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Ãëàâà 1

Îáùèå ñâåäåíèÿ î ÎÑ UNIX

1.1 Âìåñòî ïðåäèñëîâèÿ
Ýòî ïîñîáèå - ïî÷òè 100% ïëàãèàò. Ìíîãèå ãëàâû ïî÷òè íå ñîäåðæàò àâòîð-
ñêîãî òåêñòà. Ýòî ñâÿçàíî ñ òåì, ÷òî àâòîð òðåçâî îöåíèâàåò ñâîè çíàíèÿ è
íàâûêè è ñ÷èòàåò, ÷òî ãîðàçäî ïîëåçíåå ñîáðàòü âåñü ýòîò ìàòåðèàë â îäíî
èçäàíèå èç ðàçðîçíåííûõ èñòî÷íèêîâ, ÷åì çàíîâî ïèñàòü åãî. Òåì áîëåå ÷òî
ñàìîïèñíàÿ âåðñèÿ ïîñîáèÿ áóäåò çàâåäîìî õóæå.

Ýòî ó÷åáíîå ïîñîáèå ïðåäíàçíà÷åíî äëÿ ñòóäåíòîâ 3 êóðñà ñïåöèàëüíî-
ñòè èíôîðìàòèêà. Êóðñ Îïåðàöèîííûå Ñèñòåìû è Ñðåäû (äàëåå ÎÑèÑ)
áàçèðóåòñÿ íà ìàòåðèàëå êóðñîâ ÎÀèÏ è ÊÏèßÏ è òðåáóåò çíàíèé ÿçûêà
Ñè è îñíîâ àëãîðèòìèçàöèè.

Îñíîâíàÿ çàäà÷à êóðñà ÎÑèÑ - ïîäãîòîâêà ñïåöèàëèñòîâ, îâëàäåâøèõ
ïîëüçîâàòåëüñêèì èíòåðôåéñîì, àðõèòåêòóðîé è ïðîãðàììèðîâàíèåì Unix-
ñèñòåì (ôàêóëüòàòèâíî - ýëåìåíòû àäìèíèñòðèðîâàíèÿ).

1.2 Ââåäåíèå
×òî òàêîå Unix? Ýòî ñåìåéñòâî îïåðàöèîííûõ ñèñòåì (ÎÑ), îáëàäàþùèõ
ñõîäíîé àðõèòåêòóðîé è èíòåðôåñîì ñ ïîëüçîâàòåëåì.

Unix êàê ÿâëåíèå çàðîäèëîñü â íà÷àëå 70-õ ãîäîâ è ðàçâèâàåòñÿ äî ñèõ
ïîð.

Îñíîâíûå ñîâðåìåííûå âàðèàíòû UNIX: Linux, BSD (FreeBSD, NetBSD,
OpenBSD), AIX, HPUX, Solaris, SCO.

Âàæíåéøèå ñîâðåìåííûå ñòàíäàðòû, îáåñïå÷èâàþùèå öåëîñòíîñòü ñå-
ìåéñòâà UNIX:

- POSIX - Portable Operating System Interface

- ANSI C (c89 è ñ99)
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2 ÃËÀÂÀ 1. ÎÁÙÈÅ ÑÂÅÄÅÍÈß Î ÎÑ UNIX

- Opengroup1 Single Unix Speci�cation Version 3 (äàëåå SUSv3).

Ïðèìå÷àíèå. Äàëåå ïîä ñëîâîì Unix ìû áóäåì ïîäðàçóìåâàòü âñå Unix-
ïîäîáíûå îïåðàöèîííûå ñèñòåìû, åñëè íå íàçâàíà êîíêðåòíàÿ ñèñòåìà.

1.2.1 Îñíîâíûå ÷åðòû
• Êîä íà Ñè - ïîçâîëÿåò ïåðåíîñèòü è èçìåíÿòü ÎÑ.

• Ìíîãîçàäà÷íàÿ ìíîãîïîëüçîâàòåëüñêàÿ ÎÑ.

• Íàëè÷èå ñòàíäàðòîâ - îñíîâîé âñåãî ñåìåéñòâà ÿâëÿþòñÿ îäèíàêîâàÿ
ñòðóêòóðà è ðÿä ñòàíäàðòíûõ èíòåðôåéñîâ.

• Ïðîñòîé, íî ìîùíûé ïîëüçîâàòåëüñêèé èíòåðôåéñ (êîìàíäíàÿ ñòðî-
êà).

• Eäèíàÿ äðåâîâèäíàÿ ôàéëîâàÿ ñèñòåìà. ×åðåç èíòåðôåéñ ôàéëîâîé
ñèñòåìû îñóùåñòâëÿåòñÿ äîñòóï ê äàííûì, òåðìèíàëàì, ïðèíòåðàì,
äèñêàì, ñåòè è äàæå ê îïåðàòèâíîé ïàìÿòè.

• Áîëüøîå êîëè÷åñòâî ïðîãðàììíîãî îáåñïå÷åíèÿ.

1.2.2 Ñòðóêòóðà ñèñòåìû
Êëàññè÷åñêàÿ àðõèòåêòóðà UNIX äâóõóðîâíåâàÿ:

1. ßäðî - óïðàâëÿåò ðåñóðñàìè êîìïüþòåðà è ïðåäëàãàåò ïðîãðàììàì
áàçîâûé íàáîð óñëóã (ñèñòåìíûå âûçîâû).

2. Ñèñòåìíûå ïðîãðàììû (óïðàâëåíèå ñåòüþ, òåðìèíàëàìè, ïå÷àòüþ),
ïðèêëàäíûå ïðîãðàììû (ðåäàêòîðû, óòèëèòû, êîìïèëÿòîðû è ò.ä.).

Ôóíêöèè ÿäðà
• èíèöèàëèçàöèÿ ñèñòåìû - çàãðóçêà è çàïóñê ÎÑ

• óïðàâëåíèå ïðîöåññàìè è ïîòîêàìè

• óïðàâëåíèå ïàìÿòüþ - îòîáðàæåíèå àäðåñíîãî ïðîñòðàíñòâà íà ôèçè-
÷åñêóþ ïàìÿòü, ñîâìåñòíîå èñïîëüçîâàíèå ïàìÿòè ïðîöåññàìè

• óïðàâëåíèå ôàéëàìè - ðåàëèçóåò ïîíÿòèå ôàéëîâîé ñèñòåìû, äåðåâà
êàòàëîãîâ è ôàéëîâ

• îáìåí äàííûìè ìåæäó ïðîöåññàìè

1. âûïîëíÿþùèìèñÿ âíóòðè îäíîãî êîìïüþòåðà
1Opengroup - îðãàíèçàöèÿ, çàíÿòàÿ âûðàáîòêîé åäèíûõ ñòàíäàðòîâ íà Unix-ñèñòåìû

(www.opengroup.org). Âëàäåëåö òîðãîâîé ìàðêè Unix.
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2. â ðàçíûõ óçëàõ ñåòåé ïåðåäà÷è äàííûõ
3. à òàêæå ìåæäó ïðîöåññàìè è äðàéâåðàìè âíåøíèõ óñòðîéñòâ

• ïðîãðàììíûé èíòåðôåéñ (API) - îáåñïå÷èâàåò äîñòóï ê âîçìîæíî-
ñòÿì ÿäðà ñî ñòîðîíû ïðîöåññîâ ïîëüçîâàòåëÿ ÷åðåç ñèñòåìíûå âûçî-
âû, îôîðìëåííûõ â âèäå áèáëèîòåêè ôóíêöèé íà Ñè.

Ñèñòåìíûå âûçîâû
ßäðî èçîëèðóåò ïðîãðàììû ïîëüçîâàòåëÿ îò àïïàðàòóðû. Âñå ÷àñòè ñèñòå-
ìû, íå ñ÷èòàÿ íåáîëüøîé ÷àñòè ÿäðà, ïîëíîñòüþ íåçàâèñèìû îò àðõèòåêòó-
ðû êîìïüþòåðà è íàïèñàíû íà Ñè.

Ñèñòåìíûå âûçîâû - ýòî óðîâåíü, ñêðûâàþùèé îñîáåííîñòè êîíêðåòíîãî
ìåõàíèçìà âûïîëíåíèÿ íà óðîâíå àïïàðàòóðû îò ïðîãðàìì ïîëüçîâàòåëÿ.
Äëÿ ïðîãðàììèñòà, ñèñòåìíûé âûçîâ - ýòî ôóíêöèÿ (îïðåäåëåííàÿ íà Ñè),
êîòîðóþ îí âûçûâàåò â ñâîåé ïðîãðàììå. Âñå íèçêîóðîâíåâûå îïåðàöèè
îñóùåñòâëÿþòñÿ ÷åðåç ñèñòåìíûå âûçîâû.

Ïîäñèñòåìû ÿäðà
1. Ôàéëîâàÿ ïîäñèñòåìà. Îáåñïå÷èâàåò óíèôèöèðîâàííûé äîñòóï ê ôàé-

ëàì:

• êîíòðîëü ïðàâ äîñòóïà ê ôàéëó;
• ÷òåíèå/çàïèñü ôàéëà;
• ðàçìåùåíèå è óäàëåíèå ôàéëà;
• ïåðåíàïðàâëåíèå çàïðîñîâ ê ïåðèôåðèéíûì óñòðîéñòâàì, ñîîò-

âåòñòâóþùèì ìîäóëÿì ïîäñèñòåìû ââîäà/âûâîäà.

2. Ïîäñèñòåìà óïðàâëåíèÿ ïðîöåññàìè.
Çàïóùåííàÿ íà âûïîëíåíèå ïðîãðàììà ïîðîæäàåò îäèí èëè íåñêîëüêî
ïðîöåññîâ (çàäà÷).
Ïîäñèñòåìà êîíòðîëèðóåò:

• ñîçäàíèå è óäàëåíèå ïðîöåññîâ
• ðàñïðåäåëåíèå ñèñòåìíûõ ðåñóðñîâ (ïàìÿòè, âû÷èñëèòåëüíûõ ðå-

ñóðñîâ) ìåæäó ïðîöåññàìè
• ñèíõðîíèçàöèÿ ïðîöåññîâ
• ìåæïðîöåññíîå âçàèìîäåéñòâèå

Ñïåöèàëüíàÿ çàäà÷à ÿäðà ïëàíèðîâùèê ïðîöåññîâ ðàçðåøàåò êîíôëèê-
òû ïðîöåññîâ â êîíêóðåíöèè çà ðåñóðñû.

3. Ïîäñèñòåìà ââîäà/âûâîäà. Âûïîëíÿåò çàïðîñû ôàéëîâîé ñèñòåìû è
ïîäñèñòåìû óïðàâëåíèÿ ïðîöåññàìè äëÿ äîñòóïà ê ïåðèôåðèéíûì óñòðîé-
ñòâàì (äèñêàì, ëåíòàì, òåðìèíàëàì). Îáåñïå÷èâàåò áóôåðèçàöèþ äàí-
íûõ è âçàèìîäåéñòâóåò ñ äðàéâåðàìè óñòðîéñòâ.
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1.2.3 ÎÑ UNIX äëÿ ïîëüçîâàòåëÿ
Ïîëüçîâàòåëü
Ñ ñàìîãî íà÷àëà ÎÑ UNIX ðàçðàáàòûâàëàñü êàê èíòåðàêòèâíàÿ ñèñòåìà.
×òîáû íà÷àòü ðàáîòó, íóæíî âîéòè â ñèñòåìó, ââåäÿ ñî ñâîáîäíîãî òåðìè-
íàëà (êîíñîëè) ñâîå èìÿ (account name, ëîãèí) è ïàðîëü (password).

×åëîâåê, çàðåãèñòðèðîâàííûé â ñèñòåìå è, ñëåäîâàòåëüíî, èìåþùèé ó÷åò-
íîå èìÿ, íàçûâàåòñÿ çàðåãèñòðèðîâàííûì ïîëüçîâàòåëåì ñèñòåìû.

Ðåãèñòðàöèþ íîâûõ ïîëüçîâàòåëåé îáû÷íî âûïîëíÿåò àäìèíèñòðàòîð
ñèñòåìû. Ïîëüçîâàòåëü íå ìîæåò èçìåíèòü ñâîå ó÷åòíîå èìÿ, íî ìîæåò
óñòàíîâèòü èëè èçìåíèòü ïàðîëü. Ïàðîëè íàõîäÿòñÿ â îòäåëüíîì ôàéëå â
çàêîäèðîâàííîì âèäå.

Âñå ïîëüçîâàòåëè òàê èëè èíà÷å ðàáîòàþò ñ ôàéëàìè. Ôàéëîâàÿ ñèñòåìà
èìååò äðåâîâèäíóþ ñòðóêòóðó. Ó êàæäîãî çàðåãèñòðèðîâàííîãî ïîëüçîâà-
òåëÿ åñòü äîìàøíèé êàòàëîã. Ê íåìó îí èìååò ïîëíûé äîñòóï. Ê äðóãèì
êàòàëîãàì äîñòóï îáû÷íî îãðàíè÷åí.

Èíòåðôåéñ ïîëüçîâàòåëÿ
Òðàäèöèîííûé èíòåðôåéñ - êîìàíäíàÿ ñòðîêà. Ïîñëå âõîäà â ñèñòåìó äëÿ
ïîëüçîâàòåëÿ îñóùåñòâëÿåòñÿ çàïóñê îäíîé èç êîìàíäíûõ îáîëî÷åê. Îáùåå
íàçâàíèå shell (eng. - îáîëî÷êà), òàê êàê îíè ÿâëÿþòñÿ âíåøíèì îêðóæåíèåì
ÿäðà ñèñòåìû. Îáîëî÷êà - ýòî èíòåðïðåòàòîð êîììàíä (âñòðîåííûõ è âíåø-
íèõ) è îáëàäàåò ìîùíûì âñòðîåííûì ÿçûêîì shell scripts, ïîçâîëÿþùèì
ïèñàòü ñëîæíûå ïðîãðàììû.

GUI è Unix
Ãðàôè÷åñêèé èíòåðôåéñ (GUI) íå ÿâëÿåòñÿ íåîáõîäèìûì â Unix è ðàññìàò-
ðèâàòüñÿ íå áóäåò. Ïîäàâëÿþùåå áîëüøèíñòâî îáû÷íûõ îïåðàöèé âûïîëíÿ-
åòñÿ áåç åãî ó÷àñòèÿ.
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Êîìàíäíàÿ ñòðîêà

2.1 Îñíîâíûå ïðèíöèïû è êîìàíäû
Êàê ñëåäóåò èç íàçâàíèÿ, îñíîâíîå íàçíà÷åíèå êîìàíäíîé îáîëî÷êè - ââîä
è èñïîëíåíèå êîìàíä. Äëÿ ââîäà êîìàíä ñëóæèò ò.í. êîìàíäíàÿ ñòðîêà,
ñîäåðæàùàÿ ïðèãëàøåíèå ê ââîäó.

Â ïðèìåðàõ ïðèãëàøåíèå êîìàíäíîé ñòðîêè áóäåì îáîçíà÷àòü $.
Ïîñëå ââîäà èìåíè è ïàðîëÿ, ïîëüçîâàòåëü ïîëó÷àåò ïðèãëàøåíèå íà

ââîä. Ïîñëå îêîí÷àíèÿ ðàáîòû, îí âûõîäèò, íàáèðàÿ exit èëè logout.
Áîëüøèíñòâó êîìàíä ìîæíî ïåðåäàâàòü äîïîëíèòåëüíóþ èíôîðìàöèþ.

Ýòî äåëàåòñÿ ñ ïîìîùüþ àðãóìåíòîâ è êëþ÷åé.
Îáùèé âèä êîìàíäû: êîìàíäà [-êëþ÷è] àðãóìåíò1 ... àðãóìåíòN

Ïðîñòåéøàÿ êîìàíäà - echo. Îíà ïðîñòî âûâîäèò íà ýêðàí ñâîè ïàðà-
ìåòðû.

Êëþ÷ - 1 èëè áîëåå áóêâ, ïåðåä êîòîðîé ñòàâèòñÿ -(ìèíóñ èëè äåôèñ).
Îáû÷íî êëþ÷è óïðàâëÿþò ðåæèìàìè ðàáîòû êîìàíäû.

Àðãóìåíò - ñòðîêà, ïåðåäàâàåìàÿ êîìàíäå.

Ïðèìåð
$kill -9 1023
kill èìÿ êîìàíäû (çàâåðøåíèå ïðîöåññà)
-9 ðåæèì (áåçóñëîâíîå çàâåðøåíèå ïðîöåññà)
1023 íîìåð ïðîöåññà (çàâåðøàåìûé ïðîöåññ)
$ - ñèìâîë ïðèãëàøåíèÿ ââîäà (â ðàçíûõ ñèñòåìàõ - ðàçíûé)

Ïîñëå ââîäà êîìàíäû, ñèñòåìà ïðîèçâîäèò ïîèñê â êàòàëîãàõ ïðîãðàìì,
çàäàííûõ ïåðåìåííîé PATH . Åñëè êîìàíäà íàéäåíà, òî îíà áóäåò çàïó-
ùåíà. Èíîãäà, åñëè PATH íå ñîäåðæèò íóæíîãî êàòàëîãà, íóæíî óêàçàòü
ïîëíûé ïóòü (ñì. 2.3) ê ïðîãðàììå.

Ïðèìå÷àíèå. Òåêóùèé êàòàëîã ÍÅ ÂÕÎÄÈÒ â PATH. Ïðîãðàììû èç
íåãî çàïóñêàþòñÿü ñëåäóþùèì îáðàçîì:
./program

5



6 ÃËÀÂÀ 2. ÊÎÌÀÍÄÍÀß ÑÒÐÎÊÀ

2.2 Âñòðîåííàÿ ñïðàâêà
Ëþáàÿ Unix ñèñòåìà îáëàäàåò ðàçâèòîé ñèñòåìîé ñïðàâêè. Îíà íàçûâàåòñÿ
man (îò àíãë. ñëîâà manual).

Ñïðàâêà çàïóñêàåòñÿ ñëåäóþùèì îáðàçîì: man ñòàòüÿ1. Äëÿ ïåðåìåùå-
íèÿ èñïîëüçóþòñÿ êëàâèøè "ââåðõ", "âíèç". Äëÿ âûõîäà íàæìèòå q.

man äåëèòñÿ íà íåñêîëüêî ðàçäåëîâ, êîòîðûå ïðîíóìåðîâàíû2:

• 1 - Êîìàíäû, êîòîðûå ìîãóò áûòü çàïóùåíû ïîëüçîâàòåëåì

• 2 - Ñèñòåìíûå âûçîâû (ôóíêöèè, èñïîëíÿåìûå ÿäðîì)

• 3 - Áèáëèîòå÷íûå âûçîâû (ôóíêöèè èç áèáëèîòåê ðàçëè÷íûõ ÿçûêîâ
ïðîãðàììèðîâàíèÿ)

• 5 - Ôîðìàòû ôàéëîâ è ñîãëàøåíèÿ

Çàïèñü òèïà bash(1) îáîçíà÷àåò, ÷òî ñïðàâêà î êîìàíäå bash íàõîäèòüñÿ
â ðàçäåëå 1 (êîìàíäû). Áûâàåò ÷òî ñïðàâêè â ðàçëè÷íûõ ðàçäåëàõ íàçûâà-
þòñÿ îäèíàêîâî. Òîãäà äëÿ ïîëó÷åíèÿ íóæíîé íàäî ÿâíî óêàçàòü ðàçäåë.

Ïðèìåðû èñïîëüçîâàíèÿ man
$ man echo

Ïîëó÷åíèå ñïðàâêè ïî ñàìîé êîìàíäå man
$ man man

Ñïðàâêà èç êîíêðåòíîãî ðàçäåëà
$ man 2 open

Âñå ñòàòüè ñ òàêèì íàçâàíèåì èç âñåõ ðàçäåëîâ
$ man -a mount

Íåêîòîðûå êîìàíäû ñîäåðæàò ñâîþ ñîáñòâåííóþ ñèñòåìó ïîìîùè3, Îíà
âûçûâàåòñÿ ñ ïîìîùüþ êëþ÷à --help èëè âûçîâîì áåç ïàðàìåòðîâ

Ïðèìåðû
$ file
Usage: file [-bciknvzL] [-f namefile] [-m magicfiles] file...
Usage: file -C [-m magic]

$ split --help
Usage: split [OPTION] [INPUT [PREFIX]]
Output fixed-size pieces of INPUT to PREFIXaa, PREFIXab, ...; default
PREFIX is `x'. With no INPUT, or when INPUT is -, read standard input.

1Áóäåò ïîêàçàíà òîëüêî ïåðâàÿ äîñòóïíàÿ ñòàòüÿ
2Çäåñü ïðèâåäåíû òîëüêî òå ðàçäåëû, êîòîðûå áóäóò àêòèâíî èñïîëüçîâàòüñÿâ ðàìêàõ

êóðñà ÎÑèÑ. Îïèñàíèÿ äðóãèõ ðàçäåëîâ âû ñìîæåòå íàéòè â êíèãàõ [1] è [9]
3â îñíîâíîì ýòî êàñàåòñÿ êîìàíä íàïèñàííûõ ïðîåêòîì GNU
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-b, --bytes=SIZE put SIZE bytes per output file
-C, --line-bytes=SIZE put at most SIZE bytes of lines per output file
-l, --lines=NUMBER put NUMBER lines per output file
-NUMBER same as -l NUMBER

--verbose print a diagnostic to standard error just
before each output file is opened

--help display this help and exit
--version output version information and exit

SIZE may have a multiplier suffix: b for 512, k for 1K, m for 1 Meg.

Report bugs to <bug-textutils@gnu.org>.

2.3 Ïåðåìåùåíèå ïî ôàéëîâîé ñèñòåìå
Ôàéë â Unix - ýòî îñíîâà âñåãî. Ñóùåñòâóåò âûñêàçûâàíèå "Unix - ýòî ôàé-
ëû".

Èìÿ ôàéëà ìîæåò ñîñòîÿòü èç ëþáûõ ñèìâîëîâ, êîòîðûå ìîæíî ââåñòè
ñ êëàâèàòóðû. Òî÷êà íå èìååò îñîáîãî çíà÷åíèÿ - èìÿ ôàéëà ìîæåò ñîäåð-
æàòü åå èëè íåò4. Îáû÷íî ïîëüçîâàòåëè ïðèñâàèâàþò ðàñøèðåíèÿ ñâîèì
ôàéëàì, ÷òîáû ðàçëè÷àòü èõ òèï. Ñèñòåìà íå ñâÿçûâàåò òèïû ôàéëîâ ñ
èõ ðàñøèðåíèÿìè. Íàïðèìåð ôàéë example.txt ìîæåò áûòü èñïîëíÿåìûì
(ïðîãðàììîé), à ìîæåò è íå áûòü. À /bin/sh êàê ïðàâèëî èñïîëíÿåìûé.

Îäíàêî ó òî÷êè åñòü ñïåöèàëüíûå çíà÷åíèÿ

• òî÷êà â íà÷àëå ôàéëà óêàçûâàåò íà òî, ÷òî ôàéë - ñêðûòûé, íàïðèìåð
.profile

• ôàéë . - ññûëêà íà òåêóùèé êàòàëîã (ñì. ïðèìåð îòíîñèòåëüíûõ ïó-
òåé)

• ôàéë .. - ññûëêà íà ðîäèòåëüñêèé êàòàëîã

Åñëè âû íå çíàåòå òèï ôàéëà, ïðèìåíèòå êîìàíäó file.

