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Executive Summary

Data Warehousing for the Retail industry involves very large volumes of data, high user
populations and analytical complexity putting significant strain on the entire Decision
Support System (hardware, software and applications). To meet the demands of high
growth and complex business requirements, it is critical for the system to process
transactions and execute reports in an acceptable timeframe.

Retek Information Systems performed a Test-to-Scale Performance Benchmark of their
Retek DatawWarehouse (RDW) product in August 1999 at the HP Performance Center in
Cupertino, California. The purpose of the Benchmark was two-fold:

= Determine the performance and scalability of RDW using massive data volumes
and analytical complexity that istypical of Retek’s clients

» Produce a white paper describing the details of the Benchmark that can be
subsequently used for Marketing and Capacity Planning

The benchmark was performed using commercially available hardware and software. A
1.1 Terabyte Oracle 8i database was built using dimensiona data that was representative
of alargeretailer. Under smulated but real-world conditions, daily sales and inventory
transactions were executed against the RDW Application. To simulate a large user
population, thousands of queries with varying degrees of complexity & frequency were
run against the test database.

The benchmark also tested different processor configurations under varying transaction
loads for the batch environment. These tests were performed to test scalability and
provide some insight into capacity planning for future Retek customers.
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The results of the benchmark proved the scalability of the entire system. In summary, it
was possible to process 2 million transactions in less than a 1 hour batch window; for the
front-end reports, it was possible to achieve a report throughput rate of 50 reports per
minute, allowing concurrent support of hundreds or thousands of users.
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The technical environment consisted of the following configuration:

= Hewlett Packard V2500 Server, 32 cpus, 16 GB memory, UX-11
= Hewlett Packard FC60 Storage Array, 3 Terabytes physical disk
(2) Hewlett Packard NetServers, NT 4.0

Oracle8.1.5.0

Retek RDW 3.0

MicroStrategy DSS Server 5.6

MicroStrategy DSS Broadcaster 5.5

Finaly, the tests have demonstrated that the hardware and software platform will scale
and meet the demands of large retailer with massive data volumes, analytical complexity
and large user populations.

The performance improvements that resulted from the benchmark study will be
engineered into RDW product code and distributed to Retek’s client base.

Objective

The primary purpose of the Retek Data Warehouse (RDW) Benchmark was to determine
the performance and scalability of the RDW application using massive data volumes,
very large batch transaction rates, high user populations and analytical complexity that is
typical of Retek’s clients.

Call Retek at 1-877-ENABLE2 or visit our website at 4
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As part of conducting the large-scale benchmark, many performance tuning opportunities
will beidentified. The tuning opportunities will be evaluated and incorporated into the
base RDW application.

Another objective of the benchmark was to make the results available to Retek clients,
partners, and prospects. This information will demonstrate to Retek’ s business partners
that the RDW application can scale to massive data volumes and high numbers of
concurrent users.  Further, the detail information can be used to conduct some high-level
capacity planning and set performance expectations for a small, medium and large
retailer.

Finaly, Retek RDW marketing collateral will be published describing the highlights of
the benchmark. This document will advertise the partners used in the benchmark and
will be used with potential customers.

Goals

The goals of the benchmark are to perform a simulation of the various functional areas of
RDW for atypical retail customer. These performance goals can be quantified as:

= 1TB RDW Database Environment. Creation and building of a 1+ Terabyte RDW
environment to perform a simulation of alarge retailer and over 1 year of historical
data

= Batch Load of 2 million sales, 2.2 million inventory transactions in a4 hour window.
Determination of an optimal batch window (better than 4 hours) that provides
maximum throughput in the minimum possible time.

= Measure front-end report performance using varying report complexity/frequency and
high degree of concurrent users. Retek will focus on optimizing the performance of a
realistic mix of reports in the following ranges of complexity: 65% simple, 25%
medium, and 10% complex. Complexity is determined by the number of queries and
temporary tables created by the report SQL and by the volume of data and
dimensional relationships involved.

= Determination of the number of concurrent users that can be supported by the RDW
application Retek will focus on emulating the realistic behavior of a user population
of 750 users.

=  Comparison of Batch Load times under different CPU configurations. Determine
batch scalability under hardware configurations of 8 cpu, 16 cpu and 32 cpu.

= Peformance Measurement of Batch Load time under varying transaction load.
Batch load times of 2million, 4 million and 8 million sales transactions will be
conducted. The purpose of this goa is to prove scalability with increasing
transactional volume.

Call Retek at 1-877-ENABLE2 or visit our website at 5
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Technical Environment

Technical Architecture
The technical environment consisted of the following components:

= Hewlett-Packard V2500, 32 cpus, 16 GB memory (Benchmark Server)
=  Hewlett-Packard K570, 6 cpus (Development Server)

= HP UX-11 Operating System

= HP FC60 Storage Array, 3 TB physical disk

= Oracle8.1.5.0 (32 hit)

* Retek RDW 3.0

= HP NetServers, 2 cpus (2), NT 4.0

= MicroStrategy DSS Server 5.6

= MicroStrategy DSS Broadcaster 5.5

A high-level technical schematic is presented below:

Technical Architecture

HP FC60 Storage Array
=————— 3 TB Raw DIsk

1.5 TB Usable
Pluto Tf
HP Netserver

Fiber
2CPU,NT 4.0 Channel
DSS Server
Mickey
HP V2500
32 CPUs
g 16 GB RAM
Goofy
HP Netserver
2CPU,NT 4.0
DSS Broadcaster
Fiber
— — Channel 500 GB Raw DiIsk
250 GB Usable
Minnie
X Terminals HP K570
6 CPUs
Don a| d 4 GB RAM

HP Netserver
2CPU,NT 4.0
Backup Server

Call Retek at 1-877-ENABLE2 or visit our website at
www.retek.com for more information




#

Unix Configuration
The following Unix configuration & software features were used for the Benchmark

Kernel Parameters
The following UX-11 parameters were changed:

Par ameter Value

dbc_max_pct 10
dbc_min_pct 10
maxfiles lim 2048
maxfiles 2048
STRMSGSZ 65535
num_tachyon adapters 5
max_fcp_regs 512
nstrpty 60
maxdsiz 0x7b03a000
maxswapchunks 12288
maxuprc 2048
Maxusers 400
maxvgs 32
nfile 8192
nflocks 1024
npty 256
semmap 512
semmni 1024
semmns 2048
semmnu 1024
semume 512
shmmax 0x40000000
shmmni 512
shmseg 512
swapmem_on 0
unlockable mem 4096

Asynchronous 1/O

Asynchronous 1/0 on HPUX is supported using raw (character) devices. The disk driver
for Async I/0O must be configured using the SAM tool. Async 1/0O alows multiple reads
and writes to proceed in parallel, thus reducing 1/0 wait time and improving performance
of the Oracle Server.

Async /O was enabled for the entire benchmark period. The device/ dev/ async was
owned by ‘oracl e’.

Call Retek at 1-877-ENABLE2 or visit our website at 7
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GlancePlus Pack

Performance monitoring, data collection and reporting are critical components that can
assist the benchmark process.  The tools alowed detail monitoring of the system and
were crucial in identifying and solving tuning issues. It also enabled the team to refine
and optimize the RDW batch load process.

The ‘glance’ tool allowed system monitoring while the benchmark tests were running.
In addition, the ‘scope’ utility was aso running on the system, collecting performance
data on a continuous basis. Finaly, ‘pv’ or Perf View was used to analyze and report
system behavior after the benchmark tests were executed.

Disk Architecture

Disk configuration is acritical component of data warehouse performance. The
objective was to get maximum performance, scalability, availability and flexibility of the
disk storage solution. For the benchmark, the HP FiberChannel FC60 Storage Array was
used. The disk was configured in Raid 0/1 format (mirror/stripe) for maximum
performance. The array was configured with the following specifications:

Specification Value

Connectivity Fiber Channel (2)
Raid Format Raid-01 (stripe/mirror)
Spindle Size 18 GB
Spindles/LUN 5 (+5 for mirroring)
Size per LUN 86 GB
Number of LUNs 17
Volume Group Size 147TB
Logical Volume Size (raw) | 6 GB
Stripe Element Size 64k
Asynchronous 1/0 true
Call Retek at 1-877-ENABLEZ2 or visit our website at 8
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The disk connectivity to the host is shown below:
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/ Volume Groups

Based on several discussions with HP engineering staff, we decided to use a single but
large volume group for the main Oracle datafiles. Since each LUN was striped (with 5

disks) at the hardware level and the logical volume would provide further striping at the

OIS level, we were attaining even load balancing across and down each LUN. This
configuration was based on HP s internal testing for TPC-D benchmarks. The VG
configuration is shown below:

--- Vol unme groups ---
VG Nane

VG Wite Access

VG St at us

Max LV

Cur LV

Open LV

Max PV

Cur PV

Act PV

Max PE per PV

VGDA

PE Si ze (Moytes)
Total PE

Al l oc PE

Free PE

Total PVG

Total Spare PVs

Total Spare PVs in use

VG Nane

VG Wite Access
VG St at us

Max LV

Cur LV

Open LV

Max PV

Cur PV

Act PV

Max PE per PV
VGDA

PE Size (Mytes)
Total PE

Al l oc PE

Free PE

Total PVG

Total Spare PVs
Total Spare PVs in use

VG Nane

VG Wite Access
VG St at us

Max LV

Cur LV

Open LV

Max PV

Cur PV

/ dev/vg00
read/ wite
avail abl e
255

16

/dev/vg01l
read/ wite
avail abl e
255

16

/ dev/vg03
read/ wite
avail abl e
255

14

14

1

1
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/ Act PV

Max PE per

PV

VGDA

PE Si ze (Moytes)

Total PE

Al'l oc PE

Free PE

Total PVG

Total Spare PVs

Total Spare PVs in use

VG Name

VG Wite Access
VG St at us

Max LV

Cur LV

Open LV

Max PV

Cur PV

Act PV

Max PE per PV
VGDA

PE Size (Moytes)
Total PE

Al l oc PE

Free PE

Total PVG

Total Spare PVs
Total Spare PVs in use

Logical Volumes

21658

21655
21042
613

0

0

0

/ dev/ vg04
read/ wite
avail abl e
255

243

243

17

17

17

21658

34

4

368118
367659
459

0

0

0

Using the HP hardware/software package, the maximum number of logical volumes that
can be created from a single volume group is 256. Due to this limitation, the LV size was

determined to be 6 GB each, allowing us to grow to 1.5 TB, certainly exceeding the
availabledisk. Each LV was striped over 17 LUNs with a 64k stripe element size. A

sample LV is shown below:

--- Logical volunes ---
LV Nane

VG Nane

LV Perm ssion

LV Status

M rror copies

Consi stency Recovery
Schedul e

LV Size (Moytes)
Current LE

Al | ocat ed PE

Stripes

Stripe Size (Kbytes)
Bad bl ock

Al | ocation

| O Ti neout (Seconds)

/ dev/ vg04/ spar e99
/ dev/ vg04
read/wite

avai | abl e/ syncd
0

MAC

striped

6052

1513

1513

17

64

on

strict

def aul t

Call Retek at 1-877-ENABLE2 or visit our website at
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Oracle Database Configuration

For the Benchmark, the Oracle RDBMS used was Oracle 8.1.5.0 in 32-bit mode. The 64-
bit version was not available at the time of the Performance Benchmark. The RDBMS
was used with the Parallel Query and Partitioning options. The entire database was build
on striped raw partitions to get better performance.

More information on the Oracle database is provided in the Database Details section.

MicroStrategy Configuration

MicroStrategy products DSS Broadcaster 5.5 and DSS Server 5.6 were used to generate
and execute front-end reports. Server and Broadcaster were installed and configured on 2
dual CPU NT machines and were connected via a 100 BaseT Ethernet network.

