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Executive Summary

Multi-campus transaction systems are quickly becoming popular in the University
environment because of the cost saving offered by sharing one system. Typically, the
transaction system will be installed on one campus which will host the system to be
shared between branch campuses. The challenge encountered with hosted system is
the accessibility and interdependence of multiple clients on one centralized hosted
system. Constraints in accessibility further hinder providing critical reports in a
timely manner. Data warehouse has been the leading solution that most business
entities have turned to with a heavy reliance on IT to implement it. In order to
overcome these obstacles local data warehouse implementation on an Oracle 11g
Database Enterprise system as well as cloud-based data warehouse on Amazon
Redshift system will be studied for implementation.

Multi-Campus Transaction System

» Integrate various daily business activities to interface with 3™ party
vendors.

» Interface with IPFW Student Information System SIS — Banner.
» Campus card system

» Copier system

» Door Access

» Vending

» On-Campus Dining
» Off-Campus Dining

» Inter-Campus functionality




4/22/2014

Multi-Campus Transaction System

Hosted at Purdue Main Campus
Dedicated Application Server for Transact System
» Virtualized Server
» Windows Server 2008 R2
Dedicated Database Server
» Linux Platform
» Oracle Database 11g R2 ( Enterprise Edition)
Shared Web Server for Reporting

ID Card Wprkstation

eAccounts

g party Transaction
Integration Agents .
A Periieter Firewsil Database Server
Credit Card Perimeter erimeter Firewa
Gateway Firewall
e &:5
Iy EJ
L Web Reporting Server Transact Client(Sys. Admin)
Remote Vendor Support

Internal

IT Infrastructure
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Problem Statement

» Limited accessibility to Off-site Hosted Transact System
» Firewall Policy
» Limits IPFW users
» Limited capability of existing Reporting System
» Only simple query
» Not customizable

» Limited data output capability — Customer defined fields

Significance of Problem
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Significance of Problem

» Large volume of Department Copy Card Transactions
» Approximately 90 on campus departments
» Multiple Copy Cards per departments

» Limited access for IPFW personnel to deliver reports
» Monthly Departmental Statement Reports
» Monthly Internal Billing Reports
» Monthly Account Deposit Report

Proposed Solution — Data Warehousing

» A database that is accessible across the enterprise that contains current as
well as historical data that are important for various business entities for
reporting as well as analytical data.

» A copy of transaction data specifically structured for query and analysis.
» Why Data Warehousing?

» Consolidates, standardizes, and organizes data in order to support business
decisions that are made through analysis and reporting.

» Capture only specific data pertaining to our business model.

» Future analysis of business process as campus needs expand.



Data Warehouse Design

» Requirements Analysis

» On-demand availability of copier-related data or reports
from the data warehouse

» View joint reports of transactions and any comparative
data of summarized transactions between different
locations and time periods

» Long term goal - data warehouse should have the ability
to accommodate future changes in the business process
where there would be additional merchants and POS
coming online as transactions

UML Activity Diagram

Copy Reader POS Transaction System Photo Copy Machine > D

/ Invaiid cust_num
Imvakd Card e

/ Valid cust_num

{ Account Activated?

» D

Account
‘Sufficient
e
nsufficient Funds e Release Copy Job

/ Make Coples

/ Dabit Account

efining Source Data Usin

» POS Reader Informatio
» POS Location

» Customer Information
» Customer number

» Transaction Information

» Amount of transaction

» Time of transaction
ata dictionary
» Transaction table
» Customer table
» POS table
» ProfitCenter table
» Account table
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Data Warehouse Design

» Dimensional Modeling

>
4
4

v

Unlike Relational model — Denormalized data
Brings together data from several tables — Redundancy
Central fact table

» Numeric Measures ex: Sales, # of transactions, Quantity,etc
Distributed dimension tables

» Attributes explaining the fact

Star Schema

Data Warehouse Design

» Advantages of Dimensional Modeling

>

Queries are consistent, fast and understandable to make
business data available to more users because query
structure is less of a mystery.

The dimensional model applies business rules so the
same fact or dimensional attribute always has the same
definition.

Scalable - Adding new data sources to and adapting to
accommodate future changes in the business process are
handled in a consistent, reproducible manner.