$ file /home/work/OSIS/LAB/RUsak/demon1.c
/home/work/OSIS/LAB/RUsak/demon1.c: ASCII C program text, with very long lines

$ file /bin/bash
/bin/bash: ELF 32-bit LSB executable, Intel 80386, version 1, dynamically linked

Unix ðàçëè÷àåò ñòðî÷íûå è çàãëàâíûå áóêâû â èìåíàõ. Íàïðèìåð name1.txt.125
è NAME1.TXT.125 - ýòî ðàçíûå ôàéëû.

4ìîæíî ñîçäàòü ôàéë èëè êàòàëîã ñ èìåíåì èç îäíèõ òî÷åê
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Ôàéëîâàÿ ñèñòåìà ÎÑ Unix ÿâëÿåòñÿ åäèíîé. Ýòî çíà÷èò ÷òî, âñå ôàéëû
íàõîäÿòñÿ â ðàìêàõ îäíîé ëîãè÷åñêîé ñòðóêòóðû - äåðåâà êàòàëîãîâ. Â Unix
îòñóòñòâóåò ïîíÿòèå "äèñê"è "áóêâà óñòðîéñòâà".

Íàïðèìåð - ôàéëû ñ äèñêåòû îáû÷íî íàõîäÿòñÿ â /mnt/floppy, íî ìîãóò
áûòü è â ëþáîì äðóãîì ìåñòå.

Íà÷àëîì äåðåâà ÿâëÿåòñÿ êîðíåâîé êàòàëîã (êîðåíü), îáîçíà÷àåìûé / .
Ðàçäåëèòåëåì êàòàëîãîâ ÿâëÿåòñÿ ïðÿìîé ñëýø / .
Ïóòü - ïîñëåäîâàòåëüíûé ñïèñîê êàòàëîãîâ, êîòîðûé íóæíî ïðîéòè,

÷òîáû äîñòèãíóòü ôàéëà èëè êàòàëîãà.
Åñòü 2 âèäà ïóòåé: àáñîëþòíûé è îòíîñèòåëüíûé.

Àáñîëþòíûé - ïîëíûé ïóòü îòíîñèòåëüíî êîðíåâîãî êàòàëîãà.

Ïðèìåðû àáñîëþòíûõ ïóòåé:
/etc/init.d/apache
/bin/sh
/usr/local/share

îòíîñèòåëüíûé - ïóòü îòíîñèòåëüíî òåêóùåãî êàòàëîãà

Ïðèìåðû îòíîñèòåëüíûõ ïóòåé:
./a.out
laba1/text.cpp
../index.html

2.3.1 Êîìàíäû ïåðåìåùåíèÿ
• cd - ïåðåìåùåíèå ìåæäó êàòàëîãàìè. Ìîæåò èñïîëüçîâàòüñÿ â 2-õ âà-

ðèàíòàõ:

ïåðåìåùåíèå ïî óêàçàííîìó ïóòè
$cd /usr/local

âåðíóòüñÿ â äîìàøíèé êàòàëîã
$cd

• pwd - ïîêàçàòü òåêóùèé êàòàëîã

$pwd
/home/user/OSiS/metoda

• ls - ïîêàçàòü ñîäåðæèìîå êàòàëîãà(ôàéëû è ïîäêàòàëîãè). Èìååò ìíî-
æåñòâî êëþ÷åé è ðåæèìîâ ðàáîòû

Áåç ïàðàìåòðîâ - âûâîä ñîäåðæèìîãî òåêóùåãî êàòàëîãà
$ ls
literatura.aux Makefile metoda.dvi metoda.tex part1.aux part2.aux
literatura.tex metoda.aux metoda.log metoda.toc part1.tex part2.tex
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C àðãóìåíòîì - âûâîä ñîäåðæèìîãî ýòîãî êàòàëîãà
$ ls /usr
bin doc games kerberos libexec man sbin src X11R6
dict etc include lib local OpenOffice.org1.0 share tmp

Ñ êëþ÷îì "-l" - ïîëíûé ôîðìàò âûâîäà (ñ äîï èíôîðìàöèåé)
$ ls -l /home/user/OSiS
èòîãî 710
drwxrwxr-x 2 user user 1024 Èþí 11 14:11 Lectures
-rw-rw-r-- 1 user user 123686 Èþí 12 12:53 lectures.rar
-rw-rw-rw- 1 user user 1789 Èþí 11 15:44 lhr10.log
-rw-r--r-- 1 user user 0 Èþí 11 15:44 lkypc.pdf
-rw-rw-r-- 1 user user 438112 Àïð 20 1999 lshort.dvi
-rw-r--r-- 1 user user 112747 Èþí 12 12:53 lshrtdvi.zip
drwxrwxr-x 2 user user 1024 Èþí 14 18:50 metoda
-rw-rw-r-- 1 user user 40960 Èþí 11 14:06 metoda.doc

2.3.2 Ïîäêëþ÷åíèå äðóãèõ óñòðîéñòâ(äèñêîâîäà, CD-
ROM)

×òîáû ïîäêëþ÷èòü óñòðîéñòâî (äèñêîâîä, CD-ROM, ðàçäåë âè÷åñòåðà, ñå-
òåâîé äèñê), íóæíî óêàçàòü ìåñòî, êóäà áóäåò îòîáðàæàòüñÿ åãî ñîäåðæè-
ìîå. Ýòî ìåñòî íàçûâàåòñÿ òî÷êà ìîíòèðîâàíèÿ. Òî÷êà ìîíòèðîâàíèÿ -
ýòî îáû÷íûé êàòàëîã. Ïîñëå ïîäêëþ÷åíèÿ (â òåðìèíàõ Unix - ìîíòèðîâà-
íèÿ) êàòàëîã áóäåò ñîäåðæàòü ôàéëû, ðàñïîëîæåííûå íà óñòðîéñòâå. Ñïè-
ñîê ïîäêëþ÷åííûõ óñòðîéñòâ è ìîíòèðîâàíèå - êîìàíäà mount(8).

Îáû÷íî ïîêëþ÷àåìûå óñòðîéñòâà îòîáðàæàþòñÿ íà êàòàëîã /mnt. Íà-
ïðèìåð /mnt/cdrom, /mnt/floppy.

Îòêëþ÷åíèå (ðàçìîíòèðîâàíèå) ïðîèçâîäèò îòñîåäèíåíèå óñòðîéñòâà
îò äåðåâà êàòàëîãîâ. Êîìàíäà umount(8).

2.4 Êîïèðîâàíèå, óäàëåíèå, ïåðåìåùåíèå ôàé-
ëîâ è êàòàëîãîâ

• cp - êîïèðîâàíèå

êîïèðîâàíèå îäíîãî ôàéëà â äðóãîé
$ cp src.file /tmp/dest.file1

êîïèðîâàíèå íåñêîëüêèõ ôàéëîâ â äðóãîé êàòàëîã
$ cp *.tex metoda.dvi /mnt/floppy

êîïèðîâàíèå êàòàëîãîâ
$ cp -r metoda /archive/old.Docs
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• rm - óäàëåíèå ôàéëîâ è rmdir - óäàëåíèå êàòàëîãîâ5

ïðîñòîå óäàëåíèå
$ rm part1.aux intro.temp

óäàëåíèå âñåõ ôàéëîâ èç êàòàëîãà
$ rm /tmp/*

óäàëåíèå êàòàëîãà
$ rmdir oLD.stupid.dir

• mv - ïåðåìåñòèòü(ïåðåèìåíîâàòü)

ïåðåìåñòèòü îäèí ôàéë â äðóãîé
$ mv src.file /tmp/dest.file1

ïåðåìåùåíèå íåñêîëüêèõ ôàéëîâ â äðóãîé êàòàëîã
$ mv *.tex metoda.dvi /mnt/floppy

ïåðåìåùåíèå êàòàëîãîâ
$ mv metoda /archive/old.Docs

• mkdir - ñîçäàòü êàòàëîã

cîçäàòü 1 èëè áîëåå êàòàëîãîâ
$ mkdir /tmp/dir.12345
$ mkdir empty.DIR DiRecTorY

2.5 Èíôîðìàöèÿ î ñèñòåìå
• ps - ñïèñîê çàïóùåííûõ ïðîöåññîâ

• who - ñïèñîê ïîëüçîâàòåëåé, ðàáîòàþùèõ â ñèñòåìå

• date - òåêóùàÿ äàòà è âðåìÿ

• w - îáùàÿ èíôîðìàöèÿ î ñèñòåìå

Ïðèìåðû:
Ïðîöåññû íà òåêóùåé êîíñîëè
$ ps
3642 pts/1 00:00:00 bash
4548 pts/1 00:00:00 ps

Ïðîöåññû êîíêðåòíîãî ïîëüçîâàòåëÿ
5ðàáîòàåò òîëüêî äëÿ ïóñòûõ êàòàëîãîâ
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$ ps -u user
1766 ? 00:00:04 xterm
1853 pts/2 00:00:13 vim
3642 pts/1 00:00:00 bash
4553 pts/1 00:00:00 ps

Âñå ïðîöåññû
$ ps -ef (äëÿ BSD è Linux - ps ax )
UID PID PPID C STIME TTY TIME CMD
user 1766 1176 0 06:45 ? 00:00:04 xterm -title Terminal
user 1768 1766 0 06:45 pts/2 00:00:00 bash
user 1853 1768 0 06:56 pts/2 00:00:13 vim part2.tex
<ïðîïóùåíî - ñïèñîê 52 ñòðîêè>

$ date
Ñáò Èþí 15 10:34:17 EEST 2002

$ who
root tty1 Jun 15 10:24
work tty2 Jun 15 10:24
user pts/1 Jun 15 09:18

$ w
10:35am up 4:14, 3 users, load average: 0.09, 0.04, 0.01

USER TTY FROM LOGIN@ IDLE JCPU PCPU WHAT
root tty1 - 10:24am 11:25 0.02s 0.02s -bash
work tty2 - 10:24am 11:11 0.03s 0.03s -bash
user pts/1 - 9:18am 1.00s 0.14s 0.01s w

2.6 Îáùåíèå ìåæäó ïîëüçîâàòåëÿìè
• write ïîëüçîâàòåëü - ïîñëàòü ñîîáùåíèå6

$ write stud11
íàáðàòü òåêñò ñîîáùåíèÿ
íàæàòü <ctrl+d>

• talk ïîëüçîâàòåëü - äâóõñòîðîííèé ÷àò

• mail - ýëåêòðîííàÿ ïî÷òà

Ïîñëàòü ïèñüìî
$ mail stud7 //ëîêàëüíîìó ïîëüçîâàòåëþ
Subject: test

6ctrl+d âîñïðèíèìàåòñÿ ñèñòåìîé êàê êîíåö ââîäà
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íàáðàòü òåêñò ñîîáùåíèÿ
íàæàòü <ctrl+d>

$ mail user@tut.by //óäàëåííîìó ïîëüçîâàòåëþ
.....

$ mail // ïðîñìîòðåòü ñâîþ ïî÷òó
.....

2.7 Ïðîñìîòð, ñîçäàíèå, îáúåäèíåíèå ôàéëîâ
• cat - âûâîä ñîäåðæèìîãî ôàéëà íà ýêðàí

• more - ðàçáèåíèå âõîäíîãî ôàéëà íà ñòðàíèöû

• less - ïðîñìîòð ôàéëîâ (âûõîä ïî êëàâèøå q)

Ïðèìåðû
Âûâîä íà ýêðàí ôàéëà
$ cat file

Êîïèðîâàíèå ôàéëà
$ cat file >file2

Îáúåäèíåíèå 2-õ ôàéëîâ â òðåòèé
$ cat file1 file2 >end.file

Ïîñòðàíè÷íûé âûâîä ôàéëà íà ýêðàí
$ cat large.file |more

Ââîä ôàéëà ñ êëàâèàòóðû
$ cat >new.text
<íàáèðàåòñÿ òåêñò>
<ctrl+d>

2.8 Îáúåäèíåíèå êîìàíä
Èäåîëîãè÷åñêè, Unix - ýòî ñîáðàíèå áîëüøîãî êîëè÷åñòâà íåáîëüøèõ óòè-
ëèò, âûïîëíÿþùèõ êàêóþ-òî îäíó ëîêàëüíóþ çàäà÷ó. Íî äåëàþùèìè ñâîþ
çàäà÷ó ëó÷øå âñåãî, âî âñåõ âîçìîæíûõ âàðèàíòàõ è ðåæèìàõ.

Ôèëüòðû - ýòî ïðîãðàììû, ïðåäíàçíà÷åííûå äëÿ îáðàáîòêè òåêñòà òåì
èëè èíûì ñïîñîáîì.

×àñòî îíè ïðèìåíÿþòñÿ â ñâÿçêå ñ äðóãèìè êîìàíäàìè, îáðàçóÿ êîíâåé-
åðû. Êîíâåéåð îáîçíà÷àåòñÿ ñèìâîëîì |. Åãî çíà÷åíèå ñëåäóþùåå: ïðîãðà-
ìà ñëåâà îò êîíâåéåðà ïåðåäàåò ñâîé âûâîä íà âõîä ïðîãðàììû ñïðàâà îò
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êîíâåéåðà7. Ïðîñòåéøèé ïðèìåð: $ cat myFILE|more8. Â Unix ýòîò ìåòîä
íàçûâàþò ïåðåíàïðàâëåíèå. Ïîäðîáíåå î ïåðåíàïðàâëåíèè - â 3.4.

Â îáùåì ñëó÷àå, ôèëüòðû ÷èòàþò ñâîé ñòàíäàðòíûé ââîä è ïèøóò íà
ñòàíäàðòíûé âûâîä. Åñëè íå áûëî ïåðåíàïðàâëåíèÿ, òî ââîäîì ñ÷èòàåòñÿ
êëàâèàòóðà, à âûâîäîì - ýêðàí.

×àñòî óïîòðåáèìûå ôèëüòðû

• grep9 - ïîèñê â ôàéëå ïî îáðàçöó
Ïðèìåð: $ ls /usr/include | grep "stdlib.h"

• sort - ñîðòèðîâêà ñîäåðæèìîãî

• wc - ñòàòèñòèêà ïî ôàéëó (êîë-âî áóêâ, áàéò, ñòðîê è ò.ï.)

• head è tail - ïîêàçàòü íà÷àëî(head) è êîíåö(tail) ôàéëà

• tee - îäíîâðåìåííûé âûâîä â ôàéë è íà ýêðàí
Ïðèìåð: $ ls -1 /tmp | tee all.tempfiles

2.9 Ïðèåìû ýôôåêòèâíîé ðàáîòû
Îáîëî÷êà bash îáëàäàåò 3 áàçîâûìè ñðåäñòâàìè àâòîìàòèçàöèè10, äåëàþ-
ùèìè ðàáîòó â êîìàíäíîé ñòðîêå ïðîñòîé è ëåãêîé:

1. Àâòîäîïîëíåíèå ïóòåé è êîìàíä
Èñïîëüçîâàíèå: íàáðàòü 1 èëè áîëåå íà÷àëüíûõ ñèìâîëîâ êîìàíäû
è íàæàòü TAB. Åñëè ñèìâîëîâ õâàòàåò äëÿ îïðåäåëåíèÿ êîìàíäû, òî
íåäîñòàþùèå áóäóò äîáàâëåíû àâòîìàòè÷åñêè. Åñëè ñóùåñòâóåò áîëåå
1 ïîäõîäÿùåé êîìàíäû, òî ïðè ïîâòîðíîì íàæàòèèè TAB íà ýêðàí âû-
ñâåòèòüñÿ ñïèñîê âîçìîæíûõ êîìàíä. Ìîæíî òîãäà äîáàâèòü íåñêîëü-
êî áóêâ è îäíîçíà÷íî îïðåäåëèòü êîìàíäó.

$ la<TAB>
lambda last lastb lastlog latex latex2html
$ last<TAB>
last lastb lastlog
$ lastb<ENTER>
lastb: /var/log/btmp: No such file or directory
Perhaps this file was removed by the operator to prevent logging lastb info.

7êîíâåéåð ìîæåò ïðèìåíÿòüñÿ íåñêîëüêî ðàç
8Òî ÷òî âûâîäèò cat ïîñûëàåòñÿ íà âõîä more. À more âûñòóïàåò çäåñü â êà÷åñòâå

ïðîñòîãî ôèëüòðà.
9Ñóùåñòâóåò öåëîå ñåìåéñòâî grep-êîìàíä : grep, egrep, fgrep

10Ïîäðîáíåå îá àâòîìàòèçàöèè BASH - â [12], [9], man bash
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Äëÿ ïîèñêà êîììàíä èñïîëüçóåòñÿ ïåðåìåííàÿ PATH (ñì. 2.1).
Òî÷íî òàê æå ðàáîòàåò àâòîäîïîëíåíèå äëÿ ïóòåé: ââîäèòüñÿ êóñî÷åê
ïóòè è ïîñëå íàæàòèÿ <TAB> ïðîèñõîäèò äîïîëíåíèå ïóòè.

Ïðèìå÷àíèå. Àâòîäîïîëíåíèå íå ðàáîòàåò äëÿ êëþ÷åé êîììàíä (ls --he<TAB>
- áóäåò áåçðåçóëüòàòíûì) è äëÿ àðãóìåíòîâ êîììàíäû man.

2. Èñòîðèÿ êîìàíä
Äëÿ ïðîñìîòðà èñòîðèè - history. Äëÿ îáðàùåíèÿ ê êîíêðåòíîìó
ïóíêòó èñòîðèè - !íîìåð. Ìîæíî ïðîêðó÷èâàòü èñòîðèþ ñ ïîìîùüþ
êëàâèø "ââåðõ" è "âíèç".

3. Ðåäàêòèðîâàíèå êîìàíäíîé ñòðîêè
Âîçìîæíî ñ ïîìîùüþ êëàâèø "âïðàâî" è "âëåâî". Íà íà÷àëî ñòðîêè
- ctrl+a, íà êîíåö - ctrl+e.



Ãëàâà 3

Shell (îáîëî÷êà)

3.1 Ïîíÿòèå îáîëî÷êè
Îáîëî÷êè (êîìàíäíûå èíòåðïðåòàòîðû, ïðîöåññîðû, shells) ïðåäñòàâëÿþò
ñîáîé ïðîìåæóòî÷íûå óðîâåíü ìåæäó ïîëüçîâàòåëåì è ÎÑ. Îíè àíàëèçè-
ðóþò êîìàíäíóþ ñòðîêó, âûïîëíÿþò ïðåîáðàçîâàíèÿ àðãóìåíòîâ êîìàíä,
íàõîäÿ è âûïîëíÿÿ êîìàíäû.

Shell ýòî îáû÷íàÿ ïðèêëàäíàÿ ïðîãðàììà. Îíà íå ÿâëÿåòñÿ ÷àñòüþ ÿäðà,
è ïîýòîìó ìîæåò áûòü çàìåíåíà íà ëþáóþ äðóãóþ, íàïðèìåð, íà èãðóøêó
èëè òåêñòîâûé ðåäàêòîð. Èç îáîëî÷êè ìîæåò áûòü çàïóùåíà äðóãàÿ îáî-
ëî÷êà (èëè òàêàÿ æå), ÷òî äàåò äîïîëíèòåëüíûå âîçìîæíîñòè.

Âèäû shell: sh, csh, ksh, zsh, tcsh, ash è äðóãèå.
Â êóðñå áóäåò ðàññìàòðèâàòüñÿ Bourne Shell - sh. Îáîëî÷êè, ñîâìåñòèìûå

ñ Bourne Shell ñóùåñòâóþò äëÿ âñå âåðñèé Unix. Íà ëàáîðàòîðíûõ ðàáîòàõ
áóäåò èñïîëüçîâàòüñÿ bash (Bourne Again SHell).

3.2 Bourne Shell
Ñöåíàðèé (ñêðèïò) îáîëî÷êè ïðåäñòàâëÿåò ñîáîé òåêñòîâûé ôàéë, êîòî-
ðûé çàäàåò âûïîëíåíèå ïîñëåäîâàòåëüíîñòè äåéñòâèé. Ñöåíàðèé ìîæåò ñî-
äåðæàòü ëþáóþ ïîñëåäîâàòåëüíîñòü êîìàíä (êàê âíóòðåííèõ êîìàíä îáî-
ëî÷êè, òàê è âíåøíèõ êîìàíä UNIX, ñ àðãóìåíòàìè èëè áåç íèõ), âûçîâîâ
ïðîãðàìì èëè äðóãèõ íàïèñàííûõ ðàíåå ñöåíàðèåâ.

Ïðî Shell ìîæíî ñêàçàòü, ÷òî ýòî è ïðîãðàììà è ÿçûê ïðîãðàììèðîâà-
íèÿ.

Ðàáîòà ïîëüçîâàòåëÿ â êîìàíäíîé ñðîêå íè÷åì íå îòëè÷àåòñÿ îò âûïîë-
íåíèÿ äëèííîãî çàïóòàííîãî ñêðèïòà.

Ìåõàíèçì ðàáîòû ñêðèïòà: ïðè çàïóñêå ñêðèïòà èç êîìàíäíîé ñòðîêè
çàïóñêàåòñÿ êîïèÿ èíòåðïðåòàòîðà, äëÿ êîòîðîãî ââîäîì ñëóæèò ñêðèïò
(êàê-áóäòî ïîëüçîâàòåëü ñàì ââîäèë ýòè êîìàíäû).

15
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Ñïîñîáû çàïóñêà: ïî èìåíè, bash èìÿ.
Äëÿ çàïóñêà ïî èìåíè, ôàéë ñêðèïòà äîëæíåí èìåòü àòðèáóò X (eXecutable
- èñïîëíÿåìûé). Ïîäðîáíåå îá àòðèáóòàõ áóäåò ðàñêàçàíî â ??

3.2.1 Ñòðóêòóðà ñêðèïòîâ
# - òî, ÷òî ñëåäóåò çà íèì(â òîì ÷èñëå è äðóãèå #), ÿâëÿåòñÿ êîììåíòàðèåì.
Êîììåíòàðèè ìîãóò çàíèìàòü âñþ ñòðîêó èëè ñëåäîâàòü çà êîìàíäîé.
\ - îáîçíà÷àåò, ÷òî ñòðîêà ïðîäîëæèòñÿ íà ñëåäóþùåé ñòðîêå ôàéëà.

Ìîæíî çàïèñàòü íåñêîëüêî êîìàíä â 1 ñòðîêó, ðàçäåëåííûõ ; .

3.3 Ïåðåìåííûå
Çíà÷åíèå ïåðåìåííîé - ñòðîêà, êîòîðàÿ ïåðåäàåòñÿ ïðèñâàèâàíèåì.
V1 = 5; v2 = "string" 1

Ïåðåìåííîé òàêæå ìîæíî ïðèñâàèâàòü çíà÷åíèå, êîòîðîå âîçâðàùàåòñÿ êî-
ìàíäîé.
V3 = `pwd`

Ïîëó÷åíèå çíà÷åíèÿ

• $èìÿ_ïåðåìåííîé - â ýòî ìåñòî ïîäñòàâëÿåòñÿ çíà÷åíèå ïåðåìåííîé.