The following .DSS file was used for Broadcaster

e
—

* Initialization file for the DSS Agent

*
e

* ok k ok

[applications]

Excel =D: \ PROGRAM FI LES\ M CROSOFT
OFFI CE\ OFFI CE\ EXCEL. EXE

Wor d=D: \ PROGRAM FI LES\ M CROSCFT
OFFI CE\ OFFI CE\ W NWORD. EXE

Power poi nt =D: \ PROGRAM FI LES\ M CROSOFT
OFFI CE\ OFFI CE\ PONERPNT. EXE

RPTpat h=. . \reports\

VBMai | =0

MBAccess=D: \ PROGRAM FI LES\ M CROSOFT
OFFI CE\ OFFI CE\ MSACCESS. EXE

[ Power poi nt ]
cl assnane=PPAppl i cati onC ass

[ dat abases]

dssagent =ODBC; DSN=M CKEYMETA; DBQ=r dwl; Ul D=RDWB0_DSS_SY
S; PWD=0ggl e

dssagent type=1

war ehouse=0DBC; DSN=M CKEY; DBQ=r dwl; U D=RDWB0_DSS_SYS; P
WD=o0ggl e

war ehouset ype=1

Dat eFor mat =" dd- mmm yy"
Dat aM ni ng=0

Met ri cJoi nType=
SubQuer yType=2

St ar Joi n=0

Di stri but edDat aBase=0
Wher e auseQOr der =1
Creat eTenpVi ew=0
TenpTabl ePref i x="
TenpTabl eSpace=""
TenpTabl eSt ar Schema=1

Del et eTenpTabl ePr onpt =1

Dr opTenpTabl eLat er =0

Cr eat eTenpVi ew=0

ODBCWor kAr ound=0

NoCount Conpound=0

| ssueCart esi anWar ni ng=1

Dri vi ngTabl e=0

ArithmeticCheck=1

Nul | Funct i on=NVL( ???, O

Nul I I ndi cat or= "NA","?2?"

Zer oFuncti on=""

Convert Lengt h=""

Server Dat aMart =

Ser ver Dat aMart Type=

Tabl eSt at ement =" ANALYZE TABLE ??? ESTI MATE STATI STI CS"
TenpTabl eAnal yze=0

TenpTabl eOpt i on="NOLOGG NG'

TenpTabl eType=0

Fil teredTransformati on=1

ET_"

[systeni
ApplicationTitl e=Retek Data Warehouse v3.0 Vol une Test
Appl i cationl con=\ AGENT. | CO

Call Retek at 1-877-ENABLE2 or visit our website at
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I ntersectString="""
Uni onStri ng="+"

Not String="-"

Ct GridGovern=1

Met ri cPar ser =OFF

El SAS=3
CHAR171=171
CHAR187=187
CHAR160=160

Mai | Syst enr0

Met adat a Prefix=
Syst em User =RDWB0_DSS_SYS
Group User=

Spl ashFor md0=

Spl ashLogo40=

[ Cachi ng]

UseLocal Cache=0

Local CachePat h=C: \ DSSTOOLS\ DSSAGENT\ . . \ cache\
UseShar edCache=0

Shar edCachePat h=C: \ DSSTOOLS\ DSSAGENT\ . . \ cache\
Schedul eType=1

Uni t s=0

Peri od=1

Start Dat e=01/ 01/ 1997 11: 00

MDCacheLocat i on=C: \ DSSTOOLS\ DSSAGENT\ . . \ cache\
LoadMDCache=0

Wit eMdCache=0

Met ri cCachelLocat i on=C: \ DSSTOOLS\ DSSAGENT\ . . \ cache\
LoadMet ri cCache=0

[ preferences]

User | D=RDWB0O_DSS_SYS
PWD=r dw
project=RDW 3. 0 Vol une Proj ect
proj ect name=RDW 3. 0 Vol ume Project on M ckey
Report Top=4410
ReportLeft=0
Repor t W dt h=7680
Repor t Hei ght =4755
Fil ter Top=4410
FilterLeft=7680

Fil ter Wdt h=7680

Fi | t er Hei ght =4710
Agent Top=6915

Agent Left =0
Agent W dt h=2400
Agent Hei ght =360
CriteriaTop=0
CriterialLeft=7680
Criteri aWdt h=7680
CriteriaHei ght =4410
RCbj ect Top=0

RObj ect Lef t =0

RObj ect W dt h=7680
RObj ect Hei ght =4410
Agent Type=0
ScreenSettings=1
Language=Engl i sh
Agent Li st =0
FilterList=1
ReportList=1
CriteriaList=1

RObj ect Li st=1

12



Repor t W ndowSt at e=0

Fi | t er W ndowst at e=0
Agent W ndowSt at e=1
CriteriaW ndowst at e=0
RObj ect W ndowSt at e=0
OpenAgent =0

NewExcel Sheet =1

Def EnptyFil ter=1

Gri dAdj ust ment =0
RCEThr eshol d=60

OpenHi erarchy=1

Engi nePr ops=0

Agent Ani mat i on=0
Report Cost Est i mat or =1
Gri dFor mat =1

Aut 0Si zeReport s=0

Def aul t Oper at or =0
Conponent sFol der s=1
ReadPr opFor Al | Met =0
TopRowHeader =1

Proj ect Desc=Vol une Test Project of RDW3.0
ScreenX=15360
ScreenY=11520
OverrideDril | Down=True
CDBCQuer yTi neQut =0

Aut oMaxi m ze=0

Fi |l terBuil der=1
MetricEditor=1

Cust onGr oupEdi t or =1

Hel pPat h=dssagent . hl p
CacheAut opr onpt s=0

Expi reCaches=1
AllowDrillWthNoSel ection=0
ShowAl | Det ai | s=0

Dat amar t Cust onirenpl at e=0
Dat amar t Pr ePost SQL=0

[Filter Details]
Font Nane=Ari al

Font Si ze=8. 25

Font St yl e=000000
Showfl tr Det =1
Forecol or =0
Backcol or =12632256

[ DSS (hj ects]
Font Nane=Ms Sans Seri f
Font Si ze=8. 25

[Interface]
CriteriaWndow=1
Fi | ter sW ndow=1
Repor t sW ndow=1
Agent sW ndow=1
Repor t Obj ect sW ndow=1
Def aul t Hi erarchi es=1
Drilling=2

Drill Governi ng=1
Sorting=1
Printing=1
ExporttoExcel =1
Expor tt oWor d=1
ExporttoMai |l =0
Scrol ling=1

Pagi ng=1

Hel p=1

Trash=0
FilterQperator=1
Li ght ni ng=1
GraphMde=1

G'i dvbde=1
MapMobde=0

Al ert Mode=1

Engi neMbde=1
Desi gnMbde=1

Showst at usBar =1
ShowPr onpt =1

Vi ewMenu=1
ShowConsol i dat i ons=0
ShowQual i ties=1
NewObj ect Fol der =1
NewObj ect =1

Report Wit er Mode=0
Refresh=1

Vi ewvbde=0

SendObj ect =1

Obj ect Sel ect or =0
Dat anart W zar d=0
Report W zar d=0

[tool s]

Hol dQuer yExe=0

** SQL.Log conmented to inprove Broadcaster **
** sql | og=C:\ TEMP\ | oad. TXT **

[DSS Server]

Server Mbde=1

Ser ver Nane=M NNI E

Swi tchTi ers=1

Prot ocol =ncacn_i p_tcp
Endpoi nt =1620

Addr ess=10. 10. 10. 30
DMSt ri ng=

[ Syst em Cat al og]

Catal og SQL=sel ect tabl e_nane, colum_nane, data_type,
data_l ength fromall_tab_col ums where owner =

' RDWB0_ADM DM

Catal og SQL2=

[User Messages]
MsgString=1110111011010110

[ Obj ects Tool bar]
DockRank=0
DockRankSeq=0

DockSt at us=0

Fl oat i ngW dt hl nBt ns=5
Fl oati ngLeft =0

Fl oat i ngTop=0

[ Actions Tool Bar]
DockRank=0
DockRankSeq=1

DockSt at us=0

Fl oat i ngW dt hl nBt ns=5
Fl oati ngLeft =0

Fl oat i ngTop=0

[ Navi gati on Tool Bar]
DockRank=0
DockRankSeq=2

DockSt at us=0

Fl oat i ngW dt hl nBt ns=4
Fl oati ngLeft =0

Fl oat i ngTop=0

[ Obj ect s]

Filter=aa PB Filters (TPOP) Review
Tenpl at e=aa PB Packet (Renewed |nterest)
Agent =No obj ect sel ected

Report =No obj ect sel ected

Fil t er Fol der=

Tenpl at eFol der =

Agent Fol der =No Acti on

Repor t Fol der=No Acti on

[ DBExport]

UseCust omAl i as=0

AppendToTabl e=0

UseConpoundMet ri c=1

Call Retek at 1-877-ENABLE2 or visit our website at 13
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Report Query Profile

Approach

For the RDW Performance Benchmark a set of standard reports were established. This
set of reports or ‘ Query Profile’ was a representative sample of the actual reports
available within RDW. These reports also represented a realistic mix of reports that
would be run in a production data warehouse environment.

The candidate reports within RDW were ranked according to three measures. Complexity,
Frequency, and Importance. The ranking within each measure were assigned ascending

according to intensity within that measure.

Complexity

Each report got a Complexity ranking where 1=Simple, 2=Medium, and 3=Complex.
Complexity was defined based on the SQL that the report generated. Simple queries
performed asinglesel ect against the warehouse. Medium queries generated 2-10

sel ects and up to 10 temp tables. High Complexity reports generated more than 10

sel ect s and/or more that 10 temp tables.

Frequency

Frequency ranking was assigned based on the expected frequency of execution of the
report. The specific rankings was defined as 1=Occasionally, 2=Weekly, 3=Dalily.

Importance

Importance ranking was assigned based on the relative importance of the report, or value
to the business. The specific rankings were defined as 1=Low, 2=Medium, 3=High.

Query Profile

The following table represents the percentage breakdowns used to define a ‘realistic’ mix

of reports across Complexity and Freguency:

Occasionally ~ Weekly Daily GT % Target
Low 16 20 36 60% 60%
Medium 4 7 7 18 30% 30%
High 2 4 6 10% 10%
GT 6 27 27 60
% 10% 45% 45% 100%
Target 10% 45% 45%
Call Retek at 1-877-ENABLE?2 or visit our website at 14
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Service Volumes

Since alarge number of reports were required for the benchmark, DSS Broadcaster was

used to generate service volumes that represented the Frequency/Complexity (F/C) as

specified above. Additionally, weighting for Daily (D), Weekly (W), or Occasiona (O)
usage was applied to the Complexity of Low (L), Medium (M), High (H). The following
table represents the report suite representing atotal of 2,970 individual reports:

F/C Scale Total Percentage Service Volume Extension Suite

LD 20 33.3% 360 5| 1800
LW 16 26.7% 288 1] 288
MD 7 11.7% 126 5| 630
MW 7 11.7% 126 1] 126
MO 4 6.7% 72 0.5 36
HW 4 6.7% 72 1 72
HO 2 3.3% 36 0.5 18
Totals 60 100.0% 1080 2970

The following table represents a Report Makeup of the Query Profile:

PB Report Name ‘Complex Freq  Dimension Meétrics
Dept,Net Transfer Value(LD) 1-Low 3-Daily Division/Departm [Net Transfer Value
ent
Org,Sales Value by Type(LD) 1-Low 3-Daily Organization Sales Value
Prod,Sales Value by Type(LD) 1-Low 3-Daily Product Sales Value
Time,Sales Value by Type(LD) 1-Low 3-Daily Time Sales Value
Loc,SKU,Weeks, VAT (LW) 1-Low 2-Weekly |Location/SKU by [Sales Value/VAT
Month/Week
Loc,Subclass,Weeks, VAT (LW) 1-Low 2-Weekly |Location/Subclass|Sales Value/VAT
by Month/Week
SKU,Week,Price(LW) 1-Low 2-Weekly
Org,EOH Value By Type(MD) 2-Med 3-Daily Organization EOH Value
Org,Markdown Value By Type(MD) 2-Med 3-Daily Organization Markdown
Prod,EOH Value By Type(MD) 2-Med 3-Daily Product EOH Value
Prod,Markdown Value By Type(MD) 2-Med 3-Daily Product Markdown
Time,EOH Value By Type(MD) 2-Med 3-Daily Time EOH Value
Time,Markdown Value By Type(MD) 2-Med 3-Daily Time Markdown
Class, Sales, Profit(MW) 2-Med 2-Weekly |Division/Departm |Sales,Promo/Profit
ent/Class
Org,Sales,Profit Value TY vs LY(MW) 2-Med 2-Weekly |Organization Sales/Profit
Prod,Sales,Profit Value TY vs LY(MW) |2-Med 2-Weekly |Product Sales/Profit
Time,Sales,Profit Value TY vs LY(MW) |2-Med 2-Weekly | Time Sales/Profit
Loc,Division,LW,Sales Value vs 2-Med 1- Division/Location [Sales Value
Chain(MO) Occasionall
y
Region,Division,LW,SIs Value vs 2-Med 1- Division/Region _[Sales Value