Understandable - data relationships are consistent and
typically no more than one level deep. This makes the
data structure more understandable for experts and
casual users alike. It also facilitates documentation and
meta-data set up.
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Hardware and Software Tools

» Hardware
» Apple Macbook Air 1.33GHz i-5 processor 4GB RAM 128GB SSD
» Operating System
» Windows 7 Ultimate 32-bit — VirtualBox 4.2

» Virtual Environment Configuration

Oracle VM VirtualBox Manager

)
O I I e
New  Settings Show  Discard
ﬁ Windows 7 ©.. [ General 5 preview i
()74 < Running N
e ] me: Windows 7 (DW)

Operating System: Windows 7 (32
bit)

[ system |
Base Memory: 2048 MB
Processors:
Boot Order:  CD/DVD, Hard Disk
Acceleration:  VT-x/AMD-V,
Nested Paging

'@ pisplay
Video Memory: 128 MB
Acceleration: 2D Video, 3D

Remote Desktop Server: Disabled
Video Capture: Disabled

Hardware and Software Tools

» Database Tools
» Oracle (Thick) 11g R2 Enterprise Ed.
» Oracle Warehouse Builder
» Oracle SQL Developer
» SQLWorkbench/J
» Postgresql
» Cloud Services
» Amazon Redshift
» Amazon S3
» Reporting Tool
» Pentaho Business Analytics
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Procedures Employed - Migrate

» Migrate specific tables from Hosted system using SQL Developer

» Instantiate a new Database to load tables on local Oracle Database

Oracle Warehouse UML - Sequence Diagram

APEX Web Interface ‘ ‘MEHWebSﬁNﬁr ‘ | Oracle DWW ‘

|

|

|

|

|
ke

|
|
|
|
buildQueryl) m exeCueryl)

> S—
queryResult]) outputTable()

loadDatai)

- Migrate Table

Procedures Employed - Oracle Warehouse

Oracle Warehouse UML - Sequence Diagram
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Procedures Employed - Oracle Warehouse

SERVER

ORACLE DATABASE
Control Center

Service

» Design Component

» Design Center GUIL

» Repository Browser ——— e
» Runtime Component arsnouse Bulder T e

Cubes, Dimensions,
Language Setting, Tablas, Views, Mappings,
Table Space Seltings Packages o oxecute
ETL Procosses

Workspaces

» Workspace

» Validate, Generate, Deploy

» Execute

Control Conter Data

Procedures Employed - OWB

» Oracle Warehouse Builder
» Create workspace in OWB to load source data and target data
» Connect OWB with local Oracle DB to load source data
» Extract, Transform, Load - ETL process
» Extract and Transform source data in the staging area
» Configure Target data structure - Dimension Table and Fact Table

» Load data into Data Warehouse

v

Deploy Oracle Data Warehouse
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Procedures Employed- Extract

» Extraction » Tables to Extract
» Extract from source data table » Transaction table (Fact Ta
» Map to staging table » POS table (Dimension Table

» Customer table (Dimension T
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> TRAN_PROFITCENTER_NAME % o
3 TRAN_POS_NAME o
TRANSDATE 3
OFFLN_TRANS. # o
AMOUNT Tty &
5183 Ty > |

BUILDING
CAMPUS_SITE

Procedures Employed - Transform

» Transformation » Joiner Operator
» dJoiner Operator » Join tables
» Conversion Operator - Char ToDate() » Load to next staging table

STU_CLSS
TRANSACTION_ID
CUST D1
F0S_ID
SV_NAME
PFTCTR_NAME

POS_NAME
TRANSDATE

0000000006060

<

P - gt r gt JF g gr 4

BUILDING
CAMPUS_SITE

0908308880808l

<

E U gF ¥ 4F 3 JF ¥ JF JF JF JF 48 3 Q8 JF JF 3

C consTAT

A

FORMAT N # |
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Tools and Procedures Employed - Transform

and Load

» Transformation
» Aggregate Operator
» Select group by attributes

» Sum up measures: transaction amount &
Quantity

F CPT_STAGE

B NOUTC
CUST_ID

4 SR

' CLsE
5TU_CLES
FOS_ID
FOE
BUILDING
CAMPUS_SITE
TRANS_D
TRANSDATE
AMT
aTy Ty

¢ 0 ¢/0/ep]oo
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Amazon Redshift Architecture

Client Applications: On the data source loading side Amazon Redshift
integrates with various vendor solutions to perform data loading and ETL
procedures to load to the Redshift Data Warehouse. On the data extraction
and querying side Redshift also has the ability to integrate with various
Business Intelligence reporting, analysis, and mining tools provided by
various business partners.