• $(èìÿ_ïåðåìåííîé) - îòäåëÿåì ïåðåìåííóþ îò ïîñëåäóþùèõ ñèìâîëîâ.

Ïðèìåð:
$ echo result = $(v1)2 +
result = 52+

Â shell ñóùåñòâóåò ðÿä ïðåäîïðåäåëåííûõ ïåðåìåííûõ2:

• HOME - äîìàøíèé êàòàëîã ïîëüçîâàòåëÿ

• PATH - ïóòü ïîèñêà èñïîëíÿåìûõ ïðîãðàìì

• MAIL - ïîëíîå èìÿ ôàéëà ñ ïî÷òîé ïîëüçîâàòåëÿ

• PS1,PS2 - ïåðâè÷íîå è âòîðè÷íîå ïðèãëàøåíèå shell (Çíà÷îê $, êîòî-
ðûé ïèøåòñÿ â ïðèìåðàõ - ýòî ïåðâè÷íîå ïðèãëàøåíèå).

Â shell ñóùåñòâóåò ðÿä ïåðåìåííûõ, êîòîðûå îïðåäåëÿþòñÿ îáîëî÷êîé ïî
õîäó âûïîëíåíèÿ ñêðèïòîâ. Ýòî òàê íàçûâàåìûå âñòðîåííûå ïåðåìåííûå:

1. $0, $1, $2, ... ,$9 çíà÷åíèÿ ïàðàìåòðîâ, ïåðåäàâàåìûõ ñêðèïòó èç
êîìàíäíîé ñòðîêè.

1Çíà÷åíèÿ ïåðåìåííûõ áóäóò ïåðåõîäèòü èç ïðèìåðà â ïðèìåð
2Ïîëíûé ñïèñîê âñòðîåííûõ è ïðåäîïðåäåëåííûõ ïåðåìåííûõ ìîæíî íàéòè â man

bash
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2. $0 - èìÿ ñàìîãî ñêðèïòà.
Ïðèìå÷àíèå: õîðîøèé ñòèëü ïðîãðàììèðîâàíèÿ âûäàâàòü èìÿ ñêðèï-
òà ïî $0 â âûäàâàåìîì ñêðèïòîì ñîîáùåíèè.

3. $# - ÷èñëî ïàðàìåòðîâ, ïåðåäàííûõ ñêðèïòó;

4. $* - âñå ïàðàìåòðû, ïåðåäàííûå ñêðèïòó. Ïðåäñòàâëÿþò ñîáîé åäèíîå
ñëîâî, çàêëþ÷åííîå â êàâû÷êè.

Ñóùåñòâóþò òðè âèäà êàâû÷åê ïðè ïðèñâàèâàíèè ïåðåìåííûõ:

• ' ' - íåïîñðåäñòâåííàÿ ïîäñòàíîâêà, íàïðèìåð: v4='$v1' ïðèñâîèò
$v1, à íå 5.

• " " - ïîäñòàíîâêà ïîñëå èíòåðïðåòàöèè ñèìâîëîâ \ è $. Íàïðèìåð:
v5=$v1. Ïåðåìåííîé v5 ïðèñâîèòñÿ 5. Çàïèñè áåç ïîäñòàíîâî÷íûõ ñèì-
âîëîâ ýêâèâàëåíòíû.

Íàïðèìåð ïðèñâàèâàíèå
v6=string
v7="string"
v8='string'

äàñò îäèíàêîâûé ðåçóëüòàò. Êàâû÷êè îäíîãî âèäà ýêðàíèðóþò äðóãèå.

• ` ` - âûïîëíåíèå êîìàíäû âíóòðè ñêîáîê. Ðåçóëüòàò âûïîëíåíèÿ êî-
ìàíäû áóäåò ïðèñâîåí ïåðåìåííîé.
Ïðèìåð: $list=`ls -a`

Ïî óìîë÷àíèþ âñå ïåðåìåííûå ëîêàëüíû, òî åñòü ñóùåñòâóþò, ïîêà âû-
ïîëíÿåòñÿ ñêðèïò. ×òîáû ñäåëàòü èõ ãëîáàëüíûìè (äëÿ äàííîãî shell), íàäî
çàäàòü èõ ïðè ïîìîùè export. íàïðèìåð: export v1

Ïðè âûâîäå íåîïðåäåëåííûõ ïåðåìåííûõ ðåçóëüòàòîì áóäåò ïóñòàÿ ñòðî-
êà.

Äëÿ óäàëåíèÿ ïåðåìåííîé èñïîëüçóåòñÿ unset ñïèñîê_ïåðåìåííûõ. Ïðèìåð: $ unset $v1 $v3 $v4
Êîìàíäà set âûâîäèò ñïèñîê âñåõ óñòàíîâëåííûõ ïåðåìåííûõ shell.

3.4 Ïåðåíàïðàâëåíèå ââîäà/âûâîäà
.

Êàæäàÿ ïðîãðàììû, çàïóùåííàÿ èç shell, ïîëó÷àåò òðè îòêðûòûõ ïî-
òîêà ââîäà/âûâîäà, êîòîðûå ïî óìîë÷àíèþ àññîöèèðóþòñÿ ñ òåðìèíàëîì.
Ïîòîêè çàäàþòñÿ íîìåðàìè(äåñêðèïòîðû):

• 0 ñòàíäàðòíûé ïîòîê ââîäà, àññîöèèðóåòñÿ ñ êëàâèàòóðîé

• 1 ñòàíäàðòíûé ïîòîê âûâîäà, àññîöèèðóåòñÿ ñ ýêðàíîì

• 2 ñòàíäàðòíûé ïîòîê îøèáîê, àññîöèèðóåòñÿ ñ ýêðàíîì
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Áîëüøèíñòâî óòèëèò Unix èñïîëüçóþò òîëüêî ñòàíäàðòíûå ïîòîêè, ïî-
ýòîìó äëÿ ýòèõ óòèëèò ìîæíî îñóùåñòâëÿòü ïåðåíàïðàâëåíèå.

Âèäû ïåðåíàïðàâëåíèÿ

• >file - ïîòîê âûâîäà ïåðåíàïðàâëÿåòñÿ â ôàéë. Ïðèìåð: cat file1>file2

• >>file - äàííûå èç ïîòîêà âûâîäà äîáàâëÿþòñÿ â ôàéë.

• <file - ïîëó÷åíèå äàííûõ äëÿ ñòàíäàðòíîãî ââîäà èç ôàéëà.

• p1|p2 - ïåðåäà÷à âûâîäà ïðîãðàììû ð1 íà ââîä ïðîãðàììû ð2 (êîí-
âåéåð èëè íåèìåíîâàííûé êàíàë). Ïðèìåð: cat spisok | wc l

• n>file - ïåðåêëþ÷åíèå ïîòîêà ñ íîìåðîì n â ôàéë.

• n>>file - ïåðåêëþ÷åíèå ïîòîêà ñ äåñêðèïòîðîì n â ôàéë, íî äàííûå
äîáàâëÿþòñÿ â êîíåö ôàéëà.

• n>&m - îáúåäèíèòü ïîòîêè ñ äåñêðèïòîðàìè n è m.

• <<str - êîíñòðóêöèÿ "Ââîä çäåñü". Èñïîëüçóåò ñòàíäàðòíûé ïîòîê ââî-
äà äî ïîÿâëåíèÿ ñòðîêè str âî ââîäå è ïîòîì ïåðåäàåò åãî íà âõîä
ïðîãðàììå.

Ïðèìåðû:
1)ls -al | wc 1>&2 1>>wc.out
2)run 2>/dev/null ïîäàâëåíèå âûâîäà îøèáîê.

3.5 Øàáëîíû(wildcard's, ïîäñòàíîâî÷íûå ñèì-
âîëû)

Îáîëî÷êà ïîçâîëÿåò äåëàòü ïîäñòàíîâêó èìåí. Ïîäñòàíîâî÷íûé ñèìâîë çà-
ìåíÿåòñÿ îáîëî÷êîé íà èìåíà ôàéëîâ, åñëè ÷òî-òî â êàòàëîãå ïîäõîäèò ïîä
øàáëîí. Ýòî ïîëåçíî â ñëó÷àÿõ, êîãäà ôàéëîâ ìíîãî èëè íåîáõîäèìî âû-
áðàòü íåñêîëüêî ôàéëîâ ïî îïðåäåëåííîìó ïðàâèëó.
• * - çàìåíÿåò ëþáîå êîëè÷åñòâî ñèìâîëîâ (ìîæåò áûòü è 0) , â èìåíè

ôàéëà.

• ? - çàìåíÿåò ëþáîé ñèìâîë â èìåíè ôàéëà.

• [ñèìâîëû] - çàäàåò ëþáîé ñèìâîë èç äèàïàçîíà.[a-c1-3] òîæå ÷òî è
[abc123]

• \ñ - çàäàåò ñèìâîë ñ áóêâàëüíî (ýêðàíèðóåò) , åñëè ñ ýòî ñïåöñèìâîë(\,',",`,# è ò.ä.).

Ïðèìåðû:
$ ls [a-d]* //âñå ôàéëû, íà÷èíàþùèåñÿ íà a,b,c,d
$ ls x*y // âñå, íà÷èíàþùèåñÿ íà x è êîí÷àþùèåñÿ íà y
$ ls *\ ? // ïðåäïîñëåäíèé ñèìâîë - ïðîáåë
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3.6 Óñëîâíîå âûïîëíåíèå êîìàíä
Ñëåäóþùàÿ óäîáíàÿ âîçìîæíîñòü - óñëîâíîå âûïîëíåíèå. Åãî ñóòü òàêîâà:
ïóñòü âàøè äåéñòâèÿ çàâèñÿò îò ðåçóëüòàòà âûïîëíåíèÿ ïðåäûäóùèõ. Âûøå
óæå óïîìèíàëñÿ ðàçäåëèòåëü êîìàíä ';' (ñì. 3.2.1). Íî ïðè èñïîëüçîâàíèè
';' ïîñëåäîâàòåëüíîñòü êîìàíä âñåãäà âûïîëíèòüñÿ, âíå çàâèñèìîñòè îò
ðåçóëüòàòîâ ðàáîòû îòäåëüíûõ êîìàíä (îøèáîê â íèõ).

Äëÿ ïîâûøåíèÿ ãèáêîñòè ðàáîòû, â Bourne Shell ñóùåñòâóþò ñëåäóþùèå
êîíñòðóêöèè:

• p1&&p2 âûïîëíÿåòñÿ ð1, åñëè óäà÷íî (êîä âîçâðàòà 03), òî çàïóñêàåòñÿ
ð2

• p1||p2 - âûïîëíÿåòñÿ ð1, åñëè íåóäà÷íî (êîä âîçâðàòà íå 0), òî çàïóñ-
êàåòñÿ ð2

• p1& - ð1 âûïîëíÿåòñÿ â ôîíîâîì ðåæèìå, è shell íå æäåò îêîí÷àíèÿ
ðàáîòû ð1 (ñì. ??, Êîíòðîëü çàäàíèé). Îáîëî÷êà ñðàçó âûâîäèò ïðè-
ãëàøåíèå íà ââîä.

• (p1;p2;) - êîìàíäû âûïîëíÿþòñÿ ïîñëåäîâàòåëüíî â íîâîé îáîëî÷êå.

• {p1;p2;} - êîìàíäû âûïîëíÿþòñÿ ïîñëåäîâàòåëüíî â òåêóùåé shell.

Ïðèìåðû:
1)(ps; who) | more
2)mount | wc -l > mounts.number &

Ïðèìå÷àíèå: ïðîöåññû â ôîíîâîì ðåæèìå íå ìîãóò èñïîëüçîâàòü ñòàí-
äàðòíûé ââîä è âûâîä, ïîýòîìó èõ íàäî ïåðåíàïðàâëÿòü. Ïîòîê îøèáîê
ðàáîòàåò áåç èçìåíåíèé.

3.7 Óñëîâíûå âûðàæåíèÿ
Ñèíòàêñèñ

if óñëîâèå
then
else
fi

Â shell true (0) è false (íå 0) èìåþò îáðàòíûå çíà÷åíèÿ ïî ñðàâíåíèþ ñ
Ñè.. 4

Óñëîâíûå âûðàæåíèÿ ìîæíî çàïèñûâàòü â ñòðî÷êó, ðàçäåëÿÿ ;.
Óñëîâèåì ìîæåò áûòü ðåçóëüòàò êîìàíäû. ×àñòî èñïîëüçóåòñÿ test ñ

ïàðàìåòðàìè. Íàèáîëåå óïîòðåáèìûå çíà÷åíèÿ:
3Êîäû âîçâðàòà äëÿ shell - ïðîòèâîïîëîæíû Ñè (ñì. 3.7)
4Áîëåå ïîäðîáíî êîäû âîçâðàòà îòäåëüíûõ êîìàíä îïèñàíû â man â ïóíêòå EXIT

STATUS èëè DIAGNOSTIC èëè RETURN CODE



20 ÃËÀÂÀ 3. SHELL (ÎÁÎËÎ×ÊÀ)

• test s ôàéë - ÿâëÿåòñÿ ëè ðàçìåð ôàéëà îòëè÷íûì îò 0

• test r ôàéë - äîñòóïåí ëè ôàéë äëÿ ÷òåíèÿ

• test f ôàéë - ñóùåñòâóåò ëè ôàéë è ÿâëÿåòñÿ ëè îí îáû÷íûì

• test d ôàéë - ñóùåñòâóåò ëè ôàéë è ÿâëÿåòñÿ ëè îí êàòàëîãîì

Ìîæíî çàïèñûâàòü áåç test, èñïîëüçóÿ òî æå çíà÷åíèå â [ ... ].
Ïðèìå÷àíèå. Ìåæäó [, ], if îáÿçàòåëüíî äîëæíû ñòîÿòü ïðîáåëû!

Ïðèìåð: ñëåäóþùèå çàïèñè ýêâèâàëåíòíû:
1)if test f $HOME/file.txt
then

echo Îí åñòü!
fi

2)if [ -f $HOME/file.txt]
then

echo Îí åñòü!
fi

3) test f $HOME/file.txt && echo Îí åñòü!

3.7.1 Ñðàâíåíèå ñòðîê
• ñòðîêà1 = ñòðîêà2 ïðîâåðêà íà ðàâåíñòâî

• ñòðîêà1 != ñòðîêà2 ïðîâåðêà íà íå ðàâíî

• -n $ïåðåìåííàÿ true, åñëè ñòðîêà èìååò íåíóëåâóþ äëèíó

Ïðèìåðû:
1)if [ $v1 = abc ]; then; echo Ïîòðÿñàþùå!
2)if [ -n $empty ]; then; echo Äåéñòâèòåëüíî

3.7.2 Ñðàâíåíèå ÷èñåë
Àðãóìåíòàìè ÿâëÿþòñÿ $x(çíà÷åíèå ïåðåìåííîé) èëè ÷èñëî5:

1. $x eq $y true, åñëè àðãóìåíòû ðàâíû

2. $x ne $y true, åñëè àðãóìåíòû íå ðàâíû

3. $x gt $y true, åñëè çíà÷åíèå x áîëüøå çíà÷åíèÿ y

4. $x ge $y true, åñëè çíà÷åíèå x áîëüøå ëèáî ðàâíî çíà÷åíèþ y

Ïðèìåð: if [ $# eq 2 ]; then; echo 2 àðãóìåíòà
5Òóò íàáëþäàåòñÿ íåêîòîðîå ñõîäñòâî ñ àññåìáëåðîì
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3.7.3 Ñëîæíûå âûðàæåíèÿ
1. !âûðàæåíèå - îòðèöàíèå

2. âûðàæåíèå1 a âûðàæåíèå2 - ëîãè÷åñêîå È

3. âûðàæåíèå1 o âûðàæåíèå2 - ëîãè÷åñêîå ÈËÈ

Ïðèìåð:
1)if [ !\( $x eq $y\) ]
2)if [ $a ne 3 a $b lt $c ]
3)if [ $x = $y a \( $n lt 0 o $m gt 30\) ]

Ïðèìå÷àíèå: Ñêîáêè ýêðàíèðóþòñÿ (ñì. 3.5), òàê êàê îíè èìåþò ñïåöèàëü-
íûé ñìûñë äëÿ êîìàíä (ïîñëåäîâàòåëüíîå âûïîëíåíèå â íîâîì ýêçåìïëÿðå
shell).

3.8 Öèêëû
Â ÿçûêå shell åñòü íåñêîëüêî âèäîâ öèêëîâ. ×àñòî óïîòðåáèìûå èç íèõ:for,
while .

• Öèêë for6 âûïîëíèòüñÿ ñòîëüêî ðàç, ñêîëüêî ñëîâ â ñïèñêå. var ïî-
ñëåäîâàòåëüíî ïðèíèìàåò çíà÷åíèÿ èç ñïèñêà. Ñïèñîê ìîæåò ôîðìè-
ðîâàòüñÿ âðó÷íóþ, êàê âûâîä êîìàíäû (`êîìàíäà`) èëè ñ ïîìîùüþ
øàáëîíîâ.

for ïåðåìåííàÿ in ñïèñîê
do
....
done

• Öèêë while âûïîëíÿåòñÿ, ïîêà óñëîâèå íå ñòàíåò ëîæíûì.

while óñëîâèå
do
...
done

Ïðèìåðû:
while sleep 60
do
who | grep mary

done

6BASH ïîääåðæèâàåò òàêæå öèêëû â ñòèëå Ñè: for ((i=1; i < 10;i++)) - c 2 îòêðûâà-
þùèìè è çàêðûâàþùèìè ñêîáêàìè.
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for user in `who`
do

echo è ýòîò $user çäåñü!
done

for i in * ; do echo $i; done #ýêâèâàëåíò ls.

Ýëåìåíòû öèêëà ìîæíî çàïèñûâàòü íà îòäåëüíûõ ñòðîêàõ èëè ðàçäåëÿÿ
';'. Ýòè ôîðìû çàïèñè ýêâèâàëåíòíû.

Ïðèìå÷àíèå. Åñëè ââîäèòü â êîìàíäíîé ñòðîêå öèêë, óñëîâíîå âûðàæå-
íèå èëè ïðîñòî íå çàêðûòü ñêîáêó (êàâû÷êè) òî ïðè íàæàòèè ENTER îáî-
ëî÷êà ïðåäëîæèò ââîäèòü îêîí÷àíèå êîìàíäû íà ñëåäóþùåé ñòðîêå.

Ñóùåñòâóåò âñòðîåííàÿ(ñì. 3.9) êîìàíäà break äëÿ âûõîäà èç öèêëà.

3.9 Ôóíêöèè
Äëÿ óïîðÿäî÷èâàíèÿ ñêðèïòà ïîëüçîâàòåëü ìîæåò îïðåäåëèòü ôóíêöèþ:

èìÿ_ôóíêöèè ()
{

êîìàíäû
}

Ñèíòàêñèñ è ïåðåäà÷à àðãóìåíòîâ - êàê ó ñêðèïòà.

Ïðèìåð: îòîáðàæàåò â ïðèãëàøåíèè èìÿ êàòàëîãà
mcd ()
{
cd $*
PS1 = `pwd`
}

Êîìàíäû ðàçäåëÿþòñÿ íà âñòðîåííûå (â îáîëî÷êó) è âíåøíèå. Çàïóñê
âñòðîåííîé êîìàíäû íå òðåáóåò ñîçäàíèÿ íîâîãî ïðîöåññà.

Ðàñïðîñòðàíåííûå âñòðîåííûå êîìàíäû: cd, pwd, echo, exit, set, unset.

3.10 Âûïîëíåíèå àðèôìåòè÷åñêèõ îïåðàöèé
Âàæíîå çàìå÷àíèå. Â shell âûïîëíÿåòñÿ òîëüêî öåëî÷èñëåííàÿ àðèôìåòè-
êà7!

åxpr ñòðîêà ïðåîáðàçóåò ñòðîêó â ÷èñëî. Íàïðèìåð: expr 23.
Âûïîëíÿþòñÿ îïåðàöèè: +, -, *, /, % (äåëåíèå ïî ìîäóëþ). Èõ ïðèî-

ðèòåò îáû÷íûé.
7Äëÿ ïëàâàþùåé òî÷êè è ñëîæíûõ âû÷èñëåíèé ìîæíî èñïîëüçîâàòü ïðîãðàììó bc
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Ïðèìåðû:
1)a = `expr $a + 3`
2)b = `expr 2 \* 3` - ñèìâîë \ îòìåíÿåò ñïåöèàëüíîå çíà÷åíèå *.

Ïðèìå÷àíèå. ×èñëà è îïåðàöèè ðàçäåëÿþòñÿ ïðîáåëàìè.
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Ãëàâà 4

Òåêñòîâûé ðåäàêòîð VI

Ðåäàêòîðû äëÿ Unix äåëÿòñÿ íà 2 ãðóïïû - ðåäàêòîðû êîìàíäíîãî ñòèëÿ(vi,
emacs, joe, ed) è ìåíþ-îðèåíòèðîâàííûå (mcedit, kwriter, kword).

Ðåäàêòîðû êîìàíäíîãî ñòèëÿ îáû÷íî ðàáîòàþò â êîíñîëüíîì (òåêñòî-
âîì) ðåæèìå. Âñå äåéñòâèÿ â íèõ âûïîëíÿþòñÿ ïîäà÷åé ïðÿìûõ óïðàâëÿþ-
ùèõ êîìàíä, çàêðåïëåííûõ çà îïðåäåëåííûìè ñî÷åòàíèÿìè êëàâèø. Ìûøü
è ìåíþ â íèõ, êàê ïðàâèëî, íå èñïîëüçóþòñÿ.

Ðåäàêòîð vi ïðèñóòñòâóåò êàê ñòàíäàðòíûé â ëþáîé Unix-ïîäîáíîé ñè-
ñòåìå1. Ñóùåñòâóåò íåñêîëüêî ðåäàêòîðîâ îñíîâàííûõ íà vi: vim, elvis.

Ñîâðåìåííûå êëîíû vi (vim ê ïðèìåðó) îáëàäàþò î÷åíü áîëüøîé ôóíê-
öèîíàëüíîñòüþ, ñêðûòîé çà àñêåòè÷íûì èíòåðôåéñîì. Ðåäàêòîð vi èçíà-
÷àëüíî ñîçäàâàëñÿ êàê êðîññ-ïëàòôîðìåííûé, êîòîðûé îáÿçàí ðàáîòàòü íà
ëþáûõ òèïàõ òåðìèíàëîâ è âèðòóàëüíûõ êîíñîëåé. Âñå äåéñòâèÿ â íåì ìîæ-
íî îñóùåñòâèòü íå ïîêèäàÿ îñíîâíîé, àëôàâèòíî-öèôðîâîé, ÷àñòè êëàâèà-
òóðû.

Ïðèìå÷àíèå. Äàëåå ìû áóäåì ðàññìàòðèâàòü ðåäàêòîð vim. Îäíàêî âñå
îïèñàííûå êîìàíäû ìîæíî áóäåò ïðèìåíèòü â ëþáîì vi-ñîâìåñòèìîì ðå-
äàêòîðå.