Call Retek at 1-877-ENABLE2 or visit our website at
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PB Report Name ‘Complex Freq | Dimension Meétrics
Chain(MO) Occasionall
y
Subclass Ranking(HW) 3-High 2-Weekly
Loc,Division,LW,Sales(HW) 3-High 2-Weekly |Area/Region/Loca|Sales Value & Forward WOS EOH
tion/Division Value
Org, LW Sales Value TD TY/LY(HW) 3-High 2-Weekly |Organization Sales Markdown
Org,Markdown Value vs 3-High 2-Weekly |Organization Sales Value
Fcst,Plan,LY(HW)
Org,Sales Value vs Fcst,Plan,LY(HW)  [3-High 2-Weekly |Organization Sales Value
Prod, LW Sales Value TD TY/LY(HW) 3-High 2-Weekly |Product Sales Value
Prod,Markdown Value vs 3-High 2-Weekly |Product Sales Markdown
Fcst,Plan,LY(HW)
Prod,Sales Value vs Fcst,Plan,LY(HW) |[3-High 2-Weekly |Product Sales Value
Time,Markdown Value vs 3-High 2-Weekly |Time Sales Markdown
Fcst,Plan,LY(HW)
Time,Sales Value vs Fcst,Plan,LY(HW) |3-High 2-Weekly [Time Sales Value
Dept,Loc,LW,Sales(HO) 3-High 1- Div/Dept/Area/Re |Sales Value & Forward WOS EOH
Occasionall |gion/Loc Value
y
Loc, Week, Sales Uplift(HO) 3-High 1- Location by Week|Sales Units/Value & Forward WOS
Occasionall EOH Value
y
Loc,Div,Dept,LW,Sales(HO) 3-High 1- Area/Region/Loc/ |Sales Value & Forward WOS EOH
Occasionall | Div/Dept Value
y
Loc,End of Season On Hand 3-High 1- Region/Location |EOH Value
Fest,LW(HO) Occasionall
y
Loc,Subclass,LW,Product Analysis(HO) [3-High 1- Loc/Dept/Class/S |Sales Value
Occasionall [ubclass
y
Loc,Subclass,LW,Sales,Markdown(HO) [3-High 1- Loc/Dept/Class/S |Sales Value
Occasionall [ubclass
y
Org,Sales,Profit,MD Value(HO) 3-High 1- Organization Sales/Markdown Value
Occasionall
y
Prod,Sales,Profit,MD Value(HO) 3-High 1- Product Sales/Markdown Value
Occasionall
y
Region,Division,LW,Sales(HO) 3-High 1- Chain/Area/Regio |Sales Value
Occasionall [n by Division
y
Region,Division,LW,Stock(HO) 3-High 1- Chain/Area/Regio |EOH Value
Occasionall [n by Division
y
Time,Sales,Profit,MD Value(HO) 3-High 1- Time Sales/Markdown Value
Occasionall
y
SKU,Week,Average Price(HO) 3-High 1-Occasionally
SKU,Sales,Cost,Profit(HO) 3-High 1-Occasionally

Sample SQL for Low, Medium and High Complexity is show in the Appendix.
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Functiona Scope

Retek Data Warehouse has severa functional areas and it was important to limit the
benchmark to subject areas that were most commonly used by the end users. The
functional areas that were benchmarked are:]

= Sdes

= |nventory

= |nventory Movement
= Pricing

= Cost

The functional areas that were not tested as part of this benchmarking exercise will be
volume tested at alater point intime.  Also the Data Warehouse Interface (DWI)
programs were not executed since they primarily run in the Retek Merchandising System
(RMS) environment; these will also be tested at a future time.

Dimensional Values
In order to represent a sizable retailer, the following dimensional values were established:

SKUs 1,634,098
Sub-class 31,755
Class 16,455
Locations 125

The Dimensions represent areal “hardline” retailer with 125 stores.

Fact Generation

Retek currently has programs that will generate sample RM S data and RDW dimension
data. However, there has not historically been an easy way to automatically generate the
data in the RDW fact tables.

For the benchmark project, Retek created a new Fact Generation utility to perform
efficient bulk loading of data into the RDW fact tables. The solution is data driven and
uses 2 distinct types of input column data: primary keys that reference the dimension
tables; and general (fact) columns of interest. Each of these are represented by a different
table which serves as the base for the FactGen utility processing. The FactGen utility
was designed to account for columns which are mutually exclusive, random population of
fact columns (i.e. columns can be populated randomly 1/3 of the time, etc...), NULL
values where appropriate, etc.

Call Retek at 1-877-ENABLE2 or visit our website at 17
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successful. They included:

There were several specific goals that were necessary for FACTGEN to be considered

= Having the generated data simulate real data. The data that was generated needed

to be “intelligently random”. That is, it needed be a reasonable attempt at real

data.

= The generated data must have data integrity. The primary and foreign keys must

be accurate.
= The data generation process must be fast and scaleable. Due to large table sizes,

the goal was several million rows per minute. This could only be accomplished
by being able to insert into multiple partitions of the same table at the same time.

Benchmark Results
Overadll, the Benchmark was very successful both in batch (data load) and front-end
(report query) processing. The results far exceeded the initial goals that were set as
targets for application benchmark.

Batch Results

Batch processing assumed that the data was already extracted from an external system
(like RMS). The datawas loaded into staging areas (AT) and then moved into the 1%

level DataMart areas. Three levels of aggregations were performed, as provided in the
base RDW product (sku-loc-week, shc-loc-day, sbe-loc-week). The batch data flow is
represented as below:

Flat Files

SQL*Loader

RDW 3.0 Data Flow

AT Base
Tables

sls_sku_Id_at
inv_sku_ld_at

Pro*C

—

Summary:
Week

9 !
Y Summary:
DM Base :> Subclass
Tables :

sls_sku_ld_dm

inV_SkU_ld_dm - Summary:
' Week/Sbc

sls_sku_lw_dm
sls_sbc_Id_dm
sls_sbc_Iw_dm
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The batch results for the “end-to-end” cycle, including sales, inventory, inventory
movement, pricing, and cost can be best represented by the following graph:

RDW Batch Run
300 .
. 289
@ 270
g 240
c 210
o 180 =180 [ #1747 | ——Batch (32 cpu)
g 150 —— Batch (16 cpu)
= 120 125 L — | Batch (8 cpu)
= P JIE — [ '
2 90 e
— . — |
c 6012 o3 =
(&) ._42//}’50
© 30 o]
@ 9
0 1 2 3 4 5 6 7 8 9
Daily Transactions (millions)

The ‘Daily Transactions' indicate the daily sales volume, inventory changes, inventory
movement, price changes and cost changes. A Daily Transaction of 2 million would
indicate the following volumes in each functional area

Sales 2,2029,500
Inventory 2,250,000
Inventory Movement 225,000
Pricing 123,000
Cost 125,000

Daily Transaction for 4 million and 8 million would factor the numbers above by 2 times
and 4 times respectively.

As can be seen from the graph, the scalability isnear linear at all transaction rates
(2,4, & 8 million) and at all CPU configurations (8, 16 & 32 CPU). RDW could
process 8 million transactions given the dataflow as presented above in under 5 hours
with a 32 cpu configuration.
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/ The CPU utilization for the 2 million / 32 cpu configuration is shown below:

Global CPU Summary (Points Every 5 min)

T n = ™ T n = T T = T T T
25170 1735 1740 1TAS s 1TSS 1800 1BOS 1810 =15 1B 8:2; 1 R3S sA0 1BES S0 1855 100 s
I ————— mickey berbneCIL UPLTOUAL LT I

As indicated in the graph, the CPUs are about 50% used for the 1% half of the batch cycle,
later approaching 90% and then back to about 40%. Thereis enough application level
contention that beyond a certain point, all CPUs cannot be fully utilized. The peak of
90% represents a certain sort that was performed in memory.

The Disk utilization for the 2 million / 32 cpu configuration is shown below:

Global Disk Summary (Points Every 5 min)
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The Disk utilization was nearly 80% for the beginning of the batch cycle and later most
of the information was cached in memory thus reducing the access to physical disk. The
configuration of the disk with striping/mirroring alowed us to achieve very high I/O
rates.

Front-End Results

The front-end tests were run using DSS Broadcaster and DSS Server. Reports were
gueued up from Broadcaster to Server and then the threads to the database were opened.
The Report Suite was run using a varying number of threads to the database. The tests
were aso runin a600 GB and 1 TB environment.

The results of the Report Suite in the 1 TB environment are shown below:

RDW Front End Run (32 cpus)

60 —
-~ 50 Je 53254756 53
5 £ — 47
2E 40 « 41
£ 30 V32
o2 5
Ex
=< 10

0 12 24 36 48 60 72 84 96 10 12
8 O

DSS Server Threads

As can be seen from the graph above, the throughput rate (measured in reports executed
per minute) begins to level off at about 64 Server threads, achieving a rate of approx. 53
reports/min.
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The table below presents some more details about the front-end results:

Measure 600 GB 1TB

Total Reports 2,784 2,935
Execution Time 0 hr 56 min 1 hr 3 min
Throughput 50 reports/min 46 reports/min
DSS Threads 48 48

Avg 44 sec 50 sec
Execution/report

Avg Rows 177 115 rows
returned

Avg Queries 3.9 4.2

As can be seen from the numbers above, the throughput rate was very similar between the
600 GB and 1 TB environments. It isworth noting that the reports per minute excluded
reports that had errors or did not complete successfully.

The average execution time of the report is shown below. Note that this does not include
gueue time, which can vary based on number of threads and arrival rate of reports from
the end users. In our case it was necessary to create a large queue of reports to ensure
that the maximum number of reports was continuously executing against the database.

Response Reports (600 GB) Reports (1 TB)
1-10sec 66% 69%

11 - 30 sec 12% 13%
3lsec—2min | 12% 11%

2 -7 min 7% 5%

8 — 15 min 3% <1%

16 — 30 min <none> 2%

Total 100% 100%

Call Retek at 1-877-ENABLE2 or visit our website at
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The CPU utilization (32-cpu configuration and 48 threads) for the front-end testing is
shown below:

Global CPU Summary (Points Every 5 min)

The Disk utilization (32-cpu configuration and 48 threads) for the front-end testing is
shown below:

Global Disk Summary (Points Every 5 min)
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/ As can be seen from the graphs above, front-end execution of reports requires both high

CPU and Disk utilization.

Database Details

Oracle 8i Features

Oracle 8.1.5.0 was used to conduct the RDW Performance Benchmark. At the time of
the benchmark, only the 32-bit version was generally available for use. Since Retek’'s
RDW application was not certified on the Oracle 8i platform it was not possible to use al
the new features from Oracle. However, improvements made to the Oracle RDBMS
kernel like optimization enhancements and sort efficiency had a positive effect on the
benchmark results.

The following features & configuration options of Oracle 8i were used:

Sort I|mprovements

Sort performance in Oracle 8i is more rapid compared to previous releases. A new
initialization parameter ‘sort _mul ti bl ock_r ead_count’ provided more efficient 1/0 to
temporary areas of the database for larger sorts. Additionally, sort area for a session
could be dynamically increased by using ‘al t er session set sort_area_size =
<val ue> ‘.

Long Running Operations

In any typical datawarehouse, there can be several long running SQL operations both for
batch loads and front-end queries. Oracle 8i introduced a new dynamic view

v$sessi ons_| ongops that allow the monitoring and estimation of completion times for
long running operations. The use of this feature allowed the team to monitor and
estimate completion times for database operations, batch programs and user queries.

Initialization Parameters

The following initiaization parameters were used for the benchmark. The parameters
were unchanged in batch and front-end tests, as would be in areaistic RDW
implementation. The initialization parameters also represent changes to obsolete
parameters as of 8.0.5 and new parameters introduced in 8.1.5. Note there may be
differences per specific environments as these are the parameters specifically used with
Oracle 8.1.5 for the HPUX operating system.

