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Abstract
In software testing, test automation is the use of software separate from the software being tested to control the software being tested to control the execution of tests and the comparison of actual outcomes with predicted outcomes. Test automation can automate some repetitive  but necessary tasks in a formalized testing process already in place. Test automation is critical for continuous delivery and continuous testing. There are two general test automation approaches; Graphical automation – This type of automation approache uses software with graphical user interfaces to test whether the software or the code is running as it should and whether the output corresponds to the expected output when a particular input is used. API driven testing – This type of testing involves using application programming interface to test whether the software or code work as they should and whether there are any errors in the code before production. It is a testing framework that uses a programming interface to the application to validate the behaviour under test. This type of testing can bypass the application user interface and even test classes, modules or libraries with a variety of input arguments to validate that the results that are returned are correct. 
When we talk about automated testing, the terms continuous delivery and continuous delivery can not be ignored. Automated testing helps developers and software engineers deliver quality software and other products faster and continuously. Test automation eases the burden of software development by automating the tracking and managing of all those testing needs, including how much of the system different tests cover and what other types of tsting might be required to cover all the moving parts. There are basically two types of automation in testing; automated testing which involves conducting specific tests through automation as opposed to conducting them manually and test automation which is the process of tracking and managing the different tests. 

Java Programming Language
Java is a populargeneral-purpose language and computing platform. It is fast,reliable, and very secure while developing applications. This would explain its vast use in the enterprise world. According to Oracle, the company that owns, manages, and maintains Java, Java runs on 3 billion devices worldwide. Considering the number of Java developers, devices running Java, and companies adapting it, its safe to say that Java is going to be used for a long time. Java is a class-based, object-oriented, and is designed to have as few implementation dependencies as possible. It is intendeded to allow developers and software engineers to code once and run the code anywhere since Java is available on all platforms. This means that compiled Java code can run on all platforms that support Java without the need to compile the code again. Basically, Java applications run on Java virtual machine after compilation to bytecode regardless of the architecture of the device running the bytecode. The Java synstax is similar to that of C and C++ programming languages, but has fewer low-level facilities than either of them. As of 2019, Java programming language is the most popular programming language according to Github. Java is particularly popular in the development of client-server web applications.



Java Automated Tests
The project requires making an automated testing framework or implementing an existing one and making refinements to test java library code. In this case a framework called randoop is used. Randoop is a unit test generator for Java. It automatically creates unit tests for classes and libraries in th JUnit format. Junit is a unit testing framework for the Java programming language.  Junit is one of a family of unit testing frameworks collectively known as xUnit that originated with Sunit. A survey conducted in 2013 across 10,000 java projects hosted on Github found that Junit was the most commonly used testing framework and most commonly included external library. Randoop generates unit tests using feedback-directed random test generation. This technique genertes sequences of method invocations for the classes under test. It executes the sequences that capture the behaviour of a program and creates tests from the code sequences. Randoop can be used for two purposes: to find bugs in a program or script, and to create regression tests to warn a developer or software engineer of program behaviour changes in the future. Randoop’s combination of test generation and test execution results in a highly effective test generation technique. It is so effective that it has revealed previously-unknown errors even in widely-usedlibraries including Sun’s and IBM’s JDK and a core .NET component. This is the reason Randoop was chosen for this automatic generated tests project to test the joda-time library  and the commons util Java library. Randoop can be used to generate tests from user defined classes too. Classes to be tested are included in the classes.txt file. Randoop then gets the classes from the text file. Randoop performs two types of tests on these classes. The first tests are error-revealing tests. When randoop includes error-revealing test in file ErrorTest.java, the test shows that the code violates its specification or contract.When the framework callsa method that creates an object, it verifies that object is well-formed. The second tests randoop does on programs and codes is the regression tests. The tests in the RegressionTest*.java files assert the current behaviour of the code under test: values returned or exceptions thrown. After a developer or software engineer changes their code, they can run these regression tests, whichwill alert them if their code changes affect the external behaviour of the classes. If a regression test fails, then the test is flaky. Flaky means that the code cannot execute under different platforms. When a test fails after changing the program there are three main reasons why this would happen. The software engineer or developer has induced an error meaning code changes are incorrect. The second reason would be because the developer may have intentionally changed the visible behaviour of your program, In this case the developer would need to update the tests. The third reason may be because the tests are too sensitive, and they have failed though you made an inconsequential change. For example maybe the tests depend on the order of elements in a hash table. In this case the developer would need to re-run the testig framework. Some code may output errors but these errors can be easily solved by re-running and checking the syntax of the code. If the developer wishes to verify the causes of the errors, he/she may change the part of the program, that they suspect is the cause, back to its previous known behaviour. Once the developer understands the failures, they can discard the tests and have randoop regenerate new tests. 
Stages of Test Generation, and Limiting Test Generation
Randoop uses particular steps to generate tests. In the firs step randoop selects a method to call. The selected method becomes the last method call in the new test. In the second step randoop chooses arguments to the method call, from among values that have been computed by the previous tests. If the framework cannot find values that are different from those in every previous callto the method, then the framework starts over choosing arguments. In the third step, the framework executes the test candidate and classifies its behaviour. If the behaviour is not valid, then the framework discards it and starts over again. In the final step it outputs error-revealing and regression tests, in separate suites.The developer doing the tests can limit any part of the testing process. The testing generation can stop if the time limit specified when running the commands is reached, the number of attempts to generate reaches the step limit, the number of generated sequences reaches the input limit, one error-revealing test is generated, and –stop-on-error-test=true was supplied when running the test, a custom stopper was provided and indicates that generation should now stop and finally if a RandoopListManager’s IeventListener indicates that generation should should stop. 

The framework generates some java files that would be vital to the developer in going through the test results. In recent years it has become necessary for small and medium-sized enterprises to automate their testing and production process. Without this automated testing process it would become costly for these enterprises to deal with expenses incurred due to performance issues and service delays.





Advantages of Test Generation Automation
 Clients and customers prefer software that is reliable, and effective that has minimal to no down time, service delays may lead these clients to abandon the enterprise’s services if they do not adopt better services for continued delivery and testing. Automated tests generation comes with many advantages that can help the individual developer or an enterprise, like faster feedback, this increasescommunication between developers and makes development of software faster. Some tests can be generated automatically during software development leading to accelerated results therefore saving time while developing big projects or systems. Tests generation automation can also enable higher overall test coverage. Through the implementation of automated tests generation, more tests can be executed pertaining to an application. This leads to a higher coverage that in a manual testing approach, would imply a massive team limited heavily with their amount of time. An increased test coverage leads to more features and higher quality applications. Generating tests automatically also leads to the detection of defects earlier in the software development phase. The documentation of software defects becomes easier for the testing teams when the defects are identified and documented early. This helps speed up the development while ensuring correct functionality. Automated tests also increase the security of the software or system being developed. The effectiveness of testing will be largely dependent on the quality of the test data the developer uses. Manually creating quality test data takes a lot of time and energy, and as a result most tests are often performed on copies of live databases. Automation solutions can help with creating, manipulating, and protecting your test database, allowing you to re-use your data time and time again.

There are of course many testing frameworks in the software development world. Randoop was a test case that was found to fit the case scenario in this report to automate the testing of java library code. 
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