4.1 Ðåæèìû ðàáîòû
Â vi ñóùåñòâóåò òðè ïðèíöèïèàëüíî ðàçëè÷íûõ ðåæèìà ðàáîòû:

- Êîìàíäíûé ðåæèì (command mode)

- Ðåæèì ââîäà (edit mode)

- Ðåæèì ïîñòðî÷íîãî ðåäàêòèðîâàíèÿ (ex mode)
Êîìàíäíûé ðåæèì âêëþ÷àåòñÿ ïî óìîë÷àíèþ ïðè çàïóñêå vi. Â ýòîì

ðåæèìå íàæàòèÿ êëàâèø íå ïðèâîäÿò ê ââîäó ñèìâîëîâ, à èíòåðïðåòèðó-
þòñÿ êàê âíóòðåííèå êîìàíäû ïåðåìåùåíèÿ ïî òåêñòó è ðåäàêòèðîâàíèÿ.

1Â ýòîì êà÷åñòâå îí âíåñåí â ñòàíäàðò Single Unix Speci�cation

25
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Ïîýòîìó ïîïûòêà íåìåäëåííî íà÷àòü ââîä òåêñòà (êàê â DOS/Windows) íè
ê ÷åìó íå ïðèâåäåò.

Ïðèìå÷àíèå. Åñëè âû íå çíàåòå, â êàêîì ðåæèìå íàõîäèòåñü, òî íàæìèòå
êëàâèøó ESC äëÿ ïåðåõîäà â êîìàíäíûé ðåæèì.

Ñîçäàíèå òåêñòà â êîìàíäíîì ðåæèìå íåâîçìîæíî. Äëÿ ýòîãî íóæíî ïå-
ðåéòè â ðåæèì ââîäà. Äëÿ ýòîãî ñëóæàò êîìàíäû (êîìàíäíîãî ðåæèìà!) a
(îò append - ïîñëå òåêóùåé ïîçèöèè êóðñîðà) è i (îò insert - ïåðåä òåêó-
ùåé ïîçèöèåé êóðñîðà). Â ðåæèìå ââîäà íàæàòèÿ êëàâèø ïðèâîäÿò ê ââîäó
îáû÷íûõ ñèìâîëîâ, ïîçâîëÿÿ ñîçäàâàòü íîâûé òåêñò èëè ðåäàêòèðîâàòü ñó-
ùåñòâóþùèé.

Âîçâðàò â êîìàíäíûé ðåæèì îñóùåñòâëÿåòñÿ íàæàòèåì êëàâèøè escape.
Äëÿ îïåðàöèé ñ äîêóìåíòàìè (ôàéëàìè) ïðåäíàçíà÷åí ex-ðåæèì. Îí

âûçûâàåòñÿ êîìàíäîé : êîìàíäíîãî ðåæèìà. Ïîñëå ýòîãî äàåòñÿ êîìàíäà
ex-ðåæèìà. Íàïðèìåð:
• îòêðûòü ñóùåñòâóþùèé ôàéë (:e èìÿ_ôàéëà)

• âñòàâèòü ôàéë â ïîçèöèþ êóðñîðà (:r èìÿ_ôàéëà)

• çàïèñàòü ôàéë (:w), â òîì ÷èñëå ïîä äðóãèì èìåíåì (:w èìÿ_ôàéëà)

• âûõîä èç ñîõðàíåííîãî ôàéëà (:q)

• âûõîä ñ ïðåäâàðèòåëüíûì ñîõðàíåíèåì ôàéëà (:x)
Êîãäà âû íàõîäèòåñü â ex-ðåæèìå, òî â íèæíåì ëåâîì óãëó ýêðàíà ïî-

ÿâëÿåòñÿ :.
Âîçìîæíî ñîâìåùåíèå êîìàíä ex-ðåæèìà. Íàïðèìåð :wq.
Êîìàíäà ex-ðåæèìà îòïðàâëÿåòñÿ íà âûïîëíåíèå íàæàòèåì êëàâèøè

Enter ïîñëå ÷åãî ïðîèñõîäèò âîçâðàò â êîìàíäíûé ðåæèì.
Ïðèìå÷àíèå. Ïîïûòêà çàãðóçèòü íîâûé ôàéë (êîìàíäîé :e) èëè çàâåð-

øèòü ðàáîòó ðåäàêòîðà (êîìàíäîé :q) ïðè íåñîõðàíåííîì ñòàðîì ôàéëå
âûçîâåò îøèáêó.

4.2 Ïîëó÷åíèå ïîìîùè
Ïîëó÷èòü ñïðàâêó ìîæíî èñïîëüçóÿ ex-êîìàíäó :help.

Ïîäðàçäåëû ñïðàâêè âûäåëåíû çíà÷êàìè |ðàçäåë|. Ñïðàâêó ïî íèì âû-
çûâàåòñÿ ÷åðåç :help ðàçäåë.

Î÷åíü ïîëåçíûì ÿâëÿåòñÿ ó÷åáíèê ïî vim - vimtutor. Ñ åãî ïîìîùüþ
ìîæíî îñâîèòü îñíîâíûå íàâûêè èñïîëüçîâàíèÿ vim.

4.3 Çàïóñê è îñòàíîâêà ðåäàêòîðà
Vi (vim) ìîæåò áûòü çàïóùåí èç êîìàíäíîé ñòðîêè, ñ èìåíåì ôàéëà èëè
áåç òàêîâîãî. Åñëè óêàçàíî èìÿ ôàéëà, òî ðåäàêòîð îòêðûâàåò åãî2.

2Åñëè ôàéë íå ñóùåñòâóåò, òî ñîçäàåòñÿ íîâûé
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Ïðèìåð: $ vi ~/texts/newtext.txt
Êîìàíäà vim áåç èìåíè ôàéëà îòêðîåò ðåäàêòîð vim è âûâåäåò çàñòàâêó.
Äëÿ âûõîäà èç ðåäàêòîðà íàæìèòå :q èëè :wq (ñì. "Ðåæèìû ðàáîòû"4.1).

4.4 Ïåðåìåùåíèå ïî òåêñòó
Â êîìàíäíîì ðåæèìå ñóùåñòâóþò ñëåäóþùèå êîìàíäû3:

• h - êóðñîð âëåâî íà 1 ñèìâîë

• l - êóðñîð âïðàâî íà 1 ñèìâîë

• j - êóðñîð âíèç íà 1 ñòðîêó

• l - êóðñîð ââåðõ íà 1 ñòðîêó

Òàêæå, åñòü ðàñøèðåííûå êîìàíäû, äåéñòâóþùèå ñ áëîêàìè òåêñòà.

• w è W - ïåðåìåùåíèå âïåðåä íà "ìàëåíüêîå ñëîâî"4 è ò.í. "áîëüøîå
ñëîâî"5

• b è B - ïåðåìåùåíèå íàçàä íà "ìàëåíüêîå ñëîâî"è "áîëüøîå ñëîâî"

• 0 è $ - íà íà÷àëî è íà êîíåö ñòðîêè

• ( è ) - íà íà÷àëî ïðåäëîæåíèÿ è åãî êîíåö

Âîîáùå, äëÿ ìíîãèõ êîìàíä vi õàðàêòåðíî íàëè÷èå ïàðíûõ ýëåìåíòîâ
- â íèæíåì è âåðõíåì ðåãèñòðàõ îäíîé êëàâèøè (e è E, w è W); äåéñòâèå
âòîðîé êîìàíäû èç ïàðû êàê áû ðàñøèðÿåò äåéñòâèå ïåðâîé.

Êîìàíäû íàâèãàöèè vi ìîãóò èñïîëüçîâàòüñÿ ñ ÷èñëåííûìè àðãóìåíòà-
ìè.

Íàïðèìåð êîìàíäà 5h ïåðåìåñòèò êóðñîð íà 5 ñèìâîëîâ âëåâî (ñ÷èòàÿ
ñèìâîë â ïîçèöèè êóðñîðà), à êîìàíäà 3B íà 3 "áîëüøèõ"ñëîâà íàçàä.

Äëÿ ïåðåìåùåíèÿ íà êîíêðåòíóþ ñòðîêó, ìîæíî èñïîëüçîâàòü ñëåäóþ-
ùóþ êîìàíäó ex-ðåæèìà: :N, ãäå N - íîìåð ñòðîêè.

4.5 Ââîä è ðåäàêòèðîâàíèå òåêñòà
Äëÿ ñîçäàíèÿ òåêñòà íåîáõîäèìî ïåðåéòè â ðåæèì ââîäà.

Äëÿ ýòîãî ñëóæàò ñëåäóþùèå êîìàíäû:

• i è I - ââîä â ïîçèöèè êóðñîðà èëè â íà÷àëå ñòðîêè

• a è A - ââîä ïîñëå êóðñîðà èëè â êîíöå ñòðîêè
3Îáû÷íî ðàáîòàþò è ñòðåëêè íà êëàâèàòóðå, íî íå ñòîèò ïîëàãàòüñÿ íà íèõ
4Îòäåëüíîå ñëîâî, îòäåëåííîå ïðîáåëîì, çíàêàìè ïðåïèíàíèÿ, +, -
5Îáÿçàòåëüíî îòäåëåííîå ïðîáåëîì
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Òåêñò ìîæíî èçìåíÿòü è â ðåæèìå ââîäà, èñïîëüçóÿ DEL è BACKSPACE,
íî ÷àñòî óäîáíåå èñïîëüçîâàòü êîìàíäû ðåäàêòèðîâàíèÿ.

Êîìàíäû ðåäàêòèðîâàíèÿ ïðåäíàçíà÷åíû äëÿ èçìåíåíèÿ ñóùåñòâóþùå-
ãî òåêñòà áåç ïåðåõîäà â ðåæèì ââîäà:

• x - óäàëåíèå îäèíî÷íîãî ñèìâîëà

• dd - óäàëåíèå ñòðîêè

• dw - óäàëåíèå ñëîâà

• d) - óäàëåíèå ïðåäëîæåíèÿ

Êàê è êîìàíäû ïåðåìåùåíèÿ, êîìàíäû ðåäàêòèðîâàíèÿ ìîæíî èñïîëü-
çîâàòü ñ ÷èñëåííûìè àðãóìåíòàìè. Òàê êîìàíäà 5dd óäàëèò òåêóùóþ ñòðî-
êó è åùå 4 ñòðîêè íèæå åå, à 3dw óäàëèò òðè ñëîâà ñ÷èòàÿ òåêóùåå.

4.6 Êîïèðîâàíèå è âñòàâêà
Â vim äëÿ ýòèõ öåëåé ñóùåñòâóåò îòäåëüíûé ðåæèì - âûäåëåíèÿ, Visual
Selection (ñì. man vim). Îäíàêî â áîëüøèíñòâå ñëó÷àåâ ìû ìîæåì îáîéòèñü
ñòàíäàðòíûìè êîìàíäàìè:

• p - âñòàâèòü èç áóôåðà.

• yy - ñêîïèðîâàòü ñòðîêó â áóôåð

• yw - ñêîïèðîâàòü òåêóùåå ñëîâî â áóôåð

• y) - ñêîïèðîâàòü ïðåäëîæåíèå

• y} - ñêîïèðîâàòü àáçàö

Ïðèìå÷àíèå.Â áóôåð òàêæå ïîïàäàåò âñå óäàëåííîå ñ ïîìîùüþ êîìàíä
x, dd, dw è èì ïîäîáíûõ. Òàêèì îáðàçîì ýòè êîìàíäû ìîãóò ñëóæèòü äëÿ
êîïèðîâàíèÿ ñ óäàëåíèåì.

Âñå âûøåïåðå÷èñëåííûå êîìàíäû ìîãóò èñïîëüçîâàòüñÿ ñ ÷èñëåííûì
àðãóìåíòîì. Íàïðèìåð: 3p - 3 ðàçà âñòàâèòü ñîäåðæèìîå áóôåðà.

4.7 Îòêàò äåéñòâèé
Äåéñòâèå îøèáî÷íî ââåäåííûõ êîìàíä ðåäàêòèðîâàíèÿ ìîæåò áûòü îòìå-
íåíî êîìàíäîé u (ñîêðàùåííî îò undo). Ïîâòîðíîå íàæàòèå - îòìåíà ïðåäû-
äóùåãî äåéñòâèÿ, è òàê äàëåå. Äëÿ âîçâðàòà (redo) îøèáî÷íî îòìåíåííîé
îïåðàöèè èñïîëüçóåòñÿ control+r.
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4.8 Ïîèñê è çàìåíà
Äëÿ ïîèñêà ïî òåêñòó ñëóæèò êîìàíäà / (ïðÿìîé ñëýø). Ïðè ââîäå ýòîãî
ñèìâîëà â êîìàíäíîì ðåæèìå â íèæíåé ñòðîêå ïîÿâëÿåòñÿ ñèìâîë /, ïîñëå
êîòîðîãî âû ìîæåòå ââåñòè îáðàçåö äëÿ ïîèñêà. Ýòî ìîæåò áûòü òåêñòîâàÿ
ñòðîêà èëè ðåãóëÿðíîå âûðàæåíèå (ñì. 5 ). Ïîñëå íàæàòèÿ ENTER â òåê-
ñòå áóäóò ïîäñâå÷åíû 6 âñå âîçìîæíûå âõîæäåíèÿ ñòðîêè ïîèñêà è êóðñîð
ïåðåéäåò ê ïåðâîìó äîñòóïíîìó íàéäåíîìó ôðàãìåíòó âíèç ïî òåêñòó.

Äëÿ ïîèñêà ñëåäóþùèõ âõîæäåíèé ñòðîêè ïîèñêà, ñóùåñòâóåò êîìàíäû
n (âíèç ïî òåêñòó) è N (ââåðõ ïî òåêñòó).

Äëÿ ïîèñêà è çàìåíû òåêñòîâûõ ôðàãìåíòîâ, â òîì ÷èñëå è ñ èñïîëüçîâà-
íèåì ðåãóëÿðíûõ âûðàæåíèé, ïðåäíàçíà÷åíà êîìàíäà ex-ðåæèìà :s(substitute).
Ôîðìàò êîìàíäû:
:#s/pattern/string/îïöèÿ
ãäå # - èíòåðâàë ñòðîê (÷åðåç , èëè ; - ñì. :help cmdline-ranges).

Ïðèìå÷àíèå. îïöèè â ñòàíäàðòíîì vi íå ïîääåðæèâàþòñÿ.
×àñòî óïîòðåáèìûå îïöèè: c - ïîäòâåðæäåíèå êàæäîé çàìåíû, g - çàìåíà

âñåõ âõîæäåíèé â ñòðîêå.
Ïðèìå÷àíèå. Ïîèñê è çàìåíà â vi âîçìîæíû òîëüêî äëÿ ïîñëåäîâàòåëü-

íîñòè ñèìâîëîâ, ñîñòàâëÿþùèõ 1 ñòðîêó. Çàìåíÿþùàÿ ïîñëåäîâàòåëüíîñòü
ñèìâîëîâ òîæå äîëæíà îáðàçîâûâàòü 1 ñòðîêó.

4.9 Âûçîâ âíåøíèõ êîìàíä
Ðåäàêòîð vim ÷àñòî íàçûâþò ñðåäîé, òàê êàê îí ïîçâîëÿåò ïîëíîöåíííî
ðàáîòàòü â ñèñòåìå, íå âûõîäÿ èç ðåäàêòîðà.

Èç vi ìîæíî çàïóñêàòü âíåøíèå ïðîãðàììû ñ ïîìîùüþ êîìàíäû ex-
ðåæèìà :! cmdlline:

Ïðèìåð
:! ls -l

:! man bash

Òàê ðàáîòàòü ãîðàçäî óäîáíåå, òàê êàê íåò íàäîáíîñòè ïîñòîÿííî âõîäèòü
è âûõîäèòü èç ðåäàêòîðà. Ïðè çàïóñêå êîìàíäíîé ñòðîêè åå âûâîä áóäåò
ñîõðàíåí íà ýêðàíå äî íàæàòèÿ ïîëüçîâàòåëåì êëàâèøè ENTER.

6Ýòî ñïðàâåäëèâî òîëüêî äëÿ vim
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Ãëàâà 5

Ðåãóëÿðíûå âûðàæåíèÿ. sed

Ðåãóëÿðíûå âûðàæåíèÿ (regular expression èëè regexp) - ñïåöèàëüíûå ñòðîêè
ñèìâîëîâ, êîòîðûå çàäàþòñÿ äëÿ ïîèñêà ñîâïàäàþùèõ ôðàãìåíòîâ. Èíà÷å
ãîâîðÿ ýòî ñïîñîá îïèñàíèÿ íàáîðîâ áóêâ.

Ïðîñòåéøèì íàáîðîì ÿâëÿåòñÿ ñëîâî, íî ðåãóëÿðíîå âûðàæåíèå ìîæåò
âêëþ÷àòü è ãëîáàëüíûå ñèìâîëû, çàìåíÿþùèå äðóãèå ñèìâîëû. Âñå UNIX-
ïðîãðàììû, îñóùåñòâëÿþùèå ïîèñê â òåêñòå, èñïîëüçóþò ðåãóëÿðíûå âûðà-
æåíèÿ. Åñëè ñëîâî èëè ôðàçà îïèñàíû ðåãóëÿðíûì âûðàæåíèåì, ãîâîðÿò,
÷òî îíè ñîîòâåòñòâóþò ðåãóëÿðíîìó âûðàæåíèþ.

Ðåãóëÿðíûå âûðàæåíèÿ - ìîùíîå, ãèáêîå è ýôôåêòèâíîå ñðåäñòâî îá-
ðàáîòêè òåêñòîâ. Óíèâåðñàëüíûå øàáëîíû ðåãóëÿðíûõ âûðàæåíèé ñàìè ïî
ñåáå íàïîìèíàþò ìèíèàòþðíûé ÿçûê ïðîãðàììèðîâàíèÿ, ïðåäíàçíà÷åííûé
äëÿ îïèñàíèÿ è àíàëèçà òåêñòà. Ïðè äîïîëíèòåëüíîé ïîääåðæêå ñî ñòîðîíû
êîíêðåòíîé óòèëèòû èëè ÿçûêà ïðîãðàììèðîâàíèÿ ðåãóëÿðíûå âûðàæåíèÿ
ñïîñîáíû âñòàâëÿòü, óäàëÿòü, âûäåëÿòü òåêñòîâûå äàííûå ëþáîãî âèäà è
âûïîëíÿòü ïðàêòè÷ÿåñêè ëþáûå îïåðàöèè íàä íèìè.

Ðåãóëÿðíûå âûðàæåíèÿ ðàñøèðÿþò ïðèíöèïû ìåòàñèìâîëîâ (øàáëîíîâ
èëè wildcards).

Íåêîòîðûå ïðîãðàììû èñïîëüçóþò ðåãóëÿðíûå âûðàæåíèÿ â ÷èñòîì âè-
äå (grep, egrep). Íî ÷àùå âñåãî ðåãóëÿðíûå âûðàæåíèÿ èñïîëüçóþòñÿ âíóòðè
ñïåöèàëüíûõ ÿçûêîâûõ êîíñòðóêöèé, ò. í. "îáåðòîê".

5.1 Ñòðóêòóðà ðåãóëÿðíûõ âûðàæåíèé
Ðåãóëÿðíîå âûðàæåíèå ñîñòîèò èç äâóõ òèïîâ ñèìâîëîâ. Ñïåöèàëüíûå ñèì-
âîëû íàçûâàþòñÿ ìåòàñèìâîëàìè. Âñå îñòàëüíûå ñèìâîëû (òî åñòü îáû÷-
íûé òåêñò), íàçûâàþòñÿ ëèòåðàëàìè.

Ðåãóëÿðíûå âûðàæåíèÿ ìîæíî ðàññìàòðèâàòü êàê ñàìîñòîÿòåëüíûé ÿçûê,
â êîòîðîì ëèòåðàëû âûïîëíÿþò ôóíêöèè ñëîâ, à ìåòàñèìâîëû - ôóíêöèè
ãðàììàòè÷åñêèõ ýëåìåíòîâ. Ñëîâà ïî îïðåäåëåííûì ïðàâèëàì îáúåäèíÿ-
þòñÿ ñãðàììàòè÷åñêèìè ýëåìåíòàìè è ñîçäàþò êîíñòðóêöèè, âûðàæàþùèå
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íåêîòîðóþ ìûñëü.
Äëÿ ïðèìåðà: ñóùåñòâóåò óòèëèòà grep1. Ïðè çàïóñêå ïðîãðàììå grep

ïåðåäàåòñÿ ðåãóëÿðíîå âûðàæåíèå è ñïèñîê ïðîñìàòðèâàåìûõ ôàéëîâ. Îíà
ñîïîñòàâëÿåò regexp ñ êàæäîé ñòðîêîé ôàéëà è âûâîäèò òîëüêî òå ñòðîêè,
â êîòîðûõ áûëî íàéäåíî ñîâïàäåíèå.
$ grep 'cat' file1.text

Åñëè â íàøåì âûðàæåíèè (pcaty 2) íå èñïîëüçóþòñÿ ìåòàñèìâîëû, îíî ôàê-
òè÷åñêè ïðåâðàùàåòñÿ â ñòðåäñòâî "ïðîñòîãî ïîèñêà òåêñòà". Áóäóò íàéäå-
íû è âûâåäåíû âñå ñòðîêè ôàéëà, ñîäåðæàùèå òðè ñòîÿùèå ïîäðÿä áóêâû
c, a è t. Ñðåäè íèõ áóäóò âûâåäåíû ñòðîêè, â êîòîðûõ âñòðå÷àåòñÿ ñëîâî
(ê ïðèìåðó) vacation. Äàæå åñëè â ñòðîêå íåò ñëîâà cat, ïîñëåäîâàòåëü-
íîñòü áóêâ c a t â ñëîâå vacation âñå ðàâíî ñ÷èòàåòñÿ óñïåøíî íàéäåííîé.
Íåîáõîäèìî òîëüêî íàëè÷èå óêàçàííûõ ñèìâîëîâ.

5.2 Ïðàâèëà äëÿ ðåãóëÿðíûõ âûðàæåíèé
Ñóùåñòâóåò âñåãî äâà óíèâåðñàëüíûõ ïðàâèëà äëÿ ðåãóëÿðíûõ âûðàæåíèé:

1. Ïðåäïî÷òåíèå îòäàåòñÿ òîìó ñîâïàäåíèþ, êîòîðîå íà÷èíàåòñÿ ðàíüøå.

2. Êâàíòèôèêàòîðû (ñì. 5.5) âñåãäà ðàáîòàþò ìàêñèìàëüíî. Åñëè íåêî-
òîðûé ýëåìåíò ìîæåò ñîâïàäàòü ïåðåìåííîå ÷èñëî ðàç, ìåõàíèçì âñå-
ãäà ïûòàåòñÿ íàéòè ìàêñèìàëüíîå ÷èñëî ïîâòîðåíèé.

Ïðèçíàêè õîðîøî íàïèñàííîãî ðåãóëÿðíîãî âûðàæåíèÿ:
• ðåãóëÿðíîå âûðàæåíèå äîëæíî ñîâïàäàòü òàì ãäå íóæíî è íèãäå áîëåå

• ðåãóëÿðíîå âûðàæåíèå äîëæíî áûòü ïîíÿòíûì è óïðàâëÿåìûì

• îíî äîëæíî áûòü ýôôåêòèâíûì ( áûñòðî ïðèâîäèòü ê ñîâïàäåíèþ èëè
íåñîâïàäåíèþ â çàâèñèìîñòè îò ðåçóëüòàòîâ ïîèñêà)

5.3 Äèàëåêòû ðåãóëÿðíûõ âûðàæåíèé
Â ðàçíûõ ïðîãðàììàõ ðåãóëÿðíûå âûðàæåíèÿ âûïîëíÿþò ðàçíûå ôóíêöèè,
ïîýòîìó íàáîðû ìåòàñèìâîëîâ è äðóãèå âîçìîæíîñòè, ïîääåðæèâàåìûå ïðî-
ãðàììàìè, òàêæå ðàçëè÷àþòñÿ.