O7_Dl CTI ONARY_ACCESSI BI LI TY TRUE

_db_bl ock_hash_bucket s 60000

_trace files_public TRUE

al ways_anti _join HASH

al ways_sem _join St andard

ag_t m processes 0

audit _file_ dest $ORACLE_BASE/ adm n/ $ORACLE_SI DY adunp
audit_trail DB

background_core_dunp Parti al

backgr ound_dunp_dest $ORACLE_BASE/ adm n/ $ORACLE_SI DY bdunp
backup_t ape_i o_sl aves FALSE

bi t map_ner ge_ar ea_si ze 10240000
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Par anet er Val ue |
bl ank_tri mm ng FALSE

buf f er _pool _keep

buf fer_pool _recycle

commi t _poi nt_strength 100

conpati bl e 8.1.5

control _file_record_keep_tine 7

control _files

/u01/ oradat a/ rdwl/ control 1. ctl
/u01/ oradat a/ rdwl/ control 2. ct

core_dunp_dest

$ORACLE BASE/ admi n/ $ORACLE_SI D/ cdunp

cpu_count

32

create bitmap_area_size 32768000
cursor_space _for_tine TRUE
db_bl ock_buffers 60000
db_bl ock_checki ng FALSE
db_bl ock_checksum FALSE
db_bl ock_| ru_l at ches 64
db_bl ock_max_dirty_target 60000
db_bl ock_si ze 16384
db_domai n

db file direct_io_count 64
db_file_multiblock read_count 64
db_file_name_convert

db files 2048
db_nane r dwl
db_writer_processes 1

dbli nk_encrypt _| ogi n FALSE
dbw _i o_sl aves 24

di sk_asynch_i o TRUE
di stributed_transacti ons 222
dm _| ocks 3564
enqueue_r esour ces 5632
ent _domai n_nane

event

fast_start_io_target 60000
fast _start_parallel _rollback | ow
fixed date

gc_defer_time 10
gc_files_ to | ocks

gc_rel easabl e | ocks 0
gc_rol I back | ocks

gl obal _nanes FALSE
hash_area_si ze 65536000
hash_j oi n_enabl ed TRUE
hash_mul ti bl ock_i o_count 64

hi _shared_nenory_addr ess 0
hs_aut or egi st er TRUE

ifile

/u00/ or acl e/ product/ 8. 1.5/ dbs/initdef.ora

i nst ance_groups

i nst ance_namne

i nst ance_nunber

ava_max_sessi onspace_si ze

ava_pool _si ze

<

ava_soft_sessionspace limt

ob_queue_interva

o

ob_queue_processes

ar ge_pool _si ze

I'i cense_max_sessi ons

I'i cense_max_users

I'i cense_sessi ons_war ni ng

O|Oo|o|o|o|o|o|r|o|lo

I m | ocks

12000

I m procs

127

Imress

6000

I ocal _|istener

| ock_nane_space
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Par anet er Val ue |
| ock_sga FALSE
| og_archi ve_dest

| og_archive dest_1

| og_ar chi ve_dest _2

| og_archive dest 3

| og_archive dest_4

| og_ar chi ve_dest _5

I og_archive_dest _state 1 enabl e
I og_archive_dest_state_2 enabl e
I og_archive dest _state 3 enabl e
I og_archive_dest _state 4 enabl e
I og_archive _dest_state 5 enabl e
I og_archi ve_dupl ex_dest

| og_archi ve_format % 9%. | og
| og_archi ve_max_processes 1

I og_archive_m n_succeed_dest 1

| og_archive_start TRUE

| og_buffer 10240000
| og_checkpoi nt _i nterval 99999999
I og_checkpoi nt _ti meout 7200

I og_checkpoints_to alert FALSE
log_file name_convert

max_conm t _propagati on_del ay 700
max_dunp file size 51200
max_enabl ed_rol es 128
max_r ol | back_segment s 30

nt s_di spat chers

nts_|istener_address

nt s_nmax_di spat chers 5
nts_nax_servers 20

nts nultiple |listeners FALSE
ns_servers 0
ns_service r dwl
nl s_cal endar

nl s_conp

nl s_currency

nl s_date_f or mat

nl s_dat e_| anguage

nl s_dual _currency

nl's_i so_currency

nl s_| anguage AVERI CAN
nl's_nureric_characters

nls_sort

nls territory AVERI CA
nls_time_format

nls time tz format

nls_timestanp_format

nls timestanp tz format

obj ect _cache_max_si ze_percent 10

obj ect _cache_opti nal _si ze 102400
open_cursors 500
open_| i nks 4
open_| i nks_per _i nst ance 4
optimzer_features_enabl e 8.1.5
optim zer_i ndex_cachi ng 0
optim zer i ndex_cost_adj 100
opti m zer _max_pernut ati ons 80000
optim zer_node CHOOSE
optim zer _percent _parall el 0
optimzer_search_limt 5

oracl e trace_col |l ecti on_nane

oracle trace collection_path

?/ ot race/ adm n/ cdf

oracl e trace_col |l ection_si ze

5242880

oracle_trace_enabl e

FALSE
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Par anet er
oracle _trace facility nane

Val ue
oracl ed

oracle trace facility path

?/ otrace/ adm n/ f df

os_aut hent _prefix

os_rol es FALSE
paral | el _adaptive _nulti _user FALSE
paral |l el _automatic_tuni ng FALSE
paral | el _broadcast _enabl ed FALSE
paral | el _executi on_nessage_si ze 16384
paral | el _i nstance_group

paral | el _max_servers 64
paral |l el _m n_percent 0
parallel _mn_servers 32
paral | el _server FALSE
paral | el _server_instances 1
paral |l el _threads_per_cpu 2
partition_view enabl ed FALSE
pl sgl _| oad_wi t hout _conpil e FALSE
pl sql _v2_conpatibility TRUE
pre_page_sga FALSE
processes 400
query rewite_enabl ed FALSE
query rewite integrity enf or ced
rdbns_server_dn

read_only open_del ayed FALSE
recovery parallelism 32
renot e_dependenci es_node TI MESTAMP
renote | ogi n_passwordfile NONE
renot e_os_aut hent FALSE
renote_os_rol es FALSE
replicati on_dependency_tracki ng TRUE
resource limt FALSE

r esour ce_manager _pl an

rol | back_segnent s

rbsl, rbs2,rbs3.rbs4, rbs5, rbs6, rbs7, rbs8, rbs9, rbsl10

row_| ocki ng al ways
serial _reuse Dl SABLE
serializable FALSE
servi ce_names r dwl
sessi on_cached_cursors 100
sessi on_max_open_files 10

sessi ons 810
shadow core_dunp partia
shar ed_nenory_addr ess 0
shared_pool _reserved_si ze 25M

shar ed_pool _si ze 256 M
sort_area_retained_size 16000000
sort _area_size 32000000
sort_mul ti bl ock_read_count 64

sql 92_security FALSE
sql _trace FALSE

st andby_ar chi ve_dest ?/ dbs/ arch
star_transfornation_enabl ed FALSE
tape_asynch_i o TRUE
text _enabl e FALSE

t hr ead 0
tinmed_os_statistics 0
tinmed_statistics FALSE
transaction_auditing TRUE
transacti ons 891
transacti ons_per_rol | back_segment 7
use_indirect_data buffers FALSE

user _dunp_dest

$ORACLE_BASE/ adni n/ $ORACLE_SI IJ udunp

utl file dir
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From an RDW implementation perspective at customer sites, most of the init.ora
parameters for Oracle 8.1.5.0 can be the same as shown above; however, there is a small
but critical subset of parameters that should be made site-specific based on the
configuration and usage requirements.

The site-specific parameters are show below:

Par amet er Val ue |

_db_bl ock_hash_bucket s Same as db_bl ock_buffers

bi t map_nerge_area_si ze 8 — 16 Mo

Control files <site specific>

cpu_count # cpus

create bitmap_area_size 8 — 32 Mb

db_bl ock_buffers 10, 000+ (160+ M)

db_bl ock_Iru_l at ches 2 * cpus

db_file_multibl ock_read_count 16 - 64

db_nane <i nst ance specific>

dbwr _i o_sl aves Start with # disk-arrays

di sk_asynch_i o True, for async_io
hash_area_si ze Start with 16 M

hash_mul ti bl ock_i o_count Sanme as db file multiblock read count
paral | el _max_servers 2 * cpus

parallel _mn_servers # cpus

processes Start w 100

rol | back_segnents Start w rbsl, rbs2,rbs3. rbs4
sessi ons 2.1 * processes

shared_pool _reserved_si ze 10% of shared_pool _si ze

shar ed_pool _si ze Start w 128 M
sort_area_retained_size Start w 2 M
sort_area_size Start w 16 Mo

sort _nmul ti bl ock_read_count Sanme as db_file multiblock read_count

Also, please note that other parameters may need to be modified in production
environments (example, for archiving).

Tablespace Details

Tablespace organization is important in the physical database design both from a system
management and performance perspective. Standard RDW implementation for
tablespace assignment was used with the following enhancements:

= Partitioned fact tables (data) had their own tablespace

= Partitioned fact indexes had their own tablespace

= AT_DI M DATA, AT_FACT_DATA, DM DI M DATA, DM FACT_DATA tablespaces held
both table/index due the smaller size and striped disks

The tablespace configuration and sizes for the entire database are shown in the following
table. Note that the raw partition size was 6 GB, the size of an Oracle datafile and the
minimum size of a tablespace.

Call Retek at 1-877-ENABLE2 or visit our website at 28
www.retek.com for more information




Tabl espace

AT_DI M_DATA

R TR

sum

AT_FACT_DATA

IR EEEEEEEEEREEEEEEEEEEEEEEEEES]
sum

CACHE_DATA

khkhkhkhkhk kA hk kA kA hkkkkhkkkkhkhkdhkkhkkkkhkk
sum

DM DI M_DATA

S TR Y

sum

DM _FACT_DATA

Khkkkhkkhkhhhhkhkhkhkhkhkhkhkkhk**

sum

RBS

hhkkkkkkkkkkhkhkkhkkhkhkkkkkkkkk %
sum
kkkkkkkkkkkkkhkkkkkkkkkkkkk ok k k%

sum

TEMP

hkkkkhkkkkkkkhkkhkkkkkkkkkkk ok k ok %

sum

TS_COST_SKU_LD_DM DATA
IEEE RS EEEEEEEEREEEEEEREREEREERSEESSE]
sum

TS_COST_SKU_LD_DM | NDX
khkhkhkhkhkhkkhkhkhhkdhkhkdhkhkkhkhkkhkdkkhkdkhkhkkhkkktx
sum

TS_I| N\V_NMOVE_BLD_DM DATA

kkkkkkkkkkkkkkkkkkkkkkkkkk ok kk %

sum

TS_I NV_MOVE_BLD_DM | NDX

TR Y

sum

TS_I NV_NMOVE_BLW DM DATA

kkkkkkkkkkkkkhkkhkkhkkkkkkkkkkk %

sum

TS_I NV_MOVE_BLW DM | NDX

hkkkkhkkkkkkkhkkkkkkkkkkkkk ok k ok k

sum

TS_I N\V_NMOVE_SLD_DM DATA

Si ze( MB)

I D Fil eNanme

14

15

100

16

17

[ abrowN

[E
owWooo~NO»

11

12

13
111
112
113
114
115
116
117
118

18
119

19

21

22
120

/u01/ or adat a/ rdwl/ at _di m dat al. dat

/u01/ or adat a/ rdwl/ at _f act _dat al. dat

/u01/ or adat a/ r dwl/ cache_dat al. dat

/u01/ oradat a/ rdwl/ dm di m dat al. dat

/u01/ or adat a/ rdwl/ dm f act _dat al. dat

/u01/ or adat a/ r dwl/ r bs1. dat
/u01/ or adat a/ rdwl/ r bs2. dat
/u01/ or adat a/ r dwl/ r bs3. dat
/u01/ or adat a/ r dwl/ r bs4. dat

/u01/ or adat a/ r dwl/ syst enl. dat

dat
dat
dat
dat
dat
dat
dat

/u01/ oradat a/ rdwl/ tenpl.
/u01/ oradat a/ rdwl/ t enp2.
/u01/ or adat a/ r dwl/ t enp3.
/u01/ or adat a/ r dwl/ t enp4.
/u01/ or adat a/ r dwl/ t enp5.
/u01/ or adat a/ r dwl/ t enp6.
/u01/ or adat a/ rdwl/ t enp7.
/u01/ or adat a/ r dwl/ t enp8. dat

/u01/ or adat a/ rdwl/ t enp9. dat

/u01/ or adat a/ r dwl/ t enpl0. dat
/u01/ oradata/ rdwl/tenpll. dat
/u01/ oradat a/ rdwl/tenpl2. dat
/u01/ or adat a/ rdwl/ t enp13. dat
/u01/ oradat a/ rdwl/ t enpl4. dat
/u01/ or adat a/ rdwl/ t enpl5. dat
/u01/ or adat a/ rdwl/ t enpl6. dat

/u01/ oradata/rdwl/ts_cost_sku_| d_dm dat al. dat
/u01/ oradata/rdwl/ts_cost_sku_l d_dm dat a2. dat

/u01/ oradata/rdwl/ts_cost_sku_l d_dm i ndx1. dat

/u01/ oradata/rdwl/ts_i nv_nove_bl d_dm dat al.

