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Overview

This report documents the methodology and resultthe TPC Benchmark™ H test conducted on the HP 8DL&7, in
conformance with the requirements of the TPC Bermk H Standard Specification, Revision 2.13.0. Dperating system
used for the benchmark was Red Hat Enterprise LBerxer; the DBMS was Ingres.

Standard and Executive Summary Statements

The pages following this preface contain the Exeeusummary and Numerical Quantities Summary oblechmark results.

Auditor

The benchmark configuration, environment and methay used to produce and validate the test reamlitisthe pricing model
used to calculate the cost per QphH was audited.doya Livingtree and Steve Barrish, Performance rMdst to verify
compliance with the relevant TPC specifications.

TPC Benchmark H Overview

The TPC Benchmark H (TPC-H) is a decision support benchmark. It ceissof a suite of business oriented ad-hoc quarids

concurrent data modifications. The queries andddta populating the database have been choseavéolinoad industry-wide
relevance while maintaining a sufficient degreea$e of implementation. This benchmark illustratesision support systems
that

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

 TPC-H evaluates the performance of various decisigoport systems by the execution of sets of gsi@against a
standard database under controlled conditions TH@-H queries:

» Give answers to real-world business questions;

« Simulate generated ad-hoc queries(e.g., via a pouhtclick GUI interface);

» Are far more complex than most OLTP transactions;

* Include a rich breadth of operators and selectisitystraints;

* Generate intensive activity on the part of the blase server component of the system under test;
» Are executed against a database complying to sp@apulation and scaling requirements;

» Are implemented with constraints derived from staytlosely synchronized with an on-line productitatabase.

The TPC-H operations are modeled as follows:

The database is continuously available 24 houraya d days a week, for ad-hoc queries from multgaid users and updates
against all tables, except possibly during infredye.g., once a month) maintenance sessions;

The TPC-H database tracks, possibly with some detey state of the OLTP database through on-gopdates which batch
together a number of modifications impacting sorae pf the decision support database;

Due to the world-wide nature of the business daieed in the TPC-H database, the queries and tbatep may be executed
against the database at any time, especially atioel to each other. In addition, this mix of gesrand updates is subject to
specific ACIDity requirements, since queries andatps may execute concurrently;

To achieve the optimal compromise between perfoomamd operational requirements the database atraior can set, once
and for all, the locking levels and the concurmgiteduling rules for queries and updates.
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The minimum database required to run the benchmalds business data from 10,000 suppliers. It égoatalmost ten million
rows representing a raw storage capacity of abdaB1 Compliant benchmark implementations may als® ene of the larger
permissible database populations (e.g. 1000 GBjefised in Clause 4.1.3.

The performance metrics reported by TPC-H measwikiple aspects of the capability of the systenptocess queries. The
TPC-H metric at the selected size (QphH@Size) és pghrformance metric. To be compliant with the T#PGtandard, all
references to TPC-H results for a given configoratnust include all required reporting componeséz (Clause 5.4.7). The TPC
believes that comparisons of TPC-H results measagainst different database sizes are misleadinly discourages such
comparisons.

The TPC-H database must be implemented using a eoomaily available database management system (DBMI& the

queries executed via an interface using dynamic.SQle specification provides for variants of SQE,implementers are not
required to have implemented a specific SQL stahdarfull. TPC-H uses terminology and metrics tha¢ similar to other
benchmarks, originated by the TPC and others. Simharity in terminology does not in any way imglyat TPC-H results are
comparable to other benchmarks. The only benchmesklts comparable to TPC-H are other TPC-H resalispliant with the

same revision.

Despite the fact that this benchmark offers a @nkironment representative of many decision supggstems, this benchmark
does not reflect the entire range of decision stpmuirements. In addition, the extent to whichustomer can achieve the
results reported by a vendor is highly dependenhaw closely TPC-H approximates the customer apptio. The relative
performance of systems derived from this benchmdoks not necessarily hold for other workloads ovirenments.
Extrapolations to any other environment are novmeamended.

Benchmark results are highly dependent upon wodklospecific application requirements, and systenesigh and
implementation. Relative system performance willyvas a result of these and other factors. TheeefoPC-H should not be
used as a substitute for a specific customer agfic benchmarking when critical capacity plannamgl/or product evaluation
decisions are contemplated.

Benchmark sponsors are permitted several possibtera designs, provided that they adhere to theshbebscribed in Clause 6.
A full disclosure report (FDR) of the implementatidetails, as specified in Clause 8, must be maddable along with the
reported results.

General Implementation Guidelines

The purpose of TPC benchmarks is to provide relgw@bjective performance data to industry usersagbieve that purpose,
TPC benchmark specifications require that benchnests be implemented with systems, products, tdobies and pricing
that:

Are generally available to users;

Are relevant to the market segment that the indi@idrPC benchmark models or represents (e.g. TR@bHels and represents
complex, high data volume, decision support envirents);

Would plausibly be implemented by a significant dfnemof users in the market segment the benchmadelsor represents.

Ingres Corporation does not warrant or represent ttat a user can or will achieve performance similard the
benchmark results contained in this report. No waranty of system performance or price/performance is
expressed or implied by this report.
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HP ProLiant DL380 G7

TPC-H Rev 2.13.0
TPC Pricing Rev 1.5.0

Report Date:Feb. 9, 2011
Revision Date:Mar. 1, 201

Total System Cost

Composite Query per Hour Metric

Price/Performance

$94,667 USD

251,561.7

QphH@100GB

$0.38 USD

Price/QphH@100GB

Database Size

Database Manager

Operating System Other Software

Availability Date

100 GB

VectorWise 1.5

Red Hat Enterprise

Linux 6.0 None

3/31/2011

1.4 15.1

—_lmmPower Tes
B Throughput Te:

Arithmetic Mean of Throughput Test
Geometric Mean of Power Test

32 49 66 83

Query times in seconds

100

Database Load Time = 03:16:48

Load Includes Backup: N

Total Data Storage/Database Size = 23.36

Memory/Database Size Percentage = 144.%

Storage Redundancy Level 5+0 for Base Tables, AuyiData Structures, DBMS temporary space, ancdi@SDBMS Software

System Configuration
Number of Nodes:
Processors/Cores/Threads/Type:
Memory:
Disk Drives:

Total Disk Storage
Lan Controllers

1
2/12/12/ Intel X€s680 3.3 Ghz (hyperthreading disabled),
144 GB
16 X 146 GB SAS Disk Drives at 15K RPM
2 HP P410 Smart Arrays w/1G Flash Back Cache Clamt(t built in)
2336 GB
4 X 1GB Ethernet Connctions
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TPC-H Rev 2.13.0
TV d o duml o . TPC Pricing Rev 1.5.0
HNIRSS HP ProLiant DL380 G7
Report Date:Feb. 9, 2011
Revision Date:Mar. 1, 2011
. Reference Extendec 3 yr Maint
Description Part Number Source Price Qty Price Price
Server Hardware
HP DL380G7 SFF CTO Chassis HPDL380C6147-CM-S 2 24,467 1 24,467
HP X5680 DL380G7 FIO Kit included in pkg 2 0 1 0
HP X5680 DL380G?7 Kit included in pkg 2 0 1 0
HP 8GB 2Rx4 PC3-10600R-9 Kit included in pkg 2 0 18 0
HP 8SFF Cage 380G6/G7 Kit included in pkg 2 0 1 0
HP P410 w/1G Flash Back Cache Citrir included inpkg 2 0 1 0
HP 1G Flash Backed Cache Upgrade included in pkg 2 0 1 0
HP 750W CS HE Power Supply Kit included in pkg 2 0 2 0
HP LA1751G 17-Inch Monitor included in pkg 2 0 1 0
HP PS/2 Keyboard And Mouse Bundle included in pkg 2 0 1 0
HP 3y 4h 24x7 ProLiant DL38x HW Support includedbikg 2 0 1 (included)
Subtotal 24,467 0
Storage
HP 146GB 6G SAS 15K 2.5in DP ENT HDD included in pkg 2 0 16 0
Subtotal 0 0
Hardware and Maintenance Discount
Large Purchase and Net 30 Discount* 0% 0 0
Hardware Subtotal 24,467 0
Server Software ]
Ingres VectorWise release 1.5 3-year 1 core licgénse ING-VW-3Y 1 5,000 12 60,000
Ingres VectorWise 1-year maintenance for 1 core** GINW-3Y-MNT 1 500 36 18,000
Ingres discount for 10 or more cores* 10% 1 (6,000) (1,800)
RHEL 1-2 SKT 24x7 3 Year RHN SW included in pkg 2 0 1 0 (included
Subtotal 54,000 16,200
Total 78,467 16,200
*All discounts are based on US list prices andsfamilar quantities and configurations 3-yr Cost of Ownership: 94,667
** These components are not immediately orderaSlee FDR for more information QphH@100GB: 251,562
Source 1=Ingres sales@ingres.com; 2=Trivad 65010H% $/QphH@100GB: 0.38
Audited By: Lorna Livingtree and Steve Barrisbr Performance Metrics, Inc. (www.perfmetrics.gom
Prices used in TPC benchmarks reflect actual peacasstomer would pay for a one-time purchase®tthted components. Individually negotiated
discounts are not permitted. Special prices baseassumptions about past or future purchasesoagemmitted. All discounts refelect standaratiog
policies for the listed components. For complattails, see the pricing sections of the TPC benckisiecifications. If you find the stated prices not
available according to these terms, please infbenTPC at pricing@tpc.org. Thank you.
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TPC-H Rev 2.13.0

TV ad s Sl a . TPC Pricing Rev 1.5.
NGRSO HP ProLiant DL380 G7

Report Date:Feb. 9, 201
Revision Date:Mar. 1, 201

Measurement Results

Database Scaling (SF/size) 100
Total Data Storage/Database Size 23.36
Memory/Database Size Percentage 144.00%

02/04/11 00:51:31
02/04/11 04:08:19

Start of Database Load Time
End of Database Load Time

Database Load Time 3:16:48
Query Streams for Throughput Test (S) 11
TPC-H Power 257,142.9
TPC-H Throughput 246,101.7
TPC-H Composite Query-per-Hour Metric (QphH@100GB) 51561.7
Total System Price Over 3 Years 94,667
TPC-H Price/Performance Metric ($/QphH@100GB) 0.38
Measurement Intervals
Measurement Interval in Throughput Test (Ts) 354

Duration of Stream Execution:

(&)

Seed Query Start Time Duration (sec) RF1 Start Time RF2 Start Time
Power Query End Time RF1 End Time RF2 End Time
RN | 204040810| 020010002 a4 0210411 10:46:03] G2IDA1 10:48:45
Tt | st [ ] ouaton e
. 20040820 | oot sosadg %
: 20040821 | oot s0sanf %2
. 20040822 | oot a0 %20
4 20040823 | oot s0sagh O
: 20040824 | oot s0sagh 5
: 20040825 | oot s0sach O
: 20040826 | ot a0z O
: 20040827 | ioant a0sach 5
. 20040828 | oot s0saay 23
10 | 200000820 | oinyosach 5
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TPC-H Rev 2.13.0

T P and o Yt ang ) TPC Pricing Rev 1.5.
HNUINT O HP ProLiant DL380 G7

Report Date:Feb. 9, 201
Revision Date:Mar. 1, 201

Duration of Stream Execution (Continued):

Throuput Query Start and
Stream Seed End Times
02/04/11 10:48:5
02/04/11 10:54:29
02/04/11 10:48:5
RFs
02/04/11 10:54:1%

Duration (sec)

11 204040830 339

322
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TPC-H Rev 2.13.0
iR i~y —c ] TPC Pricing Rev 1.5.0
N IJIN=S HP ProLiant DL380 G7
Report Date:Feb. 9, 2011
Revision Date:Mar. 1, 2011
TPC-H Timing Intervals (in seconds)
Duration of stream execution:

Stream ID Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12
Stream 00 1p 11 o}7 d1 32 A D.9 1.1 7.9 2.5 0.6 0.4
Stream 01 204 31 A1 q.1 4.7 D.7 13.0 8.5 B6.9 D1.9 2.2 2.3
Stream 02 28 2|3 20 1.3 1$.1 D.4 7.0 10.1 8.7 9.3 4.2 45
Stream 03 22 3o 09 12 19.3 1.7 7.8 7.3 /5.6 9.7 4.4 2.1
Stream 04 33JL 2|6 12 11 .8 .5 5.6 6.9 1.6 19.1 3.6 4.4
Stream 05 24 2|9 119 12 19.8 1.5 6.8 8.8 B3.8 13.0 4.2 4.3
Stream 06 248 10[3 15 13 .3 1.2 1o.2 3.9 7.0 6.4 3.6 4.6
Stream 07 2510 ols 12 d.9 1$.1 D.5 3.4 7.0 B5.7 5.6 7.9 0.6
Stream 08 24 1lo 29 4.4 .6 .4 B.4 11.9 B5.4 18.6 1.1 4.9
Stream 09 2814 2|3 119 1.4 11.8 1.2 3.8 7.3 1.9 6.2 2.1 7.6
Stream 10 26 2|1 147 1.0 .9 D.4 4.3 6.9 1.4 12.1 1.9 45
Stream 11 24 43 117 11 12.0 1.3 1.0 9.0 B0.9 12.0 2.2 2.4
Min 1.9 0.9 0.1 0.1 1p oj ol9 11 1.9 .5 D.6 0.4
Max 33.1 10. 2.p sk 131 17 13.0 1.9 43.8 21.9 7.9 7.6
Average 23.7 3h 1l6 1)3 d1 1.0 .1 7.4 15.2 3.0 3.2 3.6

Stream ID Q13 Q14 Q15 Q16 Q17 Q18 Q19 Q20 Q21 Q22 RF RF2
Stream 00 8p oo ol6 1.3 8 .9 1.5 1.4 3.7 1.6 11.3 2.9
Stream 01 59 6|6 46 13.4 1B.1 2.9 14.6 2.2 31.6 7.1 20.7 6| 6
Stream 02 2811 6|6 A6 13.8 1B.6 .7 15.7 3.1 38.3 6.7 184 2| 6
Stream 03 67p 6|7 54 42 3 2B.5 16.9 2.9 B2.4 7.2 17.5 6.3
Stream 04 26J7 713 57 14.9 11.2 P.0 14.8 8.0 3.1 8.9 215 6| 6.
Stream 05 398 4l6 A1 11.8 1.2 26.9 37.2 9.8 30.4 8.0 20.6 .8 10
Stream 06 468 8|1 20 13.4 1B.3 2.8 j0.4 3.5 30.3 11.4 23.0 6.7,
Stream 07 64 11 016 45 1$.6 2.2 9.4 8.6 B3.2 7.4 19.5 7.3
Stream 08 25p 3le 55 21.3 115 10.4 15.8 3.6 37.3 6.0 246 5 6
Stream 09 28p 7|0 45 19.5 3 1B.7 15.4 7.6 D7.1 10.0 254 5| 8.
Stream 10 5011 71 30 20.0 10.3 M4 15.2 1.4 36.6 6.6 244 | 8
Stream 11 683 711 145 13.2 .8 2f7.5 14.8 8.3 D8.9 8.3 22.2 7.7
Min 8.0 0.9 0.4 1. 0.p 4lo 1|5 14 3.7 .6 1.3 2.9
Max 68.3 8.1 5.1 218 13|6 34.0 21.2 1B.6 38.3 1.4 D5 .4 10.8
Average 43.% 5p 3 1117 48 2%.6 1.1 10.0 $0.2 7.4 20.8 7.1
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0 General Items

0.1 Benchmark Sponsor
A statement identifying the benchmark sponsor(d)aher participating companies must be provided.

Ingres Corporation is the test sponsor of this Bé@chmark H benchmark.

0.2 Parameter Settings

Settings must be provided for all customer-tunglaleameters and options which have been changedtherdefaults found in
actual products, including but not limited to:

Database Tuning Options

Optimizer/Query execution options

Query processing tool/language configuration patarse

Recovery/commit options

Consistency/locking options

Operating system and configuration parameters

Configuration parameters and options for any ofioffware component incorporated into the pricimgctre;
Compiler optimization options.

The Supporting Files Archive contains the Operafiggtem and DBMS parameters used in this benchmark.
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0.3 Configuration Diagrams

Diagrams of both measured and priced configurationst be provided, accompanied by a descripticheflifferences.
Both the priced and measured configrations arsdnee (HP DL380 G7)

2 x Intel Xeon X5680 CPU’'s @3.3 GHz
144 GB Memory
16 x 146 GB 15K RPM SAS Drives

4 x 1GB Ethernet Connections
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1 Clause 1 Logical Database Design Related Items

1.1 Database Definition Statements

Listings must be provided for all table definitistatements and all other statements used to stteufest and qualification
databases.

The Supporting Files Archive contains the scripts define, create, and analyze the tables anddador the TPC-H database.

1.2 Physical Organization

The physical organization of tables and indiceshinithe test and qualification databases, mustliselosed. If the column
ordering of any table is different from that speifin Clause 1.4, it must be noted.

No record clustering or index clustering was usgalumns were not reordered in the tables.

1.3 Horizontal Partitioning
Horizontal partitioning of tables and rows in thest and qualification databases (see Clause 1raubt be disclosed.

No horizontal partitioning was used

1.4 Replication
Any replication of physical objects must be disetband must conform to the requirements of Clausé.1

No replication was used.
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2 Clause 2 Queries and Refresh Functions

2.1 Query Language
The query language used to implement the queries pavidentified.

SQL was the query language used to implement alligst

2.2 Verifying Method for Random Number Generation

The method of verification for the random numberagation must be described unless the supplied DB&#kd QGEN were
used.

