMS Specification all rules and procedures of the TPC Benchmark Standard must be
adhered to by the Test Sponsor.

5.2 Starting Random Number Seeds

521

5211

521.2

5213

522

If each TPC Benchmark used the same random number seeds for generating the benchmark data and during the
test run, it is possible that the benchmarks could all perform the same operation and the same data manipulations
within their respective databases. This could lead to a pulsing or lock-step behavior of the VSUT. In some cases
this behavior is beneficial to the Test Sponsor as the overall VSUT performance is higher than what would be
achieved if all TPC Benchmarks were randomly accessing their data.

In order to prevent this condition, the data generation and test run starting random seed values should be
different. However, the TPC Benchmark Standards have differing rules on how the random seeds are chosen.
The basic TPC-VMS rule is that if the random number seed can be changed by the Test Sponsor, then the seed
values must be different in each of the VSUT TPC Benchmarks.

Load Time Data Generation

If the TPC Benchmark allows the changing of the starting random number seed values for the TPC Benchmark
data generation scripts, then the data generation scripts for each of the TPC Benchmarks in the VSUT must start
with different random number seeds. The choice of different seeds must follow the TPC Benchmark Specification
rules.

If the TPC Benchmark data generation scripts automatically generate starting random number seed values, then
the scripts are used as is for each of the TPC Benchmark databases in the VSUT.

If the TPC Benchmark uses fixed starting random number seed values, then the data generation scripts will
generate the same database. For ease of benchmarking, the VMs may use the same source data to load all
databases.

Test Run

If the TPC Benchmark allows the changing of the starting random number seed values for the TPC Benchmark
test run, then the test run commands for the each of the TPC Benchmarks in the VSUT must start with different
random number seeds. The choice of different seeds must follow the TPC Benchmark Specification rules.

5.3 Virtualization Measurement Interval

The Measurement Interval is the period of time defined by the TPC Benchmark Standard used in the
computation of the TPC Benchmark primary performance metric. A Measurement Interval can be either a
measured time or one or more timed measurements of a quantity of work.
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53.1 The Measurement Interval is the period of time defined by the TPC Benchmark Standard used in the
computation of the TPC Benchmark primary performance metric. The Measurement Interval is the period of time
defined by the TPC Benchmark Standard used in the computation of the TPC Benchmark primary performance
metric.The Measurement Interval is the period of time defined by the TPC Benchmark Standard used in the
computation of the TPC Benchmark primary performance metric.The Measurement Interval is the period of time
defined by the TPC Benchmark Standard used in the computation of the TPC Benchmark primary performance
metric.The Measurement Interval is the period of time defined by the TPC Benchmark Standard used in the
computation of the TPC Benchmark primary performance metric.The Measurement Interval is the period of time
defined by the TPC Benchmark Standard used in the computation of the TPC Benchmark primary performance
metric. TPC Benchmark Measurement Interval

For TPC Benchmarks that compute their primary metric from a measured time interval (e.g. TPC-C, TPC-E), the
same Measurement Interval must be used by the TPC Benchmarks in the VSUT. For all TPC Benchmarks, the
Measurement Interval start time must be within 3 seconds of each other, i.e. the difference between the earliest
start time value and the latest start time value must be less than or equal to 3 seconds. All TPC Benchmark

Measurement Intervals must be of the same duration.

5.3.2 TPC Benchmark Timed Measurements

For TPC Benchmarks that compute their primary metric from one or more timed measurements for a quantity of
work (e.g. TPC-H, TPC-DS), the start of the Measurement Interval(s) for all TPC Benchmarks Tests must occur
within 3 seconds, i.e. the difference between the earliest start time value and the latest start time value must be

less than or equal to 3 seconds.

Comment: In TPC-H Load Tests are not used in the computation of the primary performance metric, but in the

context of TPC-VMS the Load Tests of each TPC Benchmark must start within 3 seconds of each other.

5.3.21 Initiation of each TPC Benchmark Test must start within the guidelines of Clause 5.3.2 for all VMs that are

running a DBMS. For example, all TPC-H or TPC-DS Load tests must start at the same time, all TPC-H Power

tests must start at the same time, all TPC-H or TPC-DS throughput tests must start at the same time, etc.
53.3 VMMS and VM Parameters

5.3.3.1 Any load balancing, tuning commands or directives specified to the VMs or VMMS must be documented,
supported and useable by any customer running the same version of the software.

5.3.3.2 No commands or directives for load balancing or tuning of the VMs or VMMS can be introduced manually or by

Test Sponsor developed code once the TPC Benchmark Measurement Interval begins.
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CLAUSE 6 -- PRICING

Rules for pricing the Priced Configuration and associated software and maintenance are included TPC Pricing
Specification, located at www.tpc.org. The following requirements are intended to supplement the TPC Pricing
Specification:

6.1 Priced Configuration

The system to be priced is the aggregation of the VSUT and any additional component that would be required
to achieve the reported performance level. Calculation of the priced system consists of:

® Price of the VSUT as tested and as defined in Clause 2.4.

® DPrice of any additional storage and associated infrastructure required by the TPC Benchmark
Standard.

e Price of additional products that are required for the operation, administration or maintenance of the
priced system.

® Price of additional products required for Application development.

Comment: Any component, for example a Network Interface Card (NIC), must be included in the price of the
VSUT if it draws resources for its own operation from the VSUT. This includes, but is not limited to, power
and cooling resources.

6.2 Substitution

Component substitution is as defined in the TPC Benchmark Standard and TPC Pricing Specifications.
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CLAUSE 7 -- FULL DISCLOSURE REPORT

7.1 Full Disclosure Report Requirements

711

7111

71.1.2

7113

7114

712

7121

A Full Disclosure Report (FDR) is required. This section specifies the requirements of the FDR.

The FDR is a zip file of a directory structure containing the following;:
e A Report in Adobe Acrobat PDF format,
¢ An Executive Summary Statement in Adobe Acrobat PDF format,

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

Comment: The purpose of the FDR is to document how a benchmark Result was implemented and executed in
sufficient detail so that the Result can be reproduced given the appropriate hardware and software products.

General Items

The order and titles of sections in the Report and Supporting Files must correspond with the order and titles of
sections from the TPC-VMS Benchmark Standard Specification (i.e., this document). The intent is to make it as
easy as possible for readers to compare and contrast material in different Reports.

The FDR must follow all reporting rules of the TPC Pricing Specification, located at www.tpc.org, specified by the
TPC Benchmark Standard Specification. For clarity and readability the TPC Pricing Specification requirements
may be repeated in the TPC-VMS Specification.

The directory structure of the FDR has three folders:

e ExecutiveSummaryStatement - contains the Executive Summary Statement
¢ Report - contains the Report,
e SupportingFiles - contains the Supporting Files.

The Report contains the TPC-VMS reporting information as well as the TPC Benchmark FDR reporting
information in an Appendix A and Appendix B of the Report. VM Identification is used in the Report to
identify the reporting information for the VSUT VMs.

VM Identification

A VM Identification is used in the FDR to identify the VM that the FDR text is describing.

The general VM Identification syntax is the two letter acronym “VM” followed by a number where the number
one represents the VM with the lowest reported TPC Benchmark Result, the number two represents the next

lowest reported result, and the number three represents the highest reported result. For example, the valid VM
Identifications are as follows:

VM 1 identifies the VM that achieved the lowest TPC Benchmark Result (the reported result)
VM 2 identifies the VM that achieved the next lowest TPC Benchmark Result
VM 3 identifies the VM that achieved the highest TPC Benchmark Result.

If two or more TPC Benchmark Results are exactly the same to all significant digits specified by the TPC
Benchmark Specification, it is the Test Sponsor’s option for the order of the VM Identification numbers. The
Test Sponsor must use the same order throughout the FDR.
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7122

7123

7124

71.25

71.2.6

To identify that the FDR information pertains to a specific VM, a bolded VM Identification followed by a colon
is placed at the beginning of the FDR information. For example in a TPC-VMS TPC-E Appendix A, the measured
throughput would be reported in the FDR as follows:

Measured Throughput
The Measured Throughput must be reported in the Report.

VM 1: The measured throughput was 413.21 tpsE.
VM 2: The measured throughput was 423.51 tpsE.
VM 3: The measured throughput was 450.70 tpsE.

To identify that the FDR information pertains to all VMs in the VSUT, the bolded phrase “All VMs:” is placed at
the beginning of the FDR information. For example in a TPC-VMS TPC-C Appendix A, the Table Definitions
reporting requirements would be reported in the FDR as follows:

Table Definitions
Listing must be provided for all table definition statements and all other statements used to set up the database.

All VMs: Appendix B contains the code used to define and load the database tables.

