Part 2 Introduction to Structured Programming

Chapter 7 - The Basics of Files and Databases
 

In this chapter, you will learn how to:

 

· Define a file and recognize terms and concepts associated with file processing. 

· Define a database and recognize terms and concepts associated with record processing. 

· Differentiate between reading and writing to files and databases. 

· Define XML and recognize terms and concepts associated with file processing. 

· Define Structure Query Language (SQL) and describe its importance to database processing. 

· Describe and apply file management processes of add, change and delete. 

 

Adding data persistence to programs

 

So far we have spent a great deal of time focusing on programming logic. Although logic is at the foundation of any program, there has been one component of programming that has been suspiciously absent so far. The logic and programs we have created so far all had one thing in common. None of the programs created have supported reading and writing to a disk file (secondary storage). Disk drives comprise the primary means of supporting secondary storage and providing our programs with program persistence. Data persistence is a term used to define the ability of programs to save data and return to it and reload that data at later date when the program is run again.

 

Data persistence: Data persistence allows programs to write program data to secondary storage only to be retrieved at a later session. For example, a mailing list program would need to be able to add, change and delete mailing label data to a file so that the mail labels could be printed every time the program was executed.

 

Take the case of arrays. An array is a very useful data structure for manipulating a large number of data values. The problem is an array is built in memory and when the program finishes, the memory locations are released back to the operating system and the data is lost. Most applications that you will develop will probably read in data saved from a previous session and write that data to a secondary storage device when the program completes. In this chapter, we will discuss many forms of data persistence. We will cover sequential data files which have historically been used to capture character data. We will cover database files that have become the preferred mechanism for storing organizational data. We will also take a look at new technologies like XML which are establishing itself as the standard for using data from desktop applications to Internet applications. .

 

Logic Tip: When programming we make a distinction between data and information. Although they are used synonymously, data is the raw material and information is the finished product. Data (numbers, characters, text) is transformed by program logic into information. To use a familiar example, a paycheck, net pay and gross pay are information and the payee, hours, pay rate are the data used to calculate the information.

Secondary storage device: a secondary storage device is computer hardware that works with storage media to read and write data. Examples of secondary storage devices would be a hard drive, a floppy drive or a read / write CD-ROM.

Sequential data files: sequential data files hold records of character data which can be viewed using a text editor. These data files can consist of free formatted text or formatted text were columns of data are lined up by their column position to form fields.

 

 

Database files: Database files are maintained by database management software to hold data that is maintained by the database management software. Data security and accuracy are managed by the database management system.

XML: XML is a standardized scripting language used to define the format and values of data stored in a text file. XML is a popular format for use in Internet applications due to its ability to move freely from client to server.

 

Fun-damentals

 

On closer inspection of the table of contents, you’ll find many of the topics in this wiki concentrate on fundamental knowledge of many programming topics. This chapter is no different and will provide basic information and knowledge regarding file and database processing. Perhaps this chapter more than any of the others in the wiki will cover a wide range of topics but only on the surface level. The storage and retrieval of data is such a critical part of information processing there are countless strategies and technologies to contend with. We will be unable to study storage and retrieval in a comprehensive fashion. We will give you enough to understand how to provide file maintenance operations from your programs.

 

History of Data Processing - Transactions Processing

 

Programmers have been using data files as part of their application programs for almost as long as there has been programming languages. Traditionally, computer programs were created for what was called back office operations. Back office operations are business applications which are typically involved with the processing of large numbers of transactions against the master file. Back office applications include applications like payroll, order entry, general ledger, accounts receivable and accounts payable. The reason that these applications were so successful is because the speed of the computer to accumulate and manipulate transaction data. File processing also greatly improved these business processes are providing an inexpensive easy way to store large amounts of data. There are stories of some of the larger insurance companies literally running out of building space trying to store the paper records necessary to service their customer accounts. The speed in which the transactions can be calculated and the ease and which they could be stored on file systems represented the first real benefits offered by computers to business.

 

Back office applications: Back office applications are a type of business application that includes the electronic record keeping of business transactions. Back office applications include general ledger, payroll, accounts receivable, accounts payable and order entry to name a few.

 

 

File Processing Fundamentals

 

For most of us who are familiar with personal computers, file processing fundamentals will sound familiar. With the popularity and the extensive use of personal computers, we all have experience accessing files from floppy diskettes, hard drives and CD ROMs. If you are new to computers, then it is important that you spend time on your computer learning about the utilities provided by the operating system to manage files. For the Windows operating system, Windows Explorer is a file management utility included with the operating system and very important in copying, deleting and renaming files. It is important how ever to keep in mind that all files are not the same and files come in many formats. We will start with an explanation of terminology and coverage of some of the popular file formats. We hope to broaden your understanding of files and give you a better appreciation of how files are used in programming.

 

What is a File Processing Utility?

 

Microsoft Windows is the most popular operating system for desk top computers so we should start there when discussing file management utilities. For moving, copying and deleting files, Windows Explorer and My Computer are two utilities that will help you manage files. This utilities offer alternatives to the command based file management commands used in the predecessor of Windows, Microsoft DOS. You should have experience with both of these tools but if you are new to computers spend some time going through the toolbar and pull down menus to understand some of the file management options available with Windows Explorer.

