1Fall 2002, Lecture 37What is Linux?nLinux is a modem, free operating systembased on UNIX standardslFirst developed as a small but self-contained kernel in 1991 by LinusTorvaldsnDeveloped in collaboration by manyusers around the world over InternetnDesigned to run efficiently and reliably oncommon PC hardware, but also runs ona variety of other platforms (e.g., PDAs)nThe core Linux operating system kernelis entirely original, but it can run muchexisting free UNIX software, resulting inan entire UNIX-compatible operatingsystem free from proprietary codenIn use by over 12 million users

2Fall 2002, Lecture 37Linux Kernel HistorynVersion 0.01 (May 1991) Ñ nonetworking, ran only on x86 hardware,limited device-drive support, supportedonly the Minix file systemnVersion 1.0 (March 1994) Ñ TCP/IPnetworking, IPC, enhanced file system,floppy-disk & CDROM support, pagingnVersion 1.2 (March 1995) Ñ somesupport for SPARC, Alpha, & MIPSarchitecturesnVersion 2.0 (June 1996) Ñ multiplearchitectures, multiprocessor supportnCurrent version is Version 2.5.x

3Fall 2002, Lecture 37Linux DistributionnStandard, precompiled sets of packages,or distributions, include the basic Linuxsystem, system installation andmanagement utilities, and ready-to-installpackages of common UNIX toolsnThe first distributions managed thesepackages by simply providing a means ofunpacking all the files into theappropriate places; modern distributionsinclude advanced package managementnEarly distributions included SLS andSlackware. Red Hat and Debian arepopular distributions from commercialand noncommercial sources, respectivelynThe RPM Package file format permitscompatibility among the various Linuxdistributions

4Fall 2002, Lecture 37Linux LicensingnLinux is distributed under GNU GeneralPublic License (GPL)lLinux is not public domain Ñ publicdomain implies that the author(s) haverelinquished copyright over their softwarelLinux is not shareware Ñ sharewareimplies that the authors are distributingtheir software to users as try-and-buy andexpect to be paidnThe GPL allows software to be freelyused and modified by anybody.lThe GPL is written such that the none ofthe freely available code can be turnedinto commercial (or closed) product,although a reasonable distribution fee canbe chargedlThe GPL stipulates that the source codemust always distributed together withcompiled binaries

5Fall 2002, Lecture 37Linux Kernel ModulesnKernel code executes in kernel modewith full access to all the physicalresources of the computernKernel modules are pieces of kernelcode that can be independentlycompiled, loaded, and unloadedlA kernel module may typically implementa device driver, a file system, or anetworking protocollThird parties can write and distribute, ontheir own terms, device drivers or filesystems that could not be distributedunder the GPLnModule management allows modules tobe dynamically loaded into memory whenneededlRegularly queries the kernel, and willunload modules no longer actively used

6Fall 2002, Lecture 37Linux Process ManagementnTwo distinct operations (like UNIX):lfork Ñ creates a new processlexecve Ñ runs a new programnUnder Linux, process properties fall intothree groups:lProcess identity Ñ process ID, processcredentials (user ID & group ID for fileand resource access), personality (!)lProcess environment Ñ command-linearguments, environment variableslProcess context Ñ state of runningprogram, including:nScheduling contextnAccounting informationnFile table & file-system contextnVirtual-memory context

7Fall 2002, Lecture 37Linux Processes and ThreadsnSame internal representation forprocesses and threads; a thread issimply a new process that shares thesame address space as its parent.nOnly distinction is when a new thread iscreated by the clone system call:lfork creates a new process with its ownentirely new process contextlclone creates a new process (thread)with its own identity, but that is allowed toshare the data structures of its parentnCreate new process / thread => createnew identity and scheduling contextslFork (a process) => copy other contextslClone (a thread) => share other contexts

8Fall 2002, Lecture 37Linux Kernel SynchronizationnKernel-mode execution is requested:lBy a user program who requests an OSservice, either explicitly via a system call,or implicitly, e.g., a page faultlBy a device driver through a hardwareinterrupt, causing a kernel-mode interrupthandler to be invokednThe kernelÕs critical sections areprotected and run without interruption:lNormal kernel code is nonpreemptiblelInterrupts are disabled during a criticalsection in the interrupt handlernTo avoid having interrupts disabled for along time, interrupt handlers are dividednTop half is a normal interrupt handler, canbe interrupted by higher-priority processesnBottom half is run, with interrupts enabled,by a miniature scheduler that ensures thatbottom halves never interrupt themselves

9Fall 2002, Lecture 37Linux Process SchedulingnFor time-sharing processes, Linux uses aprioritized, credit based algorithmlThe process with the greatest number ofcredits is selectedlA process loses a credit at every timerinterruptlWhen credits reach 0 the process issuspendedlProcesses gain credits as they ageaccording to this rulenThe crediting rulecredits = credits/2 + priorityconsiders processÕs history and prioritylThis crediting system automaticallyprioritizes interactive or I/O-boundprocesses, since CPU-bound processesexhaust their credits quickly

10Fall 2002, Lecture 37Linux Process Scheduling(cont.)nFor real-time scheduling, Linuximplements FIFO and round-robin; inboth cases, each process has a priorityin addition to its scheduling class.lThe scheduler runs the process with thehighest priority; for equal-priorityprocesses, it runs the longest-waiting onelFIFO processes continue to run until theyeither exit or blocklA round-robin process will be preemptedafter a while and moved to the end of thescheduling queue, so that round-robingprocesses of equal priority automaticallytime-share between themselves

11Fall 2002, Lecture 37Linux Memory ManagementnThe page allocator uses a buddy-heapalgorithm to keep track of availablephysical pageslEach allocatable memory region is pairedwith an adjacent partnerlWhenever two allocated partner regionsare both freed up they are combined toform a larger regionlIf a small memory request cannot besatisfied by allocating an existing smallfree region, then a larger free region willbe subdivided into two partners to satisfythe requestnThe VM system maintains the addressspace visible to each process: it createspages of virtual memory on demand, andmanages the loading of those pagesfrom disk or their swapping back out todisk as required

12Fall 2002, Lecture 37The Linux Ext2fs File SystemnExt2fs uses a mechanism similar to thatof BSD Fast File System (ffs) for locatingdata blocks belonging to a specific file,differing in their disk allocation policies:lIn ffs, the disk is allocated to files inblocks of 8KB, with blocks beingsubdivided into fragments of 1KB to storesmall files or partially filled blocks at theend of a filelExt2fs does not use fragments; itperforms its allocations in smaller units.The default block size on ext2fs is 1KB,although 2KB and 4KB blocks are alsosupportedlExt2fs uses allocation policies designedto place logically adjacent blocks of a fileinto physically adjacent blocks on disk, sothat it can submit an I/O request forseveral disk blocks as a single operation

13Fall 2002, Lecture 37The Linux Ext2fs File System(cont.)