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Legal Notice

The TPC reservesall right, title, and interest to th is document and associated source codeas 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 0 A$ SAND WITH ALL FAULTS, AND THE AUTHORS AND DEVELOPERSOF 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
COMPLETENESSOF RESPONSESOF RESULTS,OF WORKMANLIKE EFFORT,OF LACK OF VIRUSES,AND OF
LACK OF NEGLIGENCE. ALSO, THERE ISNO 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,LOSSOF USE, LOSSOF 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-E, and tpsE are trademarks of the Transaction Processing Performance Council.
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Document Revision History

Date Version Description
05-Dec-2006 |1.0.0 Mail Ballo t Draft
;ggr;ary 1.0.0 Approved Standard Specification Officially approved.

27-Mar-2007 |1.1.0

Editorial Change Number 1, Clause 1. 2,
(Motion 4)

Editorial Change Number 2, Remove the last two sentences from the Scaling Tables
section. (Motion 5)

Editorial Change Number3, c hange wording from oOcurren

6)
Editorial Change Number 4, Update pseu do-code in Trade-Order frame 3 to include the
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hs_qty no rows returned situation. (Motion 7)

Editorial Change Number 5, Clarify Market -Watch pseudo-code. (Motion 11)

03-Apr-2007 |1.1.0 Editorial Change Number 6, editorial fixes for spaces and underscores and correctly
numbering things in Data -Maintenance, also Database Footprint corrections.(Motion 12)
10-Apr-2007 (1.1.0 Editorial Change Number 7 clarifiest he def i nition of O0Appli
19-Apr-2007 (1.1.0 Officially approved.
26-Apr-2007 |1.20 Editorial Change Number 8 clarifies clause 2.2.3.4 which is about whether nulls are
allowed in columns. (Motion 24)
Editorial Change Number 9 clarifies clause 3.2.1.1. A Frame may not use knowledge of
EGen6s data gen@®pot®rt2v)on met hods.
Editorial Change Number 10, add oProfil ¢
the new defined term. (Motion 28)
Editorial Change Number 11, in clause 3.
ambiguity with the defined term. (Moti on 29)
Editorial Change Number 12, in clause 1.1, deletes clause 3.2.1.3 text from the definition
of a Database Footprint. (Motion 30)
Editorial Change Number 13, clarify step 4 in clause 6.4.3.2(Motion 31)
Editorial Change Number 14, in clause 2.2.5.5 emoves the textin parenthesis from the
description of the SE_AMT column. (Motion 34)
. ) Editorial Change Number 15, add text ody
02-May-2007 11.2.0 clauses 2.2.3.1,2.2.3.2,2.2.3.3. (Motion 35)
Editorial Change Number 16, change the second sentence of clause 2.3.3.3. (Motion 36)
Editorial Change Number 17, in clause 10.2.2.15 correct the reference to clause 2.3.6 not
clause 2.3.8. (Motion 37)
Editorial Change Number 18, add a comment to clause 10.2.2.20 saying no check is
required for clause 2.4.2. (Motion 38)
Editorial Change Number 19, in clause 3.
accountdé. (Motion 39)
Editorial Change Number 20 clarifies the wording in clause 10.2.5.11. (Motion 41)
Editorial Change Numbarnl2il sa dd sh etrtwe sweo rdd
to clause 6.6.2.3. This wording allows sponsors to run database check code for the auditor
and allows the sponsor to runisolation tests. (Motion 47)
Editorial Change Number 22, clarification of t he wording used to describe some of the
08-May-2007 11.2.0 Frames in Trade-Lookup and Trade -Update. (Motion 49)
23-May-2007 [1.2.0 Editorial Change Number 23, Booleanand LIFO clarifications (Motion 55)
Editorial Change Number 24, roll_it_back changes (Motion 57)
Editorial Change Number 25, typos and growth table fix (Motion 58)
30-May-2007 (1.2.0 L . . .
Editorial Change Number 26, isolation test changes (Motion 59)
Editorial Change Number 27, <clarificatid
Editorial Change Number 2 8, changes to clauses 4.4.1.1 and 10.2.4.11 wording (Motion
04-Jun-2007 [1.2.0 63)
Editorial Change Number 29, new clause 2.3.11 for UserDefined Objects (Motion 64)
Editorial Change Number 30 clarifies when consistency tests need to be run and what
testsshould be run. (Motion 66)
Editorial Change Number 31, change title of clause 6.4 and 6.4.2, expand opening
paragraph of clause 6.4.2, remove constant TradeLookupFrame4MaxRows from the table
06-Jun-2007 |1.2.0 in clause 6.4.2adda comment 2 to clause 3.2.1.1. (Motion 67)
Editorial Change Number 32, change the isolation tests in clause 7.4.2 to use transaction
parameter names instead of table column names. (Motion 68)
Editorial Change Number 33, removehard-c oded OCMPTG6 from f r-g
Lookup and Trade -Update, make the necessary Databasd-ootprint changes. (Motion 69)
Editorial Change Number 34, Include the contents of the TRADE_TYPE and
12-Jun2007 [1.2.0 STATUS_TYPE tables in the specification. (Motion 72)
Editorial Change Number 36, move clause 9.4.4.1to claug 9.4.5.5. (Motion 74)
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Editorial Change Number 37, acceptthe changes to the Numerical Quantities reporting
requirements as shown in DataMaintRespTimeTrish.doc (Motion 75)

Editorial Change Number 40, clarify the description of Market -Feed Frame 1 in clause
3.3.3.3(Motion 79)

Editorial Change Number 41, addodsfaTrade-t J
Lookup and Trade -Update frames when we select from the TRADE_HISTORY table.
(Motion 80)

Editorial Change Number 42, change the Market-Feed Frame 1 pseud-code to use
distinct variable names (Motion 82)

Editorial Change Number 44, add a comment to clause 6.6.5.3 to clarify the checkpoint
requirements (Motion 85).

Editorial Change Number 45, apply several editorial changes from the auditors (Motion
86)

Edit orial Change Number 46, change table to TPGE table in clause 2.3.4 (Motion 87)
Editorial Change Number 47, change table to TPC-E table in clause 2.3.5 (Motion 88)

Editorial Change Number 48, move clause 6.4.2 limit constants table to clause 3.2.1.1
(Motio n 89)

15-Jun-2007

1.3.0

Updated TPC Membership table with BEA and EnterpriseDB

Editorial Change Number 35, add clause 6.2.5 Driver Reporting Requirements. Move
clause 9.3.4.1to clause 9.3.6.1. Change the reference in the new clause 9.3.6.1 to referen
the new clause 6.2.5 instead of clause 4.1.3(Motion 73)

Editorial Change Number38,add def i nition for oDatabag
(Motion 77).
Editorial Change Number39,c |l ean up the reference to ¢
defined teemMeéeDa(badasy.

Editorial Change Number 43, change Market-Watch Frame 1 pseudo-code. Remove the
last oO0elsebd6 O0rollback transactiono. Mo v €
(status !'= bad_input _dat a) 6 c hat(@é&tiors84) t h g

28-Aug-2007

1.3.0

Change Number 49, clarify clause 6.6.2.1 so that measured runs do not have to be ona
freshly restored database (Motion 99).

Another Change Number 49, add wording to clause 6.7.4.2 to define the level of precision
requir ed for the input standard deviation (Motion 101).

Change Number 51 - fix various typos (Motion 105).

Change Number 52 and part of Change Number 50, add wording to appendix A.6.4 to
document the #define flags to use to change the date/time format (Motion 10 7 and
Motion 103).

Change Number 53 - change Trade-Resultto return the load unit number (Motion 108).

Change Number 54 § clarify clause 10.2.8.2 and clause 10.2.8.3 so that the auditor just hag
to check that the files that are expected are in the Supporting Files but does not have to
verify every file is correct (Motion 109).

Change Number556c hange bull et 3 of Clause 7.5.
ooned (Motion 110).

Change Number566i n cl ause 10. 2. 2. 14E cthaabn geetclausea
2.3.5 (Motion 111).

Change Number 57 8 change comment 2 of Clause 7.5.5.2 (Motion 112).

Change Number 58 d replace clause 10.2.5.14 and use Sustainable performance rather
than Steady state (Motion 114).

Change Number 59 & delete the last sentenceof Clause 10.2.5.2. Change the reference in
Clause 10.2.5.2to Clause 6.6.2.2. Change the reference in Clause 10.2.5.3to Clause 6.6.
(Motion 115).

Change Number 60 d change the definition of Dispatch Time (Motion 118).

Change Number 61 4 clarify Clause 6.6.2.3 wording, renumber Clause 10 and clarify what
was clause 10.2.5.13 (Motion 120)

Change Number 62 8 remove the tables listed in parenthesis from Clause 6.6.6.2 (Motion
121).

Change Number 63 d change comment 2 of Clause 8.2.1 (Motion 122).

Change Number 64 d replace clause 7.5.5.4 with new Redundancy Level wording (Motion
124).

TP C Bench m&tanddtd Secification, Revision 1.12.0- Page5 of 286



Change Number 65 d delete Clause 9.3.7.3 and modify Clause 9.3.7.2 (Motion 125).

Change Number 66 0 correct the reference in Clause 10.2.5.4 to point to Clause 6.3
(Motion 126).

Change Number 67 8 change the wording of Clause 10.2.5.19 (Motion 127).

Change Number 68 6 delete Clause 10.2.4.8 (Motion 129).

Change Number 69 6 change the definition of the Boolean data-type (Motion 130).

wi t h

Change Number708inClause 7.5 replacethevor d o0 deemedo

(Motion 131).

1

31-Aug-2007

1.3.0

Change Number 71 & fix the style of Clause 7.4.2.4 step 7 (Motion 134).
Change Number 72 8 part 1 of clarifying field/attribute/column (Motion 135).

Change Number 73 8 change diagrams to make them more readable on a black and white
print out (Motion 136).

Change Number 74 9 clarify CE Partitioning (Motion 137).

05-Sep-2007

1.3.0

Change Number 75 0 clarify isolation test descriptions (Motion 140).
Change Number 76 9 clarify old clause 10.2.5.15 (now clause 10.6.14) (motion 141).

