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SYNOPSIS

The project work entitled “OLAP RIMS EXPRESS”-An OnLine Analytical Frocessing
Research Information Managament System is designed and developed at Ivega Corp.
OLAP RIMS Express is an equity research and portfolio analysis platform that integrates

internal and external stock and portfolio information.

Ivega Corp. has an impressive track record in executing projects in Chicago, Boston. Fori
Lauderdale, New Jersey and Frankfurt with quality and client satisfaction as primary
objectives. It has provided special expertise for developing many applications >ascd

systems.

OLAP RIMS EXPRESS has and continues to be a repository of in-house stock and
portfolio information, covering analyst earnings estimates, target prices and valuations.
portfolio manager and analyst votes, portfolio hoidings, and in-house analyst notes and
research. OLAP RIMS EXPRESS 1s also an open platform. allowing full integration of
third party data including stock prices, fundamentals. street estimates, and benchmark

constituents.
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Company profile
Ivega... our name aptly sums up what we stand for.

"I is for Innovation. '"VEGA', taken from Sanskrit, means speed. We combine spcea anc

innovation to deliver superior business and IT solutions to our clients

Headquartered in Bangalore, the IT hub of India, we use an extensive state-of-the-ar:
offshore development facility to deliver high quality and cost-effective solutions. catering

to our clients’ business requirements.

Mission

"To help our clients build superior processes and systems, to enhance their
performance, with our expert teams and their exceptional ideas."

Core principles

"We Listen to our Clients and deliver high Quality products and Reliable services by
constant Innovation through Adaptive processcs while maintaining a Transparent

approach".

AN
IVega

v One of the youngest Indian companies to have achicved ke
ISO 9001 certification and SEI CMM Level 4.

¥v" Qur clients’ are assured that quality processes are incorporated in all projucts.

facilitating on-time and on-budget delivery.




.

'|vega OLAP RIMS EXPRESS

v’ Contractually commit to maintaining agreed upon attntion icvels o
key resources, with attached penalties

v Provide a ninety-day warranty for fixing defects, {ree of cost.

v Ivega Idea Lab at Bangalore HQ has produced revolutionary products and 1deas
that have significantly enhanced our project execution processes.

v Strongly believes in joint development, involving the client 1n: all the aspects of a
project.

v' Using I-PRO Ivega’s web-enabled project management collaboration and
knowledge management tool that manages and tracks each and every phase of a
project life cycle from launch to release, and aids resource management. issuc

management and escalation, support opportunities, and service delivery.

Partners

We have invested in developing alliances with key business and technology partners te

deliver added value to our clients.

Ilantus Technologies - With offices across the globe in US, Singapore and India. 1Lantus
has global experience in consulting, technology integration, software development anc.

matintenance of Identity Management solutions.

Infrasoft Technologies - Banking, financial services, insurance being the core focus
industries, Infrasoft specialises in providing n-tier enterprise banking application and
software solutions in the areas of Wealth Management. Trading Systems, Bank

Assurance and eCommerce Solutions.

Catalyst Infotech - Catalyst is an integrated products and services firm specializing in
web and wireless technologies for the financial services vertical that includes securitics

trading, banking and the mutual fund industries

Teksels S.A - Ivega and Teksels work in tandem offering global / local service through

our state-of-the-art software engineers, using the on-site / offshore model.
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NueVista Group - NueVista Group is an IT services firm with expertise in quality

assurance and testing, application development and intcgration, application maintenance,

network services and corporate governance.

Computer Software Services, LLC (CSS) - CSS is a leading provider of Informatio=

Technology solutions for Atlanta and the Southeast region.

Our partnerships with IBM and BEA Systems provide us access to their latest

technologies facilitating the execution of high-end solutions for our clients.

Services

Ivega offers a wide range of services from custom software development, maintenance &
re-engineering services, large application development, enterprise integration services to
establishing a dedicated offshore development center. The following matrix best

describes Ivega’s service portfolio:

Vertncal Sp-ecufnc Solutions & Frameworks

) . Food &
Buﬂ(hg mnuu Insurance " P

wn e
g g
;] lication Development £ implemantalion / Maintenance a
2 W
m i
Intermet
= Tﬂ:hmnghs Leg&cy CHent Jerver Databates Middheware . o
= 5 o =)
= £ S 7
Z £ Implementation Solutiens : 2
5 -é Appilcanon ‘Q‘ =
8 L Data h::imn 3 Fackage BUsH®SS LRI . ‘g
Warehouzing Re-engineening Implementation intellgence
= Value Added Services C
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Industry

Converging vast domain knowledge and in-depth technology expertise. we have put
together a number of industry- specific core teams. We add significant value to our
client’s business, by developing innovative solutions to address the key challengzs tacing

our focus industries, worldwide.

We leverage our extensive specialist expertise, CMM Level 4 processes and cffective
delivery models to provide a range of services to our clients in the Banking, Securities.

Insurance, Health Care and other industries.
Facility

Located in Bangalore, India, we utilize an extensive offshore software developmert
centre (ODC) spanning 35,000 Sq. ft. capable of housing 350+ software consultants wit
all necessary hardware and software facilities. We arc situated on a business park m the
outskirts of Bangalore. Surrounded by palm trees and vast lawns. Ivegans onjoy an

excellent working environment.

The ODC is currently supporting over 25 offsite engagements for clients across the

world. It houses state-of-the-art technological infrastructure, which includes:

v A network of 350+ workstations. Several Netware, UNIX and WINDOWS NT
servers

v' 24/7 connectivity through 512 Kbps dedicated line
= Backup Link via ISDN Line as secondary
v 1Gbps Switched 400 Nodes network

=  Network secured
» Firewall Checkpoint
=  (Cisco PIX Router

s Anitivirus
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v Automated Backup and Restore Systems
v" Redundant data back ups and archives for COB.

Consequently, Ivega is able to provide full project management support in each of its

services while delivering high quality and cost-effective services to each of 1ts clients.
Brief history

1997: Incorporation, with 10 employees in the first ycar

1998: Achieved ISO 9001 certification

1999:

»  Qpened San Francisco office
»  Growth in number of employees to 100

»  Raised 3 rounds of venture funding
2000: Achieved CMM Level 4 Certification
2001:

»  Started operations in Europe

»  Growth in number of employees to 150

=[SO certification updated to ISO 9001:2000 scries

= Opened offices in Chicago, Boston, Fort Lauderdale. New Jersey and Frankiurt

6
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The preliminary investigations of the system examine the project feasibility, .c. the

likelihood of the project being useful to the organization.

Three specific tests were carried out on the system to project its feasibility

namely, Operational, Technical and Financial/Economical.
Operational Feasibility

Any project proposed can be beneficial only if it satisfies the organizational
requirements. In any mature MIS setup, a system not only needs 1o be robust but alse
needs to communicate and work in tandem with the other existing support systems.

Following are some points undetlining the operational feasibility of the system.

The system was well supported by the management with the MIS manager taiing
personal interest in the system development process. The current system though

functional in practice needs a lot of trimming and streamlining.

The clear advantage of using better software prevented user resistance if any from
disrupting the development process. The users were mvolved with the system right from

the beginning and were always in touch with the latest developments.

The proposed system makes a best effort to satisty the requirements of the user.

keeping in mind certain infrastructure constraints.

Since the most trivial issues assume a major problematic state later 1n the

development cycle, every possible aspect of operational feasibility was checked.
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Technical Feasibility

The technical issues generally raised during the investigation are discussed below.
The organization has a very well integrated MIS department with the requisite technoiogy
to cater to the needs of the proposed system. Any additional requirements can alse be

satisfied.

The proposed technology has the capacity to hold the data required to usc the new

system.

The system is very much open by nature and can be easily expanded n the near

future to satisfy newly emerging technology.

The usage of a reliable RDBMS like MSSQL along with stringent design coding

standard followed guarantees accuracy, reliability, case of data access and date sccurity.
Financial and Economical Feasibility

The cost involved in designing and developing a system should be a zooc
investment for the organization. The financial benefits must equal or exceed the costs.
The financial and economic issues raised during preliminary investigations are answerec

below,

» The cost of Hardware and software for the application already exists.

= The use of existing software and developing a new application using it oniv
increases the gain.

» Benefits accrue through quicker solving of queries resulting 1n umely submission
of reports.

» The cost if nothing were to change from the present system, wouldn’t necessari: v
increase but the gain from the system stagnates or decreases due (o poor handling
of the existing system.

» The proposed project passed all the tests and was declared feasible to the

organization and it’s functioning.
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RIMS Express Overview

RIMS Express (“Research Information Management System”) is the third-generation o
RIMS products dating back to 1975. Designed and developed at Ivega Cororation.
RIMS Express is an equity research and portfolio analysis platform that scamlessl

integrates internal and external stock and portfolio information.

First and foremost, RIMS has and continues to be a tepository of in-house s:ock and
portfolio information, covering analyst eamings estimales, target prices and valuations.
portfolio manager and analyst votes, portfolio holdings, and 1n-house analyst notes and
research. RIMS s also an open platform, allowing full integration ot third party data
including stock prices, fundamentals, street estimates, and benchmark constituenzs. RIMS
provides a standard set of stock and portfolio functions including stock valuation. sorting
and screening, portfolio against benchmark characteristics and scctor weights, portfolic
contribution, and multiple-portfolio holdings by sector reports. Finally. RIMS produces
overnight batch updating and ovemnight report generation for portfolio managers and

analysts.
Site Structure

The RIMS Express site structure can be described as three primary and threc secondary
sections, each with a set of pages dedicated to either specific data or a specific anaiytice:

function.

Stocks—This primary section contains pages dedicated to individual stocks: Summary.
Reference, House Research, House Valuation, House Famings, Dividends, Votes. UM
Holdings, Street Research, Street Estimates, Strect Recommendations, Street Conseisus.
EPS Surprise, EPS Revision, Strength, Insider Trends, Pricc Ratios. Fundamentals. “ricc

Chart, and Performance.

Portfolios—This primary section contains pages dedicated to individual rortfoiios:

Portfolic Overview. Reference, Characteristics Profile, Characteristics Scatterplot
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Weight by Holdings, Weight by Sectors, Daily Performance, Daily Contribution, Datly
Active Contribution, Monthly Active Contribution, AggMan, User Models, and Adjusted
P/Es.

Reports—This primary section contains pages that provide access to key tools and
specific stock or portfolio reports—"Sort & Screen” Tool, Weight Range Tool, Portfoiio
Deviation Tool, Overnight Reports, Price Reports, Afternoon Performance Reports.
Webbook Reports, Manager Aggregates Deviation Reports, PMT Aggregates Deviation

Reports, and Industry Deviation Reports.

Analysts—This secondary section contains a page to view House Research by Analysi

instead of by Stock, and a page with the Analyst's Biography.

Home—This section contains pages that provide administrative functions, mcluding datz
integrity—Home, Login, Personalize, Price Update Status, Holdings Update Status.
Analyst’s Changes, Analyst Initials Maintenance, Indusiry Classification Maintenance.

Benchmark Exception Report, Industry Exception Report. Report Maintenance.
Site Map—-This section contains a site map with links to all other pages.
Data Types

RIMS Express integrates investment data from many sources—both mternal anc externa.
to the firm. The various data elements cover sccurity classification, analyst-generated
research, holdings, indexes, company financial statements, broker cstimates, and rrany

more data elements. Internally, the following source types are provided:

CM Stock Classification Data—CM new global sector, industry, and subindustr:
classification; and CM analyst team sectors and analyst initials. This informatior 1s stored

and maintained in RIMS Express.

CM Analyst—-Generated Stock Data—FEarnings estimates in local currency, valuation

parameters (including target prices, upsides, and risk-adjusted returns), votes, and

10
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forecasted long-term growth rates. This information is stored and maintained in RIMS

Express.

CM Analyst-Generated Stock Research—Future plans for delivery of written research
including attachments (text, documents, spreadsheets. etc.). This information would be

stored in the IBES Trapeze module of RIMS Express.

CM Portfolio Identification Data—Portfolio longname, portfolio shortname, the
portfolio manager, client restrictions, and primary benchmark. Much of this information
is either stored and maintained in CMdb (for portfolios) or storcd and maintained 1n

RIMS Express (for models and aggregates).

CM Portfolio Holdings Data—Stocks held, shares of stocks held, cost basis of stacks
held, cash held. Much of this information is either stored and maintained 1n CMdb {lor

portfolios) or stored and maintained in RIMS Express (for models and aggregates).

CM Analyst Data—Analyst name, and biography. This information is stored and

maintained in Web books.

Externally, data is primarily sourced from these vendors: Bloomberg, Extel, and Mulicr
for prices; Worldscope and Compustat for fundamentals; IBES for street esumates anc
recommendations: and MSCI, S&P, FTSE, and Russell for benchmark constittents. Al

external data are updated daily. Together these data vendors provide these daa scuice

types:

Stock Classification Data—Cusip, sedol, local ticker, name, total shares outstanding.
class shares outstanding, counitry, currency. stock exchange Disting, Jdomiciic.

headquarters, etc.

Street Estimates and Recommendations—FEPS estimates (FY1. FY2, FY3, anc
quarters), long-term EPS growth estimates, cash flow cstimates, sales estimates, dividenid

estimates.

11
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Stock Financial Statement Data—reported earmings. revenues, expenses. assets.

liabilities, equity (book value), ROE, ROA, etc.

Stock Prices—iocal prices and FX rates. (All data, including prices, are updatec. datiy—-

prices are neither real-time nor 15-minute delayed.)

Indexes—Index constituents: shares held and stock weights.

Technology Architecture

RIMS is supported by an underlying platform and n-ticred system architecture licensed
from IBES International, Inc. (a division of Primark) optimized for the development of 2
browser-based application. The underlying platform’s relational database has allowea the
seamless integration of different data types. The n-tiered architecture includes =
sophisticated metadata layer, which effectively organizes and generates anaiytics i
facilitate system efficiency, maintenance, and future development. The User Interiace
Component of RIMS Express was developed using industry standard technologies such
as DHTML (Dynamic HTML), JavaScript and hightweight binary components tActiveX
Controls). Early on in the design of RIMS Express. the Systenr Architect feit vers

strongly that the final product needed to have the following atinbutes:

A rich Graphical User Interface, of the kind to which users have grown accustomec

The ability of the application to “self-deploy”, and to update itself as new functionality

became available in the system

The use of industry-standard technologies, so development resources {developers.

training and knowledge base) would be readily avatlable

These requirements posted quite a challenge, as traditionally, System Architects have
been forced to choose between either the two-tier, binary-centric, fat-clicnt applicaticn o~
the ultra-thin web page oriented architecture when deciding on the appropriate
architecture for application development. As history has proven. neither architecture s

totally satisfying, given the fact that the two-tier client/server architecture is simply too

12
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costly to maintain, and the ultra-thin client too simplistic in its functionality. The RIMS
Express architecture gets around these issues by utilizing the powerful DHTML
technology, which gives the user fast, responsive interaction with the application.
However, due to the newness of the technology, there are instances where this technoiogy
has fallen short, €.g. when displaying large sum of tabular data. During these situations,
the RIMS Express development team supplemented the DHTML with appropriate
lightweight binary controls, which are also capable of self-deployment. The end zesuit 1s
a rich, fast and functional browser-based application with all of the modern-age nicetics
such as charts, scatterplots and sophisticated report generation, packaged in a totally self-
deployable environment. With this architecture, we think we wiil able to mimmize the
Total Cost of Ownership (TCO) while providing a development structure that will keeo

up with the ever-changing business environment.

13
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A “Browser-based” Architecture

As the name implies, a Browser-based architecture is one in which a Web-based
application such as RIMS Express is deployed via an Internet Browser environment {in
the case of RIMS Express, it is specifically targeted for Microsoft Internet Explorer
version 5 and above). Prior to the rising preeminence of the Internet Browser as a viable
deployment platform for applications, system designers and architects were confined to
the traditional Windows-based Client/Server model as the predominant architecture.
These applications consist of a client component that runs on the end-user’s workstatior:
running Windows, and a relational database management system such as SQL Server or
Oracle running on a shared database server. But as history has proven, this mode: is not
sustainable over time as problems with version control of dynamic load libraries (D_.Ls’
within the Windows environment are simply too delicate for most 1T organizations w
support. As the Web became more and more popular, devclopers were patticularis
enthusiastic over the concept of “thin client” or ““ultra thin client” applications, as they
later became known. The sole requirement for applications running under this
architecture is for client workstation be able to run an Internet Browser type applicatior
e.g. Netscape or Microsoft, and all of the logic for the system s presented 1o the user viz

web pages formatted using HTML.

Early industry attempts at dynamic web applications were based on what is called server-
side scripting, in which a client’s interaction with the browser initiated the execution of ©
script up on the web server itself (Microsoft’'s ASP. or Active Server Pagos. v a-
example of this architecture). This script in turn created a dynamic, new version of ¢
page every time it was requested. Though this is stiil a viable architecture 1n some
situations, it becomes considerably less attractive in applications where subsequent dat
manipulation on the client workstation is desired. 'or example, to request that a matrin
of data on a page be sorted in a different order from that in which 1t was muali;
retrieved, a server-side application needs to re-retricve, re-sort, and re-send the entire data

set back to the client. This full-roundtrip requirement causcs an unnecessary drain on

14
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both server resources and network bandwidth, not to mention the perccived delay on the

part of the user.