 

File Terminology Reviewed

 

As a programmer, it is important that you understand the jargon and technical language associated with computers in general and for file processing specifically. For most students, learning computer jargon is probably the most frustrating part of taking a computer class. The textbook, the teacher, and some of the students use words which are obviously connected to the computer topic being covered but sometimes represent concepts which don’t exist in everyday vocabulary. As much as I would like to say that learning computer jargon is not part of learning how to be an effective computer programmer, this is not the case. You will find that learning new terms and concepts is a life long exercise if you choose a career in computers. Technology changes at an exponential rate and with each change in technology, new words and acronyms are created to explain the features and functions of that technology. In the spirit of becoming more informed about file processing jargon, I will review many of the terms used by programmers when developing applications that involve reading and writing to files.

 

· File system - when we talk about a file system, we could define it in terms of an index card box filled with index cards. As described in earlier chapters, this would be a manual file system but still a file system. A file system is a technique of storing and retrieving data in a systematic repeatable fashion. In a computer file system, the operating system determines how files are stored, what constitutes valid naming conventions and how files are kept secure. The operating system can actually perform many more functions with files but we’ll start with this short list. 

· File - a file is a collection of related data typically organized as records. This data (stored on the secondary storage medium as bits and bytes) can represent raw data (i.e. payroll information) instructions to an operating system (i.e. a compiled application program) or any data or information that needs to be stored and then retrieved at a later date. A file has a name which is governed by the operating system naming rules and optionally has a file extension which also helps to classify the type of file. 

· File Extension - The file extension is typically used to identify the file. The file extension is implemented as a three character suffix after the dot(.) at the end of the file name and helps to indicate the type of file it is. Text files are typically designated with the .TXT extension. File extensions are standardized with some products (i.e. .XLS is the file extension for a Microsoft Excel spreadsheet file). 

· File Folder - a file folder works the much the same with files as a Manila folder works with paper. A file folder is a container that holds other files and helps to better organize files by placing related files in the same folder. With the newer operating systems, it’s very easy to accumulate thousands of difference files in a very short period of time. The last time I did a full virus scan on my home PC, it scanned over 400,000 files on my hard disk. Without folders and sub-folders (folders inside folders) to organize secondary storage, finding files on a computer could be a very time consuming process. 

· Record - A record is a standard unit of measure of transaction file processing. It represents a block of information about an entity. The entity could be a product, an employee, or customer. Within the record contains fields each of which holds a particular data attribute related to that entity. 

· Data field - a data field represents a particular item or data attribute of an entity or record. In a record holding customer information, a data field might represent that customer’s name or perhaps the amount of sales conducted with that customer. 

· Character - a character represents the smallest unit of measure in regards to file processing. A character is a single letter or number which is found in the data field. 
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Figure 1: File Hierarchy

 

 

Status Check
What is a traditional application for transaction file processing?
Using the file hierarchy, list the largest to smallest element of of a file (hint - file is at the top)?
 

Introduction to File Maintenance

 

Whether you’re working with the file (or database) you have three basic file maintenance operations at your disposal. You may insert information to a file. You may update or change information in a file or you may delete data from the file.

 

File maintenance: File maintenance is defined as the add, change and delete operations performed on data. These operations are performed by traditional file systems and database management systems.

 

 

Add, Change, Delete Concepts

 

Given the importance of file maintenance operations, it’s appropriate that we review each of the operations individually.

 

 

The add operation (sometimes called insert or append) allows us to place new data in our file. Depending on the file system (file system versus database file system), the addition of new data is typically placed after any existing data or at the end of the file. Add a new customer record is an example of an add operation. The update operation allows you to take existing data within the text file or database and modify or change that data. Updating a customer record with changed address information is an example of an update operation. The delete operation allows you to remove data already present in a text file or database. Like most things in life, everything sooner or later loses its usefulness. Old and infrequently accessed data may slow down the performance of the entire system.

 

You can look at data deletion as like cleaning out the garage. At some point, the garage become so cluttered that becomes difficult to find the things that we really use. The removal of a customer record for a customer who has not done business with you organization over an extended period of time is an example of a delete operation.

 

Related Subject: Should you ever delete? - There is certainly a school of thought that would promote the concept of never deleting data. Some of the rationale around this is partly based on the belief that even deleted data has value for historical analysis and partly based on the fact that the price of secondary storage (i.e. disk drives) is so low that retention of company data provides a greater benefit than the cost. Another important concern in favor of keeping data might be a business reporting requirement mandated by Federal or State regulatory law.

 

Sequential File Processing Defined

 

Sequential file processing (also called sequential text file processing) represents the most primitive form a file management and also the oldest. Long before relational database management systems and object based databases, businesses efficiently and effectively used sequential text files to hold customer information and process that information as part of back office business operations.

 

Programming Tip: The term sequential file processing comes from the fact that this kind of processing reads record by record through out the file processing each record and its set of fields individually. Processing in sequence, one record after another. Thus we get the term sequential processing.

 

Typically, most of these back office transaction based systems used two types of files to maintain business information. The first file type was a master file that represented more permanent data. Master files also include summarized data from transaction files. A customer file that contained the customer name, address, phone, along with current balance data is an example of a master file. This file would contain all critical customer data along with data fields which capture updated information on current balance, last payment data and last purchase date. The master file also typically contains a unique identifier like a customer ID that allows another type of file called a transaction file to link to the master and update it with transaction (detail) data.

 

Master file: A special kind of file that contains accumulated transaction data. Master file data represents more permanent data. Traditionally found in environment that processed text files, it can also describe data stored in a database table.