17-Sep-2007

1.4.0

Changed memberds
Change Number 77 9 part 2 of clarifying field/attribute/column (Motion 148).
Change Number 78 d drop third bullet in clause 6.6.4.2 (Motion 160)

list to include

Exasol .

25-Sep-2007

1.4.0

Change Number 79 9 clarify Referential Integrity requirements (Motion 166).

02-Oct-2007

1.4.0

Change Number 80 9 clarify the term connector in clause 4.4.1.3 (Motion 170).

17-Oct-2007

1.4.0

Change Number 81 din clause 8.2, clarify what storage may be used to meet the 66Day
space requirements (Motion 173).

07-Nov-2007

1.4.0

Editorial cleanup of headings to be consistent Added t he word o0Tra

headings in Clauses 3.3.2.2and 3.3.3.2.

14-Nov-2007

1.4.0

Change Number 82 9 clarify 5% or 8-hour growth rate wording by adding a comment to
the Fixed Space definitionin clause 6.6.6.ZMotion 181).

27-Nov-2007

1.4.0

Change Number 83 8 change appendix A.6 .4 to include #define for Booleans(Motion
184).

03-Dec-2007

1.4.0

Change Number 84 8 Editorial change to 10.2.14 (Motion186)
Change Number 85 9 Clarify third sentence of Clause 2.6.1.1 (Motion 188).
Change Number 86 8 Clarify the definition of Growing Space (Motion 189).

Change Number 87 8 Add Clause 9.3.5.5to add reporting requirements for the building
of EGen Objects (Motion 190).

13-Dec-2007

1.5.0

Changed member 6s Accelsand totclmnge MGRITaradata toRuat iTeradata.

Change Number 88 8 changes to Business Recovery Time (Motion 191).

13-Feb-2008

1.5.0

Fixed cross referencesin Application RecoveryTime and Business Recovery Time
definition s.

Change Number 89 8 Add a new clause 5.7.3 tospecify what the DBMS should do if
EGenLoader generates an empty string(Motion 206).

Change Number 90 6 Clarify step 8 inclause 7.5.6.8 (Motion 212).

27-Feb-2008

1.5.0

Change Number 91 6 add comment 3 to clause 3.1.2.3 saying that select for update is
allowed when the Database Footprint says a Reference is required (Motion 215)

Change Number 92 d Replace Clause 3.2.1.6 with a clearedescription of what it means to
be functionally equivalent to the pseudo -code (Motion 216)

Change Number 93 4 clarify Clause 6.3.30 Data-Mainten ance must run every 58 to 63
seconds (Motion 217)

14-Mar-2008

151

Removed BEA and EnterpriseDB from membership list.

Change Number946c hange
Frame 3 (Motion 228)

dcoaccount o6 t o -addetocTradeiOddér

18-Mar-2008

151

Change Number 95 d re-order clause 10 (Motion 23§

15-Apr-2008

151

Change Number 97 d In clause 2.3.9 change the crosgeference from 6.6.6.1 t0 6.6.6.2

TPC
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(Motion 240).

19-May-2008

1.6.0

Change Number 96 8 Add status checking to EGenTxnHarness pseudo-code (Motion
237).

Change Number 98 ¢ Clarify clause 8.2.1 (Motion 241)

Change Number 990 Change clause 1.1 6@ay Periodde f i ni t i on by re
with @©Oésemed Objectsd (Motion 242)

Change Number1006Change cl ause 2.3.9 comment by
with Oasso-be#titrad UGRjrect s6é6 ( Motion 243)

Change Number 1018 Change clause8.2.1replacé i ndi c e s 6 -Deifti hn eddU {§
(Motion 244)

Change Number1026Change cl ause 9.3.2.1 +Defipddace
Objectsod6 (Motion 245)

Change Number 1038 Changeclause22 4 . 4 repl ace 0indicesbo
oindexd6 wiebd OMefeoan246)

Change Number 1048 Add sentence to clause 4.4.1.6 (Motion 253)

12-Jun-2008

1.6.0

Added Fusion -10, Greenplum, Kickfire and Vertica to TPC members table.

Fixed some errors in Change Number 968 Add status checking to EGenTxnHarness
pseudo-code (Motion 237).

Change Number 106 - InClause 6.5.2.1 added parenthesis around sTi® eTn-1 (Motion
266).

17-Jun-2008

1.6.0

Change Number 1056 change to Change Number 96 which added status checking, back
out the oif (list_len == 0) then status = +1116from Broker -Volume (Motion 265).

31-Jul-2008

1.6.0

Change Number 1078 Change C_F_NAME and AP_F_NAME from CHAR(30) to
CHAR(20).Change C_L_NAME and AP_L_NAME form CHAR(30) to CHAR(25).
Change CO_CEO from CHAR(100) to CHAR(46). Change T_EXEC_NAME from
CHAR (64) to CHAR(46). Change B_NAME from CHAR(100) to CHAR(49).

13-Aug-2008

1.6.0

Editorial changes T_EXEC_NAME from CHAR(46) to CHAR(49) because Trade-Update
Frame 1 can add a middle initial to it. Made the corresponding change to ex_name
char(64) to char(49 in Trade-Update Frame 1 pseudccode. Updated diagram A.b in
section A.13 moved the yellow and purple striped line that goes from CMEESUTInterface
tocyan DoTxnto go to purple DoTxn instead.

11-Sep-2008

1.6.0

Change Number1086move oOomin_dag _omanv_Odayorend i
(Motion 272).

Change Number 1098 Combine the first two lines of clause 3.2.1.8 (Motion 273)
Change Number 11049 Clarify the last two lines of clause 3.2.1.8 (Motion 274)

Change Number 11308 In Market -Feed Frame 1 Parametes change the description of
0statusé to use the word OFramed instead

Change Number 1160 In Trade-Lookup Frame 4 pseudo-code change status =641 to
status = +641 (Motion 282)

Change Number1176Ad d o0, D Mdstlineof clausesl0.6.2. 1fMotion 283)
Change Number 1189 In clause 3.3.11 change 10c to 10C (Motion 284)

ChangeNumber1196Change o0LOB6 to 0BLOB6 and add
(Motion 287)

19-Nov-2008

1.7.0

Change Number 1113 Add table to clause 3.2.1.8 listing EGen warnings and where they
happeninthe code (Motion 275)

Change Number 1128 Change comment in Customer-Position Frame 2 pseudo-codein
Clause3.324 o read 0Shoul d r(Mdatiene%) 10 to 30 r

Change Number 114 8 Remove the max_send_len constant from clause 3.2.1.2 and the
Market -Feed pseudo code(Motion 279)

Change Number 1158 Change theMarket-Feed pseudocodein Clause 3.3.3.3o0 reflect
logic changes (Motion 280)

Change Number1206Add 0 and o wtand 3rdsentencesy clalise 9.4.2.1
(Motion 291)

Change Number 1218 Update the table in clause 9.3.9.1 to move the entries listed in
Clause 4 to Clause 5 to be consistent with clause 9.4.5.5. Retainthe entry for Clause 4
adding a notation that no files are required (Mot ion 302)

Change Number 122 3 Modify the 3 -second interval to a 30-second interval in Clause

TP C Bench m&tanddtd Sjecification, Revision 1.12.0- Page7 of 286



6.4.2.2 (Motions 312 and 316)

Change Number1246Remove 0st at us = +Waichpséudoaade iMzlaude
3.3.4.3

Change Number 1258 Updated table in Clause 3.2.1.8 to include additional warnings
Change Number 126 & Modified Clause 5.3.1 to reflect TPC policies change

Change Number1276Modi f i ed Cl ause 8. 2. 1 Csotnarteents
to the list of on-line storage examples

Change Number 129 8 Modified Clause 7.5 to rework durability definitions and

11-Jun-2009 |1.8.0 procedures
Change Number 1308 Corrected typos in Clause 7.5.2,7.5.3.2, and 7.5.4Removed
redundant wording in Clause 7.5.5and 7.5.6.1. Modified Clause 6.7.2 wording to
expand description of the graph requirements. Modified Clause 7.5.5.6. Modified
Clause 7.5.6.7 for consistency of wording. Modified Clause 7.5.7 to clarify steps required
for durability testing. Modified Clause 7.5.8.3 toadd a line to the graph at 95% of tte
reported throughput. Modified Clause 7.6.7.2 for wording consistency.
Change Number 1318 Modified Clause 3.2.1.8 and 3.3.7.5 to remove the +734 status
check.
Change Number 13538 Added bullet to Clause 8.1 to address heterogeneous staage
17-Sep-2009 |1.9.0 devices
Change Number 136 8 Modified Clause 8.1 to clarify the usage of Free Space
Change Number1376Added OFree Space and/oroé6 to
Change Number1386Changed 08 hours of eayy& uitni anh
bullet of Clause 8.1.
Change Number1396Changed both occurrences of 0
Clause 6.3.2.
Change Number 1408 Corrected various typos and editorial issues.
Change Number 1413 Corrected various typos and editor ial issues.
Change Number 1430 Inserted a new Clause 6.6.6.2 for initial database size.
Change Number 144 8 Moved the computation of 60 -day space (Clause 8.2.2) to Clause
6.6.6.6.
Change Number1456Removed the term ONetworko fr
11-Feb2010 [1.10.0 Change Number 1466 Added definition of Measured Configuration .
Change Number 1478 Moved Clause 8.2.1 to a new Clause 6.6.7
Change Number 1483 Addedwordingto Clauses 0.1.1,6.7.3,9.1, and 10.1.3to support
TPC-Energy.
Change Number 150 8 Modified TPC -Energy wording in Clause 0.1.1
Change Number 1513 Removed comment 1 and 2 from 6.6.6.6.
Change Number 152 3 Removed the second sentence of Clause 6.6.6.6; Deleted
Comment 1 from Clause 6.6.7; Renamed 0C
Removed the parenthetic al st at ement in Clause &i hepd(
Clauses 6.6.7 and 8.1; Added the definition of On-Line as Clause 8.2.1; Modified Clause
8.2.2.
Change Number 1533 Removed bullets 2 and 3 from Clause 8.1; added new bullet 2 to
Clause 8.1.
Revised TPC membership list
Change Number 1233 & Moved status checks from Market -Feed from pseudo-code to
the harness; updated the status check for Last_Trade updates, added a frame output for
the number of rows updated.
Change Number 128 - Moved status checks for +641,-711,-721,-811, and-911 from the
pseudo-code to the harness and added frame/transaction output for the number of rows
22-Apr-2010 (1.11.0 found.

