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COLLECTION: 

The garbage collector (GC) manages the allocation and release of memory. The garbage collector serves as 

an automatic memory manager. 

 You do not need to know how to allocate and release memory or manage the lifetime of the objects 

that use that memory. 

 An allocation is made any time you declare an object with a “new” keyword or a value type is boxed. 

Allocations are typically very fast. 

 When there isn’t enough memory to allocate an object, the GC must collect and dispose of garbage 

memory to make memory available for new allocations. 

 This process is known as garbage collection. 

Garbage Collection in has the following advantages − 

 You don’t need to free memory manually while developing your application. 

 It also allocates objects on the managed heap efficiently. 

 When objects are no longer used then it will reclaim those objects by clearing their memory, and 

keeps the memory available for future allocations. 

 Managed objects automatically get clean content to start with, so their constructors do not have to 

initialize every data field. 
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File Operations Files exist to store information and allow it to be retrieved later. Different systems provide 

different operations to allow storage and retrieval.  

Below is a discussion of the most common system calls relating to files. 

 1. Create. The file is created with no data. The purpose of the call is to announce that the file is coming and 

to set some of the attributes. 

 2. Delete. When the file is no longer needed, it has to be deleted to free up disk space. A system call for this 

purpose is always provided.  

3. Open. Before using a file, a process must open it. The purpose of the open call is to allow the system to 

fetch the attributes and list of disk addresses into main memory for rapid access on later calls.  

4. Close. When all the accesses are finished, the attributes and disk addresses are no longer needed, so the 

file should be closed to free up some internal table space.  

Many systems encourage this by imposing a maximum number of open files on processes. A disk is written 

in blocks, and closing a file forces writing of the file's last block, even though that block may not be entirely 

full yet. 

 5. Read. Data are read from file. Usually, the bytes come from the current position. The caller must specify 

how much data are needed and must also provide a buffer to put them in.  

6. Write. Data are written to the file, again, usually at the current position. If the current position is the end 

of the file, the file's size increases. If the current position is in the middle of the file, existing data are 

overwritten and lost forever.  

7. Append. This call is a restricted form of write. It can only add data to the end of the file. Systems that 

provide a minimal set of system calls do not generally have append, but many systems provide multiple 

ways of doing the same thing, and these systems sometimes have append.  

8. Seek. For random access files, a method is needed to specify from where to take the data. One common 

approach is a system call, seek, that repositions the file pointer to a specific place in the file. After this call 

has completed, data can be read from, or written to, that position.  

9. Get attributes. Processes often need to read file attributes to do their work. For example, the UNIX make 

program is commonly used to manage software development projects consisting of many source files. When 

make is called, it examines the modification times of the entire source and objects files and arranges for the 

minimum number of compilations required to bring everything up to date. To do its job, it must look at the 

attributes, namely, the modification times.  

10. Set attributes. Some of the attributes are user settable and can be changed after the file has been created. 

This system call makes that possible. The protection mode information is an obvious example. Most of the 

flags also fall in this category.  

11. Rename. It frequently happens that a user needs to change the name of an existing file. This system call 

makes that possible. It is not always strictly necessary, because the file can usually be copied to a new file 

with the new name, and the old file then deleted.  
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12. Lock. Locking a file or a part of a file prevents multiple simultaneous access by different process. For an 

airline reservation system, for instance, locking the database while making a reservation prevents reservation 

of a seat for two different travelers.  

File Structure: Three kinds of files.  

(a) Byte sequence.  

(b) Record sequence. 

 (c) Tree.  

a. Byte Sequence: File is just an unstructured sequence of bytes. In effect, the operating system does 

not know or care what is in the file. All it sees are bytes. Any meaning must be imposed by user-level 

programs other UNIX and Windows 98 use this approach. 

 b. Record Sequence: In this model, a file is a sequence of fixed-length records, each with some 

internal structure. Central to the idea of a file being a sequence of records is the idea that the read operation 

returns one record and the write operation overwrites or appends one record.  

As a historical note, when the 80-column punched card was king many (mainframe) operating systems based 

their file systems on files consisting of 80-character records, in effect, card images c. Record Sequence: In 

this organization, a file consists of a tree of records, not necessarily all the same length, each containing a 

key field in a fixed position in the record. The tree is sorted on the key field, to allow rapid searching for a 

particular key. 
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SEQUENTIAL FILE ORGANIZATION 

Sequential organization means storing and sorting in physical, contiguous blocks within files on tape 

or disk. Records are also in sequence within each block. To access a record previous records within 

the block are scanned. In a sequential organization, records can be added only at the end of the file. It is not 

possible to insert a record in the middle of the file without rewriting the file. 