 

The second file used in back office processing is called a transaction file and holds detail data about the customer’s transactions on a monthly basis. The transaction detail contains charges and payments. As a company, you might set up your transaction processing such that a transaction file included all payments and charges by all customers for a particular month. At the end of the month when billing needed to take place, you would run the transaction file against the master file adding and subtracting charges and payments so that the master file now reflected the processing of this months transactions.

 

Transaction File: transaction files hold the detail records of the business. A customer credit card charge or payment would represent a transaction. Transaction file records are typically summarized and then used to update master records.

 

Using transaction files to collect detail transaction data and a master file to hold accumulated data provides an excellent audit trail to ensure the data is accurate. The audit trail also provides the ability to research problems through a transaction history to find and fix any problems. Data safety and accuracy was especially important to companies using computers for the first time and in the sixties and seventies when companies were just starting to use computers for record keeping.

 

Background Information: What should I call a text file? - When working with sequential text files you have to be aware that there are several terms that all describe the same thing. A sequential text file can go by the name of text file, by the name of flat file and by the name of sequential file. When a text file contains program source code, you might also hear the term script file, source code file or macro file. Unfortunately, there is no one term to describe a sequential text file so you’ll need to prepare to hear any one of these terms. One characteristic of a sequential file which should be a constant is that all sequential files contain a series of records that are placed one after another in the file.
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Figure 2: Files found on your PC
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Figure 3: File naming conventions

 

Today, sequential processing is still an important part of new programmer’s instruction. Many corporations have moved away from traditional sequential file based processing in favor of database management systems which processed records randomly and not sequentially. However, sequential styles still show up in many desktop applications so program data to be saved in reloaded. One common technique is loading configuration information at program startup and saving configuration information on program closure. For example, your program may be robust enough to allow the end user to set colors, graphics or icons as part of their application session. To make this functional, you would need to save this information from session to session so that the next time the user sits down and uses your program all of the settings he had saved in a previous session would reload automatically. This is an excellent example of writing and reading from a sequential file.

 

 

Programming Tip: Random processing of a file or database does not process records in the order they are saved but instead can access records in a random fashion across the secondary storage. If you are not updating large blocks of records next to one another, random access can provide a better performing solution than sequential processing. Random access is typically facilitated by a key field that is unique in the file.

 

Sequential text file processing remains an important technique when there’s only a small amount of information which needs to be manipulated. The overhead and time required to set up a database may create a scenario where sequential text based processing is the more effective and efficient solution.

 

Although not used as much today as it was a few years ago, sequential files can also be an effective way of moving data from one program to another. For example, you may have a Microsoft Excel spreadsheet that you wish to move into another software application as input. If you save the spreadsheet as a text file, a program could be written to use that text file as input. By being able to read this sequential file, you have a mechanism for getting information from one program to another.

Record Processing

 

Since both master files and transaction files typically consist of many records, program logic must be developed to read records sequentially starting with the first record and ending at the last record. This process is called record processing. Fortunately, a repetition structure, which we have covered in a previous chapter, works very well and allowing us to move sequentially record by record through our file. In its simplest form, this record processing can be accomplished by creating a Boolean expression within a while loop that simply test the existence of any more records to process. If the field tests as empty and containing no data, then that last read operation was unable to retrieve data from the record and therefore left the variable empty. Many programming languages have built in functions to assist the programmer in determining when they should no longer try to read from a data file. These built in functions are typically placed inside the Boolean expression and will return a true or false value based on evidence of additional records to process.

 

 

Record Processing: Whether you are in a text file or a database table, there will be occasions when you will have to process a number of records in one session. You will be required to add record processing logic that will consist of a repetition structure that loops through the records one at a time until all records are processed or until you reach the end of the file/table. This programming activity is called record processing.

Programming Tip: Files and records may be different but the logic/programming pattern using repetition structures to read and process data record by record is used by programmers over and over again.

 

Reading and Writing to Text Files

 

All of us had our first exposure to reading and writing as elementary grade students. We’re going to revisit reading and writing from a different perspective. When working with secondary storage, there are actually two kinds of activities that can take place. We can read information from those devices or we can write information to those devices. Usually we do both or what is called read-write access.

Read: When we retrieve data from a file/database in secondary storage we call this activity a read.

 

 

Write: When we save data to a file/database in secondary storage we call this activity a write. Example: Reading from a Sequential File

 

Just as with other programs we have created so far, the approached used in developing sequential file applications follows the same process. We will start with a plan, then do some fact finding to understand the requirements. We will then designed our solution first with a logic model and then with the actual coding of the logic model itself. We will have a new step that requires us to use a text editor to design and populate a text file with actual data. We will conclude by testing the application to ensure that it is free of run-time and logic errors and then finally roll out the solution into production fully documented with users trained. We will demonstrate a simple file processing application that reads and writes from a file. With this, you’ll see pseudo code patterns emerge that use the control structures covered in previous chapters.

 

Text file record processing in pseudo code

 

Below I have enclosed a sample snippet of pseudo code that demonstrates how a repetition structure moves through a file a record at a time to read field data into variables that can be manipulated in the program and then saved back to the file in a write operation.

 

open myInFile for Input
open myOutFile for Output
while name not equal to blank



prodID equals myInFile(1-10)


prodName equals myInFile (11-20)


ProdCost equals myInFile (31-10)


prodCost equals prodCost times 1.1


myOutFile write prodID, prodName, prodCost


close myInFile

close myOutFile

- The file is opened. A file may be opened for Input, Output or Append. Append would add records to the end of an existing file where as Output would create a new file or overwrite an existing file.