TPC supplied versions 2.13.0 of DBGEN and QGEN wsed for this TPC-H benchmark.

2.3 Generating Values for Substitution Parameters

The method used to generate values for substitptimameters must be disclosed. If QGEN is not fmethis purpose, then
the source code of any non-commercial tool used brudisclosed. If QGEN is used, the version nupmbkase number,
modification number, and patch level of QGEN muastlisclosed.

QGEN version 2.13.0 was used to generate the tutimti parameters.

2.4 Query Text and Output Data from Qualification Database

The executable query text used for query validatimst be disclosed along with the correspondingutudata generated
during the execution of the query text againstghalification database. If minor modifications (®kuse 2.2.3) have been
applied to any functional query definition or appeal variants in order to obtain executable quert,tthese modifications
must be disclosed and justified. The justificafimna particular minor query modification can appigllectively to all queries
for which it has been used. The output data fompibmrer and throughput tests must be made avaikleletronically upon
request.

The Supporting Files Archive contains the actuarguext and query output.

2.5 Query Substitution Parameters and Seeds Used

The query substitution parameters used for allgenfince tests must be disclosed in tabular foradatyg with the seeds used
to generate these parameters.

The Supporting Files Archive contains the seedquraty substitution parameters.

2.6 Query Isolation Level

The isolation level used to run the queries mustibelosed. If the isolation level does not magsely to the levels defined in
Clause 3.4, additional descriptive detail must bevirled.

The queries and transactions were run with “Snagsbtation”.

2.7 Source Code of Refresh Functions

The details of how the refresh functions were imgleted must be disclosed (including source codayhon-commercial
program used).

The source code for the refresh functions is inetlith the Supporting Files Archive.

TPC Benchmark H™ Full Disclosure Report for HP BQ357 — March 1, 2011
4



3 Clause 3 Database System Properties

3.1 ACID Properties

The ACID (Atomicity, Consistency, Isolation, and-&@hility) properties of transaction processing ®ms must be supported
by the system under test during the timed porticthis benchmark. Since TPC-H is not a transacfiomcessing benchmark,
the ACID properties must be evaluated outsideithed portion of the test.

Source code for ACID test is included in the Sufipg Files Archive.

3.2 Atomicity

The system under test must guarantee that tramsectire atomic; the system will either performiradlividual operations on
the data, or will assure that no partially compléteperations leave any effects on the data.

Completed Transaction

Perform the ACID Transaction for a randomly seldcset of input data and verify that the appropriede/s have been
changed in the ORDERS, LINEITEM, and HISTORY tables

1. The total price from the ORDERS table and the edeéemrice from the LINEITEM table were retrieved éorandomly
selected order key.

The ACID Transaction was performed using the okdgrfrom step 1.
The ACID Transaction committed.

4. The total price from the ORDERS table and the edéerprice from the LINEITEM table were retrieved fbe same
order key. It was verified that the appropriate sdvad been changed.

Aborted Transaction

Perform the ACID Transaction for a randomly selécset of input data, substituting a ROLLBACK ofttla@saction for the
COMMIT of the transaction. Verify that the apprais rows have not been changed in the ORDERS, TEM¥] and
HISTORY tables.

1. The total price from the ORDERS table and the ede€erprice from the LINEITEM table were retrieved forandomly
selected order key.

The ACID Transaction was performed using the ok@dgrfrom step 1. The transaction was stopped poithhe commit.
The ACID Transaction was ROLLED BACK.

The total price from the ORDERS table and the edgemrice from the LINEITEM table were retrieved foe same
order key. It was verified that the appropriate sdvad not been changed.

3.3 Consistency

Consistency is the property of the application tresfuires any execution of transactions to takeddabase from one
consistent state to another.

Consistency Test

Verify that ORDERS and LINEITEM tables are inifadonsistent, submit the prescribed number of AGi&hsactions with
randomly selected input parameters, and re-veh&/donsistency of the ORDERS and LINEITEM.

1. The consistency of the ORDERS and LINEITEM tables werified based on a sample of order keys.
2. 100 ACID Transactions were submitted from eachSoé®gecution streams.
3. The consistency of the ORDERS and LINEITEM tables we-verified.

3.4 Isolation

Operations of concurrent transactions must yielsutes, which are indistinguishable from the resulthich would be obtained
by forcing each transaction to be serially executedompletion in some order.
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Read-Write Conflict with Commit

Demonstrate isolation for the read-write confliéteoread-write transaction and a read-only transantwhen the read-write
transaction is committed.

1. An ACID query was run with randomly selected valtmsO_KEY, L_KEY and DELTA to get the initial vaéufor
O_TOTALPRICE

2. An ACID Transaction was started using the randodsiglected values from step 1. The ACID Transactias
suspended prior to COMMIT.

3. An ACID Query was started for the same O_KEY usestép 1. The ACID Query ran to completion but nid see any
uncommitted changes made by the ACID Transaction.

The ACID Transaction was resumed, and COMMITTED.
The ACID Query was run again to verify that thentaction updated O_TOTALPRICE.

Read-Write Conflict with Rollback

Demonstrate isolation for the read-write confli¢teoread-write transaction and a read-only transantwhen the read-write
transaction is rolled back.

1. An ACID Query was run for a randomly selected O_KEYKEY and DELTA to get the initial value for
O_TOTALPRICE.

2. An ACID Transaction was started using the valuéscsed in step 1.. The ACID Transaction was suspdmtior to
ROLLBACK.

3. An ACID Query was started for the same O_KEY usestép 1. The ACID Query ran to completion but wiid see the
uncommitted changes made by the ACID Transaction.

4. The ACID Transaction was ROLLED BACK.
The ACID Query completed was run again to verigtth TOTALPRICE was unchanged from step 1..

Write-Write Conflict with Commit

Demonstrate isolation for the write-write conflafttwo update transactions when the first transatis committed.