Ê ïðèìåðó, äèàëåêòû ðåãóëÿðíûõ âûðàæåíèé â sed, perl è grep èìåþò
çíà÷èòåëüíîå ÷èñëî îòëè÷èé ìåæäó ñîáîé. Áîëåå òîãî, ðàçëè÷íûå âàðèàíòû
grep òîæå ìîãóò èñïîëüçîâàòü ðàçíûå äèàëåêòû.

Äàëåå èçëîæåíèå áóäåò ïðèäåðæèâàòüñÿ äèàëåêòà sed, ñ óêàçàíèåì îò-
ëè÷èé îò äðóãèõ ðåàëèçàöèé ðåãóëÿðíûõ âûðàæåíèé.

1Óòèëèòû ñåìåéñòâà grep ïðåäíàçíà÷åíû äëÿ ïîèñêà òåêñòà ïî øàáëîíàì ðåãóëÿðíûõ
âûðàæåíèé

2Äëÿ grep ðåêîìåíäóåòñÿ çàêëþ÷àòü regexp â êàâû÷êè, òàê êàê íåêîòîðûå ìåòàñèìâî-
ëû èìåþò äëÿ îáîëî÷êè ñïåöèàëüíûå çíà÷åíèÿ è âûðàæåíèå ìîæåò ðàáîòàòü íåêîððåêòíî
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5.4 Ìåòàñèìâîëû
Ñóùåñòâóåò íåñêîëüêî òèïîâ ìåòàñèìâîëîâ, âûïîëíÿþùèõ ðàçíûå ôóíê-
öèè. Çíà÷åíèå íåêîòîðûõ èç íèõ ðàçëè÷íî â ðàçíûõ ÷àñòÿõ âûðàæåíèÿ (èëè
çàâèñèò îò êîíòåêñòà).

5.4.1 Íà÷àëî è êîíåö ñòðîêè
p^y (êðûøêà) è p$y(äîëëàð) ïðåäñòàâëÿþò ñîáîé íà÷àëî è êîíåö ïðîâåðÿå-
ìîé ñòðîêè.

Ïðèìåðû:

1. p^caty íàõîäèò âñå ñòðîêè, â íà÷àëå êîòîðûõ íàõîäèòüñÿ cat.

2. p^cat$y íàõîäèò âñå ñòðîêè, êîòîðûå ñîñòîÿò òîëüêî èç cat

3. p^$y ïóñòàÿ ñòðîêà

Îñîáåííîñòü p^y è p$y â òîì, ÷òî îíè ñîâïàäàþò ñ îïðåäåëåííîé ïîçè-
öèåé ñòðîêè, à íå ñ ñèìâîëàìè òåêñòà.

5.4.2 Ñèìâîëüíûå êëàññû
Ñîâïàäåíèå ñ îäíèì ñèìâîëîì èç íåñêîëüêèõ âîçìîæíûõ
Ïðè ïîìîùè êîíñòðóêöèè p[. . .]y, íàçûâàåìîé ñèìâîëüíûì êëàññîì (character
class), ìîæíî ïåðå÷èñëèòü ñèìâîëû, êîòîðûå ìîãóò íàõîäèòüñÿ â äàííîé ïî-
çèöèè òåêñòà.

Ïðèìåðû:

1. pgr[ea]yy. Ýòî îáîçíà÷àåò "íàéòè ñèìâîë g, çà êîòîðûì èäåò r, çà êî-
òîðûì ñëåäóþò e èëè a è âñå ýòî çàâåðøàåòñÿ ñèìâîëîì y".

2. p[Ss]eparatey. âîçìîæíàÿ ñìåíà ðåãèñòðà â ïåðâîé áóêâå

Êîëè÷åñòâî ñèìâîëîâ â êëàññå ìîæåò áûòü ëþáûì. Íàïðèìåð, êëàññ
p[123456]y ñîâïàäàåò ñ ëþáîé èç ïåðå÷èñëåííûõ öèôð.

Â êîíòåêñòå (âíóòðè) ñèìâîëüíîãî êëàññà ìåòàñèìâîë ñèìâîëüíîãî êëàñ-
ñà - îáîçíà÷àåò èíòåðâàë ñèìâîëîâ; òàê âûðàæåíèå p[1− 6]y ýêâèâàëåíòíî
ïðåäûäóùåìó ïðèìåðó. Êëàññû p[0 − 9]y è p[a − z]y îáû÷íî èñïîëüçóþòñÿ
äëÿ ïîèñêà öèôð è ñèìâîëîâ íèæíåãî ðåãèñòðà ñîîòâåòñòâåííî.

Ñèìâîëüíûé êëàññ ìîæåò ñîäåðæàòü íåñêîëüêî èíòåðâàëîâ, ïîýòîìó êëàññ
p[0123456789abcdefABCDEF ]y çàïèñûâàåòñÿ â âèäå p[0−9a−fA−F ]y. Èí-
òåðâàëû òàêæå ìîæíî çàïèñûâàòü âìåñòå ñ ëèòåðàëàìè: p[0− 9_!.?A−Z]y
(ñîâïàäåò ñî âñåìè öèôðàìè, áóêâàìè â âåðõíåì ðåãèñòðå è çíàêàìè ïîä-
÷åðêèâàíèÿ, òî÷êè, âîñêëèöàòåëüíîãî è âîïðîñèòåëüíîãî çíàêîâ).

Ïðèìå÷àíèå 1. Äåôèñ âûïîëíÿåò ôóíêöèè ìåòàñèìâîëà òîëüêî âíóòðè
ñèìâîëüíîãî êëàññà - â îñòàëüíûõ ñëó÷àÿõ îí ñîâïàäàåò ñ îáû÷íûì äåôèñîì
â ñòðîêå.
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Ïðèìå÷àíèå 2. Ïðàâèëà, îïðåäåëÿþùèå ñîñòàâ ïîääåðæèâàåìûõ ìåòà-
ñèìâîëîâ (è èõ ôóíêöèè) âíóòðè êëàññà è çà åãî ïðåäåëàìè, ïîëíîñòüþ
ðàçëè÷íû.

Ïðèìå÷àíèå 3. Äåôèñ íå èíòåðïðåòèðóåòñÿ êàê ìåòàñèìâîë, åñëè îí íà-
õîäèòüñÿ íà ïåðâîé ïîçèöèè êëàññà, íàïðèìåð p[-./]y.

Èíâåðòèðîâàíûå ñèìâîëüíûå êëàññû

Åñëå âìåñòî p[. . .]y èñïîëüçóåòñÿ çàïèñü p[^ . . .]y, êëàññ ñîâïàäàåò ñ ëþáûìè
ñèìâîëàìè íå âõîäÿùèìè â ïðèâåäåííûé ñïèñîê. Ïðèìåð: pq[^u]y.

Ïðåôèêñ ^ èíâåðòèðóåò ñïèñîê - âìåñòî òîãî, ÷òîáû ïåðå÷èñëÿòü ñèìâî-
ëû, ïðèíàäëåæàùèå êëàññó, ïåðå÷èñëÿþòñÿ ñèìâîëû, íå âõîäÿùèå â íåãî.

Ïðèìå÷àíèå. Èíâåðòèðîâàííûé êëàññ îçíà÷àåò "ñîâïàäåíèå ñ ñèìâîëà-
ìè íå âõîäÿùèìè â ñïèñîê à íå "íåñîâïàäåíèå ñ ñèìâîëàìè, âõîäÿùèìè â
ñïèñîê". Ïîýòîìó èíâåðòèðîâàííûé êëàññ óäîáíî ðàññìàòðèâàòü êàê ñîêðà-
ùåííóþ ôîðìó çàïèñè äëÿ îáû÷íîãî êëàññà, âêëþ÷àþùåãî âñå ñèìâîëû,
êðîìå ïåðå÷èñëåííûõ.

5.4.3 Îäèí ïðîèçâîëüíûé ñèìâîë
Ìåòàñèìâîë p.y (òî÷êà) ïðåäñòàâëÿåò ñîáîé ñîêðàùåííóþ ôîðìó çàïèñè äëÿ
ñèìâîëüíîãî êëàññà, ñîäåðæàùåãî âñå ñèìâîëû. Ïðèìåíÿåòñÿ â òåõ ñëó÷à-
ÿõ, êîãäà â íåêîòîðûõ ïîçèöèÿõ ðåãóëÿðíîãî âûðàæåíèÿ ìîãóò íàõîäèòüñÿ
ïðîèçâîëüíûå ñèìâîëû.

Ïðèìåð: ïóñòü íàäî íàéòè äàòó, êîòîðàÿ ìîæåò áûòü çàïèñàíà â ôîðìàòå
07/04/76, 07-06-76 èëè 07.06.76. Ñàìûé ïðîñòîé âàðèàíò - p07.04.76y. Íî
òàêîå âûðàæåíèå áóäåò ñîâïàäàòü è ñî ñòðîêîé 19 207304 7639. Âûðàæå-
íèå p07[−./]04[−./]76y îáåñïå÷åâàåò áîëåå òî÷íîå ñîâïàäåíèå, íî åãî òðóäíåå
÷èòàòü è çàïèñûâàòü.

Ïðè ïîñòðîåíèè ðåãóëÿðíûõ âûðàæåíèé ÷àñòî ïðèõîäèòüñÿ èäòè íà êîì-
ïðîìèñ ñ òî÷íîcòüÿ çà ñ÷åò çíàíèÿ òåêñòà. Åñëè âû óâåðåíû, ÷òî â òåêñòå
p07.04.76y íàâåðíÿêà íå âûçîâåò íåæåëàòåëüíûõ ñîâïàäåíèé, òî ýòèì âàðè-
àíòîì âïîëíå ìîæíî âîñïîëüçîâàòüñÿ.

Çàìå÷àíèå. Çíàíèå öåëåâîãî òåêñòà - âàæíûé ôàêòîð, îáåñïå÷èâàþùèé
ýôôåêòèâíîå èñïîëüçîâàíèå ðåãóëÿðíûõ âûðàæåíèé

5.4.4 Âûáîð
Îäíî èç íåñêîëüêèõ âûðàæåíèé

Î÷åíü óäîáíûé ñèìâîë p\|y 3 îáîçíà÷àåò "èëè". Îí ïîçâîëÿåò îáúåäè-
íèòü íåñêîëüêî ðåãóëÿðíûõ âûðàæåíèé â îäíî, ñîâïàäàþùåå ñ ëþáûì èç
âûðàæåíèé-êîìïîíåíòîâ.

3Äëÿ Perl è egrep - |
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Íàïðèìåð, pEriky è pBobbyy - äâà ðàçíûõ âûðàæåíèÿ, à pErik\|Bobbyy
- îäíî âûðàæåíèå, ñîâïàäàþùåå ñ ëþáîé èç ýòèõ ñòðîê. Ïîäâûðàæåíèÿ,
îáúåäèíåííûå ýòèì ñïîñîáîì, íàçûâàþòñÿ àëüòåðíàòèâàìè (alternatives).

Êîíñòðóêöèÿ âûáîðà âñåãäà ÿâëÿåòñÿ âûñîêîóðîâíåâîé (òî åñòü îáëàäà-
þùåé î÷åíü íèçêèì ïðèîðèòåòîì).

Âåðíåìñÿ ê ïðèìåðó 1 èç 5.4.2 pgr[ae]yy. Ýòî âûðàæåíèå ìîæíî çàïè-
ñàòü òàêæå â âèäå pgray\ | greyy èëè äàæå pgr\(a\|e\)yy4. Çäåñü êðóãëûå
ñêîáêè \( è \) îòäåëÿþò êîíñòðóêöèþ âûáîðà îò îñòàëüíîãî âûðàæåíèÿ.
Áåç ñêîáîê pgra | eyy áóäåò îçíà÷àòü "pgray èëè peyy".

Âûðàæåíèå âíóòðè ñêîáîê ìîæåò áûòü êàê óãîäíî ñëîæíûì, íî "ñíàðó-
æè"îíî âîñïðèíèìàåòñÿ êàê åäèíîå öåëîå.

Ïðèìå÷àíèå. Íå ïóòàéòå êîíñòðóêöèþ âûáîðà ñ ñèìâîëüíûì êëàññîì.
Êëàññ pabcy è êîíñòðóêöèÿ âûáîðà p\(a\|b\|c\)y ôàêòè÷åñêè îáîçíà÷àþò
îäíî è òî æå, íî ýòî íå äëÿ îáùåãî ñëó÷àÿ. Ñèìâîëüíûé êëàññ ñîâïàäàåò
ðîâíî ñ îäíèì ñèìâîëîì, êàêèì áû äëèííûì èëè êîðîòêèì íå áûë ñïè-
ñîê äîïóñòèìûõ ñèìâîëîâ. Ñ äðóãîé ñòîðîíû, êîíñòðóêöèÿ âûáîðà ìîæåò
ñîäåðæàòü àëüòåðíàòèâû ïðîèçâîëüíîé äëèííû, ñîâåðøåííî íå ñâÿçàííûå
äðóã ñ äðóãîì äëèíîé òåêñòà: p\(1.000.000\|million\|thousand*thousand\)y.
Â îòëè÷èå îò ñèìâîëüíûõ êëàññîâ, êîíñòðóêöèè âûáîðà íå ìîãóò èíâåðòè-
ðîâàòüñÿ.

5.4.5 Ãðàíèöû ñëîâ
Îäíà èç ðàñïðîñòðàíåííûõ ïðîáëåì çàêëþ÷àåòñÿ â òîì, ÷òî èñêîìîå ñëîâî
âñòðå÷àåòñÿ âíóòðè äðóãèõ ñëîâ. Äëÿ ÿâíîãî óêàçàíèÿ íà÷àëà è êîíöà ñëîâà
èñïîëüçóþòñÿ ìåòàïîñëåäîâàòåëüíîñòè p\ <y è p\ >y

Êàê è ÿêîðÿ ^ è $, ýòè ìåòàïîñëåäîâàòåëüíîñòè íå ñîîòâåñòâóþò êîí-
êðåòíûì ñèìâîëàì.

Ïðèìåðû:

1. p\<cat\>y - íàéòè îòäåëüíîå ñëîâî cat

2. p\<freey - íàéòè ñëîâî, íà÷èíàþùååñÿ ñ free, ê ïðèìåðó freeware

3. ped\>y- íàéòè ñëîâà, çàêàí÷èâàþùèåñÿ íà ed

Ïðèìå÷àíèå Ñàìè ïî ñåáå ñèìâîëû p<y è p>y ìåòàñèìâîëàìè íå ÿâ-
ëÿþòñÿ. Îíè ïðèîáðåòàþò îñîáûé ñìûñë òîëüêî â ñî÷åòàíèè ñ îáðàòíûì
ñëýøåì \.

5.5 Êâàíòèôèêàòîðû
Êâàíòèôèêàòîðû ðåãóëèðóþò êîëè÷åñòâî ýêçåìïëÿðîâ ïîâòîðÿþùåãîñÿ ýëå-
ìåíòà. Ñàìè ïî ñåáå, êâàíòèôèêàòîðû íå ÿâëÿþòñÿ ùàáëîíàìè ñèìâîëîâ â

4Äëÿ äèàëåêòà sed. Äëÿ egrep èëè perl ýòî áóäåò gr(a|e)y.



36 ÃËÀÂÀ 5. ÐÅÃÓËßÐÍÛÅ ÂÛÐÀÆÅÍÈß. SED

òåêñòå, íî ïîñòàâëåííûå ïîñëå ñèìâîëà èëè âûðàæåíèÿ â ñêîáêàõ, óêàçûâà-
þò, ñêîëüêî ðàç ìîæåò ïîâòîðÿòüñÿ ýòîò ñèìâîë èëè âûðàæåíèå.

Êâàíòèôèêàòîðû ðóêîâîäñòâóþòñÿ êðèòåðèåì ìàêñèìàëüíîãî ñîâïàäå-
íèÿ è ïûòàþòñÿ íàéòè ñîâïàäåíèå êàê ìîæíî áîëüøåé äëèíû.

5.5.1 Íåîáÿçàòåëüíûå ýëåìåíòû
Ìåòàñèìâîë p\?y 5 (âîïðîñèòåëüíûé çíàê) îçíà÷àåò "íåîáÿçàòåëüíûé ñèì-
âîë". Îí ñòàâèòüñÿ ïîñëå ñèìâîëà, êîòîðûé ìîæåò íàõîäèòüñÿ â äàííîé
ïîçèöèè òåêñòà, íî íàëè÷èå êîòîðîãî íå òðåáóåòñÿ äëÿ óñïåøíîãî ñîâïàäå-
íèÿ. Âîïðîñèòåëüíûé çíàê îòíîñèòüñÿ òîëüêî ê ñèìâîëó, ðàñïîëîæåííîìó
íåïîñðåäñòâåííî ïåðåä íèì.

Ïðèìåð: pcolou\?ry
Ïðèìåð2; Ïóñòü íàì íàäî íàéòè äàòó, ñîäåðæàùóþ ÷åòâåðòûé äåíü ìå-

ñÿöà. Íà àíãëèéñêîì, ýòî áóäåò âûãëÿäåòü òàê: 4 èëè 4th èëè fourth -
pfourth | 4 | 4thy. Âòîðóþ ïîëîâèíó âûðàæåíèÿ ìîæíî ñîêðàòèòü äî p4\(th\)\?y.
Ïîëó÷èì pfourth\|4\(th\)\?y.

Òàêèì îáðàçîì, êâàíòèôèêàòîð p\?y ìîæåò ïðèñîåäèíÿòüñÿ è ê âûðà-
æåíèÿì â ñêîáêàõ.

5.5.2 Ïîâòîðåíèå
• Ìåòàñèìâîë p\+y 6îáîçíà÷àåò "îäèí èëè íåñêîëüêî ýêçåìïëÿðîâ íåïî-

ñðåäñòâåííî ïðåäøåñòâóþøèõ ýëåìåíòîâ".

• Ìåòàñèìâîë p∗y îáîçíà÷àåò "ëþáîå êîëè÷åñòâî ýêçåìïëÿðîâ ýëåìåíòà
(â òîì ÷èñëå è íóëåâîå)".

Èíà÷å ãîâîðÿ, p∗y îçíà÷àåò "íàéòè ñòîëüêî ýêçåìïëÿðîâ ñêîëüêî âîç-
ìîæíî, íî ïðè íåîáõîäèìîñòè îáîéòèñü è áåç íèõ". Êîíñòðóêöèÿ p\+y èìååò
ïîõîæèé ñìûñë, íî ïðè îòñóòñòâèè õîòÿ áû îäíîãî ýêçåìïëÿðà ñîïîñòàâëå-
íèå çàâåðøàåòñÿ íåóäà÷åé.

Ïðèìåðû:

1. p^[0-9]\+y - ñòðîêà, íà÷èíàþùàÿñÿ ñ îäíîé èëè áîëåå öèôð

2. p^[0-9]*$y - ñòðîêà, ñîäåðæàùàÿ â ñåáå òîëüêî öèôðû(ìîæåò áûòü è
ïóñòîé)

3. p.∗y - ëþáîå êîëè÷åñòâî ëþáûõ ñèìâîëîâ

4. p∗y è p+y ìîãóò ñëåäîâàòü çà ñêîáêàìè: p\(th\)i\+y - îäíî è áîëåå
ñî÷åòàíèé áóêâ th ïîäðÿä

5. pt\+y - îäèí èëè áîëåå ïðîáåëîâ
5Äëÿ Perl, egrep - ?.
6Äëÿ perl è egrep +
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5.5.3 Èíòåðâàë
Êîíñòðóêöèÿ âèäà p. . . \{min,max\}y7 íàçûâàåòñÿ èíòåðâàëüíûì êâàíòè-
ôèêàòîðîì.

Íàïðèìåð, âûðàæåíèå p. . . \{3,12\}y ñîâïàäàåò äî 12 ðàç, åñëè ýòî âîç-
ìîæíî, íî ìîæåò îãðàíè÷èòüñÿ è âñåãî 3 ñîâïàäåíèÿìè. Çàïèñü \{0,1\}
ýêâèâàëåíòíà ìåòàñèìâîëó \?, \{1,\} - +.

5.6 Êðóãëûå ñêîáêè è îáðàòíûå ñcûëêè
Ìû óæå çíàêîìû ñ äâóìÿ ïðèìåíåíèÿìè êðóãëûõ ñêîáîê:
• îãðàíè÷åíèå îáëàñòè äåéñòâèÿ | (ñì. 5.4.4)

• ãðóïïèðîâêà ñèìâîëîâ äëÿ ïðèìåíåíèÿ êâàíòèôèêàòîðîâ (ñì. 5.5)
Ñóùåñòâóåò åùå îäíî ïðèìåíåíèå êðóãëûõ ñêîáîê. Êðóãëûå ñêîáêè ìî-

ãóò "çàïîìèíàòü"òåêñò, êîòîðûé ñîâïàë ñ ïîäõîäÿùèì â íèõ ïîäâûðàæåíè-
åì.

Îáðàòíûå ññûëêè ïîçâîëÿþò èñêàòü íîâûé òåêñò, êîòîðûé ñîâïàäàåò ñ
äðóãèì òåêñòîì â ïðåäøåñòâóþùåé ÷àñòè ðåãóëÿðíîãî âûðàæåíèÿ, ïðè÷åì
íà ìîìåíò íàïèñàíèÿ âûðàæåíèÿ ýòîò òåêñò íåèçâåñòåí.

Êðóãëûå ñêîáêè "çàïîìèíàþò"òåêñò, à ñïåöèàëüíûé ìåòàñèìâîë p\1y
ïðåäñòàâëÿåò ýòîò òåêñò (êàêèì îí áû íå áûë) â îñòàâøåéñÿ ÷àñòè ðåãó-
ëÿðíîãî âûðàæåíèÿ.

Â âûðàæåíèå ìîæíî âêëþ÷èòü íåñêîëüêî ïàð êðóãëûõ ñêîáîê è ññû-
ëàòüñÿ íà ñîâïàâøèé òåêñò ñ ïîìîùüþ p\1y , p\2y, p\3y è ò.ä. Ïàðû ñêîáîê
íóìåðóþòñÿ â ñîîòâåòñòâèè ñ ïîðÿäêîâûì íîìåðîì îòêðûâàþùåé ñêîáêè
ñïðàâà íàëåâî.

Ïðèìåð. Ïóñòü íàì íàäî íàéòè ïîâòîðÿþùèåñÿ ñëîâà. Åñëè èçâåñòíî
êîíêðåòíîå ñëîâî, òî ìîæíî âêëþ÷èòü åãî â øàáëîí, íàïðèìåð, pthe they.
Íî âñå ïàðû ñëîâ ïðîâåðèòü òàêèì îáðàçîì íåâîçìîæíî. Íàì íàäî íàéòè îä-
íî "îáîáùåííîå"ñëîâî, à ïîòîì óêàçàòü èñêàòü òî æå ñàìîå. Çàìåíèì pthey
ðåãóëÿðíûì âûðàæåíèåì äëÿ îáîáùåííîãî ñëîâà - p[A-Za-z]\+y è çàïîì-
íèì åãî â êðóãëûõ ñêîáêàõ - p\([A-Za-z]\+\)y. Äîáàâèì âûðàæåíèå äëÿ
ïðîáåëîâ - pt\+y. Òåïåðü îáúåäèíèì ïîëó÷åííûå âûðàæåíèÿ è äîáàâèì îá-
ðàòíóþ ññûëêó p\([A-Za-z]\+\)t\+\1y. È ïîñëåäíåå - îáîçíà÷èì ãðàíèöû
ñëîâ8 - p\<\([A-Za-z]\+\)t\+\1\>y.