Change Number 1328 Changed the cust_assets variable name to acct_assets to more
accurately reflect what is being computed in Clause 3.3.7.5.

Change Number 142 8 Reconciled harmess pseudacode with actual harness code
implementation.

Change Number 1498 Removed the status output parameter from each frame.
Change Number 1590 Replaced TAX_RATE with TAXRATE in Clause 3.3.8.2; Removed

TP C Bench m&tanddtd Sjecification, Revision 1.12.0- Page8 of 286



the empty bullet in Clause 8.1; Replace

25-Jun-2010

1.12.0

Change Number 1600 Modified Clause 7.6 to rework Data Accessibility definitions and
procedures (Motion 451)
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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
ltalics Italics type is used to highlight a variable that indica tes some quantity whose value can be

assigned inone place and referenced in many other places.

Uppercase letters indicate database schema object names such as table and column names.

UPPERCASE addition, most acronyms are in uppercase.
Diagram Color-Coding Conventions
Concept
Customer Light Green with down diagonal hashing
Broker Pale Bluewith up diagonal hashing
Market Rosewith horizontal hashing
Implementation
TPC Provided Code Turquoisdtalics
Sponsor Provided Code Lavender Underline
Commercially Available Product |Light Yellow
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CLAUSE 0 -- PREAMBLE

0.1 Introduction

TPC Benchmar {)s ai On(LiiiPTEansaction Processing (OLTP) workload. It is a mixture of
read-only and update intensive transactions that simulate the activities found in complex OLTP
application environments. The database schema, data population, transactions, and implementation
rules have been designed to be broadly representative of modern OLTP systems. The benchmark
exercises a breadth of system components associated with such environments, which are characterized
by:

The simultaneous execution of multiple transactio n types that span a breadth of complexity;
Moderate system and application execution time;

A balanced mixture of disk input/output and  processor usage;

Transaction integrity (ACID properties);

A mixture of uniform and non -uniform da ta access through primary and secondary keys;

=A A A4 4 -4 A

Databases consisting of many tables with a wide variety of sizes, attributes, and relationships with
realistic content;

1 Contention on data access and update.

The TPGE operations are modeled as follows:

1 The database is continuously available 24 hours a day, 7 days a week, for data processing from
multiple Sessions and data modifications against all tables, except possibly during infrequent (e.g.,
once a month) maintenance Sessions.

1 Due to the worldwide nature of the application modeled by the TPC-E benchmark, any of the
transactions may be executed against the database at anytime, especially in relation to each other.

0.1.1 Goal of th e TPC-E Benchmark

The TPGE benchmark simulates the OLTP workload of a brokerage firm. The focus of the benchmark

is the central database that executes transactions
with the goal of measuring the performance characteristics of the database system, the benchmark does

not attempt to measure the complex flow of data between multiple application systems that would exist

in a real environment.

The mixture and variety of transactions being executed on the benchmark system is designed to

capture the characteristic components of a complex system. Different transaction types are defined to

simulate the interactions of the firm with its customers as well as its business partners. Different

transaction types have varying run -time requirements.

The benchmark defines:

1 Two types of transactions to simulate Consumer-to-Business as well as Businesdo-Business
activities

1 Several transactions for each transaction type

9 Different execution profiles for each transaction type

1 A specific run-time mix for all defined transactions

For example, the database will simultaneously execute transactions generated by systems that interact

with customers along with transactions that are generated by systems that interact with financial
markets as well as administrative systems.

The benchmark system will interact with a set of Driver systems that simulate the various sources of
transactions without requiring the benchmark to implement the complex environment.
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0.1.2

0.2

The Performance Metric reported by TPC-E is a "business throughputé measure of the number of
completed Trade-Result transactions processed per second (see Clausé.7.1). Multiple Transactions
are used to simulate the business activity of processing a trade, and eachTransaction is subject to a
Response Time constraint. The Performance Metric for the benchmark is expressed in transactions-
per-secondE (psE). To be compliant with the TPC-E standard, all references to tpsE Results must
include the tpskE rate, the associated price-per-tpsg, and the Availabiity Date of the Priced
Configuration (See Clawse6.7.3for more detail).

To be compliant with the optional TPC -Energy standard, the additional primary metric, expressed as
waltts-per-tpsg, must be reported. The requirments of the TPGEnergy Specification can be found at

www.tpc.org.

Although this specification defines the implementation in terms of a relational data model, the database
may be implemented using any commercially available Database Management System (DBMS),
Database Server, file system, or other data repository that provides a functionally equivalent

implementation. The terms "table", "row", and "column” are used in this document only as examples of
logical data structures.

TPC-E uses terminology and metrics that are similar to other benchmarks, originated by the TPC and
others. Such similarity in terminology does not imply that TPC -E Results are comparable to other
benchmarks. The only benchmark Results comparable to TPC-E are other TPGE Results that conform
to a comparable version of the TPC-E specification.

Restrictions and Limitations

Despite the fact that this benchmark offers a rich environment that represents many OLTP applications,
this benchmark does not reflect the entire range of OLTP requirements. In addition, the extent to which

a customer can achieve theResults reported by a vendor is highly dependent on how closely TPC-E
approximates the customer application. The relative performance of systems derived from this

benchmark does not necessarily hold for other workloads or environments. Extrapolations to any other

environment are not recommended.

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

Benchmark Sponsors are permitted various possible implement ation designs, insofar as they adhere to
the model described and pictorially illustrated in this specification. A Full Disclosure Report (FDR) of
the implementation details, as specified in Clause 9.1, must be made available along with the reported
Results.

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

General Implementation Guidelines

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:

1 Are generally available to users.

1 Are relevant to the market segment that the individual TPC benchmark models or represents (e.g.,
TPC-E models and represents high-volume, complex OLTP database environments).

1 A significant number of users in the market segment the benchmark models or represents would
plausibly implement.
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0.3

The use of new systems, products, technologies (hardware or software) and pricing is encouraged so

long as they meet the requirements above. Specifially prohibited are benchmark systems, products,
technologies, pricing (hereafter referred to as "implementations"”) whose primary purpose is
performance optimization of TPC benchmark Results without any corresponding applicabilit y to real-

worl d applications and environments. I'n other words
improve benchmark Results but not real-world performance or pricing, are prohibited.

The following characteristics shoul d 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?

The following characteristics should be used to judge whether a particular implementation is a
benchmark special:
i1 Is the implementation generally available, documented, and supported?

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

1 Isthe implementation or part of the implementation poorly integrated into the larger product?

Does the implementation take special advantage of the limited nature of TPC benchmarks (e.g.,
transaction Profile , Transaction Mix, transaction concurrency and/or contention, transaction isolation)
in a manner that would not be generally applica ble to the environment the benchmark represents?

1 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.)

1 Does the implementation require uncommon sophistication on the part of the end -user,
programmer, or system administrator?

1 Is the pricing unusual or non -customary for the vendor, or unusual or non -customary to normal
business practices? See the effective version of the TPC Pricing Specification for additional
information.

1 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 ary evidence to indicate that it will be used by a significant number of
users?

General Measurement Guidelines

TPC benchmark Results are expected to be accurate representations of system performance. Therefore,
there are certain guidelines, which are expected to be followed when measuring those Results. The
approach or methodology is explicitly outlined in or described in the specification.

1 The approach is an accepted engineering practice or standard.

1 The approach does not enhance theResults.

1 Equipment used in measuring Results is calibrated according to established quality standards.
1

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.
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CLAUSE 1 -- BENCHMARK OVERVIEW

Defin itions
NUMBERS

60-Day Period

Storage must be priced for sufficient space to store and maintain the data and User-Defined Objects
generated during a period of 60 Business Days at the Reported Throughput called the 60-D ay Period .

60-Day Space
The 60-Day Spacemust be computed as:
60-Day Space= Initial Database Size + (60 *Data Growth )

A

ACID

ACID d&the transactional properties of Atomicity, Consistency, Isolation and Durability.

Add

The woAdddbd o ndicates that a numb e rTPGE table spedfiedaby the a d d e ¢
Database Footprint. TPC-E Table row(s) can only be added in a Frame where the wo Addé 0 i s
specified.

Application

The term Application or Application Program refers to code that is not part of the commercially
available components of the SUT, but used specifically to implement the Transactions (see Clause3.3)
of this benchmark. For example, stored procedures, triggers, and referential integrity constraints are
considered part of the Application Program when used to implement any portion of the Transactions,
but are not considered part of the Application Program when solely used to enforce integrity rules (see
Clause2.4) or transparency requirements (see Clause2.5) independently of any Transaction.

Application Recovery

Application Recovery: the process of recovering the business application after a Single Point of
Failure and reaching a point where the business meets certain operational criteria.

Application Recovery Time

Application Recovery Time: The elapsed time between the start of Application Recovery and the end
of Application Recovery (see Clauser.5.6.5.

Arbitrary Transaction
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An Arbitrary Transaction is a Database Transaction that executes arbitrary operations against the
database & a minimum isolation level of LO (see Clause 7.4.1.3.

Attestation Letter

Attestation Letter: The Auditords opi ni on r egar di nBesult mestbe comgighed@nnce o
an Attestation Letter delivered directly to the Sponsor.

Auditor
SeeTPC-Certified Auditor

Availability Date

The date when all products necessary to achieve the stated peformance will be available (stated as a
single date on the Executive Summary Statement). This is known as the Availability Date

B

BALANCE_T

BALANCE_T is defined as SENUM(12,2) and is used for holding aggregate account and transaction
related values such as account balances, total commissions, etc.

BLOB(n)

BLOB(n) is a data type capable of holding a variable length binary object of n bytes.

BLOB_REF

BLOB_REFis a data type capable of referencing aBLOB (n) object that is stored outside the table on the
SUT.

BOOLEAN

BOOLEAN is a data type capable of holding at least two distinct values that represent FALSE and
TRUE.

Brokerage Initiated

Brokerage Initiated : These Transactions simulate broker interactions with the system and are initiated
by the Customer Emulator component of the benchmark Driver .

Broker T ables

Broker Tables: This set includes 9 tables that contain information about the brokerage firm and broker
related data.
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Business Day

Business Day: a period of eight hours of transaction processing activity .