Two tests were run, the first with a transactiost @OMMITS and the second with a transaction tHat BS BACK
Results from the first test were as follows:

1. An ACID Query was run for a randomly selected O_KEYKEY and DELTA to get the initial value for
O_TOTALPRICE.

2. An ACID Transaction, T1, was started with the valused in stp 1. The ACID transaction T1 was supeprior to
COMMIT.

3. Another ACID Transaction, T2, was started usingghme O_KEY and L_KEY used in step 1 and a randaeiligcted
DELTA.

T2 COMMITTED and completed normally.

T1 was allowed to commitand revecived an errog tas expected due to the “Snapshot Isolationsahy the DBMS.
This is also known as “First Committer Wins” .

6. The ACID Query was run to verify that O_ TOTALPRI®@Es the value from T2.

Results from the second test were as follows:

1. An ACID Query was run for a randomly selected O_KEYKEY and DELTA to get the initial value for
O_TOTALPRICE.
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2. An ACID Transaction, T1, was started with the valused in stp 1. The ACID transaction T1 was suspeprior to
COMMIT.

3. A Second ACID transaction, T2, was started withgame O_KEY and L_KEY as step 1 and a differente/dbr
DELTA.

T2 ROLLED BACK and completed.
T1 resumed and completed normally.
6. The ACID Query was run to verify the database wadated with the values from T1 and not T2.

Write-Write Conflict with Rollback

Demonstrate isolation for the write-write conflafttwo update transactions when the first transacis rolled back.

Two tests were run, the first with a transacticst @OMMITS and the second with a transaction tHat BS BACK
The results from the first test were as follows:

1. An ACID Query was run for a randomly selected O_KEYKEY and DELTA to get the initial value for
O_TOTALPRICE

2. An ACID Transaction, T1, was started for a randomsing the values from step 1. The ACID transaclidrwas
suspended prior to ROLLBACK.

Another ACID Transaction, T2, was started usingsaime O_KEY and L_KEY and a randomly selected DELTA
T2 completed normally.

T1 was allowed to ROLLBACK.

It was verified that O_ TOTALPRICE was from T2..

o a0k~ w

The results from the second test were as follows:

1. An ACID Query was run for a randomly selected O_KEYKEY and DELTA to get the initial value for
O_TOTALPRICE.

2. An ACID Transaction, T1, was started with the samaleies as from step 1. T1 suspended prior to COMMIT
3. Another ACID Transaction, T2, was started.and it RED BACK its updates and completed normally.

4. T1 resumed and COMMITED its updates.

5. An ACID Query was run to verify thaqt O_ TOTALPRIG#as the value from T1 and not T2.

Concurrent Progress of Read and Write on DifferenfTables
Demonstrate the ability of read and write transans affecting different database tables to makgss concurrently.

1. An ACID Query was run for a randomly selected O_KEYKEY and DELTA to get the initial value for
O_TOTALPRICE.

An ACID Transaction, T1, was started with the valfrom step 1. T1 was suspended prior to COMMIT.

3. A query was started using random values for PS_R@&RTand PS_SUPPKEY, all columns of the PARTSU P Retédr
which PS_PARTKEY and PS_SUPPKEYy are equal arerreturThe query completed normally.

4. T1 was allowed to COMMIT.
It was verified that O_ TOTALPRICE had been chaniged'1..

Read-Only Query Conflict with Update Transactions
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Demonstrates that the continuous submission ofraryi (read-only) queries against one or more tabdd the database does
not indefinitely delay update transactions affegtihose tables from making progress.

1. A Stream was submitted that executed Q1 20 timasraw with a delta of O to ensure that each quanyas long a
possible.
An ACID Transaction, T1, was started for a randosglected O_KEY, L_KEY and DELTA.
T1 completed and it was verified that O_TOTALPRI®&s updated correctly.
4. The stream submitting Q1 finished..
3.5 Durability

The tested system must guarantee durability: thigyato preserve the effects of committed trangenst and insure database
consistency after recovery from any one of theifad listed in Clause 3.5.3.

Failure of a Durable Medium

Guarantee the database and committed updates asepred across a permanent irrecoverable failurargf single durable
medium containing TPC-H database tables or recol@gytables.

The consistency of the ORDERS and LINEITEM tables werified using 120 randomly chosen values for
O_ORDERKEY.

At least 100 ACID transactions were submitted frb?rstreams.

A randomly selected disk drive was removed from3h& and the SUT comtimued to process work unthestream had
submitted 300 transactions.

An analysis of the transaction start and end tifras each stream showed that there was at leaahgdctioon in-flight at
all times.

An analysis of the HISTORY table showed that alitef values used for O_ ORDERKEY in step 1 were lgesbme
transaction in step 2.

An analysis of the success file and the HISTORYetabowed that all entries in the HISTORY table hambrresponding
entry in the success file and that every entrjhheduccess file had a corresponding entry in tI&ETBIRY table.

System Crash

Guarantee the database and committed updates &asepred across an instantaneous interruption (syst@sh/system hang)
in processing which requires the system to rebmoétover.

The system crash and memory failure tests were cwmdbFirst the consistency of the ORDER and LINEiITtables was
verified. Then transactions were submitted fronstt8ams, once the driver script indicated thattt@@sactions had been
submitted from each stream power to the SUT wasvenhby turning off the switch to the power stiphen power was
restored to the SUT, the system rebooted and tiadase was restartethe HISTORY table and success files were
compared to verify that every record in the HISTORle had a corresponding record in the succlesarid that each
record in the success file had a correspondingy émthe HISTORY table. The consistency of the OR3and
LINEITEM tables was then verified again.

Memory Failure

Guarantee the database and committed updates asepred across failure of all or part of memonsf®f contents).

