Linux/UNIX
RAMmIEFI

THE LINUX [ 7% ] Michael Kerrisk
PROGRAMMING SBHAE  PRAT iF
INTERFACE

A Linux and UNIX  System Programming Handbook

N\ BCHIBHR i L

POSTS & TELECOM PRESS




Linux/UNIX
%éfﬁéﬁhiﬂﬂ —

THE LINUX | Michael Kerrisk &
PROGRAMMING AfE AT
INTERFACE

A Linux and UNIX System Programming Handbook

AR D R AR A
 ®



% 34 E PEFE4H . %ﬁ*ﬂ{’ﬁﬂkﬁ“*‘l ..................................................................................... 573
341 REEIR oo 573
4.2 TEFRLH --eeeererreerr e 575
A3 D e 577
KVR R 0085 1 1L O ———— 578
34.5 ﬁﬁ‘é‘fﬂfﬁfil&ﬁ?ﬂ ................................................................................................. 580
34.6 SIGHUP %% ......................................................................................................... 581

34.6.1 E shell \:Pktg SIGHUP 43-_‘%— ................................................................... 581
34.6.2 SIGHUP f“i’i‘*‘] :\it?fifr’]%ﬂ'_ ...................................................................... 583
34.7 ﬂ;ﬂkﬁ%lj ................................................................................................................. 585
3471 JE shell F48 B4k A g8 ] ccoeemseossonssresssinsssnsenssnssssssssassasssnsanssnsssssssasnssisasasens 585
34.7.2 %;ﬂﬁjkj«z%] ............................................................................................. 587
34.7.3 ALIBAE AR AF AT 5 oo 591
34.7.4 %)Ll&’fiﬁﬂ ( SIGHUP & & )T CCLLLITITIIIT e 594
34.8 E\% ......................................................................................................................... 598
B4, B e 599

% 35 ﬁ ﬁfiﬁ%?&*ﬂﬁﬁ{ ................................................................................................. 600
35.1 FRARIEZE (nice fHL) w-rreverersmssesemsesesmssnsissarississsisssts sttt 600
359 iﬁﬁ&ﬁfﬁﬂﬁ ................................................................................................. 603

35.2.1 SCHED_RR %:g;g, ........................................................................................ 604
35.2.2 SCHED FIFO R+ eos e 605
352.3 SCHED_BATCH Fa SCHED_IDLE }'p:%. .................................................. 605
353 SERFHERR U API -veeeeeeseesssmmssmssssmsn s 605
35.3.1 BRI LRTEE -ooveevemremeem 606
35.3.2 ﬁéﬂiﬁwﬁﬂﬁﬁw&ﬁ“%ﬁﬂ ......................................................................... 606
3533 {:%;;i P #eevveesenmnsnesmnee s et et 611



35.3.4 SCHED_ RR B ] Jf weererseususssmsessnsinieie s 611

35.4  CPU SEH g rrrermemneee 612
35.5 ,‘S','\é'ﬁ ........................................................................................................................ 614
35.6 EJEE ........................................................................................................................ 615

% 36 E ﬁﬁ‘iﬁ;ﬁ ................................................................................................................. 617
36.1 BEFREYFEATIFH -ooveeerreremeemm 617
36.2  FHEFEBEYF PR <oveeeneemmmemeeee 619
36.3 HFE YR PRGN T coereeerremmee e 623
36.4 ‘3% ........................................................................................................................ 627
36.5 I e 627

T 37T E DAEMOIN oooveeereresrnesntette e e 628
7.1 HEEIAR oo 628
37.2 A daemomn eeeseeeereeeene e 629
373 gﬁ’n}; daemon *E»m .................................................................................................. 632
37.4 A#iF] SIGHUP BHI AL daemon ---ewsseerrememseemininsiiiicieici i 632
37.5 A1#iHH syslog O ST B G cveeereemeem e, 635
37.5.1  ABRIE coeeeernee e 635

37.5.2  SYSIOE AP ereseseeresessseesiste s 636

37.5.3 /etc/syslog.conf A cveeee e 640

37,6 G e 641
37.7 E&'ﬁ ........................................................................................................................ 641
E38E YRERERYEFRUIRIE - ooovvrrererrr s 642
38.1 EFEE— Set-User-ID 5, Set-Group-ID FRFE? coovrerrememinni 642

38.2  LUEE/IAUBRERAE oevvveresrvesrensmsenmniisisistsistest st s 643
383  /INLMFHATRRIT weverererersrersmsmssnssemssi s s 645
38.4  EA R BREUBE HL cooreereeeme 646
38.5 TEEFREMIIIIAR oo P ECCRTTTRIT IR IPER 647
38.6 /INUMEEFNTRGLRAE ooveeverresimmerin s 647

L RAE Caw i Lz B Rl T ———— S —————— 648
38.8 ANEESERFHIE T AFINEREE e 648
38.9  /NLNEETHIIR RE HY weveveverermsrremmmsnt s 649
38.10 /INOMEYERSS i wooveerererrerrrere 650
38.11 KYTT IR APRAS I 222 HU AL BRI IBURE I -ovevververensemmsssmsssmsmssssssmsassassssssssssn s 651
38.12 &é\gﬁ ...................................................................................................................... 651
38.13 SJE'E ..................................................................................................................... 652

% 39 = -y 5 T 653
39.1  HESJHEAS LB ooveenereeeee 653

2 Linux/UNIX RGe4 2 FAt ( T )



39.2  LINUX HEJJ orereeerresssrmsrissstnssaniosarnsinniaisnesiaessaassssesssissassssssissansansessasassassssesssssensessssves