To identify that the FDR information pertains to more than one VM but not all VMs, a list of VM Identifications
are used separated by commas except for the last VM Identification which is separated from the comma list by a
“&” or the word “and”. The bolded list of VM Identifications followed by a colon is placed at the beginning of
the reported information. For a VSUT with 3 VMs the valid VM Identifications are as follows:

VM1 & VM 2:
VM2 & VM 3:
VM1 & VM 2:
VM1 and VM 2:
VM 2 and VM 3:
VM1 and VM 2:

To identify that the FDR information pertains to one VM but due to TPC-VMS ease of benchmarking rules the
reported information is applicable to other VMs, a VM Identification that the reporting text pertains to is listed
tirst followed by the phrase “applicable to” followed by a list of VM Identifications separated by commas except
for the last VM Identification which is separated from the comma list by a “&” or the word “and”. The bolded
VM Identifications followed by a colon is placed at the beginning of the FDR information. For a VSUT with 3
VMs the valid VM Identifications are as follows:

VM 1 applicable to VM 2:

VM 1 applicable to VM 3:

VM 1 applicable to VM 2 & VM 3:
VM 1 applicable to VM 2 and VM 3:
VM 2 applicable to VM 1:

VM 2 applicable to VM 3:

VM 2 applicable to VM 1 & VM 3:
VM 2 applicable to VM 1 and VM 3:
VM 3 applicable to VM 1:

VM 3 applicable to VM 2:

VM 3 applicable to VM 1 & VM 2:
VM 3 applicable to VM 1 and VM 2:

Note: The “applicable to” VM Identifications will typically be found in the ACID reporting requirements (see
Clause 8.2.7 and 8.2.9).

When a VM Identification is used in a directory name or path name, blank characters are replaced with
underscores.
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7.2 Executive Summary Statement

The TPC-VMS Executive Summary Statement must be included near the beginning of the Report. Examples of
the Executive Summary Statements are presented in Error! Reference source not found.. The latest version of
the required format is available from the TPC Administrator. When the optional TPC-Energy Standard is used,
the additional requirements and formatting of TPC-Energy related items in the Executive Summary must be
reported and used. In addition, the requirements of the TPC-Energy Specification, located at www.tpc.org, must
be met.

721  First Page of the Executive Summary Statement

The first page of the Executive Summary Statement must include the following:
e Test Sponsor’s name
e TPC-VMS Specification version number under which the benchmark is published
e TPC Benchmark Specification version number under which the benchmark is published
e TPC-Pricing Specification version number under which the benchmark is published
e If applicable, TPC Energy Specification version number under which the benchmark is published
e Report date and/or Revision Date
e For the VSUT the following is reported:
o Measured server’s product name
o TPC-VMS Primary Performance Metric (see Clause 3.2)
o If applicable, the TPC-VMS Primary Energy Metric (see Clause 3.5)
o TPC-VMS Primary Price/Performance Metric (see Clause 3.3)
o Total System Cost (see TPC Pricing Specification)
o Number of Durable Media (disks)
o TPC-VMS Availability Date (see Clause 3.4)
) The VMMS name and version

o Number of Consolidated Database Server Processors/Cores/Threads that were enabled for the
benchmark (see TPC Policies located at www.tpc.org)

o Memory in GB for the Consolidated Database Server

o A diagram describing the components of the Priced Configuration (see TPC Pricing
Specification)

72.2  Second Page of the Executive Summary Statement

For each VM in the VSUT the following must be reported. A column format must be used with VM
Identifications (Clause 7.1.2) as the column headers.

e TPC Benchmark Primary Performance Metric

e Maximum number of Virtual Processors visible to VM during the Measurement Interval(s)
e Maximum memory in GB visible to the VM during the Measurement Interval(s)

¢ Maximum Capacity of Storage in GB visible to the VM during the Measurement Interval(s)
e Operating System name and version

e Database Manager name and version

e The TPC Benchmark scaling, i.e. number of customers, warehouses or scale factor

e Initial number of database rows

e Initial Database Size in GB
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723  Energy Pages of Executive Summary Statement

If a TPC Energy metric is reported, then the Executive Summary must include any information required by the
TPC-Energy Specification.

724  Pricing Pages of Executive Summary Statement

The Price Spreadsheet must be included in the Executive Summary Statement as specified by the TPC Pricing
Specification.

The major categories for division of the price spreadsheet are:
e Consolidated Database Server Hardware

e Consolidated Database Server Storage

¢ Consolidated Database Server Software

e Client Hardware

e Client Software

e Infrastructure (networking, UPS, consoles, other components that do not fit into the above categories)
7241 The name(s) of the Auditor(s) who certified the result must be included at the end of the Pricing Pages.
725 TPC Benchmark Executive Summary Information Pages of Executive Summary Statement
Any TPC Benchmark information, graphs or tables that would be reported in the TPC Benchmark Executive
Summary but are not specified in Clauses 7.2.1 - 7.2.4 must be reported in the Executive Summary for VM 1.
The information for all VMs can be found in Appendix A (see Clause 7.3.10).
7.3 Report Disclosure Requirements
731  Attestation Letter
The Auditor’s Attestation Letter, which indicates compliance, must be included in the Report.
7.3.2  Reporting Requirements for Clause OPreamble

Copies of the following TPC-VMS's clauses are to be placed at the beginning of the Report.

e Clause 0.1 Introduction
e Clause 0.1.1 Goal of the TPC Virtual Measurement Single System Specification

e (Clause 0.1.2 Limitations and Restrictions

7321 A statement identifying the benchmark Test Sponsor(s) and other participating companies must be reported at
the beginning of the Report.

7.3.3  Reporting Requirements for Clause 10verview
There are no reporting requirements for TPC-VMS Clause 1.
734 Reporting Requirements for Clause 2Virtualization Environment

7.3.4.1 Diagrams of both VSUT Measured and Priced Configurations must be reported in the Report, accompanied by a
description of the differences. This includes, but is not limited to:

e Number and type of processors, number of cores and number of threads.
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e Size of allocated memory, and any specific mapping/partitioning of memory unique to the test.
e Number and type of disk units (and controllers, if applicable).
e Number of channels or bus connections to disk units, including their protocol type.

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

e Type and the run-time execution location of software components (e.g. DBMS, client, processes, transaction
monitors, software drivers, etc.).

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

7.3.4.2 Descriptions of which hardware is being use by each of the VMs must be reported in the Report. The VM

7343

7344

7345

Identifications are to be used to identify the hardware that is being used by the various VMs. The VM
Identification can either be used to annotate the Measured and Priced Configuration diagrams (7.3.3.1) or be
used in a separate table or list that describes which hardware is being used by the VMs.

A description of the steps taken to configure all of the VSUT hardware must be reported in the Report. Any and
all configuration scripts or step by step GUI instructions are reported in the Supporting Files (see Clause 7.4) The
description, scripts and GUI instructions must be sufficient such that a reader knowledgeable of computer
systems and the TPC-VMS specification could recreate the hardware environment. This includes, but is not
limited to:

e A description of any firmware updates or patches to the hardware.
¢ A description of any GUI configuration used to configure the system hardware.

e A description of exactly how the hardware is combined to create the complete system. For example, if the
VSUT description lists a base chassis with 1 processor, a processor update package of 3 processors, a NIC
controller and 3 disk controllers, a description of where and how the processors, NIC and disk controllers
are placed within the base chassis must be reported in the Report.

e A description of how the hardware components are connected. The description can assume the reader is
knowledgeable of computer systems and the TPC-VMS specification. For example, only a description that
Controller 1 in slot A is connected to Disk Tower 5 is required. The reader is assumed to be knowledgeable

enough to determine what type of cable is required based upon the component descriptions and how to
plug the cable into the components.

A description of the steps taken to configure the VMMS software must be reported in the Report. Any and all
configuration scripts or step by step GUI instructions are reported in the Supporting Files (see Clause 7.4). The
description, scripts and GUI instructions must be sufficient such that a reader knowledgeable of computer
systems and the TPC-VMS specification could recreate the software environment. This includes, but is not
limited to:

e A description of any updates or patches to the software.

e A description of any changes to the software.

e A description of any GUI configurations used to configure the software.

For each VM, a description of the configuration parameters for resources available to the VM must be reported in
the Report. Any and all configuration scripts or step by step GUI instructions are reported in the Supporting
Files (see Clause 7.4). The description, scripts and/or GUI instructions must be sufficient such that a reader
knowledgeable of the VMMS could recreate the virtual environment. This includes, but is not limited to:

e A description of the minimum, maximum, initial, and target memory available to the VM

e A description of the minimum, maximum, initial, and target virtual processors available to the VM

e A description of the minimum, maximum, initial, and target processors, threads and cores available to the
VM
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73.4.6

73.4.7

7.3.5

7.3.6

7.3.6.1

7.3.6.2

737

7371

7.3.7.2

73.7.3

7.3.74

7.3.8

739

7.3.10

e A description of the minimum, maximum, initial, and target virtual and physical storage available to the
VM

e A description of the physical and/or virtual communications resources available to the VM

Any tuning options (Clause 2.4.3.2) used for any of the software (Operating System, device drivers, DBMS,
transaction monitor, and any other software programs) that run in the VMs must be reported in the Report.

For software that was optimized (Clause 2.4.3.2) for the Virtualization Environment, the Test Sponsor must
attest in the Report that the same Software Version will meet the requirements of Clause 2.4.3.1.

Reporting Requirements for Clause 3Metrics
There are no reporting requirements for TPC-VMS Clause 3.
Reporting Requirements for Clause 4Driver/Controller Software

Describe any modifications to the TPC Benchmark driver or controller software for ease of benchmarking the
TPC-VMS Benchmark (Clause 4.1)

Describe any modifications to the TPC Benchmark driver or controller software for the synchronization of TPC-
VMS Benchmark execution to be complaint with Clause 5.3.