As the browser became more powerful, another option became available. IE version 4.¢
allowed client-side scripts (whereby application logics can be embedded as part of ¢
HTML page) to be written that could retrieve data, format and display it on the page, anc
allow it to be manipulated on the user’s workstation without the necessity of making
additional, redundant server calls for the already retrieved data. These client-side scrip:
executions and data manipulations alse more fully utilized the computational power o7
the workstation, and achieved a much better balance of client and server resources. Anc
because the pages resided on the server, the deployability headaches of fat-ciient
applications were relieved. Finally, systems becamc more scalability as a result of the
inherent “stateless” nature of web-based applications. Unlike fat-client applications.
web-based applications don’t require persistent database connections, o systerns could

now scale to thousands of users or more using equivalent resources.

RIMS Express takes this thin-client architecture one step further, by using speciaily
written client-side binary components packaged as a dynamically downloadable {"OM
Object to enhance and optimize the data retrieval process. Sophisticated cacring
algorithms, security, and business logic reside in these components to provide enhanced
capabilities such as pivoting, formatting, and aggregation that it was found “wvere too

resource-intensive to accomplish in scripting alone.

If Web-based techniques are to be a core paradigm for building applicaticns. both:
browsers and servers must provide advanced features and robust performance.  MXS
version of DTHMIL adheres closely to the W3(C document object modcl (OM
Introduced with version 4.0 of their Web browser, DHTML provides powerful lzyour and
presentation features. In addition, its event model allows Web pages to te highly
interactive. DHTML permits a level of interactivity such as is seen in Java applets wits
performance typical of in-page scripts. Future versions of the Web browsing client wio
improve the performance of imterface elements to achicve results closer o that

experienced with applications written with compiled languages.
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Scriptlets are reusable chunks of DHTML functionality formed by combining srowscr-

based scripting with the COM component software technology provided by Wincows.

4 3

Components
Scripting —

FAT CLIENT

HTML

THIN CLIENT P Pase DHTML

WIN32 AP

-

! TN >
® | WINIZ AP gich application programming interface for dircet
qecess to all system capabilities.

@ || Components Robust mechanism for applications to expose
Sfuncrionality and interfaces.

b ! DHTML Advanced document object model that provides greater
control and interactiviry.

| P ITE IO R N . . . .
e Sa IpIng Simplified programming language interface that is
easily ulitized by web applications.
L ! FHTML
Basic method for rendering web applications across o
" wide variety of platforms.

High Leve} Architecture Overview
There are 4 major components within the RIMS Express system architecture:

= Database Management — Powerful relational Database Engine to provide guick
responsive data access.

» Data Integration ~ System logic to merge and cleanse the vast amount of da’:
that RIMS Express uses as its sources

» Business Logic — Application logic implementing business rules specific o the

client, specified for the most part by staff Quantitative and Research Analysts

16
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= Presentation — Rich user interface conforming to latest trends in web design.
including dynamic menus/dropdowns/listboxes, clickable column headings lo-

sorting, mouse rollovers, right-click context menus, drag-and-drop, etc.

Data Laye:. any type,
any formal,
OGS anywhers

Moo Ter 3opaes
Fisnes Buas 2 Daa

Srpentaion L3
USCE 505 T

Data Transport Technology

Among the new technologies used by RIMS Express, one of the most significanz is RDS.
RDS stands for Remote Data Services, and as the name implies. RDS supplics a numbcer
of services around data acquisition and manipulation. Without getting too technical. the
two primary RDS services we use in RIMS Express are the Advanced Data Conuor.
which is an invisible ActiveX component embedded within a web page that allows the
page to communicate with an external datasource through any web server of choice. 'Thix
encapsulates the origin of the data from the client’s point ol view, which in tun greatt
facilitates future changes to the underlying data source. The other scrvice that °s heaviiy
leveraged within the RIMS Express environment is “disconnected recordsets™ which

facilitate the client-side data manipulation whereby the user can sort, filter and arimt duic

tocally without ever having to re-request the data from the server. With this architeciure.

17
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RIMS Express is able to provide the flexibility to seamlessly integrate any type of conient

from almost any database, with complete location transparency.

Crlliltent'tséﬁromﬁer, ISiApplication SCIL Server
risrnet Bxplarer =l Server (MTS)

&

TR e

Result

The fundamental design goal for RIMS Express is to be the de-facto equity research anc
portfolio analysis repository. The application gathers information from multiple sources.
both internal and extemnal, then stores and categorizes it. With this information, differen:
analytical views can be presented appropriate for the Analyst, regardiess of where It I«
stored. RIMS Express has made it easier for users to access a much greater variety o
data in a more timely fashion - no matter where it lives. This seemiess integrated
viewing of data at the desktop level dramatically empowers the analysts and Por-folic
Managers. As financial data becomes increasingly abundant. the underlying system
architecture for the application must be robust enough to handle not just what 1s aval.abl.
today, but rather factor in future information growth along with the additional deta media
options such as voice and video. RIMS Express is designed with the intent of

accommodating this future growth.

18
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= A tool that provides the business analyst with a million spreadsheets at a Umec.

» The spreadsheets must be in a logical, hierarchical structure.

» The analyst must be able to move to a higher or lower level of detail or look a- the
data from additional perspectives.

» Browsing must be consistently fast.

* The application should contain analytical tools.

» The application must be able to handle the security requirements of sharing
confidential information.

® In short the tool must be a “Multidimensional, Multilevel, Multiperspecilve

analytical software tool”.

19
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OLAP RIMS Express (“Research Information Management System”) is a prototype

model. Designed and developed at Ivega Corp. OLAP RIMS Express is an ccuity
research and portfolio analysis platform that integrates internal and external stock and

portfolio information.

The mission statement of the OLAP RIMS Express is to retrieve the in-housc and the
street analyst data with the major pillar data’s. OLAP RIMS Express is intanded
describe and explain to the RIMS community how these pillars of analyst data ang thz

Stock Valuation data are used within RIMS and the equily investment process.

OLAP RIMS has to be a repository of in-house stock and portfolio information, covering
analyst earnings estimates, target prices and valuations, portfolio manager and anatys:
votes, portfolio holdings, and in-house analyst notes and research. OLAP RIMS aliows
full integration of third party data including stock prices, fundamentals, street estimates.
and benchmark constituents. OLAP RIMS provides a standard sct of stock and portiolic
functions including stock valuation, portfolio contribution, and multiple-portioiie
holdings by sector reports. Finally, OLAP RIMS produces ovemnight baich updating anc

overnight report generation for portfolio managers and analysts.

The OLAP RIMS Express provides an initial view for a portfolio manager or an aralys:
to see a summary of key data on a particular stock. On the page. the row, column contan

key data items from dimension pages including:

Valuation—target price, 12-month forecasted upside return. risk-adjusted return:
Votes—of key Portfolio Management Team members and the analyst covering tae stock:
Strength-—performance of the stock for various time periods:

Holdings—-CM product groupings and key benchmarks

Reference—market capitalization, shares outstanding, and sector/industry classicat'on:

20
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Earnings-—EPS and P/E for last fiscal year, current fiscal year. and next 2 fiscal years.

Timeliness has been defined, as the output to the page should be displayed within few
Seconds of the request being approved from the dimension page. The response time wil.
also depend on the number of dimensions the data is viewed. To reduce the response time

special storage structure has to be deployed.

Accuracy is focused on all data and fields within the system. The data that is present in
the database should match with the olap report. A comparison between the databasc

model report and the olap model report should be same and accurate.

The system updates the data at the end of every month. The DTS package is responsibic

for this work.

Reporting is the major work of olap and it is available on demand. The report shows 2

two dimensional view of the data. The members of one or more dimension appear n the

column and row.

= The user is required to have knowledge about MS OLAP to interact with the uscr
interface screens developed using ASP.

*  There are lists of levels as per the user requirements. These levels make surc the:
unauthorized users are restricted.

= Viewing specific hierarchy is classified as per the levels.

» There is an administrator who has all the privileges. Access 1o each uscr s

restricted by means of access roles.




A
IivEgZa OLAP RIMS EXPRESS

» MICROSOFT WINDOWS BASED COMPAQ 5YSTEM
» INTEL PENTIUM 4 CPU 1.60 GHz

= AT/AT 128 MB RAM

« 37.2GBHDD

»  COMPAQ 5500 COLOR MONITOR

» COMPAQ DVD/CD ROM DRIVE

» HP LASERJET 4050 SERIES PS PRINTER

= 144 MBFDD

= MICROSOFT WINDOWS 2000 SERVICE PACK 2
» MICROSOFT INTERNET EXPLORER 6
s MICROSOFT QFFICE 2000 PROFESSIONATL

RDBMS

=  MICROSOFT SQL SERVER 2000
» MICROSOFT SQL SERVER 2000 ANALYSIS SERVICE

TOOLS

=  MICROSOFT VISUAL STUDIO 6.0 ENTERPRICE EDITION
» SEGATE CRYSTAL REPORT DEVELOPER EDITION
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Introduction to RDBMS

Physical Database Design

The 1/O subsystem (storage engine) is a key component of any relational datzbasc. A
successful database implementation usually requires careful planning at the carly stages
of a project. The storage engine of a relational database requires much of this zlanning.

which includes determining:

»  What type of disk hardware to use, such as RAID (redundant array of indepencen:
disks) devices?

* How to place the data onto the disks”
RAID

RAID (redundant array of independent disks) is a disk system that comprises multiple
disk drives (an array) to provide higher performance, reliability. storage capacity, and
lower cost. Fault-tolerant arrays are categorized in six RAID levels, O through 3. ftach

level uses a different algorithm to implement fault tolerance.

Although RAID is not a part of Microsoft® SQIL. Server™ 2000, its implementatior. can
directly affect the way SQL Server performs. RAID ievels 0. 1. and 5 are typicaliy used
with SQL Server.

RAID is available only on Microsoft Windows NT 4.0 and Microsott Windows 2004

A hardware disk array improves /O performance because [/O functions. suck as striping
and mirroring, are handled efficiently in firmware. Conversely, an operating sysiem

based RAID offers lower cost but consumes processor cycles. When cost s ¢
consideration and redundancy and high performance are required, Microsoft Windowsix

NT® stripe sets with parity or Windows 2000 RAID-5 volumes arc a sood solution.
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Data striping (RAID 0) is the RAID configuration with the highest performance, but @0
one disk fails, all the data on the stripe set becomes inaccessible. A common installation
technique for relational database management systems 1s o configure the database on «
RAID 0 drive and then place the transaction log on a mirrored drive (RAID 1). One car
get the best disk /O performance for the database and maintain data recoverabiiity

(assuming one performs regular database backups) through a mirrored transactior: fog.

If data must be quickly recoverable, consider mirroring the transaction log anc placing
the database on a RAID 5 disk. RAID 5 provides redundancy of all data on the amay.
allowing a single disk to fail and be replaced in most cases without system downtime.
RAID 5 offers lower performance than RAID 0 or RAID 1 but higher rehability and

faster recovery.
Data Placement Using Filegroups

Microsoft® SQL Server™ 2000 allows one to create tables or indexes on a specitic
filegroup within the database, rather than across all filegroups in a database. By creating 2
filegroup on a specific disk or RAID (redundant array of independent disks) device. ore
can control where tables and indexes in the databasec are physically located. Reasens for

placing tables and indexes on specific disks include:

= Improved query performance.

v Parallel gueries.
Files and Filegroups

Microsoft® SQL Server™ 2000 maps a database using a set of operating sysiem tiles.
All data and objects in the database, such as tables, stored procedures. trigzers. anc

views, are stored within these operating-system fiics:

Primary - This file contains the startup information for the database and 1s used 1o store

data. Every database has one primary data filc.
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Secondary - These files hold all of the data that does not fit in the primary data file. If the
primary file can hold all of the data in the databasc, databases do not need to have
secondary data files. Some databases may be large enough 1o need multiple sccondary
data files or to use secondary files on separate disk drives to spread data across multipic

disks.

Transaction Log - These files hold the log information used to recover the databasc.

There must be at least one log file for each database.

Logical Database Design

Using Microsoft® SQL Server™ 2000 effectively begins with normalized databasc
design. Normalization is the process of removing redundancics from the cata. For
example, when one converts from an indexed sequence access mecthod (JSAM) syle
application, normalization often involves breaking data in a single file into two or more
logical tables in a relational database. Transact-SQL queries then recombine the tablc
data by using relational join operations. By avoiding the need to update the samc data ¢
multiple places, normalization improves the efficiency of an application and reduces the

opportunities for introducing errors due to inconsistent data.

However, there are tradeoffs to normalization. A database that is used primarily for
decision support (as opposed to update-intensive transaction processing) may not have
redundant updates and may be more understandable and efficient for queries if tae desigr
is not fully normalized. Nevertheless, data that is not normalized 1s a more comimor
design problem in database applications than over-normalized data. Starting wiih ¢
normalized design, and then selectively denormalizing tables for specific reasons. is ¢

good strategy.

Whatever the database design, one should take advantage of these features in SQI. Server

to automatically maintain the integrity of the data:

CHECK constraints ensure that column values are valid.
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DEFAULT and NOT NULL constraints avoid the complexitics (and opportunitics for

hidden application bugs) caused by missing column values.

PRIMARY KEY and UNIQUE constraints enforce the uniquencss of rows {anc

implicitly create an index to do so).

FOREIGN KEY constraints ensure that rows in dependeni tables always have a maiching

master record.
IDENTITY columns efficiently generate unigue row identifiers.

timestamp columns ensure efficient concurrency checking between multipic-user

updates.
User-defined data types ensure consistency of column definitions across the databasc.

By taking advantage of these features, one can makc the data rules visible to all users of
the database, rather than hiding them in application logic. These server-enforced rules
help avoid errors in the data that can arise from incomplete enforcement of integnty ruics

by the application itself. Using these facilities also ensurcs that data integrity s enforced

as efficiently as possible.

SQL Server 2000 provides two fundamental services to applications in a Windows®

DNA environment:

»  The SQL Server 2000 relational database engine 1s a modem, highly scalabic.
highly reliable engine for storing data. The databasc engine stores data in tables.
Applications can submit Structured Query Language (SQIL.) statements i the
database engine, which returns the results o the application in the form of «
tabular result set. The specific dialect of SQL supported by SQL Server is called

Transact-SQI.. Applications can also submit either SQL slatements or X2ath
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queries and request that the database engine return the results in the form o an

XML document.

The relational database engine is highly scalable. The SQL Server 2000
Enterprise Edition can support groups of database servers that cooperate to torm
terabyte-sized databases accessed by thousands of users at the same time. _he
engine is capable of handling the traffic of any Web site in the world. e
database engine also tunes itself, dynamically acquiring resources as more users
connect to the database, and then freeing the resources as the users log oft, This
means that the smaller editions of SQL Server can be used for individuals or smat.
workgroups that do not have dedicated database administrators. Even large
Enterprise Edition database servers running in production are easy to acminisier
using the graphical user interface (GUI) administration utilities that are a pa~ o~

the product.

The relational database engine is highly reliable and capable of running for iong
periods without down time. Administrative actions that required stopping and
starting in earlier versions of the database engine can now be performed while the
engine js running, increasing availability. The integration of the database cnginc
with Windows 2000 and Windows NT® failover clustering allows one ‘o define
virtual servers that keep running even if one of the physical servers n the node
fails. Where appropriate, log shipping can be uscd to maintain a warm: standb:

server that can replace a production server within minutes of a failure.

The relational database engine is also highly sccure. Login authenticaticn can be
integrated with Windows Authentication, so that no passwords are stored in 501
Server or sent across the network where they could be read by network sniiZers.
Sites can set up C2-level auditing of all uscrs accessing a database. and can usc
Secure Sockets Layer (SSL) encryption to encrypt all data transferred between

applications and the database.

The distributed query feature of the databasc engine allows one to access data

from any source of data that can be accessed using OLE DB. The tab.es of the
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remote OLE DB data source can be referenced in Transact-SQL statements jus.

like tables that actually reside in a SQL Server databasc.

The relational database engine is capable of storing detailed records of ail thu
transactions generated by the top online transaction processing (OLTP) systems,
The database engine can also support the demanding processing requirements for
fact tables and dimension tables in the largest online analytical {(OLAP) cate

warehouses.

=  Microsoft SQL Server 2000 Analysis Services providcs tools for analyzing the
data stored in data warchouses and data marts. Certain analytical processes. such
as getting a summary of the monthly sales by product of alt the stores in = district.
take a long time if run against all the detail records of an OLTP system. To speed
up these types of analytical processes, data [rom an OLTP system 1s periodically
summarized and stored in fact and dimension tables in a data warchousz or data
mart. Analysis Services presents the data from these fact and dimension tables as
multidimensional cubes that can be analyzed for trends and other information that
is important for planning future work. Processing OLAP queries or
multidimensional Analysis Services cubes is substantially faster than attempting

the same queries on the detail data recorded in OLTP daiabascs.

Application Support

Both the relational database engine and Analysis Services provide native support for the
common Windows DNA or Win32 data access interfaces, such as ActiveX® Daic
Objects (ADO), OLE DB, and Open Databasc Connectivity (ODBC). Applications can
use any of these application-programming interfaces (APls) to send SQL or XM
statements to the refational database engine using a nalive OLE DB provider or QDBC
driver. SQL Server 2000 also introduces the ability to use HTTP to send SQL or XML
statements to the relational database engine. Applications can use the multidimensiona:
extensions of either ADO or OLE DB to send Multidimensional Expressions (M
queries to Analysis Services. Because SQL Server uses the standard Windows DNA datz

access APIs, the development of SQL Server applications is well supported by toe
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Microsoft application development environments. In addition, interactive query tools.
such as Query Analyzer, provide templates, interactive debuggers, and interacive test
environments that speed the ability of the programmers to deliver SQL Server

applications.