See “System Crash”

Disk Durability

First the consistency of the ORDER and LINEITEMI¢zbwvas verified. Then 12 streams were used to §E00
transactions to the SUT. Once the driver scripicaegd that at least 100 transactions had beenitedrfrom each stream
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a randomly selected disk drive was removed. The 8afifinued to process work until all 300 transattibad completed
from all 12 streams. The the start and end timegsafor every transaction in each stream were aadljo verify that
there was always at least 1 in-flight transactiimen the HISTORY table and success files were cosapt verify that
every record in the HISTORY table had a correspogdécord in the success file and that each reicaifte success file
had a correcponding entry in the HISTORY table. Tbesistency of the ORDERS and LINEITEM tables tieesh
verified again.
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4 Clause 4 Scaling and Database Population

4.1 Ending Cardinality of Tables

The cardinality (e.g., the number of rows) of etaltie of the test database, as it existed at timeptetion of the database load
(see clause 4.2.5) must be disclosed.

Table Cardinality
Region 5

Nation 25

Supplier 1,000,000
Partsupp 80,000,000
Customer 15,000,000
Orders 150,000,000
Lineltem 600,037,902
Part 20,000,000

4.2 Distribution of Tables and Logs Across Media

Distribution of tables and logs across media:

The SUT has 16 physical disk drives which appedinédOS as 2 logical drives. Each logical drivRAD 5 array across 8
physical drives. There are 4 partitions, 3 of whack pair-wise combined into RAID-0 logical volumes

Database (/ivw): executable files, database fdes, database transaction logs.
Home (/home): all user files including benchmariigs.

Scratch (/scratch): not used in this benchmark.

OS: RHEL 6 Installation

Each partition, execpt the OS is spread across®AtD arrays. The OS partition is on a single RAdbay.
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4.3 Database Partition/Replication Mapping
The mapping of database partitions/replications nogsexplicitly described.

No database partitioning or replication was used

4.4 RAID Feature

Implementation may use some form of RAID to ertsigteavailability. If used for data, auxiliary stme (e.g. indexes) or
temporary space, the level of RAID must be disdidseeach device.

RAID 5+0 storage was used, the RAID configuratienéscribed in 4.2

45 DBGEN Modification

Any modifications to the DBGEN (see clause 4.2jce code must be disclosed. In the event thabgram other than
DBGEN was used to populate the database, it mudidotosed in its entirety.

The supplied DBGEN version 2.13.0 was modified (gfes made to a header file) to generate the datgimgmilation for this
benchmark. This header file is included in the suipipg files archive.

4.6 Database Load Time
The database load time for the test database (sese 4.3) must be disclosed.

The database load time is disclosed in the ExeeBivmmary at the beginning of this Full DisclosReport.

4.7 Data Storage Ratio

The data storage ratio must be disclosed. It ismated as the ratio between the total amount ofgatidisk space, and the
chosen test database size as defined in Claus& 4.1.

The data storage ratio is computed from the follganformation:

Type Number Size
6Gb SAS 15k RPM 16 146G
TOTAL 2336GB
Scale Factor 100
Size ratio 23.36

4.8 Database Load Mechanism Details and Illustration
The details of the database load must be describelliding a block diagram illustrating the overgltocess.

The database was loaded using flat files storeginoen NFS server not included in the priced comégan

Disk Init Create Create Load Optimize Ready
and Database Indicies all all to Run
RAID » and > »| tables » database >
array Tables from tables
creation flat

files

4.9 Qualification Database Configuration
Any differences between the configuration of theification database and the test database mustibeosed.
The qualification database used identical scriptséate and load the data with changes to adjushé database scale factor.
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4.10 Memory to Database Size Percentage
The memory to database size percentage, as defirdause 8.3.5.10, must be disclosed.

The memory to database size percentage is discioskd Executive Summary at the beginning of Bu#l Disclosure Report.
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5 Clause 5 Performance Metrics and Execution-Rules

5.1 System Activity Between Load and Performance Tests

Any system activity on the SUT that takes placedsst the conclusion of the load test and the béuinof the performance test
must be fully disclosed.

Auditor requested script was run to display thedied that had been created on the database.

All scripts and queries used are included in theg®uting Files Archive.

5.2 Steps in the Power Test
The details of the steps followed to implemenptheer test (e.g., system boot, database restar), must be disclosed.

The following steps were used to implement the pdest:
1. RF1 Refresh Transaction

2. Stream 0 Execution
3. RF2 Refresh Transaction
5.3 Timing Intervals for Each Query and Refresh Functians
The timing intervals for each query for both refréanctions must be reported for the power test.

The timing intervals for each query and both updiatetions are given in the Executive Summary eaifi this document.

5.4 Number of Streams for the Throughput Test
The number of execution streams used for the timowigtest must be disclosed.

11 streams were used for the throughput test.

5.5 Start and End Date/Time of Each Query Stream
The start time and finish time for each query stmeaust be reported for the throughput test.

The throughput test start time and finish timedach stream are given in the Executive Summarieeanlthis document.

5.6 Total Elapsed Time of the Measurement Interval
The total elapsed time of the measurement intenest be reported for the throughput test.

The total elapsed time of the throughput testvgigiin the Executive Summary earlier in this docaoine

5.7 Refresh Function Start Date/Time and Finish Date/Tine
Start and finish time for each update functionhia tipdate stream must be reported for the througtgst.

Start and finish time for each update functionhi@ tipdate stream are given in the Executive Summeetier in this document.

5.8 Timing Intervals for Each Query and Each Refresh Function for Each Stream
The timing intervals for each query of each streard for each refresh function must be reportedtierthroughput test.

The timing intervals for each query and each upftiatetion are given in the Executive Summary eaifighis document.

5.9 Performance Metrics
The computed performance metric, related numergoahtities and price performance metric must beortgal.

The performance metrics, and the numbers, on wthigh are based, is given in the Executive Summarijee in this document.
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5.10 The Performance Metric and Numerical Quantities fran Both Runs

The performance metric and numerical quantitiesnfilmoth runs must be disclosed.