Connections: In order to load and extract data to and from the data ware
house, Redshift communicates using industry-standard PostgreSQL JDBC
and ODBC drivers

Clusters: A cluster is the core infrastructure component of Redshift data
warehouse. Depending on the data warehouse that needs to be provisioned
Redshift can be configured to accommodate the needs of any size data
warehouse. If we provision more two compute nodes Redshift will put an
additional leader node to coordinate the compute nodes. The client
applications will only interact to with the leader node

AGGREGATOR
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» Load

» Final staging table to data
(Fact and Dimension Tables

» Validate, generate, deploy
» Execute mapping to deploy dat

b TRANSD.. 8 &
AMT Ty >
ary

Ty 2

Compute Node 1
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Procedures Employed — Amazon Redshift
Cluster

» Amazon AWS

» Provision cluster in Amazon Redshift and Cluster Properties Cluster Database Properties
Cluster Name:  dw-cluster Endpoint. dw-cluster crtofmmesws us-east-
Create buckets in Amazon S3 to load OWB Data Cluster Type:  Single Node L. cedehi e smazonmes com
Mode Type: dw2large Port: 5439
Warehouse Nodes: 1 Databass Name:  dwdb
. . Zone: us-eastlc Master Usemame: dev1
» Load Amazon Redshift from Amazon S3 using Created Time.  Aprl 11, 2014 3:41:07 BMUTC.4 Encrypled  Yes
SQLWorkbench/J Cluster Version: 1.0.772 Encrypted with HSM:  No
VPCID: wpc-4ee2id2b ( View VPCs ) JDBC URL.  jdbe:postgresql://ou-
. ) cluztar. crtodmenms ms-smsto
» Launch Amazon Redshift Data Warehouse Cluster Subnet Group:  defaul 1. cedshife smmsommes com:S435/de

VPC Security Groups:  default {sg-41983b24) ( active )
‘View VPC Security Groups
‘Cluster Parameter Group:  default_redshift-1.0 ( in-sync )

eopieephlive=true
ODBC URL:  Drirver={FostgreSQL}; Server=du-
cluster.crtodsmessos us-sast-
1 redshift smasomews com:
Capacity Details Datebasesdudb: UlD=ded :
CGurrent Node Type:  dw2.large PFil=isers your master user_pasmws
CPU: 7 EC2 Compute Units (2 virtual vd heve: Port=5439
cores) per node
Memory: 15 GiB per node
Storage:  160GB 5SD storage per node
/0 Performance:  Moderate
Platform:  64-bit

Transfer Data from Amazon S3 to Redshift

SQL Workbenchy) - No connecti
rm@|Kk[<[>[> mamx ¥ v~ ¥ S8 | %[ 8] N conmmcin

I E I

prer |

¥ 03 Default group
© T

» SQLWorkbench/J
» Create JDBC connection to Amazon Redshift

Driver | PostgreSQL (org.postgresql. Driver) &

AL 147w us-¢ast- 1.redshift.amazon: aws.

» Using special Postgresql jdbc driver for Redshift

Username | devl

» Create empty table in Amazon Redshift — SQL S jesay—
code sutocommit @ Feich size Tieeout | 15 (Bxterded Properties)
() Prampt for username. (] Confirm updates | Read only ¥ Remember DbExplorer Schema.
] () Confirm () Store completion cac]
» Load table data from Amazon S3 on to Amazon I s e
Redshift — SQL code e L
(] Trim CHAR data # Include NULL columns in INSERTS.