5.7 Ýêðàíèðîâàíèå
×òîáû âêëþ÷èòü â âûðàæåíèå ñèìâîë, êîòîðûé ñîâïàäàåò ñ ìåòàñèìâîëîì,
íåîáõîäèìî âûïîëíèòü ýêðàíèðîâàíèå. Ýêðàíèðîâàíèå âûïîëíÿåòñÿ ñ ïîìî-
ùüþ ñèìâîëà \.

7Â egrep è perl îíà âûãëÿäèò êàê . . . {min,max}
8Èíà÷å áóäóò íàéäåíû íå òîëüêî ïîâòîðÿþùèåñÿ ñëîâà, íî è ñî÷åòàíèÿ, êîãäà áóêâà,

çàâåðøàþùàÿ ñëîâî, ÿâëÿåòñÿ ïåðâîé äëÿ ñëåäóþùåãî.
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Íàïðèìåð: ìåòàñèìâîë "òî÷êà"p.y ñîâïàäàåò ñ ëþáûì ñèìâîëîì. ×òîáû
ïîëó÷èòü îáû÷íóþ òî÷êó, íàäî çàïèñàòü p\.y, êîòîðàÿ íàçûâàåòñÿ "ýêðà-
íèðîâàííîé"(escaped) òî÷êîé.

Ýêðàíèðîâàíèå ìîæåò âûïîëíÿòüñÿ ñî âñåìè ñòàíäàðòíûìè ìåòàñèìâî-
ëàìè, êðîìå ìåòàñèìâîëîâ ñèìâîëüíûõ êëàññîâ.

5.8 sed
sed (sequential èëè stream editor) íåèíòåðàêòèâíûé (ïîòî÷íûé) ðåäàêòîð
òåêñòà. Îí ñëóæèò äëÿ âûïîëíåíèå àíàëèçà è ïðåîáðàçîâàíèÿ òåêñòà. Ôàê-
òè÷åñêè sed - ýòî ïðîäâèíóòûé òåêñòîâûé ôèëüòð. Èìååò ñâîé âõîäíîé ÿçûê,
òåñíî ñâÿçàííûé ñ ðåãóëÿðíûìè âûðàæåíèÿìè.

Î÷åíü óäîáåí äëÿ èñïîëüçîâàíèÿ â ñêðèïòàõ îáîëî÷åê êàê ñðåäñòâî îá-
ðàáîòêè òåêñòîâ.

Äàëåå áóäåò îïèñûâàòüñÿ GNU sed.
sed ìîæíî èñïîëüçîâàòü äâóìÿ îñíîâíûìè ñïîñîáàìè:

sed [-n] [-e] 'êîìàíäû ðåäàêòèðîâàíèÿ' âõîäíîé_ôàéë

è

sed [-n] -f ñöåíàðèé âõîäíûå_ôàéëû

×àùå èñïîëüçóåòñÿ ïåðâûé ñïîñîá.
Ïàðàìåòðû:

• -f cmd�le ïðî÷èòàòü ñöåíàðèé èç ôàéëà

• -n áëîêèðîâàíèå âûâîäà, êðîìå ÿâíî çàäàâàåìîãî èç ñöåíàðèÿ

Åñëè êîìàíä íåñêîëüêî, òî îíè ðàçäåëÿþòñÿ ;.
Âõîäíûå ôàéëû: ðåäàêòèðóåìûé âõîäíîé ïîòîê. Åñëè íå óêàçûâàòü èìÿ

ôàéëà, òî sed áóäåò ðàáîòàòü ñî ñòàíäàðòíûì ââîäîì. Ðåçóëüòàò âûâîäèòñÿ â
ñòàíäàðòíûé âûâîä è îáû÷íî ïåðåíàïðàâëÿåòñÿ â ôàéë èëè êîíâåéåð. Åñëè
âõîäíûõ ôàéëîâ íåñêîëüêî, òî îíè îáúåäèíÿþòñÿ â îäèí áóôåð, ñ êîòîðûì
è èäåò ïîòîì ðàáîòà.

Ñòðîêè â áóôåðå ïðîíóìåðîâàíû. Åñëè sed ïðèìåíÿåòñÿ ê íåñêîëüêèì
ôàéëàì, òî íîìåðà ñòðîê áóäóò ïðîäîëæàòüñÿ. Åñëè ïåðâûé ôàéë ñîäåðæèò
200 ñòðîê, òî àäðåñîì ïåðâîé ñòðîêè ñëåäóþùåãî ôàéëà áóäåò 201.

Ïðèìå÷àíèå. âõîäíûå ôàéëû íå èçìåíÿþòñÿ.

Ñõåìà ðàáîòû:

Âõîäíûå ôàéëû (stdin) ñ÷èòûâàþòñÿ â îáëàñòü øàáëîíîâ (pettern bu�er),
ïîñëå ýòîãî ê áóôåðó ïîñëåäîâàòåëüíî ïðèìåíÿþòñÿ êîìàíäû, è çàòåì ðå-
çóëüòàò âûâîäèòñÿ äëÿ ñîõðàíåíèÿ èëè äàëüíåéøåé îáðàáîòêè.

Âíèìàíèå: êðàéíå íå ðåêîìåíäóåòñÿ ïåðåíàïðâëÿòü ðåçóëüòàò â èñõîä-
íûå ôàéëû. Ýòî ïðèâîäèò ê íåïðåäñêàçóåìûì ðåçóëüòàòàì.
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5.8.1 Îáùèé âèä êîìàíäû
[àäðåñ1[, àäðåñ2]] ôóíêöèÿ [àðãóìåíòû]

Ôóíêöèÿ: ïðåäñòàâëÿåò ñîáîé áóêâó êîìàíäû. Åäèíñòâåííûé îáÿçàòåëü-
íûé ïàðàìåòð. Íàïðèìåð 'p'.

Àäðåñ: ìîæåò áûòü íîìåð ñòðîêè, ðåãóëÿðíîå âûðàæåíèå, $ (ïîñëåäíÿÿ
ñòðîêà).

Åñëè â àäðåñå çàäàåòñÿ ðåãóëÿðíîå âûðàæåíèå, òî îíî çàäàåò âñå ñòðîêè,
ñîîòâåòñòâóþùèå ðåãóëÿðíîìó âûðàæåíèþ. Ðåãóëÿðíîå âûðàæåíèå áåðåòñÿ
â / (ïðÿìîé ñëýø), òî åñòü /regexp/.

Åñëè íå çàäàíû àäðåñà, òî îáðàáàòûâàþòñÿ âñå ñòðîêè áóôåðà.
Àäðåñíûé èíòåðâàë - ýòî ïàðà àäðåñîâ, ðàçäåëåííàÿ "," è âêëþ÷àþùàÿ

âñå ñòðîêè, íà÷èíàÿ ñî ñòðîêè, ñîîòâåòñòâóþùåé ïåðâîìó àäðåñó, äî ñòðîêè,
ñîîòâåòñòâóþùåé âòîðîìó àäðåñó âêëþ÷èòåëüíî. Åñëè âòîðîé àäðåñ ðàíüøå
ïåðâîãî, òî îáðàáàòûâàåòñÿ òîëüêî ïåðâàÿ ñòðîêà, ñîîòâåòñòâóþùàÿ ïåðâî-
ìó àäðåñó.

Ïðè äîáàâëåíèè ñèìâîëà ! ïîñëå àäðåñà ñìûñë ìåíÿåòñÿ íà ïðîòèâîïî-
ëîæíûé: îáðàáàòûâàþòñÿ âñå ñòðîêè, íå ëåæàùèå â èíòåðâàëå.

Ïðèìåðû: 1,4; 1,$; 2,6!.

5.8.2 Êîìàíäû sed
Îïèñàíû òîëüêî ÷àñòî èñïîëüçóåìûå êîìàíäû.

Çàìåíà
s/regexp/replacement/flags.

s - áóêâà êîìàíäû (çàìåíà, ïîäñòàíîâêà - substitute), regexp - ñòðîêà
ïîèñêà, òî åñòü òî, ÷òî çàìåíèòñÿ íà replacement.

Ôëàãè:

• g çàìåíèòü âñå âõîæäåíèÿ

• w �le çàïèñàòü èçìåíåíèÿ â ôàéë

• p ïîñëå çàìåíû âûâåñòè ñòðîêó íà ýêðàí (îáû÷íî èñïîëüçóåòñÿ ñ êëþ-
÷îì sed -n).

Ïðèìåðû:
1. $ sed 's/sun/moon/g' myfile
2. $ sed '1,4 !s/sun/moon/g' myfile
3. $ echo Æóææàëè áàáî÷êè | sed -n 's/\(ææ\)\(àëè\)/Ãóæ<&>\2\1/p'
# Ðåçóëüòàò: ÆóÃóæ<ææàëè>àëèææ áàáî÷êè
4. $ sed '/^Example/,/ED$/s/first/second/g'
# åñëè íåñêîëüêî ñîâïàäàþùèõ ñòðîê, òî ðåäàêòèðóþòñÿ âñå âõîæäåíèÿ.
5. $ sed 's/Sunday/Monday/gw' changes
# âñå Sunday çàìåíÿþòñÿ
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Óäàëåíèå ñòðîê
d

Ïðèìåðû:
1. $ sed '4,5 d' file
2. $ sed '/sun/ !d' file.txt
# óäàëåíèå âñåõ ñòðîê, êðîìå ñîäåðæàùèõ sun.
3. $ sed '/sun/,/moon/ d' myfile
# óäàëÿåòñÿ äèàïàçîí îò ïåðâîé ñòðîêè, ñîäåðæàùåé sun
äî ïåðâîé ñòðîêè, ñîäåðæàùåé moon

Âûâîä íà ýêðàí
p

Îáû÷íî èñïîëüçóåòñÿ ñ sed -n (èíà÷å ñòðîêè áóäóò âûâîäèòüñÿ äâà ðà-
çà).

Ïðèìåðû:
$ sed -n '/stroka/i !p'.
$ sed -n ' 1,4 p'
# âûâåñòè ñòðîêè ñ 1 ïî 4 âêëþ÷èòåëüíî

Òðàíñëÿöèÿ ñèìâîëîâ
y/source_chars/dest_chars/

Çàìåíà ñèìâîëîâ ïî ïðèíöèïó "îäèí ê îäíîìó"(ñòðîêè äîëæíû áûòü
îäíîé äëèíû). Ïðèìåð: $ sed 'y/abc/ABC/' file

Çàïèñü â ôàéë
w file - ïèøåò áóôåð â ôàéë.

Âñòàâêà ôàéëà
r file - âñòàâêà â âûõîäíîé ïîòîê ôàéëà. Åñëè åãî íåò, òî âñòàâëÿåòñÿ
ôàéë íóëåâîé äëèíû (áåç îøèáêè).

Âñòàâêà ñòðîê
• àäðåñ a ïîìåùàåò çà îáðàáàòûâàåìîé ñòðîêîé

• àäðåñ i âûâîäèò äî óêàçàííîé ñòðîêè

Ïðèìå÷àíèå: a è i ðàçðåøàþò èñïîëüçîâàòü òîëüêî îäèí àäðåñ.

Ïðèìåð:
$ cat script

3 a\
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Çäåñü äîáàâëåíà\
ñòðîêà
$ who | sed -f script
root
stud1
stud10

Çäåñü äîáàâëåíà
ñòðîêà

stud11

Ñèìâîë ýêðàíèðîâàíèÿ "\" íåîáõîäèì, ÷òîáû ñêðûòü âñå ñèìâîëû êîíöà
ñòðîêè êðîìå ïîñëåäíåãî.
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Ãëàâà 6

Ôàéëîâàÿ ñèñòåìà ÎÑ UNIX

Ñ òî÷êè çðåíèÿ ïîëüçîâàòåëÿ â ÎÑ UNIX ñóùåñòâóåò äâà òèïà îáúåêòîâ:
ôàéëû è ïðîöåññû.

Âñå äàííûå õðàíÿòñÿ â âèäå ôàéëîâ, äîñòóï ê ïåðèôåðèéíûì óñòðîé-
ñòâàì îñóùåñòâëÿåòñÿ ÷åðåç ÷òåíèå/çàïèñü â ñïåöèàëüíûå ôàéëû.

Ïðè çàïóñêå ïðîãðàììû ÿäðî çàãðóæàåò ñîîòâåòñòâóþùèé èñïîëíÿåìûé
ôàéë, ñîçäàåò îáðàç ïðîöåññà è ïåðåäàåò åìó óïðàâëåíèå.

Âî âðåìÿ âûïîëíåíèÿ ïðîöåññ ìîæåò ñ÷èòûâàòü èëè ïèñàòü äàííûå â
ôàéë. Ñ äðóãîé ñòîðîíû, âñÿ ôóíêöèîíàëüíîñòü ÎÑ îïðåäåëÿåòñÿ âûïîë-
íåíèåì ñîîòâåòñòâóþùèõ ïðîöåññîâ.

Òàêèì îáðàçîì, ïîíÿòèÿ ôàéëîâîé ñèñòåìû è ïðîöåññîâ òåñíî âçàèìî-
ñâÿçàíû.

6.1 Áàçîâûå ñâåäåíèÿ î ôàéëîâîé ñèñòåìå
Â UNIX ôàéëû îðãàíèçîâàíû â âèäå äðåâîâèäíîé ñòðóêòóðû (äåðåâà), íà-
çûâàåìîé ôàéëîâîé ñèñòåìîé (FS èëè �le system).

Êàæäûé ôàéë èìååò èìÿ, îïðåäåëÿþùåå åãî ðàñïîëîæåíèå â äåðåâå FS.
Êîðíåì äåðåâà ÿâëÿåòñÿ êîðíåâîé êàòàëîã (root directory), èìåþùèé

èìÿ "/".
Èìåíà âñåõ ôàéëîâ, êðîìå "/ ñîäåðæàò ïóòü - ñïèñîê êàòàëîãîâ, êî-

òîðûå íàäî ïðîéòè, ÷òîáû äîñòè÷ü ôàéëà. Âñå äîñòóïíîå ôàéëîâîå ïðî-
ñòðàíñòâî îáúåäèíåíî â åäèíîå äåðåâî êàòàëîãîâ, êîðíåì êîòîðîãî ÿâëÿ-
åòñÿ êàòàëîã "/". Òàêèì îáðàçîì, ïîëíîå èìÿ ëþáîãî ôàéëà íà÷èíàåòñÿ
ñ "/". Ïîëíîå èìÿ ôàéëà íå ñîäåðæèò èäåíòèôèêàòîðà óñòðîéñòâà (HDD,
CD-ROM èëè óäàëåííîãî êîìïüþòåðà â ñåòè), íà êîòîðîì îí ôàêòè÷åñêè
íàõîäèòñÿ. Ñèìâîë "/"ÿâëÿåòñÿ ðàçäåëèòåëåì â ñòðóêòóðå êàòàëîãîâ.

Êàæäûé ôàéë èìååò ñâÿçàííûå ñ íèì ìåòàäàííûå (õðàíÿùèåñÿ â èí-
äåêñíûõ äåñêðèïòîðàõ - inode), ñîäåðæàùèå âñå õàðàêòåðèñòèêè ôàéëà è
ïîçâîëÿþùèå ÎÑ âûïîëíÿòü îïåðàöèè íàä íèì.
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Ìåòàäàííûå õðàíÿò ïðàâà äîñòóïà, âëàäåëüöà-ïîëüçîâàòåëÿ è âëàäåëüöà-
ãðóïïó, óêàçàòåëè íà äèñêîâûå áëîêè, õðàíÿùèå äàííûå. Â ìåòàäàííûõ
íåò ñâåäåíèé îá èìåíè ôàéëà.

6.2 Òèïû ôàéëîâ
Â UNIX ñóùåñòâóåò øåñòü òèïîâ ôàéëîâ, ðàçëè÷àþùèõñÿ ïî ñòðîåíèå è
ïîâåäåíèþ ïðè âûïîëíåíèè îïåðàöèé íàä íèìè:

6.2.1 Îáû÷íûé ôàéë (regular �le)
Ýòî íàèáîëåå îáùèé òèï ôàéëîâ, ñîäåðæàùèé äàííûå â íåêîòîðîì ôîðìàòå.
Äëÿ ÎÑ ýòî ïðîñòî ïîñëåäîâàòåëüíîñòü áàéò. Èíòåðïðåòàöèÿ ñîäåðæèìîãî
ïðîèçâîäèòñÿ ïðèêëàäíîé çàäà÷åé.
Ïðèìåð: òåêñòîâûé ôàéë, äâîè÷íûå äàííûå, èñïîëíÿåìûé ôàéë. Èõ ìîæíî
ïðîñìàòðèâàòü êîìàíäàìè cat èìÿ è less èìÿ.

6.2.2 Êàòàëîã (directory)
Ýòî ôàéë, ñîäåðæàùèé èìåíà íàõîäÿùèõñÿ â íåì ôàéëîâ, à òàêæå óêàçà-
òåëè íà ìåòàäàííûå ýòèõ ôàéëîâ, ïîçâîëÿþùèå ÎÑ ïðîèçâîäèòü îïåðàöèè
íàä íèìè.

Êàòàëîãè îïðåäåëÿþò ïîëîæåíèå ôàéëà â äåðåâå ôàéëîâîé ñèñòåìû, òàê
êàê ñàì ôàéë íå ñîäåðæèò èíôîðìàöèè î ñâîåì ìåñòîíàõîæäåíèè. Êàòàëîãè
îáðàçóþò äåðåâî.

Ïðèìåð:

Íîìåð inode




10245 .
12432 ..
8672 file1.txt

12567 first
19678 report



Èìÿ ôàéëà

Äëÿ ðàáîòû ñ êàòàëîãàìè èñïîëüçóþòñÿ êîìàíäû: ls ñ êëþ÷àìè -a è -l,
cd, mkdir, rm, rmdir, mv.

Ïåðâûå äâà áàéòà â êàæäîé ñòðîêå êàòàëîãà ÿâëÿþòñÿ åäèíñòâåííîé ñâÿ-
çüþ ìåæäó èìåíåì ôàéëà è åãî ñîäåðæèìûì. Èìåííî ïîýòîìó èìÿ ôàéëà
â êàòàëîãå íàçûâàþò ñâÿçüþ. Îíî ñâÿçûâàåò èìÿ â èåðàðõèè êàòàëîãîâ ñ
èíäåêñíûì äåñêðèïòîðîì è, òåì ñàìûì, ñ èíôîðìàöèåé.

6.2.3 Ñïåöèàëüíûé ôàéë óñòðîéñòâà (special device �le)
Îáåñïå÷èâàåò äîñòóï ê ôèçè÷åñêîìó óñòðîéñòâó. Ðàçëè÷àþò ñèìâîëüíûå è
áëî÷íûå ôàéëû óñòðîéñòâ. Äîñòóï ê óñòðîéñòâàì ïðîèñõîäèò ïóòåì îòêðû-
òèÿ, ÷òåíèÿ/çàïèñè â ñïåöèàëüíûé ôàéë óñòðîéñòâà. Ñèìâîëüíûå ôàéëû
ïîçâîëÿþò íåáóôåðèçîâàííûé îáìåí äàííûìè (ïîñèìâîëüíî), à áëî÷íûå -



6.3. ÑÂßÇÜ (ÑÑÛËÊÀ) 45

îáìåí ïàêåòàìè îïðåäåëåííîé äëèíû - áëîêàìè. Ê íåêîòîðûì óñòðîéñòâàì
äîñòóï âîçìîæåí êàê ÷åðåç ñèìâîëüíûå, òàê è ÷åðåç áëî÷íûå ôàéëû.

Äëÿ ñîçäàíèÿ ôàéëîâ óñòðîéñòâ èñïîëüçóåòñÿ êîìàíäà mknod.

6.2.4 FIFO èëè èìåíîâàííûé êàíàë (named pipe)
Èñïîëüçóåòñÿ äëÿ ñâÿçè ìåæäó ïðîöåññàìè. Ïîäðîáíî áóäåò ðàññìîòðåí ïðè
îïèñàíèè ñèñòåìû ìåæïðîöåññíîãî âçàèìîäåéñòâèÿ (ñì. ??).

6.3 Ñâÿçü (ññûëêà)
6.3.1 Æåñòêàÿ ññûëêà
Ñâÿçü èìåíè ôàéëà ñ åãî äàííûìè íàçûâàåòñÿæåñòêîé ññûëêîé (hard link).
Èìåíà æåñòêî ñâÿçàíû ñ ìåòàäàííûìè è, ñîîòâåòñòâåííî, ñ äàííûìè ôàéëà,
â òî âðåìÿ, êàê ôàéë ñóùåñòâóåò íåçàâèñèìî îò òîãî, êàê åãî íàçûâàþò â
ôàéëîâîé ñèñòåìå. Òàêàÿ ñèñòåìà ïîçâîëÿåò îäíîìó ôàéëó èìåòü íåñêîëüêî
èìåí â ôàéëîâîé ñèñòåìå.
Ïðèìåð:
$ pwd
/home/stud1
$ln first /home/stud2 second
# ñîçäàíèå æåñòêîé ññûëêè.

Âñå æåñòêèå ññûëêè íà ôàéë àáñîëþòíî ðàâíîïðàâíû.
Ôàéëû first è second áóäóò îòëè÷àòñÿ òîëüêî èìåíåì â ôàéëîâîé ñè-

ñòåìå. Èçìåíåíèÿ, âíåñåííûå â ëþáîé èç ýòèõ ôàéëîâ, çàòðîíóò è äðóãîé,
òàê êàê îíè ññûëàþòñÿ íà îäíè è òå æå äàííûå. Äàæå ïðè ïåðåíîñå ôàéëîâ
â äðóãîé êàòàëîã âñå ðàâíî îíè áóäóò æåñòêî ñâÿçàíû.




/home/stud1 /home/stud2
10245 . 12563 .
12432 .. 12432 ..
8672 file1.txt 12672 a.out
12567 first −→ 12567(inode)←− 12567 second
19678 second ↓ 9675 dir1

Äàííûå ôàéëà




Ôàéë ñóùåñòâóåò â ñèñòåìå äî òåõ ïîð, ïîêà ñóùåñòâóåò õîòÿ áû îäíà
æåñòêàÿ ñâÿçü, óêàçûâàþùàÿ íà íåãî, òî åñòü ïîêà ó íåãî åñòü õîòÿ áû îäíî
èìÿ. Íàïðèìåð, ïðîñòîå óäàëåíèÿ ôàéëà second íå óäàëÿåò äàííûå. Èõ
ìîæíî äîñòàòü ÷åðåç first.

Â âûâîäå êîìàíäû ls -l âòîðàÿ êîëîíêà ïîêàçûâàåò êîëè÷åñòâî æåñò-
êèõ ñâÿçåé ôàéëà.

