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Process Identifiers
#include#include#include#include <unistd<unistd<unistd<unistd....h>h>h>h>

pid_tpid_tpid_tpid_t getpid(void)getpid(void)getpid(void)getpid(void);;;;

//////// returnsreturnsreturnsreturns processprocessprocessprocess IDIDIDID ofofofof callingcallingcallingcalling processprocessprocessprocess

pid_tpid_tpid_tpid_t getppid(void)getppid(void)getppid(void)getppid(void);;;;

DCC-FCUP # 1

pid_tpid_tpid_tpid_t getppid(void)getppid(void)getppid(void)getppid(void);;;;

//////// returnsreturnsreturnsreturns parentparentparentparent processprocessprocessprocess IDIDIDID ofofofof callingcallingcallingcalling processprocessprocessprocess

pid_tpid_tpid_tpid_t getuid(void)getuid(void)getuid(void)getuid(void);;;;

//////// returnsreturnsreturnsreturns useruseruseruser IDIDIDID ofofofof callingcallingcallingcalling processprocessprocessprocess

pid_tpid_tpid_tpid_t getgid(void)getgid(void)getgid(void)getgid(void);;;;

//////// returnsreturnsreturnsreturns groupgroupgroupgroup IDIDIDID ofofofof callingcallingcallingcalling processprocessprocessprocess
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Process Creation
#include#include#include#include <unistd<unistd<unistd<unistd....h>h>h>h>

pid_tpid_tpid_tpid_t fork(void)fork(void)fork(void)fork(void);;;;

//////// **** createscreatescreatescreates aaaa newnewnewnew processprocessprocessprocess calledcalledcalledcalled thethethethe childchildchildchild processprocessprocessprocess

//////// **** bothbothbothboth thethethethe childchildchildchild andandandand parentparentparentparent continuecontinuecontinuecontinue executingexecutingexecutingexecuting withwithwithwith thethethethe

//////// instructioninstructioninstructioninstruction thatthatthatthat followsfollowsfollowsfollows thethethethe callcallcallcall totototo forkforkforkfork

DCC-FCUP # 2

//////// instructioninstructioninstructioninstruction thatthatthatthat followsfollowsfollowsfollows thethethethe callcallcallcall totototo forkforkforkfork

//////// **** thethethethe childchildchildchild getsgetsgetsgets aaaa copycopycopycopy ofofofof thethethethe parent'sparent'sparent'sparent's datadatadatadata space,space,space,space, heapheapheapheap

//////// andandandand stackstackstackstack (note(note(note(note thatthatthatthat theytheytheythey dodododo notnotnotnot shareshareshareshare thesethesethesethese portionsportionsportionsportions ofofofof

//////// memory,memory,memory,memory, theytheytheythey onlyonlyonlyonly shareshareshareshare thethethethe texttexttexttext segment)segment)segment)segment)

// * returns 0 in child process, process ID of child in// * returns 0 in child process, process ID of child in// * returns 0 in child process, process ID of child in// * returns 0 in child process, process ID of child in

//   parent process, //   parent process, //   parent process, //   parent process, ----1 on error1 on error1 on error1 on error
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Process Creation: Code Skeleton
............

//////// parentparentparentparent codecodecodecode beforebeforebeforebefore forkforkforkfork

ifififif ((pid((pid((pid((pid ==== fork()fork()fork()fork())))) <<<< 0000)))) {{{{

//////// forkforkforkfork failedfailedfailedfailed

}}}} elseelseelseelse ifififif (pid(pid(pid(pid ==== ==== 0000)))) {{{{

//////// childchildchildchild codecodecodecode afterafterafterafter forkforkforkfork

DCC-FCUP # 3

//////// childchildchildchild codecodecodecode afterafterafterafter forkforkforkfork

}}}} elseelseelseelse {{{{

// parent code after fork// parent code after fork// parent code after fork// parent code after fork

}}}}

// common code after fork// common code after fork// common code after fork// common code after fork