Performance results from the first two executiofithe TPC-H benchmark indicated the following peradifference for the

metric points:

Qpph@100GB QthH@100GB | QphH@100GB
Reported Run 2571429 246101.7 251561.7
Reproducibility Run 257142.9 2525217 25482[.8
% Difference 0% 2.619 1.3%

5.11 System Activity Between Performance Tests
Any activity on the SUT that takes place betweerctimclusion of the Reported Run and the beginaiifeproducibility Run

must be disclosed.

There was no activity on the SUT between the reglorin and reproducibility run.

5.12 Dataset Verification

Verify that the rows in the loaded database after performance test are correct by comparing somalsxaumber of rows

extracted at random from any two files of the cep@nding Base, Insert and Delete reference datéilestfor each table and the

corresponding rows of the database.

Verified according to the specification.

5.13 Referential Integrity

Verify referential integrity in the database aftbe initial load.

An auditor supplied script was to verify referehirdegrity.
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6 Clause 6 SUT and Driver Implementation Related Itera

6.1 Driver

A detailed description of how the driver perforrissfunctions must be supplied, including any relaeurce code or scripts.
This description should allow an independent retmesion of the driver.

The supporting files archive contains the scriptg tvere used to implement the driver.

The power test is invoked through the script potest.sh. It start the stream 0 SQL script alondp Wit refresh functns such
that:

» The SQL for RF1 is submitted and executed bydtitabase

» Then the queries as generated by QGEN are swhiittthe order defined by Clause 5.3.5.4

e The SQL for RF2 is then submitted from the sam@nection used for RF1 and executed by database

The Throughput test is invoked through the schipptighput_test.sh. This script then ititiates &lhe SQL streams and the
refresh stream.

6.2 Implementation-Specific Layer (ISL)

If an implementation specific layer is used, thetetailed description of how it performs its fupas must be provided. All
related source code, scripts and configurationsfireust be disclosed. The information provided ghbalsufficient for an
independent reconstruction of the implementatiacHie layer.

There was no Implementation Specific Layer.

6.3 Profile-Directed Optimization
If profile-directed optimization as described inaGée 5.2. is used, such use must be disclosed..

Profile-directed optimization was not used.
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7 Clause 7 Pricing

7.1 Hardware and Software Used in the Priced System

A detailed list of hardware and software used i phiced system must be reported. Each item mwst Y'andor part number,
description, and release/revision level, and eitheneral availability status or committed deliveigte. If package pricing is
used, contents of the package must be disclosaingsource(s) and effective date(s) of price(asnalso be reported.

A detailed list of hardware and software used eanghced system is included in the pricing she¢h@aexecutive summary. All
prices are currently effective.

7.2 Total Three Year Price

The total 3-year price of the entire configuratioust be reported including: hardware, software, amaintenance charges.
Separate component pricing is recommended. The bésil discounts used must be disclosed.

A detailed pricing sheet of all the hardware anftigre used in this configuration and the 3-yeaimtesmance costs,
demonstrating the computation of the total 3-ye#@repof the configuration, is included in the exiéeoei summary at the
beginning of this document.

7.3 Availability Date

The committed delivery date for general availapitf products used in the priced calculations nigsteported. When the
priced system includes products with different Emlity dates, the reported availability date fitre priced system must be the
date at which all components are committed to lzlavle.

Server Hardware Currently Available
Server Software Currently Available
Storage Currently Available
Ingres VectorWise 1.5 Available 3/31/2011
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8 Clause 8 Full Disclosure

8.1 Supporting Files Index Table

An index for all files included in the supportinig$ archive as required by Clauses 8.3.2 mustrbeiged in the report.

Clause Description Archive File Pathname
Device setup benchmark_scripts.zip | scripts/ingres_vectorwise/sysinfo/disk
Installation and . . . . . . . "
X R benchmark_scripts.zip | scripts/ingres_vectorwise/sysinfo/install_*.txt
Clause 1 configuration
OS Tunable Parameters | benchmark_scripts.zip | scripts/ingres_vectorwise/sysinfo/sysctl.conf
. . . . scripts/ingres_vectorwise/ddl/create_*.sql
DB creation scripts benchmark_scripts.zip scripts/ingres_ vectorwise/ create.db.sh
Clause2 | QGen Modifications benchmark_scripts.zip | tpch_tools/tped.h
- - - —
ACID Test scripts benchmark_scripts.zip scr%pts/%ngres_vectorW}se/ac%d/ sh . .
Clause 3 scripts/ingres_vectorwise/acid/{atom cons iso dur}/*.sh
ACID Test Results benchmark_scripts.zip | scripts/ingres_vectorwise/acid/{atom cons iso dur}/*output
?elslzﬁilcatlon db load benchmark_scripts.zip | scripts/ingres_vectorwise/output/7
Qualification db . . . . .
validation results benchmark_scripts.zip | scripts/ingres_vectorwise/output/8
Clause 4
DBGEN Modifications benchmark_scripts.zip | tpch_tools/tped.h
Database Load Scripts benchmark_scripts.zip | scripts/ingres_vectorwise/load_test.sh
Test db Load results benchmark_scripts.zip | scripts/ingres_vectorwise/output/9
Run 1 (10 performance scripts/ingres_vectorwise/output/10
run, 11 power, 12 runlresults.zip scripts/ingres_vectorwise/output/11
throughput) scripts/ingres/vectorwise/output/12
Clause 5
Run 2 (10 performance scripts/ingres_vectorwise/output/10
run, 13 power, 14 runlresults.zip scripts/ingres_vectorwise/output/13
throughput) scripts/ingres/vectorwise/output/14
scripts/ingres_vectorwise/run_perf.sh
Clause 6 | implementation scripts benchmark_scripts.zip scr%pts/%ngres_vectorW}se/performance_test.sh
scripts/ingres_vectorwise/power_test.sh
scripts/ingres_vectorwise/throughput_test.sh
Clause 7 n/a n/a n/a
Executable query test benchmark_scripts.zip |[scripts/ingres_vectorwise/output/*/queries/stream*/*.sql
Query substitution . . scripts/ingres_vectorwise/output/*/queries/stream*/*_param
Clause 8 parameters and seeds benchmark_scripts.zip scripts/ingres_vectorwise/output/*/*test_report.txt
RF function source code [benchmark_scripts.zip [scripts/ingres_vectorwise/*rf*
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9 Clause 9 Audit Related Items

9.1 Auditor's Report

The auditor’'s agency name, address, phone numbdrAttestation letter with a brief audit summarpoe indicating
compliance must be included in the full discloseort. A statement should be included specifyihg % contact in order to
obtain further information regarding the audit pexs.