Reporting Requirements for Clause 5Rules and Procedures

Describe any changes to the random number seeds used for data generation that were made to meet the
requirements of Clause 5.2.1.

Describe any changes to the random number seeds used in the test runs that were made to meet the requirements
of Clause 5.2.2.

For TPC Benchmarks that compute their primary metric from a measured time interval, report the measurement
intervals for all VMs. Use VM Identifications to identify the VM measurement intervals.

For TPC Benchmarks that compute their primary metric from a time measure for a quantity of work, report the
starting values of all tests for all VMs. Use VM Identifications to identify the VM measurement intervals.

Reporting Requirements for Clause 6 -- Pricing

Report any additional pricing related information required by the TPC Benchmark FDR but not reported in the
Executive Summary. For example, the TPC-C or TPC-E 60-Day Space calculations would be reported here.
Reporting Requirements for Clause 7 -- Full Disclosure Report

An index for all files required by Clause 7.4 Supporting Files must be provided in the Report. The Supporting
Files index is presented in a tabular format where the columns specify the following:

e The first column denotes the clause in the TPC-VMS Specification

e The second column provides a short description of the file contents

e  The third column contains the path name for the file starting at the SupportingFiles directory.

Reporting Requirements for Appendix A - TPC Benchmark Executive Summary Information

Appendix A of the TPC-VMS Report contains any TPC Benchmark information, graphs or tables that would be
reported in the TPC Benchmark Executive Summary but are not specified by Clauses 7.2.1 - 7.2.4 to be reported
in the TPC-VMS Executive Summary. VM Identifications are used to identify the specific VM data.
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7.3.10.1 The information should be organized to provide the reader an easy method of comparing the data between the
VMs. Each subset of the data should be placed together with the appropriate VM Identification used to identify
the VM data.

7.3.10.2 The information may be placed in Supporting Files if it meets Clause 7.4.3 requirements to be added to
Supporting Files.

7311 Reporting Requirements for Appendix B - TPC Benchmark Reporting Requirements

Appendix B of the TPC-VMS Report contains the TPC Benchmark Reporting Requirements, i.e. a TPC
Benchmark Report. The clauses numbering follows the TPC Benchmark requirements but with the prefix of “B”
denoting Appendix B.

7.3.11.1 VM Identifications are used in each of the TPC Benchmark reported information to clearly identify which VM is
associated with the reported information.

7.3.11.2 For throughput vs. time graphs where the TPC Benchmark primary Performance Metric is graphed over time,
the data for all VMs in the VSUT must be incorporated onto one graph. The graph lines representing the
throughput for the VMs are to be identified using VM Identifications.

7.3.11.3 For all other graphs except the throughput vs. time graph, it is the Test Sponsor’s option to report a graph per
VM or to consolidate the VM data onto one graph. If consolidated into one graph, the graph lines representing
the throughput for the VMs are to be identified using VM Identifications.

7.3.11.4 In a typical TPC Benchmark FDR the TPC Benchmark clause is stated in italics followed by the Test Sponsor(s)
reported information. In some cases the clause numbers of the TPC Benchmark are referenced. To avoid
confusion with the TPC-VMS clause numbers, any TPC Benchmark clause numbers are to be prefixed with the
TPC Benchmark identification as in TPC-C 9.3.1.2, TPC-H 5.1.1, TPC-DS 6.2.1 or TPC-E 3.1.

7.3.11.5 The TPC-VMS reporting requirements for the Test Sponsor information (clause 7.3.2.1) take precedence over any
TPC Benchmark reporting requirements for the Test Sponsor information. The following sentence should be
used to refer the reader to the TPC-VMS Clause 0 - Preamble reporting rules: “See the TPC-VMS Clause 0 -
Preamble Test Sponsor reported information”.

For example:

Test Sponsor
A statement identifying the benchmark Test Sponsor(s) and other participating companies must be
provided.

All VMs: See the TPC-VMS Clause 0 - Preamble Test Sponsor reported information.

7.3.11.6 The TPC-VMS reporting requirements for descriptions of the VSUT Measured and Priced Configurations (clause
7.3.4) takes precedence over any TPC Benchmark reporting requirements for the descriptions of the Measured
and Priced Configurations of the SUT. The following sentence should be used to refer the reader to the TPC-
VMS Clause 2 - Virtualization Environment reporting rules: “See the TPC-VMS Clause 2 - Virtualization
Environment reported information”.

For example:

Configuration Diagram

Diagrams of both measured and Priced Configurations must be reported in the Report, accompanied by a
description of the differences (TPC-E 9.3.1.2).

All VMs: See the TPC-VMS Clause 2 - Virtualization Environment reported information.

7.3.11.7 A description of the steps taken to configure the all software running inside a VM must follow all TPC
Benchmark reporting rules.
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7.3.11.8 The TPC-VMS reporting requirement for pricing takes precedence over any TPC Benchmark pricing reporting

requirements. For pricing information that is reported in the TPC-VMS Executive Summary, the following
sentence should be used to refer the reader to the TPC-VMS Executive Summary: “See the TPC-VMS Pricing
information reported in the Executive Summary”. For any additional pricing related information not in the TPC-
VMS Executive Summary, the following sentence should be used to refer the reader to the TPC-VMS Clause 6 -
Pricing reporting requirements: “See the TPC-VMS Clause 6 - Pricing reported information”.

7.4 Supporting Files

741

742

7421

7422

7423

If the TPC Benchmark Specification requires Supporting Files, then the TPC Benchmark Specification
Supporting File directory and structure must be used with the additional directory structures specified by Clause
7.4.1. If the TPC Benchmark Specification does not define any Supporting Files directories or structures, then
the Supporting Files directories and structures specified by Clause 7.4.2 must be used.

TPC Benchmarks with Supporting Files

The top level directories of the TPC Benchmark Supporting File directory structure are to be incorporated under
the directories using the VM Identification names of ALL_VMs, VM_1, VM_2 and VM_3.

TPC Benchmarks without Supporting Files
The TPC-VMS Supporting Files directories and structures are defined in the following Clauses.

The TPC-VMS Supporting Files contain human readable and machine executable (i.e., able to be performed by
the appropriate program without modification) scripts that are required to recreate the benchmark Result. If
there is a choice of using a GUI or a script, then the machine executable script may be provided in the Supporting
Files. If no corresponding script is available for a GUI, then the Supporting Files may contain a detailed step by
step description of how to manipulate the GUI.

Directory and file names should be chosen to indicate to the casual reader what is contained within the directory
or file. For example, if the requirement is to provide the scripts for all table definition statements and all other
statements used to set-up the database, file names of 1, 2, 3, 4 or 5 are unacceptable. File names that include the
text “tables”, “index” or “frames” should be used to convey to the reader what is being created by the script.

The top level directories of the Supporting Files directory structure are to be incorporated under the directories
using the VM Identification names of ALL_VMs, VM_1, VM_2 and VM_3. The directory names below the VM
Identification directories should be descriptive of what is contained within the directory (see Clause 7.4.2.2)

For example, in a TPC-C FDR the source code files, database scripts and the output of software parameter
settings are incorporated into an Appendix in the FDR pdf file. At the Test Sponsor’s option the information
could be reported in a Supporting Files directory structure as follows:

SupportingFiles/ All_VMs/Source/dlldata.c

SupportingFiles/ All_VMs/Source/error.h
SupportingFiles/VM_1/DatabaseDesign/createdb.sql
SupportingFles/VM_2/DatabaseDesign/createdb.sql
SupportingFiles/VM_3/DatabaseDesign/createdb.sql
SupportingFiles/ All_VMs/Parameters/SQL_Config.txt
SupportingFiles/ All_VMs/Parameters/SQL_Super_Socket_Config.txt
SupportingFiles/ All_VMs/Configuration/ VMMsConfig.sh
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743

SupportingFiles/ All_VMs/Configuration/VMConfig.sh

In the TPC-VMS TPC-C Appendix B that describes the TPC-C reporting requirements, the Test Sponsor must
refer the reader to the appropriate Support Files directory.

Information supplied in Supporting Files at Test Sponsor’s Option

If the TPC Benchmark Specification does not specify the use of Supporting Files containing human readable
and machine executable scripts, then at the Test Sponsor’s option the following TPC Benchmark information can
be placed in Support Files:

e Any table having greater than 5 columns or 5 rows can be placed in a spreadsheet file.
¢ Any machine executable scripts that are required to recreate the benchmark Result.

¢ Any machine output greater than 10 lines generated by a script or GUI command.
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CLAUSE 8 -- INDEPENDENT AUDIT

8.1 General Rules

8.1.1

8.1.1.1

8.1.2

8.1.3

8.14

8.1.5

Auditor Certification

Prior to its publication, a TPC-VMS Result must be reviewed by a TPC-Certified, independent Auditor.

Comment 1: The Auditor must be independent from the Test Sponsor in that the outcome of the benchmark
carries no financial benefit to the Auditor, other than fees earned as a compensation for performing the audit.
More specifically:

e The Auditor is not allowed to have supplied any performance consulting for the benchmark under audit.

e The Auditor is not allowed to be financially related to the Test Sponsor or to any one of the suppliers of a
measured/priced component (e.g., the Auditor cannot be an employee of an entity owned wholly or in part
by the Test Sponsor or by the supplier of a benchmarked component, and the Auditor cannot own a
significant share of stocks from the Test Sponsor or from the supplier of any benchmarked component, etc.)

