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Abstract 
 

The Purchase order, Invoice, and Payment Enquiry System (PIPES) makes a great 
deal of information associated with purchase orders readily available to the University of 
Cincinnati business community through a Website and an e-mail notification feature.  
PIPES Web interface pulls together, into one Web page, data that would take most users 
a lot of time and effort to find using online CUFS (College University Financial System) 
and printed reports.  Pulling data from a SQL Server warehouse of CUFS information, 
the Web interface, built with ASP.NET and VB.NET technology, provides more 
historical and concise information than is available through online CUFS.  It also 
enhances CUFS data by providing a link to the images of the invoice documents 
associated with a purchase order.  Additionally, departmental users can conveniently and 
quickly look up purchase orders by account number.   

Microsoft’s Visual Studio.NET technology further extends PIPES’ capabilities 
with a feature for sending vendor invoice information to departments via e-mail.  
Previously, the Accounts Payable Office manually copied and mailed out to departments 
approximately 700 invoices each week.  The PIPES E-mail Notification program, a 
VB.NET Windows application, has eliminated this manual effort by e-mailing 
departmental contacts hyperlinks to the invoice images along with associated invoice and 
purchase order information.  Another VB.NET Windows application, the PIPES Invoice 
E-mail Administration program, allows the Accounts Payable staff to easily manage this 
e-mail process.  Both aspects of PIPES, the Website and e-mail notification feature, 
greatly reduce the time and effort that the University spends on managing purchase 
orders, vendor invoices and associated payment information. 
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The Purchase Order, Invoice and Payment Enquiry System: 
PIPES 

 
1. Statement of the Problem 

Purchasing at the University of Cincinnati is big business.  In its 2002 fiscal year, 

the University of Cincinnati purchased approximately $262.4 million from vendors using 

the College University Financial System (CUFS) purchasing module (19).  This dollar 

amount represents over 34,000 purchase orders processed by business offices and 

personnel throughout the University (19).  Currently, close to 500 users at the University 

have the ability to process purchase requisitions (18).  An estimated 360 CUFS users 

track these purchase orders (along with the associated invoices and payments) for the 

accounts that they manage (20). 

 CUFS is a mainframe application that was implemented by the University in 1989 

and serves as its core accounting system (4).  To gain access to CUFS users have to go 

through two levels of security in addition to having special terminal emulation software 

called TCP3270 on their computer (4).  (See Appendix A for an example of a TCP3270 

screen.)  For the past two years, I have handled calls on the CUFS Hotline, which is a 

help line that assists users with questions about or problems using CUFS.  Ten to fifteen 

percent of the calls that I receive are questions concerning purchase orders, such as what 

invoices have been received and what payments have been made.  In many cases, I have 

to refer the caller to the Accounts Payable Office to answer their questions because CUFS 

does not have a simple, consolidated interface that brings all of this information together 

in one place.  Additionally, because some of the information only remains on CUFS for a 

certain period of time, it is not always accessible.  The Accounts Payable Office has the 
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greatest expertise in answering these calls because they deal with this type of information 

everyday; it’s a part of their function. 

 To gain a better understanding of the problem and an idea of what kind of 

application would be needed, I met with the Larry Caras, Director of Accounts Payable, 

several times.  According to Mr. Caras, callers to their office are typically looking for the 

following information pertaining to purchase orders: 

• An invoice from the vendor 

• The date that the invoice was paid or will be paid 

• The check number of the payment 

• The address to which the check was mailed (1). 

Users are often frustrated with finding information in CUFS because they have to be 

familiar with cryptic navigation commands as well as table names.  A search for the 

information above could involve navigating to as many as six screens or tables (1).  Even 

for an expert user, this can take a considerable amount of searching.  (See Appendix A 

for an example of the CUFS table.)  Mr. Caras estimates the following: 

• 20% of users do not have any idea about how to look up information about 
purchase orders, invoices and payments in CUFS. 

 
• 60% of users are fairly proficient in looking up some of this information but 

need help with the more complex searches. 
 

• 20% of users are fairly expert and do not need any help in looking up this kind 
of information in CUFS (1). 

 
CUFS is also not very versatile in that it does not allow users to easily pull information 

into an Excel spreadsheet or Access database.  Printed reports from CUFS are sent out no 

less than monthly (22).  Users have to wait for an accounting month to close before they 
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receive reports for the month that was closed (22).  It then takes about a week for the 

reports to reach the departmental users with the current paper distribution process (22).  

Finally, CUFS does not have the capability to allow users to view images of any 

documents.  Retrieval of the invoice images through the Internet would be a great benefit 

to everyone.  The Accounts Payable office receives directly from vendors approximately 

700 invoices per week that then have to be copied and mailed out to departments (1). 

After talking with Mr. Caras, I concluded that the University could greatly benefit 

from an enquiry system of purchase order, invoice and payment information that has the 

following qualities: 

• Accessible:  People at the University should be able to access this information 
through the local Intranet.  The information should be presented in a manner that 
is consolidated and contains more transaction or record history than what is 
available on CUFS. 

 
• Intuitive and easy to use:  Users should be able to easily understand and navigate 

the interface. 
 

• Versatile: The system should be capable of allowing users to download the 
information so that they can pull it into an Excel spreadsheet or Access database.  
Because of the University’s End User License Agreement (EULA) with Microsoft, 
users have Microsoft Office products on their desktop computers. 

 
• Enhancement: The system should be capable of allowing users to retrieve and 

download/print an image of an invoice. 
 
2. Description of the Proposed Solution 

 In November 2002, I proposed to develop an enquiry application for the 

University that simplifies the retrieval of information pertaining to purchase orders.  In 

addition to providing invoice and payment data associated with purchase orders, this 

application, called The Purchase order, Invoice, and Payment Enquiry System (PIPES), 
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would also allow users to download information to their desktops and retrieve invoice 

images. 

 To make purchase order information more accessible and easy-to-use, PIPES 

would have the following features or qualities:   

• It would be Web-based and incorporated into the Controller’s Web site. Users 
would be able to access to this information more readily and with fewer layers of 
security and software.  

  
• The purchase order, invoice and payment information would consolidate and 

make available more historical data 
 

• PIPES would be easy-to-use and intuitive. 
 
To provide versatility and enhancement, PIPES would also have the following features: 

• Capability to retrieve an image of an invoice 
 

• Capability to send users an e-mail notification that contains a link to an invoice 
image. 

