1Fall 2002, Lecture 04Process ManagementnOS manages many kinds of activities:lUser programslSystem programs: printer spoolers,name servers, file servers, etc.nEach is encapsulated in a processlA process includes the completeexecution context (code, data, PC,registers, files & I/O devices in use, etc.)lA process is

not a programnA process is

one instance of a program inexecution; many processes can berunning the same programnOS must:lCreate, delete, suspend, resume, andschedule processeslSupport inter-process communication andsynchronization, handle deadlock

2Fall 2002, Lecture 04Memory ManagementnPrimary (Main) MemorylProvides direct access storage for CPUlProcesses must be in main memory toexecutenOS must:lMechanicsnKeep track of memory in usenKeep track of unused (ÒfreeÓ) memorynProtect memory spacenAllocate, deallocate space for processesnSwap processes: memory <Ð> disklPoliciesnDecide when to load each process intomemorynDecide how much memory space toallocate each processnDecide when a process should beremoved from memory

3Fall 2002, Lecture 04File System ManagementnFile SystemlDisks (secondary storage) provide long-term storage, but are awkward to usedirectlylFile system provides files and variousoperations on filesnA file is a long-term storage entity, anamed collection of persistent informationthat can be read or writtennA file system supports directories, whichcontain files and other directoriesÐName, size, date created, date lastmodified, owner, etc.nOS must:lCreate and delete files and directorieslManipulate files and directoriesnRead, write, extend, rename, copy, protectlProvide general higher-level servicesnBackups, accounting, quotas

4Fall 2002, Lecture 04Disk ManagementnDisklThe actual hardware that sits underneaththe file systemlLarge enough to store all user programsand data, application programs, entire OSlPersistent Ñ endures system failuresnOS must:lManage disk space at low level:nKeep track of used spacesnKeep track of unused (free) spacenKeep track of Òbad blocksÓlHandle low-level disk functions, such as:nScheduling of disk operationsnHead movementlNote fine line between disk managementand file system management

5Fall 2002, Lecture 04Operating System ServicesnOS services for programmer:lProgram execution Ð method to load aprogram into memory and to run itlI/O operations Ð since user programscannot execute I/O operations directly,the OS must provide a way to allow I/OlFile-system manipulation Ð methods toread, write, create, and delete fileslCommunications Ð method to exchangeinformation between processes on eithersame or different computersnOS services for user:lResource allocation Ð allocate resourcesto multiple users or multiple processeslAccounting Ð keep track of users andresource usagelProtection Ð ensuring that all access tosystem resources is controlled

6Fall 2002, Lecture 04System CallsnSystem calls provide the interfacebetween a running program and the OSlAvailable in assembly-languagelHigh-level languages allow system callsto be made directly (e.g., C, C++)lThree methods are used to passparameters from program to OS:nPass parameters in registersnStore parameters in a table in memory,pass table address via a registernPass parameters via a stacknTypes of system calls:lProcess controllFile manipulationlDevice managementlInformation maintenancelCommunication

7Fall 2002, Lecture 04One OS Structure: LayersnDivide OS into layers, each layer usesservices provided by next lower layerlUser programslShell & compilerslCPU scheduling & memory managementlDevice driverslHardwarenAdvantages: modularity, easy debugginglDisadvantages: difficult to design whenlayers interact, performancenExamples:lHistoric: THE (1968), Venus (1972)lMore recent: MS-DOS, OS/2 (1988),Windows NT 3.0lNot very popular at the moment

8Fall 2002, Lecture 04Another OS Structure: Large KernelnThe kernel is the protected part of the OSthat runs in kernel modelCritical OS data structures and registersare protected from user programslCan use privileged instructionsnExample: early versions of UNIX

signalsterminalscharacter I/O filesswappingdisk, tape

CPU schedulingpage replacementvirtual memory terminal controllers device controllers memory controllers kernel sytem services: shells, compilers, printing, network access system calls user programs hardware: terminals, I/O devices, memory machine-independent machine-dependent

9Fall 2002, Lecture 04Another OS Structure: MicrokernelnGoal is to minimize what goes in thekernel, implementing as much of the OSas possible in user-mode processeslEasier to port & extend, more reliablelLower performance (unfortunately)nExamples: Mach (US), Windows NT &XP, Mac OS X (based on Mach)

userprocesses filesystem

CPUscheduling threadsystem networksupport paging systemprocesses micro-kernel communication protection low-level VM processor control usermode kernelmode

10Fall 2002, Lecture 04Virtual MachinesnA virtual machine provides an interfaceidentical to the underlying bare hardwarefor multiple userslThe OS gives each process the illusion ofhaving its own processor, memory, etc.nResources of the physical computer areshared to create the virtual machineslEach user can run any OS or programsthat runs on the underlying machinenAdvantages / disadvantages:lProtection of resources / no sharinglDifficult to provide an exact duplicate ofthe underlying machinenExamples: IBM VM/370 (first)lVMware Ñ multiple OSÕs on one PClJava Virtual Machine (JVM) Ñ executescompiled Java programs