............
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Process Creation: Example
intintintint mainmainmainmain ()()()() {{{{

pid_tpid_tpid_tpid_t pidpidpidpid;;;;

intintintint aaaa ==== 0000,,,, bbbb ==== 0000,,,, cccc ==== 0000;;;;

printf("beforeprintf("beforeprintf("beforeprintf("before forkforkforkfork\\\\n")n")n")n");;;;

ifififif ((pid((pid((pid((pid ==== fork()fork()fork()fork())))) <<<< 0000))))

{{{{ /*/*/*/* forkforkforkfork failedfailedfailedfailed */*/*/*/ }}}}

RunningRunningRunningRunning exampleexampleexampleexample::::

$$$$ ....////aaaa....outoutoutout

beforebeforebeforebefore forkforkforkfork

pidpidpidpid:::: 1730173017301730,,,, aaaa:::: 1111,,,, bbbb:::: 2222,,,, cccc:::: 1111

pidpidpidpid:::: 1731173117311731,,,, aaaa:::: 2222,,,, bbbb:::: 1111,,,, cccc:::: 1111

$$$$ ....////aaaa....outoutoutout

DCC-FCUP # 4

{{{{ /*/*/*/* forkforkforkfork failedfailedfailedfailed */*/*/*/ }}}}

elseelseelseelse ifififif (pid(pid(pid(pid ==== ==== 0000))))

a++a++a++a++;;;;

elseelseelseelse

b++b++b++b++;;;;

a++; b++; c++;a++; b++; c++;a++; b++; c++;a++; b++; c++;

printf("pid: %d, a: %d, b: %, c: %dprintf("pid: %d, a: %d, b: %, c: %dprintf("pid: %d, a: %d, b: %, c: %dprintf("pid: %d, a: %d, b: %, c: %d\\\\n", n", n", n", getpid()getpid()getpid()getpid(), a, b, c);, a, b, c);, a, b, c);, a, b, c);

}}}}

$$$$ ....////aaaa....outoutoutout

beforebeforebeforebefore forkforkforkfork

pidpidpidpid: 1733, a: 2, b: 1, c: 1: 1733, a: 2, b: 1, c: 1: 1733, a: 2, b: 1, c: 1: 1733, a: 2, b: 1, c: 1

pidpidpidpid:::: 1732173217321732,,,, aaaa:::: 1111,,,, bbbb:::: 2222,,,, cccc:::: 1111



Operating Systems 2017/2018 API Process Control

Process Termination
#include#include#include#include <stdlib<stdlib<stdlib<stdlib....h>h>h>h>

voidvoidvoidvoid exit(intexit(intexit(intexit(int status)status)status)status);;;;

//////// **** causescausescausescauses normalnormalnormalnormal processprocessprocessprocess terminationterminationterminationtermination

//////// **** thethethethe constantsconstantsconstantsconstants EXIT_SUCCESSEXIT_SUCCESSEXIT_SUCCESSEXIT_SUCCESS ((((0000)))) andandandand EXIT_FAILUREEXIT_FAILUREEXIT_FAILUREEXIT_FAILURE (!=(!=(!=(!=0000)))) cancancancan

//////// bebebebe usedusedusedused totototo indicateindicateindicateindicate successful/unsuccessfulsuccessful/unsuccessfulsuccessful/unsuccessfulsuccessful/unsuccessful terminationterminationterminationtermination

DCC-FCUP # 5

//////// bebebebe usedusedusedused totototo indicateindicateindicateindicate successful/unsuccessfulsuccessful/unsuccessfulsuccessful/unsuccessfulsuccessful/unsuccessful terminationterminationterminationtermination

//////// **** thethethethe parentparentparentparent cancancancan thenthenthenthen obtainobtainobtainobtain thethethethe exitexitexitexit statusstatusstatusstatus ofofofof thethethethe childchildchildchild

//////// **** thethethethe callcallcallcall totototo exit()exit()exit()exit() doesdoesdoesdoes notnotnotnot returnreturnreturnreturn



Operating Systems 2017/2018 API Process Control

Process Termination
#include#include#include#include <sys/wait<sys/wait<sys/wait<sys/wait....h>h>h>h>

pid_tpid_tpid_tpid_t wait(intwait(intwait(intwait(int *status)*status)*status)*status);;;;