654

393 ﬁﬁ*ﬂj{ﬁ:ﬁﬁj‘] ..................................................................................................... 654
30.3.1 HEFZBE A eeerrrrrrinitin e e e e e et e e s e ae e 654
39.3.2 iﬁ"ﬁlé‘, ...................................................................................................... 655
39.3.3 AR T HATHEL T T BY H B ~roeovomesssresssinsmsvispssssssssneporssssssssssisisnisaissans 657
39.3.4 XA F T AR BLAL ) G EL B oo 657
39.3.5 AL Fo A TT YR AR IE Y ] 4G cooeveeeremrerererinieie e 658
39.3.6 JE shell FA XM T EEH Ao B AEEE H oooeeremmimrermrneereseiniesesnaes 658

39.4 f)rMJCﬁE‘JJ ;J:im ......................................................................................................... 659
39.5 1t exec()t‘ﬂ%/}ﬁﬁﬁéjl ...................................................................................... 659
39.5.1 ﬁ‘g‘jyﬂgi{;{: ................................................................................................. 660
30.5.2  AREE root 3B S srererreeseisrnisininiiitiiiniaitnesisestaessesssaaessssssasssasssaaesnasssssesnsnese 660

39.6  DASFH P ID SHHEFREE T HUELUH -ovrveerreremssmssmsmsinsissinssesesse e ssess s ssesssassssens 661
39.7 HGRFEIITT BRI RRAE S vereemrmemmm 661
39.8 BUERAUAT A HE ST HITRIE - ooeeesemrermsnicsnncainnarisnssnssestorsssssmantanssranssssrssnsasasssssasiosisns 665
39.9  KRIRFRF T TR I RE S e 667
39.10 AEBCHRETIIZ R PIFEFIZRGE oo 667
30,11 G e 669
30,12 R et e 669
FEAQ TE T O e 670
40.1 utmp Fl Wtmp STHFHEIR -erveereeersseerimsisseeie st 670
402 UEMPX AP overeeeeseessessn e 671
403 utmpx ggm ............................................................................................................. 671
404 M utmp F wtmp AR ZAE B oo 673
40.5 %ﬂxﬁigﬁr\ getlogin() ..................................................................................... 676
40.6 HNEBFLSUEEH utmp F wtmp L T 677
40.7 lastlog 3‘({4: ............................................................................................................. 681
Q0.8 S GE crree 683
40.9 2/@1 ......................................................................................................................... 683
% 41 :‘E: ;,ti\-_%m‘;,ggﬁﬂ .............................................................................................................. 684
Q1.1 H BRJEE coeveeereeseneme 684
41.2 %&;&5‘@ ..................................................................................................................... 685
413 ;j\:gg?_)&ﬁ ............................................................................................................. 686
41.4 BB A IS PE[A] A oo 687
41.4.1 A I ZJE o 687
4142 4_%,_5_5&1%4{;2] ......................................................................................... 687
4143 4EH __./I\J,}‘_%-;_l; ......................................................................................... 688
41.4.4 %—%—‘E— GOTIATITIE +++++++sessrerermmmmmmnnntnnminttttrtre ettt sttt e 689



41.5 (FRHIEZEERIFR T E et 691
41.6 ;i\:gﬁé;ﬁz;*[]ﬁg ﬂm” ........................................................................................ 692
41.7 fﬁ%?}fp ............................................................................................................ 694
41.8 %KEZ;%@E?— HSE ............................................................................................ 696
419 ﬂg&;ﬁ\:g;ﬁ ............................................................................................................ 697
41.10 {EBARSET IR EREEFHZZ H S oreeerererrrrrerrmmmniniiniisie sttt 698
4111 FEIBATHF R R oo 700
41.12  IBATHFIF G HBAIT --eeerevereemrememrese 700
41.13 (FHBAERURILETEE e 701
41.14 ‘E\% ...................................................................................................................... 702
A1.15 B e 703
% 42 E ;j\;g,ﬁ%g&ﬁﬁ ..................................................................................................... 704
421 BHAINZRJEE --oooveeererrermr e 704
42.1.1 T EFE: dlOpEn()sesesereeensrsecnsnresssnsnstsistnt s 705
42.1.2 AERBT 1 o)« () R R TRt 706
42.1.3 FREBSF 56934k 3 ) FE RS 707
4214 * Jﬂ—;&\-é’:ﬁ- AICIOSE@() rveveveresnsesesssersrnsamnamsussnsssucnsn st 709
42.1.5 FIREA0B 5D L 15 B dladdr() - 710
42.1.6 JE T AZF P AF B AT 5 coeeeeererermeresmsese e 710
422 FBEITF S AL PLE -ereeerererem e 710
423 @Eﬁggﬁ&jngk .................................................................................................... 711
42.3.1 A B BRASE ARIT B AF 5 6 T Tt coeeeeemeeeres 712
4232 ﬁ‘%‘}{&i\{& ................................................................................................. 713
424  FJEEALRNZL IEBREL --vermeememeeee e 715
425 ﬁﬂﬂﬁﬁ?ﬂﬁ ........................................................................................................ 716
42.6 Hﬁﬁ@];&&%ﬁ% LD_DEBUG ........................................................................... 716
427 E;\% ........................................................................................................................ 717
42.8 ;jgij_ ........................................................................................................................ 718
% 43 E ﬁ*iﬁ]ﬁfgﬁﬂ' ..................................................................................................... 719
43.1 1IPC Iﬁﬁ‘%’é ......................................................................................................... 719
432 @%IE ................................................................................................................ 720
433 ﬁilﬁ ................................................................................................................ 721
434 1IPC Iﬂttﬁ ......................................................................................................... 723
43.5 [é\zé‘: ........................................................................................................................ 727
43.6 ;J% ........................................................................................................................ 727
%‘ 44 E s E*u TFIIFQQ) --vvvvvvnmnnnnmmnnmnneene et 728
441 ﬁﬁi ........................................................................................................................ 728