In addition to supporting the data storage and OLAP processing needs of applcations.
SQL Server 2000 provides a full set of easy to use, graphical administration tools anc
wizards for creating, configuring, and maintaining databases, data warehouses, and data
marts. SQL Server also documents the administration APIs used by the SQL Server tcois.
giving the ability to incorporate SQL Server administration functionality directly into the

applications. The SQL Server administration APIs inciude:

SQL Distributed Management Objects (SQL-DMO), a set of COM objects that
encapsulates the administration functions for all of the entitics in the relational databasc

engine and databases.

Decision Support Objects (DSO), a set of COM objects that encapsulates the

administration functions for all of the entities in Analysis Services engine unc

[ @]

multidimensional cubes.

Windows Management Instrumentation (WMI), SQL Server 2000 provides a SQL Server
WMI provider that lets WMI applications get information on SQL Server databascs andc

instances.

Additional Components

SQL Server 2000 provides several components that support important reguirements of
modern data storage systems. The data storage nceds of today's large enterprises are very
complex, and go beyond having a single OLTP system integrated with a single datu
warehouse or data mart. Increasing numbers of field personnel nced to oad scts of datz.
disconnect from the network, record their work autonomously during the day, then plug
back in to the network and merge their records into the central data storc at the end of the

day. OLTP systems have to support the needs of both internal employees operating

through an intranet and hundreds of thousands of customers placing orders through the
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Web portal. Keeping data close to the workgroups or even individuals who primari:y
work on the data, and then replicating the data to a primary data store may minimize the

overall processing load of the system.

Web Application Ling ofbusincss. Administratior. 100
Reporting Applications
DMO/DSO/WMI
MDX ADQ/OLE DB/HTTP /ODBC XML  Transact-SQL
Analysis gervices > English Query o Relational Dalaba;c Engine
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: A A ?4 ;

Data Transformation

Services ‘
]
v N v
Relational Databasc Engine Replication Remote OLE DB
Enterprise Edition < + > Data Source

1 | ’
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'

SQL Server for Windows CE

A

h 4

Mobile disconnected users or

h 4

F Y

deskiop databascs

Relational Database g
personat Edition or Deskie
lingme

Local Database

Microsoft SQL Server Overview

t
v

Local Databuse

SQL Server 2000 replication allows sites to maintain multiple copics of data on difteren:
computers in order to improve overall system performance while at the same timc
making sure the different copies of data arc kept synchronized. For exampe. ¢

department could maintain the department sales data on a departmental server, but usc
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replication to update the sales data in the corporate computer. Several mobile
disconnected users can disconnect from the network, work throughout the day, and at ihc
end of the day use merge replication to merge their work records back into the mair
database. These workers can be using SQL Server Personal Edition on notebook or lapiop
computers, or using SQL Server for Windows CE on Windows CE devices: ail arc
supported by SQL Server replication. SQL Server replication also supports replicating
data to data warehouses, and can replicate data to or from any data source that supports

OLE DB access.

SQL Server 2000 Data Transformation Services (DT53) greatly improves the process 0!
building OLLAP data warehouses. Large OLTP databases are finely tuned to suppor: the
entry of thousands of business transactions at the same time. OLTP databases arc also
structured to record the details of every transaction. Trying to perform soptisticated
analysis to discover trends in sales over a number of months and years would require
scanning huge numbers of records, and the heavy processing load would drag down the
performance of the OLTP databases. Data warehouses and date marts arc built from the
data in one or more OLTP systems that is extracted and transformed into something more
useful for OLAP processing. OLTP detail rows are periodically pulled into a staging
database, where they are summarized and the summary data is stored in a data warchous:
or data mart. Data Transformation Services supports extracting data {rom one source ¢
data, performing sometimes complex transformations of the data, and then storing the
summarized, transformed data in another data source. The component greatly simpiifies
the process of extracting data from multiple OLTP systems and building it into an QLA

data warehouse or data mart.

DTS is not limited to being used to build data warchouses. It can be used any ume one
have to retrieve data from one data source, perform complex transformattons on the data.
and then store it in another data source. DTS is also not limited to working with SQ..
Server databases or Analysis Services cubes; DTS can work with any data source that can

be accessed using OLE DB.

SQL Server 2000 English Query allows to buiid applications that can custemize

themselves to ad hoc user questions. An English Query administrator defines for the
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English Query engine all of the logical relationships between the tables and coiumns of a
database or the cubes in a data warehouse or data mart. An application can then present
the user with a box where she can enter a character string with a question (wrillen 1
English) about the data in the database or data warchouse. The application passcs the
string to the English Query engine, which analyzes the string against the reiat.onships
defined between the tables or cubes. English Query then returns to the application a SQL.
statement or MDX (multidimensional expression} query that will retumn the answr {o the

user's question.

Meta Data Services provides facilities for storing, viewing, and retrieving descriptions ot
the objects in the applications and system. Meta Data Setvices supports the MDC Cper,
Information Model (OIM) specification defining a common format for storing
descriptions of entities such as tables, views, cubes. or transformations, as well as the
relationships between these entities. Application development tools that support OIM car:
use these descriptions to facilitate rapid development and interchange with other tools
and applications. SQL Server components, such as Data Transformation Services
packages and Analysis Services databases, can also be stored in the Meta Data Services

repository

Using SQL Server 2000

An organization may use the SQL Server 2000 components to perform various tasks, for

example:

Periodically, detailed OLTP data is extracted from the central databases by Datz
Transformation Services packages that scrub the data and build it into summary data that

is then loaded into a data warchouse.

The senior managers and marketing personnel use Analysis Services to analyze the datz
warehouse for business trends that indicate possible opportunities that could be cxploitec

or risks that must be minimized.

[
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Relational Database Components

The database component of Microsoft® SQL Server™ 2000 is a Structurec Query
Language (SQL)-based, scalable, relational databasc with integrated Extensible Markup
Language (XML) support for Internet applications. Each of the following terms describes

a fundamental part of the architecture of the SQL Server 2000 databasc componer.L:

Database

A database is similar to a data file in that it is a storage place for data. Like a data fiic. @
database does not present information directly to a user; the user runs an application that

accesses data from the database and presents it to the user in an understandable forma:.

Database systems are more powerful than data files i that data 1s more highly organized.
In a well-designed database, there are no duplicate pieces of data that the user o
application must update at the same time. Related picces of data are grouped together in «
single structure or record, and relationships can be defined between these structures ana

records.

When working with data files, an application must be coded to work with the spectfic
structure of each data file. In contrast, a database contains a catalog that applications use
to determine how data is organized. Generic databasc applications can use the catalog o
present users with data from different databascs dynamically, without being ted (o @

specific data format.

A database typically has two main parts: first, the files holding the physical databasc anc
second, the database management system (DBMS) software that applications usc te

access data. The DBMS is responsible for enforcing the database structure, including:

+ Maintaining relationships between data in the database.
« Ensuring that data is stored correctly, and that the rules defining data relationsaips
are not violated.

» Recovering all data to a point of known consistency in casc of system taiiures.
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Relational Database

Although there are different ways to organize data i a database, relational databases arc
one of the most effective. Relational database systems are an application of mathematicai
set theory to the problem of effectively organizing data. In a relational database, data is

collected into tables (called relations in relational theory).

A table represents some class of objects that are important to an organization. Ezach table
is built of columns and rows (called attributes and tuples in rclational theory). Fach
column represents some attribute of the object represented by the table. Each row
represents an instance of the object represented by the table. Relational database theory
defines a process called normalization, which ensures that the set of tables define wiit

organize the data effectively.

Scalable

SQL Server 2000 supports having a wide range of users access 1t at the same dime. An
instance of SQL Server 2000 includes the files that make up a set of databases and a copy
of the DBMS software. Applications running on scparate computers use a SQL Server
2000 communications component to transmit commands over a network to the >QL
Server 2000 instance. When an application connects to an instance of SQL Server 260C.
it can reference any of the databases in that instance that the user is authorized to access.
The communication component also allows communication between an instance off SQ1L
Server 2000 and an application running on the same computer. One can run multiple

instances of SQL Server 2000 on a single computer.

SQL Server 2000 is designed to support the traflic of the largest Web sites or enicrprisc
data processing systems. Instances of SQL Server 2000 running on large. multiprocesse:
servers are capable of supporting connections to thousands of users at the same ame. The
data in SQL Server tables can be partitioned across multiple servers, so thet severa.
multiprocessor computers ¢an cooperate 10 support the database processing requirerments

of extremely large systems. These groups of database servers are called fedcraticns.
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Although SQL Server 2000 is designed to work as the data storage engine for thousands
of concurrent users who connect over a network, it is also capabie of working as a stand-
alone database directly on the same computer as an application. The scalability and case-
of-use features of SQL Server 2000 allow it to work efficiently on a single computer
without consuming too many resources or requiring administrative work by thz stand-
alone user. The same features allow SQL Server 2000 to dynamically acqaire the
resources required to support thousands of users, while minimizing database
administration and tuning. The SQL Server 2000 relational database engine dynamicali
tunes itself to acquire or free the appropriate computer resources required to supporl &
varying load of users accessing an instance of SQL Server 2000 at any spectfic time. the
SQL Server 2000 relational database engine has features to prevent the logical probicms

that occur if a user tries to read or modify data currently used by others.

Structured Query Language

To work with data in a database, one has to use a set of commands and statements
(language) defined by the DBMS software. Several different languages can be used with
relational databases; the most common is SQL. The dialect of SQL supporiec by
Microsoft SQL Server is called Transact-SQL (T-SQL). T-SQL. is the primary ‘anguage
used by Microsoft SQL Server applications.

Extensible Markup Language

XML is the emerging Internet standard for data. XML is a sct of tags that can b= used to
define the structure of a hypertext document. XML documents can be easily processed by
the Hypertext Markup Language, which is the most important language for displaying

Web pages.

322 MICROSOFT SQL SERVER 2000 ANALYSIS'SERVICE

Analysis Services

Microsoft® SQL Server™ 2000 extends and renames the former OLAP Services

component, now called Analysis Services. Many new and improved [catures signiticantiy
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enhance the analysis capabilities of the acclaimed OLAP Services introduced in SQL
Server version 7.0. In this release, Analysis Services introduces data mining, which can

be used to discover information in OLAP cubes and rclational databases.

Introduction to OLAP

Cubes are the main objects in online analytic processing (OLAP). a technology that
provides fast access to data in a data warehouse. A cube 1s a set of data that is usualiy
constructed from a subset of a data warehouse and is organized and summarized into &

multidimensional structure defined by a set of dimensions and measures.

Cubes : A cube is a multidimensional structure that contains dimensions and meusures.
Dimensions define the structure of the cube, while measures provide the numerical values
of interest to the end user. Cell positions in the cube are defined by the intersection of
dimension members, and the measure values are aggregated 1o provide the values in hie

cells.

Dimensions : A structural attribute of a cube, which is an organized hierarchy o/
categories (levels) that describe data in the fuct tuble. These caiegorics typically describe

a similar set of members upon which the user wants to base an analysis.

Measures : [n a cube, a set of values that are based on a column in the cube's Juct taste
and are usually numeric. Measures are the central values that are aggregated ard

analyzed.

A cube provides an easy-to-use mechanism for querying data with guick and uni‘orm
response times. End users use client applications to connect 1o an Analysis server and
query the cubes on the server. In most client applications, end users I1ssle a query on 2
cube by manipulating the user interface controls, which determine the contents of the
query. This spares end users from writing language-based queries. Precalculated
summary data called aggregations provides the mechanism for rapid and uniform
response times to queries. Aggregations are created for a cube before end users aceess it

The results of a query are retrieved from the aggregations, the cube’s source data in the
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data warehouse, a copy of this data on the Analysis server, the client cache, or a
combination of these sources. An Analysis server can support many different cubes. sucn

as a cube for sales, a cube for inventory, a cube for customers, and so on.

Aggregation : Aggregations are precalculated summaries of data that improve quesy

response time by having the answers ready before the questions are asked.

Every cube has a schema, which is the set of joined tables in the data warchouse from
which the cube draws its source data. The central table in the schema is the fact table, the
source of the cube's measures. The other tables are dimension tables, the sources of the

cube's dimensions.

Cube Structure : A cube’s structure is defined by its measures and dimensions. They are
derived from tables in the cube’s data source. The set of 1ables from which a cube’s
measures and dimensions are derived is called the cube's schema. Every cube scheme
consists of a single fact table and one or more dimension tables. The cube's measures are
derived from columns in the fact table. The cube's dimensions are derived from columns

in the dimension tables.

A cube is defined by the measures and dimensions that it contains. For example, a cube
for sales analysis includes the measures Item_Sale Price and Item Cost and the
dimensions Store_Location, Product_Line, and Fiscal_Year. this cube enables cnd users
to separate Iltem Sale_Price and Item_Cost into various categorics by Store_Location.

Product_Line, and Fiscal_Year.

Each cube dimension can contain a hierarchy of levels to specify the categorical
hreakdown available to end-users. For example, the Store Location dimension ircludes
the level hierarchy: Continent, Country, Region, Statc_Province, City, Store Number.
Bach level in a dimension is of finer granularity than its parent. For example. cortinents
contain countries, and states or provinces contain cities. Similarly, the hierarchy ol the

Fiscal Year dimension includes the levels Year, Quarter, Month. and Day.
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Level : The name of a set of members in a dimension hierarchy such that all members of
the set are at the same disiance from the root of the hierarchy. For example, a time

hierarchy may contain the levels Year, Month, and Day.

Dimension levels are a powerful data modeling tool because they atlow end users to as<
questions at a high level and then expand a dimension hierarchy to reveal more detail. For
example, an end user starts by asking to see Item_Cost values of products for the Dast
three fiscal years. The end user may notice that 1998 Item_Cost values are higher thar,
those in other vears. Expanding the Fiscal_Year dimension to the Month level, the enc
user sees that Item Cost values were especially high in the months January and AugusL.
The end user may then explore levels of the Store_Location dimension to sce if'a
particular region contributed significantly to the high Item_Cost values, or may expand
into the Product_Line dimension to see if Item_Cost values were high for a particujar
product group or product. This type of exploration, known as drilldown, 1s common 1=

client applications.

Drill down/drill up : 4 technique for navigating through levels of data ranging from the

most summarized (up) to the most detailed (downj. For example. when viewing the
details of sales data by year, a user can drill down (o display sales data by quurier, aid

further to display data by month.

A cube can contain up to 128 dimensions, each with thousands or millions of members,
and up to 1,024 measures. A cube with a modest number of dimensions and measures

usually satisfies the requirements of end users.

There are scveral varieties of cubes in Microsoft® SQL Server™ 2000 Analysis Scrvices.
Although reguiar cubes possess the characteristics o f cubes described in this topic and

its subtopics, other varieties of cubes do not share ail of these characteristics.

Regular cube : A cube that is based on tables and has its own aggregations

(=Tl
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Cubes are immediately subordinate to the database in the object hierarchy. A database is
a container for related cubes and the objects they share. You must create a database

before you create a cube.

Database : A database is a container for related cubes and the objects they share. These
objects include data sources, shared dimensions. and database roles. [f these ohjecis cre
to be shared among multiple cubes, the objects and cubes must be within the same

database.
In the object hierarchy, the following objects are immediately subordinate to the cube
Data sources

A cube has a single data source. It can be selected from the data sources in the databasc
or created during cube creation. A cube's dimensions must have the same data source 25

the cube, but its partitions can have different data sources.
Measures

A cube's measures are not shared with other cubes. The measures are created when the

cube is created. A cube can have up to 1,024 measures.
Dimensions

A cube's dimensions are either shared with other cubes in the database or private to the
cube. Shared dimensions can be created before or during cube creation. Private
dimensions are created when the cube is created. Although the term cube suggesis ihree

dimensions, a cube can have up to 128 dimensions.
Partitions

A single partition is automatically created for a cube when the cube 1s created. If you
have installed Analysis Services for SQL Server 2000 Enterprise Edition, after creating &

cube, you can create additional partitions in the cube.
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Cube roles

Every cube must have at least one cube role in order to provide access to end-users. Cuoc
roles are derived from database roles, which can be created before or after cube craation.

Cube roles are created after cube creation.

After cubes are created, partitions or aggregations are usually the next objects to be

created.

Partitions : Partitions are used to store and manage precalculated aggregations and,
sometimes, source data. They also offer flexibility in storing such data in muliiple
locations and in optimizing its access; they are also useful in managing the growth of

cubes over time.
Creating a cube involves three steps:
Definition

The definition of a cube is based on the analytical requirements of end users. To definc a
cube, select a fact table and identify measures within the fact table. Then select or create
dimensions, each composed of one or more columns from another table. The Cube
Wizard provides an easy way to define cubes. Cube Editor offers additional flexibility for

defining and modifying cube structures.
Building Cubes

You can build a cube using the Cube Wizard or Cube Editor. The Cube Wizard takes vou
through the process in a series of steps. Cube Editor allows you to perform some of the
steps in your own order. To build a cube using either the Cube Wizard or Cube Lditor.

you must specify the data source, fact table, measures, and dimensions for your cube.