//////// **** waitswaitswaitswaits forforforfor aaaa childchildchildchild totototo terminateterminateterminateterminate orororor returnsreturnsreturnsreturns anananan errorerrorerrorerror ((((----1111))))

//////// ifififif itititit doesdoesdoesdoes notnotnotnot havehavehavehave anyanyanyany (more)(more)(more)(more) childrenchildrenchildrenchildren

//////// **** ifififif atatatat leastleastleastleast oneoneoneone childchildchildchild hashashashas terminated,terminated,terminated,terminated, returnsreturnsreturnsreturns thethethethe childchildchildchild

DCC-FCUP # 6

//////// **** ifififif atatatat leastleastleastleast oneoneoneone childchildchildchild hashashashas terminated,terminated,terminated,terminated, returnsreturnsreturnsreturns thethethethe childchildchildchild

//////// processprocessprocessprocess IDIDIDID andandandand fetchesfetchesfetchesfetches itsitsitsits terminationterminationterminationtermination statusstatusstatusstatus

//////// **** otherwise,otherwise,otherwise,otherwise, itititit blocksblocksblocksblocks whilewhilewhilewhile allallallall childrenchildrenchildrenchildren areareareare stillstillstillstill runningrunningrunningrunning

pid_tpid_tpid_tpid_t waitpid(pid_twaitpid(pid_twaitpid(pid_twaitpid(pid_t pid,pid,pid,pid, intintintint *status,*status,*status,*status, intintintint options)options)options)options);;;;

//////// **** allowsallowsallowsallows totototo specifyspecifyspecifyspecify whichwhichwhichwhich childchildchildchild processprocessprocessprocess itititit waitswaitswaitswaits forforforfor

//////// **** allowsallowsallowsallows totototo preventpreventpreventprevent blockingblockingblockingblocking whenwhenwhenwhen allallallall childrenchildrenchildrenchildren areareareare stillstillstillstill

//////// runningrunningrunningrunning (option(option(option(option WNOHANG)WNOHANG)WNOHANG)WNOHANG)



Operating Systems 2017/2018 API Process Control

Termination Status Macros

DCC-FCUP # 7
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Process Termination: Example
intintintint mainmainmainmain ()()()() {{{{

pid_tpid_tpid_tpid_t pidpidpidpid;;;;

intintintint statusstatusstatusstatus;;;;

ifififif ((pid((pid((pid((pid ==== fork())fork())fork())fork()) <<<< 0000))))

{{{{ /*/*/*/* forkforkforkfork failedfailedfailedfailed */*/*/*/ }}}}

elseelseelseelse ifififif (pid(pid(pid(pid ==== ==== 0000)))) {{{{

RunningRunningRunningRunning exampleexampleexampleexample::::

$$$$ ....////aaaa....outoutoutout

pidpidpidpid 1735173517351735 exitingexitingexitingexiting ............

childchildchildchild 1735173517351735 exitexitexitexit statusstatusstatusstatus 5555

DCC-FCUP # 8

elseelseelseelse ifififif (pid(pid(pid(pid ==== ==== 0000)))) {{{{

printf(printf(printf(printf(""""pid %d exiting ...pid %d exiting ...pid %d exiting ...pid %d exiting ...\\\\nnnn"""", , , , getpid()getpid()getpid()getpid()););););

exit(5)exit(5)exit(5)exit(5);;;;

} else {} else {} else {} else {

wait(&status)wait(&status)wait(&status)wait(&status);;;;

printf(printf(printf(printf(""""child %d exit status %dchild %d exit status %dchild %d exit status %dchild %d exit status %d\\\\nnnn"""", pid, , pid, , pid, , pid, WEXITSTATUS(status)WEXITSTATUS(status)WEXITSTATUS(status)WEXITSTATUS(status)););););

}}}}

exit(0)exit(0)exit(0)exit(0);;;;

