1Fall 1998, Lecture 30Disk HardwareDiagram from Computer Science, Volume 2, J. Stanley Warford, Heath, 1991.nArm can move in and outlRead / write head can access a ring ofdata as the disk rotatesnDisk consists of one or more platterslEach platter is divided into rings of data,called tracks, and each track is dividedinto sectorslOne particular platter, track, and sector iscalled a block

2Fall 1998, Lecture 30Disk Hardware (cont.)nTypical disk today:lTotal capacity = 4.2GBl9 platters (18 surfaces)l4096 tracks per surfacel32-64 sectors per trackl1K bytes per sectornTrends in disk technologylDisks are getting smaller, for similarcapacitynFaster data transfer, lighter weightlDisk are storing data more denselynFaster data transfernDensity improving faster than mechanicallimitations (seek time, rotational delay)lDisks are getting cheaper (factor of 2 peryear since 1991)

3Fall 1998, Lecture 30Data Structures for FilesnEvery file is described by a filedescriptor, which may contain (varieswith OS):lTypelAccess permissions � read, write, etc.lLink count � number of directories thatcontain this filelOwner, grouplSizelAccess times � when created, lastaccessed, last modifiedlBlocks where file is located on disknNot included:lName of file

4Fall 1998, Lecture 30OS Data Structures for FilesnOpen file table (one, belongs to OS)lLists all open fileslEach entry contains:nA file descriptornOpen count � number of processes thathave the file opennPer-process file table (many)lList all open files for that processlEach entry contains:nPointer to entry in open file tablenCurrent position (offset) in file

position

Per-ProcessFile Table count

OpenFile Table file descrip.

5Fall 1998, Lecture 30UNIX Data Structures for FilesnActive Inode table (one, belongs to OS)lLists all active inodes (file descriptors)nOpen file table (one, belongs to OS)lEach entry contains:nPointer to entry in active inode tablenCurrent position (offset) in filenPer-process file table (many)lEach entry contains:nPointer to entry in open file table

Per-ProcessFile Table

I/O pointer

OpenFile Table

Inode

ActiveI-node Table

6Fall 1998, Lecture 30Disk Data Structures for FilesnThe file descriptor information must alsobe stored on the disk, for persistencelIncludes all the basic information listed onthe previous slideslAll inodes (file descriptors) are stored in afixed-size array on the disk called the ilistnThe size of the ilist array is determinedwhen the disk is initializednThe index of a file descriptor in the array iscalled its inode number, or inumbernFile descriptors are stored:lOriginally, together on the inner (or outer)tracklThen, together on the middle track (why?)lNow: there are small file descriptor arespread out across the disk, so as to becloser to the file data

7Fall 1998, Lecture 30UNIX File SystemnA file descriptor (inode) represents a filelAll inodes are stored on the disk in afixed-size array called the ilistnThe size of the ilist array is determinedwhen the disk is initializednThe index of a file descriptor in the array iscalled its inode number, or inumberlInodes for active files are also cached inmemory in the active inode tablenA UNIX disk may be divided intopartitions, each of which contains:lBlocks for storing directories and fileslBlocks for storing the ilistnInodes corresponding to filesnSome special inodes—Boot block � code for booting the system—Super block � size of disk, number of freeblocks, list of free blocks, size of ilist,number of free inodes in ilist, etc.

8Fall 1998, Lecture 30UNIX File System (cont.)nHigh-level view:nLow-level view:Diagram from Advanced Programming in the UNIX Environment, W. Richard Stevens,Addison Wesley, 1992.

disk drive partition directory blocks and file data blocks bootblocks super-block ilistinode inode