Busine ss Recovery

Business Recovery: the process of recovering from a Single Point of Failure and reaching a point
where the business meets certain operational criteria.

Business Recovery Time

Business Recovery Time: the elapsed period of time between start of Business Recovery and end of
Business Recovery (see Clause7.5.6.9.

C

Catastrophic

Catastrophic : a type of failure where processing is interrupted without any foreknowledge given taSIHE.
Subsequent to this interruption, only in the failed database instance areall contexts for all active
applications lost and all memory cleared.

CE

SeeCustomer Emulator .

CHAR(n)

CHAR(n) means acharacter string that can hold up to n single-byte characters. Strings may be padded
with spaces to the maximum length . CHAR (n) must be implemented using a Native Data Type .

Commit / Committed

Commit : a control operation that:
1 Isinitiated by a unit of work (a Transaction)
1 Isimplemented by the DBMS

1 Signifies that the unit of work has completed successfully and all tentatively modified data are
to persist (until modified by some other operation or unit of work)

Upon successful completion of this control operation both the Transaction and the data are said to be
Committed .

Configured Customers

Configured Customers means the number of customers (with corresponding rows in the associated
TPC-E tables) configured at database generation.

Customer Emulator
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One key piece of a compliant TPC-E Driver is the Customer Emulator (CE). The CE is responsible for
emulating customers, requesting a service of the brokerage house, prasiding the necessary input for the
requested service, etc. Therefore, theCE is responsible for the following.

1 Deciding which Customer Initiated or Brokerage Ini tiated Transaction to perform next (Broker -
Volume, Customer-Position, Market-Watch, Security-Detail, Trade-Lookup, Trade-Order, Trade-
Update and Trade-Status).

Generating compliant data to be used as inputs for the selected Transaction .

il

I Sending the Transaction request and associated input data to the SUT.

1 Receiving the Transaction response and associated output daa from the SUT.
1

Measuring the Transaction's Response Time.

Comment: The CE may optionally perform additional operations as well, such as statistic al accounting,
data logging, etc.

Customer Initiated

Customer Initiated: These Transactions simulate customer interactions with the system and are
initiated by the Customer Emulator component of the benchmark Driver .

Customer Tables

Customer Tables: This set includes 9 tables that contain information about the customers of the
brokerage firm.

D

Data Accessibility

Data Accessibility : The ability to maintain database operations with full data access after the
permanent irrecoverable failure of any single Durable Medium containing database tables, recovery
log data, or Database Metadata.

Data-Maintenance Generator

Another key piece of a compliant TPC-E Driver is the single instance of the Data-Maintenance

Generator (DM ). TheDM is responsible for:

1 Generating compliant data to be used as inputs for the Data-Maintenance Transaction

1 Sending the Transactiond equest and associated input data to the SUT

1 Receiving the Transactiond s response and associ3UT am measuring the
Transactionz Hesponse Time.

Comment: The DM may optionally perform additional operations as well , such as statistical accounting,
data logging, etc. The DM may optionally be used to initiate a single Trade -Cleanup Transaction
before the start of a Test Run.

Database Footprint

The Database Footprint of a Transaction is the set of required database interactions to be executed by
that Transaction.
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Database Interface

Database Interface & Commercially available product used by the Frame Implementation to
communicate with the Database Server. It is possible that the Database Interface may communicate
with the Database Server over a Network , but this is not a requirement.

Database Logic

Database Logic 6 Sponsor written Frame implementation logic (e.g. stored SQL procedure)

Database Management System

A Database Management System (DBMS) is a collection of programs that enable you to store, modify,
and extract information from a database. There are many different types of DBMS s, ranging from small
systems that run on personal computers to huge systems that run on mainframes. From a technical
standpoint, DBMS s can differ widely. The terms relational, network, flat, and hierarchical all refer to
the way a DBMS organizes information internally. The internal organization can affect how quickly

and flexibly you can extract information. Requests for information from a database are made in the
form of a query, which is a stylized question. The set of rules for constructing queries is known as a
query language. The information from a database can be presented in a variety of formats. Most

DBMS sinclude a report writer program that enables you to outpu t data in the form of a report.

Database Metadata

Database Metadata: information managed by the DBMS and stored in the database to define, manage
and use the database objects, e.g. tables, views, synonyms, vakiranges, indexes, ugrs, etc.

Database Recovery

Database Recovery: the process of recovering the database from aSingle Point of Failure system
failure.

Database Recovery Time

Database Recovery Time: the duration from the start of Database Recoveryto the point when database
files complete recovery.

Database Server
Database Server 8 Commercially available product(s). Sponsor provided logic may run in the context
of the Database Server (e.g. a stored SQL procedure). An example of aD atabase Server is:

1 commercially available DBMS running on a

1 commercially available Operating System running on a

1 commercially available hardware system utilizing

1 commercially available storage

Database Session
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To work with a database instance, to make queries or to manage the database instance, you have to
open a Database Session. This can happen as follows: The user logs on to thedatabase with a user
name and password, thus opening a Database Session. Later, the Database Session is terminated
explicitly by the user or closed implicitly when the timeout value is exceeded. A database tool
implicitly opens a D atabase Session and then closes it again.

Database Transaction

A Database Transaction is an ACID unit of work.

Data Growth

Data Growth : the space neededin the DBMS data files to accommodate the increase inthe Growing
Tables resulting from executing the Transaction Mix at the Reported Throughput during the period of
required Sustainable performan ce.

Data Growth = Data-Space-per-Trade-Result * tpsE * Business Day duration in seconds

DATE

DATE represents the data type of date with a granularity of a day and must be able to support the
range of January 1, 1800 to December 31, 2199, inclusivdATE must be implemented using a Native
Data Type.

Comment: A time component is not required but may be implemented.

DATETIME

DATETIME represents the data type for a date value that includes a time component. The date
component must meet all requirements of the DATE data type. The time component must be capable of
representing the range of time values from 00:00:00 to 23:59:59. M&ctional seconds may be
implemented, but are not required. DATE TIME must be implemented using a Native Data Type .

DBMS

SeeDatabase Management System

Digit

Digit means decimal digit.

Dimension Tables

Dimension Tables: This set includes 4 dimension tables that contain common information such as
addresses and zip codes.

Dispatch Time
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Each EGenDriverCE thread of execution calling the EGenDriver Connector interface creates a
sequence of Transactions, defined chronol ogi c a Withyn eacls sequencg,lthe
Dispatch Time of Transaction n is defined as follows:

9 for the Non-Blocking Driver Thread architecture (see6.2.3.2
i For n=1:DTh=0
i For n>1:DT = (ST 0STh-1)
1 for all other architectures in Clause 6.2
1 For n=1:DTh=0
i For n>1:DTp=sTh 0€Tp-1
1 Where sT, and €Ty, are defined in Clause6.5.1.1

DM

SeeData-Maintenance Generator .

Driver

To measure the performance of the OLTP system, a simpleDriver generates Transactions and their
inputs, submits them to the System Under Test, and measures the rate of completed Transactions
being returned. To simplify the benchmark and focus on the core transactional performance, all
application functions related to user interface and display functions have been excluded from the
benchmark. The System Under Test is focused on portraying the components found on the server side
of a transaction monitor or application server.

Durability

SeeDurable .

Durability Throughput Requirements

Durability Throughput Requirements:  conditions the SUT must satisfy for all Durability tests (see
Clause7.6.2.

Durable / Durability

Durable / Durability : In general, state that persists across failures is said to beDurable and an
implementatio n that ensures state persists acrosdailures is said to provide Durability . In the context
of the benchmark, Durability is more tightly defined as the SUT6 s abi | i t y Camonittesl ndata
persist acrossany Single Point of Failure .

Durable Medium

Durable Medium: a data storage medium that is inherently non -volatile such as a magnetic disk or
tape. Durable Media is the plural of Durable Medium .
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EGen

EGen is a TPC provided software environment that must be used in a Test Sponsor's implementation
of the TPC-E benchmark. The software environment is logically divided into three packages:
EGenProjectFiles, EGenlnputFies , and EGenSourceFiles. The software packages provide
functionality to use: EGenLoader to generate the data used to populate the database EGenDriver to
generate transactional data andEGenTxnHarness to control frame invocation.

EGenDriver
EGenDriver comprises the following par ts:

1  EGenDriverCE provides the core functionality necessary to implemeatsamer
Emulator .

1  EGenDriverMEE provides the core functionality necessamyintiplement avarket
Exchange Emulator .

1  EGenDriverdM provides the core functionality necessary to imple mentDéne
Maintenance Generator .

EGenDriver provides core transactional functionality (e.g. Transaction Mix and input generation)
necessary to implement aDriver .

EGenDriverCE

EGenDriverCE 0 any and/or all instantiations of the C CE class (seeEGenSourceFiles CE.h and
CE.cpp).

EGenDriverDM

EGenDriverDM 0 the single instantiation of the CDM class (see EGenSourceFiles DM.h and DM.cpp).

EGenDriverMEE

EGenDriverMEE & any and/or all instantiations of the CMEE class (seeEGenSourceFiles MEE.h and
MEE.cpp).

EGenlnputFiles

EGenlnputFiles is a set of TPC provided text files containing rows of tab-separated data, which are
used by various EGenpackages as O0r awdenenaioner i al for data

EGenLoader

EGenLoader is a bhinary executable, generated by using the methods described in EGenProjectFiles
with source code from EGenSourceFiles, including any extensions by a Test Sponsor (see Clause
5.7.4. When executed, EGenLoader uses EGenlnputFiles to produce a set of data that represents the
initial state of the TPC-E database.

EGenLogger
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EGenLogger logs the initial configuration and any re -configuration of EGenDriver and EGenLoader,
and compares current configuration with the TPC -E prescribed defaults.

EGenProjectFiles

EGenProjectFiles is a set of TPC provided files used to facilitate building the EGen packages in aTest
Sponsor's environments.

EGenSourceFiles

EGenSourceFiles is the collection of TPC provided C++ source and header files.

EGenTables

EGenSourceFiles contain class definitions that provide abstractions of the TPC-E tables. These table
classes are known collectively as EGenTables and they encapsulate the functionality needed to
generate the dat for each of the TPGE tables.