In a sequential file update, transaction records are in the same sequence as in the master file. Records from 

both the files are matched, one record at a time, resulting in an updated master file. In a 

personal computer with two disk drives, the master file is loaded on a diskette into drive A, while the 

transaction file is loaded on another diskette into drive B.  Updating the master file transfers data from 

drive B to A controlled by the software in memory. 

Records are stored and accessed in a particular order sorted using a key field. 

Retrieval requires searching sequentially through the entire file record by record to the end. 

Because the record in a file are sorted in a particular order, better file searching methods like the binary 

search technique can be used to reduce the time used for searching a file . 

Since the records are sorted, it is possible to know in which half of the file a particular record being searched 

is located, Hence this method repeatedly divides the set of records in the file into two halves and searches 

only the half on which the records is found. 

For example, of the file has records with key fields 20, 30, 40, 50, 60 and the computer is searching for a 

record with key field 50, it starts at 40 upwards in its search, ignoring the first half of the set. 

Advantages: 

 Simple to design 

 Easy to program 

 Variable length and blocked records available 

 Best use of storage space 

 

Disadvantages 

 Records cannot be added at the middle of the file. 

 The sorting does not remove the need to access other records as the search looks for particular 

records. 

 Sequential records cannot support modern technologies that require fast access to stored records. 

 The requirement that all records be of the same size is sometimes difficult to enforce. 
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DIRECT FILE ORGANIZATION 

 Records are stored randomly but accessed directly. 

 To access a file stored randomly, a record key is used to determine where a record is stored on the 

storage media. 

 Magnetic and optical disks allow data to be stored and accessed randomly. 

DIRECT ACCES FILE ORGANIZATION 

 

In direct access file organization, records are placed randomly throughout the file. Records need not be in 

sequence because they are updated directly and rewritten back in the same location. New records are added 

at the end of the file or inserted in specific locations based on software commands. 

Records are accessed by addresses that specify their disk locations. An address is required for locating a 

record, for linking records, or for establishing relationships. Addresses are of two types: 

i.         Absolute 

ii.       Relative. 

A absolute address represents the physical location of the record. It is usually stated in the format of 

sector/track/record number. One problem with absolute address is that they become invalid when the file 

that contains the records is relocated on the disk. 

A relative address gives a record location relative to the beginning of the file. There must be fixed length 

records for reference. Another way of locating a record is by the number of bytes it is from the beginning of 

the file. When the file is moved, pointers need not be updated because the relative location remains the 

same. 

Indexes sequential access is suitable for buyer’s stock data because his file must be accessed both 

sequentially and directly, and updating is done periodically up to the minute information is not required. 

Many applications on the other hand, require both on time retrieval and on both line update to maintain the 

most current information possible. 

 Direct access to large indexed sequential access method (ISAM) files is slowed by the fact that the 

indexes and perhaps overflow areas must be searched before the desired record can be transferred to 

main memory. Even worse update of (ISAM), files is slowed by the need to update indexes and 

pointers and to transfer records from primary to overflow areas. 

 The direct access method has been devised to satisfy the need to both update and retrieve data 

quickly. In this approach, an algorithm is used to compute the address of a record. The primary key 

value is the input to the algorithm and the block address of the record is the output. 

 The algorithm is commonly called a hashing algorithm and the direct access method is referred to as 

hashed access. The process of converting primary key values into addresses is called key-to-address 

transformation. 
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 More than one logical record usually fits into a block, so we may think of the reserved storage area 

as being broken into record slots sequentially numbered from 1 to n. These sequential numbers are 

called relative record numbers, relative pointers, or relative addresses, because they indicate the 

position of the record relative to the beginning of the file. 

 Merits/Advantages: 

1. Transactions need not be sorted. 

2. Different discs or disc units are not required for updating records as existing records may be 

amended by overwriting. 

3. It is also possible to process direct file records sequentially in a record key sequence. 

4. A direct file organisation is most suitable for interactive on line applications such as air line or 

railway reservation systems, teller facility in banking application, etc. 

5. Immediate access to records for updating purposes is possible. 

6. Random inquiries which are too frequent in business situations can be easily handled. 

7. Records can be inserted or updated in the middle of the file. 

8. Better control over record allocation. 

 

Demerits/Drawbacks: 

1. May be less efficient in the use of storage space than sequentially organised file. 

2. Expensive hardware and software resources are required. 

3. Relative complexity of programming. 

4. System design around it is complex and costly. 

5. Data may be accidentally erased or even written unless special precautions are taken. 

6. Special security measures are necessary for on line direct files that are accessible from several 

stations. 