 
3. Description of the Actual Product and Intended Use 

PIPES is a system of Web and Windows applications that simplify the retrieval of 

information pertaining to purchases orders and associated vendor invoices and payments.  

Through a front-end interface, it provides users with purchase order, invoice and payment 

data in a consolidated manner.  Additionally, it allows users to access invoice images for 

viewing or printing.  Simplifying access to this information expedites the resolution of 

payment inquiries and tracking of invoice and payment activity against a purchase order.  

Through a back-end interface, PIPES sends e-mails to designated users, notifying them 

that the Accounts Payable Office has received and processed a referenced invoice for 

payment.  The e-mail also contains a link to the referenced invoice.  By eliminating the 
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need to send copies of invoices in the mail to departments, this feature saves the 

Accounts Payable Office a great deal of time and the cost of paper. 

3.1 Technical Details and Resources 

PIPES has both a database and application layer.  The database layer has three 

components.  One component makes use of data in a data warehouse to provide textual 

data and to store and identify invoices for the e-mail notification process.  The other 

component makes use of a catalogue database to pull the invoice images from the 

imaging system.  The third component makes use of data entered by a central office (such 

as Accounts Payable) that identifies the recipients for the e-mail notifications. 

The application layer has three components or interfaces.  The first component is 

a Web interface that links the user to the purchase order, invoice, and payment data (both 

textual and image).  The second component is a VB.NET Windows Application interface 

that gives the central office (Accounts Payable) access to the e-mail notification data, 

which includes updating information about the designated recipients.  The third 

component is also a VB.NET Windows Application interface that sends the e-mail 

notifications. 

PIPES was developed using Microsoft Visual Studio.NET.  The Web interface 

was designed using ADO.NET, VB.NET and ASP.NET.  The Windows applications 

were designed using ADO.NET and VB.NET.  The database component that serves this 

system comes from SQL Server 7.0 databases, which extract data from an existing data 

warehouse (7).  This data warehouse resides on a SQL Server in the Financial Systems 

department (7).  VB.NET and ASP.NET were chosen because of the University’s EULA 

with Microsoft and because of their easy integration with SQL Server. 
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The Web pages are incorporated into the Controller’s Web site, which now 

resides on the UC Web Server.  The invoice images are provided by the OnBase imaging 

system (7).  This system, which is administered by Financial Systems, was installed by 

Assured Micro-Services in October 2002 (7).  The components of this system that are 

most important to this project are the following: 

• The SQL database that catalogues the images of the accounting documents 

• Internet Information Server that hosts a Website and Web processing for OnBase 

• The SNAP server where the images are actually stored 

• The program, called OnBase from Hyland Software, which controls the imaging 
system features (3). 

 
During the installation of the imaging system, I spoke to Rich Diers, Digital Products 

Manager with Assured Micro-Services, about the capability to view documents over the 

Internet.  Mr. Diers guided me in using the “DocPop URL Creator”, a feature in OnBase 

that allows the invoice images to be accessed over the Internet. 

3.2 User Profile 

PIPES has two groups of users:  functional users and administrators. 

3.2.1 Functional Users 

 Functional users are Accounts Payable and departmental employees throughout 

the University.  These employees are the primary users of PIPES’ Web interface.  The 

Accounts Payable employees respond to inquiries from departments and vendors about 

invoices and payments associated with purchase orders.  The departmental employees 

typically work in the business offices of departments or handle business transactions for 

the department. 
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 Functional users can range from clerical/secretarial staff to managers.  They 

interact with computers on a daily basis and have, at minimum, an intermediate level of 

skill using the Internet.  These users also have experience with the following: 

• PC with Windows Operating System 
• Internet Explorer 5.5+, or Netscape 7.0 
• Microsoft Office (Excel) 97, 2000, XP, or 2003 
• CUFS. 

3.2.2 Administrators 

 The Administrators use the Windows Application interface to manage the e-mail 

notification data.  They are responsible for managing the e-mail notifications on a daily 

basis and maintaining the information about who receives the e-mail notifications.  

 This group consists of central office staff members (most likely from Accounts 

Payable).  These employees are intermediate to advanced level computer users, who use 

Windows applications such as Access to obtain CUFS data from the data warehouse in 

Financial Systems.  These users have experience with the following: 

• PC with Windows Operating System 
• Internet Explorer 5.5+ 
• Microsoft Office (Access) 2003 
• CUFS. 

 
4. Design Protocols 
 
4.1 Physical Relationships and Process/Workflow Diagrams 

 The diagram in Figure 1 shows the physical relationships of the hardware for the 

processing that takes place in and around PIPES.   The diagrams in Figures 2 through 5 

provide more detail to these relationships and depict the processing order and workflow 

that precede and include PIPES.   
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More specifically, the diagrams in Figures 2 and 3 depict the processing and 

workflow that occur with CUFS, the imaging system and the e-mail notification feature.  

Although the processing in these two diagrams occurs outside the PIPES interface, it 

shows the workflow that supports and enhances it.  Please note that the time sequence 

(“Day 1”, “Day 2”, etc.) is in relative not actual terms.   

The diagram in Figure 4 depicts the processing that directly involves PIPES.  The 

time reference in this diagram means the processing can only occur on or after “Day 3” 

relative to the time frame depicted in the Figures 2 and 3. 

The diagram in Figure 5 depicts both daily processing and processing that occurs 

when an update is necessary.  The daily processing involves the data that is brought into 

the SQL Server data warehouse from the CUFS mainframe system.  This data supports 

the PIPES interface.  The processing that occurs on an “As Needed” basis involves the 

administration of PIPES’ e-mail notification feature. 
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4.2 Interface Design 

4.2.1 Front-End Interface 
 

The front-end of PIPES has three pages:  a Home page, a Purchase Order (PO) 

Number Lookup page, and a Purchase Order, Invoice and Payment Information page.  

Users access the Home page of PIPES’ front-end interface through a link on the 

Controller’s “Query Page”.  This page currently lists seven other queries in addition to 

PIPES.  Each query has a title and a description.  To access one of the Controller Web 

queries, the user clicks the query’s underlined title on the “Query Page”.  The link for 

PIPES is consistent with this format and navigational design.  PIPES’ Web pages are also 

consistent with the format, color scheme and design of the existing Controller Web 

queries.  Figure 6 shows the top portion of one of the Controller Web queries. 