EGenValidate

EGenValidate is a binary executable, generated by using methods described in EGenProjectFiles with
source code from EGenSourceFiles. When executed, EGenValidate uses Sponsor provided input to
validate that the Sponsor's Measurement Interval had compliant Trade-Results per Load Unit .

EGenTxnHarness

EGenTxnHarness defines a set of interfaces that are used to control the execution of, and
communication of inputs and outputs, of Transactions and Frames.

ENUM

ENUM(m[ ,n]) or SENUM(m[,n]) means an exact numeric value (unsigned or signed, respectively).
ENUM and SENUM are identical to NUM and SNUM, respectively, except that they must be
implemented using a Native Data Type which provides exact representation of at least n Digits of
precision after the decimal place.

Executive Summary Statement

The term Executive Summary Statement refers to the Adobe Acrobat PDF file in the
ExecutiveSummaryStatement folder in the FDR. The contents of theExecutive Summary Statement are
defined in Clause 9.

F

FDR

The FDR is a zip file of a directory structure containing the following:
1 A Report in Adobe Acrobat PDF format,

1 An Executive Summary Statement in Adobe Acrobat PDF format,
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T An X ML document ith dpp&imatetyl the) same information as in the Executive
Summary Statement,

1 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.

FIN_AGG_T

FIN_AGG_T is defined as SENUM(15,2) and is used for holding aggregated financial data such as
revenue figures, valuations, and asset values.

Fixed Space

Fixed Space: any other space used to store static information and indices. It includes all database
storage spaceallocated to the test database which does not qualify as either Free Space or Growing
Space.

Fixed Tables

Fixed Tables: These tables always have the same number of rows regardless of the database size and
transaction throughput. For example, TRADE_TYPE has five rows.

Foreign Key

A Foreign Key (FK) is a column or combination of columns used to establish and enforce a link
between the data in two tables. A link is created between two tables by adding the column or columns
that hold one table's Primary Key values to the other table. This column becomes aForeign Key in the
second table.

Frame

A Frame is the Sponsor implemented Transaction logic, which is invoked as a unit of execution by the
EGenTxnHarness. The database interactions ofa Transaction are all initiated from within its Frames.

Frame Implementation

Frame Implementation & Sponsor provided functionality that accepts inputs from, and provides
outputs to, EGenTxnHarness through a TPC Defined Interface. The Frame Implementation and all
down -stream functional components are responsible for providing the appropriate functionality
outlined in the Transaction Profiles (Clause 3.3).

Free Space

Free Space: any space allocated to the test database and available for future use. Itincludes all
database storage space notalready used to store a database entity (e.g., a row, an index,Database
M etadata) or not already used as formatting overhead by the DBMS .
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Full Disclosure Report (FDR)
SeeFDR.

G

Growing Space

Growing Space: any space used to store existing rows from the Growing Tables and their associated

User-Defined Objects . It includes all database storage spacehat is added to the test database as a
result of inserting a new row in the Growing Tables, such as row data,index data and other overheads

such as index overhead, page overhead block overhead, and table overhead.

Growing Tables

Growing Tables : These tables each have an initial cardinality that has adefined relationship to the
cardinality of the CUSTOMER table. However, the cardinality increases with new growth during the
benchmark run at a rate that is proportional to transaction throughput rates.

IDENT_T
IDENT_T is defined as NUM(11) and is used to hold non-trade identifiers.

Initial Database Size

Initial Database Size is measured after the database is initially loaded with the data generated by
EGenLoader. Initial Database Size is any space allocated to the test database whichis used to store a
database entity (e.g. a row, an index, Database Metadata), or used as formatting overhead by the data
manager.

Initial Trade Days

The Initial Trade Days (ITD) is the number of Business Days used to populate the database. This
populatio n is made of trade data that would be generated by the SUT when running at the Nominal
Throughput for the specified number of Business Days. The number of Initial Trade Days is 300.

ITD

Seelnitial Trade Days .
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L

Load Unit

The size of the CUSTOMER table can be increased in increments of 1000 customers. A set of 1000
customers is known as aLoad Unit.

Log Growth

Log Growth : the space neededin the DBMS log files to accommodate the Undo/Redo Log resulting
from executing the Transaction Mix at the Reported Throughput during the period of required
Sustainable performance.

Log Growth = Log-Space-per-Trade-Result *tpskE * Business Day duration in seconds

M

Market Exchange Emulator

Another key piece of a compliant TPC-E Driver is the Market Exchange Emulator (MEE) . The MEE is
responsible for emulating the stock exchanges: providing services to the brokerage house, performing
requested trades, providing market activity updates, etc. Therefore, the MEE is responsible for the
following:

1 Receiving trade requests and their associated data from theSUT.

1 Initiating Trade -Result Transactions, sending the associated data to theSUT and measuring the
Transactiond Response Time.

1 Initiating Market -Feed Transactions, sending the associated data to theSUT and measuring the
Transactiond Response Time.

Comment: The MEE may optionally perform additional operations as well; such as statistical accounting,
data logging, etc.

Market Tables

Market Tables: This set includes 11 tables that contain information about companies, markets,
exchanges, and industry sectors.

Market T riggered

Market T riggered: These Transactions simulate the behavior of the market and are trig gered by the
Market Exchange Emulator component of the benchmark Driver .

May

The woeyd o n t he sneansthdt andtantis tralynoptional .

Measured Configuration
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SeeSystem Under Test.

Measured Throughput

The Measured Throughput is computed as the total number of Valid Trade-Result Transactions
within the Measurement Interval divided by the duration of the Measurement Interval in seconds.

Measurement Interval

Measurement Interval : the period of time during Steady State chosen by the Test Sponsor to compute
the Reported Throughput .

MEE

SeeMarket Exchange Emulator

Modify

The woodify i ndi cates t haTPCE table cadumn is matified within the Frame.

The content of the table column can only be changal in a Framewh er e t hodify®dr d s6 speci fi
When the original content of the table column must also be referenced or returned before it is modified,

a Réference6 o mRet@andéd access method is also specified.

Must

The waonusté odbtheterms o rqaui r,®d & q u,iorreesqd i r ermesnhtadh the specification,
means that compliance is mandatory.

Must not

The phrase omust not6 or the term 60 s h a |l | not 6 i n, niedne thas thie is iarf absolute i o n
prohibition of the specification.

N

Native Data Type

A Native Data Type is a built-in data type of the DBMS whose documented purpose is to store data of
a particular type described in the specification. For example, DATETIME must be implemented with a
built -in data typ e of the DBMS designed to store datetime information.

Network

TPC Bench m&tarkldid Secification, Revision 1.12.0- Page32of 286



Network & Sponsor provided functionality that must support communication through an industry
standard communications protocol using a physical means. One outstanding feature of the Connector &
Network & Connector communication is that it follows the relevant standards and must imply more
than just an application package. It must be possible to have concurrent use of the means by other
applications. Physical transport of the data is required and the underlying means of this transport must
be capable of operating over arbitrary globally geographic distances. TPC/IP over a local area network
is an example of an acceptableNetwork implementation.

Nominal Throughput

The Nominal Throughput of the TPC-E benchmark is defined to be 2.00 Transactions-Per-SecondE
(tpsE) for every 1000 customer rows in the Configured Customers.

Non -catastrophic

The term Non-catastrophic as applied to a single failure is one where processing is not interrupted, but
through put may be degraded and the SUT may no longer be in a durable state until the SUT has
recovered from the failure.

NUM(m[,n])

NUM(m[,n]) means an unsigned numeric value with at least m total Digits, of which n Digits are to the
right (after) the decimal point. The data type must be able to hold all possible values which can be
expressed asNUM(m[,n]) . Omitting n, as in NUM(m) , indicates the same asNUM(m,0) . NUM must be
implemented using a Native Data Type .

(@]
On-Line

A storage device is considered On-Line if it is capable of providing an access time to data, for random
read or update, of one second or less by theOperating System .

Comment: Examples of On-Line storage may include magnetic disks, optical disks, solid -state storage,
or any combination of these, provided that the above mentioned access criteria is met.

Operating System/OS

The term Operating System refers to the program that, after being initially loaded into the computer by
a boot program, manages all the other programs in a computer. 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:

1 Manages a dedicated set ofprocessorand memory resources.
1 Maintains and manages a file system.

1 Loads applications into memory.
1

Ensures that the resources allocated to one application are mt used by another application in an
unauthorized manner.
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1 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.

1 Manages thesharing of internal memory among multiple applications.

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

Some examples ofOperating System s are listed below:

1 Windows

1 Unixes (Solaris, AIX)

1 Linux

1 MS-DOS

1 Mac OS

17 VMS

1 Netware

P

Pacing Delay

Pacing Delay is defined as the total time injected into the Dispatch Time (DTp) that is intended to
decrease the rate at whichTransactions are submitted to the SUT.

Part Number

See the definition of Part Number in the TPC Pricing Specification.

Performance Metric

The TPGE Reported Throughput as expressed in tpsg. This is known as thePerformance Metric .

Priced Configuration

Priced Configuration : The components to be priced defined in the benchmark specification, including
all hardware, software and maintenance.

Price/Performance Metric

The TPGE total 3-year pricing divided by the Reported Throughput is price/tpsE. This is also known
as thePrice/Performance M etric.

Primary Key

A Primary Key is a single column or combination of columns that uniquely identifies a row. None of
the columns that are part of the Primary Key may be nullable. A table must have no more than one
Primary Key .

Profile
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Profile : the characteristics of a Transaction, as defined by the Pseudo-code and summarized by the
Database Footprint .

Pseudo-code

Pseudo-code is a description of an algorithm that uses the structural conventions of programming
languages, but omits language-specific syntax.

R

Ramp-down

Ramp-down: the period of time from the end of Steady State to the end of the Test Run.

Ramp-up

Ramp-up: the period of time from the start of the Test Run to the start of Steady State.

Redundancy Le vel One

Redundancy Level One (Durable Media Redundancy ): Guarantees access to the data orDurable
M edia when a single Durable M edia failure occurs.

Redundancy Level Three

Redundancy Level Three (Full Redundancy) : Includes Redundancy Level Two and guarantees access
to the data on Durable Media when a single failure occurs within the Durable Media system,
including communications between Tier B and the Durable Media system.