The data source contains the fact table and dimension tables you want to include in your

cube. A data source name identifies a database resource and paramecters for its usage.
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The fact table contains the measures you want to include in your cube. A fact table is the
central table in a schema. It contains the numerical data (that is, measures) of mair:
interest to end users of the cube. A fact table also contains foreign keys that are jouned to

primary keys in dimension tables.

The measures that you select are the ones that you want to make available to end-users. A
measure contains numerical data (for example, Sales) viewed and analyzed by enc users.
Each measure corresponds to a column in the fact tabie. This column supplies the

measure's values.

The dimensions that you select will also be made available to end-users. Dimensions are
descriptive categories by which the measures can be separated for anaiysis. In tabular
browsers, dimensions provide the column headings, row headings, and subheadings by
which the measures are separated and displayed to end users. (In graphical browscers. tacy
provide other types of descriptive labels but with the same function as in tabular
browsers.) For example, the measure 1s Sales, and the dimensions are Time, Location.
and Product. End users can separate Sales into various categories of Time, Location, and
Product. Time provides headings for individual years and subheadings for months.

Location and Product also supply a variety of headings and subheadings.

Each dimension is created from one or more columns in a dimension table. These
columns supply the values of the dimension. and produce the colurmn headings. row

headings, and subheadings seen by end users.

Fach dimension table contains a primary key that is joined to a foreign key in either the

fact table or another dimension table.

You can also build virtual cubes, which combine elements of multiple, previousty built
cubes. When end users browse the virtual cube, they see the combined elemenis together
as if they were in a single cube. One of the advantages ol virtual cubes 1s that their
definitions, but not their data, are stored. Thus, virtuai cubes require much less storage

space than regular cubes.
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Aggregation design

After you define a new cube, you can design its aggregations using the Storage Design

Wizard. Designing the aggregations specifies the summarization stratcgy.

Desicning Storage Options and Aggregations : Usc the Storage Design Wizard to

quickly and easily set storage options and design aggregations for a partition. The wizard
operates on a single partition at a time so that you can select different options and designs
for each partition. If you start the wizard by selecting a multiple-partition cube, the
wizard prompts you to select a partition. You can aiso start the wizard by selecting a
single-partition cube or a partition. The wizard takes you through steps to specify storage

and aggregation options for a partition.

Select a storage option if no aggregations exist or if you choose to replace existing

aggregations. Each option is briefly described in the following table.

Storage option Jﬁescription

'MOLAP ﬁ\/[ultidimensional OLAP (MOI.AP) stores aggregations and & copy
of the partition's source data in a multidimensional structure on ar.

Analysis server computer.

ROLAP IRelational OLAP (ROLAP) stores aggregations in a relational
structure and leaves the partition's source data in its existinz

relational structure.

structure on an Analysis server computer and leaves the partitien’s

source data in its existing relational structure.

HOLAP Hybrid OLAP (HOLAP) stores aggregations in a multidimensional

Each storage option has advantages and disadvantages. Aggregations arc precalculated

summaries of cube data that help ¢nable Microsoft® SQL. Scrver™ 2000 Analys:s
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Services to provide rapid query responses. Select a method of controlling the numoer ¢

aggregations the wizard will design, and then let the wizard design the aggregations.

The goal is to design the optimal number of aggregations. This number should not onlv
provide satisfactory response time, but also prevent excessive partition size. A greater
nuamber of aggregations produce faster response time but it also requires more storage
space. Moreover, as the wizard designs more and more aggregations, earlier aggregations
produce considerably larger performance gains than later aggregations. You can contred
the number of aggregations the wizard designs by one of the following methods avaiiable

in the wizard:
Specify a storage space limit for the aggregations.
Specify a performance gain limit.

Stop the wizard manually when the displayed Performance vs. Size curve starts o level

off at an acceptable performance gain.

The final step of the wizard allows you to process or defer processing. Processing creates
the aggregations you design with the wizard, while defernng processing saves the
designed aggregations for future processing, thus allowing design activities to continue
without having to process. Depending on the size of the partition. processing may tak:

considerable time.
Processing

After you design the aggregations of a new cube, process the cube with the Full process

option. This action creates the aggregations.
After you create a cube, use Cube Editor to maintain it.

If, after you process a cube, you change it, or its source data changes, it 1s usually
necessary to process the cube again. Different processing options are appropriate 1n

different circumstances.
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Processing Cubes : When you process a cube, the aggregations designed for the cube

fucTond)

are calculated and the cube is loaded with the calculated aggregations and duta.
Processing a cube involves reading the dimension tables to populate the levels with
members from the actual data, reading the fact table. calculating specified aggregations.

and storing the results in the cube. After a cube has heen processed, users can query i

Cube Processing Options

Each of the following three processing options is appropriate in different circumstances:

* Full Process
= Incremental update

= Refresh data

[n addition to these three mutually exclusive options, you can select a fourth option.
Incrementally update the dimensions of this cube, in conjunction with any of thesc
options. This option allows you to incrementally update the cube's dimensions as part of

the cube processing.

Completely Processing a Cube

Full Process is the processing option used to perform a complete load of the cube. All
dimension and fact tabie data is read and all specified aggregations arc calculatec. You
must process a cube with the Full Process option when its structure 1s new or when the
cube, its dimensions, or its measures have undergone siruciural changes. In addition.
virtual and linked cubes also require complcte processing after you build them. caange

their structure, or change one of their shared dimensions.

Potential exceptions are cubes in which only changing dimensions have been chenged. A
changing dimension does not always require its parent cubes to be processed witn the

Full Process option after the structure of the dimension 1s changed. However, processing
with an alternative option may be required. Changing dimensions in¢lude virtual, pareni-

child, and relational OLAP (ROLAP) dimensions.
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Processing a cube with the Full Process option can take a substantial amount of time i
there is a large fact table and there are many dimensions with many levels and many
items in each level. You do not need to load of dimension information if you usc only

preprocessed shared dimensions in cubes.

If there are changes in the data warehouse schema that affect the structure of cubes, you
must change the structure of those cubes and then process them with the Full Process
option. If there are changes in or additions to data in the data warehouse, you do rot need
to completely process cubes. Such changes can be incorporated into existing cubes using
the Incremental update or Refresh data processing options, depending on how :he data

changed.

The Full Process option can be used while uscrs continue to query a previously
processed cube; however, after processing has completed, users need to disconnect and

reconnect to reestablish access to the cube.
Incrementally Updating a Cube

An incremental update is appropriate when new data is 1o be added to a cube, but existing
data has not changed and the cube structure remains the same. The Incremental update

option adds new data and updates aggregations.

An incremental update does not affect the existing data that has already been processud.
It usually requires significantly less time than processing with the Full Process option.
An incremental update can be performed while users continue to query the cube: alter the
update is complete, users have access to the additional data without having to disconnact

and reconnect.

Because an incremental update creates a temporary partition from the new data and
merges it into an existing partition, it 1s necessary to understand the special

considerations that apply to partitions before performing an incremental update.

Refreshing a Cube's Data
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The Refresh data option causes a cube's data to be cleared and reloaded and 1ts
aggregations recalculated. This option is appropriate when the underlying data in the data

warehouse has changed but the cube's structure remains the same.

The Refresh data option can be performed while users continue to query the cube; after
the refresh has completed, users have access to the updated data without having tc

disconnect and reconnect.
Incrementally Updating Dimensions

The Incrementaily update the dimensions of this cube option causes the cube's
dimensions to be incrementally updated when the cube is processed. This option 1s vaiic
with the Full Process, Incremental update, or Refresh data option. The Incrementally
update the dimensions of this cube option is appropriate when rows bave been added o

any of the cube's dimension tables since the cube or dimension was last proccssec.
Cube Security

The type and scope of access to a cube by end users in a cube rolc is determined by the
settings in the cube role. An end user can access oniy those cubes that are assigned a roie

containing that end user's user namie.

A database role provides defaults for the cube roles of the same name. but some of these
defaults can be overridden in the cube roles. After a database role is created, it can be
assigned to any cube (including virtual and linked cubes) in the database. This action
grants the end users in the database role access to the cube and creates a cube roic with
the same name as the database role. Database roles are assigned to cubes in the Cubes ta-

of the Database Role dialog box or in Cube Role Manager.

If a cube role does not specify restrictions on dimension members, end users in the cuse
role can view all members in the associated cube. If & dimension has been write-cnabled.
and the cube role has been granted read/write access to the dimension, the end uscrs vun
also update members in the dimension. However, a database rolc or cube role can specity

that some members can be viewed and updated and others cannot.
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Similarly, by default, end users in a cube role can view all cells in the associated cube. If
the cube has been write-enabled, and the cube role has been granted read/write access o
the cube, the end users can also update cube cells. However, a cube role can specily that

some cells can be viewed and updated and others cannot.

By default, end users in a cube role cannot drill through to any of the cube cells’ source
data. However, in a cube role you can grant this ability. If you grant this ability, you must

enable drillthrough for the cube or for at Jeast one of its partitions.

Data Warehousing and OLAP

Although sometimes used interchangeably, the terms data warehousing and oniine
analytical processing (OLAP) apply to different components of systems often referred to
as decision support systems or business intelligence systems. Components of these tvpes
of systems include databases and applications that provide the tools analysts ncec o

support organizational decision-making.

A data warchouse is a database containing data that usually represents the business
history of an organization. This historical data is used for analysis that supports business
decisions at many levels, from strategic planning to performance evaluation of a discret:
organizational unit. Data in a data warehouse 1s organized to support analysis rather than

to process real-time transactions as in online transaction processing systems (OLTP).

|
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OLAP technology enables data warehouses to be used effectively for online analysis.
providing rapid responses o iterative complex analytical queries.  OLAP's

multidimensional data model and data aggregation techniques organize and summariz.

47



A
ivega OLAP RIMS EXPRESS

large amounts of data so it can be evaluated quickly using online analysis and graphical
tools. The answer to a query into historical data often leads to subsequent queries as “he
analyst scarches for answers or explores possibilities. OLAP systems provide the speec

and flexibility to support the analyst in real time.

MDX

The Multidimensional Expressions (MDX) language 1s used to manipulate
multidimensional information in Microsoft® SQL Server™ 2000 Analysis Services.

MDX is defined in the QLAP extensions in OLE DB.

Similar to SQL in many respects, MDX provides a rich and powerful syntax for the
retrieval and manipulation of multidimensional data, such as the data stored 1n cubes on
the Analysis server. Analysis Services supports MDX functions in the defin:tions o”
calculated members, as well as a full language implementation for building Jocal cubes
and querying cube data using PivotTable® Service with OLE DB and Microsoft
ActiveX® Data Objects (ADO).

Additionally, MDX supports the creation and registration of uscr-deiined functions. One
can create user-defined functions to operate on muliidimensional data and accept

arguments and return values in the MDX syntax.

The following topics provide more information about MDX.

MDX Overview

This section introduces Multidimensional Expressions (MDX) and cxplains somc of the

concepts behind its structure and syntax. It contains the following topics.
Introduction to MDX

MDX, an acronym for Multidimensional Expressions, 1s a syntax that supports the
definition and manipulation of multidimensional objects and data. MDX 15 similar m

many ways to the Structured Query Language (SQL) syntax, but 15 not an cxtension of
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the SQL language; in fact, some of the functionality that is supplied by MDX can be
supplied, although not as efficiently or intuitively, by SQL.

As with an SQL query, each MDX query requires a data request {the SELECT c ausc}, a
starting point (the FROM clause), and a filter (the WHERE clause). These and otaer
keywords provide the tools used to extract specific portions of data from a cube for
analysis. MDX also supplies a robust set of functions for the manipulation of retrievec

data, as well as the ability to extend MDX with user-defined functions.

MDX, like SQL, provides data definition language (DDL) syntax for managing data
structures. There are MDX commands for creating (and deleting) cubes, dimensions,

measures, and their subordinate objects.
Key Concepts in MDX

The purpose of Multidimensional Expressions (MDX) 1s to make accessing data from

multiple dimensions easier and more intuitive.
Dimensions, Levels, Members, and Measures

Most languages used for data definition and manipulations, such as SQL. are designed te

retrieve data in two dimensions: a column dimension and a row dimension.

Each table represents two-dimensional data. At the intersection of each row and coiumr
is a single element of data, called a field. The specific columns to be viewed i an SQL.
query are specified with a SELECT statement, and the rows 10 be retrieved are mited by

a WHERE clause.

Multidimensional data, on the other hand, can be represented by structures with more
than two dimensions. These structures, called cubes, have multiple dimensions. At the
intersection of dimensions in a cube, there may be more than one element of data. calied
a measure. Each dimension is broken down into different levels, each of which 1s broken

down further into members. For example, the Source dimension supplics the Fastor:
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Hemisphere level, which is broken down into four members, Africa, Asia, Australia, and

Europe.

The querying of even simple data out of a multidimensional data source can be a complex
task. A cube can have more than three dimensions, for example, or it may only have one
dimension. The concepts of cubes, dimensions, levels, members, and measuares arc

important to the understanding of MDX syntax.

Cells, Tuples, and Sets

As SQL returns a subset of two-dimensional data from tables, MDX returns a subset o7

multidimensional data from cubes.

The cube diagram illustrates that the intersection of multidimensional members creates
cells from which one can obtain data. To identify and cxtract such data, whether it 15 &
single cell or a block of cells, MDX uses a reference system calicd tuples. Tupies list
dimensions and members to identify individual cells as well as larger sections of cclis
the cube; because each cell is an intersection of ail the dimensions of the cube. tuples can
uniquely identify every cell in the cube. For the purposes of reference, measures in a cube
are treated as a private dimension, named Measures, in the cube itseif. For example. the

following tuple identifies a cell in which the value 1s 400:
(Source.[Eastern Hemisphere]. Africa, Time.[2nd half].[4th guarter], Route.Air, Measures. Packages:

The tuple uniquely identifies a section in the cube: it does not have to refer to a specific
cell, nor does it have to encompass all of the dimensions in a cube. The {oilowing

examples are all tuples of the cube diagram:
{Source.[Eastern Hemisphere))

{Time.[2nd half], Source.[Western Hemispherc])

These tuples provide sections of the cube, called slices, that cncompass more than orc

cell.
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An ordered collection of tuples is referred to as a set. In an MDX query, axis and shcer
dimensions are composed of such sets of tuples. The following example Is a descriptior.

of a set of tuples in the cube in the diagram:
{ (Time.[ st half].[ st quarter]), Time.[2Znd half].[3rd quarter]) |

In addition, it is possible to create a named set. A named set is a set with an alias. used o
make the MDX query easier to understand and, if it is particularly complex, casicr to

process.
Axis and Slicer Dimensions

In SQL, it is usually necessary to testrict the amount of data returned from a query on &
table. For example, one may want to see only two fields of a table with forty fields. and
want to see them only if a third field meets a specific criteria. One can accomplish this by
specifying columns in the SELECT statement, using a WHERE statement to restrict the

rows that are returned based on specific ¢riteria.

In MDX, those concepts also apply. A SELECT statement 1s used to sclect the
dimensions and members to be retumed, referred to as axis dimensions. The WHIERL:
statement is used to restrict the returned data to specific dimension and menber criteriz.
referred to as a slicer dimension. An axis dimension s expected to return data for
multiple members, while a slicer dimension is expected to return data for a single

member.

The terms "axis dimension” and "slicer dimension” are used to differentiaic the
dimensions of the cells in the source cube of the query, indicated in the FROM clause.
from the dimensions of the celis in the result cube, which can be composed of mutipic

cube dimensions.
Comparison of SQL and MDX

The Multidimensional Expressions (MDX) syntax appears. at first glance. to b

remarkably similar to the syntax of Structured Query Language (SQL). In meny ways.
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the functionality supplied by MDX is also similar to that of SQL; with etfort, onc can
even duplicate some of the functionality provided by MDX in SQL.

However, there are some striking differences between SQL and MDX. and one should be
aware of these differences at a conceptual level. The following information is intended to
provide a guide to these conceptual differences between SQL and MDX, from tae point

of view of an SQL developer.

The principal difference between SQL and MDX is the ability of MDX to reference
multiple dimensions. Although it is possible to use SQL exclusively to query cubes i
Microsofi® SQL Server™ 2000 Analysis Services, MDX provides commands that are
designed specifically to retrieve data as multidimensional data structures with almost any

number of dimensions.

SQL refers to only two dimensions, columns and rows, when processing queries. Because
SQL was designed to handle only two-dimensional tabular data, the terms "column" and

"row" have meaning in SQL syntax.

MDX, in comparison, can process one, two, three. or more dimensions in querics.
Because multiple dimensions can be used in MDX, each dimension 1s referred to as an
axis. The terms “column” and "row" in MDX are simply used as aliases for the first twe
axis dimensions in an MDX query; there are other dimensions that are also aliased. but
the alias itself holds no real meaning to MDX. MDX supports such aliases for displa
purposes; many OLAP tools are incapable of displaying a result set with more thar two

dimensions.

In SQL, the SELECT clause is used to define the column layout for a query, while the
WHERE clause is used to define the row layout. Ilowever, in MDX the SELECT ¢.ausce
can be used to define several axis dimensions, while the WHERE clause is used “o restric:

multidimensional data to a specific dimension or member.

Lh
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In SQL, the WHERE clause is used to filter the data returned by a query. In MDX, the
WHERE clause is used to provide a slice of the data returned by a query. While the twe

concepts are similar, they are not equivalent.

The SQL query uses the WHERE clause to contain an arbitrary list of items that should
(or should not) be returned in the result set. While a long list of conditions in the fiiter
can narrow the scope of the data that is retrieved, there is no requitement that thc

elements in the clause will produce a clear and concise subset of data.