  
Figure 6. A Controller Web query 
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The query shown in Figure 6 allows a department to retrieve the revenue and expenditure 

transactions for a selected Fiscal Year and Organization Code. 

4.2.1.1 Home Page 

The first page of PIPES front-end interface contains the following: 

• A title area that includes the University of Cincinnati branding logo  

• A descriptive section that provides an explanation of PIPES 

• A functional section that has both a textbox, where the user inputs the purchase 
order number (the key link to the information), and a command button that the 
user clicks with the mouse cursor to get to the associated information 

 
• Another functional section that has a descriptive label and navigation button, 

linking to a second page that allows the user to look up purchase order numbers 
by account. 

 
Figure 7 shows the top portion of PIPES Home Page. 
 

 
Figure 7. PIPES Home Page 
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4.2.1.2 Purchase Order, Invoice and Payment Information Page 

The Purchase Order, Invoice and Payment Information page has the following 

sections and features: 

• A title area that includes the University of Cincinnati branding logo  

• A detail section with the following six elements: 

1) PO summary information: PO Number, Vendor Name, Vendor Code, 
hyperlink to view PTEX information, Date of PO, Ordered Amount, Received 
Amount, Invoiced Amount, Closed Date, Closed Total, Open Balance 

 
2) Account line information: Line Number, Account Number, Function, Object, 

Sub-object, Organization Name, Line Amount, Expended Amount, Closed 
Amount, Balance 

 
3) Commodity line information: Line Number, Description, Unit Measure, Unit 

Cost, Order Quantity, Total Cost, Received Quantity, Last Unit Cost, Invoiced 
Quantity, Total Invoiced 

 
4) Change order modifications: Modification Number, Date, Purchase Order 

Amount, Change Order Amount 
 

5) Invoices: Invoice Date, Invoice Number with hyperlink to the invoice image, 
Archive Reference, Total Invoice Amount, Discount Type, Discount, Number 
of Days (payment terms), Estimated Paydate, Actual Paydate 

 
6) Charges/payments: Transaction I.D. (check numbers contain hyperlink to 

view check information), Record Date, Amount, Account Number, Function, 
Object, Sub-Object, Reference Number, Invoice Number with hyperlink to the 
invoice image 

 
• A hyperlink on the Invoice Number that, when clicked, opens up another browser 

session and retrieves the invoice image in that second browser window 
 
• A command button that returns the user to the Home page. 

Figures 8 and 9 show screen captures of the Purchase Order, Invoice and Payment 

Information page. 
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Figure 8. Purchase Order, Invoice and Payment Information page 
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Figure 9. Purchase Order, Invoice and Payment Information page 

4.2.1.3 Purchase Order Lookup Page 

The Purchase Order Lookup page contains the following: 

• A title area that includes the University of Cincinnati branding logo  

• A descriptive section that explains the selection criteria for looking up a purchase 
order number by account 

 
• A functional section that has the following elements:   

1) Three textboxes of required input, where the user enters, respectively, the 
Fund, Area and Organization code of the account number used in the purchase 
order 

 
2) For a more refined search, two textboxes of optional input, where the user can 

enter the Function and/or Object of the account number 
 

3) A command button that the user clicks with the mouse cursor to get to the 
associated information 
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• A command button that returns the user to the Home page 

• A detail section for the results of the lookup that indicates:  the PO Number, the 
PO’s Create Date, the Function, the Object, the Line Amount, the Line Balance, 
the Vendor Name, and the Closed Date. 

 
Figure 10 shows a screen capture of the Purchase Order Lookup page. 

 

Figure 10. Purchase Order Lookup page 

4.2.1.4 Standards and Guidelines for Web Interface 

Each of the pages meets the standards established by the University of Cincinnati 

and described in its Web Communication and Design Standards (21) and Branding 

Standards Manual (15).  The list below highlights some of the standards and guidelines 

that were met by PIPES. 

• Designed Web pages for 800 x 600 resolution (21, page 5)   
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• Made use of the University’s primary color palette with applied secondary palette 

as appropriate (21, page 5) 
 
• Kept page designs as short and simple as possible (21, page 5) 

 
• Used high contrast combinations of text vs. background color for best readability.  

Black text on a white background is preferred for body copy (21, page 5) 
 

• Used Sans serif--Arial font, which is one of the recommended font sets (21, page 
5) 

 
• Created and maintained a consistent look and feel on all pages and sub-sites (21, 

page 5) 
 

• Used navigational aids such as “Next/Previous Page,” “Return to Top,” “Table of 
Contents,” and jump links to help user work through the site (21, page 5). 

 
4.2.2 Automated Process for E-mail Notification 
 

PIPES has an automated process or program that sends out e-mails to 

departmental contacts, listing invoices that Accounts Payable has recently received and 

processed for each contact’s department.  Each invoice in the e-mail contains a hyperlink 

to the document images of the invoice.  Additionally, the following information is 

provided for each invoice:  the Invoice Number (with the hyperlink), Invoice Date, 

Reference Number, Purchase Order Number, Requestor, Vendor Code, and Vendor.  

Figure 11 shows an example of an e-mail sent by PIPES E-mail Notification program. 
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Figure 11. Example of e-mail sent by PIPES E-mail Notification program 

4.2.3 Back-End Interface for Invoice E-mail Administration 
 

PIPES has a back-end interface used by Accounts Payable staff for the 

administration of the vendor invoice notifications and the e-mail contacts.  The PIPES 

Invoice E-mail Administration application has an Outlook-style interface with the 

following screen elements: a menu bar, a tree view control for navigation, and a panel 

control for displaying a Start Menu and four different functional screens.  The four 

different functional screens are Contacts, E-mail Content, E-mail Verify, and Pending E-

mail.  These screens will be described in the sections that follow.  The Start Menu is the 

initial screen that shows up in the panel control; it lists and provides a brief description of 

the four different functional screens as well as providing a “hyperlink” to each screen.  

The menu bar has 3 menus: Get, Help, and Exit.  In the event that the user’s mouse fails, 
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a short-cut key can be activated with the Alt key on the keyboard to use keystrokes that 

access these menus; the shortcut keys in combination with the arrow keys allow the user 

to navigate without the mouse.  The Get menu provides an alternative way for navigating 

to the Start Menu and four different functional screens.  The Help menu provides 

information about PIPES Invoice E-mail Administration and instructions on using each 

of the functional screens.  Exit allows the user to exit the application via the menu bar.  