Linux/UNIX RSt RIEEFA ( ™)



442 @J@;ﬁ]{iﬁg %‘SJE ..................................................................................................... 730

443 KBEIEERN —FPHERRRIE R ITTE e 735
44 .4 ,ff)zﬁ %ﬁﬁﬁﬂﬁ%& ............................................................................................. 737
445 ENEIEYS Shell fiy TR POPEN()rreerererarssmsmsensisiniiieiti it 739
44.6  EIEFN Stdio L1 -eoererereererere s 743
QAT  TIELD 5253955085 binssarssrsrsnspsmsnssonsnsannnsasmsensnsnrss sansssmssonsssansenrunssssn s ans man s enrs esns s ovsAvETEEs 743
44.8 (FHEESLEIR— AR U/ RS BE N FH R - oovereererermmresimsinininccec e 745
449 Eﬂglxﬂ% 0 USRS 751
44.10 “EiEF FIFO q: read()iFl] write()H‘]iE)‘( ............................................................. 752
44.11 E\?uk ....................................................................................................................... 753
Q4,12 R e s 754
gg 45 ﬁ System VY IPC ﬂ.gg ................................................................................................ 756
45.1 ﬁﬁi ......................................................................................................................... 757
45,2 TPC Ky eerereseeresessesasmssss sttt 759
45.3  SCBEEE G5 MY RO RT BRAL PR - vveeneernmeernmesnene 761
454 1PC ﬁi}l%‘%ﬂ%ﬁ}*’ ﬁ%/ﬁﬁ%%@ﬁﬁﬂﬁ ................................................................ 763
45.5 System V IPC get ﬁﬁﬁﬁﬁ E‘Jﬁff ....................................................................... 764
45.6 ipCS Fn ipcrm fﬁé .................................................................................................. 766
45.7 ZREUERA IPC N%yﬂﬁ ........................................................................................ 767
45.8  TPC PRAl|-veererreernreerrerneen s 767
459 E‘x% ............................................................................ seresnsessi s 768
45.10 @ ....................................................................................................................... 768
% 46 ﬁ System Vi a8 BRI wovvmeeeenmeeene 769
46.1 BUEEBITTE— AT B BAFY -weereererssrsnnencii s 769
46.2 ﬁﬁ/ﬁ;@ ................................................................................................................. 771
462.1 Kt e 772
46.2.2 af-i{—lli/#] ‘éé ...................................................................................................... 774

463 WHE B)\iﬂ}’%ﬁgﬂﬁéﬁf ................................................................................................. 777
46.4 Y&%Mﬁﬂ%ﬁ%ﬁ%%%} ......................................................................................... 778
46.5 (ﬁg BAFI Y ISEtrﬁlJ ..................................................................................................... 780
46.6 E%%%*@?ﬁ/ﬁ@&ﬂ ..................................................................................... 781
46.7 1%%/#@&5'];@;%@}:'ﬁ/ﬂﬁ%%@ﬁﬁﬁf? ....................................................... 783
46.8 1 BB SEIR A AR SS BE N FHFRJT oovvereeeernsimmsnmneniicniceicccetsns 784
46.9 System VER BABU FEARL B, woemeeeesmmee st 790
46.10 ,{\\_5}\?‘.5 ....................................................................................................................... 790
0 I S 1 - PP ER P 791
FATE System VS B8 e i 792
471 R oo 793



472 BIEBITTF—ME BB - vooooreemessrnrassssossinsensssesss sessssnssvanssusavisossosssstssissitssisas 795

R T = € a1 SO RS 796
474 [E5 S RBREIIBEEHY oottt 798
47.5 (E S EBHIURAL -ovevrerermmimninti ittt reessne et sttt esae e s s sas s e et a e st s 801
47.6 B S BERAE e 803
47.7 g/l\[;ﬂg{g%-gﬁé{/gmﬂﬂ ................................................................................ 809
47.8 [E 5B oo 810
47.9 SEIL—AD T ICAE S EPPIL oo 811
47.10 S GBI weeeeerreereren s 814
47.11 System V (5 S BB S e 815
0 7 0 N RS 816
4713 D R e 817
F A8 ZE  System V IR 75 oo 818
A8. 1 RELIAR veeemrmmeems e e 818
48.2 IR ERITH — AN ILEZEPIFEBL --eeeererremrm e 819
48.3 A FHILEEPUAT coeeererrrerreee e 820
484 Ty FITIETERITEAERIIIR oororesmeemorsmsesnsnsesspsorsasiusersororapsssessavassresrensusanssyanses 821
48.5 ;j\:glj\]ﬁz}:ﬁmp\]ﬁq:mﬁﬁ ............................................................................ 825
48.6 ZEiLB NFETHTEREI ] ssosvsmsmmomsmsmsisnanssiosssnsussuisasnssnosasssssasissssorsvensans asssievony 828
48.7 %EWﬁﬁfﬁUﬁﬂz ................................................................................................ 829
48.8 ﬁgmﬁ%ﬁﬁﬁgﬁm ........................................................................................ 830
48 9 ;EEW@H‘]KE%IJ .................................................................................................... 832
48.10 'Elf\gjn: ...................................................................................................................... 833
48.11 )ji'ﬂ ....................................................................................................................... 833
% 49 = pq#ﬂy&gj ................................................................................................................. 835
491 HEIAR cooeeemeneee 835
492 BUEE—ANHE: mumap()eeeeeeeeee e 837
493 ﬁﬁ%ﬂ%ﬁ;j@jﬁ munmap() .................................................................................... 840
494 SCAHEILERE «oeereennmee e 840
49.4.1  FAA SAFBIF oeererersirtmis e 841
4942  FEF TAFBRET oo 842
49.4.3 A TAF B reererrremrrsnnne 845
49.4.4 A BRI Fo TAF 5 [F) AR ZL T covveerermrrnreesnemine et 846