Redundancy Level Two

Redundancy Level Two (Durable Media Controller Redundancy) : Includes Redundancy Level One
and guarantees access to the data onDurable Media when a single failure occurs in the storage
controller used to satisfy the redundancy level or in the communication media between the storage
controller and the Durable Media .

Reference

The woRefdrengedé i ndi cat eBC-Ettdbla toluninhie identified in the database and the
content is accessed within the Frame without passing the content of the table column to the
EGenTxnHarness.

Referential Integrity

Referential Integri ty preserves the relationship of data between tables, by restricting actions performed
on Primary Keys and Foreign Keys in a table.
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Remove

The wdM®Remdoved i ndicates that a number T®PECE tablewpecifiedrbg r e mo
the Database Footprint. Table row(s) can only be removed in aFramewh er e t h Bemoved di o
specified. The number of rows that are removed is specified in the second column of the Database

Footprint wi t h e#towéeerf or a fi xedwasn uomfs®o fofr an unspecifiec
rows.

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 9.

Reported

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

Reported Throughput

The Performance Metric reported by TPC-E is the Reported Throughput . The name of the metric used
for the Reported Throughput of the SUT is tpsE. The value of this metric is based on the Measured
Throughput and is bound by the limits defined in Clause 6.7.1.2

Response Time

The Response Time (RT) is defined by:
RTn=¢€eTh-sTh

where:

sTh and eT , are measured at theDriver ;

sTh = time measured before the first byte of input data of the Transaction is sent by the Driver
to the SUT; and
eTh = time measured after the last byte of output data from the Transaction is received by the

Driver from the SUT.

Comment: The resolution of the time stamps used for measuring Response Time must be at least 0.01
seconds.

Results

TPC-E Results are the Performance Metric , Price/Performance Metric .

Return

The wd®Retein60 i ndi c at BPEC-E talileacolumh is eeferenced and that its content is retrieved

from the database and passed to theEGenTxnHarness. The table column must be referenced in the
sameFramewh er e t hRetumér d sd speci fied. The content of the
to subsequent Framesvia the input and output parameters specified in the Frame parameters.
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Rollback

The w®Rollbackb i ndi cates t Rrame cantaias ascgneot dpdratian dhat rolls back the
Database Transaction. The explicit rolling back of a Database Transaction can only occur in a Frame
where thRolbackbdi 8 specified.

RT

See Response Time.

S
S _COUNT_T

S _COUNT_T is defined as NUM(12) and is used for holding the aggregate count of shares used in
many tables.

S PRICE_T
S_PRICE_Tis defined as ENUM (8,2)and is used for holding the value of a share price.

S QTY_T
S_QTY_T is defined as SNUM(6) and is used for holding the quantity of shares per individual trade.

Scale Factor

The Scale Factor is the number of required customer rows per single Transactions-Per-Second-E
(tpsE). The Scale Factorfor Nominal Throughput is 500.

Scaling Tables

Scaling Tables: These tables each have alefined cardinality that has a constant relationship to the
cardinality of the CUSTOMER table. Transactions may update rows from these tables, but the table
sizes remain constant.

SENUM

ENUM(m[ ,n]) or SENUM(m[,n]) means an exact numeric value (unsigned or signed, respectively).
ENUM and SENUM are identical to NUM and SNUM, respectively, except that they must be
implemented using a Native Data Type which provides exact representation of at least n Digits of
precision after the decimal place.

Session

SeeDatabase Session.
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SF

See Scale Factor.

Should

The word oshould 6 or the adjective 6 r e ¢ 0 mme, mdaa dhét there might exist valid reasons in
particular circumstances to ignore a particular item, but the full implication must be understood and
weighed before choosing a different course.

Should not

The phrased s h o u | dor tmeqhrased n o te ¢ 0 mme nnikand that there might exist valid reasons
in particular circumstances when the particular behavior is acceptable or even useful, but the full
implications should be understood and the case carefully weighed before implementing any behavior

described with this label.

SNUM

SNUM(m[,n]) is identical to NUM(m[,n]) except that it can represent both positive and negative values.
SNUM must be implemented using a Native Data Type .

Comment A SNUM data type may be used (at the Sx O O U @ibkzetibn) anywhere a NUM data type is
specified.

Sponsor

SeeTest Sponsor.

Start

Thewo r dtartd dicates that the specified Frame contains a control operation that starts a Database
Transaction. The start of aDatabase Transaction can only occurin a Framewh er e t h®arthor d 0
specified.

Steady State

Steady State: the period of time from the en d of the Ramp-up to the start of the Ramp-down .

Substitution

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

Supporting Files

Supporting Files refers to the contents of the SupportingFiles folder in the FDR. The contents of this
folder, consisting of various source files, scripts, and listing files, are defined in Clause 9.
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Sustainable

Sustainable: the performance over a given period of time (computed as the average throughput over
that time) shows no significant variations.

SUT

See System Under Test.

System Under Test
System Under Test (SUT) dis defined to be the sum of Tier A and Tier B.

T

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 t he purposes of
processes theTest 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 nameused to identify the Result.

Test Run

Test Run: the entire period of time during which Drivers submit and the SUT completes Transactions
other than Trade-Cleanup.

Test Run Graph

A graph of the one-minute average tpsk versus elapsed wall clock time measured in minutes must be
reported for the entire Test Run. The x-axis represents the elapsed time from theTest Run start. The
y-axis represents the oneminute average throughput in tps (computed as the total number of Trade-
Result Transactions that complete within each one-minute interval divided by 60). A plot interval size
of 1 minute must be used. The Ramp-up, Steady State, Measurement Interval , and Ramp-down must
be identified on the graph. The Test Run Graph must be reported in the Report.

Tier A

Tier A 0 is defined to be all hardware and software needed to implement the down -stream Connector,
EGenTxnHarness, Frame Implementation and D atabase Interface functional components.

Tier B

Tier B 0 is defined to be all hardware and software needed to implement the Database Server
functional component. This includes data storage media sufficient to satisfy the initial database
population requirements of clause 2.6.1 and the Business Day growth requirements of clause 6.6.6.4
and clause6.6.6.5
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TPC-Certified 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 this
specification. (Additional details regarding the Auditor certification process and the audit process can
be found in Section 9 of the TPC Policy document.)

TPC Defined Interface

A TPC Defined Interface is a C++ class member which is designed to exchangedata (and transfer
execution control) between the Sponsor-provided Driver/SUT code and the TPGprovided Driver/SUT
code.

TRADE_T
TRADE_T is defined as NUM(15) and is used to hold trade identifiers.

Transaction(s)

The TPGE Transactions are at the heart of the workload. The core of each Transaction runs on the
Database Server, but the logic of the Transaction interacts with several components of the benchmark
environment.

A Transaction is composed of Harness-code and of the invocation of one or more Frames. The Trade-
Cleanup Transaction is an exception. Sponsors may but do not have to run the Trade -Cleanup
Transaction from EGenTxnHarness.

Transaction Mix

The Transaction Mix is composed of all Customer Initiated, Brokerage Initiated and Market Triggered
Transactions.

Tunable Parameters

Tunable Parameters are parameters, switches or flags that can be changed to modify the behavior of
the product. Tunable Parameters apply to both hardware and software and are not limited to those
parameters intended for use by customers.

u

U*x

U*x is used in this specification to refer to various UNIX and Linux flavors (e.g. UNIX, Linux, AlX,
Solaris).

Undo/Redo Log

Undo/Redo Log : records all changes made indata files. TheUndo/Redo Log makesit possible to replay
all the actions executed by the Database Management System. If something happens to one of the data
files, a backed up data file can be restored and theUndo/Redo Log that was written since the backup
can be played and applied which brings the data file to the state it had before it became unavailable.
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User-Defined Object

Any object defined in the database is considered aUser-Defined Object , except for the following:
a TPGE Table (see clause.2.3
a required Primary Key (see clause2.2.3.)

1

1

1 arequired Foreign Key (see clause2.2.3.2
1 arequired constraint (see clause2.2.3.3

f

D atabase M etadata

\Y

Valid Transaction

The term Valid Transaction refers to any Transaction for which input data has been sent in full by the
Driver , whose processing has been successfully completed on theSUT and whose correct output data
has been received in full by the Driver .

VALUE_T

VALUE_T is defined as SENUM(10,2) and is used for holding non -aggregated transaction and security
related values such as cost, dividend, etc.

Vulnerable Storage Component

Vulnerable Storage Component 6 any Field Replaceable Unit (FRU) within the SUT that:
1 Has volatile storage (i.e. is not Durable Media )
1 Participates in implementing the Commit control operation

Example: Assume an implementation like the one in Clause 4.3.1

1 The database server CPU registersand cache, database server main memory and database 1/O
controllers with caches (all found in Tier B) are considered to participate in implementing
Commit operations

1 The client front end CPU registers and caches, main memory and /O controllers with caches
are not considered to participate in implementing Commit operations.
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1.2

Business and Application Environment

TPC Benchmar k Eosel of ia sset of drampactiond operations designed to exercise system
functionalities in a manner representative of complex OLTP application environments. These
transactional operations have been given a life-like context, portraying the activity of a brokerage firm,
to help users relate intuitively to the components of the benchmark. The TPC-E workload is centered
on the activity of processing brokerage trades and uses a schema, which is logically divided into four
sets of tables.

TPC-E models the activity of brokerage firm that mus t manage customer accounts, execute customer
trade orders, and be responsible for the interactions of customers with financial markets. TPC-E does
not attempt to be a model of how to build an actual application. The following diagram illustrates the
transaction flow of the business model portrayed in the benchmark:

Market
Triggered
Transactions

Customer
Initiated
Transactions

Brokerage

Figure 1.a- Business Model Transaction Flow

The purpose of a benchmark is to reduce the diversity of operations found in a production application,
while retaining the application's essential performance characteristics so that the workload can be
representative of a production system. A large number of functions have to be performed to manage a
production brokerage system. Many of these functions are not of primary interest for performance
analysis, since they are proportionally small in terms of system resource utilization or in terms of
frequency of execution. Although these functions are vital for a production system, they merely create
excessive diversity in the context of a standard benchmark and have been omitted in TPC-E.

The Company portrayed by the benchmark is a brokerage firm with customers who generate
transactions related to trades, account inquiries, and market research. The brokerage firm in turn
interacts with financial markets to execute orders on behalf of the customers and updates relevant
account information.