7. File updation (addition and deletion records) is more difficult as compared to sequential files. 

8. Records in the on line may be expressed to the risks of loss of accuracy and a breach of security 

Special back up and reconstruction procedures must be established. 

9. Calculating address required for processing. 

10. Impossible to process variable length records. 
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INDEXED-SEQUENTIAL FILE ORGANIZATION METHOD 

Almost similar to sequential method only that, an index is used to enable the computer to locate individual 

records on the storage media. For example, on a magnetic drum, records are stored sequential on the tracks. 

However, each record is assigned an index that can be used to access it directly. 

Like sequential organization, keyed sequential organization stores data in physically contiguous blocks. The 

difference is in the use of indexes to locate records. There are  three areas in disk storage: prime area, 

overflow area and index area. 

The prime area contains file records stored by key or id numbers. All records are initially stored in the prime 

area. The overflow area contains records added to the file that cannot be placed in logical sequence in 

the prime area. 

The index area is more like a data dictionary. It contains keys of records and their locations on the disk. A 

pointer associated with each key is an address that tells the system where to find a record. 

The retrieval of a record from a sequential file, on average, requires access to half the records in the file, 

making such enquiries not only I inefficient but very time consuming for large files. To improve the query 

response time of a sequential file, a type of indexing technique can be added. 

An index is a set of < key, address > pairs. Indexing associates a set of orderable quantities, which are 

usually smaller in number or their properties, provide a mechanism for faster search. The purpose of 

indexing is to expedite the search process. Indexes created from a sequential (or sorted) set of primary keys 

are referred to as index sequential. 

Although the indices and the Data blocks are held together physically, we distinguish between them 

logically. We shall use the term index file to describe the indexes and data file to refer to the data records. 

The index is usually small enough to be read into the processor memory. 

A sequential (for sorted on primary keys) file that is indexed is called an index sequential size. The index 

provides for random access to records, while the sequential nature of the file provides easy access to the 

subsequent records as well as sequential processing. An additional feature of this file system is the overflow 

area. This feature provides additional space for record addition without necessitating the creation of a new 

file. 

Advantages: 

 Indexed sequential organization reduces the magnitude of the sequential search and provides quick 

access for sequential and direct processing. 

 Records can be inserted in the middle of the file. 

 Permits Quick access to records in a relatively efficient way when this activity is a small fraction of 

the work load. 

 Permits the efficient and economical use of sequential processing techniques when the activity rate is 

high. 
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Disadvantages: 

 It takes longer to search the index for data access or retrieval. 

 Unique keys are required. 

 Periodic reorganization is required 

 Less efficient in the use of storage space than some other alternatives. 

 Relatively expensive hardware and software resources are required.\ 

 Slow retrieval compared to random access as searching of index requires time 

INVERTED FILE ORGANISATION 

In inverted file organisation, a linkage is provided between an index and the file of data records. A key’s 

inverted index contains all of the values that the key presently has in the records of the data file. Each key-

value entry in the inverted index points to all of the data records that have the corresponding value. Inverted 

files represent one extreme of file organisation in which only the index structures are important.  

The records themselves may be stored in any way (sequentially ordered by primary key, random, linked 

ordered by primary key etc.).  

Inverted files may also result in space saving compared with other file structures when record retrieval does 

not require retrieval of key fields. In this case, the key fields may be deleted from the records.  

Both inverted files and multilist files have:  

  An index for each secondary key. 

  An index entry for each distinct value of the secondary key. 

  The index may be tabular or tree-structured.  The entries in an index may or may not be sorted. 

  The pointers to data records may be direct or indirect.  

 

 

The indexes differ in that 

  An entry in an inverted index has a pointer to each data record with that value. 

  An entry in a multilist index has a pointer to the first data record with that value. Thus an inverted 

index may have variable-length entries whereas a multilist index has fixed-length entries.  

 

Some of the implications of these differences are the following: 

 

 Index management is easier in the multilist approach because entries are fixed in length. 

 

 The inverted file approach tends to exhibit better inquiry performance. Many types of queries can be 

answered by accessing inversion indexes without necessitating access to data records, thereby 

reducing I/O-access requirements.  

 

 Inversion of a file can be transparent to a programmer who accesses that file but does not use the 

inversion indexes, while a multilist structure affects the file’s record layout. The multilist pointers 
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can be made transparent to a programmer if the data manager does not make them available for 

programmer use and stores them at the end of each record. 

MULTILIST FILE ORGANISATION  

The basic approach to providing the linkage between an index and the file of data records is called multilist 

organisation. A multilist file maintains an index for each secondary key. 