495 [ﬁjﬂ?ﬂﬂ&ﬁﬂiiﬁ msync() ....................................................................................... 847
49.6 ﬁﬁ{_;‘ mmap()*,iia ................................................................................................... 848
49.7 %gﬂﬂ{ﬁj’ ................................................................................................................ 849
49.8 E%fﬂﬂ&%ﬂ'é/]\ﬂﬂﬁﬂtlziﬁ mremap() .................................................................... 852
499 MAP NORESERVE fﬂﬂ;ﬁ;ﬁ”ﬁﬁi&?@ ......................................................... 853
49.10 MAP FIXED BRI soeeeressenenssnsssttstosiiietiiitii s 854

6 Linux/UNIX R HEFA ( T )



49.11  AELR s . remap_file pages(): - wewereerereseemrmrit 855

49.12 E\% ....................................................................................................................... 857
49.13 ;jﬁﬂj ....................................................................................................................... 858

%’ 50 ﬁ Eﬁlmﬁﬁ"ﬁ .......................................................................................................... 859
50.1 &m}ﬁqﬁﬁfﬁ mprotect() .................................................................................... 859
50.2 WAEHL: mIock()F] MIOCKALL() --rsrrrssersssersssrmssessssssssssansssassssssssssssssssssssssssnssssnesns 861
50.3 ME P‘]ﬁl}fﬁiﬁ IENCOTE() e seseesrerssesesesssasssstnnst sttt 864
50.4 @ﬁu’éﬁﬂ{] qu ﬁ{i% *ﬁ;& madvise() ................................................................ 866

50.5 /J\g—ctl' ......................................................................................................................... 868
50.6 ;_]EE ......................................................................................................................... 868

% 51 E POSIX IPC ﬂgg ................................................................................................... 869
51.1 API mﬁs ................................................................................................................. 869
51.2 System V IPC 1_5 POSIX IPC H:l_g‘z ........................................................................ 872
513 };_‘;'1‘4;5 ......................................................................................................................... 873

% 52 E POSIX 5‘ﬁ 8 BT coveeeeneeenenee 874
52.1 mﬁi ......................................................................................................................... 874
522 ATFF. LRI IFEEEE T BABAF -oeooreerscrsenssmssenssasessssnssisssssssesssssssassnssnsonsessssns 875
523 FEIRZFFNN B AT Z A I ZR wooereeremmamerssssmnssasissssnsss st 877
52.4 /ﬁ,al%ﬁﬂ’ﬁﬁ ......................................................................................................... 878
52.5 ﬁ&/ﬁ,ﬁ ................................................................................................................. 882
52.5.1 ﬁi/h '@; ...................................................................................................... 882

52.5.2  FEYLIH Boveeereremmemmmmm e 883

52.53 f—iif"&‘&lh .@;Bﬂ"i"tﬁﬂﬂﬂ'ﬂ“]'m ......................................................... 885

52.6 \]ﬁ E\@%H ................................................................................................................. 886
52.6.1 ﬁi’ﬁ:’%’é&‘lkﬁ%ﬂ ..................................................................................... 887

52.6.2 @_Qﬁﬁi&,{i@ﬁ, ..................................................................................... 889

52.7 Linux ﬁ:ﬁﬂgﬁﬁ .................................................................................................. 891
52.8 (ﬁ%ﬁ)\ﬁﬂ Bﬁﬁgu ......................................................................................................... 892
52.9 POSIX 1 System Vv /ﬁ lgMyu H:t_gz ...................................................................... 893
Lo 1 T T 894
52.11 25@ ....................................................................................................................... 894

% 53 ﬁ POSIX fg%% ....................................................................................................... 895
53.1 MJZE ......................................................................................................................... 895
532 A B S e 895
53.2.1 FTTF A AT 5 5 e 896

5322  E P A E BB e 898

53.2.3 9}']%\“/!\@’21?%% ................................................................................. 898



533 S S BERAE oo s 899

53.3.1 ‘:ff,féf_—-/l\,fg%--_% ......................................................................................... 899
5332 KA AT B e 901
53.3.3 FRIRAZ T B L RTEL oooreeereerersrrmsesentmnen i 901

53.4 RATBIEGE - oreererrrr e e 903
53.4.1 IR L AT T oottt 904
5342 AHEE— AR BAE T B oottt eaes 906

53.5 5%1@@5&*%& ............................................................................................ 906
53,6 (S S IRIBIBRIE = evesevesorsemsoseossoasissrssasecsseasrsmrsssrsssesmssssssarsessivestassssmonsrsesswsssssssivinss 907
53.7 E{g—g ........................................................................................................................ 908
53.8 Z];i“j ........................................................................................................................ 908
FS4E POSIX o aE e 909
54.1 ﬁﬂﬁ ........................................................................................................................ 909
542 GUERILELPYAERT B corereremreresenineinett ettt 910
543 {fﬂﬂ;{iﬁlf\]ﬁﬁ% ................................................................................................ 913
54.4 ﬂwp’%;ﬂ\:gmﬁﬁ% ................................................................................................ 915
54.5 ;ﬂ\:gmﬁ APIS ELIBE «oveerreeermeremmeen e 915
S4.6 G e 916
SA.T R e e 917
% 55 ﬁ iﬁ:hﬂfﬁl ................................................................................................................. 918
55.1 *ﬁﬁi ........................................................................................................................ 918
552 1f% ﬂock()éﬁ)‘(ﬁ'—ﬂﬂ@i ........................................................................................ 920
55.2.1 4}"!%5(-5%755(%1%)( ................................................................................. 922
55.2.2 ﬂock()é"ﬁ PR +overeeemme e 923

