Software Engineering

Third Class

Lecture 12

Implementation Phase
12.1 Programming Languages Generation

The first computers had neither interpreters nor compilers. They were programmed in binary, either hard-wired with plug boards or by setting switches. Such a binary machine code was a first-generation language. The second-generation languages were assemblers, developed in the late 1940s and early 1950s. Instead of having to program in binary, instructions could be expressed in symbolic notation such as 




mov 
$17,next
In general, each assembler instruction is translated into one instruction. Thus, although assembler was easier to write than machine code and easier for maintenance programmers to comprehended. The assembler source code was still the length as the machine code.

The idea behind a third-generation language (or high level language) such as FORTRAN, ALGOL 60, or COBOL is that one statement of a high level language is compiled to as many as 5 or 10 machine code instructions.

High level language code is thus considerably shorter than the equivalent assembler code. The fact that the high level language code may not be quite as efficient as the equivalent assembler code is generally a small price to pay for ease in maintenance.
This concept was taken further in the late 1970s. a major objective in the design of a fourth-generation language (4GL) is that each 4GL statement should be equivalent to 30 or even 50, machine code instruction. Products written in a 4Gl such as Focus or Natural would then be shorter, and hence quicker to develop, and easier to maintain.

It is difficult to program in machine code. It is somewhat easier to program in assembler, and easier still to use a high level language. A second major design objective of a 4GL is ease in programming. In particular, many 4GL are non-procedural. For example consider, the command shown in figure 1. 
for every surveycr

   if rating is excellent

        add 6500 to salary
Figure 1: nonprocedural fourth generation language

It is up to the compiler of the 4GL to translate this nonprocedural instruction into a sequence of machine code instructions that can be executed procedurally.
There is a price to pay for the ease of use gained through nonprocedurality. The complier or interpreter of a nonprocedural 4GL is generally large and slow, and it must be as fault-free as possible. Many 4GL are more suited to management information systems than to data-processing applications. In a management information system, the objective is to extract information and present it to the manager in the desired format. However, in data processing, large volumes of data have to be handled and extensive computations performed, and many 4GL are simply too slow for this purpose. This is an example of trades-off in the design of a 4GL, the ease of use of ace nonprocedural language as opposed to the computing power of a procedural language.
12.2 Structured Programming

When structured programming was first put forward, it was seen as the cure for all ills. Although structured programming has not satisfied every aspect of its early promise, it has certainly led to improved code quality.
12.2.1 History of Structured Programming
The development of structured programming took place between 1966 and 1974. Three major events can be highlighted during this period:

1-The mathematical theory of 1966

2- Dijkstra's 1968

3-knuth's landmark article of 1974

Mathematical theory 

In 1966, Buhm and jacopini published an article that essentially showed that any software product that can be represented by a flowchart can be rewritten using only three types of control structures, namely sequence, selection, and iteration (stated earlier in lecture 11).
Dijkstra's Letter 
In 1968, Dijkstra published a letter entitled "goto statement Considered Harmful". Many disagreed that the goto is harmful. Even if the goto should in fact be avoided, nothing could be done about it. In the popular languages of 1968, it was impossible to program without the goto. After all, there is no alternative to using the goto in assembler. Because structured programming had not yet been invented, structured FORTRAN and structured COBOL had not yet been developed: there was thus no alternative to the goto statement in both those languages as well. And because few people had read buhm and jacopini's article, and fewer still had appreciated its full significance, there was a third school of thought that declared that it was impossible to program without the goto statement.

Knuth's Article

 In 1974, Knuth published "structured programming with goto statements". At The point of the article is that structured programming is not goto less programming. Instead, it is a way of making products more readable. In some cases, a module that contains a goto is easier to understand than its goto less counterpart.
Nevertheless, the overwhelming preponderance of the software world is united in the view that goto statements are almost always harmful and should be avoided.
12.2.2 Why the Goto Statements Is Considered Harmful

There are three reasons: 

First, a goto can decrease readability, and hence, maintability. Even worse is a conditional goto (if-goto), because the flow of control depends on the values of the variables at execution time. Depending on whether or not the condition is satisfied, execution of the module can follow two very different paths, both of which must be considered.
Second, the presence of a goto can mar the validity of procedures. For example, consider the COBOL paragraph shown in figure 2.



print-paragraph.




     move 15 to switch-1

 


      . . .