Figure 12 shows the PIPES Invoice E-mail Administration interface with the menu bar at 

the top, the tree view control on the left, and the panel control (displaying the Start Menu) 

on the right.  The gray bar, a splitter control, between the tree view control and panel 

control can be moved to the right or left with the left mouse button by the user to 

increase/decrease the display area for either control; increasing the display area for one 

control decreases the display area for the other. 
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Figure 12. Start Menu screen 

4.2.3.1 Contacts Screen 

The Contacts screen allows certain users in the Accounts Payable Office to add, 

modify or delete a contact.   The contacts list is used by the automated e-mail notification 

feature to associate, by responsible department number (RespOrg), an invoice with a 

contact and e-mail address.  This screen contains the following: 

• A label or title for each screen element 
 
• A functional section with the following features and elements for searching, 

modifying or deleting a contact record: 
 

o A datagrid with re-sizeable columns that lists the contact information for all 

contacts and allows the user to modify the information within the datagrid 
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o A combo-box, where the user can select or type the Responsible Organization 
number of the contact and then move to the associated record in the datagrid 

 
o A combo-box, where the user can select the primary contact’s last name and 

then move to the associated record in the datagrid 
 

o A combo-box, where the user can select the name of the responsible 
department and then move to the associated record in the datagrid 

 
o A button that the user can click to export the data in the datagrid to an Excel 

spreadsheet 
 

o A button that the user can click to delete the currently selected Responsible 
Organization number and contact information 

 
o A button that the user can click to save modifications made to contact records 

in the datagrid 
 

• Another functional section with the following features and elements for adding a 
contact record: 

 
o Text boxes where the user can input the contact information 

 
o A button that the user can click to add contact information for a new 

Responsible Organization. 
 
Figure 13 shows the Contacts screen. 
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Figure 13. Contacts screen 

4.2.3.2 E-mail Content Screen 
 
 The E-mail Content screen allows the E-mail Contacts administrators to modify 

several elements of the notification e-mail.  The screen has the following features and 

elements: 

• A label or title for each screen element   
 

• A functional area for the e-mail header with the following modifiable elements: 
 

o A text box for the e-mail address of the sender(s) – From 
 
o A text box for the e-mail address of carbon copy recipient(s) – Cc 

 
o A text box for the e-mail address of blind carbon copy recipient(s) – Bcc 

 
o A text box for information about the e-mail subject – Subject 
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• A functional area for the e-mail body with the following modifiable elements: 
 

o An combo-box  for choosing the level of importance of the e-mail – 
Importance 

 
o A text box for the introductory greeting and information that precedes the 

actual invoice information in the e-mail - Introduction/Greeting 
 

o A text box for the closing remarks or comments at the end of the e-mail – 
Closing 

 
• A button that the user can click to save modifications. 
 

Since the message format of the notification e-mail is HTML, HTML tags must be used 

to create special formatting in the Subject, Introduction/Greeting and Closing text boxes.  

Figure 14 shows the E-mail Content screen. 

 
 

Figure 14. E-mail Content screen 
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4.2.3.3 E-mail Verify Screen 
 
 The E-mail Verify screen provides information to the administrators about the e-

mail notifications that have been sent.  It contains the follow features and elements: 

• A label or title for each screen element 

• A section of count information with the following elements: 

o A datagrid with re-sizeable columns that lists by date and time a count of 
invoices and e-mails before they are sent out and a count of invoices and e-
mails after they are sent.  The count before the e-mail notification program 
runs is based on a query of the OVIH_PLUS table.  The count after the e-
mails are sent out is created by the E-mail Notification process. 

 
o A button that the user can click to export the data in the datagrid to an Excel 

spreadsheet 
 

o A button to refresh the datagrid after the user runs the E-mail Notification 
program via the Pending E-mail screen 

 
• A section of invoice information (the Responsible Organization, Invoice Number, 

Invoice Date, Vendor Name, Vendor Code, Imaging Date, Date Sent, and PO 
Number) with the following elements: 

 
o A radio button, a combo-box and text box that allows the user to specify a 

calendar month and year for retrieving a list of invoices sent in that time 
period 

 
o A radio button and text box that allows the user to specify a Responsible 

Organization code for retrieving a list of invoices sent for that code 
 

o A radio button and text box that allows the user to specify a purchase order 
number for retrieving a list of invoices sent for that purchase order 

 
o A button that the user clicks, after specifying search criteria, to retrieve the 

invoice information 
 

o A datagrid with re-sizeable columns that lists the invoice information  
 

o A button that the user can click to export the data in the datagrid to an Excel 
spreadsheet. 

 
Figure 15 shows the E-mail Verify screen. 
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Figure 15. E-mail Verify screen 

4.2.3.4 Pending E-mail Screen 

 The Pending E-mail screen helps the administrators in Accounts Payable resolve 

errors with the e-mail notifications.  It mainly helps them resolve or identify three types 

of problem situations.  1) One situation occurs when a notification should be sent to a 

department for one or more invoices, but a record with contact information does not exist 

in the Contacts table for that department.  The E-mail Notification program therefore 

cannot send an e-mail for these invoices.   These invoices are marked as pending because 

they exist in the system and have document images associated with them.  2) A second 

situation occurs when an incorrect value is entered for an invoice’s EP reference number 

during invoice processing.  Because of this incorrect reference, the invoice does not get 
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associated with a document image.  The E-mail Notification program does not include an 

invoice in an e-mail if it does not have a document image.  Invoices in this situation are 

also marked as pending.  3) A third situation occurs when a record in the Contacts table 

has an invalid e-mail address.  In this third situation, an e-mail is sent but a message is 

returned to the PIPES e-mail account, indicating that the e-mail was undeliverable to the 

invalid e-mail address.  The invoices in this situation are marked as sent. 