All audit requirements specified in the version of the TPC Pricing Specification, located at www.tpc.org must be
followed.

Scope of Audit

The scope of the audit is limited to the functions defined in this specification in addition to the functions defined
in the TPC Benchmark Standard used to generate the TPC-VMS Result.

Optional TPC-Energy Standard

When the optional TPC-Energy standard is used, the additional audit requirements must be followed. In
addition, the requirements of the TPC-Energy Specification, located at www.tpc.org, must be met.

Auditor Checklist

A generic audit checklist is provided as part of this specification. The generic audit checklist specifies the TPC-
VMS requirements that must be checked to ensure a TPC-VMS Result is compliant with the TPC-VMS
Specification in addition to the TPC Benchmark Standard used to generate the TPC-VMS Result. Not only
should the TPC-VMS requirements be checked for accuracy but the Auditor must ensure that the FDR accurately

reflects the audited Result. The Auditor may choose to provide the Test Sponsor with additional details on the
TPC-VMS audit process.

Attestation Letter

The Auditor’s opinion regarding the compliance of a Result must be consigned in an Attestation Letter delivered
directly to the Test Sponsor. To document that a Result has been audited, the Attestation Letter must be
included in the Report and made readily available to the public. Upon request, and after approval from the Test
Sponsor, a detailed audit report may be produced by the Auditor.

8.2 Auditor’s Checklist

8.2.1

8.2.1.1

Clause 2 Virtualization Environment Related Items

Verify that all I/O devices are virtualized (see Clause 2.4.2.3).
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8212

8213

8214

8.2.1.5

8.2.2

8221

8.2.3

8231

8.24

8.24.1

8242

8.24.3

8.24.4

8.24.5

8.2.4.6

8.2.5

If an I/ O controller is used to virtualize the I/O, verify that either the controller specifications state that the
controller will virtualize more than 1 VM or verify that the controller can actually support more than 1 VM (see
Clause 2.4.2.3).

Verify that the Test Sponsor has attested in the Report that for software that was optimized (Clause 2.4.3.2) for
the Virtualization Environment the same Software Version will meet the requirements of Clause 2.4.3.1.

Verify that there is no sharing of information directly or indirectly between the Consolidated Database Server
VMs running the DBMS software (see Clause 2.5.1).

If the Application software is implemented on the Consolidated Database Server in a separate VM, verify that
the communication between the Application software and the DBMS is through commercially available software
interfaces (see Clause 2.5.3.1).

Clause 3 Metrics Related Items

Verify that TPC-VMS Primary Performance Metric is the minimum value of the TPC Benchmark Primary metric
from one of the TPC Benchmarks run in the Virtualization Environment (see Clause 3.2).

Clause 4 Driver/Controller Related Items

Verify there is no sharing of information between the TPC Benchmark drivers other than allowed by Clause 4.1.1.
Clause 5 Rules and Procedures Related Items

For TPC Benchmarks that allow the changing of the random number seeds for the data generation scripts, verify
that different random number seeds are used in the data generation scripts for each TPC Benchmark (see Clause

52.1.1).

If the same set of files was used to load all databases, verify that the TPC Benchmark uses fixed random number
seeds for the data generation scripts, (Clause 5.2.1.3).

For TPC Benchmarks that allow the changing of the starting random number seed values for the test run, verify
that the test run commands start with different random number seeds for each TPC Benchmark (see Clause

5.2.2).

For TPC Benchmarks that use a measured time interval, verify the start times and durations of each TPC
Benchmark (see Clause 5.3.1).

For TPC Benchmarks that use a time measure for a quantity of work, verify the start times of each TPC
Benchmark and TPC Benchmark Test (see Clause 5.3.2).

Verify compliant use of load balancing, tuning commands or directives (see Clause 5.3.3).

Clause 6 Pricing Related Items

Rules for auditing Pricing information are specified in the effective version of the TPC Pricing Specification
located at www.tpc.org.
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8251

8252

8.2.6

8.2.6.1

8.2.6.2

8.2.6.3

8.2.6.4

8.2.6.5

8.2.6.6

8.2.6.7

8.2.7

Verity that the required components are included in the Priced Configuration (see Clause 6.1).

Verify that all component Substitutions are compliant with the TPC Benchmark and TPC Pricing Specifications
(see Clause 6.2).

Clause 7 FDR Related Items

For the Audit requirements specified in Clauses 8.2.1 through 8.2.5, the Auditor must ensure that if required by
Clause 7, the items, requirements or values are correctly reported in the FDR.

For those items, requirements or values that are reported in the FDR and not required to be audited, the Auditor
need only ensure that they are in the FDR and appear to be reasonable. For example, the Auditor cannot be held
responsible for accuracy of the Availability Date but can ensure that it is reported in the FDR and does not fall
outside the 6 month availability window starting from the publication date.

Verify that the order and titles of sections in the Report and any Supporting Files is compliant (see Clause 7.1.1.1)
Verify that the reporting rules of the TPC Pricing Specification were followed (see Clause 7.1.1.2)

Verify that VM Identification is accurate (see Clause 7.1.2).

Verify that the Executive Summary Statement is accurate and is compliant (see Clause 7.2).

For those items which are required by Clause 7.3 to be reported in the Report and are also required by Clauses
8.2.2 through 8.2.5 to be verified by the Auditor, verify that the items are accurately reported in the Report. For
those items which are required to be reported by Clause 7.3 but are not required to be verified by the Auditor,
ensure that the items are reported in the Report and appear to be reasonable.

Verify that the following sections of the FDR are accurate:
e  Verify that the diagram illustrating the VSUT is accurate (see Clause 7.3.4.1).
e  Verify that the diagram illustrating the Priced Configuration is accurate (see Clause 7.3.4.1).

A complete review of the Report by the Auditor, beyond the sections listed above, can be requested by the Test
Sponsor, but is not required.

Verify that the required Supporting Files exist and appear to be reasonable (see Clause 7.4).
Auditing the Databases, Transactions, ACI, Drivers & TPC Provided Code

For the selected TPC Benchmark being run in each VM, verify that the TPC Benchmark Standard Audit
Requirements have been followed (see Clause 2.3) for the Database, Transactions, ACI of ACID requirements,
Driver/Controlling Software and any TPC provided code.

Comment: Conceptually, each VM represents an independent audit environment for the selected TPC
Benchmark and requires a Full Audit (see TPC Policies Clause 9.5.3). For ease of benchmarking TPC Policies
allow for the work of one audit to be leveraged in another audit (Updated Audit) where appropriate. The degree
to which previous audits may be leveraged is left to the discretion of the auditor. Similarly, the degree to which
audit work performed in one VM may be leverage across the other VMs is left to the discretion of the auditor. In
evaluating this, the following items should be carefully evaluated.

e OSversion

e DBMS version

e Version of any TPC provided code
e Number of vCPUs

¢ Amount of memory per VM

TPC Virtual Measurement Single System - Standard Specification, Revision 1.1.0 - Page 38 of 62



8.2.8

8.2.9

8.29.1

8292

8.2.9.3

8294

8.2.9.5

8.2.9.6

e OS parameters

e DBMS parameters

e Database Schema

e Database initial population size

e VM parameters

e Storage Space configuration/characteristics allocated to the VM

e Virtual Durability configuration/characteristics

e Physical Storage Space configuration/characteristics to be the same (types, amounts, configuration)

e  Physical Durability configuration/characteristics.
Auditing of Execution Rules and Metrics

Verify that each VM has followed the TPC Benchmark Standard Audit Requirements for the Execution Rules
and Metrics.

Auditing of Durability

All implementations of the TPC Benchmarks in the VSUT must meet the Durability requirements as specified in
their TPC Benchmark Specifications.

All VMs must meet the Durability throughput requirements of their TPC Benchmark Specifications at the time of
the Durability test.

All VMs must meet the ending requirements of their TPC Benchmark Durability requirements upon completion
of the Durability test.

Storage Durability tests must be applied to the physical devices, including physical devices within a virtualized
subsystem.

For Durability tests that target more than one VM, only one test may be performed for those VMs. For example,
a loss of power test that targets all VMs in the VSUT may only be performed once and not once for each VM.

For a Durability test that targets a subset of VMs, the induced failure of the VMs being tested cannot induce a
failure in any untested VMs. The untested VMs must continue to accept and commit transactions as required by
their respective TPC Benchmark Durability tests.

Results of a Durability test that targets a subset of VMs may be applied to any of the untested VMs if the VMs
involved are identical (See Clause Error! Reference source not found.).

Comment: For example if a storage device is removed on one VM, the Durability results can be used to satisfy
any of the other VMs if the exact same type of storage device and exact same versions of software to access the
storage device are used. The Auditor chooses which Durability test is to be run on which of the VMs that use the
same software versions and hardware implementation.
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Appendix A. SAMPLE EXECUTIVE SUMMARIES

The following pages provide TPC-VMS Executive Summary templates and examples for the TPC-VMS
TPC-E and TPC-VMS TPC-H publications. It is expected that a TPC-VMS TPC-C Executive Summary will
be similar to the TPC-VMS TPC-E Executive Summary template (Clause A.1) and example (Clause A.1)
and that the TPC-VMS TPC-DS Executive Summary will be similar to the TPC-VMS TPC-H Executive
Summary template (Clause A.3) and example (Clause A.4).
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Template Layout for TPC-VMS TPC-E Executive Summary

The following templates define the format, style, font and minimum font sizes to be used by the TPC-VMS
TPC-E Executive Summary. The template for the pricing pages of the Executive Summary is defined by

the TPC Pricing Specification.