      . . .



                   dangerous-entry.

 


      . . .




      . . .



                end-print-paragraph.

Figure 2: COBOL print paragraph with initialization condition that can be bypassed by a goto statement

The print-paragraph requires the variable switch-1 to be set to 15 before the rest of the paragraph is executed. Provided that the paragraph is invoked via a call such as perform print-paragraph thru end print-paragraph, and then all will be well. However, if the product contains goto dangerous entry, then the initialization statement will be bypassed, possibly with dangerous results.
Third, a backward goto is nothing more or less than a loop statement, and readability is considerably enhanced by coding loop using the appropriate language construct, rather than disguising it with a goto. From this view point, a forward goto (that is a jump to a point in the code ahead of the goto statement) can be less harmful than a backward goto, particularly in the context of error handling.
In the light of these observations, structured programming can now be defined.
Structured programming is the writing of code with goto statements kept to a minimum, preferably only when an error is detected, and always in the forward direction.

Contrast this definition with the classical defention
A product is structured if the code blocks are connected by sequence, selection, and iteration only and every block has exactly one entry and one exit.

Structured programming is not goto-less programming, but rather the writing of readable code. In most instances readable code is indeed goto less code. Nevertheless, the objective of readability sometimes requires the use of a goto statement.

Languages such as Ada support the exception statement. Suppose an error of some kind is detected, such as a floating point overflow. The appropriate exception statement causes control to be transferred to the corresponding exception handler, a piece of code which takes remedial action, and attempts to restart execution at the point at which the error was detected, if that is possible. In essence, the exception statement is a disguised goto. That is to say, the effect of the exception statement is to transfer control in the event of an error being detected, just as a forward goto does. 

12.3 Good Programming Practice
Many recommendations on good coding style are language specific. However some recommendations regarding language-independent good programming practice are now given.

Use of Consistent and Meaningful Variable Names
On average two-thirds of software budget is devoted to maintenance. This implies that the programmer developing a module is merely the first of many other programmers who still work on that module. It is counterproductive for a programmer to give names to variables that are meaningful to only that programmer; within the context of software engineering, the term meaningful means "meaningful from the view point of future maintenance programmers.
In addition to the use of meaningful variable names, it is equally essential that variable names be consistent. For example, the following four variables are declared in a module: average_freq, frequency_maximum, min_fr, and frqncy_totl. A maintenance programmer who is trying to understand the code has to know if freq, frequency, fr, and frqncy all refer to the same thing. If yes then the identical word should be used, preferably frequency, although freq, or frqncy are marginally acceptable; fr is not. But if one or more variable names refer to different quantity, then a totally different name, such as rate, should be used. A second aspect of consistency is the ordering of the components of variable names. For example, if one variable is named frequency_maximum, then the name minimum_frequency would be confusing; it should be frequency_minimum. Thus in order to make the code clear and unambiguous for future maintenance programmers, the four variables listed previously should be named frequency_average, frequency_maximum, frequency_minimum and frequency_total, respectively. Alternatively, the frequency component can appear at the end of all four variable names, yielding the variable names average_frequency, maximum_frequency, minimum_frequency, and total_frequency. It clearly does not matter which of the two sets is chosen; what is important is that all the names be from the one set or from the other.

A number of different naming conventions have been put forward that are intended to make it easier to understand the code. The idea is that the name of a variable should incorporate type information. The best known of such schemes are the Hungarian Naming Conventions.