 

- Text file fields are stored into variables to allow the program to modify record values.

 

- prodCost is increased by 10 per cent

 

- the variables are written to myOutFile

 

- All files are closed.

 

Pseudo Code of Read and Write Operation

 

Here is a file read operation along in pseudo-code needed to implement a program and test it. Before we can model the logic, we must have some idea what the record layout looks like. Below I have opened a file with Microsoft Notepad so we can see the record layout. This particular file includes four fields in a classic sequential text file. You need to position the cursor in Notepad to see where each field starts and stops. This information will be needed when we read each record field into variables (which will represent each data field in the record). For this file, the name field starts in character position one and extends for twenty characters. The second field contains street information and starts in column position 21 and is also twenty characters in length. The third field is city and it starts in character position 41 and again is twenty characters in length. Finally we have state code data field for two positions that start and character position 61.

 

 

Record layout: the record layout identifies the column positions of each field in the text file. The layout shows the starting column position and the length of each field.

 

Gary Marrer 2 Main street Anytown AZ

John Doe 4 Apple Ave Glendale AZ

Jane Doe 4 Apple Ave Glendale AZ

Bob Day 334 Apple Lane Glendale AZ

 

 

Background Information: A text file editor and creating text files - You may have heard the term text editor used in conversation. The term describes a certain type of application program which allows you to open text files and make changes the data contained within that file. For UNIX users, a popular text editor, which has stood test of time, is called VI. For Microsoft windows users, the preeminent text editor has been Microsoft Notepad. All operating systems typically come ship does utility the text editor to allow you to modify text files. The text editor operates much like the editor and the IDE.

 

The pseudo code will need open the file and then read each of the fields from the file before it can print the record. The while loop is used to read all records until no more records are found. A while loop first reads each of the fields of the record, stores the field values into a variable and then prints the variables to the display. If the read takes place and there is no data in the name field the while loop exits knowing that the records had all have been processed. When the while loop is complete the program is finished and all files are closed.

 

start

open myfile

name equals 999

while name not equal to blank


name equals myfile(1-20)


street equals myfile(21-20)


city equals myfile(41-20)


zip equals myfile(61-20)


print name


print address


print city


print state


print zip


close myfile
end

 

Background Information: Text File Types - Comma Separated Values Files - Sequential text files come in many formats. One of the formats which have traditionally been popular with programmers of personal computer applications has been the comma separated file format. When programmers work with data, the data is typically stored in a record and field format. What this means is that each line (record) in the file represents information about a particular entity. Let’s say an entity like a customer. In that line of information, is several values associated with a customer. One value might be their name and the next value might be their address. The field values will each be delimited (or separated) by a comma. Thus the name comma separated file. The arrangement where the comma separated each data field is a specifically useful for breaking out the field data included in the record. See the following example

 

“John Doe”,”1 Main Street”,”Anytown”,”AZ”,123.33, 12

 

Where field1 is name, field2 is street, field3 is city, field4 is state, field5 is price and field6 is quantity.

 

 

Status Check
What actions are included as part of file processing?
What is the difference between reading and writing to a file?
 

Cactus Case Study

 

The cost look up program from the last chapter that was designed using arrays was a success. A decision was made to expand a test to include a larger number of books using persistent data stored in a file that could be altered as new books are added to inventory. After some discussion with the Chavez sisters, a text file was created to hold 30 records containing the data field’s item code; item cost and item name.

 

You must now modify last chapter’s case study application where we hard coded the item values within the array at design time to an application that will read from a data file at runtime. Your new program will read from a file the book values into the array to be searched. You will not be required to write any information to a file for this case study.

 

Since the process steps for designing applications that use data files is identical to the process steps we have identified for previous applications, you must modify your earlier design to include pseudo code that reads a file into an array. Once the pseudo code has been updated and the logic appears to meet the requirements, you must then take the pseudo code and move it over into PYTHON so the application logic can be tested.

 

The following table documents the file layout of the ProductFile

ProductFile Record Layout (only first five records shown)

 

Item Code
Start position 1 for 10 bytes Item Cost

Start position 11 for 10 bytes Item Name

Start position 21 for 30 bytes

 

1001 $23.50 Roadside Wild Flowers of Arizona

09921 $4.90 The PYTHON Quick Reference

23 $15.25 Building a Bird House

13123 $.90 Street Map of Durango Colorado

5544 $4.90 The Best of Practical Jokes Part III

 

Pseudo Code Logic Model

 

Start

call declareVariables()

newWSCost equals wholeSaleCost()

call customerLoyalty()

call customerQty()

Print salesCalcs(WSCost)
End
declareVariables()

markup equals 1.25

handling equals 5

loyaltyBonus equals 0

quantityDiscount equals 0

custCost equals 0
return

customerLoyalty()

Input custLoyalStatus

If custLoyalStatus = true then 


loyaltyBonus equals 1.5 per cent
return

customerQty()

Input Qty

if Qty >=3 then 

quantityDiscount equals 10
return

salesCalcs(newWSCost)

SubTotal equals newWSCost times markup plus handling 

custDiscount equals subTotal times loyaltyBonus less quantityDiscount

custCost = subTotal less custDiscount
return custCost  
wholeSaleCost()

searchVar = 0

foundValue = 0


call loadFile()

Input itemCode

for searchVar = 0 to 5


if itemCodeArray[searchVar] = itemCode then



foundValue equals itemCostArray[searchVar]

return foundValue
return

loadFile()

itemCodeArray[30]

itemCostArray[30]


open ProductFile


for i = 0 to 29 


itemCodeArray[i] = read(10)


itemCostArray[i] = read(10)



buffer = read(21)

next



close ProductFile

- First we open the file ProductFile for input

 

- We now read a record from file and load it into the array.