/u01/ oradat a/ rdwl/ts_i nv_nove_bl d_dm. i ndx1.

/u0l/ or adat a/ rdwl/ts_i nv_nove_bl w_dm dat al.
/u01/ oradata/rdwl/ts_i nv_nove_bl w_dm dat a2.

/u01/ oradat a/ rdwl/ts_i nv_nove_bl w_dm_ i ndx1.

/u01/ oradata/rdwl/ts_inv_nmove_sl d_dm datal.
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dat

dat

dat
dat

dat

dat



khkkhkhkhkhkhkhkhkhkhkdhkhkdhkhkkhhkkhkdkhkdkhkhkkkhkkkhkk
sum
TS_I| N\V_MOVE_SLD_DM | NDX

sum

TS_I NV_NMOVE_SLW DM DATA
EEEEEEEEEEEREEREREREEEEEEESEESEERS]
sum

TS_I NV_MOVE_SLW DM | NDX

IR EEEEEEEEEREEEEEEEEEEEEEEEEESE]

sum

TS_I N\V_SBC_LD_DM DATA

hkkkhkkhkkhkkkhkhkkhkhkhkkhkkkkkkk*

sum

TS_I NV_SBC_LD_DM | NDX

Kkkkhkkhkhhkhhkhkhkhkhkkhkkhkhhhhkk*

sum

TS_I N\V_SBC_LW DM DATA

hhkkkkkkkkkkkkhkkhkkhkkkkkkkkkkkk*

sum
TS_I NV_SBC_LW DM | NDX

R R TR

sum

TS_I NV_SKU_LD_CUR_DM DATA

khkhkhkhkhkhk kXA hkkkkhkkhkkkhkkdhkkhkkkkkx
sum

TS_INV_SKU_LD_CUR_DM | NDX

LR R R R R EEEEEREREEEEEEEEEESEESEERS]

sum

TS_I NV_SKU_LD_DM DATA

kkkkkkkkkkkkkkkkkkkkkkkkkk ok kk %

sum

TS_I NV_SKU_LD_DM | NDX

12,020

6,010
6,010
6,010
6,010
6,010

6,010
6,010
6,010
6,010
6,010

25

26

27

36
37
38
39
126
127

29
30

31

32
101
133
134
135
136

28
121

106
107
108
109
110

105

73
74
75
76
77
78
79
80
81
82

144

145

146

147

148

42
43
44
45
128

/u01/ oradata/rdwl/ts_i

/u01/ oradata/rdwl/ts_i

/u0l/ oradata/ rdwl/ts_i

/u0l1l/oradata/rdwl/ts_i
/u01/ oradata/rdwl/ts_i
/u01/ oradata/rdwl/ts_i
/u01/ oradatal/rdwl/ts_i
/u0l/ oradatal/rdwl/ts_i
/u01/ oradata/rdwl/ts_i

/u01/oradata/rdwl/ts_i
/u01/ oradata/rdwl/ts_i

/u0l1l/ oradata/rdwl/ts_i
/u01/ oradatal/rdwl/ts_i
/u01/ oradata/rdwl/ts_i
/u01/ oradata/rdwl/ts_i
/u01/ oradata/rdwl/ts_i
/u01/ oradata/rdwl/ts_i
/u01/ oradata/rdwl/ts_i

/u0l1l/oradata/rdwl/ts_i
/u01/ oradata/rdwl/ts_i

/u01/ oradata/rdwl/ts_i
/u01/ oradata/rdwl/ts_i
/u01/ oradata/rdwl/ts_i
/u01/ or adat a/ rdwl/ts_i
/u01/ oradata/rdwl/ts_i

/u01/ oradata/ rdwl/ts_i

/u0l1/ oradata/rdwl/ts_i
/u01/ oradata/rdwl/ts_i
/u01/ oradatal/rdwl/ts_i
/u01/ oradata/rdwl/ts_i
/u01/ oradata/rdwl/ts_i
/u01/ oradata/rdwl/ts_i
/u01/ oradata/rdwl/ts_i
/u01/ oradata/rdwl/ts_i
/u01/ oradata/rdwl/ts_i
/u01/ oradata/rdwl/ts_i
/u01/ oradata/rdwl/ts_i
/u01/ oradata/rdwl/ts_i
/u01/ oradatal/rdwl/ts_i
/u01/ oradata/rdwl/ts_i
/u01/ oradata/rdwl/ts_i

/u0l/oradata/rdwl/ts_i
/u01/ oradatal/rdwl/ts_i
/u01/ oradatal/ rdwl/ts_i
/u01/ oradatal/rdwl/ts_i
/u01/ oradata/rdwl/ts_i
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nv_nove_sl d_dm. i ndx1. dat

nv_nove_sl w_dm dat al. dat

nv_nove_slw_dm i ndx1. dat

nv_sbc_| d_dm dat al. dat
nv_sbc_| d_dm dat a2. dat
nv_sbc_| d_dm dat a3. dat
nv_sbc_| d_dm dat a4. dat
nv_sbc_| d_dm dat a5. dat
nv_sbc_l d_dm dat a6. dat
nv_sbc_| d_dm. i ndx1. dat
nv_sbc_l d_dm.i ndx2. dat
nv_sbc_l w_dm dat al. dat
nv_sbc_| w_dm dat a2. dat
nv_sbc_| w_dm dat a3. dat
nv_sbc_l w_dm dat a4. dat
nv_sbc_| w_dm dat a5. dat
nv_sbc_| w_dm dat a6. dat
nv_sbc_l w_dm dat a7. dat
nv_sbc_l w_dm i ndx1. dat
nv_sbc_|l w_dm i ndx2. dat

nv_sku_l d_cur_dm dat al.
nv_sku_l d_cur_dm dat a2.
nv_sku_l d_cur_dm dat a3.
nv_sku_l d_cur_dm dat a4.
nv_sku_I d_cur _dm dat a5.

nv_sku_l d_cur_dm i ndx1.

nv_sku_| d_dm dat al. dat
nv_sku_| d_dm dat a2. dat
nv_sku_| d_dm dat a3. dat
nv_sku_| d_dm dat a4. dat
nv_sku_| d_dm dat a5. dat
nv_sku_| d_dm dat a6. dat
nv_sku_| d_dm dat a7. dat
nv_sku_| d_dm dat a8. dat
nv_sku_| d_dm dat a9. dat

nv_sku_l d_dm dat al0. dat
nv_sku_l d_dm dat all. dat
nv_sku_l d_dm dat al2. dat
nv_sku_l d_dm dat al3. dat
nv_sku_l d_dm dat al4. dat
nv_sku_I d_dm dat al5. dat

nv_sku_| d_dm_ i ndx1. dat
nv_sku_l d_dm_ i ndx2. dat
nv_sku_| d_dm_ i ndx3. dat
nv_sku_| d_dm_ i ndx4. dat
nv_sku_l d_dm_ i ndx5. dat

dat
dat
dat
dat
dat

dat



hkkkkhkkkkkkkhkkhkkkkkkkkkkk ok k ok %

sum

TS_I NV_SKU_LW DM DATA

R T TR

sum

TS_I NV_SKU_LW DM | NDX

TS_I NV_SKU_LW DM | NDX

R TR Y

sum

TS_PRI CI NG_SKU_LD_DM DATA

khkhkhkhkhkhkrk kA khkkkkhkkkkhkhkkdhkkkkkkx
sum
TS_PRI CI NG_SKU_LD_DM | NDX

sum

TS_SLS_CLASS_RW DM DATA

khkkkkkkkhkkhkhkdhhkdhkkokhkkokhkhkkhkdkkkkxkkkkx
sum
TS_SLS_CLASS_RW DM | NDX

sum

TS_SLS_SBC_LD DM DATA

hkkkhkkhkhhkkhkhkhkhkhkhkkkkkk*k*

sum

TS_SLS_SBC LD DM | NDX

sum
TS_SLS SBC_LD_LY_DM DATA
LR EEEEEEEREEREREEEEEEEEEESEESEERS]

sum

174, 290
6,010
6,010
6, 010
6,010
6,010
6, 010
6,010
6,010

6,010
6,010

129

83
84
85
86
87
88
89
90
91
92
93
102
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182

46
47
48
49
149
150
151
152

153

154

33
122

34

35
123

40

41
124

50

51

/u0l/ oradatal/rdwl/ts_i

/u0l1/ oradata/rdwl/ts_i
/u01/ oradatal/rdwl/ts_i
/u01/ oradatal/rdwl/ts_i
/u01/ oradata/rdwl/ts_i
/u01/ oradatal/rdwl/ts_i
/u01/ oradatal/rdwl/ts_i
/u01/ oradata/rdwl/ts_i
/u01/ oradatal/rdwl/ts_i
/u01/ oradatal/rdwl/ts_i
/u01/ oradata/rdwl/ts_i
/u01/ oradata/rdwl/ts_i
/u01/ oradata/rdwl/ts_i
/u01/ oradatal/rdwl/ts_i
/u01/ oradata/rdwl/ts_i
/u01/ oradata/rdwl/ts_i
/u01/ oradat a/ rdwl/ts_i
/u01/ oradata/rdwl/ts_i
/u01/ oradata/rdwl/ts_i
/u01/ oradat a/ rdwl/ts_i
/u01/ oradata/rdwl/ts_i
/u01/ oradata/rdwl/ts_i
/u01/ oradat a/ rdwl/ts_i
/u01/ oradata/rdwl/ts_i
/u01/ oradata/rdwl/ts_i
/u01/ oradat a/ rdwl/ts_i
/u01/ oradata/rdwl/ts_i
/u01/ oradata/rdwl/ts_i
/u01/ oradata/rdwl/ts_i
/u01/ oradata/rdwl/ts_i

/u0l/oradata/ rdwl/ts_i
/u01/ oradata/rdwl/ts_i
/u01/ oradata/rdwl/ts_i
/u01/ oradata/rdwl/ts_i
/u01/ oradata/rdwl/ts_i
/u01/ oradata/rdwl/ts_i
/u01/ oradata/rdwl/ts_i
/u01/ oradata/rdwl/ts_i

/u01/ oradata/rdwl/ts_i
/u01/ oradatal/rdwl/ts_i

/u01/ oradata/rdwl/ts_pricing_sku_ld_dm datal. dat
/u01/ oradata/rdwl/ts_pricing_sku_| d_dm dat a2. dat

/u01/ oradatal/rdwl/ts_pricing_sku_|ld_dm.indxl. dat

nv_sku_| d_dm_ i ndx6.

nv_sku_l w_dm dat al.
nv_sku_| w_dm dat a2.
nv_sku_l w_dm dat a3.
nv_sku_l w_dm dat a4.
nv_sku_l w_dm dat a5.
nv_sku_l w_dm dat a6.
nv_sku_l w_dm dat a7.
nv_sku_l w_dm dat a8.
nv_sku_l w_dm dat a9.

