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Abstract
 The market of DBMS has been enormously growing. The major role played in the growth of DBMS market is performance.  Not only the big vendors like Oracle, IBM, also many small vendors have been developing new DBMS for better performance by improving the technology of data handling. Thus it is becoming a regular practice to replace the older DBMS with the newer DBMS to fulfill the increasing requirements of the customer [1]. Each DBMS vendor offers the convenience to the customer by providing a tool to safely migrate the data. Such tool can migrate the data only to specific DBMS. From the customer’s perceptive, it is critical to guarantee the quality of data migration. To guarantee this quality, the result tables from both the target DB and source DB should be all identical for the a same query executed in both DBMS. Certain factors such as the size of result set or the order in which the data is stored, the methods to compare the result tables can be different and the most appropriate must be choose. Through this paper, we are going to suggest alternatives for comparing the result sets, being considered the limitation the system can face.
1. Introduction
  At the time of comparing data, factors like memory usage, number of times the data is migrated and compared. Usually, comparing process runs on the primary memory for sorting the data. Every system’s primary memory has its limitation of memory usage. Thus when this limit is achieved, the secondary memory is used to temporarily support it or it may also share its task with other machine(s). The frequency of moving data and comparing should be minimized for efficiency as much as possible. The alternatives suggested by this paper will consider the aspect of performance and efficiency. Currently, the most commonly used DBMS are ORACLE, DB2 and MYSQL. At the time of data retrieval, all of these DBMS(s) return the result table in different order for the identical data in the databases. It means we could need sufficient memory to sort and compare results sets. And moreover, if the result set is sorted commonly in certain order, we can avoid many processes causing latency to achieving our goal. Accordingly, with regards to the above mentioned consideration, we have figured out our own set of considerations:
- Sorting 

Duplicated result data may occur any time, thus it needs to compared sequentially in sorted manner.
- The size of result data
It is impossible to compare the large data exceeding the maximum size of the memory in the client machine or the limit allowed by a programming language, as because it all has to be stored, sorted and compared on the memory. So comparing algorithm has to be chosen depending on the size of result tables.
  We are going to suggest the methods/approaches how to compare result sets on above consideration. These approaches were considered after the learning from the project; SQL Grammar Test Framework. Though there are possibly many other methods for comparisons, we will take this project as our base to test the approaches. 
1.1 Comparing in Client Machine
  If the size of result sets for a query is sufficient to the memory limitation, comparing in client machine gives the best performance. There is possibility, that the size of the result sets exceeds the memory limitation, In such a case we can compare the result sets block by block in the client machine, if it is sorted in specific order(like ORDER BY)
1.1.1  Hash Table
  Identify the key and value from each rows of table, map it into Hash Map and compare it with another using the key [2].
1.1.2  List
  Store all rows into List, sort and compare with another using collection API.
1.1.3  List with sorted data
It is similar to the List approach, but to avoid sort process in client by letting DBMS do it with ORDER BY
1.2 Comparison in DBMS
  If the size of result sets for a query exceeds the memory limitations, we can still compare results tables by letting DBMS do the comparison. Make one specific DBMS store the result sets to be compared and using function DBMS provides, comparing process can be achieved
1.1.1 Check Sum
  Stores all result tables into dump tables in MYSQL DBMS; calculate check sum values and compare it. if the check sum values of dump tables are the same, then the dump tables are identical [3].

1.1.2  Minus
Stores all result tables into dump tables in MYSQL DBMS; calculate how many rows returned after some operation using MINUS and UNION from the dump tables. If it returns 0, then dump tables are the same.
1.3 Comparison with file 
Creates a file in which the data of result tables is stored, and then compare it by file comparing mechanism.
2. Comparison in Client Machine
To compare result tables in client machine, it is needed to store the tables on the client side/machine it is firstly needed to take those tables into client storage area. Here, we will use Collection API in Java as storage access method. Collection at times may show some complexities for storing data into it. But there can be the complexity for storing data into the collection. Since the result tables can contain the different number of columns and of which the different domain type is used. Therefore, it is not easy to make suitable data structure considering all possible changes in the type of column. To solve this issue, we suggest converting the data of all columns into string value and concatenating it to one string and then comparing this string value after being stored into the collection. Based on this approach way, we have three approached to compare result tables in client machines. And the common limitation in client sort is that the maximum size of data can not exceed the limit of system memory.
2.1 Hash Table
Hash map stores data as keys and values has key and value. In hash map mechanism, we can directly access the data using the key.  So when it comes to comparing the consistency of the data between two hash maps, select pick up the key from one hash map and check whether or not there exists the same key in another hash map or not. This approach compares data in comparatively less time, as it uses It makes it possible to compare data in a flash through direct data access using the key. 
We want to apply this advantage of hash map in our case.
1. Make the string from the data of each row from the result tables. Concatenate data from each row of the result table into a string.
2. Map it into hash map after identifying the key and values

3. Compare the key with the one in another hash map using ‘contains’ API
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- Limitation 