(] Hide wamnings. () Check for uncommitted changes
[ Remave comments

» Launch Amazon Redshift data warehouse

Info Background x Emm Alternate Delimiter (] single line

Workspace [ Select this if the delimiter should only

Main window icon |

Connect scripts | | Schema/Catalog Filter

13



vV vV.v v v v .Yy

Reporting — Pentaho Business Analytics

Pentaho is a certified business analytics and data integration tool that

works with Amazon Redshift
Commercial open source
Data Integration (ETL)
Reporting

Analysis

Dashboards

Data Mining

Business Intelligence Platform
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Data

Server Applications

Thin Client

Reporting — Pentaho Business Analytics | s

» Pentaho Business Analytics

» Create JDBC connection to OWB
workspace

» Create JDBC connection to Amazon
Redshift Cluster

» Configure Interactive Reports for both
Data warehouses

General
I haice:

Poaling

Connection Name:
bws_user

Database Type:

Database Connection

ManetD8.

Access;

Native (DEC]
lopBC

INDI

Setongs
<] Custom Cannection UAL:

1toc postgresal idw-cluster

crtodzmesuns us. \
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Reporting - Pentaho Business Analytics

» Interactive Report Output — Amazon Redshift

€ - C [} localhost8081/pentaho/Home

fle  View Tools Help

Opened~ B B HE>

Interactive Report

CLINPIRBCYIR] E| 20 |14
Data | Formatiing  General
Available Fields For: To add a new filter, drag a field from
8 redsnit o Available Fields to this area
~ Datawarehousel
Amt Apii 16,2014 @ 01
Building = =
Campus site Interactive Report - Redshift
Custid
Emp ciss
gg: ‘:a Al Custid Campus site Transdate Amt v
Qy 111109 Main Campus Tue Nov 19 00.00:00 EST 2013 162
gﬁfdss 108640 Main Campus Fri Mar 07 00.00.00 EST 2014 17
Transdate 108640 Main Campus Tue Jan 21 00.00 00 EST 2014 145
111038 North Campus Sat Feb 01 00,0000 EST 2014 15
108640 Main Campus Mon Nov 11 00:00-00 EST 2013 126
108642 Main Campus Tue Aug 13 00:00:00 EDT 2013 124
105795 Main Campus Wed Aug 07 00:00.00 EDT 2013 121
108642 Main Campus Mon Feb 03 0000.00 EST 2014 120
Group Sorting 124845 Main Campus Fri Jan 24 00:00:00 EST 2014 "
FielitSdrting 111030 Main Campus Tue Jan 21 00:00-00 EST 2014 14

Reporting - Pentaho Business Analytics

» Interactive Report Output — OWB

¢ Ol 2Bk | < >h |r597
Data | Formatting Genera
Available Fields For: To add a new filter, drag a field from
BBWS o Available Fields to this area
~ FINALE STAGE
AMT =
BUILDING Interactive Report - OWB
CAMPUS SITE
CUST ID
ite CUST ID CAMPUS SITE BUILDING
POS ID Thu Mar 13 00:00.
o 111042 Main Campus Engineering oy 0
SEX ’ " Thu Mar 13 00:00:00
s 111052 Main Campus Engineering L 0
TRANSDATE ) » Thu Mar 13 00:00:00
111061 Main Campus Engineering iy 1
. e Thu Mar 13 00:00:00
111079 Main Campus Engineering U 1
; . Thu Mar 13 00:00:00
125482 Main Campus Engineering Ll 1
105671 Main Campus Kettler Eh[;‘T"g;;P oL DII0 )
. Thu Mar 13 00:00:00
105745 Main Campus Kettler JLeta s, 2
GroupISOrting 105746 Main Campus Kettler T 0000
Fleld Sorting P W EA R Thu Mar 13 00:00:00
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Conclusion

Amazon Redshift and Oracle Warehouse both address our accessibility issue
to reporting since these data warehouses are hosted either in our private
cloud or on IPFW premise.

Pentaho Business Analytics has the option to create profiles for reporting
users, power users and business analysts to further expand the access to
reporting.

Pentaho Business Analytics will provide the reporting tools necessary to
design and schedule reports such as interactive reports or analyzer reports.

Oracle Warehouse Builder vs. Amazon Redshift.

Edge to Oracle Warehouse Builder.
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