The Pending E-mail screen thus has the following features and elements for 

dealing with these situations: 

• A label or title for each screen element 
 
• A functional section, Invoices Pending E-mail Notification on OVIH_Plus, with 

the following features and elements for identifying invoices that are pending: 
 

o A datagrid that lists invoices pending e-mail notification.  This list includes 
any invoices that fall into the first situation.  Since many invoices are 
processed each day before they are scanned into the imaging system, invoices 
not yet associated with document images and more than 14 days old will also 
appear in the datagrid; invoices that fall into the second situation would 
therefore be identified in this group. 

 
o The ability to modify the InvCopySent indicator and DateInvCopySent field 

in the datagrid. 
 

o A button that the user can click to save modifications made to the 
InvCopySent indicator and DateInvCopySent fields in the datagrid 

 
o A button that the user can click to export the data in the datagrid to an Excel 

spreadsheet 
 

o A button that the user can click to send notifications after a contact record has 
been added 

 
o A button to refresh the datagrid after the user runs the E-mail Notification 

program by clicking the Send Notifications button 
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• Another functional section, Resend Invoices for Specified ORG and Date, with the 
following features and elements for resending invoices after correcting the e-mail 
address in the Contacts table: 

 
o A text box where the user can input the Responsible Organization code 

pertaining to the undeliverable e-mail message 
 
o A text box where the user can input the date pertaining to when the 

undelivered e-mail was sent  
 

o A button that the user can click to retrieve the invoices associated with the 
undelivered e-mail 

 
o A datagrid with re-sizeable columns that lists the invoices retrieved from the 

search 
 

o A button that the user can click to resend a notification for the invoices listed 
in the datagrid. 

 
Figure 16 shows the Pending E-mail screen. 
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Figure 16. Pending E-mail screen 
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5.  Timeline 

 

Task Start Date End Date 
Researched the Project 10/1/2002 11/18/2002 
Worked on the Proposal Document 11/7/2002 12/12/2002 
Submitted and Presented the Proposal 12/12/2002 12/12/2002 
Developed the Database Components 3/31/2003 4/13/2003 
Developed the Web Interface 4/14/2003 4/27/2003 
Finalized the Web interface into a Working Quick Prototype 4/28/2003 5/4/2003 
Tested the Working Quick Prototype and Resolved any 
Problems 5/5/2003 5/11/2003 
Worked on the Design Freeze Document 5/12/2003 5/22/2003 
Submitted a Draft of the Design Freeze Document 5/22/2003 5/22/2003 
Prepared the Presentation of the Working Quick Prototype 5/23/2003 6/4/2003 
Submitted the Design Freeze Document and 
Demonstrated the Working Quick Prototype 6/6/2003 6/6/2003 
Developed the Automation for E-mail Notification 6/9/2003 7/31/2003 
Migrated the Web Interface to the UC Web Server 7/7/2003 7/13/2003 
Tested the Working Quick Prototype of the Web Interface 
with a Group of Users 8/5/2003 8/22/2003 
Completed the Working Quick Prototype of the Web 
Interface for the Final Product 8/22/2003 8/28/2003 
Developed the Interface for E-mail Contacts Administration 8/1/2003 2/15/2004 
Finalized the Automation for E-mail Notification into a 
Working Quick Prototype 3/1/2004 3/15/2004 
Finalized the Interface for E-mail Contacts Administration 
into a Working Quick Prototype 3/1/2004 3/15/2004 
Tested the Working Quick Prototypes of the E-mail Contacts 
Administration and E-mail Notification Interfaces 3/15/2004 3/22/2004 

Revised the E-mail Contacts Administration and E-mail 
Notification Interfaces to Resolve any Problems Discovered 
through Testing 3/17/2004 3/26/2004 

Completed the Working Quick Prototypes of the E-mail 
Contacts Administration and E-mail Notification Interfaces 
for the Final Product.  PIPES fully implemented. 3/26/2004 3/31/2004 
Worked on the Final Document 4/1/2004 5/6/2004 
Submitted the Final Document Draft 5/6/2004 5/6/2004 
Prepared the Presentation of the Final Product 5/7/2004 5/31/2004 
Submitted the Final Document and Demonstrated the 
Final Product 6/3/2004 6/3/2004 
      

 
Figure 17.  Timeline for PIPES project 
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6.  Budget 
 

Costs of Items Directly Associated with the Project:

Visual Studio.Net Professional 2002 549.00$         (13)
Hosting of Web Pages * 600.00           (14)

Total Cost of Items Directly Associated with the Project 1,149.00$      

Infrastructure Costs of New Items that Contribute to the Project:

OnBase Imaging System 29,180.00$    (16)
Maintenance Agreement for OnBase Imaging System 15,000.00      (16)
SNAP Server 4,200.00        (16)

Total Infrastructure Cost of New Items that Contribute to the Project 48,380.00$    

* The cost for Web Page Hosting is for four years.  It is estimated that this web application will 
be replaced in approximately four years by features of a new financial system (7).

 
 

Figure 18.  Budget for PIPES project 
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7.  Deliverables 
 
1. The Purchase order, Invoice and Payment Enquiry System simplifies the retrieval of 

information pertaining to purchase orders. 
 
2. PIPES has a Web interface that does the following: 
 

a) Brings together CUFS data associated with a purchase order number from the 
MPPH/MPPL, OPPH, OPPC, OPPL, and OVIH tables as well as the Current 
and Closed Ledgers 

 
b) Allows the user to select an invoice transaction and then click a button or 

hyperlink that brings up an image of the selected invoice 
 

c) Allows the user to look up purchase order numbers by account (e.g., FUND-
AREA-ORGN). 

 
3. The Web interface has the following hardware and software specifications: 
 

a) It is developed using ADO.NET, ASP.NET, and VB.NET technology. 
 
b) It is hosted on the UC Web Server. 

 
c) It connects to the SQL Server, running version 7.0, in Financial Systems for 

its data content. 
 

d) It connects to the Internet Information Server, running on Financial Systems’ 
SQL Server, for the image retrieval.  The images are actually stored on a 
SNAP Server in Financial Systems. 

 
4. PIPES has an automated feature, a VB.NET Windows interface program, that sends 

an e-mail to designated users, notifying them that the Accounts Payable Office has 
received and processed a referenced invoice.  Additionally, the e-mail contains a link 
to the document images of the referenced invoice.  When the user clicks the link, the 
document images are pulled into a browser where the user can view and print the 
documents.  The image retrieval is handled by a system outside of PIPES. 