553 1E}§ﬁ fcntl()éﬁﬂi"bﬂ%ﬁ ......................................................................................... 923
55.3.1  FBAP] roeeremerrnre e 928
55.3.2 TH): — AN B KAGRFZF -ooeeeesemrnessmenisie s 928
55.3.3 T14): "/l\flﬂ’iﬁléaiilf- ............................................................................. 931
55.3.4 A AGFRA| FrPERE coveereeree e 933
5535 éﬁ%ﬁ(ﬁu%ﬁéﬁi‘é—x ................................................................................. 934
55.3.6 4ﬁi¢ﬁ%ﬁ“ﬁ?[‘k/]ﬂﬁﬂﬁ'$é’]%iﬂ ......................................................... 935
55.4 gﬁﬂ?'”][l@’i ................................................................................................................ 935
55.5 /proc/locks )tﬁ: ...................................................................................................... 938
55.6 a@ﬁ"_‘/l\ﬁj?‘ﬁgﬁ/l\;gﬁu ................................................................................ 939
557 BEFRIMBEIEIR wcovrerermssmorernsrasossssrssmsmsrasenausensessasessossassasossatussbossiinbbnensssasissatississsssodiss 941
558 L e 942
55.9 z‘i’ﬂ ........................................................................................................................ 943
% 56 E SOCKET: ﬂgg .................................................................................................... 945

8 Linux/UNIX RS REFM ( TH)



56.1 ﬁﬁi ......................................................................................................................... 945

56.2 & — socket: SOCKEL() woererrreresmrmsssmssss st 948
56.3 4@ socket %iﬁ@]fﬂhﬁ bind() ............................................................................... 948
56.4 JHF socket HilibZ5#4: struct sockaddr- -« -s-eeeemeemmimmmen 949
56.5 I SOCKEL:++e+sesssereeesssssssnsnietiesisssstioiesisssastseessssssnesesssssssnesnsssssssnssasssssssansasssenssssasessases 950
56.5.1 MO dEGEFE: listen() .............................................................................. 951
56.5.2 HB-ZiEd. ACCEPH()-eerererererererssars sttt 952
56.5.3 xi,;g_g:];—j—% SOCKEt:  COMMECH() wworerererseeressesssmsssmniiittsititt st 952
56.5.4 7 SOCKEL I/ -eoerereereresnnseranicerteetamuuuriesenissntenitesesssessssosansaensasessssssssssnaensenenans 953
56.5.5 iEAEL L ClOSE()rserereesmsermmesm s 953

56.6 ﬁﬁﬁ SOCKEL #++rerererertrmmmsmissiiniriniittsnuiisiieiieritnnetrestiesnssessaeseesessssasssssossssonsssansanssns 953
56.6.1 iﬁ&%;}& recvfrom #v sendto() ........................................................... 954
56.6.2 E&%’f& socket 4% A CONNECH() r=eeererserersrsarsnsmssssss ittt 955
56.7 I&gg ......................................................................................................................... 956
% 57 _Jé SOCKET: UNIX DOMAIN - oeoreeerernrreeeteettnttmtiiiiiietettiti s 957
57.1 UNIX domain socket Hilil: struct sockaddr un-eeeeeesemese s 957
57.2 TUNIX domain EF‘ B{]{fl—i SOCKEL rwreeerrrrrmreee e 959
57.3 UNIX domain EF' E{Jﬁ%jﬁ SOCKET w+rerrrrermrrnesemtrrniene e 962
57.4 UNIX domain socket ,Bu;ﬁ ..................................................................................... 965
575 ﬁ'J@EHf socket x;j: socketpair() ......................................................................... 965
57.6 Linux M% socket ;g 5‘5{5] ...................................................................................... 966
57.7 l%?‘glj:l: ......................................................................................................................... 967
57.8 ] Eﬁj ......................................................................................................................... 967
%’ 58 E SOCKET: TCP/IP Mgggﬂﬂ .............................................................................. 968
58.1 [ﬂgﬁ:'ﬂ] ..................................................................................................................... 968
58.2 H*MWIX*DE ......................................................................................................... 969
583 ﬁ%%%}% ............................................................................................................. 971
58.4 M%E T L R eLLIe 971
58.5 IP f@ﬁt .................................................................................................................... 973
58.6 441:1_@[;2: ..................................................................................................................... 975
58.6.1 sspa —",J— .......................................................................................................... 975
58.6.2 A )’iﬁ;ﬁiﬂiff}‘bx (UDP ) cererereerersreemessnsniiiiiiiiiiiisisetiineiissises st s s 976
58.6.3 AEHTIZ I (TP ) wrereeereresrseessummmiiiniiitiin sttt 977
58.7 1’%*&% (REFC)  crrerrrereerememeenes s e et e e s e e ee s e s e e e 979
58.8 ‘ﬁ‘é\gg ......................................................................................................................... 980
59 E SOCKET: Internet DOMAIN et 982
59.1 Internet dOmain SOCKEL -+ «--w-srrrrmrsrmtmmrettet et 982