 

- We close the opened file when complete.

 

Databases Introduced

 

For small and large organizations, databases provide a popular mechanism for storing and retrieving data. Databases offer improvements of data accuracy, data security and speed of access over traditional file systems. Databases also help reduce data redundancy (typically found in traditional file systems) which can also be important in making sure that the data remains accurate.

 

Data bases are still very much an evolving technology but are our most stable and secure alternatives to storing and retrieving data. The first databases were primarily hierarchal and network designs. Most databases used today follow a relational design based on relational algebra. Databases are an enormous topic that far exceed what we can cover in this wiki. At college I teach at, a certification in database technology would require a minimum of five to seven classes over an entire semester dictated specifically to a particular function of databases. The focus in this wiki is on relational databases. Relational databases are by far the most popular and most common and the workplace. Relational databases are designed around principles of relational algebra. What makes a relational database different than other databases is that all data is stored within tables. The tables have rows and columns and if columns. Tables can also be joined (or combined with other tables) to create complex and flexible views of the organizations data.
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Figure 4: Database Overview

 

Traditional File Systems versus Databases

 

In many respects, you might consider databases the next generation of the traditional file system. The traditional file system was developed in the sixties for handling back office applications. Consisting of a series of files holding master and transaction data that when combined can produce reports needed to manage the business. In back office applications, each file works with an application program that coordinates the processing of two or more files. Since it is not easy to bind multiple text files (i.e. combine), one of the weaknesses of traditional file systems has been its propensity to allow for redundant data. What this means is that as application programmers developed new applications they tend to get around this problem of joining text files by putting more and more data in the text file duplicating a significant amount of data. When information exists in more than one file there’s real potential for the files to become unsynchronized (not to mention wasted space from redundant data located in more then one location on disk). Data redundancy is seldom a good thing. One example often used to illustrate this weakness is the problem of record updates. If I have two files that both contain customer address information and I change one of the files but forget to change the other, my files now are different and I have a problem. If the file that didn’t get changed is the billing file, my customer’s invoice no longer goes to the correct address. If I use this address for shipping, they also do not get their order. A very bad situation for business.

 

 

 

Databases are actually applications (also known as database management software or database management system) that control and coordinate maintenance of organizational data. Instead of the programmer being able to directly access files and uncoordinated fashion, a data base environment requires that the programmer work with the database management software. The database management software provides coordinated security that does not exist in traditional file systems.

 

 

 

In addition, when the data in the database is created, the database management software requires a series of rules concerning the data, called constraints, to be defined by the person adding tables to the database. These rules help to ensure that redundancy is minimized and critical unique data is not duplicated. If index or keys have been created to assist the merging of different tables, the database software ensures that the accuracy of the data is not compromised. Whereas sequential files only contain data, a database contains many application programs which sit between the user and the data to ensure that security in accuracy are not compromised.
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Figure 5: A database management system

 

 

Database Management Software (Systems): Is a software application that sits between the user and the data and controls the security and accuracy of data. Popular database management software is Microsoft Access, Oracle, MS SQL Server, IBM DB2 and MySQL. The Database Management Systems (DBMS) act as a layer between the users of data and the actual data.

 

An additional component of database processing that is more difficult to implement in traditional file processing is a two phase commit. A two phase commit allows the user/programmer to send a transaction to the database and optionally back off the change to its original state if the change with cause a data inaccuracy (i.e. two uses or programs trying to access and update the same information at the same time thus having one change negate the other). In most databases, the two phase commit process uses the COMMIT command to commit changes to the database and ROLLBACK when the data change needs to be rolled back to its original value.

 

 

Two Phase Commit - the ability to implement a two phase commit allows the program to verify the integrity of the change before the database is officially updated. The control is necessary for a number of reasons but the most important scenario is when two users (or programs) try to update the same row at the same time. As one is changing the date of birth and the other the address, it is possible for one program to change the date of birth and the other program to update the address (with the old date of birth). With the ROLLBACK option, we could undo the transaction and restore the data back to its original state.

Background Information: What databases do you use? - Everyday, most of us use many databases. Sometimes our use of databases isn’t that obvious. When you go to the ATM machine and you withdraw or deposit money from your account, you’re using an application program which is communicating with a database that is updated when you make your ATM transaction.

 

Maybe you’re working on the job and perhaps taking an order from a customer. The application program which you are running in Microsoft Windows has text boxes and buttons along with menus and toolbars to accept information concerning the order. It is not the Windows application that holds the information you are processing. The application is communicating with a database program and acts as the interface to your data stored in the database. As the person processing the information on the order, you have certain security privileges which have been awarded to you by the table creator. As you fill out the information on the screen and then submit the order for processing, the appropriate tables in the database are modified. Your updates make this information available for other users of the organization to use. Does this sound familiar? If you are a student, do you access systems like this for grades or student information?

 

Database Terms Explained

 

· Table - A table is very similar to the file that we defined earlier in the section of the chapter on sequential file processing. In addition to holding data organized as rows, a table is built using constraints which help to protect the accuracy of the data but prevents unique column data from being duplicated and prevents required column data from being left empty. 