 
5. PIPES has a VB.NET Windows interface for the management of the e-mail 

notifications and the administration of the e-mail contacts identified for the 
notification.  This interface allows certain Accounts Payable employees to do the 
following: 

 
a) Add a new contact 

 
b) Edit an existing contact 
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c) Delete a contact 
 

d) Search for a contact 
 

e) Modify elements (To, From, Cc, Bcc, Subject, Introduction/Greeting, Closing) 
of the e-mail notification content 

 
f) Verify counts of e-mails and invoices that were sent 

 
g) Look up invoices that were sent for a particular calendar month, Responsible 

Organization, or purchase order 
 

h) Manage problems with invoices that are pending e-mail notifications because 
a contact record does not exist or because an invalid EP reference number was 
entered into CUFS 

 
i) Resend e-mail notifications for invoices where the e-mail was returned 

undeliverable due to an invalid e-mail address. 
 
8. Testing Plan and Procedures 
 
 Testing was conducted by participants from three different areas.  Those areas are 

the Accounts Payable Office, users from various departmental business units, and 

Financial Systems.  Testing focused on three components:  the VB.NET Windows 

interface for the automated feature, the VB.NET Windows interface for the e-mail 

contacts administration and management of the notifications, and the Web interface.  A 

set of tests was defined by Financial Systems for each area.  The areas testing each 

component were the following: 

• VB.NET Windows Application Interface:  Accounts Payable Office, Financial 

Systems 

• E-mail Notification Feature:   Accounts Payable Office, Departmental Business 
Unit, Financial Systems 

 
• Web Interface:  Accounts Payable Office, Departmental Business Unit, Financial 

Systems. 
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8.1 E-mail Notification Feature 
 

1. Did you receive an e-mail notifying you of an invoice? 
 

2. Does the body of the e-mail contain a hyperlink? 
 

3. Does the hyperlink in the body of the e-mail open an Internet browser window 
and display images of the referenced invoice documents? 
• Click on the hyperlink. 

 
4. When the e-mail notification feature is scheduled to run, did any participants 

receive an e-mail?  (Question for Financial Systems only) 
 

5. The invoices referenced in the e-mails sent, were they the ones that you expected?  
(Question for Financial Systems only) 
• Identify what invoices should be included in the e-mail notification run 

through SQL queries. 
 
8.2 VB.NET Windows Application Interface 
 
Below are some of the tests that were performed by the Applications Analyst in Financial 
Systems and the Assistant Director of Accounts Payable.  Each screen had its own set of 
tests. 
 

1. When you open the interface for E-mail Contacts Administration, does the 
administration form display properly? 
• Click on the icon that opens this interface. 

 
2. Do contacts appear in the datagrid? 

• Navigate to the Contacts screens. 
 

3. When you click the combo-box, does a drop-down list of Responsible 
Organization codes and department names appear? 
• Click on the down-arrow of the combo-box and a select a Responsible 

Organization code. 
 

4. When you select a Responsible Organization code, are you able to bring up the 
contact information? 
• After selecting a Responsible Organization code, click the down arrow on 

your keyboard. 
 

5. Are you able to modify the contact information? 
• After retrieving the contact information for an existing contact, change the 

values in the datagrid row of the contact and click Save. 
 

6. Are you able to add a new contact? 
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• Click the “Add New Contact” button and complete the textboxes of contact 
information.  Confirm that the contact was added by clicking on the combo-
box and retrieving the information for the contact that was just added. 

 
7. Are you able to delete a contact? 

• Select a contact in the datagrid and then click on the “Delete” button. 
 

8. When you clicked the “Delete” button, did a message appear indicating how 
many records were deleted? 

 
8.3 Web Interface 
 

Please see Appendix B for a sample copy of the Web interface’s testing procedures 
form that was completed by one of departmental users. 

 
1. Does the link to the Home page of the Web interface appear on the Controller’s 

“Query Page”?  
• Open up Internet Explorer and navigate to the Controller’s “Query Page”. 

 
2. Does the link connect to the Home page and is the Home page displayed properly? 

• Click on the link. 
 

3. Does the PO number textbox accept input? 
• Type a valid PO number into the textbox. 

 
4. After clicking the Get PO Information button, does the Purchase Order, Invoice 

and Payment Information page appear with correct data? 
• Click the Get PO Information button and compare the information on the page 

with the information on CUFS. 
 

5. Does a message, indicating that the PO was not found, appear if you search for an 
invalid PO number? 
• Type an invalid PO number into the textbox on the Home page, and click the 

Get PO Information button. 
 

6. Does the navigation button that goes to the Purchase Order Lookup page from the 
Home page work? 
• Click on the navigation button that takes you to the page. 

 
7. On the Purchase Order, Invoice and Payment Information page, do hyperlinks 

appear for the invoices listed in the payment section? 
• Identify a PO that has invoice activity, enter the number in the Home page 

textbox and click the Get PO Information button.  Look for invoices in the 
payment section and confirm that a hyperlink appears. 

 
8. Does the hyperlink work? 
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• Click the hyperlink.  Another browser window should open and the invoice 
images should appear.  Test the functionality of the controls for viewing the 
images. 

 
9. Do the navigation buttons that return the user to the Home page work? 

• Click on the navigation button from both the Purchase Order Lookup page 
and the Purchase Order, Invoice and Payment Information page. 

 
9. Proof of Design 

Design, development, and implementation of PIPES occurred in two phases.  The 

first phase involved the design, development and implementation of the Web interface.  

This phase took approximately five months and included the redesign of the Controller 

Web queries, using ASP.NET.  In the second phase, I designed, developed, and 

implemented the e-mail notification feature.  Parts of this phase were begun during the 

first phase; however the bulk of it happened after the first phase was completed.  The 

second phase took around eight months. 

During the first phase, the Web interface of the Purchase order, Invoice and 

Payment Enquiry System was made available last August to a test group of 13 

departmental users.  For a period of two weeks, the test group was asked to evaluate the 

Web interface and respond to a set of questions.  Please see Appendix B for a sample 

copy of the Web interface’s testing procedures form that was completed by one of test 

group participants.  Everyone reacted positively to the interface.   I made several 

modifications to improve its design and content based on suggestions and comments 

made by some of the group members.  Although the Web interface was actually put into a 

production environment as early as July 2003, University-wide access did not happen 

until January 2004; the Controller’s Office did not want it made available to the entire 

University business community until after the purchase of additional licenses of the 
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OnBase Imaging System.  It took approximately five months to purchase those additional 

licenses.   Since being made widely available, PIPES Web interface has been very well 

received throughout the University.   In February 2004, Sally Roetker, Business Services 

Officer in Parking Services, wrote the following about PIPES to Larry Caras, Director of 

Accounts Payable: “Thank you so much for the wonderful PIPES website. I love it!  It 

works very well and makes CUFS so much easier to use” (12). 