H3x 9



592 W]éﬁ?dﬁf? ............................................................................................................ 982

593 ﬁﬁﬁﬁ—\ ................................................................................................................ 984
59.4 Internet socket HL il ooeererrremmm 986
59.5 EHLFIARSSEE S BRBTREIR - vovererrmememn 988
59.6 inet_pton()ﬂ] inet_ntop() BRI -vmeeeerrerne e 989
59.7 g;)tl ﬁ-ﬁﬁ%%ﬁdﬂx{ﬂ (ﬁ#&ﬁi SOCKEL) seeerrerererentennninituiiiiiicniiiiianarieiaeiatesanensene 990
59.8 JHAZ ZRZL (DDINS) ceorererrmemrmiiiiiiiiiit ittt sttt sttt s sttt s s 992
59.9 Jetc/services SU et 994
59.10  JHAL T LE) MR IR GS HE < eoveeeeereeeerercii e 995
59.10.1 getaddrinfo()\%ii ...................................................................................... 996
59.10.2 #7X addrinfo 7] %&.: freeaddrinfo() -« «-«-eeeeeereemesemmnmen 998
59.10.3 ABIRTSHI: gai SIErTor()- - seerersresmsssesits st 999
59.10.4 gemameinfo()é&—’fi .................................................................................... 999
59.11 & 0a-ARZ 250 (URIK socket) «weeeemeemsmmrmmmemiiii 1000
59.12 Internet domain SOCKEL I «++-sreserersesrurentiniiniiiiii s 1006
59.13 ST EHIFIR G LB AP weeeveeerreemeeeeeie 1010
59.13.1 inet_aton()ﬁf'ﬂ inet_ntoa()eﬁ:i‘i ................................................................. 1010
59.13.2 gethostbyname()ﬁv gethostbyaddr()é& B ereerereeree 1010
59.133 getserverbyname()%w getserverbyport() o) ﬁ .......................................... 1012
59.14 UNIX 5 Internet domain socket Hii-B‘—C .............................................................. 1013
59.15 Eg{%‘% ............................................................................................................ 1014
59.16 ‘[\é‘]‘g‘ij‘ .................................................................................................................... 1014
59.17 }j,@_j .................................................................................................................... 1015
% 60 ﬁ SOCKET: Hﬁ%gg-&ﬂ— ...................................................................................... 1016
60.1 Igftﬁfﬂﬁﬁﬂﬂﬁ%% ...................................................................................... 1016
60.2 ﬁ_ﬁ&l UDP echo Eﬁ%%g .................................................................................... 1016
60.3 %kﬂ TCP echo HE%%% ..................................................................................... 1019
60.4 ﬁ&ﬂﬂﬁ%ﬁmﬁmﬁﬁﬁi .......................................................................... 1021
60.5 inetd (Internet iﬁ?&ﬂ&%%g) ;‘ffhﬂﬁ% ............................................................. 1023
60.6 :‘:\j\% ......................... e T TR o 1027
60.7 gr}:}j ...................................................................................................................... 1027
% 61 E SOCKET: %‘2&15@ .......................................................................................... 1028
61.1 ﬁﬁﬁ%?iﬂ@%ﬂ%@%ﬂ%ﬁ%% ...................................................................... 1028
612 shutdown()/%%iﬁ]}ﬂ ............................................................................................ 1030
61.3 %H—i”fﬁ%?ﬂ‘] /0 %ﬁlﬁﬂﬁﬁ recv()ﬂ] send() .............................................. 1033
61.4 sendﬁle()f% gfﬁ}ﬂ ............................................................................................... 1034
61.5 ﬁﬂx%@iﬂﬂjﬂi .................................................................................................. 1036
61.6 &g)\ﬁvj TCP m\g‘( ............................................................................................. 1039

10

Linux/UNIX RS REZFM ( T )



61.6.1 TCPJ}E\S’;%*&E\ ....................................................................................... 1039

61.6.2 TCP A 5| 5 FaBATARUE] cocoverreerioreiitaninninsntnstisettsssnnnssssesnessessessessssnssses 1041
61.6.3 TCP Wil ANIAZ IR AL B covovssmsssrsorsrsssncuemsossssssissssissniosmmssisosss 1041
61.6.4 TCP iEHEAYIE S ooeerermrrremmsiistintete ettt sttt sste s e en e naeenne 1043
61.6.5 TCP 3HFEAGLEAE coovoriiniiiiiiiiinit ettt 1044
61.6.6 f£ TCP £4EF LA shutdown(): s eeeseeesssssssssmsmssissnsssinicscs 1045
61.6.7 TIME WAIT JK A -eroeererrsrssemensmesesett 1045