· Row - A row in a database has the same relationship as a record to a file. A row in a database represents information about a particular at entity. A row could reflect entities like a customer or perhaps a product. 

· Column - A column is very similar to a data field in a record. In our traditional sequential file processing, we used the data fields to hold specific information related to each entity. A column holds specific data related to a row or entity. A column might hold the customer name, the customer number and perhaps a current balance of a particular customer. 

· Primary key - As part of ensuring data accuracy within the database, one technique used is to create a primary key table constraint. A primary key is a column which contains information that would uniquely identify each row in the table. Primary keys can not be duplicated in a table. For example, social security number is often used to a uniquely identify an individual. This is because the only one person is allocated one social security number. There are no two people and have the same social security number. A primary key works the same way. If a column has been designated as holding the primary key none of the rows within that table can have that same primary key value. It a user tries to violate this constraint the database would return to the user (or the programmer) a referential integrity error flagging the transaction as invalid. 

· Foreign key - A foreign key is a special column that has a unique relationship with another table’s primary key. For example, we have two tables, one called EMPLOYEE and one called DEPARTMENT. The primary key in the DEPARTMENT table called DEPTNO is related to a foreign key called DEPTNO in the EMPLOYEE table. If someone was to delete a primary key that was the same value as the foreign key in the EMPLOYEE table, the database management system would return an error. The implication of this relationship is that if a user tried to delete a department record and that department number was assigned to an employee in the EMPLOYEE table, the deletion action would be denied by the database because it violated the foreign key programming constraint. Just think about it, if you worked in department and someone try to delete department and from the DEPARTMENT table, it would make your database row and accurate. This is another example of the database enforcing rules to protect the data from inaccurate data. 

· Data View - A data view is unique to relational databases. A view is a virtual table made of several tables in the database. The table appears as if it was a physical table but in fact is the result of merging data from various tables into one virtual table. It is not uncommon for many applications to have to need to extract data from several tables. The view can simplify programming and security by treating the virtual table the same as a physical table. 

 

Background Information: The DBA

 

DBA stands for database administrator. The database administrator has responsibility for creating and maintaining database objects (tables, views, etc.). Additional responsibilities include availability and performance of the database as measured by access time and speed of retrieval. The DBA is a very specialized position that requires a number of years of education and training specifically focusing on databases. A DBA is typically has full security and authorization to completely control the database and assigns access permissions (via database privilege roles) to database users.

 

Status Check
A field to a database is like a column to a table. Explain this relationship.
What will a unique key constraint placed on the phone number column in a database mean to the application programmer?
 

Structure Query Language (SQL)

 

Structured query language or SQL (pronounced SEQUEL) is a procedural programming language specifically designed for use on relational databases. This language allows you to create database tables and other database objects like views. It can also be used perform queries to extract information from one or more tables. You can use SQL to set security and also can be combined with a variety of database functions to perform fairly sophisticated programming. As a relational database user, it is critical that you spend the time learning all but about SQL. SQL is easy to learn and there are many sources on-line available to help you in a learning process. SQL for the most part is standardized but built in database functions vary across database products so you should locate the SQL reference for the database you are using.

 

Most programming languages work hand and hand with SQL. The programming language provides the logic and the SQL facilitates extracting the data from the database management software. It is important if you are working towards a career in programming then knowledge of SQL is important for your success.

 

Structured query language: is a programming language available with relational databases that allow the user to create, update and delete database table information. The language also acts as the interface between the database administrator and database settings allowing the DBA to control the database configuration. The most common SQL statement is the select statement that allows the user to query rows and columns from one are more tables.

Related Subject: Database Constraints - When we hear the word constraint it typically means there is a limitation has been placed on our ability to complete that process. This is partly the case with database constraints. When a database table is first designed, the designer will look at the columns within that table to determine if the data (specifically the column definition) must be unique or not empty. The database creator with the proper SQL commands can place the constraints of uniqueness and not null on columns such that anyone who uses that database must follow those rules if inserts and updates are to be successful. Constraints help ensure database accuracy by preventing invalid data from ever being written to the database. For example, if the column has been designated as not null, no records can be inserted into the database if the row does not have a value for that column.

 

 

Simple SQL Queries Using SQL SELECT

 

A complete coverage of the SQL programming language is outside the boundaries of this wiki. However, we will cover a subset of SQL commands that fall under the SQL sub-category of data manipulation language or DML. DML commands include INSERT, DELETE and UPDATE. That with these commands in the proper database privileges, a data base user can perform basic file manipulation (add, change delete).

 

Data manipulation language: DML is a subset of SQL commands responsible for table maintenance. DML commands allow the user to iNSERT, UPDATE and DELETE database data. SQL also supports Data Definition Language (DCL) commands which allow users to create, change and delete tables and Data Control Language which allows users to set security privileges for database objects (tables, views, etc.).

 

We will start with the most commonly used SQL command and perhaps the most important. The SELECT statement is used to extract data from the database based on user defined criteria. This criterion applies to both columns and rows. The rows and columns are returned as a matrix and look very similar in structure to that of a spreadsheet. The returned values are also called the result set.