Òàêèì îáðàçîì, æåñòêàÿ ñâÿçü íå ïðèíàäëåæèò ê îñîáîìó òèïó ôàéëîâ,
à ÿâëÿåòñÿ åñòåñòâåííîé ôîðìîé ñâÿçè èìåíè ôàéëà ñ åãî ìåòàäàííûìè.

Æåñòêèå ññûëêè ìîæíî ñîçäàòü êîìàíäîé ln (link).
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6.3.2 Ñèìâîëè÷åñêàÿ ññûëêà
Îñîáûé òèï ñâÿçè - ñèìâîëè÷åñêàÿ ñâÿçü, ïîçâîëÿþùàÿ êîñâåííî àäðåñî-
âàòü ôàéë, â îòëè÷èå îò æåñòêîé, îáðàùàþùåéñÿ íàïðÿìóþ. Ñèìâîëè÷å-
ñêàÿ ññûëêà ñîäåðæèò â ñåáå èìÿ ôàéëà, íà êîòîðûé ññûëàåòñÿ, à íå åãî
äàííûå.

Ôèçè÷åñêîå ðàñïîëîæåíèå ôàéëîâ ðàçëè÷íî. Ðàçìåð symfirst - äëèíà
èìåíè ôàéëà, íà êîòîðûé ññûëàåòñÿ ñèìâîëè÷åñêàÿ ñâÿçü. ÎÑ ðàáîòàåò ñ
symfirst íå òàê, êàê ñ îáû÷íûì ôàéëîì: ïðè îáðàùåíèè ê íåìó ïîÿâÿòñÿ
äàííûå first.

6.3.3 Ñîêåò (socket)
Èñïîëüçóþòñÿ äëÿ ìåæïðîöåññíîãî âçàèìîäåéñòâèÿ. Áóäóò ïîäðîáíåå ðàñ-
ñìîòðåíû â ñîîòâåòñòâóþùåé òåìå (ñì. ??.

6.4 Ñòðóêòóðà ôàéëîâîé ñèñòåìû
Âñå Unix-ñèñòåìû èìåþò ñõîäíóþ ñèñòåìó ðàñïîëîæåíèÿ è èìåíîâàíèÿ ôàé-
ëîâ è êàòàëîãîâ. Èñïîëüçîâàíèå îáùåïðèíÿòûõ èìåí ôàéëîâ è ñòðóêòóðû
êàòàëîãîâ â UNIX-ïîäîáíûõ ÎÑ îáëåã÷àåò ðàáîòó è ïåðåíîñ. Íàðóøåíèå
ñòðóêòóðû âåäåò ê íàðóøåíèÿì â ðàáîòå.

Êîðíåâîé êàòàëîã "/" ÿâëÿåòñÿ îñíîâîé FS. Âñå îñòàëüíûå ôàéëû è êà-
òàëîãè ðàñïîëàãàþòñÿ â ðàìêàõ ñòðóêòóðû, ïîðîæäàåìîé êîðíåâûì êàòà-
ëîãîì.

Àáñîëþòíîå èëè ïîëíîå èìÿ ôàéëà îïðåäåëÿåò òî÷íîå ìåñòîíàõîæäå-
íèå ôàéëà â ñòðóêòóðå ôàéëîâîé ñèñòåìû. Íà÷èíàåòñÿ ñ "/" (â êîðíåâîì
êàòàëîãå) è ñîäåðæèò ïîëíûé ïóòü ïîäêàòàëîãîâ, êîòîðûå íóæíî ïðîéòè,
÷òîáû äîñòè÷ü ôàéëà.

Îòíîñèòåëüíîå èìÿ îïðåäåëÿåò ìåñòîíàõîæäåíèå ôàéëà ÷åðåç òåêó-
ùèé êàòàëîã. Íèêîãäà íå íà÷èíàåòñÿ ñ "/".

Êàòàëîã-ïðåäîê - ýòî òîò, êîòîðûé ñîäåðæèò äðóãîé êàòàëîã. Äâå òî÷êè
(..) êàê èìÿ êàòàëîãà âñåãäà îòíîñÿòñÿ ê êàòàëîãó, ñîäåðæàùåìó òåêóùèé
êàòàëîã. Êîðíåâîé êàòàëîã íå èìååò ïðåäêà. Êàòàëîã, íàõîäÿùèéñÿ â äðóãîì
êàòàëîãå, íàçûâàåòñÿ êàòàëîãîì-ïîòîìêîì èëè ïîäêàòàëîãîì. Ê òåêóùåìó
êàòàëîãó ìîæíî îáðàòèòüñÿ ïî èìåíè ".". Íàïðèìåð, ./file1.

Äîìàøíèì èëè íà÷àëüíûì êàòàëîãîì íàçûâàåòñÿ îáëàñòü, êîòðàÿ âû-
äåëÿåòñÿ êàæäîìó ïîëüçîâàòåëþ è â êîòîðîé îí ìîæåò õðàíèòü ñâîè ôàéëû
è ïðîãðàììû. Ê ñâîåìó äîìàøíåìó êàòàëîãó ïîëüçîâàòåëü ìîæåò îáðàòèòü-
ñÿ ïî èìåíè ~ (òèëüäà). Íàïðèìåð, ~/file.txt.

6.4.1 Îñíîâíûå êàòàëîãè
1. /bin - íàèáîëåå ÷àñòî óïîòðåáëÿåìûå ôàéëû è óòèëèòû.
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2. /dev - ñîäåðæèò ñïåöèàëüíûå ôàéëû óñòðîéñòâ, ÿâëÿþùèåñÿ èíòåð-
ôåéñîì äîñòóïà ê ïåðèôåðèéíûì óñòðîéñòâàì. Ìîæåò ñîäåðæàòü ïîä-
êàòàëîãè, ãðóïïèðóþùèå óñòðîéñòâà ïî òèïàì. Íàïðèìåð, /dev/dsk -
äîñòóï ê äèñêàì.

3. /etc - ñèñòåìíûå êîíôèãóðàöèîííûå ôàéëû è óòèëèòû. Èíîãäà óòè-
ëèòû îòñþäà âûíîñÿòñÿ â /sbin è /usr/sbin.

4. /lib - áèáëèîòåêè Ñè è äðóãèõ ÿçûêîâ ïðîãðàììèðîâàíèÿ. ×àñòü áèá-
ëèîòåê - â /usr/lib.

5. /lostfound+ - "êàòàëîã ïîòåðÿííûõ ôàéëîâ òî åñòü ïîòåðÿâøèõ ñâîå
èìÿ ïðè ñáîå, íî ñóùåñòâóþùèõ íà äèñêå.

6. /mnt - äëÿ âðåìåííîãî ñâÿçûâàíèÿ (ìîíòèðîâàíèÿ) ôèçè÷åñêèõ ôàé-
ëîâûõ ñèñòåì ê êîðíåâîé äëÿ ïîëó÷åíèÿ åäèíîé ñòðóêòóðû.

7. /home - êàòàëîãè ïîëüçîâàòåëåé.

8. /usr

• /usr/bin - óòèëèòû;
• /usr/include - çàãîëîâî÷íûå ôàéëû Ñè;
• /usr/man - ñïðàâî÷íàÿ ñèñòåìà;
• /usr/local - äîïîëíèòåëüíûå ïðîãðàììû;
• /usr/share - ôàéëû, ðàçäåëÿåìûå ìåæäó ðàçëè÷íûìè ïðîãðàì-

ìàìè.

9. /var - âðåìåííûå ôàéëû ñåðâèñíûõ ïîäñèñòåì (ïå÷àòè, ïî÷òû, íîâî-
ñòåé).

10. /tmp - êàòàëîã âðåìåííûõ ôàéëîâ. Îáû÷íî îòêðûò íà çàïèñü äëÿ âñåõ
ïîëüçîâàòåëåé ñèñòåìû.

6.5 Àòðèáóòû ôàéëîâ
6.5.1 Âëàäåëüöû ôàéëîâ
Ãðóïïîé íàçûâàåòñÿ îïðåäåëåííûé ñïèñîê ïîëüçîâàòåëåé ñèñòåìû. Ïîëüçî-
âàòåëü ìîæåò áûòü ÷ëåíîì íåñêîëüêèõ ãðóïï, îäíà èç êîòîðûõ ÿâëÿåòñÿ
ïåðâè÷íîé, à îñòàëüíûå - äîïîëíèòåëüíûìè.

/etc/passwd - ñïèñîê âñåõ ïîëüçîâàòåëåé è èõ ïåðâè÷íûõ ãðóïï; /etc/group
- ñïèñîê âñåõ ãðóïï è èõ äîïîëíèòåëüíûõ ïîëüçîâàòåëåé. Â UNIX ëþáîé
ôàéë èìååò äâóõ âëàäåëüöåâ:

1. âëàäåëüöà-ïîëüçîâàòåëÿ

2. âëàäåëüöà-ãðóïïó.
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Ïðè ýòîì âëàäåëåö-ïîëüçîâàòåëü íå îáÿçàòåëüíî ïðèíàäëåæèò âëàäåëüöó-
ãðóïïå.

Êîìàíäà ls -l âûâîäèò èíôîðìàöèþ î âëàäåëüöàõ â òðåòüþ è ÷åòâåð-
òóþ êîëîíêè. Äëÿ èçìåíåíèÿ âëàäåëüöåâ èñïîëüçóþòñÿ êîìàíäû:
chown íîâûé_âëàä. èìÿ_ôàéëà. Íàïðèìåð: chown sys something.doc.
chgrp íîâûé_âëàä. èìÿ_ôàéëà. Íàïðèìåð: chgrp adm something.doc.

Ñìåíèòü âëàäåëüöà-ïîëüçîâàòåëÿ ìîæåò ëèáî òåêóùèé âëàäåëåö, ëèáî
àäìèíèñòðàòîð (root). Ñìåíèòü âëàäåëüöà-ãðóïïó ìîæåò ëèáî âëàäåëåö-
ïîëüçîâàòåëü äëÿ ãðóïïó, ê êîòîðîé îí ñàì ïðèíàäëåæèò (POSIX), ëèáî
àäìèíèñòðàòîð.

6.5.2 Ïðàâà äîñòóïà ê ôàéëàì
Ó êàæäîãî ôàéëà ñóùåñòâóþò àòðèáóòû, íàçûâàåìûå ïðàâàìè äîñòóïà. Â
UNIX ñóùåñòâóåò òðè áàçîâûõ òèïà äîñòóïà:

1. u (user) äëÿ âëàäåëüöà-ïîëüçîâàòåëÿ
2. g (group) äëÿ âëàäåëüöà-ãðóïïû
3. o (other) äëÿ âñåõ îñòàëüíûõ
4. à (all - îáúåäèíÿåò 3 ïðåäûäóùèõ êëàññà). Äëÿ âñåõ êëàññîâ ïîëüçî-

âàòåëåé
Â êàæäîì èç ýòèõ êëàññîâ óñòàíîâëåíû òðè îñíîâíûõ ïðàâà äîñòóïà:
1. r (read) ïðàâî íà ÷òåíèå
2. w (write) ïðàâî íà çàïèñü
3. x (execute) ïðàâî íà âûïîëíåíèå
Â ïåðâîé êîëîíêå âûâîäà êîìàíäû ls -l ìîæíî ïðîñìîòðåòü óñòàíîâ-

ëåííûå ïðàâà.
Ïðèìåð:
$ ls -l
- r w - r - - r w x 1 stud1 students ... example.program
0 1 2 3 4 5 6 7 8 9

0 - òèï ôàéëà: - îáû÷íûé; d êàòàëîã; l ñèìâîëè÷åñêàÿ ññûëêà;
c,b ñèìâîëüíûé/áëî÷íûé ôàéë óñòðîéñòâ.

1-3 - ïðàâà äîñòóïà äëÿ âëàäåëüöà-ïîëüçîâàòåëÿ.
4-6 - ïðàâà äîñòóïà äëÿ âëàäåëüöà-ãðóïïû.
7-9 - ïðàâà äîñòóïà äëÿ îñòàëüíûõ.

Ïðàâà ìîæåò èçìåíÿòü âëàäåëåö-ïîëüçîâàòåëü è(èëè) àäìèíèñòðàòîð.
Äëÿ èçìåíåíèÿ ïðàâ äîñòóïà èñïîëüçóåòñÿ êîìàíäà chmod:

chmod




u
g
o
a







+
−
=







r
w
x


 ôàéëû

+ äîáàâèòü ïðàâà ê òåêóùèì
− îòíÿòü ïðàâà îò òåêóùèõ
= îáíóëèòü ïðàâà è ïðèñâîèòü íîâûå
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Ïðèìåð:
$ chmod a+w text
# äîáàâèòü ðàçðåøåíèå ïèñàòü âñåì ïîëüçîâàòåëÿì;
$ chmod go=r text
# óñòàíîâèòü òîëüêî îäíî ïðàâî íà ÷òåíèå äëÿ âñåõ êðîìå âëàäåëüöà-ïîëüçîâàòåëÿ;
$ chmod g+x-r program
# äîáàâèòü äëÿ ãðóïïû ïðàâî íà âûïîëíåíèå è îòíÿòü ó íåå ïðàâî ÷èòàòü;
$ chmod u+w, og+r-w text2;

Âîçìîæíî òàêæå çàäàíèå ïðàâ ÷åðåç ÷èñëîâîé ôîðìàò â âîñüìåðè÷íîé
ñèñòåìå ñ÷èñëåíèÿ.

Ïðèìåð: chmod 666 *.

6.5.3 Çíà÷åíèå ïðàâ äîñòóïà
Äëÿ îáû÷íûõ ôàëîâ - î÷åâèäíî: ïðàâî íà ÷òåíèå íàäî, ÷òîáû ïðî÷èòàòü
ôàéë, ïðàâî íà çàïèñü, ÷òîáû èìåòü âîçìîæíîñòü ôàéë èçìåíèòü, à ïðàâî
íà âûïîëíåíèå, ÷òîáû çàïóñòèòü ïðîãðàììó èëè ñêðèïò.

Ïðèìå÷àíèå. Äëÿ óñïåøíîãî çàïóñêà ñêðèïòà íåîáõîäèìî óñòàíîâèòü àò-
ðèáóò r, ÷òîáû êîìàíäíûé èíòåðïðåòàòîð ìîã ïîñòðî÷íî ñ÷èòûâàòü òåêñò
ñêðèïòà.

Äëÿ êàòàëîãîâ è ñèìâîëè÷åñêèõ ñâÿçåé èíòåðïðåòàöèÿ ïðàâ äîñòóïà ïðî-
âîäèòñÿ ïî-äðóãîìó.

Ïðàâà ñèìâîëè÷åñêèõ ññûëîê ñîâïàäàþò ñ ôàéëîì, íà êîòîðûé îíà óêà-
çûâàåò. Íà ñàìîé ññûëêå ñòîèò 777 (âñåì âñå) è ýòî íå èìååò çíà÷åíèÿ.

Äëÿ êàòàëîãîâ r ïîçâîëÿåò ïîëó÷èòü èìåíà (è òîëüêî èìåíà) ôàéëîâ,
íàõîäÿùèõñÿ â äàííîì êàòàëîãå. X ïîçâîëÿåò "âûïîëíèòü"êàòàëîã, òî åñòü
çàãëÿíóòü â ìåòàäàííûå è ïîëó÷èòü ïîëíóþ èíôîðìàöèþ î êàòàëîãå.
Ïðèìåð:
$ chmod u+r-x dir1
$ ls dir1 - âûïîëíèòñÿ
$ ls -l dir1 - Permission denied
$ cd dir1 - Permission denied (íàäî õ).

r è x äëÿ êàòàëîãà äåéñòâóþò íåçàâèñèìî (îäíî íå òðåáóåò äðóãîãî).
Ïðèìåð:
$ mkdir dark_dir
$ chmod a-r+w dark_dir
$ ls dark_dir -âûïîëíèòüñÿ
$ ls -l -íåò
$ cat file1
# yes (çàðàíåå çíàÿ èìÿ ôàéëà, ìîæíî îáðàòèòüñÿ ê íåìó).

Àòðèáóò w äîëæåí áûòü óñòàíîâëåí äëÿ òîãî, ÷òîáû ìîæíî áûëî èçìå-
íÿòü êàòàëîã: ñîçäàâàòü è óäàëÿòü ôàéëû. Äëÿ óäàëåíèÿ ôàéëà èç êàòàëîãà
äîñòàòî÷íî èìåòü óñòàíîâëåííûé àòðèáóò w äëÿ êàòàëîãà, â êîòîðîì îí íà-
õîäèëñÿ, à ïðàâà ôàéëà ïðè ýòîì íå ó÷èòûâàþòñÿ.
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6.5.4 Ïîñëåäîâàòåëüíîñòü ïðîâåðêè ïðàâ
1. åñëè âû àäìèíèñòðàòîð (root), äîñòóï ðàçðåøåí. Ïðàâà íå ïðîâåðÿþò-

ñÿ.

2. åñëè îïåðàöèÿ çàïðàøèâàåòñÿ âëàäåëüöåì, èäåò ïðîâåðêà åãî ïðàâ. Â
ñîîòâåòñòâèè ñ íèìè åìó ðàçðåøàåòñÿ âûïîëíåíèå îïåðàöèè èëè íåò.

3. åñëè îïåðàöèÿ çàïðàøèâàåòñÿ ïîëüçîâàòåëåì, âõîäÿùèì â ãðóïïó, âëà-
äåþùóþ ôàéëîì, èäåò ïðîâåðêà åãî ïðàâ. Ñîîòâåòñòâåííî, îí ëèáî
ïîëó÷àåò ðàçðåøåíèå, ëèáî íåò.

4. àíàëîãè÷íî äëÿ âñåõ îñòàëüíûõ ïîëüçîâàòåëåé.

Ïðèìåð:
----rwr-- 2 stud1 students ... file1
stud1 â äîñòóïå áóäåò îòêàçàíî, íî îí, êàê âëàäåëåö,
ìîæåò â ëþáîé ìîìåíò ñìåíèòü ïðàâà äîñòóïà.

6.5.5 Äîïîëíèòåëüíûå àòðèáóòû ôàéëà
Äëÿ îáû÷íûõ ôàéëîâ:

• t - "sticky bit" (áèò ëèïó÷êà)- ñîõðàíèòü îáðàç âûïîëíÿåìîãî ôàéëà â
ïàìÿòè ïîñëå âûïîëíåíèÿ (óñòàðåâøèé àòòðèáóò)

• s - set UID, SUID - óñòàíîâèòü ïðàâà ó ïðîöåññà, êàê ó çàïóùåííîãî
ôàéëà, à íå êàê ó ïîëüçîâàòåëÿ, çàïóñòèâøåãî ïðîãðàììó (ïî óìîë÷à-
íèþ)

• s - set GID, SGID - òî æå äëÿ ãðóïïû

• 1 - áëîêèðîâàíèå - â êàæäûé ìîìåíò âðåìåíè ñ ôàéëîì ìîæåò ðàáî-
òàòü òîëüêî îäíà çàäà÷à

Äëÿ êàòàëîãîâ:

• t - ïîëüçîâàòåëü ìîæåò óäàëÿòü òîëüêî òå ôàéëû è êàòàëîãè, êîòîðû-
ìè âëàäååò èëè èìååò ïðàâî íà çàïèñü;

• s äëÿ ñîçäàâàåìûõ ôàéëîâ ãðóïïà-âëàäåëåö íàñëåäóåòñÿ îò êàòàëîãà-
ïðåäêà (à íå îò ïåðâè÷íîé ãðóïïû ïîëüçîâàòåëÿ, ñîçäàþùåãî ôàéë).

Äîïîëíèòåëüíûå àòðèáóòû òàêæå óñòàíàâëèâàþòñÿ ñ ïîìîùüþ chmod.



Ãëàâà 7

Ïðîöåññû

Ïðîöåññ - ýòî ýêçåìïëÿð âûïîëíÿþùåéñÿ ïðîãðàììû.
Ïðîãðàììà - ñîâîêóïíîñòü ôàéëîâ, áóäü òî èñõîäíèêè, îáúåêòíûå ôàéëû

ëèáî âûïîëíÿåìûé ôàéë.
Äëÿ çàïóñêà ïðîãðàììû íà âûïîëíåíèå ÎÑ äîëæíà ñîçäàòü îêðóæåíèå

èëè ñðåäó âûïîëíåíèÿ çàäà÷è, êóäà îòíîñèòñÿ ðåñóðñû ïàìÿòè, âîçìîæ-
íîñòü äîñòóïà ê óñòðîéñòâàì ââîäà/âûâîäà è ðàçëè÷íûì ñèñòåìíûì ðåñóð-
ñàì.

Ïðîöåññ ñîñòîèò èç èíñòðóêöèé, âûïîëíÿåìûõ ïðîöåññîðîì, äàííûõ è
èíôîðìàöèè î âûïîëíÿåìîé çàäà÷å, òàêîé, êàê ðàçìåùåííàÿ ïàìÿòü, îò-
êðûòûå ôàéëû è ñòàòóñ ïðîöåññà.

Ïðîãðàììà ìîæåò ïîðîäèòü áîëåå îäíîãî ïðîöåññà. Ïîëüçîâàòåëè ìîãóò
çàïóñêàòü íåñêîëüêî ýêçåìïëÿðîâ îäíîé ïðîãðàììû. Íàïðèìåð, êîëè÷åñòâî
BASH - ýêâèâàëåíòíî ÷èñëó ïîëüçîâàòåëåé. Òàêèì îáðàçîì UNIX - ìíîãî-
çàäà÷íàÿ ÎÑ.

Âûïîëíåíèå ïðîöåññà çàêëþ÷àåòñÿ â òî÷íîì ñëåäîâàíèè íàáîðó èíñòðóê-
öèé, êîòîðûé íèêîãäà íå ïåðåäàåò óïðàâëåíèå íàáîðó èíñòðóêöèé äðóãîãî
ïðîöåññà. Ïðîöåññ âçàèìîäåéñòâóåò ñî ñâîèìè äàííûìè è ñòåêîì, íî åìó íå
äîñòóïíû ÷óæèå äàííûå è ñòåê.

Ïðîöåññû èçîëèðîâàíû äðóã îò äðóãà. Â òî æå âðåìÿ, ïðîöåññû èìå-
þò âîçìîæíîñòü îáìåíèâàòüñÿ äðóã ñ äðóãîì äàííûìè ñ ïîìîùüþ ñèñòåìû
ìåæïðîöåññíîãî âçàèìîäåéñòâèÿ (IPC).

Âèäû IPC:
1. ñèãíàëû
2. êàíàëû
3. ðàçäåëÿåìàÿ ïàìÿòü
4. ñåìàôîðû
5. ñîîáùåíèÿ
6. ôàéëû.
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7.1 Òèïû ïðîöåññîâ
7.1.1 Ñèñòåìíûå ïðîöåññû
Ñèñòåìíûå ïðîöåññû ÿâëÿþòñÿ ÷àñòüþ ÿäðà è âñåãäà ðàñïîëîæåíû â îïå-
ðàòèâíîé ïàìÿòè. Ñèñòåìíûå ïðîöåññû íå èìåþò ñîîòâåòñòâóþùèõ èì ïðî-
ãðàìì â âèäå èñïîëíÿåìûõ ôàéëîâ è çàïóñêàþòñÿ îñîáûì îáðàçîì ïðè èíè-
öèàëèçàöèè ÿäðà ñèñòåìû.

