1e 05nA (sometimes called a task, or a) is, informally, a program in executionnÒProcessÓ is not the same as ÒprogramÓlprogram stored on disk, and an nprogram; each running copy correspondsto a distinct processlThe program is only part of a process; theprocess also contains the execution statenList processes (HP UNIX):lÑ my processes, little detaillps -flÑ my processes, more detlps -Ñ all processes, more detailnNote user processes and OS processes

2e 05Process Creation / TerminationnReasons for process creationllUser starts a programlOS creates process to (e.g., printer daemon to manage printer)lProgram starts another process (e.g., to display a picture)nReasons for process terminationllArithmetic error, or data misuse (e.g.,wrong type)llInsufficient memory available, or mlResource protection errorlI/O failure

3e 05Process ExecutionnConceptual model of 4 processesnActual interleaved execution of the 4

processA processB processC processD time(one Program Counter per process) process A process B process C process D time(one Program Counter)

4e 05A Two-State Process ModelnThis process model says that either aprocess is , or it is not runningnState transition diagram:nQueuing diagram:nCPU scheduling (round-robin)lQueue is first-in, first-out (FIFO) listlCPU scheduler takes process at head ofqueue, runs it on CPU for one tthen puts it back at t

notrunning running enter dispatch pause exitCPU exitqueue

5e 05Process Transitions inthe Two-State Process ModelnWhen the OS creates a new process, it isinitially placed in the statelItÕs waiting for an opportunity to executenAt the end of each time slice, the selects a new process to runlÑ moved from the state into the state (at tail of queue)lThe new process (at head of queue) is Ñ moved from the state into the statenU schedulernnot-running er choosesa new process to execute

6e 05Waiting on Something to HappenÉnSome reasons why a process that otherwise be running needs to wait:lWait for user to type the next keylWait for output to appear on the screenlProgram tried to read a fOS decides which disk blocks to read,and then actually reads the requestedinformation into memorylNetscape tries to follow a link (URL) Ñwait while OS determines address,requests data, reads packets, nOS must distinguish between:lProcesses that are ready to run and arewaiting their turn for another tlProcesses that are waiting for to happen (OS operation, hardwareevent, etc.)

7e 05A Five-State Process ModelnThe state in the two-statemodel has now been split into a state and a statel Ñ currently being executedl Ñ prepared to executel Ñ waiting for some event tooccur (for an I/O operation to complete, ora resource to become available, etc.)l Ñ just been createdl Ñ just been terminatednState transition diagram:

ready running admit dispatch timeout release newexitblocked eventwait eventoccurs

8e 05State Transitions in Five-StateProcess Modelnnew readylAdmitted to ready queue; can nready runninglCPU scheduler chooses that process toexecute next, according to somenrunning ® readylProcess has used up its current nrunning ® blockedlProcess is waiting for some event occur (for I/O operation to complete, etc.)nblocked ® readylWhatever event the process on has occurred

9e 05Process StatenThe process state consists of (at least):lCode for the programlProgramÕs static and dynamic datalProgramÕs procedure call stacklContents of general purpose registerslContents of Program Counter (PC)lContents of Stack Pointer (lContents of Program Status Word (PSW)Ñ interrupt status, condition codes, etc.lOS resources in use (e.g., memory, openfiles, active I/O devices)lAccounting information (e.g., CPUscheduling, memory management)Everything necessary to resume theprocessÕ execution if it is somehow putaside temporarily e 05Process Control Block (PCB)nFor every process, the OS maintains aProcess Control Block ), a datastructure that represents the process andits state:lProcess id numberlUserid of ownerlMemory space (static, lProgram Counter, Stack Pointer, purpose registerslProcess state (running, not-running, etc.)lCPU scheduling information (e.g., priority)lList of open fileslI/O states, I/O in progresslqueues (e.g., the waiting queue)lÉ