The number of customers defined for the brokerage firm can be varied to represent the workloads of
different size businesses.

The TPCGE benchmark is composed of a set of transations that are executed against three sets of
database tables that represent market data, customer data, and broker data. A fourth set of tables
contains generic dimension data such as zip codes. The following diagram illustrates the key
components of the environment:
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1.3

131

1.3.2

1.3.3

Invoke the following transactions é

| READ-WRITE || READ-ONLY i
i Aviarket-Feed :E MBroker-Volume Asecurity-Detail !
! Arade-Order E: Acustomer-Position ~ Arrade-Lookup E
i Arrade-Result ii Aviarket-Watch Arrade-Status i
: 1 : 1

Arrade-Update

Customer Data

Market-Data

Figure 1.b - Application Components

The benchmark has been reduced to simplified form of the application environment. To measure the
performance of the OLTP system, a simple Driver generates Transactions and their inputs, submits

them to the System Under Test, and measures the rate of completed Transactions being returned. To
simplify the benchmark and focus on the core transactional performance, all application functions

related to user interface and display functions have been excluded from the benchmark. The System
Under Test is focused on portraying the components found on the server side of a transaction monitor
or application server.

Transaction Summary

Broker-Volume

The Broker-Volume Transaction is designed to emulate a broker a g e h o u steetlfesni rowtpe 6
internal business processing. An example of a BrokerVolume Transaction would be a manager
generating a report on the current performance potential of various brokers.

Customer-Position

The Customer-Position Transaction is desi gned to emul ate the process o0
profile and summarizing their overall standing based on current market values for all assets. This is
representative of the work performed when a chustomer

Market -Feed

The Market-Feed Transaction is designed to emulate the process of tracking the current market
activity. Thi s i s representative of -ttalpedbrfoloer adce h
exchange.
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1.34 Market -Watch

The Market-Watch Transaction is designed to emulate the process of monitoring the overall
performance of the market by allowing a customer to track the current daily trend (up or down) of a

collection of securities. The collection of securities being monitored may be based upon acust omer 0 s
current holdings, a customerds watch | ist of prospec

1.35 Security -Detalil

The Security-Detail Transaction is designed to emulate the process of accessing detailed information on
a particular security. This i s representative of a customer doing research on a security prior to making a
decision about whether or not to execute a trade.

1.3.6 Trade-Lookup

The Trade-Lookup Transaction is designed to emulate information retrieval by either a customer or a
broker to satisfy their questions regarding a set of trades. The various sets of trades are chosen such that
the work is representative of:

1 performing general market analysis

1 reviewing trades for a period of time prior to the most recent account statement

1 analyzing past performance of a particular security

1 analyzing the history of a particular customer holding

1.3.7 Trade-Order

The Trade Order Transaction is designed to emulate the process of buying or selling a security by a
Customer, Broker, or authorized third -party. If the person executing the trade order is not the account
owner, the Transaction will verify that the person has the appropriate authorization to perform the
trade order. The Transaction allows the person trading to execute buys at the current market price,
sdls at the current market price, or limit buys and sells at a requested price. The Transaction also
provides an estimate of the financial impact of the proposed trade by providing profit/loss data, tax
implications, and anticipated commission fees. This allows the trader to evaluate the desirability of the
proposed security trade before either submitting or canceling the trade.

1.3.8 Trade-Result

The Trade-Result Transaction is designed to emulate the process of completing a stock market trade.

This is representative of a brokerage house receiving from the market exchange the final confirmation

and price for the trade. The customerds holdings ar
Estimates generated when the trade was ordered for the broker commission and other similar

quantities are replaced with the actual numbers and historical information about the trade is recorded

for later reference.

1.3.9 Trade-Status

The Trade-Status Transaction is designed to emulate the process of providing an update on the status
of a particular set of trades. It is representative of a customer reviewing a summary of the recent
trading activity for one of their accounts.

1.3.10 Trade-Update

The Trade-Update Transaction is designed to emulate the process of making minor corrections or
updates to a set of trades. This is analogous to a customer or broker reviewing a set of trades, and
discovering that some minor editorial corrections are required. The various sets of trades are chosen
such that the work is representative of:

1 reviewing g eneral market trends
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1 reviewing trades for a period of time prior to the most recent account statement
1 reviewing past performance of a particular security

Data-Maintenance

The Data-Maintenance Transaction is designed to emulate the periodic modifications to data that is
mainly static and used for reference. This is analogous to updating data that seldom changes.

Trade-Cleanup

The Trade-Cleanup Transaction is used to cancel any pending or submitted trades from the database.

Model Description
Entity Relationsh ips

Trading in TPC-E is done by Accounts. Accounts belong to Customers. Customers are serviced by
Brokers. Accounts trade Securities that are issued by Companies.

The total set of Securities that can be traded and the total set of Companies that issue Seaities scales
along with the number of Customers. For each unit of 1,000 Customers, there are 685 Securities and 500
Companies (with Companies issuing 1 to 5 Securities, mostly common shares, but some preferred as
well).

All Companies belong to one of the 102 Industries. Each Industry belongs to one of the 12 market
Sectors.

Each Account picks its average of ten Securities to trade from across the entire range of Securities.

Securities to be traded can be identified by the security symbol or by the company name and security
issue.

Differences between Customer T iers

The basic scaling unit of a TPGE database is a set of 1,000 Customers. 20% of each 1,000 Customers
belong to Tier 1, 60% to Tier 2, and 20% to Tier 3. Tier 2 Customers trade twices often as Ter 1
Customers. Tier 3 Customers trade three times as often as Tier 1 CustomerslIn general, customer
trading is non -uniform by tier within each set of 1,000 Customers.

Tier 1 Customers have 1 to 4 Accounts (average 2.5). Tier 2 Customers have to 8 Accaunts (average
5.0).Tier 3 Customers have 5to 10 Accounts (average 7.5)Overall, there is an average of five Accounts
per Customer.

The minimum and maximum number of Securities that are traded by each Account varies by Customer
Tier and by the number of Accounts for each Customer. The average number of Securities traded per
Account is ten (so the average number of Securities traded per Customer is fifty). For each Account, the
same set of Securities is traded for both the initial database population and for any Test Run.

Customer Partitioning
TPC-E scales with Customers. It is conceivable that Customer information could be partitioned into
groups of related Customers. This is called Customer Partitioning. The advantage of Customer

Partitioning is that it i ncreases locality of reference within each subgroup of Customers. Transactions
can be directed to a subset of Customers or to the entire set of Customers, in a defined proportion.
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Trade Types

Trade requests come in two basic flavors: Buy (50%) and Sell (8%). Those are further broken down into
Trade Types, depending on whether the request was a Market Order (60%)or a Limit Order (40%)

For Market Orders, the two trade types are Market -Buy (30%) and Market-Sell (30%). For Limit Orders,
the three trade types are Limit-Buy (20%), Limit-Sell (10%) and StopLoss (10%).

Market-Buy and Market-Sell are trade requests to buy and sell immediately at the current market price,
whatever price that may be. Limit -Buy is a request to buy only when the market price is at or below the
specified limit price. Limit -Sell is a request to sell only when the market price is at or above the
specified limit price. Stop -Loss is a request to sell only when (or if) the market price drops to or below
the specified limit price.

If the specified limit price has not been reached when the Limit Order is requested, itis considered an
Out-of-the-Money request and remains oPendingd until the specified limit price is reached. Reaching
the limit price is guaranteed to occur within 15 minutes bas ed on EGenDriverMEE implementation
details. The act of noticing that a 0Pending0 limit request has reached or exceeded its specified limit
price and submitting it to the market exchange to be traded is known as triggering of the pending limit
order.

Effects of Trading on Holdings

For a given account and security, holdings will be either all long (positive quantities) or all short
(negative quantities).

Long positions represent shares of the security that were bought (purchased and paid for) by the
customer for the account. The customer owns the shares of the security and may sell them at a later
time (hopefully, for a higher price).

Short positions represent shares of the security that were borrowed from the broker (or Brokerage) and
were sold by the customer for the account. In the short sale case, the customer has received the funds
from that sell, but still has to cover the sell by later purchasing an equal number of shares (hopefully at
a lower price) from the market and returning those shares to the bro ker.

Before EGenLoader runs, there are no trades and no positions in any security for any account.
EGenLoader simulates running the benchmark for three hundred Business Days of initial trading, so
that the initial database will be ready for benchmark ex ecution.

If the first trade for a security in an accountis abuy, a long position will be established (positive
quantity in H OLDING row ). Subsequentbuys in the same account for the same security will add
holding rows with positive quantities. Su bsequent sells will reduce holding quantities or delete h olding
rows to satisfy the sell trade. All holdings may be eliminated, in which case the position becomes
empty. If the sell quantity still is not satisfied, the position changes from long to short (see below ).

If the first trade for a security in an accountis asell, a short position will be established (negative
qguantity in H OLDING row ). Subsequentsells in the same account for the same scurity will add
holding rows with negative quantities. Subsequent buys will reduce holding quan tities (toward zero)
or delete holding rows to satisfy the buy trade. All holdings may be eliminated, in which case the
position becomes empty. If the buy quantity still is not satisfied, the position changes from short to
long.
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CLAUSE 2 -- DATABASE DESIGN , SCALING & POPULATION

Introduction

The TPGE databaseis defined to consist of 33 separate and individual tables. The database schema is
organized into four sets of tables:

1 Customer Tables: This set includes 9 tables that contain information about the customers of the
brokerage firm.

1 Broker Tables: This set includes 9 tables that contain information about the brokerage firm and
broker related data.

1 Market Tables: This set includes 11 tables that contain information about companies, markets,
exchanges, and industry sectors.

1 Dimension Tables: This set includes 4 dimension tables that contain common information such as
addresses and zip codes.

The relationship between the tables and the requirements governing their use are outlined in the
remaining sections of Clause 2.

Definitions

A Primary Key is a single column or combination of columns that uniquely identifies a row. None of
the columns that are part of the Primary Key may be nullable. A table must have no more than one
Primary Key .

A ForeignKey (FK) is a column or combination of columns used to establish and enforce a link
between the data in two tables. A link is created between two tables by adding the column or columns

that hold one table's Primary Key values to the other table. This column becomes aForeign Key in the
second table.