Related Subject: Getting started with databases on the cheap - Given the importance of databases to most organizations, discussion of databases is a frequent topic in many of my classes. Once the student is exposed to a database management system and has an idea of some of the features and functions they provide, they will develop a much better understanding of databases. I’m often asked, “What is the best way for a new programmer to develop their expertise with databases?” Fortunately, there are a couple of products distributed as freeware and shareware which give you a great chance to experience an experiment with a robust database management system. One database which many students have felt was a good starting point is MySQL. MySQL is a free, open systems solution that can be downloaded from the mysql.com web site. It will have many if not all of the features and functions found on the larger more sophisticated databases like Oracle, Microsoft SQL Server, Informix and DB2. But, best of all, it is free!

 

 

 

 

The SELECT keyword is used to start the statement but is frequently used with the FROM and WHERE clauses which define the data source (the FROM) of the query and the rows to be returned (with the WHERE clause). For example, look at the following SQL SELECT query:

 

SELECT AUTHOR, ISBN, TITLE, COST FROM BOOKS ORDER BY COST;
 

I have included screen shots from Microsoft Access database product showing the SQL command window and also the result set window with the data returned from the SQL select query.

 

Following the SELECT keyword, we identify the columns we are interested in seeing in the result set. In this case, we would like our query to return to the columns associated with author, ISBN, title and cost. The FROM clause indicates which table these columns will come from. And this query, we have a table called mail list that holds the selected columns. Finally, we have an ORDER BY clause which specifies that we would like the result set to be sorted in descending order by cost. As I hope you can see, SQL offers an English like command language which can be used to provide criterion to extract information from database files. In this query, we are selecting information from a single table. It is also possible to join multiple tables so the query can involve the selection of rows and columns in criteria across multiple tables.

 

Related Subject: Query Generation Tools - The many programming language products, specifically, Microsoft’s Visual Studio product, has included within it and SQL query designer. It is now possible to construct SQL statements without having formal knowledge of the SQL keywords and syntax. The query designer, through its graphical interface, allows you to select the columns and rows you’re interested in returning while the tool builds the appropriate SQL statements.

 

SQL Data Manipulation Language Basics

 

SQL Data manipulation language implements file maintenance on databases. Data manipulation commands allow us to add, change and delete data from our database. These SQL commands can be typed at an SQL command prompt, or stored as a text file and executed as a script (much like PYTHON). SQL can also be embedded into other programming languages and sent to a database as part of the application logic. Many of you who will continue to study of programming will eventually learn how to embed SQL commands within your programs. Embedded SQL is a very effective way of taking advantage of the flexibility of application programming languages and combine it with the power of data manipulation available with SQL.

 

INSERT

 

The INSERT command allows the user to insert new rows into the database. For insertion to be successful the user must correctly issue the INSERT command and abide by any database constraints controlling how the database table can be updated. When using the INSERT command you must make sure that all constraints are followed a specially those which require a field to be not null or not empty (i.e. employee salary). In addition, there may also be rules regarding uniqueness which would prevent a row from being inserted into the database if a column value already existed in the database (i.e. social security number). In the following INSERT statement, a new employee record is being added to the database. The SSN column must be unique and the LASTNAME and FIRSTNAME fields are required and must be included in the INSERT command.

 

INSERT INTO EMPLOYEE SSN, LASTNAME, FIRSTNAME, SALARY, (‘98938503948’, ‘DOE’, ‘JANE’, 100000); 
 

Programming Tip: Strings are identified in SQL was single quotes (i.e. ‘sample string’). This is in contrast with most programming languages that specify strings inside double quotes (i.e. “sample string”).

 

UPDATE

 

The UPDATE command is associated with making changes existing database data. Like the INSERT command the UPDATE command identifies a table and columns to be updated and a where clause to identify the affected records. The following UPDATE command changes the existing salaries of employees in department and increased each employee salary by 10 per cent..

 

UPDATE EMPLOYEE SET SALARY = SALARY * 1.10 WHERE DEPT = 10;
 

 

Programming Tip: SQL statements can also contain data base functions and arithmetic operators to manipulate or report database data. Database functions are typically database specific (Oracle versus MySQL versus MS-Access, etc.) but are similar are crossed the various databases (i.e. many databases have different functions to manipulate the formats of dates). The functions may have different names but the date formatting functions provide much the same features.

 

DELETE

 

We’ve covered inserting and updating data so deleting data is left. Although leaving data in the database for historical analysis can be very important, there may still be times when data needs to be deleted from database tables. DML has a DELETE command to remove rows from the databases (columns can also be removed but this would effect all rows in the database where as the delete command only effects single rows). Below we

 

DELETE the employee name John Doe from dept 112. 
 

DELETE FROM EMPLOYEE WHERE NAME = “JOHN DOE” AND DEPT = 112;
 

 

Programming Note: Note that SQL also supports compound operators like AND, NOT and OR in SQL statements.

 

 

 

Background Information: Using SQL with Other Programming Languages - The Microsoft family of programming languages all support ~ADO.NET. ~ADO.NET of represents a standard architecture for programming languages to interface with databases. The databases can range from Microsoft Access to a table stored in an Oracle database. Accessing database data from a Visual Studio programming language like Visual Basic is as easy as configuring a connection to the database and using wizards and built-in components to connect, navigate through the database and perform file maintenance (INSERT, UPDATE, DELETE).

 

 

Row processing with Databases

 

Databases can use the same logic pattern to process rows in a table as text files use to process records. Not all data access is a record at a time. There will be situations where a block or rows will need to be returned from the database and have a program manipulate the all of the rows (i.e. a calculation) and then saved back to the database. The database row processing might start with a SQL SELECT command and end with a SQL UPDATE that commits the changes to the database.