}}}}
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Starting a New Program
#include#include#include#include <unistd<unistd<unistd<unistd....h>h>h>h>

intintintint execl(charexecl(charexecl(charexecl(char *pathname,*pathname,*pathname,*pathname, charcharcharchar *arg,*arg,*arg,*arg, ............))));;;;

intintintint execlp(charexeclp(charexeclp(charexeclp(char *filename,*filename,*filename,*filename, charcharcharchar *arg,*arg,*arg,*arg, ............))));;;;

intintintint execle(charexecle(charexecle(charexecle(char *pathname,*pathname,*pathname,*pathname, charcharcharchar *arg,*arg,*arg,*arg, ............,,,, charcharcharchar *envp[])*envp[])*envp[])*envp[]);;;;

intintintint execv(charexecv(charexecv(charexecv(char *pathname,*pathname,*pathname,*pathname, charcharcharchar *arg[])*arg[])*arg[])*arg[]);;;;

DCC-FCUP # 9

intintintint execv(charexecv(charexecv(charexecv(char *pathname,*pathname,*pathname,*pathname, charcharcharchar *arg[])*arg[])*arg[])*arg[]);;;;

intintintint execvp(charexecvp(charexecvp(charexecvp(char *filename,*filename,*filename,*filename, charcharcharchar *arg[])*arg[])*arg[])*arg[]);;;;

intintintint execve(charexecve(charexecve(charexecve(char *pathname,*pathname,*pathname,*pathname, charcharcharchar *arg[],*arg[],*arg[],*arg[], charcharcharchar *envp[])*envp[])*envp[])*envp[]);;;;

//////// **** replacesreplacesreplacesreplaces thethethethe currentcurrentcurrentcurrent processprocessprocessprocess segmentssegmentssegmentssegments -------- text,text,text,text, data,data,data,data, heapheapheapheap

//////// andandandand stackstackstackstack segmentssegmentssegmentssegments -------- withwithwithwith aaaa brandbrandbrandbrand newnewnewnew programprogramprogramprogram fromfromfromfrom diskdiskdiskdisk

//////// andandandand startsstartsstartsstarts executingexecutingexecutingexecuting thethethethe newnewnewnew programprogramprogramprogram atatatat itsitsitsits mainmainmainmain functionfunctionfunctionfunction

//////// **** keepskeepskeepskeeps thethethethe processprocessprocessprocess IDIDIDID sincesincesincesince nononono newnewnewnew processprocessprocessprocess isisisis createdcreatedcreatedcreated

//////// **** returnsreturnsreturnsreturns anananan errorerrorerrorerror ((((----1111)))) ifififif forforforfor somesomesomesome reasonreasonreasonreason itititit failsfailsfailsfails
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Exec Differences

DCC-FCUP # 10
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Starting a New Program: Example
intintintint mainmainmainmain ()()()() {{{{

pid_tpid_tpid_tpid_t pidpidpidpid;;;;

ifififif ((pid((pid((pid((pid ==== fork())fork())fork())fork()) <<<< 0000))))

{{{{ /*/*/*/* forkforkforkfork failedfailedfailedfailed */*/*/*/ }}}}

elseelseelseelse ifififif (pid(pid(pid(pid ==== ==== 0000)))) {{{{

ifififif ((((execlp("ls",execlp("ls",execlp("ls",execlp("ls", "ls","ls","ls","ls", """"----l",l",l",l", NULL)NULL)NULL)NULL) <<<< 0000)))) {{{{

DCC-FCUP # 11

ifififif ((((execlp("ls",execlp("ls",execlp("ls",execlp("ls", "ls","ls","ls","ls", """"----l",l",l",l", NULL)NULL)NULL)NULL) <<<< 0000)))) {{{{

printf("shouldn’t be here!printf("shouldn’t be here!printf("shouldn’t be here!printf("shouldn’t be here!\\\\n");n");n");n");

exit(1)exit(1)exit(1)exit(1);;;;

}}}}

}}}}

...  ...  ...  ...  // parent code after fork// parent code after fork// parent code after fork// parent code after fork

exit(0)exit(0)exit(0)exit(0);;;;

}}}}