The key in hash map have to be unique. If not, when duplicated key is tried to add, it is ignored. The Hash Map also takes null as a key value but it cannot take more than one null value for key.
The next limitation is that the domain values in a column has to be unique in the result tables. Here, the limitation is that the result table absolutely has the unique domain in a column. So the key to map into hash map can be identified and used to achieve comparison process successfully using hash map.
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2.2 List
List is the most common data structure in Collection interface in java for linear search. And The advantage of List is that the its size of List is not fixed and can be changed at runtime. but can be changeable flexibly in run time. And Compared to hash map, it does not need to identify any key and value for storing data into a List but just store it into List. Limitation of duplication of key value in Hash Map does not exist for List. And no duplicated data limitation exists. The number of the data is always different from result tables. So List can be good data structure to handle its flexibility on data. But Prior to comparing two list collections, it is compulsory that the lists are sorted. of those lists to be sorted. Thereon And we can compare sequentially from the very first to the last value in the list. In case of unsorted list, But if not sorted, we can not avoid linear search process asking huge resource by full scanning. Java API provides good features to compare the data in collection like List. 
1. Make the string from the data of each row from the result tables. Concatenate data from each row of the result table into a string.
2. Store it into a list.
3. Sorting using sort ( ) collection method
4. Compare using equal (Object o) collection method
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- Limitation
Compared to Hash map, it requires additionally needs sorting process.
2.3 List with sorted data
  Here, we discuss about an improved approach compared to the earlier mentioned List approach. we suggest the improved way of earlier List approach. We do not sort the data from result tables in client. We will take already sorted data from result tables by letting the DBMS do ORDER BY function.
  The process is the same except ORDER BY is added in query for result table.
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- Limitation

The time gap consumed by ORDER BY and sort in Client is not much big deal but enough to be ignored, compared to the one consumed in the process of data storing, comparing. And it can not guarantee the data is arranged in the same order from result tables of each DBMS. Because DBMS(s) have the different rule’s for ordering data.
3. Comparison in DBMS

In case of comparing the large size of data, we suggest comparing it by using DBMS,  that can handle the large data exceeding the limits of memory in client machine. In order for DBMS to compare the result tables, it firstly needs to place the data of result tables on their own DB storage area. Therefore, we should have the tables to temporarily store that data on it. Similarly in to the case of client machine comparison, the data is a concatenated string value to avoid the complexity due to flexibility of tables. Accordingly, the base DBMS for comparison has to have dump tables with one string domain column as much as the number of result tables. And it secondly inserts concatenated string value from all tables into created dump tables for each. However, INSERT operation consumes no small resource. Since that reason, our alternative for it is bulk insert such as multiple row insert. It can reduce the remarkable time for inserting data. Based on this method, we have two approached for comparison in DBMS.
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3.1 Check Sum

Check sum is the CRC (Cyclic Redundancy Checksum) value of specific file. It can be used in comparison of the consistency for files. The most DBMS provides the function to get check sum value. We suggest utilizing this function for our comparison of dump tables having the data of result tables. It can avail DBMS compare the result tables by checking checksum value among them

1. Create dump tables 

2. Concatenate the string with the row of result tables

3. Multiple insert the sting value into dump tables

4. Calculate check sum of dump tables

5. Compare with each other
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- Limitation 

Most of the time, In the most time, check sum produces the same values for the same tables. But it does not guarantee 100% of clarity for consistency comparison.

If the checksums for two tables are different, then the tables are different in some way. However, the fact that two tables produce the same checksum does not mean that the tables are identical [3]. 
3.2 Minus query

If the table T1 minuses the table T2 and union the result with the one applied reversely, then it returns empty set of row. That means the table T1 and T2 are identical. We suggest utilizing this mechanism for our comparison of dump tables. By using DBMS function, comparison for the result tables is available to accomplish.

- Limitation 

  Specific DBMS does not provide MINUS function.
4. Comparison with files

  There is an alternative to avoid both the memory constrain of client machine and unavailability of DBMS. We suggest comparing the result tables in the file of client machine. Similarly to above two environments for comparison, we again use concatenated string value from the row of result tables. However, at in this time, the each data of result tables is stored in the files on the client side/machine.for each in client. The file will be compared in file comparing mechanism. 
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- Limitation 

The data in file has to be sorted by merge sort algorithm. The performance is not efficient.
5. Conclusions
  The approaches for comparing the result tables suggested by this white paper, has been derived from an extensive research and efforts. These approaches not only consider the factors like memory usage, efficiency, but also performance. As we all know performance is at par over efficiency in the current scenario.   

  These approaches have been tested across various environments like Windows, Linux to name some. Every method/ alternative has its own limitations but their advantages over shadow their limitations. 

  The suggest alternatives may not be best for all situations thus the best among them should be chosen which suits the requirement of the customer. The decision of choosing the best suited approach as per the requirement will improve efficiency as well as increase the performance radically.
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