TPC-E Database Schema and Table Definitions

Details of the TPC-E database schema, the data type requirements, the required structure of each
individual table, the entity relationship between tables and the individual column restrictions are
defined in this clause.

Data Type Definitions

A Native Data Type is a built-in data type of the DBMS whose documented purpose is to store data of
a particular type described in the specification. For example, DATETIME must be implemented with a
built -in data typ e of the DBMS designed to store datetime information.

CHAR(n) means acharacterstring that can hold up to n single-byte characters. Strings may be padded
with spaces to the maximum length . CHAR (n) must be implemented using a Native Data Type .

NUM(m[,n]) means an unsigned numeric value with atleast m total Digits, of which n Digits are to
the right (after) the decimal point. The data type must be able to hold all possible values which can be
expressed asNUM(m[,n]) . Omitting n, as in NUM(m) , indicates the same asNUM(m,0) . NUM must be
implemented using a Native Data Type .

SNUM(m[,n]) is identical to NUM(m[,n]) except that it canrepresent both positive and negative
values. SNUM must be implemented using a Native Data Type .
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Comment A SNUM data type may be used (at the Sx O O U @iskzetibn) anywhere a NUM data type is
specified.

ENUM(m[ ,n]) or SENUM(m[,n]) means an exact numeric value (unsigned or signed, respectively).
ENUM and SENUM are identical to NUM and SNUM , respectively, except that they must be
implemented using a Native Data Type which provides exact representation of at least n Digits of
precision after the decimal place.

Comment: A numeric data type provides either exact or approximate representation of numeric values.
For example, INTEGER and DECIMAL are exact numeric data types and REAL and FLOAT are
approximate numeric data types (based on ANSI SQL definitions).

BOOLEAN is a data type capable of holding at least two distinct values that represent FALSE and
TRUE.

Comment: The convention in this document, as well as the implementation of EGen, is that the value
zero (0) denotes FALSE and the value one (1) denotes TRUE.

DATE represents the data type of date with a granularity of a day and must be able to sypport the
range of January 1, 1800 to December 31, 2199, inclusiv®ATE must be implemented using a Native
Data Type.

Comment: A time component is not required but may be implemented.

DATETIME represents the data type for a date value that includes a time component. The date
component must meet all requirements of the DATE data type. The time component must be capable of
representing the range of time values from 00:00:00 to 23:59:59. ctional seconds may be
implemented, but are not required. DATE TIME must be implemented using a Native Data Type .

BLOB(n) is a data type capable of holding a variable length binary object of n bytes.

BLOB_REFis a data type capable of referencing aBLOB (n) object that is stored outside the table on the
SUT.

Meta-type Definitions

The following meta -types are defined for ease of notation. These metatypes may be implemented
using the underlying data type on which each is defined. There is no requirement to implement the
meta-types as userdefined types in the DBMS . A meta-type may be implemented using a user-defined
type in the DBMS as long as the userdefined type incorporates a Native Data Type where required
and inherits the properties of that Native Data Type .

IDENT_T is defined asNUM(11) and is used to hold non-trade identifiers.

TRADE_T is defined as NUM(15) and is used to hold trade identifiers.

Trade identifiers have the following characteristics:
1 They must be unique.
They may be sparse.

f

1 Atload time they are generated by EGenLoader.

1 Atruntime they are generated by Sponsor provided code.
1

The EGenLoader code will not associate trade identifiers with Date/time or customer identifier or
account identifiers. No assumptions may be made about trade identifier sequencing.
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FIN_AGG_T is defined as SENUM(15,2) andis used for holding aggregated financial data such as
revenue figures, valuations, and asset values.

S_PRICE_Tis defined asENUM (8,2) and is used for holding the value of a share price.

S _COUNT_T is defined asNUM(12) and is used for holding the aggregate count of shares used in
many tables.

S_QTY_T isdefined as SNUM(6) andis used for holding the quantity of shares per individual trade.

BALANCE_T is defined asSENUM(12,2) and is used for holding aggregate account and transaction
related values such as account balances, total commissions, etc.

VALUE_T is defined asSENUM(10,2) and is used for holding non -aggregated transaction and security
related values such as cost, dividend, etc.

General Schema ltems

The following table lists the category, prefix and the name for all TPC-E required tables in the
benchmark.

Category Table Name Table Prefix Definition
ACCOUNT_PERMISSION AP_ Clause2.2.4.1
CUSTOMER C_ Clause2.2.4.2
CUSTOMER_ACCOUNT CA_ Clause2.2.4.3
CUSTOMER_TAXRATE CX_ Clause2.2.4.4
CUSTOMER HOLDING H_ Clause2.2.4.5
HOLDING_HISTORY HH_ Clause2.2.4.6
HOLDING_SUMMARY HS_ Clause2.2.4.7
WATCH_ITEM WI_ Clause2.2.4.8
WATCH_LIST WL_ Clause2.2.4.9
BROKER B_ Clause2.2.5.1
CASH_TRANSACTION CT_ Clause2.2.5.2
CHARGE CH_ Clause2.2.5.3
COMMISSION_RATE CR_ Clause2.2.5.4
BROKER SETTLEMENT SE_ Clause2.2.5.5
TRADE T Clause2.2.5.6
TRADE_HISTORY TH_ Clause2.2.5.7
TRADE_REQUEST TR Clause2.2.5.8
TRADE_TYPE TT_ Clause2.2.5.9
COMPANY CO_ Clause2.2.6.1
COMPANY_COMPETITOR CP_ Clause2.2.6.2
DAILY_MARKET DM_ Clause2.2.6.3
MARKET
EXCHANGE EX_ Clause2.2.6.4
FINANCIAL Fl_ Clause2.2.6.5
INDUSTRY IN_ Clause2.2.6.6

TPC Bench m&tarkldid Secification, Revision 1.12.0- Page50of 286



LAST_TRADE LT_ Clause2.2.6.7
NEWS_ITEM NI_ Clause2.2.6.8
NEWS_XREF NX_ Clause2.2.6.9
SECTOR SC_ Clause2.2.6.10
SECURITY S_ Clause2.2.6.11
ADDRESS AD_ Clause2.2.7.1
STATUS_TYPE ST_ Clause2.2.7.2
DIMENSION
TAXRATE TX_ Clause2.2.7.3
ZIP_CODE ZC_ Clause2.2.7.4

2.2.3.1 The Primary Key references defined in this section must be maintained by the databaseduring a Test
Run. ThePrimary Key s are marked with PK or PK+ in the Relations field for each table definition. PK
i ndicates that t h ePrincag/IKeynwhileiPk+ indibates thaattelca@uins is part of a
composite (multi -column) Primary Key .

2.2.3.2 The ForeignKey references defined in this section must be maintained by the databaseduring a Test
Run. The Foreign Keys are marked with FK () or FK+ () in the Relations field for each table definition.
FK () indicates a single-column Foreign Key while FK+ () indicates that the column is part of a
composite (multi -column) ForeignKey. The table prefix enclosed in the parenthesis indicates the
target table for the Foreign Key reference.

2.2.3.3 The constraints defined in this section must be enforced by the databaseduring a Test Run. The
constraints are listed in the Constraints column for each table definition.
Comment: Unless a Not Null constraint is present, a column must allow Null.

2.2.3.4 For eachTPC-E required table, the columns can be implemented in any order, using any physical
representation available from the tested system that satisfies the schema data type requirements.

2.2.4 Customer Tables

These groups of tables contain information about customer related data.

224.1 ACCOUNT_PERMISSION

This table contains information about the access the customer or an individual other than the customer
has to a given customer account. Customer accounts may have trades executed on them by more than
one person.

Table Prefix: AP_

Column Name Data Type Constraints [Relations [Description
AP_CA_ID IDENT_T Not Null P Cust t identifi
ot Nu ustomer account identifier.
-~ - FK(CA))
Access Control List defining the
AP_ACL CHAR(4) Not Null permissions the person has on the
customer account.
AP_TAX_ID CHAR(20) Not Null PK+ Tax identifier of the person with access

to the customer account.

Last name of the person with access to

AP_L_NAME CHAR(25) Not Null
the customer account.
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First name of the person with access to

AP_F_NAME CHAR(20)  |NotNull the customer account.

2242 CUSTOMER

This table contains information about the customers of the brokerage firm.

Table Prefix: C_
Column Name Data Type Constraints |Relations |Description
c_ID IDENT T Not Null PK CCuu;?r?]w;ri:ﬂgpr:iqf;eﬁrc,)gs.ed internally to link
Customerds tax ident
C_TAX_ID CHAR(20) Not Null on communication to the customer. Is
alphanumeric.
c_sT_Ip cHAR)  [NotNulIFKST) e et
C_L_NAME CHAR(25) Not Null Primary Customer's last name.
C_F_NAME CHAR(20) Not Null Primary Customer's firs tname.
C_M_NAME CHAR(1) Primary Customer's middle name initial
C_GNDR CHAR() Values oM ' ofematea I o
Customer tier: tier 1 accounts are charged
C_TIER vy [\ medium fess, and tr 3 aceounts ave the
lowest fees.
C_DOB DATE Not Null Customerds date of Db
C_AD_ID IDENT T Not Null FK (AD_) :gg:gssss.identifier of the customer's
C_CTRY_1 CHAR(3) Country code for Customer's phone 1.
C_AREA_1 CHAR(3) Area code for custon
C_LOCAL 1 CHAR(10) Local number for cus
C_EXT_1 CHAR(5) Extension number for
C_CTRY_2 CHAR(3) Country code for Customer's phone 2.
C_AREA_2 CHAR(3) Area code for Cust on
C_LOCAL 2 CHAR(10) Local number for Cus
C_EXT_2 CHAR(5) Extension number for
C_CTRY_3 CHAR(3) Country code for Customer's phone 3.
C_AREA_3 CHAR(3) AreacodeforCust omer 6 s p ho
C_LOCAL_3 CHAR(10) Local number for Cus
C_EXT_3 CHAR(5) Extension number for
C_EMAIL_1 CHAR(50) Customer's email address 1.
C_EMAIL_2 CHAR(50) Customer's email address 2.

2243 CUSTOMER_ACCO UNT
The CUSTOMER_ACCOUNT table contains account information related to accounts of each customer

Table Prefix: CA_
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