- Diagram nuist mehude the fllowmg:

- Graphic representation of the Virtual System Under Test

- Graphuc representation of the disk subsystem

- Graphic representation of the Tier A system(s)

- List of system components m the Vrfual System Under Test
- Processors (quanttty and type), Cores, and Threads
- Memory
- Dk confrollers (quantity and type)
- Dk drwves (quantdy and fype)
- Network mterface cards (quantty and type)
- Other components

- List of system components m the Tier A system(s)
- Processors (quantity and type), Cores, and Threads

- Memory
- Disk controllers (quantity and type)
- Dk drwves (quantdy and fype)
- Network mierface cards (quanttty and type)
- Font
- Times New Roman or Aral
- Sze

- Minmum 12 pomt type, normal

TPC-VMS: 1.y.Z(2b)
Sponsor Name . TPC-E: ¥.Z(2b
P , System Name . xy2(h)
and/or Logo : (3b) TPC Pricing: 1.y.Z(2b)
(3b) TPC-Enereyv: 1.yv.Z(1b)
Report Date: Month, Dav, Year (2b)
Performance (2) Price/Performance (2) Availability Date (2) Total System Cost (2) | TPC-Energy Metric (2)
xxx.xx VMStpsE $ xxx.xx USD per VMStpsE Month, Day, Year S XXXXXUSD | xx.xx Watts/VMStpsE
(2b) (2b) (Zb) (2b) (2b)
Virtual System Under Test Configuration (3b)
\-'M%dS Pmcessmsr(.c\:res-"l'tmads Memory 2)
(2) (2)
VMMS Name XAX
XXGB (2b
(b) e o
- Place Confiouration Diagram Here

Stvle Legend
Font - Times New Roman or Aral

(1)  Miniomm 10 pont type, normal
(2)  Miniomm 12 point type, normal
(2b)  Mininum 12 pomt type. bold
(3)  Miniomm 14 pomnt type, normal
(3b)  Mininum 14 pomt type. bold
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TPC-VMS: y.z(2b)
Sponsor Name Svstemn N TPC-E: vy.z(2h)
and/or Logo Sysielh e TPC Pricing: xy.z(2h)
(3b) TPC-Energy: v.z(2b)
Report Date:  Month, Day, Year (2h)
VM 1 (3b) VM 2 (3b) VM 3 (3b)
Performance (2) xxx tpsE (2) xxx tpsk (2) xxx tpsk (2)
Maximurm Number of
2 2 2
Virtual Processors (2) x(2) x(2 x(2)
VM Memory (2) xx GB (2) xx GB (2) xx GB (2)
Maflmum Capacity of %000 GB (2) %, GB (2) X300 GB (2)
Virtual Storage (2)
Operating System (2) (2)
Database Manager (2) (2) (2) (2)

Scaling Component (2)

%000 Customers (2)

0, xx Customers (2)

00000 Customers (2)

Initial Number of
Rows Per VM (2)

YK, 00K, X, 300 (2)

0K, 00K, XX, 00 (2)

UK, 0K 000 00 (2)

Initial Database
Size Per VM (2)

X000 GB (2)

X300 GB (2)

X000 GB (2)

Style Lepend

Font - Times New Roman or Aral

Sizes

(1) Mmmmm 10 pomf type, normal
(2)  Mmmmm 12 pomf type, normal
(2b)  Mmmmm 12 pomt type, bold

(3)  Mmmmm 14 pomf type, normal

(3b)  Mmmmm 14 pomf type, bold
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TPC-VMS: vz (2b)

Sponsor Name System Name TPC-E: 1y.z(2b)
and/or Logo RN TPC-Pricing: xy.z(2b)
(3b) {Jb ) TPC-Energy: vz(2b)
Report Date: ~ Month, Day, Year (2b)
Total System Cost (2)| TPC-VMS Throughput (2) Price/Performance (2) Avaibilty Date (2) TPC-Energy Metric (2)
Sxr,xxx USD (2b) | xxxxx VMSpE (2b) | Sxxxxx USD/VMipsE (2b) | Month, Day, Year (2b) sx.xx watts'VMStpsE (2b)

REC Idke Power: o0 watts (2)
Average Power of REC: xx xooe xx watts (2)
Subsystem Reportmg: (2)

Lowest ambient temperature at ar miet:

[Numencal Quantities For Reported Energy Configuration (2)

Seconday (subsystem) Metrics are not reported. (2)
Conparisons to other TPC-Energy Results nust nor reference subsystem energy mibrmation. (2)

o Degrees Celsis (2)

Tterns m Priced Configuration not m Reported Energy Configuration: (2)

Tterns m the Reported Energy Configuration 1ot m the Measured Fnergy Configuration: (2)

Style Legend
Font - Tmes New Roman or Aral

(1) Munmum 10 pomt type, nomual
(2} Mnmmm 12 pomt type, normal
(2b)  Mrmmm 12 pomt type, bokd
(3)  Mmnmum 14 pomt type, nomual
(3b)  Mmmmim 14 pomt type, bold
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Sponsor Name
and/or Logo
(3b)

TPC-VMS:

Svystem Name TPC-E:
B TPC-Pricing:
{J b) TPC-Energy:
Report Date:

x.v.z(2b)
vz (2b)
vz (2b)
x.v.z(2b)
Month, Day, Year (2b)

VM 1 Numerical Quantities Summary (3b)

Reported Throughput: (2b)  xxx.xx VMSipsE (2b) Configured Customers: (2b) xxx,33% (2D)

Response Times (in seconds) (3b) Minimum (2b)  Average (2b) 90th %tile (2b)  Maximum (2b)
[Broker Volmme mxx (2) xxxx(2) Xxx (2) XK (2)
Customer Position mxx (2) xxxx(2) Xxx (2) XK (2)
[Matket Feed MxK(2) XXXx(2) XXX (2) XK (2)
[Market Watch XXX (2) XXXx(2) XXX (2) XK (2)
Security Detail 0 (2) XXX (2) KXK (2) o (2)
Trade Lookup mxx (2) xxxx(2) Xxx (2) XK (2)
Trade Order XXX (2) XXXx(2) XXX (2) XK (2)
Trade Result oK (2) KKK (2) KKK (2) X (2)
Trade Status mxx (2) xxxx(2) Xxx (2) XK (2)
Trade Update MxK(2) XXXx(2) XXX (2) XK (2)
[Data Mamfenance XK (2) XXX (2) XK (2)
Transaction Mix (3b) Transaction Count (2b) Mix % (2b)
[Broker Volme OOLXHE XX (2) xmxxe (2)
Customer 30U X0 XX (2) X% (2)
Market Feed SO0 XX XX (2) o (2)
[Market Watch OOLXHE XX (2) xmxxe (2)
Securtty Detail 30U X0 XX (2) X% (2)
Trade Lookup SO0 XX XX (2) o (2)
Trade Order SO0 XX XX (2) o (2)
Trade Result OOLXHE XX (2) xmxxe (2)
Trade Status 30U X0 XX (2) X% (2)
Trade Update 3000300 XX (2) o (2)
[Data Mamfenance o (2)
Ramp-up Time HowMite:Second (2)
[Measurement Interval HourMmmite: Second (2)
[Busmess Recovery Time HourMmmite Second (2)
Total Number of Transactions Completed m Measurement Interval 3000300030 (2)

Styke Lepend

Font - Tmes New Roman or Aral

(1) Mummum 10 pomt type, normal
(2} Mimmum 12 pomt type, normal
(26)  Mmmum 12 pomt type, bold

(3)  Mmmum 14 pomt type, normal

(3b)  Mmmum 14 pomt type, bold
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A.2  Sample Layout for TPC-VMS TPC-E Executive Summary

TPC-VMS: 1.0.0
j[‘aTk TPCE: 1.12.0
= Super Widget Model RV01234 TPC Pricing: 1.7.0
ﬂ TPC-Energy: 1.5.0
Report Date; April 1, 2012

|
Performance Price/Performance Availabilty Date I TPC Energy Metrie

) lllI
/

;(s.ss Watts VMStpsE

187.00 VMStpsE § 482.66 USD per VMStpsE| Apnill, 2012

Virtual System Under Test @gwﬁéx\__

VMMS Processors/Cores/Threads Memory

Virtually Virtual Mangement System 4/8/8 16 GB

| (AN |
~_ | WO
I~ 7 | (WA oAg
Tier A Clients " r’f fl ;"II ﬂ T ' ""ﬁmﬂiﬂ
2% Super Duper Systems I\) .f'K % I

- 1 x Processor 2950 -
.:‘ } E |

Super Widget Server

- 6 x Dual-Core Processor 995 3.0 GHz w/IMB 1.2
- 2 x 32GB Memory

- 1 x Internal PCI Dual-Port SAS Controller

- 2 x (agabz Ethernet Ports

- 36 x 75GB SAS Drives
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TPC-VMS: 1.00