nv_sku_l w_dm dat al0.
nv_sku_l w_dm dat all.
nv_sku_l w_dm dat al2.
nv_sku_l w_dm dat al3.
nv_sku_l w_dm dat al4.
nv_sku_l w_dm dat al5.
nv_sku_l w_dm dat al6.
nv_sku_l w_dm dat al7.
nv_sku_l w_dm dat al8.
nv_sku_l w_dm dat al9.
nv_sku_l w_dm dat a20.
nv_sku_l w_dm dat a21.
nv_sku_l w_dm dat a22.
nv_sku_l w_dm dat a23.
nv_sku_l w_dm dat a24.
nv_sku_l w_dm dat a25.
nv_sku_l w_dm dat a26.
nv_sku_l w_dm dat a27.
nv_sku_l w_dm dat a28.
nv_sku_l w_dm dat a29.

nv_sku_|l w_dm_ i ndx1.
nv_sku_l w_dm_ i ndx2.
nv_sku_l w_dm_ i ndx3.
nv_sku_| w_dm_ i ndx4.
nv_sku_l w_dm_ i ndx5.
nv_sku_l w_dm_ i ndx6.
nv_sku_l w_dm_ i ndx7.
nv_sku_l w_dm_ i ndx8.

dat

dat
dat
dat
dat
dat
dat
dat
dat
dat

dat
dat
dat
dat
dat
dat
dat
dat
dat
dat
dat
dat
dat
dat
dat
dat
dat
dat
dat
dat

dat
dat
dat
dat
dat
dat
dat
dat

nv_sku_l w_dm_ i ndx9. dat

nv_sku_l w_dm i ndx10.

dat

/u01/oradata/rdwl/ts_sls_class_rw dm datal. dat
/u01/ oradata/rdwl/ts_sls_class_rw_dm data2. dat

/u01/oradata/rdwl/ts_sls_class_rw dm.indxl. dat

/u0l1/ oradata/rdwl/ts_sls_sbc_| d_dm datal. dat
/u01/ oradata/rdwl/ts_sls_sbc_I d_dm data2. dat

/u01/ oradata/rdwl/ts_sls_sbc_| d_dm.indx1l. dat

/u01/oradata/rdwl/ts_sls_shc_ld_ly_dm datal. dat
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TS_SLS_SBC LD_LY_DM | NDX 6, 010 52 /u0l/oradata/rdwl/ts_sls_sbc_ld_|ly_dm.indxl. dat

LR T R

sum 6,010

TS_SLS_SBC_LW DM DATA 6, 010 53 /u0l/oradata/rdwl/ts_sls_sbc_|l w dm datal. dat
6,010 103 /u0l1/oradata/rdwl/ts_sls_sbc_|l w dm data2. dat
6,010 130 /u01/oradata/rdwl/ts_sls_sbc_Il w dm data3. dat
6,010 131 /u01/oradata/rdwl/ts_sls_sbc_Il w dm dat a4. dat
6,010 132 /u01/oradata/rdwl/ts_sls_sbc_|l w dm dat a5. dat

sum 30, 050

TS_SLS_SBC LW DM | NDX 6,010 54 /u0l1/oradata/rdwl/ts_sls_sbc_lw dm.indx1l. dat

khkkhkkkkkkkhkhkhkhkhkhhkddkhhhrhrhkrrrx _ _ _ _ ______

sum 6, 010

TS_SLS_SBC LW LY_DM DATA 6, 010 55 /u0l/oradata/rdwl/ts_sls_sbc_lw |y_dmdatal. dat

khkkhkk kA kA kkkkkhkhkhkhkhhkhdhhhrhkrrrx _ _ _ _ _ _ __ __

sum 6, 010

TS_SLS_SBC LW LY_DM | NDX 6,010 56 /u01/oradata/rdwl/ts_sls_sbc_lw_|y_dm.indxl.dat

kkkkkkkhkkhkkkhhkhkhkkhkhhkhkdkhkkohkrx _ _ _ _ _ _____

sum 6, 010

TS_SLS_SKU_LD DM DATA 6,010 66 /u0l/oradata/rdwl/ts_sls_sku_|l d_dm datal. dat
6,010 67 /u01/oradatal/rdwl/ts_sls_sku_l d_dm data2. dat
6,010 68 /u0l/oradatal/rdwl/ts_sls_sku_l d_dm data3. dat
6, 010 69 /u01/oradata/rdwl/ts_sls_sku_|l d_dm data4. dat
6,010 140 /u01/oradata/rdwl/ts_sls_sku_l d_dm data5. dat
6,010 141 /u01/oradata/rdwl/ts_sls_sku_l d_dm dat a6. dat
6,010 142 /u01/oradata/rdwl/ts_sls_sku_l d_dm data7. dat
6,010 143 /u01/ oradata/rdwl/ts_sls_sku_l d_dm dat a8. dat

khkkkkhkkkkkhkhkhkhkhkhkhkhdhhhrhrhkrrrx _ _ _ _ ______

sum 48, 080

TS_SLS_SKU_LD_DM | NDX 6, 010 58 /u0l/oradata/rdwl/ts_sls_sku_ld_dm.indx1l. dat
6,010 59 /u0l1/oradata/rdwl/ts_sls_sku_l d_dm.indx2. dat
6,010 125 /u01/ oradata/rdwl/ts_sls_sku_l d_dm.indx3. dat

khkkhkkkkkkkhkhkhkhkhkhkhkhdhhhhhrhkrrrx _ _ _ _ ______

sum 18, 030

TS_SLS_SKU_LD_LY_DM DATA 6, 010 60 /u0l/oradata/rdwl/ts_sls_sku_ld_|ly_dmdatal. dat
6,010 61 /u01l/oradata/rdwl/ts_sls_sku_|ld_|ly_dm data2.dat

sum 12,020

TS_SLS_SKU LD_LY_DM | NDX 6, 010 57 /u0l/oradata/rdwl/ts_sls_sku_ld_ly_dm.indxl. dat

khkkhkkhkhkkkhkhkhkhkhkhkhkhkhdkhhhhhhhkrhrx _ _ _ ___ o

sum 6, 010

TS_SLS_SKU_LW DM DATA 6, 010 94 /u01/oradata/rdwl/ts_sls_sku_lw_dm datal. dat
6,010 95 /u01/oradatal/rdwl/ts_sls_sku_l w dm data2. dat
6, 010 96 /u01/oradata/rdwl/ts_sls_sku_|l w dm data3. dat
6,010 97 /u01/oradatal/rdwl/ts_sls_sku_l w dm dat a4. dat
6,010 98 /u01/oradatal/rdwl/ts_sls_sku_l w dm data5. dat
6, 010 99 /u01/oradata/rdwl/ts_sls_sku_|l w dm data6. dat
6,010 155 /u01/ oradata/rdwl/ts_sls_sku_l w dm data7. dat
6,010 156 /u01/oradata/rdwl/ts_sls_sku_l w dm dat a8. dat
6,010 157 /u01/oradata/rdwl/ts_sls_sku_l w dm data9. dat
6,010 158 /u01/oradata/rdwl/ts_sls_sku_l w dm datal0. dat
6,010 159 /u0l/oradata/rdwl/ts_sls_sku_lw dm datall. dat
6,010 160 /u0l/oradata/rdwl/ts_sls_sku_lw dm datal2. dat
6,010 161 /u01/oradata/rdwl/ts_sls_sku_l w dm datal3. dat
6,010 162 /u01/oradata/rdwl/ts_sls_sku_l w dm datal4. dat

TS_SLS_SKU_LW DM DATA 6,010 163 /u01/oradata/rdwl/ts_sls_sku_| w_dm datal5. dat
6,010 164 /u0l/oradata/rdwl/ts_sls_sku_|l w dm datal6. dat
6,010 165 /u01/oradata/rdwl/ts_sls_sku_lw dmdatal7. dat

khkkkkkkhkkkhkhkhkhkhkhhkhddhhrhrhkrrrx _ _ _ _ ______

sum 102, 170

TS_SLS_SKU_LW DM | NDX 6, 010 62 /u0l1l/oradata/rdwl/ts_sls_sku_lw _dm.indx1l.dat
6,010 63 /u0l/oradatal/rdwl/ts_sls_sku_l w dm.indx2. dat
6,010 137 /u01/oradata/rdwl/ts_sls_sku_l w dm indx3. dat
6,010 138 /u01/oradatal/rdwl/ts_sls_sku_l w dm indx4. dat
6,010 139 /u01/oradata/rdwl/ts_sls_sku_l w dm i ndx5. dat
6, 010 183 /u01/oradata/rdwl/ts_sls_sku_|l w dm.indx6. dat
6,010 184 /u01/oradatal/rdwl/ts_sls_sku_lw dm.indx7.dat

Khkkkhkkhkkhkkhkhkhkhkhkhkhkhkh kK Kk*
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/p

/ sum 42,070

TS_SLS_SKU_ LW LY_DM DATA 6, 010 70 /u0l/oradata/rdwl/ts_sls_sku_lw_|y_dmdatal. dat

6,010 71 /u01/oradata/rdwl/ts_sls_sku_|lw_ |y _dm data2.dat
6,010 72 /u01/oradata/rdwl/ts_sls_sku_lw_|y_dm data3. dat
****************************************
sum 18, 030
TS_SLS_SKU_ LW LY_DM | NDX 6, 010 64 /u0l/oradata/rdwl/ts_sls_sku_lw_|y_dm.indxl. dat
****************************************
sum 6, 010
USER_DATA 6,010 65 /u01/ or adat a/ rdwl/ user _dat al. dat
6, 010 104 /u01/ oradat a/ rdwl/ user _dat a2. dat
****************************************
sum 12,020
sum 1, 105, 840

Redo L og Configuration

The database was in ‘noarchivelog’ mode and thus it was not necessary to have more
than 2 Redo Logs. The database was configured to have 2 Redo Log files, each 6 GB, on
raw partitions and over the striped disk array. Since the drive array was in Raid 0/1
format, there was no need to have multiplexed members for each redo group.

Temp Table Configuration

The temporary tablespace t enp’ was configured as (16) 6 GB datafiles on raw
partitions over striped arrays for atotal of 96 GB of temp space. The space was
necessary to support large concurrent sorts and index rebuilds.

Rollback Configuration

The rollback tablespace* r bs’ was configured as (4) 6 GB datafiles on raw partitions
over striped arrays for atotal of 24 GB of rollback space. A total of (10) rollback
segments were used with the following configuration:

= |nitial =20m
= Next =20m
= Minextents =10

=  Optimal =200m

The transactions per rollback segment was set to 7.

Partitioning Details

Oracle offersarich set of partitioning methods that allows the database administrator to
choose the approach that will offer the best performance and database management based
on the application profile.
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The fact tables of the RDW functional areas of scope were partitioned using the range
partitioning technique. The related indexes and keys of the partitioned tables were aso
partitioned using local prefixed indexes. The partitioning value was the time key, for
example day_idnt. There are several advantages to partitioning by time:

* Rolling change windows of historical fact data are maintained by dropping/adding
partitions.

= Thedaily batch programs insert/update data only in the current partition(s),
making performance a factor of transaction volume and not of the overall table or
database size.

= Thefront-end queries rely on the Oracle optimizer performing partition
elimination hence improving the report response times.

The RDW application relies on Oracle range partitions to achieve scalability and
manageability of large databases with high transaction volumes. A brief test was
conducted using Oracle 8i composite partitions (range/hash), but no performance gains
were achieved. This new feature will require more investigation at a later point.