In MDX, however, the concept of a slice means that each member in the WHERE clausc
identifies a distinct portion of data from a different dimension. Because of the
organizational structure of multidimensional data, it 1s not possible to request a slice for
multiple members of the same dimension. Because of this, the WHERE clause in MDX

can provide a clear and concise subset of data.

The process of creating an SQL query is also different than that of creating an MDX
query. The creator of an SQL query visualizes and defines the structure 0. @ wo-
dimensional rowset and writes a query on one or more lables to populate it. [n contrast.
the creator of an MDX query usually visualizes and defines the structure of a
muitidimensional dataset and writes a query on a single cube to populate it. This coulc
result in a multidimensional dataset with any number of dimensions: a one-dimensiona.

dataset is possible, for example.

The visualization of an SQL result set is intuitive: the set is a two-dimensionzl grid of
columns and rows. The visualization of an MDX result set 1s not as intuitive, howeyer.
Because a multidimensional result set can have more than thrce dimensions, 1t can b
challenging to visualize the structure. To refer to such two-dimensional data in SQIL.. ihe
name of a column and the unique identification of a row. in whatever methed s
appropriate for the data, are used to refer to a single cell of data. called a field. :lowever,
MDX uses a very specific and uniform syntax to refer to cells of data. whethe~ the dats

forms a single cell or a group of celis.
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Although SQL. and MDX share similar syntax, the MDX syntax is remarkably robust.
and it can be complex. However, because MDX was designed to provide a simple.
effective way of querying multidimensional data, it addresscs the conceptual difierences
between two-dimensional and multidimensional querying in a consistent and easity

understood fashion.
Basic MDX

A multidimensional Expressions (MDX) command allows to query multidimensional
objects, such as cubes, and return multidimensional datasets. This topic and its subtonics

provide an overview of MDX queries.

As is the case with SQL, the author of an MDX query must determine the structure of the
requested dataset before writing the query. The following topics describe MDIX queries
and the datasets they produce, and provide more detailed information about basic MDX

syntax.
The Basic MDX Query

A basic Multidimensional Expressions (MDX) query is structured in a fashion similar to

the following example:
SELECT [<axis_specification>
[, <axis_specification>...]]
FROM [<cube_specification>]
[WHERE [<slicer_specification=]]

Basic MDX Syntax - SELECT Statement

In MDX, the SELECT statement is used to specify a dataset containing a subset © N
multidimensional data. To discuss the various syntax elements of the MDX SELEC
statement, this topic presents a basic MDX query cxample and breaks it down into s

syntax elements, discussing the purposc and structure of each element.
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To specify a dataset, an MDX query must contain information about:

The number of axes. One can specify up to 128 axes in an MDX query.

The members from each dimension to include on each axis of the MDX query.
The name of the cube that sets the context of the MDX query.

The members from a slicer dimension on which data is sliced for members from the axis

dimensions.

This information can be complex. MDX syntax can provide such information in a simple

and straightforward manner, using the MDX SELECT statement.

Basic MDX Query Example

The following MDX query example is used to discuss the various parts of basic MDX

SELECT statement syntax:

SELECT
{ [Measures) [Unit Sales], [Measures].[Store Sales] } ON COLU MNS,
{ [Time].[1997], [Time].[1998] } ON ROWS

FROM Sales

WHERE ( [Store].[USA][CAT)

The basic MDX SELECT statement contains a SELECT clause and a FROM clause, with
an optional WHERE clause.

The SELECT clause determines the axis dimensions of an MDX SELECT statement.

Two axis dimensions are defined in the MDX query example.

The FROM clause determines which multidimensional data source is to be used whern

extracting data to populate the result set of the MDX SELECT statement.

Ln
N
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The WHERE clause optionally determines which dimension or member to use as a shicer
dimension; this restricts the extracting of data to a specific dimension or member. The
MDX query example uses a WHERE clause to restrict the data extract for the axis

dimensions to a specific member of the Store dimension.

The MDX SELECT statement supports other optional syntax, such as the Willi
keyword, and the use of MDX functions to construct members by calcufation for

inclusion in an axis or slicer dimension

The syntax format of the MDX SELECT statement 1s sinlar to that of SQIL. syniax:

however, there are several obvious differences:

MDX syntax distinguishes sets by surrounding tuples or members with braces (tac § anc

! characters

MDX queries can have up to 128 axis dimensions in the SELECT statement, but only the
first 5 axes have aliases. An axis can be referred to by its ordinai position within an MDX
query or by its alias, if it has an alias assigned to it. In the MDX guery cxample. the
COLUMNS and ROWS axis aliases are used. The MDX query could also have been

written in the following fashion, using the ordinal position of each axis:
SELECT
{ [Measures].[Unit Sales], [Measures].[Store Sales] | ON AXIS(D).
{ I Time].[1997], [Time].[1998] } ON AXIS(1)
FROM Sales
WHERE ( [Store].[USA].[CA])

As with an SQL query, the FROM clause names the source of the data for the MDX
query. However, unlike an SQL query, the FROM clause in an MDX query 1s restrictec
to a single cube. Information from other cubes can be retricved, however, on a valuc-by-

value basis using the LookupCube function.
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The WIHERE clause is used to describe the slicer dimensions. If a dimension is not
mentioned as part of the WHERE clause, Microsoft® SQL Server™ 2000 Analysis
Services assumes that any dimension not assigned to an axis dimension s a shiver
dimension, and the dimension is filtered on its default members. The WHERE clause can
change the filtering process for specified dimensions, allowing fine control of nciuded

data.
Members, Tuples, and Sets

Before proceeding on the creation of a Multidimensional Expressions (MDX) query, one
should understand the definitions of members, tuples and sets, as well as the MDX syntax

used to construct and refer to these elements.
Members

A member is an item in a dimension representing one or more occurrences of data. Think
of a member in a dimension as one or more records in the underlying database whosc
value in this column falls under this category. A member is the lowest level of reference

when describing cell data in a cube.
For example, the Time.[2nd half].[3rd quarter] member.

The bracket characters, | and ], are used if the name of a member has a spacc ora number
in it. Although the Time dimension is one word, bracket characters can also be usec

around it as well; the member could also be represented as:

[Time].[2nd half].[4th quarter]

Tuples

A tuple is used to define a slice of data from a cube; it 1s composed of an ordered
collection of one member from one or more dimensions. A tuple is used to wdentily

specific sections of multidimensional data from a cube: a tuple composed of one member
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from each dimension in a cube completely describes a cell value. Put another way. a tupic
is a vector of members; think of a tuple as one or more records in the underlying catabasc

whose value in these columns falls under these categories.

In MDX, tuples are syntactically constructed depending upon their compiexity. I’ a tuple
is composed of only one member from a single dimension, often referred to as & stmple

tuple, the following syntax is acceptable.
Time.[2nd half]

If a tuple is composed of members from more than one dimension, the members
represented by the tuple must be enclosed in parentheses, as demonstrated n the

following example.
(Time.[2nd half], Route.nonground.air)

A tuple composed of a single member can also be enclosed in parentheses, but this is no:

required. Tuples are often grouped together in sets for use n MDX queTIEs.
Sets

A set is an ordered collection of zero, one or morc tuples. A set is most commonly usec
to define axis and slicer dimensions in an MDX query, and as such may hav: only @
single tuple or may be, in certain cases, empty. The following example shows a sct o [1wo

tuples:
{ {Time.[]st half], Routenonground.air), (Time.[2nd half], Routenonground.sea) |

A set can contain more than one occurrence of the same tuple. The following sot 1=

acceptable:
{ Time.[2nd half], Time.[2nd half]

A set refers to either a set of member combinations, represented as tuples, or to the vaiucs
in the cells that the tuples in the set represent, depending on the context of usage for the

set. In MDX syntax, tuples are enclosed in braces to construct a set.
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Axis and Slicer Dimensions

When formulating a Multidimensional Expressions (MDX) query, an application

typically looks at the cubes and divides the set of dimensions into two subsets:
Axis dimensions, for which data is retrieved for multiple members.
Slicer dimensions, for which data is retrieved for a single member.

Because axis and slicer dimensions can be constructed {rom multiple dimensions of the
cube to be queried, these terms are used to differentiate the dimensions employed by the

cube to be queried from the dimensions created in the cube returned by an MDX query.

For example, assume that a cube exists, named TestCube, with two simple dimensions
named Route and Time. Because the measures of the cube arc part of the Measures
dimension, this cube has three dimensions in all. The query is to provide a matrix in

which the Packages measure can be compared across routes and times.

In the following MDX query example, the Route and Time dimensions arc used as axis
dimensions and the Measures dimension is used as the slicer dimension. The Members
function indicates that the members of the dimension or level are to be used to construct ¢
set, instead of having to explicitly state each member of a given dimension or level inar

MDX query.

SELECT
{ Route nonground.Members 3} ON COLUMNS.
{ Time.[1st haif].Members ;| ON ROWS

FROM TestCube

WHERE ( [Measures].[Packages] )

The resulting grid of values would resemble the foliowing table, showing the value of the

Packages measure at each intersection of the COLUMNS and ROWS axis dimensions.
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} air sea

i 1st quarter __ %60 - 50 )
[2_nd quarter o !45 _ 45

MDX evaluates the axis and slicer dimensions first, building the structure of the result

cube before retrieving the information from the cube to be queried.

Programming Analysis Services Applications

Microsoft® SQL Server™ 2000 Analysis Services provides support to creale and
integrate custom applications that enhance the online analytical processing (OLAP) anc

data mining installation.

Analysis Services includes the Analysis server and PivotTable® Secrvice. The Analvsis
server manages and stores multidimensional information and serves client apolication
requests for OLAP data. PivotTable Service is an OLE DB for OLAP provider tha:
connects client applications to the Analysis server and manages offline cubes. A
repository of meta data contains definitions of OLAP darta objects such as cubes and therr

elements.

An object model, Decision Support Objects (DSO). provides support for the Anaiysis
Manager user interface and for custom applications that manage (OLAP meta data and
control the server. An interface, 10lapAddlIn, enables the applications to extend anc
interact with the user interface. PivotTable Service provides access to OLAP cata rom

the server and the ability to create local cubes.
One can create applications that:

Manage the Analysis server and create and maintain O1.AP and data miming objects suc-

as cubes, dimensions, security roles, and data mining models.

Extend the user interface by adding new objects to the object tree panc and by adding ang

responding to new menu choices.
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Connect to the Analysis server, query data in cubes, and create local cubes.

Combine any or all of these functions.

Analysis Services Architecture

Microsoft® SQL Server™ 2000 Analysis Services includes the Analysis server and
PivotTable® Service. The Analysis server creates and manages multidimensional data
cubes for online analytical processing (OLAP) and provides multidimensional data 1o
PivotTable Service, which in turn provides this data to clients through Microsoft
ActiveX® Data Objects (Multidimensional) (ADO MD) and OLE DB for OLAF

provider services.

The server stores cube meta data (cube definition specifications) in a repository.
Completed cubes can be stored in a variety of storage modes: as multidimensional
database files (MOLAP), as tables in a relational database (ROLAP), or as a Fybric o

multidimensional database files and relational tables (HOLAP).

Source data for multidimensional cubes resides in relational databases where the date has
been transformed into a star or snowflake schema typically used in OLAP data
warehouse systems. Analysis Services can work with many relational databases that
support connections using ODBC or OLE DB. When used as part of SQL Server 200¢.
Analysis Services offers enhanced security and other capabilities. The iz
Transformation Services (DTS) feature of SQL. Server 2000 provides a means to marags

the data warehouse from which Analysis Services creates cubcs.

Control of the server is accomplished through the Analysis Manager user iaterfacs or
through custom applications developed using the Decision Support Objects (DSO) onjec.
model. DSO controls the creation and management of cubes by the server, and maruges
the cube meta data in the repository. The object model is used by the Analysis Manage:
program that provides the user interface through z snap-in to Microsoft Managemen:

Console (MMC). The DSO object model can be used by applications written 1n Microeso!.

0l



A
Ivega

QLAP RIMS EXPRESS

Visual Basic® to provide custom programmatic control of the server. One car aise

develop custom applications to interact with the Analysis Manager uscr interface.

The following diagram illustrates the elements and functions of the Analysis server anc

its use of PivotTable Service to provide multidimensional data to client censumer

applications. The Analysis Manager user interface uses PivotTable Service t¢ obtain

multidimensional data from the server for browsing by the server administrator.

OLAP Services System Architecture
{with PivotTable Service)

o I

i

QLAP Add-In Manager .
(MMC Snap-1n) A ——

:

COLAP Manager I v

! —

k Ob ject Maodel Meradat-i

(Decision Support Obj ects) 4

i SROLAR
[l o

Source data

ROLAP data

OLAP server By, HOL AP

e
MOLAR
-

¥

PivotTable Servicc

—— e

S ————

3.2.3 Active Server Page

Active Server Pages (ASP) is a server-side scripting environment that you cen use w

create dynamic Web pages or build powerful Web applications. ASP pages are files thet

contain HTML tags, text, and script commands. ASP pages can call ActiveX components

to perform tasks, such as connecting to a databasc or performing a business ca cuiatiorn.
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With ASP, you can add interactive content to your Web pages or build entire Wb
applications that use HTML pages as the interface to your customer. ASP applicai ons are

easy to develop and modify.

The topics introduces Active Server Pages, explain the basic concepts of scripting with
Active Server Pages, and discuss more complex application issucs such as how o

maintain state.
It offers the following

1. Browser independence. ASP can run complex page building login on the server and

send only results to the client.

2. Database constructed pages that allow viewing, updating and additions to serve:

databases

3. Easy to user components running on the server (not the client). Build in third party
components that require no browser scripting ability. Yet accomplish complex tasks tha:

are difficult with browser scripting.
4. Display different web pages, depending on the capability ot'a user’s browser

5. Increased performance - The applications run on powerful server forms which aliow

for faster, more efficient computing.

6. Remote accessibility - You can access the applications from any location in the wor ¢

with simply an internet connection and a standard web browser.

7. Save money on hardware - Because the applications are on run on scrver forms, yvour
hardware needs are unimportant. There is no need to be concerned about RAM, disk

space, or increasing CPU speed.
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OLAP systems are created for the purpose of analyzing an organizations cala. Taey

import data from the OLTP systems and other sources, including sources from outside of
the organization. The importing is done through Data Transformation Service (DTS}, An
OLAP database is a structure that is used to store a sct of related cubes. The cubes swore
data in a format that optimizes analytical queries. These queries often summarize
information from many records and many tables. The goal of an OLAP system 15 o
provide a browsing tool that allows an analyst to view the data from al. uschi

perspective.

The Internet and corporate Intranets provide excellent network infrastructures on which
to base an OLAP application. The application built is not overly complex because = is
used only as a Prototype Model. The application is based on Microsoft's IIS Server as ine
Web Server. The application makes use of ADO and ADOMD connection objcts.
Microsoft OLAP Services, Active Server Pages, and HTML.

Every section of the System Design and Development is divided to two main scetions.
The first section presents the development of OLAP cube. The sccond scetion presents

the development of OLAP Web Client.
The Architecture for the Web Client:

The development guidelines and some design requirements to be establishec are

given below. Two important design objectives and assumptions arc.

The client will be as “thin” as possible. ActiveX Controls, Java applets, DITTMI. anad
XML will not be used.

The server will make maximal use of Active Scrver Pages (ASP). and net ase Wen

classes or custom server-side programming components.
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To begin the development of OLAP Web client for a specific situation with well-defined
user requirements, use of more current Web Programming techniques would be entircty

appropriate.

The second critical assumption is the decision to limit the server-side programming o
ASP. Deciding to use Microsoft’s 1IS Web Server can be justified by the fact that the

OLAP architecture being discussed here is almost entirely Microsoft-based.
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The fundamental design goal for OLAP RIMS Express is to be the de-facto cquity
research and portfolio analysis repository. The application gathers information (o
multiple sources, both internal and external, then stores and categorizes it.  With tiis
information, different analytical views can be presented appropriate for the Anaiyst.
regardless of where it is stored. OLAP RIMS Express has made it casier for users w
access a much greater varicty of data in a more timeiy fashion. This spreadsheet viewing
of data at the desktop level dramatically empowers the analysts and Portfolio Managers.
As financial data becomes increasingly abundant. the underlying system architecture for
the application must be robust enough to handle not just what is available today, bu:
rather factor in future information growth along with the additional data media options
such as voice and video. OLAP RIMS Express is designed with the iatenl oo
accommodating this future growth and by accommodating itsell” into the mtemediate

layers.

Querv page

1. What is it?

The Query page is one of the most flexible and powerful page in OLAP RIMS Express.
Users can view a large portion of OLAP RIMS Express data through the Query page. fhe
user can selects a list of dimensions and a set of measures to view. Currently there are
105 portfolios, 188 CM Sectors, 242 Regions. and flexible time from the year 2002

choose from. The analysis can be done by specifying filtering conditions.
2. What data is available?

The data for the Query page comes from internal data source such as RC Mdb anc
external data vendors, including IBES, Factset, Bloomberg, and Muller can be added.
Majority of the data items exposed on the RIMS Express site are also avalable fo-

Querying; including earnings, valuation. holdings, price. voics and refererce daie, in
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total, there are around 4.85 Crore records that are currently available for access through

this Query page.
3. How it is being used?