This implementation of the TPC Benchmark H was &adby Lorna Livingtree and Steve Barrish for Perfance Metrics.
Further information regarding the audit process imaypbtained from:

Performance Metrics
Box 984

Klamath, CA 95548
707-482-0523
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February 9, 2011

Mr. Dan Koren

Ingres Corporation Suite 200
500 Arguello Street
Redwood City, CA 94063

I have verified on-site and remote the TPC BenchiiYaH for the following configuration:

Platform: HP ProLiant DL385 G7
Database Manager: VectorWise R1.5
Operating System: Red Hat Enterprise Linux 6.0
CPU’s Memory Total Disks QppH@100GH  QthH@100GB  QEMHDOGB
2 Intel Xeon 144 GB 16@146 GB 257,142.0 246,101.7 251,561.7
@ 3.3 Ghz

In my opinion, these performance results were predun compliance with the TPC requirements foribechmark. The
following attributes of the benchmark were giveeapl attention:

e The database tables were defined with the prodanuts, layout and sizes.

* The tested database was correctly scaled and pgedutar 100GB using DBGEN. The version of DBGEN was
2.13.0.

» The data generated by DBGEN was successfully caedparreference data.
e The qualification database layout was identicahtotested database except for the size of the file
» The query text was verified to use only compliaatiants and minor modifications.

* The executable query text was generated by QGENualmchitted through a standard interactive interfate
version of QGEN was 2.13.0.

e The validation of the query text against the qiadiion database produced compliant results.

e The refresh functions were properly implemented exetuted the correct number of inserts and deletes
* The load timing was properly measured and reported.

* The execution times were correctly measured anofrteg.

e The performance metrics were correctly computedrapdrted.

* The repeatability of the measurement was verified.

* The ACID properties were successfully demonstratediverified.

» The system pricing was checked for major componamtismaintenance.

e The executive summary pages of the FDR were vdrfie accuracy.
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Auditor’s Notes:

1. This benchmark was run with DBGen version 2.13 Wwikcknown to generate part.p_name differentlydifierent
degrees of parallelism. When verifying the refeeedata as required by clause 9.2.4.3, the partrpe wlifferences
were ignored in compliance with motion 20110111f&he TPC-H committee.

2. This database uses a modified MVCC locking schesngeamitted by clause 3.4.2. Consequently isolgtsts #3
and #4 did not complete as described in the spedid correctly demonstrated the isolation lewgjuired.

3. Allisolation tests were executed on the scaleofat00 database as permitted by TAB motion in FagB¢388.

Sincerely,
. = ) ’
%ﬁm %w%@ = m’ \ SO 7.
and
Lorna Livingtree Steve Barrish
Auditor

T TRAHSACTION PROCESSING
PERFORMANGE COUNGIL

CERTIFIED AUDITOR
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Appendix A

Price Quotes

1065 B, Hillsdole Bhed,, Suim 320

Feator Oy, 20, 34404
st TRIVAD GOT

Cempany:  bngres

A TRIVAD

AR Lauigl 04 Grande

Quots & 110134
Project: HP DL3gS

P

ane: 850 3301058
Fax. 850258 1858

[Cate;
F.08,;

LTI Expiration!

B0

Clrigmn

Terms:

Het 30

Shipping Methad;

Tax:

|E:I. Dielivary:

Sales Rep;

derma Lim

[Fin

Creseription

Oty.

Unit Cost

Extended|

HPDLIBMCEIAT-OM-5

Thia guate s walid for 90 cays
This pricing ie available (o ANY CUETOMES

HP DL3IB0GT SFF STO Shassis

HP XE4B0 DLASIST FIC K

HP XEAR0 DLASOET K

4P BQE 2Rxd PCI-10GCORA Kit

=P BSFF Cage 30048T Wit

HP P42 w1Q Flash Back Cache Cirr

HP 10 Flash Backed Cache Uoprade

HP TECW ©S HE Power Suoply KA

HP LA1TE13 17-lnch Manitar

HP P22 Keyboard nd Mowsse Bunde

HIP 3y 48 2457 Praloand DLA2Kx HW Suppart
HP 14606 80 A% 15K 2.8n 0P ENT HDO
RHEL 1-2 SKT 2447 3 Year RHN SW
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Sgnaiure

S28, 457 00

Total

24 457,00

$24 46T 00




Ingres Corporation Order Mumber: 10-12804

INGRES 500 Arguell_u Street Suite 200 Account Number: 123456
Redwood City, CA 940632 Agreament ID:
Drder’ United States Payment Terms: Net 30
. - Partner:
Confirmation Phone: (650) 587-5500

Fax: (650) 649-2358

Massage:

'I S Kll\."’n’\l. irgres.com

PREPARED FOR (BILL TD I TO

ING- 3 year licensa, Z0-Juna- 29-Jume- "
VW-37 |minimum B cores 2011 2014 CORE 12§ UsD 5,000 10 ) USD 54,000
e 1 year professional

TNG-

e :..._|.-. £, 10%% af 30-Juna- 29-Jume- i~ - =y & S0 16 7
:1I::T3 &, minifmum 8 2011 2014 CORE 6 usD 5oa Lof =t 16,200

oores

Grand uso
Total: 70,200

*Fees herein are exclusive of taves, withholding, levies, imposis, and dufies (“Taves™), and
Custom er, not Ingres, is responsible for any such Taxes,
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