PGE:? 112.0
Super Widget Model RV01234 ﬁpﬂ g\ 170

:
n /|/ TeChnergy: | 150
[ |\ Aegortate/ pil1, 202
[ [
VM1 VM\Z\“ VM3
Performance 187 tpsk ypsE—--.\h [~/ 192 tpsE
71
Maximum Number of A W A /; 1
Virtual Processors (m \___ /
— =
VMMemory 1668/ f T~ WG 16GB
||l !-"' \/
Maximum Capacity of —_ ™
pecty 210068 / 268 220068

Virtual Storage I-

]

/
e
H“\-\

Operating System ACMEOS V2.4 wthks\umr\ﬂe;ﬁé*nt Service Pack and Some Other Add-On for More Performance

/N
e ACME RDBMS V5.5

(/7
\ ) [ .:I /
|
Scali ng%}! m/ ~ 100,000 Customers 100,000 Customers 100,000 Customers
\

Database Manager

)
1T

3
AT REDEE 28903281948 28903281948 28.903,281,048
Rows PerM

[nitial Datahe;;e_j

. 204068 204068 204068
Size Per VM
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TPC-VMS: 1.0.0
| : 1120
- Super Widget Model RY01234 Prcipgy 160
A ? nérgy:| 15.0
[ port Dite!  April 1, 2012
Total System Cost | TPC-VMS Throughput Price/Performance Availabilih Iﬁ'{tj/ Wf—ﬁﬁerg‘,r Metric
$90,258.00 187.00 VMStpsE 482.66 USD/VMtpsE April1,2012 158,66 watts/VMStpsE
Numerical Quantities For Reported Energy Configuration
REC Idle Power: 9,945 watts
Average Power of REC: 10,968 watts
Secondary Metrics
Idle %
Watts / VMStpsE of REC
Database Server| 8.56 12.4%
Storage 45.78 79.9%
Application Server] in 6.5%
Miscellaneous 0.60 1.1%
Total REC 58.65 100%
Lowest ambient temperature at airinlet: 20.32°C ,// %
Items in Priced Configuration no in the Reported - Configuration: None
Items in Reported Energy Configuration no in the Measured Energy Configuration: None
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1.0.0
1.12.0
— Super Widget Model RY01234 17.0
A 1.5.0
April 1, 2012
Price j&;{aﬁded. | 3.YRMaint.
Description Part Number Source Unit Price USD Qﬁf\f | Price US[!I / Price USD
Consolidated Database Server Hardware
Super Widget Model RY01234 5839-001 1
Super Widget Processor Kit 5827-321 1
Super 32GB Memory Module 6492-294 1
Super 15-in Monitor M3849-253 1
Keyboard/Mouse Bundle K3728-289 1
Super 3 Year Service Package 54738 1 1,000
1,000
Consolidated Database Server Storage
Super Widget Nifty Storage Enclosure SE37-398 1
Super 75GB SAS Drive 3728-003 1
Super Widget Rack Enclosure R382-923
0
Consolidated Database Server Software /
ACMEOSV2.4 SWE5-389 { % 500 1 500
ACME OS TPC Performance Package swit001 | [ 2 10 1 10
ACME RDBMS V5.5 SW47-237 I 2 1,000 1 1,000
ACME 3 Year Software Maintenance SWo9-182 . 450 1 450
/ ub Total 1,510 450
Client Hardware | [
Super-Duper 2950 System 1 1 450 2 900
Super 3 Year Service Package 54735 1 250 1 250
Sub Total 900 250
Client Software
ACME Desktop V10.1 2 150 2 300
Sub Total 300 0
Infrastructure
SomeCheap 24-Port Switch | 7301019 3 751 75
SomeCheap Ethernet Cable Packag‘e ca7 3 3 15 2 30
SomeCheap 3-Year Hardware Covekage | '.\_ W 223 3 25 1 25
] \‘ Sub Total 105 25
_\ Total Extended Price $90,340 §1,725|
Super Widge W@mt \ Total Discounts 51,807 S50
/ / I Grand Total $88,533 $1,725)
[ v
Pricing: IJSuAer_ i =ACME, 3=5gmeCheap Three-year Cost of Ownership: USD $90,258
Network Cimpone // VMStpsE 187.00
- - S USD/VMStpsE $482.66
L
Benchmark results and test methodology audited by [Auditor Names and Companies]
Prices used in TPC benchmarks reflect the actual prices a customer would pay for a one-time purchase ofthe stated components. Individually negotiated discounts are not
permitted. Special prices based on assumptions about past or future purchases are not permitted. All discounts reflect standard pricing policies for the listed components. For
complete details, see the pricingsections of the TPC benchmark specifications. fyou find that the stated prices are not available according to these terms, please inform at
pricing@tpc.org. Thank you.
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TPC-VMS: 1.0.0

—Jem 1.12.0

o Super Widget Model RY01234 ﬂfl 16.0

A A 1.5.0
i Repo Dat ;Aprll 1,2012

|
VM 1 Numerical Quantitie{&umma\k/

Reported Throughput  187.00 VMStpsE Configu?ecLCJsTe-mers 100,000

Response Times (in seconds) Minimum Auerﬁ\ﬁh %tile  Maximum
Broker Volume ' \{{ 0.10 2.72
Customer Position /oﬁog/ \ 004 0.06 4.56
Market Feed qﬂoo | 0,03 0.05 6.94
Market Watch /‘“' Kg(l; / 0.08 4,56}
Security Detail S0.00— 0.04 2.64
Trade Lookup o }ﬂ?\ 0.61 5.08
Trade Order S000 N4 0.13 19.5¢]
Trade Result f.f ah \Dd:? 0.10 0.16 20.41
Trade Status | | 0. 0.02 0.04 4.52
Trade Update /'4 ~ 0.01 0.46 0.63 5.03
Data Maintenance v ™. 0.00 0.07 0.54
Transaction Mix [ [ ~/ Transaction Count  Mix %
Broker Volume L . 659,736 4.904%
Customer Position ‘“‘“\\“}, 1,750,320 13.012%
Market Feed —_ / 134,640 1.001%
Market Watch / S~ 2,423,520 18.016%
Security Detail / / ; ™ - / 1,884,960 14.013%
Trade Lookup [/ /o) 1,077,120 8.007%
Trade Order |.\j f 'y 1,347,746 10.019%
Trade Result |~ 1,346,400 10.009%
Trade Status / - \\- - 2,558,160 19.017%
Trade Upda "\H 269,280 2.002%
Data Mam‘fe ance 120

Ramp- up T me 1:08:00
Measurem rval 2:00:00
Busmess\Re ery Tim 0:56:45

Total Number of Trans ions Completed in Measurement Interval 13,451,882
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A3

Template Layout for TPC-VMS TPC-H Executive Summary

The following templates define the format, style, font and minimum font sizes to be used by the TPC-VMS
TPC-H Executive Summary. The template for the pricing pages of the Executive Summary is defined by
the TPC Pricing Specification.

TPC-VMS: LV.Z(2b)
Sponsor Name Sy N TPC-H: 1vz(lb)
andlor Logo ystem Name TEC Pricing: 1yz(2h)
(3b) (36) TPC-Energy: LY.Z(2h)
Report Date: Month, Dav, Year (2h)
Performance (2) Price/Performance (2) Availability Date (2) Total System Cost (2) TPC Energy Metric (2)
X VMSQphH @ xGB § xx.xx USD per
LAY [Egp o n [.‘j}lplhil EIGI;" E?_b) Month, Day, Year (?) | § xxx,xxx USD (2b) | xx.xx Watts/VMSQphH@xGB (2b)
Virtual System Under Test Configuration (3b)
VMMS (2) Processors/Cores/ Threads (2) Memory (2)
(2b) X/ (20) 1x GB (Zh)
- Place Configuration Diagram Here
- Diagram must mehde the fHlowng:

- Graphue representation of the Virfual System Under Test
- Graphic representation ofthe disk subsystem
- Graphue representation of the Teer A systemy(s)
- List of system components m the Virtual System Under Test
- Processors (quantity and type), Cores, and Threads
- Memory
- Dsk confrollers (quanttty and type)
- Dk drrves (quanttty and type)
- Network mferface cards (quantty and type)
- Other components
- Font
- Tmes New Roman or Anal
- See
- Mminmm 12 pomt type, normal

Style Legend
Font - Tmmes New Roman or Anal

(1) Mmnmwm 10 pomt type, normal
(2)  Mmmmm 12 pomt type, normal
(2b)  Mmmmum 12 pomt type. bold
(3)  Mmnnmm 14 pomt type, normal
(3b)  Mmmmm 14 pomt type, bold
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TPC-VMS: Ly.z(lb)
Sponsor Name . TPC-H: yz(2b
P , System Name o xyz(th)
and/or Lo g0 : b TPC Pricing: LY.Z(2b)
(3b) (30) TPC-Energy: LY.Z(2b)
Report Date: Month, Day, Year (2h)
VM 1 (3b) VM 2 (3b) VM 3 (3b)
Performance (2) s QpiH@=GB (2) wogx QphH@=GB (2) aox QphiHE =GB (2)
Mazmmim Number of
7 7 7
Virtual Processors (2) x2) x(2 x@)
VM Memory (2) xGB(2) =GB (2) %GB (2)
Maximn Capaciy of xxxGB (2) %00 GB (2) £ GB (2)
Virtual Storage (2)
Operating System (2) @
Database Manager (2) (2) (2) (2)
Scalmg Component xoxGB (2)