 During the second phase, while the additional licenses for OnBase imaging 

system were being purchased, I did most of the development and realization work for the 

e-mail notification feature.  I first started on the automated process that sends the e-mails 

out because I felt that conquering this aspect of the feature was critical to its success.  

Fortunately, I found some VB.NET code on Microsoft’s MSDN Website to help me 

develop this process very early on (10). 

Determining exactly what data to use and how to use it was the next thing that I 

tackled after figuring out the automate e-mail process.  I worked closely with Larry Caras, 

the Director of Accounts Payable, on this part of the project.  One of the things that we 

had to decide was what piece of data in CUFS could be used to determine where the 

notification for a vendor invoice should be sent.  Since the vendor invoices, ones 

requiring e-mail notification, are associated with a purchase order on the OPPH (Open 

Purchase Order Header) table in CUFS, we finally determined that the Responsible 

Organization (RespOrg) code on this table was the best piece of data to use.  Even in the 

OPPH table, that code is also associated with a Responsible Person.  We could then use 

the RespOrg code as the primary key upon which to build the table of contacts.  I 

therefore created a SQL table that consists simply of the following four fields: RespOrg, 
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FirstName, LastName, and EmailAddress; this table is called Pipes_EmailContacts.  

While the FirstName and LastName fields are intended for a primary departmental 

contact’s name, the EmailAddress field can hold more than one e-mail address.  Larry 

Caras decided for management purposes, however, that a RespOrg could have no more 

than two e-mail addresses.  He did not want to create the extra work of 

maintaining/updating e-mail addresses for more than two recipients. 

Another challenge associated with the data concerned the vendor invoice data 

itself.  For the Web interface, I built the OVIH_PLUS table.  This table originally was 

based only on the OVIH (Open Vendor Invoice Header) table in CUFS with an added 

field to indicate the date when a document was stored in the OnBase imaging system.  I 

quickly learned that the OVIH_PLUS had to be re-engineered to serve the needs of the e-

mail notification feature.  One of the problems with the OVIH table in CUFS is that it is 

purged on a monthly basis; over time, it therefore allows for the duplicate use of its key 

fields; this would have eventually caused problems for OVIH_PLUS, which is not purged 

(1).  For this reason and also for SQL performance reasons, I made the purchase order 

number a part of OVIH_PLUS’s key field.   To further improve performance of various 

SQL stored procedures, I made the RespOrg a part of the OVIH_PLUS table.  In a 

previous design, the RespOrg had to be obtained from the OPPH table through a join with 

the OVIL (Open Vendor Invoice Line) table, which contains the purchase order number 

in its REFTRNSCOD field; this join performed poorly and negatively affected the 

automated e-mail process.  

I also added the InvCopySent and DateInvCopySent fields to the OVIH_PLUS 

table to facilitate the automated e-mail process and its administration.  The InvCopySent 
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field can have four integer values: 0, 1, 2, and 3; it is initially set to 0 when the record is 

added to the table.  1, 2, and 3 have the following meanings respectively: No (Not 

Necessary), Not Yet (Pending), and Yes.  Eventually, I defined the nightly process below 

for the e-mail notification feature: 

1. Append records to OVIH_PLUS based on the OVIH download from 
CUFS. 

 
2. Update records on OVIH_PLUS based on the OVIH & OPPH downloads 

from CUFS. 
 

3. Test for the existence of the EP number in OnBase.  If newly added, 
update the DocDatestored field in OVIH_PLUS. 

 
4. Set the InvCopySent field to 2 for invoices where notification is necessary. 

 
5. Set the InvCopySent field to 1 for invoices where notification is not 

necessary. 
 

6. Send e-mail notification for invoices where: the DocDatestored field has a 
valid date, and the InvCopySent field in OVIH_PLUS has a value of 2. 

 
While developing this process, I realized that the Accounts Payable staff would need 

some verification of the number of invoices and e-mails that were being sent each day 

and a way to manage certain problems that may occur in the notification process.  I 

developed the E-mail Verify and Pending E-mail screens for these purposes.  The fields 

that I added to OVIH_PLUS all helped to provide the necessary data and functionality to 

these screens. 

 After the additional licenses for OnBase were installed, we were given approval 

to proceed with making the Web interface widely available to the University community 

and to push ahead with the e-mail notification feature.  For the announcement of the Web 

interface and e-mail notification feature, a letter and form were sent out with the monthly 

financial packets.  In the letter, we asked departments to identify their Responsible 
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Organization codes, designating a contact for each code along with an e-mail address, 

and to return the completed form to the Accounts Payable Office.  Please see Appendix C 

for a copy of the announcement that went out with the monthly financial packets.   

At about the same time of the announcement, Larry Caras and I met with Pete 

Pfefferkorn, Senior Systems Engineer in charge of the Exchange Server, to discuss the 

best way for Accounts Payable to handle the PIPES e-mails.  Mr. Pfefferkorn 

recommended that we set up a separate Exchange account for PIPES and then give the 

appropriate staff in Accounts Payable delegate access to that e-mail account (11).  This 

account was set up in early February to facilitate testing.  This account helps the PIPES 

E-mail Contact administrators in Accounts Payable centrally handle the e-mail 

notifications, especially when undeliverable notices result from a bad e-mail address in 

the Contacts table.  We are also currently blind copying this e-mail account with the e-

mail notifications as added verification of what is sent; since the E-mail Notification 

program runs outside of the e-mail server, the notifications do not show up in a Sent 

Items folder of the e-mail account. 