 

Status Check
A SELECT statement is called a query. What does that mean in relationship to file maintence?
Name the SQL DML commands used to manipulate database data along with their function.?
 

Introduction to XML

 

Over the last several years, there has been increased interest in XML (Extensible Markup Language). First and foremost because XML offers flexibility to send data from client to server over the Internet but XML is also increasingly becoming the standard for storing data on stand alone computers. XML is a script language much like HTML. Instead of using tags to format data displayed in a browser, XML is used to describe and store data. It uses XML tags to define fields and column constraints (similar to a database) in a standardized formatting language that can be used across operating systems (similar to HTML).

 

We can only give you a very basic exposure to XML and make you aware of its importance. Below, I have included data formatted in XML. Using XML tags looks far more complicated than it actually is and because of its widespread acceptance many products will produce XML files for you. The Microsoft application products are especially useful for creating and manipulating XML files. XML is an open standard that no one owns. As a result, there are numerous sources on the Internet to find out more about XML and tools to include XML as the data storage format of your data. You can think of XML as another alternative to storing data aside from sequential text files or databases.

 

The application of XML - Microsoft Products

 

Microsoft Corporation in particular has made great strides with integrating XML into their existing programming languages and product lines. Their implementation of XML has enhanced options for both Internet and desktop programming. Below I have presented two scenarios that demonstrate how XML has enhanced programs running under Internet and Desktop platforms.

 

Scenario One: XML in Used in Internet Programming

 

For Internet applications to truly replace desktop applications, Internet programs must have the ability to move data from client to server. It is not enough to be able to display pictures and multimedia via the browser but for Internet programming to support commerce a technology was needed be in place that would seamlessly and securely transmit data from the client’s browser to the server commerce store. XML in combination with another Internet technology called SOAP (Simple Object Access Protocol) creates a digital envelope that securely contains data are formatted in XML. This digital envelope can flow seamlessly through the Internet and computer firewalls to Internet applications which can take that data and complete the processing connected with the data.

 

Scenario Two: XML in Used in Traditional Computing

 

In the area of traditional computing, Microsoft Corporation has successfully implemented XML as the core of its ~ADO.NET database technology. By utilizing XML’s ability to describe and hold data, database data can be moved from the data source (~MS-Access, Oracle, MS-SQL Server, etc.) to a location in memory so that database data can be manipulated in a disconnected environment where the original data source need not be effected unless the XML data contains changes that need to be applied to the original data source. Just as XML gives the Internet program more flexibility the XML data in an ~ADO.NET application can perform manipulations of database data that was unavailable in previous versions of ADO that did not utilize XML.

 

Background Information: Impact of XML on the future on application programs - There’s no question that the computer industry has embraced XML as the new standard for storing data. XML can easily be used on both desktop and Internet based applications. Because at its core is a markup language, it is flexible and can be used in a variety of applications, operating systems and a variety of industries. Microsoft for one, has placed a lot of emphasis and resources on exit mile and has incorporated exit mile technology within many of its office products. Microsoft has also made extensive use of XML in its programming products. XML sits at the center of Microsoft’s database architecture via ~ADO.NET and on the Internet via ~ASP.NET. All of the Microsoft programming products have utilities and wizards to encourage the use of XML in program development.

 

Status Check
Why is XML and important technology for the Internet?
How can XML benefit programs designed to work with data from other organizations?
 

Putting It to Use

 

The intent of this section is to introduce the new programmer to standards and techniques frequently used by professional programmers. Topics in this section relate to concepts introduced in the chapter but with a more vocational or occupational focus for students considering a career in programming.

 

Chapter Review

 

Chapter summary, highlights, key terms, short answer questions, quizzes and case studies to reinforce topics covered in this chapter.

 

Chapter Summary

 

After finishing this chapter you should understand and in some cases, demonstrate the following:

· Define a file and recognize terms and concepts associated with file processing. 

· Data persistence is a term used to define the ability of programs to save data and return to it reload that data at later date when the program is run again. 

· Back office operations are business applications which are typically involved with the processing of a large number of transactions against the master file. 

· Sequential file processing has come to mean the process of text files holding master and transaction file information organized as records where the records are process sequentially one after another. 

· Define a database and recognize terms and concepts associated with record processing. 

· Databases provide a popular mechanism for storing and retrieving data. 

· Databases offer improvements of data accuracy, data security and speed of access over traditional file systems. 

· Databases also help reduce data redundancy data (typically found in traditional file systems) which can also be important in making sure that the data remains accurate. 

· Differentiate between reading and writing to files and databases. 

· File maintenance is defined as add, change and delete operations performed on data stored in files and databases. 

· We can read information from files or databases or we can write information to * Define XML and recognize terms and concepts associated with file processing. 

· XML provides the ability to use a standardized set of data definition tags to describe and store data. 

· XML tags to define fields and column constraints (similar to a database) in a standardized formatting language that can be used across operating systems. 

· Define Structure Query Language (SQL) and describe its importance to database processing. 

· SQL is an English like procedural language used to communicate with databases to exact and perform file maintenance. 

· SQL Data manipulation language implements file maintenance on databases with SELECT, UPDATE, INSERT and DELETE commands. 

 

Chapter Key Terms

 

Control Break Processing

Data Manipulation Language

Data Persistence

Database Files

Database Management Software

File Maintenance

Master File

Read

Record Layout

Record Processing

Secondary Storage Device

Sequential Data Files

Structured Query Language

Two Phase Commit

Transaction File

Write

XML (Extensible Markup Language) Files

 