61.7 Hﬁ*méj%? DI 1o 1] 1 | AR RO 1047
61.8 ¥ tcpdump TR TCP JFiE -veeveremereeremmssesesnstnintct ettt 1048
61.9 T IT cveeenreeremrnn e s 1049
61.10 SO REUSEADDR B AR T eeeveernmemere e 1050
61.11  1E accept() T Ak AKFFALRITEITL -orvrveereemsermssssrrmmnsssssssmsssm s 1051
61.12 TOP VS TIDP sesressscssnsosasssasisssonnisssssosssssosisnasarassnssesssnasssssnasssssinsassonsosssnssassonasssonaves 1052
61.13 [ LTI G wvveerneeeee e 1053
61.13.1 A IRELIBE - -veeeerreree e 1053
61.13.2 sendmsg()ﬁw recvmsg(),% GE A JE] cevevnnernrreneieee 1053
61.13.3  AE 3 TAFFGIEJT cooereeemmremmee 1054
61.13.4 FEYL K ZFH Y TEIE e 1054
61.13.5 MFHIE GLAEFE TS voveerreresr i 1055
61.13.6 SCTP VAR DCCP AEHy B A weereeeennereeremsinnniesimiiiiitiniiiie i 1055
6114 G e 1056
1,15 L ] wrerrmemereesr e 1056
TH G2 TE LB -eeeereereeeme e e 1058
62.1 %%Mﬁ ............................................................................................................... 1059
62.2  FREUFIE (M0 2R B P v eeeeermeesmesmesiesii 1060
62.3 stty fﬁ/?\ ................................................................................................................ 1062
62.4 gggﬁ‘ﬁﬁygk?:%t ....................................................................................................... 1063
62.5 %ﬁﬁ*ﬁ% ............................................................................................................... 1068
62.6  ZRUHIE] /O FEETL coveremememem e 1073
62.6.1  FLFEAZ K cvrrrmrrrerrmereee e 1073
62.6.2  FEHLTEAE R, crrverrerrmmremr e 1074
62.6.3 AnTAEX. cbreak ALK ABRAEAE X ooeeeeeemmsemsmsmmmnmis 1075
62.7 ZRUGLRIE (EBAEFER ) coerorerre 1081
62.8 %iﬁuﬁ%ﬁ:?ﬁﬁﬂ ....................................................................................................... 1082
62.9 LRI ] RN e 1084
62.10 ggyﬁ%ﬁ\bq ............................................................................................................. 1085
62.11 ‘fé‘éfé]: ..................................................................................................................... 1086
62.12 gff‘;‘] ..................................................................................................................... 1087

Hx 1



F63E HMMBIERI O BB e 1088

63.1  BEARRIUA oooeereeemenie sttt 1088
63.1.1 IRPME FotBEETRIR -nroornersronsrmmmsamsaonsammmonensaansassonemarvonsassssermessisrossssssissas 1091
63.1.2 &G VO ABA b F A JEFELIE [/O -oerereererermsmereiesnseeniniecsisiscsennas 1092

632 1/0 g%g}zﬁ ........................................................................................................ 1092
63.2.1 select()?: GEAE JE] wooreeememmmmne e 1092
63.2.2 poll()% LR JE] eveemrerrmeeree e e 1097
63.2.3 ARG IESFATEFZHLED oo 1101
63.2.4 kiR Se]ect()jfu POLI() woeremrmmmmmeree e 1103
63.2.5 select()A= poll(),g_,ﬁ:_é{] JEY B <eveeermmersumesrunssninitennt ettt 1105

63.3 A5 TERZ T/ rereerennrrrerennreenie e e 1105
63.3.1 ATEFERIE “TO FEEE” 455 e 1109
63.3.2 AKACAZ T ERFY [/Q GGAE ] ceeeeveemmmnememmee e 1110

63.4 epoll PRFETEE L] eeemeeeeme e 1113
63.4.1 A epoll ZE4]: epoll_create() - = esrmmsssssssssnsssssssisisisisisisnes 1113
63.4.2 157 epoll 8934487 P& EPOI_CLI() woreereemmssemssmnsmssssssssnsssis e 1114
63.43 HHEFF: EPOIL_WaTH()r+eereeresesnsssmssmsisssiss e 1115
63.4.4 FENIER epoll B BB S veeeeeemenneen e 1120
63.4.5 epoll F] /0 B8 E G PEAERT BB e 1121
63.4.6 A LEBRK GB KD ceeereene 1122

I 2 =5 BT e at e S — 1124
63.5.1 pselect(),?:?)i.i}gl}ﬂ ..................................................................................... 1125
63.5.2  Self-pipe FA TG s+rereereerseseessees et 1126

63,6 oA G e 1128

63.7 L] e 1129

TE O TE R vveeveere e 1130

64.1  FEARREUR covereereemee 1130

64.2 TUNIXO8 {R LU «werenreerenresnesemtente 1133
64.2.1 ATH RAE P &4 £ % POSIX_OPENIPL()++eswsseresessssmsmsemsussusususminssuenssusunnans 1134
64.2.2 15EMIZE R T AAL R e 111 11 () R 1135
64.2.3 MRATMIZE: UNLOCKPL() woveeesrsermsesrssasssssusmsnsmsiicsssstststs s 1135
64.2.4 FIRMMIZ &G L AR: PLSDAIME() +oreeveseseresssseresmasmsmmnsainsisis e 1136

643 FTIFFEHE: ptyMasterOpen() ........................................................................... 1136

64.4 %ﬂﬁﬁ%@]%g@ﬁ ptyFork() ....................................................................... 1138

64.5 AR LG T/Q) rwevrernernernensern e 1140

64.6 SCHR script(l)ﬁF? ................................................................................................ 1142

64.7 ?}fﬁ'ﬁﬁﬁfﬂﬁﬂj{d\ .......................................................................................... 1146

64.8  BSD KUK [ LA LU - vveneeenrerneesneesns ettt 1146

12

Linux/UNIX RS mEZFM ( T/ )



649 M g:él: ....................................................................................................................... 1148

GATD  TEE T rervmmsosvsmorsseursossons mstssesosssnsensexss oremsssss ies R esHS ORS00 A4S TS S S S eS 1149
PSR A B TRIFOAR A corosvsvonsomssnsnessemsvmmppsnssmmsioesnseosiesssihsvnsnsos s miagscss s soNeo s evs 5o oo 1151
BT B RRATEI S FTIHEIR --vovereeeesserssesseessesssessssssssssessse s 1153
FHSRE © 3 NULL B SR T - ocusamssscssmasssusossnsansossss iessssiasss soosssssssastossoss asesnsssswass snisionsin 1159
A VIR L 1 T R—— e 1161
PG 0 REDAD EPIILIRR wecoocomscomomomensesusccesoniemumsemseaario o et e e o e mnmes 1162
r S UL L R SRS S A —— 1167

BH¥% 13



=

S =
HEA. SEMELES

HRHAM TR MR T —FRRERKR: RBRAR —HMGHBRNES, &
W AACHRANES . B AT A B P ARED MK 8 L.