 The index for secondary key contains, instead of a list of primary keys related to that secondary key, only 

one primary key value related to that secondary key. That record will be linked to other records containing 

the same secondary key in the data file.  

The multi-list organisation differs from inverted file in that while the entry in the inverted file index for a 

key value has a pointer to each data record with that key value, the entry in the multi-list index for a key 

value has just one pointer to the first data record with that key value.  

Linking records together in order of increasing primary key value facilitates easy insertion and deletion once 

the place at which the insertion or deletion to be made is known.  

Searching for a record with a given primary key value is difficult when no index is available, since the only 

search possible is a sequential search.  

To facilitate searching on the primary key as well as on secondary keys, it is customary to maintain several 

indexes, one for each key. Using an index in this way reduces the length of the lists and thus the search time.  

This idea is very easily generalised to allow for easy secondary key retrieval. We just set up indexes for each 

key and allow records to be in more than one list. 

 This leads to the multilist structure for file representation. 
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STRUCTURES OF DIRECTORY IN OPERATING SYSTEM 

A directory is a container that is used to contain folders and file. It organizes files and folders into a 

hierarchical manner. 

 

There are several logical structures of a directory, these are given below. 

1. Single-level directory – 

Single level directory is simplest directory structure. In it all files are contained in same directory 

which make it easy to support and understand. 

A single level directory has a significant limitation, however, when the number of files increases or 

when the system has more than one user. Since all the files are in the same directory, they must have 

the unique name . if two users call their dataset test, then the unique name rule violated. 
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Advantages: 
 Since it is a single directory, so its implementation is very easy. 

 If the files are smaller in size, searching will become faster. 

 The operations like file creation, searching, deletion, updating are very easy in such a directory 

structure. 

Disadvantages: 

 There may chance of name collision because two files can not have the same name. 

 Searching will become time taking if the directory is large. 

 In this can not group the same type of files together. 

 

 

2. Two-level directory – 

As we have seen, a single level directory often leads to confusion of files names among different users. 

the solution to this problem is to create a separate directory for each user. 

In the two-level directory structure, each user has there own user files directory (UFD). The UFDs has 

similar structures, but each lists only the files of a single user. system’s master file directory (MFD) is 

searches whenever a new user id=s logged in. The MFD is indexed by username or account number, 

and each entry points to the UFD for that user. 

 

Advantages: 
 We can give full path like /User-name/directory-name/. 

 Different users can have same directory as well as file name. 

 Searching of files become more easy due to path name and user-grouping. 

Disadvantages: 
 A user is not allowed to share files with other users. 

 Still it not very scalable, two files of the same type cannot be grouped together in the same user. 
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3. Tree-structured directory – 
Once we have seen a two-level directory as a tree of height 2, the natural generalization is to extend 

the directory structure to a tree of arbitrary height. 

This generalization allows the user to create there own subdirectories and to organize on their files 

accordingly. 

 

A tree structure is the most common directory structure. The tree has a root directory, and every file in 

the system have a unique path. 

Advantages: 
 Very generalize, since full path name can be given. 

 Very scalable, the probability of name collision is less. 

 Searching becomes very easy, we can use both absolute path as well as relative. 

Disadvantages: 
 Every file does not fit into the hierarchical model, files may be saved into multiple directories. 

 We can not share files. 

 It is inefficient, because accessing a file may go under multiple directories. 

 

4. Acyclic graph directory – 

An acyclic graph is a graph with no cycle and allows to share subdirectories and files. The same file or 

subdirectories may be in two different directories. It is a natural generalization of the tree-structured 

directory. 

It is used in the situation like when two programmers are working on a joint project and they need to 

access files. The associated files are stored in a subdirectory, separating them from other projects and 

files of other programmers, since they are working on a joint project so they want the subdirectories to 

be into their own directories. The common subdirectories should be shared. So here we use Acyclic 

directories. 

It is the point to note that shared file is not the same as copy file . If any programmer makes some 

changes in the subdirectory it will reflect in both subdirectories. 
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Advantages: 

 We can share files. 

 Searching is easy due to different-different paths. 

Disadvantages: 
 We share the files via linking, in case of deleting it may create the problem, 

 If the link is softlink then after deleting the file we left with a dangling pointer. 

 In case of hardlink, to delete a file we have to delete all the reference associated with it. 

 

5. General graph directory structure – 

In general graph directory structure, cycles are allowed within a directory structure where multiple 

directories can be derived from more than one parent directory. 

The main problem with this kind of directory structure is to calculate total size or space that has been 

taken by the files and directories. 

 

Advantages: 
 It allows cycles. 

 It is more flexible than other directories structure. 

Disadvantages: 

 It is more costly than others. 

 It needs garbage collection. 
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