1Fall 1998, 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, OS resources 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 1998, 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 (�free�) memorynProtect memory spacenAllocate, deallocate space for processesnSwap processes: memory <—> disklPoliciesnDecide when to load each process intomemorynDecide how much memory space toallocate each processnDecide when a process should beremoved from memory

3Fall 1998, 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 directories—Name, 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 1998, Lecture 04Disk ManagementnDisklThe actual hardware that sits underneaththe file systemlLarge enough to store all user programsand data, application programs, entire OSlPersistent � endures system failuresnOS must:lManage disk space at low level:nKeep track of used spacesnKeep track of unused (free) spacenKeep track of �bad blocks�lHandle low-level disk functions, such as:nScheduling of disk operationsnHead movementlNote fine line between disk managementand file system management

5Fall 1998, Lecture 04System CallsnProcess controllend/abort this programlload/execute another programlcreate/terminate a processnget/set attributesnwait specified timenwait for event, signal eventnFile manipulationlcreate/open/read/write/close/delete filelget/set attributesnDevice manipulationlrequest/read/write/release devicenInformationlget/set time/date

6Fall 1998, Lecture 04One OS Structure: Large KernelnThe kernel is the protected part of the OSthat runs in kernel modelCritical OS data structures and deviceregisters are protected from userprogramslCan use privileged instructions

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

7Fall 1998, Lecture 04Coping with HugenessnIdeal:nReality:

user programs shell compiler printing

UNIX OS Kernel

8Fall 1998, Lecture 04OS Design IssuesnAnother approach: layered OSlDivide OS into layerslEach layer uses services provided bynext lower layernUser programsnShell & compilersnCPU scheduling & memory managementnDevice driversnHardwarelAdvantages: modularity, simplicitynDisadvantages: performancenBig tradeoff in OS design:� simplicity versus performance� Always strive for simplicity� �Unless you have a strong reason tobelieve that complication is needed toachieve acceptable performance

9Fall 1998, Lecture 04Another OS Structure: MicrokernelnGoal is to minimize what goes in thekernel, implementing as much of the OSas possible in user-mode processeslBetter reliability, easier extensionlLower performance (unfortunately)nExamples: Mach (US), Chorus (France)

userprocesses filesystem

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

10Fall 1998, Lecture 04The Future?Network Operating SystemsnSun�s JavaOS architecture:Details athttp://java.sun.com/doc/white_papers.htmlnNo disknOS can only run a net browserlGet whatever the OS needs over the netlGet whatever application programs areneeded over the net (as Java applets)

FoundationClasses

AWTClasses

Net and I/OClasses

JavaOSWindows

JavaOSGraphics

TCPNFS Client UDP IPEthernet

Keyboard

Mouse

Java Virtual Machine

Booting, Traps, Interrupts, Threads