The following table provides information on partitioned fact tables that were used for the
benchmark:

OWNER TABLE NANE PARTI TI ON_NANE ROWS Sl ZE( byt es)
RDWB0O_ADM DM COST_SKU_LD_DM P_COST_SKU_LD DM 199903 3,574, 375 40
P_COST_SKU_LD_DM 199904 3,574, 375 41
P_COST_SKU_LD DM 199905 3,574, 375 41
P_COST_SKU_LD DM 199906 3,574, 375 40
P_COST_SKU_LD DM 199927 3,574, 375 40
P_COST_SKU_LD_DM 199928 3,574, 375 40
P_COST_SKU_LD DM 199929 1,531, 875 41
P_COST_SKU_LD_DM MAX 0 0
sum 94, 465, 625
I NV_MOVE_BLD_DM P_I N\V_MOVE_BLD DM 199921 2,800,791 43
P_I NV_MOVE_BLD_DM 199922 2,800,791 43
P_I NV_MOVE_BLD_DM 199929 1,200,339 43
P_I N\V_MOVE_BLD_DM_MAX 0 0
khkkkkkkkkkhkhkhkkkkkkkkkkkkkxk
sum 23,606, 667
I N\V_MOVE_BLW DM P_I NV_MOVE_BLW DM 199807 6,351,000 42
P_I N\V_MOVE_BLW DM 199808 7,938,750 42
P_I NV_MOVE_BLW DM 199809 6, 351, 000 42
P_I NV_MOVE_BLW DM 199810 6, 351, 000 41
RDWB0O_ADM DM | NV_MOVE_BLW DM P_I NV_MOVE_BLW DM 199811 7,938, 750 42
P_I NV_MOVE_BLW DM 199812 6, 351, 000 42
P_I NV_MOVE_BLW DM 199907 3,175, 500 42
P_I NV_MOVE_BLW DM _MAX 0 0
L i o o
sum 85, 738, 500
I NV_MOVE_SLD_DM P_I NV_MOVE_SLD DM 199921 714,875 44
P_I NV_MOVE_SLD_DM 199922 714,875 44
P_I NV_MOVE_SLD DM 199923 714, 875 44
P_I NV_MOVE_SLD DM 199929 306, 375 44
P_I NV_MOVE_SLD_DM_MAX 0 0
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kkkkkhkkhkhkhkkkkhkkkkkkkkkkk ok x*

sum 6, 025, 375

I NV_MOVE_SLW DM P_I NV_MOVE_SLW DM 199807 1, 634, 000 43
P_I NV_MOVE_SLW DM 199808 2,042,500 43
P_I NV_MOVE_SLW DM 199809 1, 634, 000 43
P_I NV_MOVE_SLW DM 199907 1,021, 250 43
P_I NV_MOVE_SLW DM _MAX 0 0
sum 22,263, 250
I NV_SBC LD DM P_INV_SBC LD DM 199921 27,784,972 80
P_INV_SBC_LD_DM 199922 27,786, 507 80
P_INV_SBC_LD DM 199923 27,784,273 80
P_INV_SBC LD DM 199924 27,785, 801 80
P_INV_SBC_LD_DM 199925 27,786, 117 81
RDWB0_ADM DM | NV_SBC LD DM P_INV_SBC LD DM 199926 27,786, 439 81
P_INV_SBC_LD_DM 199927 27,785, 562 80
P_INV_SBC_LD DM 199928 27,786, 438 80
P_INV_SBC LD DM 199929 11, 908, 125 81
P_I NV_SBC_LD_DM MAX 0 0
khkkkkhkkkhkkrkdkkdkkrkdkkhkrdkkrkrrkrx e e e e -
sum 234,194, 234
I N\V_SBC_LW DM P_I NV_SBC_LW DM 199801 15, 877, 500 78
P_I NV_SBC_LW DM 199802 19, 847, 369 79
P_I NV_SBC_LW DM 199803 15, 877, 500 79
P_I NV_SBC_LW DM 199804 15, 877, 500 81
P_I NV_SBC_LW DM 199905 19, 846, 833 80
P_I NV_SBC_LW DM 199906 15, 877, 500 81
P_I NV_SBC_LW DM 199907 7,938, 750 79
P_I NV_SBC_LW DM MAX 0 0
R i I
sum 317, 550, 881
I NV_SKU_LD_DM P_I NV_SKU LD DM 199801 204, 260,575 136
P_INV_SKU LD DM 199921 42,893,674 132
P_INV_SKU_LD DM 199922 42,894,972 132
P_INV_SKU_LD DM 199929 15, 319, 269 133
P_I NV_SKU_ LD DM MAX 0 0
sum 534, 141, 566
I NV_SKU_LW DM P_I NV_SKU_LW DM 199801 204, 262,869 133
P_I NV_SKU_LW DM 199802 71,490, 183 127
P_I NV_SKU_LW DM 199803 57,197,242 130
P_I NV_SKU_LW DM 199905 51, 061, 661 128
P_I NV_SKU_LW DM 199906 40, 852,555 129
P_I NV_SKU_LW DM 199907 20, 426,099 135
P_I NV_SKU_LW DM _MAX 0 0
R
sum 1,176,552, 764
PRI CI NG_SKU_LD_DM P_PRI Cl NG_SKU_LD_DM 199903 3,574,375 51
P_PRI CI NG_SKU_LD DM 199904 3,574, 375 49
P_PRI Cl NG_SKU_LD DM 199905 3,574,375 48
P_PRI Cl NG_SKU_LD DM 199926 3,574,375 51
P_PRI CI NG_SKU_LD DM 199927 3,574,375 50
P_PRI CI NG_SKU_LD DM 199928 3,574,375 50
P_PRI CI NG_SKU_LD DM 199929 1,531, 875 49
P_PRI Cl NG_SKU_LD DM MAX 0 0
kkkkkhkhkdhhkdhkhhkhdhdhkdhkrdkrhrrkrrx L e e e e e a -
sum 94, 465, 625
RDWBO_ADM DM SLS_CLASS_RW DM P_SLS CLASS_RW DM 199803 598, 962 84
P_SLS CLASS_RW DM 199804 184, 296 85
P_SLS CLASS_RW DM 199805 230, 370 84
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RDWBO_ADM DM

hkkkkkkhkkkkhkkkhkkkkkkkkk ok kok ko

sum

SLS_SBC_LD DM

R Y

sum

SLS_SBC_LD LY_DM

LR R R R R EEEREEREEEEEEEEREEREEEESESSES]
sum

SLS_SBC_LW DM

SLS_SBC_LW DM

kkkkkhkhkhkhkhkhhkhkhkkhkhkhkkk k%

sum

SLS_SBC_LW LY_DM

hkkkkkkhkkkkkkkkkkkkkkkk ok ko k ok k%

sum

SLS_SKU_LD_DM

hkkkkkkhkkkkkkkkkkkkkkkk ok k ok kok ko

sum

SLS_SKU_LD_LY_DM

kkkkkkkhkkkkhkkkkkkkkkkk ok k ok k ok k%

sum

SLS_SKU_LW DM

KkkKkhkhkhkhhhhhhkhkhkhkhkhkkkk*

P_SLS_CLASS_RW DM 199905
P_SLS_CLASS_RW DM 199906
P_SLS_CLASS_RW DM 199907
P_SLS_CLASS_RW DM _MAX

3,
P_SLS SBC_LD DM 199921 5,
P_SLS SBC_LD DM 199922 5,
P_SLS SBC_LD DM 199923 5,
P_SLS_SBC_LD_DM 199924 5,
P_SLS_SBC LD DM 199925 5,
P_SLS_SBC_LD_DM 199926 5,
P_SLS SBC_LD DM 199927 5,
P_SLS_SBC LD DM 199928 5,
P_SLS_SBC_LD_DM 199929
P_SLS SBC_LD_DM MAX
44,
P_SLS SBC LD _LY_DM 199828 5,
P_SLS SBC_ LD _LY_DM 199829 2,
P_SLS SBC_LD_LY_ DM MAX
7,
P_SLS_SBC_LW DM 199801 6,
P_SLS SBC_LW DM 199802 7,
P_SLS SBC_LW DM 199803 6,
P_SLS_SBC_LW DM 199804 6,
P_SLS SBC_LW DM 199805 7,
P_SLS_SBC_LW DM 199806 7,
P_SLS_SBC_LW DM 199807 4,
P_SLS SBC_LW DM 199808 7,
P_SLS SBC_LW DM 199906 6,
P_SLS_SBC_LW DM 199907
P_SLS_SBC_LW DM MAX
123,
P_SLS SBC_LW LY_DM 199805
P_SLS SBC_LW LY_DM 199806 6,
P_SLS_SBC_LW LY_DM 199807 3,
P_SLS SBC_LWLY_DM MAX
9,
P_SLS SKU_LD DM 199921 42,
P_SLS SKU_LD DM 199922 42,
P_SLS_SKU_LD_DM 199923 42,
P_SLS_SKU_LD_DM 199924 42,
P_SLS SKU_LD DM 199925 35,
P_SLS_SKU_LD_DM 199926 35,
P_SLS SKU_LD DM 199927 35,
P_SLS_SKU_LD_DM 199928 35,
P_SLS_SKU_LD_DM 199929 15,
P_SLS_SKU_LD_DM_MAX
329,
P_SLS SKU LD _LY_DM 199828 35,
P_SLS SKU LD _LY_DM 199829 15,
P_SLS SKU_LD_LY_DM MAX
51,
P_SLS_SKU_LW DM 199801 49,
P_SLS_SKU_LW DM 199802 61,
P_SLS_SKU_LW DM 199803 49,
P_SLS_SKU_LW DM 199804 49,
P_SLS_SKU_LW DM 199904 40,
P_SLS_SKU_LW DM 199905 51,
P_SLS_SKU_LW DM 199906 40,
P_SLS_SKU_LW DM 199907 20,

P_SLS_SKU_LW DM _MAX
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230, 370
184, 296
92,148

685, 920

557,125
557,125
557,125
557,125
557,125
557,125
557,125
557,125

457, 000

557,125
381, 625

938, 750

351, 000
938, 750
351, 000
351, 000
938, 750

938, 750
763, 250
938, 750

351, 000

844, 500

0
351, 000
175, 500

526, 500

880, 409
877,071
879, 796
899, 420
746, 687
746, 222
742,296
741, 929
317, 861

0

831, 691

736, 461
319, 409

055, 870

007, 164
260, 399
021, 825
040, 098

847, 658
037,184
846, 619
428,013

0

84
84
83

98
97
98
98
97
97
97
97

98
98

96
97
97
97
97

97
96
96

111
110
111
110
110
110
110
111
111

102
102

102
101
102
101

102
102
101
102

0

36



sum

SLS_SKU_LW LY_DM

hkkkkhkkhkkhkhkkkkhkkhkkkkkkkkkkxk

sum

kokkkokkokkok ok ok k

sum

P_SLS_SKU LW LY_DM 199805
P_SLS_SKU LW LY DM 199806
P_SLS SKU LW LY _DM 199807
P_SLS_SKU_LW LY_DM MAX
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923, 200, 845
0

40, 839, 609
20, 426, 081

4,143,811, 253

102
101



Conclusions

The Retek Data Warehouse has proven that the entire solution is scalable and can achieve
high performance levels in the following areas:

= RDW application scalability

= HP V-Class hardware scalahbility
» HP FC60 storage array scalability
= Oracle 8i scalability

Retek will continue to make improvements in the RDW application as a result of the
lessons learned from the Performance Benchmark. Additionally, Retek will continue to
invest time and resources to performing benchmarks in more RDW functional areas to
ensure that all parts of RDW can scale.