The Query page is often used as a fast place to retrieve data from the cube. One cen scicet
any hierarchy level from the dimension. Additionally, for analysis one can sclec: certain

measures so that it would be highlighted.
4, Going Forward

The OLAP RIMS Express is extremely flexible, new feature and new dimensions can be
added. In the future, users will be able to use OLAP functions. The functionality coulc
also be expanded to the portfolio level, so that users could view lists of portiolios or

benchmarks and relevant aggregate data.

The Result page can be improved with the help of thick client architecturc. the
Performance can be improved if appropriate hardware configuration is used. As with any
modern GUI based application, the user can easily sort the data in their report by clicsing
column headers, such features can be added. Additionally, buttons can be provided o
print the data or to download to Excel. Users could save reports, delete reports. or meaily
existing reports. The saved teports could be analyzed. As an additional value-addca
process, saved report can be scheduled to be printed automatically on a pre-set intervai oo
if desired, content of report can be output to network drive as either text fiic or bxedi

format.
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1. Table Name
Purpose

: country_region
: Stores the details of the country.

i e

s

it

i e B

ot ks i iy e [ Pl It - B A
1. iso_country_i | char ISO Country ID, comes from MSCI, RCMdb, IBES in tha:
d (2) order. Note IBES's country id needs to be mapped in order to
getiso_country_id, ex iso_country id US has IBES couriry i
NA B
2. country_nm Varch | The name of the country corresponding to the iso_country_:d.
ar
(50) , S
3. msci_rgn_cd | char MSCI region code comes from MSCI table. Itis the region
(2) code mapped against country ids. . -
4. msci_rgn nm | char The Region Name corresponding to the msci_rgn <c.
(25) L B
5. msci_rgn_nm | varcha | Region Name (long). Computed as msci_rgn ed -
: long r(28) ! msci_rgn nm from same table o o
6. Currency char Currency of the country.
G) o
7. reg_code char The region code from msci_region_test is updated into Lois
(4) | column.

2. Table Name
Purpose

: olap_pfolio_names
: Stores the details of the portfolio dimension.

rrm—

1. pfolio_id char Primary key. from RCMdb for portfolios, rims creates for
(2) other types (indexes, aggregates, models, ...
2. rims_1id Int RIMS security
3. mstr_shrt nm | varcha | Short name of the portfolio.
id r(16) s
4, name varcha | The stocks name rclating to the portlolio.
Lr(50)

6%



A
Ivega

OLAP RIMS EXPRESS

3. Table Name

: olap time_table

Purpose : Dimension table that stores time factor.

R .‘ (i), 3 g L 0 by AT L :".a'

'L‘:;"‘ R Y e R e PR T e B I A T S e TR L “”" ; :
1. time_id Int(4) | Primary key, from olapdb for time dimension o
2. monthno Int(4) | Month denoting from year 2002 -
3. quarterno Int(4) | Quarter denoting every 3 months from year 2002 -
4, yearno Int(4) | Year starting from 2002, - B
4. Table Name :cm_ind

Purpose : This table contains CM sector information.
S' i‘;e AT vk
e 3
I. subind id hs } char House subindustry classification, equals concatenation of
3) RCMdb's mjr_ind_id and mnr_ind_id. maintained in RIMS admin
section, join to house industries table to get mjr_ind. brozd ind ids
and names ) N
2. mnr_ind_id char Updated from RCMdb’s table mnr ind that represents a miner o
(1) industry classification. o
3. myr_ind_id char Updated from RCMdb’s table mjr_ind that represents & major
(2) industry classification. o
L 4. broad ind id | char Updated from RCMdb’s table broad_ind that represents ¢ broad
(2) industry classification. B L
| 5. mnr_ind nm_ | varcha | Minor Industry long Name. o
long r(44) | Computed from
mjr_ind_id + mnr_ind id + '~ mor ind nm_ .
6. mjr_ind_nm_1 | varcha | Major Industry long Name
ong r (43) | Computed from
mjr_ind id ="'+ mjr_ind_nm
7. broad_ind nm | varcha | Broad Indusiry long Name
_long r(33) | Computed from
convert(varchar(2).convert{int,broad_ind_id}; ="~ -
broad ind nm
8. mnr_ind nm | varcha | Minor Industry nane -
1 (40) B ) B
9. Mjr_ind nm | varcha | Major Industry Namc
1 (40) ) B
10. ! broad_ind nm | varcha | Broad industry Name -
i r (30)
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5, Table Name

Pu

rpose

detaﬂs _ _

:ibes_ind

: This table provides the information about the Industry with secior

o i it i et i i, e

IBES mdustry 1d from IBES see 1bcs tkr Uencral mfo
d ibes_group, and ibes_industry_names.si_code field. for industry
name and sector and industry id and name join to ibes industries
table (based on IBES..ibes industry_names table)
2 sect_no tinyint Sector Number/id as updated from the tablc
ibes..ibes industry names. sect_no
3 ind_no - Tinyint Industry Number/id as updated from the table
ibes..ibes industry names. ind no )
4 sect_abbr : Char(8) Sector abbreviation as updated from table
ibes..ibes industry names. sect_abbr _
5 ind abbr | Char(8) Industry abbreviation as updated from table .
ibes..ibes_industry _names. ind abbr
0 sect nam | Char(24) Sector Name as updated from table ibes..ibes industr Iy namecs.
e sect name o
7 ind name | Char(24) Industry Name as updated from table ibes.,ibes.__incim* V. "1&1‘1‘!{,:7}
ind name o
8 sect nam | Varchar(55) | Sect no+’-'+ sect name -
¢ _long B i B
9 ind name | Varchar(55) | ind_no+'-"+ind namec
long \ -
6. Table Name : gic_ind

Pu

rpose

: Stores the details of industry grouping of the stock like industry

number, name, sector number and name.

DO 2ingn T R o I SR ,

1 gic_ind id | char(4) GIC industry classification, from MSCI cm map and exceptions
see stored procedure update_sec_gic_ind. Join to GIC industries
table to get sector number and industry and sector nantes
Updated from RIMS tables gic_ind and gic seurlaolu, L

2 gic_sect i | char(l) The GIC sector id correspondmw to the gic_ind id. Ilpdau,d o

d from RIMS tables gic_ind and gic_sect tabls. ) E
3 gic_ind n | varchar(535) | The GIC industry long name computed by gic_ind id - T
m_Jong gic_ind_nm. Updated from RIMS tables gic_1ad and BIseCt
tables. B o
4 gic_sect_n | varchar(52) | The GIC sector long name. Computed as [gic_ind id - o
m_long gic_ind nm] _ ] o

5 oic_ind n | varchar(50) | The GIC industry number. [ ic_sect 1d] +*" - [(m \L,M_Er_f{j_

m - - ——e — (RO |

6 gic sect n | varchar(50) | The GIC sector name corresponding to the gic sect id. Updated

m \ from RIMS tables gic ind and gic sect tables.
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7. Table Name
Purpose

T Char(8)

: msci_ind
: This table provides the details of the Sub Industries.

sub_indus
try code msci..msci sub industry. sub_industry code o
2 industry_ | Char(4) Indicates to which Industry this subindustry bclonﬂs updated from
group_co table msci..msci_sub_industry. industry_group_code
de
3 sector co | Char(2) Indicates to which Scctor this subindustry belongs updated from
de table msci..msci sub_industry. sector_code - ‘
4 sub_indus | Varchar(137) | Long Name of this Sub Industry Computed s su2 nd JSU‘\, ~code 1
try_name + "'+ sub_industry_namc |
long L
5 industry | Varchar(133) | Long Name of the Industry to which this Subindustry peiongs
group_na Computed as industry_group_code* =" + industry_group_name
me_long _ o
6 sector na | Varchar(131) | Long Name of the Sector to which this Subindusiry bciongs
me_long Computed as sector_codet'-"+sector name
7 sub_indus | Varchar(128) | Name of the Sub Industry as updated from tzble
try_name | msci..msci_sub_industry. sub_industry namc
8 industry_ | Varchar(128) | Name of the Industry to which this Subindustry belongs upddted
group_na msci..msci_industry_group. industry_group namw from: table
me
9 sector_na | Varchar(128) | Name of the Scctor to which this Subindustry belongs as Llpdut\_d
| me | from table msci..msei_scctor. sector_name: B
8. Table Name : ftse_ind
Purpose : This table contains FTSE industry details
SL. ‘Coliemn - 4 - I Description
1. ftse subind 1 Char 3 . FTSE subindustry classification, from London, join to FTSE
d | industries table to get sub industry and sector ids and names
2. ftse ind id Char (2) FTSE industry ¢lassification, from London. join o FISE o
] industries table to get industry and sector ids and names
3. | fise sect_id | Char (2) F1SE Sector ID -
4. | ftse subind_n | Varchar (84) | FTSE Sub Industry iD N
m_long Computed as
{tse subind id +'-'+ ftsc_subind nm
5. ftse_ind nm_1 | Varchar (§3) | FTSE industry long name -
ong Computed as
fise ind id = '-'+ tse ind nm
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6. ftsc_sect nm | Varchar (83) | FISE sector long name
fong Computed as
ftse sect id +'-' + ftse_scet_nm o )
7. ftse_subind n | Varchar (80) | FTSE sub industry name corresponding to the ftsc subind_ic
m
8. ftse ind nm | Varchar (80) | FTSE industry name corresponding to the ftse ind id
9. fise sect nm | Varchar (80) | FTSE sector name corresponding to the fise_scct 10

9. Table Name

: olap_fact table

Purpose : This table contains keys and measures and becomes an OLAP
fact table
5 gy A g B e A

Sk

pfoho 1d

Int(;)

\ Foreign key, from olapdb to olap pfolic_names

page

1.

2. time id Int(4) Foreign key, from olapdb to olap_time table

3. history_dt Datetime | Denotes the last update o

4. 180 country 1d Char(2) Foreign key, from olapdb to country reomr __j:_

5. hs subind id Char(3) Foreign key, from olapdb to cm_ind - '___

6. ftse subind id Char(3) Foreign key, from olapdb to ftse ind i:f B

7. |ibes_ind id Char(4) | Foreign key, from olapdb to ibes_ind -

8. msci sp_subind _1d Char(8) Foreign key. from olapdb fo msci_inc B __

9. | gic ind id Char(4) Iom%nmy&mnm@mnomcmd o

10. | mkt_cap usd_mil Float(8) . Market capital in US Dollars in Vhl]wm

11. | shares_held_cm Float(8) | Shares held by CM for a Stock -

12. | price Float(8) latest closing price in local currency. undi ¢d oy orice
feeds several times per day -

13, | price_1d Float(8) | price in local currency from previous da\ o -

14. | mtd return Float(8) Percentage change between the current price end month
end price.

15. | qtd_retum Float(8) Percentage change between the cur rent p 1ee end qdam,r
end price. B :

16. | ytd_return Float(8) Percentage change between the current ni ice and Year end |
pI 1CE. . B |

17. | twelve mtd _retumn Float(&) Percentage change between the current price and 12 '
months end price.

18. |eps_q curr Fioat(&) Computced as : case (datepdrt(quarter,guuatu 1) when I
then [eps_y0 qi] when 2 then [eps_vU_q2; when 3 then i
feps v0 g3] when 4 then [eps yO_qd4] erdt

19. | mkt pe currl Float(8) P/E of relative market for current year. updzilcd from
rims..indx table based on carnings period (midpoint or 1Y
and chosen market 7 L o

20. | anlst_vote Float(&) Analyst vote, updated from Stocks/Votes page or Rescarch
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The Architecture for the Web Client:

The development guidelines and some design requirements 1o be established are

given below. Two important design objectives and assumptions arc.

The client will be as “thin” as possible. ActiveX Controls, Java applets, DHTML anc
XML will not be used.

The server will make maximal use of Active Server Pages (ASP), and not use Web

classes or custom server-side programming components.

To begin the development of OLAP Web client for a specific situation with well-definec
user requirements, use of more current Web Programming techniques would be entirely

appropriate.

The second critical assumption is the decision to limit the server-side programming to
ASP. Deciding to use Microsoft’s IIS Web Server can be justified by the fact that the

OLAP architecture being discussed here is almost entirely Micresoft-based.
The functional requirements of OLAP Web Client are very simple.

= The application will Connect with a server. database. and cube and display cube
metadata to the user on a Web page.

= Use html form components and variables to allow the user to specify the
parameters of an MDX query. The user will not be required to directly creawe o
edit the MDX query.

»  Provide limited capabilities for MDX functions.

» Execute the MDX query and display the results to the user in an html table.
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Meta Data

~ Cube: RIMS MODEL

Jal Dimensions: PORTFOLIC, TIME, CM FESION
1~ PORTFOLIO (AN, Moty Sher Nm Id. Mame
1= TIME {ally, vearno, JLamieeng, Manthing
1= (o] (ally, Broad tnd Mee, ®ee Ind Ny, Mor T0d Mo
12 REGION (A1), Mser Flgn N, Zauntr Nrr

Mkt “ap Usd Mil, Shares Held wreL Prcs Pr
Measures: utd Return, vtd #eturn, Torelve Mkg Return, £
Currl, &nlst Vote

)

=B Calculated Members: Nane

@ Calculated Cells: Nona

I+ Actions; None

{-} M™Named Sets: MNone

_ dbao.ol fack tabled 2207, Ao olao_proia_ramnesl 3300

_1 source Tables: o.olap_fact_table 0 alao_g o_r T

dho.olap_time_table, dbo. cra_nd, dbo countre_renaon

£] Fact Table: dbn.olap_fact_tableazzo?

(3 Source Cube: Mot Apahcable

4 Source Database: tot applicable

4§ Source Server: Not Acpicable

] Processed: T/ATA2003 485 35 PM

-4 Status: Frocessed

& Sue: 1402 .97MB

1 Cubec is: Fead-only

Partitions
Storage Mode Data Source slice  Processed
44 RIMS MODEL MIOLAP TLF Ab .
Roles
Roles: [P

ey
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The figure shows the overall architecture for this application.

2
[ Web Page Client }
. J
. The Web page client, the Wek
N Server, and the OLAP data
Web Server ‘ provider, make up the three tiers
Microsoft I1S | of the OLAP Web Client
jl
Y K Y
A h 4
ADO i ADOMD |
_
Y 7y
O1LE DR |
Y
Y
\I
OLAP i
|
Data Provider j

The client does not directly interface with the OLAP data provider. All interaction with
the data server is conducted through the Web Server. By defining the architecture with
this restriction, there is no need to establish an AIDO connection between the client Weh

page and the data provider.

This approach has some advantages. In a sccurity perspective, all users assume
the Windows NT identity of the Internet Guest Account. This simplifies the need w©

manage access to the data provider.

The primary data interfaces between the tiers of the Web application s sbows
below. The complete OLAP Web application requires a serics of sequential transacizons

between the three tiers.
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Web Page Client

o

Metadata hitp Query String Redults
(Html) From|Variables (html Table)
\
{ A
Web Server |
Microsoft IIS |
J
?
Server MDOX Results
Metadaia Querny (Cel}| set)
v
\\
OLAP }
E
Data Provid i
ata Provider D

To provide a more structured presentation of the Web client, the user intcraction Is

broken down into three sequential Web pages that collect and present the information

necessary to execute the query. The structured figure shown below provides a simpl:lie

function representation of the relationship between the Web pages. the Web server. anc

the user.

Web <
Server

N

Select
Cube

—
Build

Query

F 3

——
Display

Results

Index.asp

Query.asp

Results.asp
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Developing the Web Application:

As shown in the structured figure the user interacts with threc Web pages w
retrieve data from the OLAP data provider. Each of these pages is discussec

subsequent subsections.

Connecting to the Server and Selecting the Cube

The first overall step in building OLAP Web client is

» Establish a connection with the OLAP data provider.
= Setting the database.

»  Providing a list of cubes from which the user can select.

The specific approaches to each of these functions are as follows:

» The Web server establishes the connection to the OLAP data source using tac
Internet Guest Account. No user interaction is required.

=  The Web server determines the database in the data source that will be xposed.
No user interaction is required.

» The Web server creates a Web page that contains an html form prompting the user
to select a cube.

= The user submits the form with the name of the cube to the server,

- 7

-Open connection

h 4

-Display Cube

-Set (;ube « -Form Variable:
-Retrieve Cube data choCube

- _J

Web Server index.asp
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Displaying the Metadata to Select the Query Parameters

As specified in the form tag, the variables submitted by the index.asp pagc are

processed by query.asp, as shown below.

/—Set Cube \ ﬂ

-Display:
-Retrieve Cube data

Cube data
Query options

h 4

-Create Query < -Form Variables:
-Execute Query Dimensions
(Use Cellset to build Measure
html tables / J
Web Server query.asp

The query.asp has three sections.
1% Segment

»  (ontains the standard html header information and the code that creates the cube
definition object, based on the user cube selection on the index.asp page.
= This object is used throughout query.asp to retrieve dimension. Jevel, members

and children.
2™ Segment

»  Builds the htm! interface allowing the user to view cube dimensions and levels
and to select the axes for each of the dimensions.

»  Since measurcs are a must, the column axis is avoided for the sclection.
rd
3 Segment

»  When the user completes his selection in query.asp and submits the form. one

form variable for each dimension is submuitted to the Web Scrver.
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= Parsing this form and generating the appropriate MDX query is accomplished in

the results.asp page.

Building the Query and Displaying the Results

The entire cube’s dimensions, all of the levels, all of the members and all of the
children are exposed to the user. After the user has selected query parameters from this

information, the parameters must be combined to produce an MDX query.