 Shortly after sending out the announcement and form for the PIPES e-mail 

notification feature, I implemented the first iteration of the PIPES E-mail Contacts 

Administration interface so that Accounts Payable could begin updating the contacts 

information in the Pipes_EmailContacts table as soon as forms were returned.  Based on 

information in CUFS OPPH table, I was able to populate the Pipes_EmailContacts table 

with records for the Responsible Organizations currently processing vendor invoices.  I 

set the interface up for the Pat Swanson, Assistant Director of Accounts Payable, and 

trained her on how to use it.  While Pat was adding/updating contacts from the returned 
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forms in February and early March, I worked on completing the E-mail Verify and 

Pending E-mail screens.  As soon as we received enough of the forms back and had 

contact information for 95% of the Responsible Organizations in our table, we decided to 

fully implement the PIPES E-mail Notification on March 15, 2004.  We also made the 

decision to continue mailing paper copies of vendor invoices until the end of March or 

until the e-mail notification feature was functioning successfully.  I am happy to say that 

Accounts Payable was able to stop mailing paper copies of vendor invoices on April 1, 

2004! 

10. Conclusions and Recommendations 

 I first recognized the need for something like PIPES from answering calls from 

users on the CUFS Hotline.  It was a difficult task explaining to users, especially new 

ones, how to navigate online CUFS and put together just a part of the information found 

with PIPES.  Pulling data from a SQL Server warehouse of CUFS information, the Web 

interface, built with ASP.NET and VB.NET technology, provides more historical and 

concise information than is available through online CUFS; in fact, it brings together 

information associated with purchase orders from approximately eight different CUFS 

sources.  This information is consolidated into a logical and easy-to-read manner and 

greatly enhanced by linking the invoice numbers to the images of the invoice documents 

in the OnBase system.  I also improved access to this information by including a Web 

page that allows departmental users to conveniently and quickly look up purchase orders 

by account number.  With Microsoft’s VB.NET technology, I further extended and 

enhanced PIPES’ capabilities by replacing the Accounts Payable Office’s manual system 

of mailing paper copies of vendor invoices to departments with an automated e-mail 
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notification system that is easy to manage.  The project met all deliverables of the Design 

Freeze and, in several aspects, exceeded its deliverables.  I performed testing in all phases 

to ensure the success of the product. 

 Although PIPES has proven to work well and appears to be a success, I would 

like to improve, given the time, some of its features and functionality.  I have already 

received some good suggestions from users for improving PIPES.  Someone pointed out, 

for example, that the purchase order summary information does not show the Responsible 

Person or requestor.  Another user asked if a search criterion by date could be added to 

the Purchase Order Lookup page to limit the number of purchase orders listed for an 

account.  Senior Systems Engineer in charge of the Exchange Server Senior Systems 

Engineer in charge of the Exchange Server One thing that I am not completely satisfied 

with in the E-mail Contacts Administration interface is the feature that allows the 

administrator to resend an e-mail notification.  In order to avoid more coding and testing, 

I came up with a quick-and-dirty solution to provide this feature; as a result, it takes a bit 

longer to run than I care for.  I would also like to improve that feature by giving the 

administrator the ability to specify the e-mail address to which the notification is resent. 

 At this point in time, I probably will not be making any modifications to PIPES 

because the current financial system, CUFS, is expected to be replaced on July 1, 2005 

with SAP Financials.  One of best complements and recommendations for PIPES that I 

have received is that users want something like it to exist in the new financial system.  

Larry Caras wrote the following to me recently: 

Chris, as I sit in the SAP workshops I am just inundated with positive comments 

about the functionality of PIPES.  Our user community could not be more pleased 
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with this very useful and intuitive interface that you've designed.  I, too, have 

heard comments much like the following, "I hope that functionality exists in SAP 

that is as easy to use and interpret as the functionality in PIPES" (2). 

PIPES will thus hopefully serve as a model for some of the related configuration of SAP 

Financials and the kind of functionality that users expect in the new financial system. 
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Appendix A. 

 
Figure 19.  Example of a TCP3270 screen and a CUFS table 

This particular table is usually the starting point for researching a question about an 
invoice.  The DXRF in TABLEID stands for “Document Cross Reference” (17). 
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Appendix B. 

Sample Copy of Testing Procedures for Web Interface 

 

Figure 20. Page 1 of Web interface’s testing procedures 
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Figure 21. Page 2 of Web interface’s testing procedures 
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Figure 22. Page 3 of Web interface’s testing procedures 
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Appendix C. 

PIPES Announcement 

TO:  Departmental Users 
 
FR:  Larry Caras 
        Accounts Payable Office 
 
RE:  Announcement of PIPES    January 2004 
 
For the last several months we’ve been working on a Web interface that brings together consolidated purchase order, 
invoice and payment information in one location.  We have named this Web interface PIPES (Purchase Order, Invoice, 
Payment Enquiry System).  The link to PIPES is http://www.uc.edu/controller/queries/pipeshome.aspx.  You will also 
find this link on the Controller’s Financial Data Queries page.  I hope you can find time to take a look at and start using 
this interface as soon as possible.  A description of PIPES is on the front page of the interface.  I believe you will find 
that once you start tracking your purchase orders you will see that the interface is an easy tool to use.  Please note that 
another feature of this interface is a link to your invoice images that you are able to view and print at your workstation.   
 
As we begin to unroll the PIPES interface, we also are finishing the design portion of the PIPES feature that enables 
Accounts Payable to stop mailing invoice copies to departments; instead, PIPES will send an e-mail notification with a 
link to invoices as they become imaged.  These e-mails will contain groups of links that are controlled by what is 
imaged by work day or batch.  To that end, we will need you to complete the bottom section of this e-mail and return it.  
Please bear in mind that we prefer to send one e-mail notification to one unique user per CUFS organization, however, 
we will accept two names per organization.  So be sure to indicate the e-mail addresses of individuals who will be 
responsible for disseminating this important information on a daily basis. 
 
I hope you can begin to use the PIPES interface.  For questions or general assistance, please call Patricia Swanson at 
556-6772 or Christopher Huff at 556-1159.  Please also be sure to complete the bottom section of this memo and return 
it per the instructions indicated.  For those of you working with multiple CUFS organizations, please make copies of 
the tear sheet and complete one form for each organization.   
 
Thank you! 
 
 
 
To:  Pat Swanson (MAIL LOCATION 0333) Date:___________________________ 
 
Fr:  __________________________________ CUFS Org:________________________ 
 
 
1) Name of individual owning e-mail address:_______________________________________ 
 
                    E-mail address:____________________________________________________ 
 
2) Name of individual owning e-mail address:_______________________________________ 
 

         E-mail address:____________________________________________________  

Figure 23. PIPES announcement
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Appendix D. 

PIPES SQL Server Database Tables, Datasources and Queries 
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