Contributions

The Retek Data Warehouse was a success due to contributions from all the team
members:

Retek:
= Jay Bhow
= Mike Kramer
= Josh Lee
= MikeMiller
= Roger Ruckert
=  Pam Rupar
HP:

= Steve Folkman
= Mike McCormack
= John Morris

In addition many thanks to HP management for providing the Performance Center and
hosting Retek at Cupertino. Finally, thanks to Retek RDW management: Nick Whitney
and Amy Gearing for supporting and sponsoring the benchmark.
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Appendix

Sample SQL

Low Complexity SQL

create table R0626883RTO NOLOGAE NG as
sel ect max(a2.SKU DESC |', '||a2.SKU_I DNT) SKU DESC,
a2. SKU_KEY SKU_KEY,
(SUM al. F_PRMIN SLS AMI)) SALESPROMOVALUE,
(SUM al. F_RG.R SLS AMN)) SALESREGULARVALUE,
(SUM NVL(al. F_CLRC SLS AM, 0) +NVL(al. F_PRMIN SLS AMT, 0) +NVL(al. F_ RGLR SLS AMT, 0)))
SALESVALUE,
(SUMal. F_ RGR SLS AMIN) )/ (SUMNVL(al. F_CLRC SLS AM, 0) +NVL(al. F_PRMIN SLS AM, 0) +N
VL(al. F_RG.R SLS AM, 0))) SALESVALUEREGULART,
(SUM al. F_PRMIN_SLS_AMI) )/ (SUM NVL(al. F_CLRC_SLS AM, 0) +NVL(al. F_PRMIN_SLS_AM, 0) +
NVL(al. F_ RGLR_SLS AM, 0))) SALESVALUEPROMOTOT,
(SUM al. F_CLRC SLS AMI)) SALESCLRNCEVALUE,
(SUMal. F_ CLRC SLS AMI) )/ (SUM NVL(al. F_CLRC SLS AMI, 0) +NVL(al. F_PRMIN_SLS AM, 0) +N
VL(al. F_RGLR SLS AM, 0))) SALESVALUECLRNCETO
from SLS SKU LD DM al,
PROD_SKU_DM a2
where al. SKU KEY = a2. SKU KEY
and ((al. DAY_I DNT = 1999190))
and ((al.LOC KEY IN( 3, 4, 56, 62)))
and (((a2. SKU_KEY < 5000)))
group by a2. SKU_KEY

Medium Complexity SQL

create table T0626905NB2 NOLOGE NG as
sel ect al. SBCLASS KEY,
SUM NVL(al. F | _SOH CLRC RTL_AMT, 0) +NVL(al. F_| _SOH PRMIN RTL_AMT, 0) +NVL(al. F_| _SCH RGLR RT
L_AMT, 0)) ECHVALUE,
SUM al. F_| _SCH RGLR RTL_AM) ECHREGULARVALUE,
SUM al. F_I_SOH PRMIN_RTL_AMT) ECHPROMOVALUE,
SUM al. F_| _SOH CLRC RTL_AMT) ECHCLRNCEVALUE,

al. DAY_I DNT
from V_INV_SBC LD DM al
wher e ((al.DAY_IDNT IN ( 1999190, 1999191, 1999192, 1999193) ))

and ((al.LOC KEY IN( 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 2, 20, 21,
3, 4, 5 6, 7, 8, 9)))

and (((al. SBCLASS KEY < 50)))

group by al. SBCLASS KEY,

al. DAY_| DNT
create tabl e TO626905NC3 NOLOGE NG as
sel ect T0626905NB2. SBCLASS_KEY,

max( T0626905NB2. DAY_| DNT) DAY_| DNT

from T0626905NB2
group by TO626905NB2. SBCLASS KEY

ANALYZE TABLE T0626905NB2 ESTI MATE STATI STI CS

ANALYZE TABLE T0626905NC3 ESTI MATE STATI STI CS

create table T0626905mdl NOLOGE NG as

sel ect T0626905NB2. SBCLASS KEY,

T0626905NB2. EOHVALUE ECHVALUE,
T0626905NB2. EOHREGULARVALUE EOHREGULARVALUE,

T0626905NB2. ECHPROMOVALUE ECHPROVOVAL UE,
T0626905NB2. ECHCLRNCEVALUE EOHCLRNCEVALUE

from T0626905NB2 ,
T0626905NC3
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wher e T0626905NB2. SBCLASS KEY
and TO0626905NB2. DAY_I DNT
drop table T0626905NB2

T0626905NC3. SBCLASS_KEY
TO626905NC3. DAY_| DNT

drop tabl e TO626905NC3
ANALYZE TABLE T0626905nd1 ESTI MATE STATI STI CS

create table R0626905RT0 NOLOGA NG  as
sel ect a2. SBCLASS_KEY SBCLASS_KEY,
a2. SBCLASS DESC||', '||a2. SBCLASS | DNT SBCLASS DESC,
T0626905nd1. ECHVALUE ECHVALUE,
T0626905nd1. EOHREGULARVALUE ECHREGULARVALUE,
T0626905nmd1. ECHPROMOVALLE ECHPROMOVAL UE,
T0626905nd1. EOHCLRNCEVALUE ECHCLRNCEVALUE,
(T0626905md1. EOHREGULARVALUE/ T0626905nmd1. ECHVALUE) ECHVALUEREGULARTOT,
(T0626905nd1. EOHPROMOVALUE/ T0626905nd1. ECHVALUE) ECOHVALUEPROMOTOTOT,
(T0626905nd1. ECHCLRNCEVALUE/ T0626905nd1. ECHVALUE) EOHVALUECLRNCETOTO

from T0626905nd1 ,
PRCD_SBC_DM a2
wher e T0626905nd1. SBCLASS KEY = a2. SBCLASS KEY

drop table T0626905nd1

Complex SQL

create table T0626919SP2 NOLOGGE NG as
sel ect al. SBCLASS KEY,
SUM NVL(al. F_CLRC SLS AMT_LY, 0) +NVL(al. F_ RGLR SLS AMT_LY, 0) +NVL(al. F_PRMIN SLS AMr
_LY,0)) SALESLYVALUE
from SLS SBC LWLY DM al,
ORG LOC DM a2
where a2.LCC KEY = al.LOC KEY
and ((al. WK_IDNT |IN ( 199924, 199925, 199926) ))
and ((a2. REGN KEY = 1))
and (((al. SBCLASS KEY < 150)))
group by al. SBCLASS KEY
create table T0626919SP3 NOLOGE NG as
sel ect al. SBCLASS KEY,
SUM NVL(al. F_CLRC SLS AM, 0) +NVL(al. F_PRMIN SLS AM, 0) +NVL(al. F_RGLR SLS AM, 0))
SALESVALUE
from SLS SBC LWDM al,
ORG LOC DM a2
where a2.LOC KEY = al.LOC KEY
and ((al. WK_IDNT |IN ( 199924, 199925, 199926) ))
and ((a2. REGN_KEY = 1))
and (((al. SBCLASS KEY < 150)))
group by al. SBCLASS_KEY

create table T0626919QJ4 NOLOGAE NG as
sel ect T0626919SP2. SBCLASS KEY

from T0626919SP2

uni on

sel ect T0626919SP3. SBCLASS KEY

from T0626919SP3

ANALYZE TABLE T0626919QJ4 ESTI MATE STATI STI CS
ANALYZE TABLE T0626919QJ4 ESTI MATE STATI STI CS
ANALYZE TABLE T0626919SP3 ESTI MATE STATI STI CS
ANALYZE TABLE T0626919SP2 ESTI MATE STATI STI CS
create table T0626919ndl NOLOGSE NG as

sel ect T06269190J4. SBCLASS KEY,

T0626919SP2. SALESLYVALUE SALESLYVALUE,
T0626919SP3. SALESVALUE SALESVALUE
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from T0626919004 ,
T0626919SP3
T0626919SP2
where T06269190QJ4. SBCLASS KEY = T0626919SP3. SBCLASS_KEY (+)
and T06269190J4. SBCLASS _KEY = T0626919SP2. SBCLASS_KEY (+)
drop table T0626919Q14
drop table T0626919SP3
drop table T0626919SP2
create table T0626919nd5 NOLOGSE NG as
sel ect al. SBCLASS KEY,
SUM NVL(al. F_CLRC SLS AMT, 0) +NVL(al. F_PRMIN_SLS_AM, 0) +NVL(al. F_ RGLR SLS AMT, 0))
SALESYTDWEEKVALUE
from SLS SBC LWDM a1l,
ORG _LOC DM a2
where a2.LOC KEY = al.LOC KEY
and ((al. WK_I DNT < 199929)
and (al. WK_| DNT >= 199901))
and (((a2. REGN_KEY = 1))
and (((al. SBCLASS_KEY < 150))))
group by al. SBCLASS KEY

create table T0626919nd6 NOLOGSE NG as
sel ect al. SBCLASS KEY,
SUM NVL(al. F_CLRC SLS AM, 0) +NVL(al. F_PRMIN_SLS_AM, 0) +NVL(al. F_RGLR SLS_AMT, 0))
SALESYTDWEEKL YVALU
from SLS SBC LW DM al,
ORG LOC DM a2
where a2.LOCC KEY = al.LOC KEY
and ((al. WK_I DNT < 199829)
and (al. WK_I DNT >= 199801))
and (((a2. REGN_KEY = 1))
and (((al. SBCLASS KEY < 150))))
group by al. SBCLASS_KEY
create table T0626919nd7 NOLOGE NG as
sel ect al. SBCLASS KEY,
SUM NVL(al. F_CLRC SLS AMI, 0) +NVL(al. F_PRMIN_SLS_AM, 0) +NVL(al. F_RGLR SLS _AMT, 0))
SALESSTDWEEKVALUE
from SLS SBC LW DM al,
ORG _LOC_DM a2
where a2.LCC KEY = al.LOC KEY
and ((al. WK_I DNT < 199929)
and (al. WK_| DNT >= 199927))
and (((a2. REGN_KEY = 1))
and (((al. SBCLASS KEY < 150))))
group by al. SBCLASS_KEY
create table T0626919nd8 NOLOGSE NG as
sel ect al. SBCLASS KEY,
SUM NVL(al. F_CLRC SLS AMT, 0) +NVL(al. F_PRMIN_SLS_AM, 0) +NVL(al. F_RGLR SLS AMT, 0))
SALESSTDWEEKL YVALU
from SLS SBC LW DM al,
ORG _LOC_DM a2
where a2.LOC KEY = al.LOC KEY
and ((al. WK_I DNT < 199829)

and (al. WK_I DNT >= 199827))

and (((a2. REGN_KEY = 1))

and (((al. SBCLASS KEY < 150))))
group by al. SBCLASS_KEY

create table T0626919Q09 NOLOGE NG as
sel ect T0626919ndl. SBCLASS KEY
from T0626919nd1

uni on

sel ect T0626919nd5. SBCLASS KEY
from T0626919nd5

uni on

sel ect T0626919nmd6. SBCLASS KEY
from T0626919nd6

uni on

sel ect T0626919nd7. SBCLASS_KEY
from T0626919nd7

uni on

sel ect T0626919nmd8. SBCLASS KEY
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from

T0626919nd8

ANALYZE TABLE T0626919QJ9 ESTI MATE STATI STI CS

ANALYZE TABLE T0626919QJ9 ESTI MATE STATI STI CS

ANALYZE TABLE T0626919md5 ESTI MATE STATI STI CS

ANALYZE TABLE T0626919nmd6 ESTI MATE STATI STI CS

ANALYZE TABLE T0626919nmd7 ESTI MATE STATI STI CS

ANALYZE TABLE T0626919nmd8 ESTI MATE STATI STI CS

ANALYZE TABLE T0626919nd1l ESTI MATE STATI STI CS

create table

R0626919RTO NOLOGE NG as

sel ect a7. SBCLASS KEY SBCLASS KEY,
a7. SBCLASS_DESC| |', '|]|a7. SBCLASS | DNT SBCLASS DESC,
T0626919nd1. SALESLYVALUE SALESLYVALUE,
T0626919nd5. SALESYTDWEEKVALUE SALESYTDWEEKVAL UE,
T0626919nd6. SALESYTDWEEKLYVALU SALESYTDWEEKLYVALU,
T0626919nd7. SALESSTDWEEKVALUE SALESSTDWEEKVAL UE,
T0626919md8. SALESSTDWEEKLYVALU SALESSTDWEEKLYVALU,
T0626919nd1. SALESVALUE SALESVALUE,
T0626919nd1. SALESVALUE/ T0626919nd1l. SALESLYVALUE SALESVALUETYVSLY1,
(T0626919nd7. SALESSTDVEEKVALUE/ T0626919nt8. SALESSTDWEEKLYVALU) SALESSTDWEEKVAL UET,
(T0626919nd5. SALESYTDWEEKVALUE/ T0626919nt6. SALESYTDWEEKLYVALU) SALESYTDWEEKVALUET
from T0626919Q19 ,
T0626919nd5
T0626919md6
T0626919md7 ,
T0626919md8
T0626919nd1 ,
PROD_SBC_DM a7
where T06269190QJ9. SBCLASS KEY = T0626919nd5. SBCLASS_KEY (+)
and T0626919QJ9. SBCLASS KEY = T0626919nd6. SBCLASS_KEY (+)
and T0626919QJ9. SBCLASS KEY = T0626919nd7. SBCLASS_KEY (+)
and T0626919QJ9. SBCLASS KEY = T0626919nd8. SBCLASS_KEY (+)
and T0626919QJ9. SBCLASS KEY = T0626919ndl. SBCLASS_KEY (+)
and T0626919QJ9. SBCLASS_KEY = a7. SBCLASS_KEY
drop table T0626919QJ9
drop table T0626919nd5
drop table T0626919nd6
drop tabl e T0626919nmd7
drop table T0626919nd8
drop table T0626919nd1
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