The MDX query is generated on the Web Server. This decision was made with
the goals of a thin, simple client in mind and to take advantage of the power and stabiiity

of the server platform.

The query.asp page generates a number of form variables that are passcd to the
server with a standard submit action. It is the role of the Web Server, through the nex:

ASP page (result.asp), to transform these variables into a query.

To complete the development of this application, 1t 1s necessary 1o

»  Accept the form variables submitted in the query.asp
= (Convert this information into an MDX query.

= Execute the query.

= Send the results back to the user.

/—Create Query \ d

-Display Results
-Execute Query —»
-Use Cellset to build
html tables

N y

Web Server results.asp
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The result.asp is divided into two sections.

1. Constructing the query.

2. Creating the result table.

The 1% section’s code is to parse the form variables and construct an MDX query string.
The iteration loop is made to retrieve all of the dimensions with the exception of the

Measure dimension, which is passed in a second loop.

As each dimension is read it is placed in the row clause or the slicer clause. Since column

clause is allotted for the measures. It should not be disturbed further.

When multiple joins are placed in the rows axes, they must be combined with =
CrossJoin( ) function. Because a CrossJoin( } function must be used for each different

dimension, nested CrossJoins are likely in complex queries.

Combining dimensions in the slicers, or WHERE. clause is less complex becauss @
comma separated list with the members or children level is the only requirenient.

Depending on the level count the .DefaultMember or chiidren is used in the slicer clause.

When the column, row and slicer clauses are finished, they are combined into a compete

MDX statement.

The 2" code segment of resultasp executes the MDX query and franslates thc

information from the resulting cellset object into an html table.

Before completing the explanation of the OLAP Web Client, it 1s better to know hov: the

data is retrieved from the cellset.

There are two fundamental data connectivity layers that client applications cen use to

access data within Microsoft OLAP Services. OLE DB for OLAP extends O1.FE DB to

2y
Nite

include objects specific to multidimensional data. and ADOMD extends ADO i

same fashion.

30
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\z
Data
Consumers
K A AL
‘ :
ADO ADOMD ‘
L A L4
{ OLE DB OLE DB for OLAPJ
3
Y
h
Data }
Provider .
J

The ActiveX Data objects Multidimensional Ohject Model

Concurrent with the development and release of OLAP Services, Microsoft updated its
ADO object model. Specific extensions were added to the model to support the
multidimensional data sources that were exposed through OLAP Services. The pursose
and the structure of some of the most important objects — Connection, Command. and

Recordset will be discussed with their collections.

—
Rnnnection } ( Command ] [ Recordset
_[ Properties n { Properties h 4[ Fields _15
gL g - ;
Errors ]—] Parameters j Probertics h
i N— T J T —_

The Connection object consists of information about the data provider.

The Command object consists of information about command to be used or

[

Connection object.
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The Recordset object consists of the records returned from the execution of a ¢uery on

the data provider.

The two objects within the Connection object critical, which are the multidimensiona:
extensions to the basic ADO object model. The first object, the Catalog object, translates

to a MD database hosted on the server. The second object, the Cellset object, contains the

results of a query. ( c " J
“onnection
——-{ Cataloe }
__[ Cubedefs J']
|
—( Cellset ]
—[ Cell l

e )

L

The Catalog Object

There are two practical uses for the Catalog object. First, in order to cxecuie o
query using a connection to the server, it is necessary 1o set the default database o! the
connection to the appropriate catalog. Second, access lo the catalog object is the primars

method of retrieving information about the data structure of the server.

[ Catalog J

\—| Cubedefs H—-[ CubeDel |
T
b
Dimensions H_‘ Dimension _}5

-
—_[ Hierarchies J

[ Hierarchy ]

—[ Levels H'—‘{ Level

T
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The Cellset Object

The Cellset object is the fundamental object for retrieving data itself. Like the recordset
in ADO, the Cellset holds the result of an ADOMD query (MDX) after it has been

executed.

The process populating the Cellset is simple. Specify the query and the commection, and
execute the open method of the Cellset object. Because of the multidimensional rature of
a cellset, the structure of a cellset is more complex than a recordset. The object hierarchs

under the cellset is shown below.

[ Cellset ]

)
o B T

—
[ Axis ] [ Cell J
[ POS]‘U‘ on B_[ Position } Position Position
T

i

{ Position J

"[ Member ]ﬂ_{ Member ]
T
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Building an MDX query:

The most basic form, an MDX statement has a very simplc composition-

SELECT axis [, axis]

FROM cube

WHERE slicer [ , slicer]

supply slicer dimension.

The axis dimension consists of dimensions on the COLUMNS and dimensions on the
ROWS. If more than one dimension has to be loaded in the COLUMNS or ROWS ther

CrossJoin( ) is used.

The FROM clause gets the name of the cube.

The WHERE clause consists of the dimensions scparated by commas. The sicer

dimensions contain the single members with which the cube is filtered or “sliced”.

Some Examples:

SELECT {[Measures].[MeasuresLevel].Members; ON COLU MNS,
CrossJoin( {[CM].Children},{[TIME].Children}) ON ROWS

FROM [RIMS MODEL]
WHERE ([PORTFOLIO].DefaultMember,[REGIONT.[All REGION].[North America

The COLUMNS consists of all the members from the [Measures] as dimensicn wits

[MeasuresLevel] as hierarchy.
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The ROWS consists of a combination of [CM] dimension and [TIME] dimension with al:

its immediate hierarchy.
The FROM specifies that the data has to be fetched from [RIMS MOD EL] cube.

The WHERE contains the remaining dimensions in it. The [PORTFOLIO] dimensiorn
with all its default members is selected with [REGION] as dimension, [All REGION/ as
hierarchy, [North America] as level for the Region dimension and they are separated by

comima.

SELECT {[Measures].[MeasuresLevel] Members} ON COLUMNS,
{[PORTFOLIO].Children} ON ROWS

FROM [RIMS MODEL]

WHERR ([CM].[All CM].[Technology].[Software].
[REGION].[All REGION].[North America.[United States].
[TIME].[All TIME].[20021.[2].[5])

The COLUMNS consists of all the members from the [Mecasures] as dimension with

[MeasuresLevel] as hierarchy.

The ROWS consists of [PORTFOLIO] as dimension with ali its immediate hicrarchy

known as Children.

The FROM specifies that the data has to be fetched from [RIMS MODEL] cube.

The WHERE contains the remaining dimensions in it. The [CM] as dimenston, All ("M
as hierarchy, [ Technology] as level, [Software] as member is sclected with [REGIONT as
dimension, [All REGION] as hierarchy, [North America] as ievel, [United States! as
member is selected with [TIME] as dimension. [All TIME] as hierarchy, [2002_ as icven

[2] as member, [5] as Child for the Time dimension and they arc separated by comme.
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Thus it is clear that the WHERE clause contains only specific dimensions like
[TIME].[All TIME].[2002].[2].{5]
[CM].[All CM].[Technology].[Software]
[PORTFOLIO].DefaultMember
It does not contain dimensions like
[PORTFOLIO].Children

[Measures].[MeasuresLevel |.Members
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OLAP RIMS Express index.asp page

Retrieves the cube from the OLAP data source.

Foe

‘ T R R e g
1. Select a cube | Caption
2. List Box Provides the list of cubes B
3. Button Submit button used to send the information fo the next page
query.asp page

Retrieves the dimension information according to the selected cube.

1. Cube Name Caption, specifies which cube 1s selected o
2. Dimension Caption, categorizes the column as dimension B
3. Level Caption, categorizes the column as level o
4. AXis Caption, categorizes the column as axis
5. CM Caption, specifies the dimension -
6. PORTFOLIO | Caption, specifies the dimension L
7. REGION Caption, specifies the dimension B
8. TIME Caption, specifies the dimension o
9. MEASURES | Caption, specifies the dimension B
10. | List Box Provides the CM dimension in hierarchical structure o
11. | List Box Provides the PORTFOLIO dimension in hierarchical structi_l_z_'c i
12. i List Box Provides the REGION dimension in hierarchical structurce
13. | List Box Provides the TIME dimension in hierarchical structure
I4. | List Box Provides the axis for the CM dimension N
15. | List Box Provides the axis for the PORTFOLIO dimension -
16. | List Box Provides the axis for the REGION dimension -
17. ! List Box Provides the axis for the TIME dimension o

| 18. | Button Submit button used to send the information to the next puuu 7
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result.asp page Displays the result

TN AR R RO L e TR R e A TR, e i .
Row Header | Caption, specifies the details about the row headers in the
Description result
2. CM Caption, specifies the CM DIMENISON
DIMENISON ~
3. PORTFOLIO Caption, specifies the PORTFOLIO DIMENISON
DIMENISON L
4. REGION Caption, specifies the REGION DIMENISON
DIMENISON B
5. TIME Caption, specifies the TIME DIMENISON
DIMENISON o
6. Results Caption, specifies the result -
7. Table Provides the result of the selected query )
8. Query Caption, specifies the result
9. Text Box Provides the query that is gencrated

&8
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Maintenance change request received
from Onsite Coordinator

Project Leader assigns it to the member

h

* Bstimate the cffort
*  Prepare the documentation

Quality Control review of

=  Fstimated efforts
. Docuﬁ-‘r‘lt/ati(y

y

Programmer prepares Unit Test Cases

A

Programmer does coding f

Quality Control
reviews Unit Test

h 4

Programmer does Code review i

Y

Programmer does preliminary tasting

A

does Code reviews

h

i Programmer docs Unit tesuing

Quality Control does
Testine by sampling
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# Date

Version # | Section / Page #
changed

Details of changes made

Test Cycle Number:

Number of cases failed:
Number of cases passed:
Number of test cases added:

Number of test cases that cannot be tested at offshore:

Test Date:
Name of Tester:

Case # Test Case

Procedure Expected Results Results

Pass/Fail | Comments

%0
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Test Cycle Number: 1 Test Date: 13 Mar 2002
Number of cases failed: 0 Name cf Tester: Raghunandan
Number of cases passed: 8
Number of test cases added:
Number of test cases that cannot be tested at offshore: 0
Case# | : TestCase Procedure - Expected Results -Results |
- o Pass/Fail | Comments |
1. The connection to Test for loading The connection should | Pass
the data source the Connection display an empty page. |
and the catalog. page ‘ :
2. To display all the Test for loading The path of connection.asp | Pass T T
available cubes in the index page file has to be present in the
the list box. index.asp page.
if path is available it gets the ‘
cube from the catalog.
3. To display the Click the ‘Submit’ | Opening page guery.asp | Pass E—
query page. button ’ |
! e
4, To load all the Test manually with | All the values from the cube’s ‘ Pass ‘
elements and their | the cube dimensions should present in
respective values dimensions a higrarchical manner. :
of query.asp page. The Axis column’s List box i
should contain Slicer and
Row.
5. To display the Click the ‘Submit’ Opening page result.asp TpPass
result page. button _
i I .
6. To load the Test manually with | The Row header description ' Pass

result.asp page.

the cube browsers
result for the same

L query

displays the selecied
dimension.

The Result displays the
values in a tabular format.
The Query displays the MDX
query for the selected
dimensicns.

The time for loading the page

is also displayed
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Case# | . TestCase Procedure Expected Results. : ‘Results
- ' o Pass/Fail | Comments
7. To check the Selected OLAP Time Difference in Pass ’
performance dimensions CM: Seconds is 41 |
CM-All CM- RDBMS Time Difference in
Configuration Commercial Seconds is 81
CPU: P4 1.2 GHz Goods & Services- | On an average there is 50%
RAM: 256 Capital Goods- performance improvement for
Electrical OLAP cver RDBMS
Equipment
Portfolio: i OLAP Time Difference in
Configuration All Seconds is 51
CPU: P3 1.6 GHz Region: RDBMS Time Difference in
RAM: 128 Alt Seconds is 94
Time: On an average there is 50%
' Time-All Time- performance improvemeant for ‘
2002-2-5 OLAP over RDBMS
8. To check the Selected OLAP Time Difference in ‘ Pass
performance dimensions CM: Seconds is 39 ;
CM-All CM- RDBMS Time Difference in
Configuration Financials- Seconds is 81
CPU: P4 1.2 GHz Diversified On an average there is 50%
RAM: 256 Financials | performance improvement for
Portfolio: OLAP over RDBMS
All
Configuration Region: OLAP Time Difference in

CPU: P3 1.6 GHz
RAM: 128

Region-All Region-
Asia/Pacific Ex
Japan-India

Time:

- All

Seconds is 35

RDBMS Time Difference in
Seconds is 74

On an average there is 50%
performance improvement for
| QLAP cover RDBMS
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Level 0 DFD for RIMS Express

Cleaning and
OLAP Reporting

Transforming
RIMS
Express
Building
OLAP Processing and
Structure Aggregation

Level 1 DFD for Cleaning and Transforming

RIMS_DW

Get Data

1
Receive
data from
Tables

Transformation

2
Addition
of new
keys

Population

-

2
Populate to
OLAP Data
Model

Cleaning and
Transforming

Packaging

94



A
vega

OLAP RIMS EXPRESS

Level 1 DFD for Building OLAP Structure

Cleaning and
Transforming

Get Table

Get Table

1
Identify
Fact Table

2
Identify
Dimension
Tahles

Mapping

3
Mapping Fact
Table to
Dimension
Table

Cube Formation

Building OLAP
Structure
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Level 1 DFED for Processing and Aggregating

Building OLAP
Structure

1
Selecting
a cube

2
Processing
the cube

3
Aggregate
the cube

Cube Selection

Cube Processing

Cube Aggregation

Processing and
Aggregation

Cube Population
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Level 1 DFD for OLAP Reporting

Processing and
Aggregation

Cube Selection

1
Selecting
a cube

Dimension Selection

2
Selecting a
dimension

Format Report

OLAP Reporting
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The star schema representation of the cube is shown below. The left side pane conlzins
the Dimensions and Measures. The Right side panc shows the Star schema with Fac.
Table surrounded by the dimension table. There is a Popup menu that shows that measurc

names can be easily changed.

' cube ¥ditor
Flo Edk - View Insert Took Help

J B 3s ﬂ'!‘&’ [~ é‘l(} _g,} : N Cube: [Mvcuee =l
= Dimenslcns "'"'g e

=1 14 Region s, o
= MstiRgn hm rone_Ind_id

mstr_shrt_nm_id

2w Country hm mir_ind_id P — iz id
= 12 Time broad_ind_d |dbo.alap Fack tablez ole.
. Yearro mir _fed_nim_long pfclio_id
njr_ind_nm_long tane _id
** Quarterno broad_ind_nm_long hustary _dt
£ v Monthno e _nd_nm iso_rountry id
—i - 13 MSCI_SP mir_ind_nm hs_subind_id

broad_ind_nen free_suoind_id

* Msci Sectar Nm

— ibes_nd_id
Msci Industry Group Nm msa_sp_sibind_id
+ =w MgelSub Industry Nen ge_nd
- 14 Portfolios mkt_cap_ usc_mil
ap o Mgty Shrt NmId Fse_subind_id shares_held_ o
I Frse_ind_id erice
- ame Fros_sect_d : arice_1d
= ™ Ftsa_subind_nm_long © mkd_returs
+. = Broac Ind Mm ftse_ind_nm_long atd_return
& == My Ind N ;tse_ml:’t;dm_\ong Ert%rahﬁd .
S . tew_subind_om welve_mid_return
- TZ,'. e 1nd b Frse_nd_nm mps_0_curm
= IBES ftscgect nm mkk_pe_currl
w = Ioes Sect Nm e anlst_wote
= Tbes Ind Nm
= e FrsE
+ * Fhse Ject Nm

+ == Ftse IndNm
¥+~ Fuse Submd Nm

= 1 oIc - or_ind i maci_subd _id
v G Sect Nm bes_nd_ablir i _sect_d rci_mdustzy_group ol
- ies_sect_nm . i A lonn
= Gt Indfim ibes_nd_nm : qic_sect_nm_long
= 2y Meases ibes_sact g g nd_am
4wkt Cap Usd Vil bes_ind_pm_king gic_zect_om

# SnaresHeld  em -t
¥ price

¥ price 1d
#7 M Returm
¥ O Return I
#1 ved Retun

’V Eps Q Curr
;* Mkt P Currl
*5 anlsk vote

bl Ankm WA anbe e

- 4
Properties ‘J Srema [oats | epcrratie [l oimension Table
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The Cube Browser gets the result from a specific cube. The browser shows all the

dimensions that are present for the cube. The Dimension named PORTFOLIO with iix

hierarchy is shown below. The result pane shows the data for the selected dimension.

Here CM Dimension and the Measures are selected.

Cube Brows

PORTFOLIO

-4 APORTFOLIO
[

) ABBOTWHT
& ASTATC

@ aksTaT-T

W $casH
) Abbott Labor atores
) Accenture Ltd

- @ American International Group Inc

. Amgen Inc

@ Anndarke Petroleurn Corp
@ Arheuser-Busch Companies Inc
‘@ Automatic Data Pracesang Inc
Baker Hughes inc
X Bark of New York Co Inc (The)
W@ Baster Inkermakional Inc

W@ BP PLC Sponsored ADR
I kol maslth 1

57,403.36

64,820,655,688.33
| 56,549,820,772.22/
167,263,270, 579,12}

4,238,549,541 616,00

4.014,589,485,847.00
5,131,814,746,830.G|

1,892,823,620,416.00.