ERRA NS08 2 0 SHF shell FEMLFHTT 2 LA BAES, F P idiad shell A6 1 X 7E
BB EJE GiEfTir®. A “fEb” W% 5ARWE “SEREA” 1E 0 R SRR E1F .

P S e b N (N Z 2

34.1 #hiA

HREAH - ANREANLZR - SRAPRRRT (PGID) FIHEFEA AR . FEFE4 ID 2 — AN,
HERMEHFR ID —F (pid O. —NHBRAFAE DR R, ZHE a8 %A st
F2, R ID A bR ID, Bridhfe &gk A& AR BT B iR 4 1D,

WA AN AW, It h i R0 @A a2, 45 R R & JE — Rk
AR HA M R . — AR AT RS ROV & B H R4, RSB IMA T Hob—
AR MR HEFRA . A FHERLET G BT FRA R KT .

SR HUBRANES . RS XREHESERIARF (SID) #iEh, &1
FRRF SEFE4L ID K, B RN pid t T . iR RO % & iE R,
HEFE ID 2N 2 ih 1D BTt FE 2 Ak AR L AL FR () 43146 1D

—ANESEP T A BRI E AN K. S A R TE S R AT AN
WA R .. — N ] GES B — A4 1 4 ) 2 i

AT Z, Sl Irh— AR S o Zum AT & SRR, HAhHRA SN S
Bt . R SRR R R A A A FE ) 2w SR ER N . S P ERE & R AN
Hp— M S A&z G, e 9o REsn e RaPrmira k. XEERFa
F542 B SIGINT () iy 7 7 GHL % & Control-C) . 4 i SIGQUIT (#J3B H 7 G % /& Control-\).
4k SIGSTP (PR 74 (Gl /& Control-Z).

W B A TRk (BIFTIF) 25, 2 s RS oy & um i sldfe .
SR HERR ) - AR R MW T S 2 2 R (R A A i RR 0% SIGHUP 15 5.

573



K Linux %54 #/proc/PID/stat ST, R ASHH 2 AF R HERE U0 4L ID & ID,
BeAh, EREHIE RIS HIA IO WA ID (AR, et D aﬁmﬁs D) a%ua%
RSP HE R AR ID. 24194 BB S % proc5)FNM .

%ﬂﬂﬁ&ﬁ%%%%ﬁmﬁ?mﬂﬁﬂﬁﬁa&%ﬁtwﬁﬂ%%%?ﬁ%%ﬁ%%
XEERER T o A TR AE SRRV, BHIA R R R R, B shell &4k ot
AN o (R PEERR, R B SRR ME— S 5 . A shell Uk H IR A AN 4 BRI it A% 34
B AL B AR NERNGIE, I H shell 24CHTH XL RLHRIBAE— D Hridk
R CXEHREAE — TFA R ILAFRA h e — R 51, ENIBIRE BT FUERE & B A+
JRG1e) i L B LV EE R ) — A dr & AT 5 G RIN 10 G G UERR 4L P igfTix sy 4, 50
BRTERT B RA T BT . RPN T A RSB Z ST —#5) .

R OESEch, PR — M. BANLME DA ML SE, SR
JE 5l shell 41 B R £ 3 455 Il RS o

FERAL SR Z SO H A7 B oA T AP BIAE AL, RO EFR A L& WA P R
PE: LENRE EERR A P AL R R S AHMER TR (B 26.1.2 %) FE 5 Retib il R iXsh
HEAPPFTAERR (31205 7). ‘

K 34.1 45 H THAT FHIK@ A 2 5 &N R 2 [ RA M S iE L R

$ echo $$ Display the PID of the shell
400
$ find / 2> /dev/null | wc -1 & Creates 2 processes in background group
[1] 659
$ sort < longlist | uniq -c Creates 2 processes in foreground group
e e o e L4FA0 2 ——mmmmm——————— 1
I
: LR !
I |
BN e hash & o i P 'l
!+ [(PID=400 ] | [ PID-658 { [_PID=660 |
1 [ PPID=399 | 1 i | PPID=400 t | PPID=400 | i |
I+ [ PGID=400 | | | | PGID =658 i [ PGID=660 | 1 |
\ i | sip=400 | ! SID = 400 { [ SID =400 !
1 > i | \ H
I daoa ’&4*0“’?0?1 — we i § uniq :
\ PID - 659 i [ PID=661 | it
t/////' PPID = 400 { [ PPID-400 | | |
: i | PGID =658 i | PGID =660 | i 1
| JE R A SID=400 | ! 1t [ SID=400 :
| HE .
R P HEFR4L |
mlot — ﬁ@fﬁgéﬂ Tt T 660 =t
Al ! 1
-2 T <P
tal
RIS
L i i PGID= 660
P 1ISID=400

B 34.1 #EE. SERIRHIRIRBHIXR

574 Linux/UNIX RS 4RE2FA ( T )