Initial Number of
Rows Per VM (2)

XX XK, XXX XXX (2]

XXX, XXX, XK X0k (2)

KX, KX, 00, 0K (2)

Initial Database
Size Per VM (2)

X xxx GB (2)

X, Xxx GB (2)

%,30x¢ GB (2)

Style Legend
Font - Tmmes New Roman or Arial

Sizes
(1
%)
(2b)
(3
(3b)

M 10 pomt fype, normal
Mmumm 12 pomf fype, normal
Mmimmm 12 pomt type, bold
Minimmim 14 pomt fype, normal
Mminmmm 14 pomt type, bold
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TPC-VMS: Ly.z(2b)
Sponsor Name System Name TPCH; ry2(lh)
and/or Logo . TPC-Pricing; 1y(2b)
(30) 13b} TPC-Energy: ny.z(2b)
Report Date:  Month, Day, Year (2b)
Total System Cost (2)]  TPC-VMS Throughout (2) Price/Performance (2) Avaiabity Date (2) TPC-Erergy Metri (1)
$xrxix USD (2b) | xxxxx VMSQphh@xGB (26) $xxx.xx USDAVYMQphH@xGB (2b)] Month, Day, Year (2b)]  xx.xx waits/ VMSQphH@xGB (2b)

[Nimerical Quantiies For Reported Energy Configuration (2)
REC Idk Power.  mocxs watts (2)
Average Power of REC: x oo wats (2)

Subsystem Reportig; (2)
Seconday (subsystem) Mefrics are not reported. (2) Styk Legend
Comparsons to other TPC-Energy Resubs must nor reference subsystem energy mibrmation, (2) (ot - Times New Roman or Aril

Lowest ambient femperafure at at k. oo Degrees Cebas (2) Soes
(I)  Minimum 10 point type, normal
Ttems m Priced Configuration not in Reported Energy Confieuration: (2) !:-E::' N@m 12 ?UFH e, pormal
(20)  Mmimum 12 pomt type, bold
ltens m the Reported Energy Confignration ot i the Measured Energy Configwration: (2) (9 Manioum 1 pot fype, ol

(3b)  Minimum 14 point type, bold
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TPC-VMS: vz (b)
Sponsor Name System Name TRCH: vya(h
and/or Logo ’ s TPC-Pricing: nyz(b)
() (3b) TRC-Energy: ryz()
\ Report Date: Mouth, Day, Year (Ib)
Total System Cost (2) TPC-VMS Throuehmt (2) Price/Performance (2) Avatabiity Date (2)
$ 1 (7h) 1831 VMSQphh@sGE (h) $ mxx.ax USD/VMQphHaxGB (1h) Month, Dav, Year (2h)

VM 1 Implementation Overview

< Graph of Reported Query Times >

Style Legend
Font - Tmes New Roman or Aral

Sizes
(1) Mmmmm 10 pomt type, normal
(2} Mmmmm 12 pornt type, normal
(2b)  Mmirmm 12 point type, bold
(3)  Mnmmm 14 pomt type, normal
(3b)  Mummmm 14 pomt type, bold

Database Load Tme = HHMMSS (2) Storage Redudancy Levek (2)
Load Inchaded Backuy: (2) Base Tables (2) % |DBMS Temporary Tabkes X
Total Storage / Database Sze=xux (2) Ay Data Structires (2) X (S and DBMS Soffware X
Memory/ Database S = (2)

Note: Database Sz mchdes on raw data (e.g. 10 temp DB, mdeses, or redundant space)

TPC Virtual Measurement Single System - Standard Specification, Revision 1.1.0 - Page 53 of 62



) TPC-VMS: yz(2b)
Sponsor Name TPCH: xyz(2b)
and/or Logo Super Widget Model RY(1234 TRC-Pricing: xy.z(2b)
(3b) TPC-Energy: yz(2b)
Report Date: Month, Day, Year (2b)
Total System Cost TPC-VMS Thronghput Price/Performance Avaihbility Date
$ xx,Xx% (2b) 1xn.xx VMSQphh@xGB (2h) | 8 xxx.xx USD/VMQphH@wxGB (2h) Month, Day, Year (2b)

VM 1 Numerical Quantities (3b)

Measurement Results: (3b)

<Measurement Results Data> (2)

Measurement Intervals: (3b)
<Measurement Interval Data> (2)

Duration of Stream Execution: (3b)

<Stream Duration Chart> (2)

Style Legend
Fout - Tmes New Roman or Arial

Szes
(1)  Mmmmm 10 pomt type, normal
(2)  Mmmnmm 12 pomt type, normal
(2b)  Mmnmmm 12 pomt fype, bold
(3)  Mmmmm 14 pomt type, normal

(3b)  Mmnimm 14 g IE bold
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TPC-VMS: x.y.z(2b)
Sponsor Name TPC-H: xy.z(2h)
and/or Logo Super Widget Model RY01234 TPC-Pricing: xyz(2b)
(3b) TPC-Energy: wy.z(2b)
Report Date:  Month, Day, Year (2b)
Total System Cost TPC-VMS Throughput Price/Performance Availability Date
$x1,x3x (2b) [xxx.xx VMSQphhi@wxGE (2b)[ § xxx.xx USD/VMQphH@xGB (1h) Month, Day, Year (2b)

VM 1 TPC-H Timing Interval (in seconds) (3b)

<Stream/Query Timmg Chart> (2)

Style Legend

Font - Tmes New Roman or Arial

Sizes
(1) Mmimum 10 pomt type, normal
(2)  Mmmmum 12 pomt type, normal
(2b)  Mmmmm 12 pomt type, bold
(3)  Mimmum 14 pomt type, normal

(3b)  Mmmmm 14]301'111 &E bold
e ———
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A4

Sample Layout for TPC-VMS TPC-H Executive Summary

TPC-VMS: 1.0.0
C TPC-H: 2143
= Super Widget Model RV01234 |TrC Pricing: 1.7.0
A TPC-Energx: 1.5.0
Report Date: 7 April 1, 2012
1
Performance Price/Performance Avaihbidy Date | Total 5}31.944 }ig;t 1';1[' Fnergy Metrcc
[ | /
. - $39.67 USD per . d / 9.58
2 2
24342 VMSQPUE@I00GB | ico o 0GB April1, 2012 $ 9-5,:\1,\-1 LS.y My )45 OphH@100GE
Virtual System Under Test (?D@N@n
VMMS Processors/Cores/Threads Memory
Virtually Virtual Mangement System 4/8/8 16 GB

— N

T

S

!
/

—
| —
| e—|
[ —

| e— ] —
| —| | | —
| — | | —

S
I

/[

[
]

v
>

/

ZEE

/
r

I|

N

OO g g

/
/ /

L)

(I

FFece——SFc—SFc——SFc—SFc——q

H h[: =
1A

nnan

'@

E3

!
| ,'I
|

E

Super Widget Server

/

.."'I ¢
- 2 x 32GB Memory
- 1 x Internal PCT Dual-Port SAS Controller

- 2 x Guzabtt Ethernet Ports

- 70 x 75GB SAS Drves

- 6 x Dual-Core Processor 995 3.0 GHz w/IMB L2
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TPC-VMS: 100
Ey, 2143
Super Widget Model RV01234 |PeCigne /\| 170
ATPCErerey: J 150
|f ﬁgpﬁﬂ}m/ April 1, 2012
1 m’}\x VM3
Performance 24342 QphH@100GB | 2.436.5 '«)ﬂ’n‘r \\’2,440.1 QphH@100GB
Maxmmm Number of f / 4
Virtual Processors (
VM Memory 16 GB 4 '“%QT}B 16 GB
Maximum Capactty of />
P Capecty o 1L70GY 51700 GB 1,700 GB
Virtual Storage [ ~/
. ACME 08 V2 Thg'“(?‘mg Recent Service Pack and Some Other Add-On for More
Operafing Syst /
peralig Systet T~ “\“’ Performance
f/ ;-"Jl,f'r\". -
Database Manager [/ /) ACME RDBMS V5.5
II\) / / y
: kY
\
Scalmuf}?/’em’/ Y 100GB
/_\'l lI|
mﬁam:?/ /
2,216,037,932 2,216,037,932 2,216,037932
Rows Pe S o '
lniIialDalabase_j
S Per VM 684 GB 684 GB 684 GB
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TPC-VMS: L0.0

-

A— Super Widget Model RY01234
[
Total System Cost | TPC-VMS Throughput Price/Performance Availability bme

50657400 | 24342 VMSQpuH@100GB | 39.67 USDVMSQphH@100GB,/[>April 1, 201X | 9,38 watis/KVMSQphH@100GB

Numerical Quantities For Reported Energy Confizuration
REC Idle Power.  703.52 watis
Average Power of REC: 1,030.57 waffs

Subsystem Reporting:
Seconday (subsystem) Mefrics are not reported
Comparisons fo other TPC-Energy Results mmst nor reference subsyste

Lowest ambient femperature at air met: 21.26 Degregs @15

[tems m Priced Configuration not i Reported Energy Configuratipd:

Ttems 1 the Reported Energy Configuration not i the Measufed Energy Configurat
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:g‘a%l

Super Widget Model RY (01234

TPC-VMS:
TPC-H:

TRE Prici
T,

1.0.0
2143
1.7.0
1.5.0

Repp?] ate; | April 1, 2012

Price | e uﬂ 3-YR Maint.
Description Part Number Source  Unit Price USD 11-:9 Price USD
Consolidated Database Server Hardware
Super Widget Model RY01234 5839-001 1 3,500
Super Widget Processor Kd 5827-321 1 36,000
Super 32GB Memory Module 6492-204 1 16,000
Super 15-m Monstor M3849-203 1 125
KeyboardMouse Bundle K3723-289 1 25 25
Super 3 Year Service Package 54738 1 / 10 1.000)
' 55,650 1.000
Consolidated Database Server Storage
Super Widget Nifty Storage Enclosure SE37-398 15,000
Super 75GB SAS Drve 3728-003 24,500
Super Widget Rack Enclosure R382-923 275
39,775 0
Consolidated Database Server Software
ACME OS5 V14 S‘Wﬁi/(_ 2 500 1 500
ACME OS TPC Performance Package SW1{-001 2 0 1 10
ACME RDBMS V5.5 ] 2 1000 1 1,000
ACME 3 Year Software Mamtenance 2 450 1 450
Sub Total 1510 450
Infras tructure
SomeCheap 24-Port Switch «[] 2 3 501 75
SomeCheap Ethemet Cable Package / C 893 _/ 3 15 2 30
SomeCheap 3-Year Hardware Cmelfa / ,-zlg 3 5001 25
|Q // / Sub Total 105 25
(N /
— \\ ) Total Extended Price $97.040 $1.475
Super Widget 2% ,Bﬁgumf — Total Dis counts $1541 $0
3 Grand Total $95.099 $1.475
N
Pricmg; 1-;{ 1 Drrect 2 ’ACME, %SQmECheap Three-vear Cost of Ownership: USD $96.574
Network Cm VMSQphH @ 100GB 1,434.2
$ USD/VMSQphH @ 100GB $39.67

Benchmark results andiﬂ;Lmeﬁodulogy andited by [Auditor Names and Companies]

pricing@tpc.orz Thank you

Prices wsed m TPC benchmarks reflect the actual prices a customer would pay for a one-time purchase of the stated components. Individmlly negotiated discomts are not
permutted Special prices based om assmmptions about past or futwre purchases are not permitted Al discomts
complete details, see the pricmg sections of the TPC benchmark specifieations. If you find that the stated prices are not available sccording to these terms, please mform at

reflect standard pricmg policies for the listed components. For
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TPCVMS! 1.0

TPC-H: 2143

n w T# I e
A Super Widget Model RY01234 Eym 170
-ExeToy. A
epgrtn]; e/ a1, 2012
Total System Cost TPC-VMS Throughput Price/Performance ' |f A'.-*ajhﬁili;j: Date
$96,574.00 | 2,434.2 VMSQpH @ 100GB | _$39.67 USD/VMSQphh @ 100GB | | ApfiL L, 2012

VM 1 Implementation Oyerview \L _

(4 — [ ‘l ]

(5 —— [ /

05 \_ /

w F .WMWT‘“

0 IP . [ Power Test

m 1 B .

Q1) — ;’: .f / -------- Geometric Mean of Power Test
au ,F j I Arithmetic Mean of Throughupt Test

4500
Database I,,md,]‘ﬂe;-/i:%i! Storage Redmdancy Levels
Load Kehuded Backup: Y Base Tabkes 0 | DBMS Temporary Tables 0
Total Storage / Database Sze=17.0 Awplary Data Struefures [ 1 08 and DBMS Software 1
Memory / Database Size = 16%

[Note: Database Sze meludes on raw data (e.g. no temp DB, mdexes, or redundant space)
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TPC-VMS: 1.0.0
= i TPC-H: 1143
- Super Widget Model RY01234 'ﬁy 1.7.0
A TPf gZ% T 150
[/ |Répert D‘ne} April 1, 2012
Total System Cost TPC-VMS Throughput Price/Performance ,"' | / Afajability Date
$96,574.00 1,434.2 VMSQphh@ 100GB $ 39.67 USD/VMQphH @ 100GB .)‘ﬁril 1,2012

Measurement Results:

Database Scale Factor

Total Data Storage / Database Size
Start of Database Load

End of Database Load

Database Load Time

Query Streams for Throughput Test
WVMS TPC-H Power

VMS TPC-H Throughput

Total System Price Over 3 Years
VMS TPC-H Price/Performance Metric (

Measurement Intervals:

VM 1 Numerical Quant_«jth\

VMS TPC-H Composite Query-per-Hour Metric {bPhH a 100\/
Q?H 00GB) \

Measwrement Intervals m Throughput T‘e»t_@"\

42}@'12-01-01 210535
= 2012-01-01 235958

=20,757.4 seconds
~7
Duration of Stream Execution: . g
3 —

StreamID |  Segid St;ﬁt-ﬁﬁ?p ,S.Pfil'l Time | Stop Date | Stop Time | Duration
Stream0 | 703235058 /02017 || 74646 | 1712012 | 90006 | 1:1320
Stream01 | 703335959 712012 90006 | 112012 | 141321 | 51315
Stream02 | 703235960 D12012 | 90006 | 112012 | 142653 | 52647
Stream03 / | 703235061 [712012 | 90006 | 112012 | 143409 | 53403
Sieamdd | 703235982 112012 [ 90006 [ 1712012 | 143049 | 53013
/ [reams/” [ 203233064 ] 112012 | 00006 { 112012 | 134142 | 44136
. |-"' Refresk00) [/ nno | 74646 | v1no12 | e0006 | 1:1320
o 1012 | 143400 | 110012 | 143621 | 00212
- Refresh0? 112012 | 143621 | 110012 | 143846 | 00225
Refresi03 12012 | 143846 | 110012 | 144112 | 00226
Refresh0d 12012 | 144112 | 110012 | 144339 | 00227
Refiesh0$ 112012 | 144339 | 110012 | 144604 | 00225
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TPC-VMS: 1.0.0

jtaa Super Widget Model RY01234

Total System Cost | TPC-VMS Throughput Price/Performance |'I |/ / A\'f}ﬂh?ﬂit}f Date
$96,574.00  [2,434.2 VMSQphh@100GB|  § 39.67 USD/VYMQphH@100GB \ J{___./:{pﬁl 1, 2012

VM 1 TPC-H Timing Intervak{in Seconds)~——

Query | Qo1 Q02 Q03 Q04 Q05 Qb6 | Q07 Q08

Stream00 542.0 3] 1ss0] 1723 2isg— 109 1675 1854
Stream01 1060.7] 879 ems] s ruzgp o] 7633] 7440
Stream02 123190 1480 7819 7837 /roo04] O\ b4 6386l 7328
Stream03 11033 3052 s essa)l Lomol  Jugaed 7500 15115
Stream(4 11723 4243] 4007 7004 ‘367 936 5914 23.2
Stream03 12070 4012  s204]  em2e| e <1450 e8] 2774
Min Qi 1.069.7 879l  1521] s07. 7627~ 394  sordl 2776
Max Qi 1207 a2a3]  eiof /o 7s3d] Tz 17io] 7633 15115
Ave Qi 11749 2013]  so3ef/ [ eea7] 0873 1103]  6738] 7378
Query | Qo9 Q10 Q11 | ‘on2 Q13 Q14 Q15 Q16
Stream00 570.6] 1565 A3l 166§ 3494 238 349 86.5

i/

Streamo1 20175 ol 2043 s L1706 sg7.4] 11552 284.5
Stream02 16263 376.0] abas]  2oa8] 11443 17381 12165 3996
Stream03 2453.8] 4238 ~gaiepe. 1762] noa06]  ea23] 14284 2305

Stream04 2.976.6 335.0 2053} /amal 13040 635.0] 1.434.0 25.5

Stream05 22844 3s00f 209 2482 1n1s4a2] a7l 734 25.1
Mm Qi 16263 /o770f ~ 1200  1762] 10406 4712 7345 2305
Max Qi 2076.60 / /423 8]/ BIe|  335.2] 13049 17381 14340 25.5
Ave Qi 24517 [ \3st8| 2511 265a] 11827]  sia8] 11937 3348
Query | Q17 |18 \| 019 Q20 Q21 Q22 RF1 RF2
Stream00 | 27.8]  5%6.9 52.4 69 6135 47.4) 2.9 74.5
Stream01/ | — 368, 7F 3481.2] 1643 873 24823 1162 1.5 89.2
Stream( 5013 a3p7.8] 3848 og.0] 16255 1195 57.8 87.5
Streafn03 a7as] jos2l 3970 4370f 21955 104.7 57.8 88.1
Streqm0d _ 2555] /30548l s402]  146.0] 24829 95.3 57.8 89.1
Strean05 _ 158 /34009 1532 1317 24735 77.1 36.5 88.4]
Min Qi 180 34812 1532 873 16255 77.1 125 87.5
Max Qi | —s943] 4307.8]  s402]  a370] 24829 1195 57.8 89.2
Avg Qi 3702 38575 3279 1800 22519 1026 545 88.5
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