4,543,550,790.36

95, 7¥7.280.09 i, 261,325,
<20,515,115 €4
0,458,435 26

16,307.773,122.70,

1,175,090,882.63

109,306, 304,800, 10

_3J5U0,617J722,1‘ED“DD

18,642,667.630.55

70.545,276,005.80
87.276,370,911.39;
204,306,573.70!

7,894,725, 318,565.00

279,431,705,356,00
2,071,731,045,296.00"

§3,703,223,052, 11

't6,170,094,098,520.00.

635,366,681 .73
 §512,310.275.02

194,369, 235.91
BT

27,007 612,504.09
12,318,819,134 .98 .

1,860, 140,968, 843,00
§7,5334,569,580.00

12,378,417,470 21

603,921,060.76

[l

Double-chck & membar ta drifl up or down.

\220.70

: Mebsuresteval e
+ Brgad 1nd Nen { mecopumm Shares Hed o [ odReem 1 vedRe
L | 741,274,618,309. 16 47.15&3_52,34%607.00_ -:}6,‘32&675.357 -B+,631,980.32 R0

=%,900,877 13
J1E,2ru, 01 04 i
30, 70E,999 42 PR

'_1_ 1,4492,417.77

Close } el |
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This screen shows the CM dimension with the Time dimension for the measures. ror

every CM dimension member there will be a Time Dimension members. For Lnergy

there is ALL TIME, 2002, 2003 values similarly we have for the other CM members.

Double-chck & mambar to drifl up or down,

. T - - " oy
+ Broad Ind N +Yaamo Wit Cap Usd M SharesHedd em | Price 1¢ | pizd Return T Ex:l
il TIME 394,462,771 B30.54 | 40,296,338,141,728.00, 1,364,651,551 15 " -24,501,456.53
o M + 2008 394,362,771,838.94 40,206, 339,141,728.00 1,364,681,551 .15 24,501,456, % _
+ 2003 . SN .
] A TIME 42,277,076,194.12  3,590,598,500,626.00 118,436, 163,99 1:8,824,715.3 5.5
+ Commardal Goods BSel| -+ 2002 42,277.076,194.12  3,500,596.500,626 00 118.430,155.99 ) 2471893 1050233255
& 2003 S —
A | 52,135,229,623.00  2,868,754,600,878.00 165,563,442.26 24,159,731 00
+ Consumer Discrekionary|+ 2002 52,135,279,828.00 _ 2,868,754,600,578.00 165,563 442 50
: P TIME 43,007,970,015.18.  4,72V,964,007,058 £ ) 1t 245,000.77
+ Contumer Stagles |+ 2002 43,007,870,015, 18 _4,727,984,007,056 .00 45,248,860 71
+ 2003 ) )
A TIME L ._26113,978,738.98 ) S0, 704,093 33
+ EPergy + 2002 26,113,978,730.98 1,170,404, T0,700,790.32 6,487, 15323
73,237,803,539.29  2,390,689,105,196.00
+ Financlals 73,237,803,599,29  2,390,685,106,156.00
AL TIME 55,650,955,656.65,_7,67H 642,55%,576.00
+ Hoalth Cars + 2002 5%,650,055,656.68 7,678,642, 554,674 00
7,017,944,536.54 52,672,025,772.00
-+ Makerisks ~ 7,017, 19,636,084 62,872,025,772.00, L EGE 004 T
T e 256,403.76, 2,071.731,098,395.00 1,91
+ Miscelanmous i 18,256,495.75_ 2,071,751,045, 736,00 LRGN
A TIME 72,511,477,470.58 15,35 %,322.00
+ Tachnology + 2002 _ 7%,511,477,470.53 15,360,754,552, 380, 2
+ Teecommunication sery. ATHE o 12,415,251,724.95 346,204,046,435.00 5,852,559, ‘
T E— + 2 12,15,251,724.45 396,204,046,435.00 5,252,55 . v
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This is the index page though which a cube is selected.

Zh RIS OLAP WEB C1TENT - Mitrosoft Interart Exploree

L E4 G Yew Fivortwr  Took e
T O3 A Buserer Greotes Brede )| B (3 - B %
Agidress [i@] he: Hocohout IO _RiMSfindax, 210

Select a Cube:
P MODEL =] _Submit |

This is query page through which the Dimensions Levels and its Axis are chosen. The

List Box shows the Hierarchy in the same format as the Cube Browser.

RRIMSG CILAP WHS CLIENT - Micravolt Internet txplover

Blo Edt Wow Fovodes Toos beb | - |
__h!_lp:mn:mm.upfn-cmz-.yamp =1 poe

[
; RIMS MODEL Cube

pats Cagtal Gooav—r Elsreal Equiproent

| Dimension Level
i
i

| Measures

R
' Submit Query

=] Deree (Lo i At
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This is the same query page, which shows how the Row and Slicer Axis are uscd. What
ever level is selected in the Row Axis will be present in the result. Others that arc in the
Slicer Axis become data selection criteria. Here the Dimension REGION anc

PORTFOLIO are selected for the slicer Axis and the Dimension CM and TIME are

selected for the row Axis.

gull\-lﬁ 01 AF WES CLTENT - Micrasoft Inteenet Euplurer
Fio Edk Vew Fovorkes Tooks Heb

RIMS MODEL Cube
Dimension Level
oM [ram
PORTFCLIC AN
BEGION \ Al FEGION-> North Ametizo 3
TOWVE - i
Mearares
i
Submit Query i
|
]
I
|
;;]Dum “““ o Commm ' i ' a o @Lﬂtdsz:n'l-:t )
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This is the result page, which displays the selected dimension, the result and the MDX

query for the result.

SR RIS 01 AP WED CLIENT - Microsaft Ioternet bxgplorer

R Edt Vew Fuiothes Tools Heb B
ddress [£] hetp: scatosticLaP RMSiresk a5 =] P ik

Row Header Description

FEI ERCR R A AL

CM DIMENSION : | CMLJ{AL)] members
PORTFOLIO DIMENSION : [PORTEGLIC]| (Al)]membuees !
REGION DIMENSION : [REGION|JAl REGION | North Americal

TIME DIMENSION : [TIME].[(All}].members

[

Results
R : Turelve Mkt
Mist Cap ©  SharesHeld | . . Mud Ot - Eps@Q
BddMA @ " Prire Price 1d R R ‘¥od Retomn Mod Cur Pe
Rewwmn Curl
To he Conli.. Hext Page
uery
Pl
i | y
a} ; L=
= ——— ——— e i
Results
Twelve Mkt
Mkt Cop Shares Held - . Md Qud EprQ
Usd bl - o Price Brice Id B R Ytd Retarn Mtd I Pe ¥
L . Retam Currl
gms .":':‘G'“d’. N 2 DABSIGAES A PUSILIZR00 12022611743 FOATIT I I0STHDATA 0079521540 T SUEQI OIS B AT
2003 '
gﬁ?‘m 20072 I0LISH N LETLAD,LA HEDG 16T SATA IFMATR TINBAM 176055971 AWTHBLAT 1AZ0T00S LIBELST N0 1004
cretonary
Consumer Staples 2002 SIA0KLT12 ATRINAEHAM SN FIBIOM ABOOID LSRG \RIIG R0 WLAR 00 A8
) 2003 )
Energy 2002 HABADTET LIOMTSDTHN0 2GIHE05 SLAUBNSE SITHRME EWIBR  ASBORS AA0WHLIT SBIIH 000 2061
. 00 _
Financialy 2007 74021 STLBEI 50 2,391,305,72400000 659,453 517 }7 664036,885 20 22,071, 54418 15020317 54 39391,26217 336108577 645878 000 720
2003
Health Care 2002 51060649906 TBAL5ALLIE0N 111566,153 20 L1LTE253716 280057070 -TRILSE200 20,178 440177 30 T67 J64R54 53 LOLZSI0NT 000 Bx
© 2003
Maizrials 2002 77391188733 10 S6851 0832000 610343529 5167594478 221911777 370853411 224208561 1BSPIPASAT 2650142 000 20
2003 .
Miscellaneons 2002 182566378 20071043600 LABEINIA LAMSRYT  AITIR BZLITED  SLAIRT6 S0 LA 00
2003
Ie:hnu]gy 2007 72.510,464,105 48 15,534,760,381 07800 83,752,791.13 £5,281 744,65 -29,891 62530 .30, BEEH0 45 11218601696 |U!99,'!667; SI;ET 42 @cg 774
2003

g:::‘:““m"“mzummxxr EHEAGED DIIIWA STOILT LIADEN  NINT6  SHNHIL INLLEGE 4013 060 L

2003

Utilities 002 G NTIOOE  TATLINNEM ALTIONIEIS 41 SILEESL SEEAHT OITISERI  SIDATAE LISAMSN JOBIMN 00 IF
2003

P .
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OLAP RIMS EXPRESS the Prototype Model, which proves that OLAP reporiing.
is the best choice over RDBMS reporting for the existing system. There arc arcund 500
Users for the existing RIMS EXPRESS system across the globe. This Model has the
capability to attune with the existing architecture. The model will prove to yield high

benefits when it is deployed on the web with more features.

The OLAP RIMS EXPRESS is a three-tire architecture Prototype model. When this s

deployed on the Web the application logic and processing will be focused on the middle

tire of the architecture.

RDS (Remote Data Service) services can be used. Advanced Data Control, which is a-
invisible ActiveX component embedded within a web page will allow the page

communicate with an external datasource through any web server of choice.

The other service that can be used to leverage the environment is “disconnccicc
recordsets”, which facilitate the client-side data manipulation whereby the user can sort.
filter and print data locally without ever having to re-request the data from the scrver
With this architecture, OLAP RIMS Express will be able to provide the flexibility o
seamlessly integrate any type of content [rom almost any dafabase, with compleie

location transparency.

By using specially written client-side bmary components packaged as a dynamicaliv
downloadable COM Object, which can be used to enhance and optimize the data retrieval
process. Sophisticated caching algorithms. security. and business logic residing in thes.
components will provide enhanced capabilities such as pivoting. formatzing. ard

aggregation.
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Reference Books

Fast Track to MDX - Mark Whitehom, Robert Zare anc¢
Mosha Pasumansky

Microsoft® SQL Server™ 2000 Resource Kit - Microsoft Corporation

Microsoft OLAP Unleashed - Peterson, et al
Programming Active Server Pages - Scot Hillier, Daniel Mezick
The Comprehensive Guide to VBScript - Richard Mansfield

Reference Web Sites

www.msdn.microsoft.com

WWW.ASP.Com
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Calculated Members

Calculated members are members that are based not on data, but or cvaluatec
expressions in MDX. They are returned in the same fashion as a normal member. M DX
supplies a robust set of functions that can be used to create calculated members, giving

extensive flexibility in the manipulation of multidimensional data.
User-Defined Functions

MDX provides extensibility in the form of user-defined functions using any
programming language that can support Component Object Model (COM) 1ateriaces.
One creates and registers their own functions that operate on multidimensional data ¢s
well as accept arguments and return values in the MDX syntax. One can cail uscr-detimec
functions from within Calculated Member Builder, data definition language {DDI.

statements that support MDX, and MDX queries.
PivotTable Service

In Microsoft® SQIL Server™ 2000 Analysis Services, MDX data definition ard
manipulation services are provided through PivotTable® Service. PivotTable Servies
also provides stand-alone OLE DB provider capabilities for multidimensional gueries
when not connected to an Analysis server. PivotTable Service is used for the definition
and manipulation of local cubes, which can be used to locally store cae o=

multidimensional format.
Member Names and Member Keys

A member can be referenced by either its member name or by its member key. The

previous example referenced the member by its member name. 4th quarter, in the Jime
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dimension. However, the member name can be duplicated in the case of dimensions wit:

nonunique member names, or it can be changed in the case of changing dimensicns.

An alternate method to reference members is by referencing the member <cy. [he
member key is used by the dimension to specifically identify a given member. The
ampersand (&) character is used in MDX to differentiate a member key from & membe:

name, as shown in the following example:
[Time].[2nd half].&[Q4)

In this case, the member key of the 4th quarter member, Q4. is used. Referencing the
member key ensures proper member identification in changing dimensions ard o

dimensions with nonunique member names.

The ampersand character can be used to indicate a member key reference in any MDX

eXpression.

Calculated Members

Members can also be created, as part of an MDX query, to return data based on evaluated
expressions instead of stored data in a cube to be queried. Thesc members are called
calculated members, and they provide a great deal of the power and flexibility o MDX.
The WITH kevword is used in an MDX query to define a calculated member. Fo-
example, if one wants to provide a forecast estimate all of the packages by addirg 10% of
the existing value of the Packages measure, one can simply create a calculated member
that provides the information and use it just like any other member m the cube. as

demonstrated in the following example.
WITH MEMBER [Measures|.[PackagesForecast] AS

'[Measures].[Packages] * 1.1
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Member Functions

MDX supplies a number of functions for retrieving members from other MDX entities.
such as dimensions and levels, so that explicit references 1o a member are not anwvavs
necessary. For example, the FirstChild function allows the retrieval of all the members
from a given dimension or level; to get the first child member of the Time dimension, as

demonstrated in the following example:
Time.[1st half]

One can also use the FirstChild function to return the same member, demonstrated n the

next example.
Time. FirstChild

Set Functions

Explicitly typing tuples and enclosing them in braces 1s not the only way to retrieve o se.

MDX supports a wide variety of functions that return scts.

The colon operator allows to use the natural order of members to creatc a sei. tor

example, the following set:

i[1st quarter]:[4th quarter]}

retrieves the same set of members as the following set:
{[1st quarter], [2nd quarter], [3rd quarter], [4th quarter];

The colon operator is an inclusive function; the members on both sides of the coler

operator are included in the resulting set.

Other MDX functions that return scts can be used either by themselves or as part of ¢
comma-delimited list of members. For example. all of the following MDX cxpressions

are valid:

{Time.Children}
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iTime.Children, Route.nonground.air}

{Time.Children, Route.nonground.air, Source.Children}
Sets and Dimensionality

Like tuples, sets also have dimensionality. As a set is composed of tuples, so the
dimensionality of a set is expressed by the dimensionality of each tuple within it. Becausc
of this, tuples within a set must have the same dimensionality. In other words. this

example would not work as a set:
{ (Time.[2nd half], Route.nonground.air), {Route nonground.air. Time.[2nd halt]} |

The order of tuples in a set is important; it affects. for exampie, the nesting order in an
axis dimension. The first tuple represents the first, or outermost. dimension. the second

tuple represents the next outermost dimension, and so on.

RDMBS Screen Layouis

Index page : A database 1s selected as a cube

2} This s OLAP Test - Microsolt Internct Explorer ; . B =2 %
il s - QB A Qe fareots Freas 3 - - o -
Ad*asi|ﬁhttp;H\n(alh;sthLAFLR{MS[lnchP:rfurmmce.asD ] = — - :[- R_Go Links

Select a Cube:
W Submit

&) Do ) ' T2 Loead witromest
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Query Page ; The Hierarchical representation of cube dimension 1s d1sp1ayed

A Thes 15 OLAP Test - Microsoft Internct Explorer e
Flo Edt vew Fuverhs Toos  Help

bk % v @ (D ] Qowss (rewrim ek 3 - BA-HY

X
[

| addrass [§8] hetp:ifocalhostfOLAP_RIMSjqueryPerformene. b5 " - - ,,:J,,(:P,&,,,th
Dimension Level Axis
DRCM Jall | Sleer v]
REGION Jall i ‘Tj
PORTFOLIO [£BEOTWHT ISR

=lcd Circm

pAtel Fatiom
Ctd Return
‘'d Retura
Twehse Mtd Return
Eps Q Curr

Mkl PE Curﬂ

MEASURES

ﬂ - . - PP — . E}j‘mc.ﬁimzmrmt

Dimension Level
TOME > ¥
DRCM [ALL -
REGION [ =>Uneed States =] ;
PORTFOLIO TALL i
Mt Cap Llsdl 3d
Shares Held Drem
Price 1d
Mid Feturn
MEASUKES jOtd Peturn
‘i Pisstusn
Twe lve Mid Fieturn
Eps C Carr
Mkt Pe Currl
Anlzt ot
Submit Query
5] Opening page heep: {flocshozt/GLAP_RIMSjresultPerformancs. 4sp. . n ¥ Loeal inteanzt
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Result Page : The page displays the selected dimension, the sg} query as well as the
result.

Row Description

PO PO R

TIME DIMENSION 0 200225
DRCM DIMENSION : ALL
RECGION DIMENSION : ALL

PORTFOLIO DIMENSION : ABEOTWHT

Results

04 592408 380000017 e o ormraniant3 86438, 5631759342 TB31 6646322523 114022 223441018 &

ue

BEFORE LOADING : 9:42:19
AFTER LOADING ; 9:44:51 AM
TIME DIFFERENCE IN SECONDS : 152

Result Page : The page is another proof of the result page.

Row Description

[ERRN

TIME DIMENSION 1 200225
DRCM DIMENSION . ALL
REGION DIMENSION : North Amenca United States

PORTFOLIC DIMENSION @ ALL

Results

Mt Cop Tad Mt rorws Hold - g Price 1d MudRetwrn  QuiRewm  YlRewm  prene ™™

25250464532,0365 2799793193994 59935141.0376464 53953734 8025095 1118182 6767405

1871715.64110957 5618405 68033035 1 oo0a0 H1921433

Query

BEFORE LOADING : 9:52:9
AFTER LOADING : 9:53:30 AN
TOVME DIFFERENCE IN SECONDS : 81

4 3
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