The Issue of Self-Documenting Code
When asked why their code contains no comments whatsoever, programmers often reply, "I write self documenting code". The implication is that their variable names are so carefully chosen and their code so exquisitely crafted that there is no need for any comments. Self documenting code does exist, but it is exceedingly rare. Instead, the usual scenario is that the programmer appreciates every nuance of the code at the time the module is written. It is conceivable that the programmer uses the same style for every module, and that in 5 years' time the code will still crystal clear in every respect to the original programmer. Unfortunately, this is irrelevant. The important point is whether the module can be understood easily and unambiguously by all the other programmers who have to read the code. The problem becomes more acute in the light of unfortunate practice of assigning maintenance tasks to inexperienced programmers and not supervising them closely. The undocumented code of the module may be only partially comprehensible to an experienced programmer. How much worse, then, is the situation when the maintenance programmer is inexperienced!
To see the sort of the problems that can arise, consider the variable x_coordinate_of_position_of_robot_arm. Such a variable name is undoubtedly self-documenting in every sense of the word, but few programmers are prepared to use a 37-character variable name, especially if that name is used frequently. Instead, a short name is used, x_coord, for example. The reasoning behind this is that if the entire module deals with the movement of the arm of a robot, x_coord can refer only to the x_coordinate of the position of the arm of the robot. Although that argument holds within the context of the development process, it is not necessarily true for maintenance. The maintenance programmer may not have sufficient knowledge of the product as a whole to realize that, within this module, x_coord refers to the arm of the robot or may not have the necessary documentation to understand the working of the module. The way to avoid this sort of the problem is to insist that every variable name be explained at the beginning of the module. In the prologue comments. If this rule is followed, the maintenance programmer will quickly understand the variable x_coord is used for the x_coordinate of  the position of the robot arm.
Prologue comments are mandatory in every single module. The minimum information that must be provided at the top of every module is: module name; a brief description of what the module does; programmer's name; date module was coded; date module was approved, and by whom; module arguments; list of variable names, preferably in alphabetical order, and their uses; names of files accessed by this module, if any; names of files changed by this module, if any; module input/output, if any; error handling capabilities; name of file containing test data, list of  modification made; their dates, and who approved them; and known faults, if any.
Even if a module is clearly written, it is unreasonable to expect someone to have to read every line in order to understand what the module does and how it does it. Prologue comments make it easy for others to understand the key point. Only a maintenance programmer who is modifying a specific module should be expected to have to read every line of that module.
In addition to prologue comments, inline comments should be inserted into the code to assist maintenance programmers in understanding that code. It has been suggested that inline comments should be used only when the code is written in a nonobvious way or makes use of some subtle aspect of the language. On the contrary, confusing code should be rewritten in a clearer way. Inline comments are a means of helping maintenance programmers and should not be used to promote or excuse poor programming practice.
Use of Parameters

 There are very few genuine constants, that is, variables whose values will never change for example, satellite photographs have caused changes to be made in submarine navigation systems incorporating the latitude and longitude of Pearl Harbor, Hawaii, in order to reflect more accurate geographic data regarding the exact location of Pearl Harbor. To take another example, sales tax is not a genuine constant; legislators tend to change the sales tax rate from time to time. Suppose that the sales tax rate is currently 6.0%. if the value 6.0 has been hard coded in a number of modules of a product, then changing the product is a major exercise, with likely outcome of one or two instances of the "constant" 6.0 being overlooked and perhaps changing an unrelated 6.0 by mistake. A better solution is a declaration such as

const float sales_tax_rate=6.0; 
Then, wherever the value of the sales tax rate is needed, the constant sales_tax_rate should be used and not the number 6.0. if the sales tax rate changes, then only the line containing the value of sales_tax_rate need be altered using an editor. Better still, the value of sales tax rate should be read in from a parameter file at the beginning of the run. All such apparent constants should be treated as parameters. If a value should change for any reason, this change can then be implemented quickly and effectively.

Code Layout for increased Readability
It is relatively simple to make a module easy to read. For example, no more than one statement should appear on a line, even though many programming languages permit more than one. Indentation is perhaps the most important technique for increasing readability. In C++, indentation can be used to connect corresponding {…} pairs. It also shows which statements belong in a given block. In fact, correct indentation is too important to be left to human beings. Instead, CASE tools should be used to ensure that indentation is done correctly.
Another aid is blank lines. Procedures should be separated by blank lines; in nontrivial compilation units, it is often helpful to break up large blocks of code with blank lines. The extra "white space" makes the code easier to read and, hence, comprehend.

Nested if Statements
When faced with complex code containing the if-if construct, one way to simplify it is to make use of the fact that the if-if combination

If<condition 1>

If<condition 2>

Is equivalent to the single condition

If<condition 1> and <condition 2 >

Provided that <condition 2> is defined even if <condition 1> does not hold. For example, <condition 1> might check that a pointer is not null and, if so, then <condition2> is defined even if <condition 1> does not hold. For example, <condition 1> might check that a pointer is not null and, if so, then <condition2> can use that pointer. (In C++, the && operator is defined such that if<condition1> is false, then <condition 2> is not evaluated).
Another problem with the if-if construct is that nesting if statements too deeply leads to code that can be difficult to read. If statements nested to a depth greater than three is poor programming practice and should be avoided.