Ïðèìåðû:
1)äèñïåò÷åð ñâîïèíãà
2)äèñïåò÷åð ïàìÿòè
è äðóãèå.

Âûïîëíÿåìûå èíñòðóêöèè è äàííûå ñèñòåìíûõ ïðîöåññîâ íàõîäÿòñÿ â
ÿäðå, òàêèì îáðàçîì, îíè ìîãóò îáðàùàòüñÿ ê ôóíêöèÿì è äàííûì, íå äî-
ñòóïíûì èçâíå (ÿäðà).

Ïðîöåññ init ìîæíî òàêæå îòíåñòè ê ñèñòåìíûì, õîòÿ îí çàïóñêàåòñÿ èç
ôàéëà. Îí ïðàðîäèòåëü âñåõ ïðîöåññîâ ñèñòåìû. init çàïóñêàåòñÿ ïåðâûì
ïîñëå çàãðóçêè ÿäðà è çàïóñêàåò âñå îñòàëüíûå èíèöèàëèçàöèîííûå çàäà÷è
íà âûïîëíåíèå.

7.1.2 Äåìîíû
Äåìîíû - íåèíòåðàêòèâíûå ïðîöåññû, çàïóñêàåìûå îáû÷íûì îáðàçîì, è
âûïîëíÿþòñÿ â ôîíîâîì ðåæèìå. Îíè íå ñâÿçàíû íå ñ îäíèì ïîëüçîâà-
òåëüñêèì ñåàíñîì è íå ìîãóò íåïîñðåäñòâåííî óïðàâëÿòüñÿ ïîëüçîâàòåëåì.
Îáåñïå÷èâàþò ðàáîòó ðàçëè÷íûõ ïîäñèñòåì:
• ïå÷àòè

• ñåòåâîãî äîñòóïà

• òåðìèíàëüíîãî äîñòóïà

• ïî÷òà

• web-ñåðâåðà

• ÑÓÁÄ.

7.1.3 Ïðèêëàäíûå ïðîöåññû
Ïðèêëàäíûå ïðîöåññû - âñå îñòàëüíûå ïðîöåññû. Êàê ïðàâèëî, ïîðîæäàþòñÿ
â ðàìêàõ ïîëüçîâàòåëüñêîãî ñåàíñà.

Ïðèìåð: ls, BASH.
Ïîëüçîâàòåëüñêèå ïðîöåññû ìîãóò âûïîëíÿòüñÿ êàê â èíòåðàêòèâíîì,

òàê è â ôîíîâîì ðåæèìå, íî âðåìÿ èç æèçíè (âûïîëíåíèÿ) îãðàíè÷åíî ñå-
àíñîì ðàáîòû ïîëüçîâàòåëÿ. Ïðè âûõîäå èç ñèñòåìû âñå ïîëüçîâàòåëüñêèå
ïðîöåññû áóäóò óíè÷òîæåíû.
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Ïðèìå÷àíèå: èíòåðàêòèâíûå ïðîöåññû ìîíîïîëüíî âëàäåþò òåðìèíà-
ëîì, è, ïîêà òàêîé ïðîöåññ íå çàâåðøèò âûïîëíåíèå, ïîëüçîâàòåëü íå ìîæåò
ðàáîòàòü ñ äðóãèìè ïðèëîæåíèÿìè. (Êðîìå ñëó÷àåâ, êîãäà åñòü ðåæèì çà-
ïóñêà äðóãèõ ïðîöåññîâ èç ýòîãî èíòåðàêòèâíîãî ïðîöåññà.)

7.2 Àòðèáóòû ïðîöåññîâ
Àòðèáóòû ïîçâîëÿþò ÎÑ ýôôåêòèâíî óïðàâëÿòü ðàáîòîé ïðîöåññà.

Ïðîñìîòð àòðèáóòîâ ïðîöåññà: ps -ef.

7.2.1 Èäåíòèôèêàòîð ïðîöåññà
Èäåíòèôèêàòîð ïðîöåññà - Process ID (PID) - êàæäûé ïðîöåññ èìååò óíè-
êàëüíûé èäåíòèôèêàòîð, ïîçâîëÿþùèé ÿäðó ñèñòåìû ðàçëè÷àòü ïðîöåññû.
Ïðè ñîçäàíèè íîâîãî ïðîöåññà, ÿäðî ïðèñâàèâàåò åìó ñëåäóþùèé ñâîáîä-
íûé èäåíòèôèêàòîð. Ïðèñâîåíèå PID - ïî âîçðàñòàþùåé, òî åñòü PID íîâîãî
ïðîöåññà áîëüøå, ÷åì PID ïðîöåññà, ñîçäàííîãî ïåðåä íèì.

Åñëè PID äîñòèã ìàêñèìàëüíîãî çíà÷åíèÿ, ñëåäóþùèé ïðîöåññ ïîëó÷èò
ìèíèìàëüíûé ñâîáîäíûé è öèêë ïîâòîðÿåòñÿ.

Êîãäà ïðîöåññ çàâåðøàåò ðàáîòó - ÿäðî îñâîáîæäàåò çàíÿòûé èì PID.

7.2.2 Ðîäèòåëüñêèé ïðîöåññ
Èäåíòèôèêàòîð ðîäèòåëüñêîãî ïðîöåcñà -Parent Process ID (PPID) - PID
ïðîöåññà, ïîðîäèâøåãî äàííûé.

7.2.3 Ïðèîðèòåò ïðîöåññà
Ïðèîðèòåò ïðîöåññà (nice number) - îòíîñèòåëüíûé ïðèîðèòåò ïðîöåññà,
ó÷èòûâàåìûé ïëàíèðîâùèêîì ïðè îïðåäåëåíèè î÷åðåäíîñòè çàïóñêà. ×åì
ìåíüøå ÷èñëî, òåì áîëüøå ïðèîðèòåò (nice - ïðèÿòíûé, òî åñòü ÷åì áîëåå
"ïðèÿòíûé"ïðîöåññ, òåì ìåíüøå îí çàãðóæàåò CPU).

Ôàêòè÷åñêîå ðàñïðåäåëåíèå ðåñóðñîâ - ïðèîðèòåò âûïîëíåíèÿ: äèíàìè-
÷åñêè èçìåíÿåòñÿ ÿäðîì âî âðåìÿ âûïîëíåíèÿ. Îòíîñèòåëüíûé - ïîñòîÿíåí,
íî ìîæåò èçìåíÿòüñÿ àäìèíèñòðàòîðîì èëè ïîëüçîâàòåëåì ñ ïîìîùüþ nice.

7.2.4 Òåðìèíàëüíàÿ ëèíèÿ
Òåðìèíàëüíàÿ ëèíèÿ (TTY) - òåðìèíàë èëè ïñåâäîòåðìèíàë, àññîöèèðîâàí-
íûé ñ ïðîöåññîì.

Ïðèìå÷àíèå. Äåìîíû íå èìåþò àññîöèèðîâàííîãî òåðìèíàëà.
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7.2.5 Èäåíòèôèêàòîðû ïîëüçîâàòåëåé
Ðåàëüíûé (RID) è ýôôåêòèâíûé (EUID) èäåíòèôèêàòîðû ïîëüçîâàòåëÿ.
RID - èäåíòèôèêàòîð ïîëüçîâàòåëÿ, çàïóñòèâøåãî ýòîò ïðîöåññ. EUID ñëó-
æèò äëÿ îïðåäåëåíèÿ ïðàâ äîñòóïà ïðîöåññàê ñèñòåìíûì ðåñóðñàì (â ïåðâóþ
î÷åðåäü ê ôàéëîâîé ñèñòåìå.) Îáû÷íî RID=EUID, òî åñòü ïðîöåññ èìååò òå
æå ïðàâà, ÷òî è ïîëüçîâàòåëü, çàïóñòèâøèé åãî. RID!=EUID, êîãäà íà ïðî-
ãðàììå óñòàíîâëåí áèò SUID. Òîãäà EUID=UID, òî åñòü ïðîöåññ ïîëó÷àåò
òå æå ïðàâà, ÷òî è ó âëàäåëüöà èñïîëíÿåìîãî ôàéëà (íàïðèìåð, àäìèíè-
ñòðàòîð).

7.2.6 Èäåíòèôèêàòîðû ãðóïï
Ðåàëüíûé (RGID) è ýôôåêòèâíûé (EGID) èäåíòèôèêàòîðû ãðóïïû. RGID=GID
ïåðâè÷íîé ãðóïïû ïîëüçîâàòåëÿ, çàïóñòèâøåãî ïðîöåññ. EGID ñëóæèò äëÿ
îïðåäåëåíèÿ ïðàâ äîñòóïà ïîëüçîâàòåëÿ ïî êëàññó äîñòóïà ãðóïïû. Ïî óìîë-
÷àíèþ RGID=EGID, êðîìå SGID, óñòàíîâëåííîãî íà êîìàíäó, òîãäà EGID=GID
ãðóïïû-âëàäåëüöà êîìàíäû.

7.3 Æèçíåííûé ïóòü ïðîöåññîâ
Ïðîöåññ â UNIX ñîçäàåòñÿ ñèñòåìíûì âûçîâîì fork(2).

Ïðîöåññ, ñäåëàâøèé âûçîâ fork(2), íàçûâàåòñÿ ðîäèòåëüñêèì, à âíîâü
ñîçäàííûé - äî÷åðíèì. Íîâûé ïðîöåññ ÿâëÿåòñÿ òî÷íîé êîïèåé ïîðîäèâøåãî
åãî ïðîöåññà.

Ïðèìå÷àíèå. íîâûé ïðîöåññ èìååò òå æå èíñòðóêöèè è äàííûå, ÷òî è
ðîäèòåëü. Áîëåå òîãî, âûïîëíåíèå ðîäèòåëüñêîãî è äî÷åðíåãî íà÷íåòñÿ ñ
îäíîé è òîé æå èíñòðóêöèåé, ñëåäóþùåé çà ñèñòåìíûì âûçîâîì fork. Åäèí-
ñòâåííîå èõ îòëè÷èå - èäåíòèôèêàòîð PID.

Êàæäûé ïðîöåññ èìååò îäíîãî ðîäèòåëÿ, íî ìîæåò èìåòü íåñêîëüêî ïî-
òîìêîâ.

Äëÿ çàïóñêà çàäà÷è, òî åñòü çàãðóçêè íîâîé ïðîãðàììû, ïðîöåññ äîë-
æåí ñäåëàòü âûçîâ exec(3). Ïðè ýòîì íîâûé ïðîöåññ íå ïîðîæäàåòñÿ, à èñ-
ïîëíÿåìûé êîä íîâîãî ïðîöåññà ïîëíîñòüþ çàìåùàåòñÿ êîäîì çàïóñêàåìîé
ïðîãðàììû. Òåì íå ìåíåå ñîõðàíÿþòñÿ çíà÷åíèÿ ïåðåìåííûõ îêðóæåíèÿ,
íàçíà÷åíèå ñòàíäàðòíûõ ïîòîêîâ ââîäà/âûâîäà è îøèáîê, à òàêæå ïðèîðè-
òåò ïðîöåññà.

Â UNIX çàïóñê íà âûïîëíåíèå íîâîé ïðîãðàììû ÷àñòî ñâÿçàí ñ ïîðîæ-
äåíèåì íîâîãî ïðîöåññà. Òàêèì îáðàçîì, ïðîöåññ ñíà÷àëà âûïîëíÿåò fork,
ïîðîæäàÿ äî÷åðíèé ïðîöåññ, êîòîðûé çàòåì âûïîëíÿåò exec, ïîëíîñòüþ çà-
ìåùàÿ ðîäèòåëüñêèé ïðîöåññ. Òàêàÿ ïðîöåäóðà çàïóñêà íàçûâàåòñÿ fork-
and-exec.

Áûâàþò ñèòóàöèè, êîãäà äîñòàòî÷íî îäíîãî âûçîâà fork áåç ïîñëåäóþùå-
ãî exec. Â ýòîì ñëó÷àå èñïîëíÿåìûé êîä ðîäèòåëüñêîãî è äî÷åðíåãî ïðîöåñ-
ñîâ äîëæåí ñîäåðæàòü ëîãè÷åñêîå âåòâëåíèå äëÿ ðîäèòåëüñêîãî è äî÷åðíåãî
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ïðîöåññîâ. (fork âîçâðàùàåò PID ïîðîæäåííîãî ïðîöåññà â ðîäèòåëüñêèé è
íîëü - â äî÷åðíèé.)

Âñå ïðîöåññû ñîçäàþòñÿ ÷åðåç âûçîâ fork. Çàïóñê îñóùåñòâëÿåòñÿ ëèáî
ïî fork-and-exec, ëèáî ñ ïîìîùüþ exec. Ïðàðîäèòåëåì âñåõ ïðîöåññîâ ÿâëÿ-
åòñÿ init èëè ðàñïðåäåëèòåëü ïðîöåññîâ.

7.4 Ñèãíàëû
Ñèãíàëû ÿâëÿþòñÿ ñïîñîáîì ïåðåäà÷è óâåäîìëåíèÿ î âîçíèêíîâåíèè êàêîãî-
ëèáî ñîáûòèÿ. Ñèãíàë ìîæåò èäòè îò îäíîãî ïðîöåññà äðóãîìó èëè îò ÿäðà
ÎÑ êàêîìó-ëèáî ïðîöåññó.

Ñèãíàëû - ïðîñòåéøàÿ ôîðìà IPC.
Íàïðèìåð, ïðè äåëåíèè íà íîëü ïðîöåññó ïîñûëàåòñÿ ñèãíàë SIGFPE, à

ïðè íàæàòèè Ctrl+C íà òåðìèíàëå òåêóùåìó ïðîöåññó ïîñûëàåòñÿ ñèãíàë
SIGINT.

Äëÿ îòïðàâêè ñèãíàëîâ èñïîëüçóåòñÿ êîìàíäà kill:
$ kill sig_no pid, ãäå
sig_no - íîìåð èëè ñèìâîëüíîå íàçâàíèå ñèãíàëà;
pid - èäåíòèôèêàòîð ïðîöåññà, êîòîðîìó ïîñûëàåòñÿ ñèãíàë.

Ïîëüçîâàòåëü ìîæåò ïîñûëàòü ñèãíàëû òîëüêî òåì ïðîöåññàì, âëàäåëü-
öåì êîòîðûõ îí ÿâëÿåòñÿ, òî åñòü RID è EUID ñîâïàäàþò ñ UID ïîëüçîâà-
òåëÿ. Àäìèíèñòðàòîð (root) ìîæåò ïîñûëàòü ñèãíàëû âñåì ïðîöåññàì.

Ïðèìåð: ïîñûëêà ñèãíàëà ïðîöåññó, òîëüêî ÷òî çàïóùåííîìó â ôîíîâîì ðåæèìå
$ back_fone_prog &
$ kill $! (ïî óìîë÷àíèþ ïîñûëàåòñÿ SIGTERM, íîìåð 15).

Ïðè ïîëó÷åíèè ñèãíàëà ïðîöåññ ìîæåò ðåàãèðîâàòü ñëåäóþùèì îáðàçîì:
1. èãíîðèðîâàòü ñèãíàë.

Çàìå÷àíèå: íå ñëåäóåò èãíîðèðîâàòü àïïàðàòíî âûçâàííûå ñèãíàëû,
íàïðèìåð, SIGFPE.

2. äåéñòâèå ïî óìîë÷àíèþ. Îáû÷íî ýòî çàâåðøåíèå ðàáîòû.

3. ïåðåõâàòèòü ñèãíàë è ñàìîñòîÿòåëüíî îáðàáîòàòü åãî. Íàïðèìåð, ïåðå-
õâàò SIGINT ïîçâîëèò óäàëèòü âñå tmp-ôàéëû è êîððåêòíî çàâåðøèòü
âûïîëíåíèå.

Èñêëþ÷åíèå: SIGKILL è SIGSTOP íåëüçÿ íè ïåðåõâàòèòü, íè èãíîðèðî-
âàòü.

Âîçìîæíû ñèòóàöèè, êîãäà ïðîöåññ íå ðåàãèðóåò íà SIGKILL:
1. ïðîöåññû-çîìáè. Ôàêòè÷åñêè îí çàâåðøèëñÿ, íî îñòàëàñü çàïèñü â ñè-

ñòåìíîé òàáëèöå ïðîöåññîâ.

2. ïðîöåññû, îæèäàþùèå íåäîñòóïíûå ðåñóðñû NFS. Íàïðèìåð, ïðîöåñ-
ñû ïèøóùèå äàííûå â ôàéë óäàëåííîãî êîìïüþòåðà, êîòîðûé óæå
îòêëþ÷èëñÿ. Ïðîáëåìó ðåøàþò ïîñûëêîé SIGINT èëè SIGQUIT.



56 ÃËÀÂÀ 7. ÏÐÎÖÅÑÑÛ

3. ïðîöåññ, îæèäàþùèé çàâåðøåíèÿ îïåðàöèè ñ óñòðîéñòâîì, íàïðèìåð,
ïåðåìîòêà ëåíòû èëè ïåðåïîçèöèîíèðîâàíèå ãîëîâêè CD-ROM íà ïîð-
÷åííîì äèñêå.

Ñèãíàëû èñïîëüçóþòñÿ íå òîëüêî äëÿ çàâåðøåíèÿ ðàáîòû ïðîöåññîâ, íî
è ìîãóò èìåòü ñïåöèôè÷åñêîå çíà÷åíèå äëÿ ïðèëîæåíèÿ. (Ýòî íå îòíîñèò-
ñÿ ê SIGKILL è SIGSTOP, ïîòîìó ÷òî èõ íåëüçÿ ïåðåõâàòèòü.) Ê ïðèìåðó,
ñèñòåìíûå äåìîíû - proxy servers, smtp (pop, imap), ÑÓÁÄ, bind ïðè ïîëó÷å-
íèè ñèãíàëà SIGHUP äîëæíû ïåðå÷èòàòü ñâîè êîíôèãóðàöèîííûå ôàéëû
è ðåñòàðòîâàòü.
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Ñðåäà ïðîãðàììèðîâàíèÿ
Unix

8.1 Unix-way ïðîãðàììèðîâàíèÿ

8.2 Unix êàê åäèíàÿ ñðåäà ðàçðàáîòêè (IDE)
Èç âûñêàçûâàíèÿ â ru.unix.prog Àëåêñåÿ Ìàõîòêèíà èç ru.unix.prog FAQ :

¿ Q: Êàêèå åñòü IDE (integrated development environments) ïîä
Unix? Hó
¿ ÷òîáû êîìïèëÿòîð, ñðåäà ðåäàêòèðîâàíèÿ, îòëàä÷èê è ïðî÷åå
- áûëè âñå
¿ âìåñòå?

. . .
UNIX ñàì ïî ñåáå ÿâëÿåòñÿ Integrated Development Environment.
Â "îáû÷íûõ"IDE åñòü áèíàðíèê-èíòåãðàòîð, êîòîðûé âûçûâàåò
â ëó÷øåì ñëó÷àå âíåøíèå óòèëèòû, à â õóäøåì ñëó÷àå � ñâîþ
ðåàëèçàöèþ êàæäîé ôóíêöèþ èç DLL èëè ïðÿìî çàøèòóþ â áè-
íàðíèê.
Â UNIX òàêèì áèíàðíèêîì-èíòåãðàòîðîì ÿâëÿåòñÿ shell (Emacs
ñ÷èòàåòñÿ shell'îì â äàííîì ñëó÷àå). Äëÿ âûïîëíåíèÿ êàæäîé
ôóíêöèè âûçûâàþòñÿ ñïåöèàëüíî íàïèñàííûå äèíàìè÷åñêè âû-
ïîëíÿåìûå ìîäóëè, òàêèå êàê make, cc, ld, è ò. ä.
Ïðåèìóùåñòâî â ýòîì òàêîå æå, êàê ïðåèìóùåñòâî ìàòåìàòè÷å-
ñêèõ ôóíêöèé âûñøåãî ïîðÿäêà ïåðåä "îáû÷íûìè"ôóíêöèÿìè.
Hàïðèìåð, ôóíêöèÿ "îòñëåæèâàòü çàâèñèìîñòè"÷àùå âñåãî ðåà-
ëèçóåòñÿ ñ ïîìîùüþ make, íî ìîæíî òàêæå ëåãêî èñïîëüçîâàòü,
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ñêàæåì, cook, èëè æå ïåðåêëþ÷àòüñÿ ìåæäó GNU Make è BSD
Make ïî âêóñó. Òî÷íî òàêàÿ ñèòóàöèÿ ñ èñïîëüçóåìûìè ðåäàêòî-
ðîì, êîìïèëÿòîðîì, etc. Áîëåå òîãî, ñàì ïî ñåáå shell ÿâëÿåòñÿ
"ôóíêöèåé âûñøåãî ïîðÿäêà è ëåãêî ìîæåò áûòü çàìåíåí.
Êðîìå òîãî, òàê êàê ïðîñòðàíñòâî ôóíêöèé ïðàêòè÷åñêè íåîãðà-
íè÷åííî, òî IDE "Unix"îáåñïå÷èâàåò òàêæå çàðàíåå íå ïðåäó-
ñìîòðåííûå ôóíêöèè âûñøåãî ïîðÿäêà, íàïðèìåð, ðàçëè÷íóþ
àâòîãåíåðàöèþ êîäà, ïîääåðæêó òåñòèðîâàíèÿ è ò. ï.

Äðóãèìè ñëîâàìè, êîìàíäíàÿ ñòðîêà Unix (shell) è ÿâëÿåòñÿ IDE äëÿ
Unix. Ïîäîáíûé ïîäõîä ïîçâîëÿåò íå çàöèêëèâàòüñÿ íà ïðîãðàìíûõ ðåøå-
íèÿõ îäíîãî ïðîèçâîäèòåëÿ (ðàçðàáîò÷èêà). Ëþáîé êîìïîíåíò, âîñïðèíè-
ìàåìûé êàê ÷àñòü IDE (êîìïèëÿòîð, îòëàä÷èê, êîìïîíîâùèê, ðåäàêòîð,
àññåìáëåð, óòèëèòû ñáîðêè è òåñòèðîâàíèÿ ïðîåêòà, ñèñòåìà êîíòðîëÿ âåð-
ñèé) ìîæåò áûòü çàìåíåí íà äðóãîé. Ýòè êîìïîíåíòû ìû óñëîâíî ìîæåì
íàçâàòü Èíñòðóìåíòàëüíûå ñðåäñòâà Unix.

8.3 Íèçêîóðîâíåâûé äîñòóï ê ñèñòåìå
Áàçîé UNIX-ñèñòåìû ÿâëÿåòñÿ êîìïèëÿòîð Ñè (ññ), áèáëèîòåêà libc è ÿäðî.

Âñå âåðñèè UNIX ïðåäîñòàâëÿþò ñòðîãî îïðåäåëåííûé, îãðàíè÷åííûé
íàáîð âõîäîâ â ÿäðî ÎÑ, ÷åðåç êîòîðûå ïðèêëàäíûå çàäà÷è ïîëó÷àþò äî-
ñòóï ê áàçîâûì óñëóãàì UNIX. Ýòè òî÷êè âõîäà íàçûâàþòñÿ ñèñòåìíûìè
âûçîâàìè (system calls).

Ñèñòåìíûé âûçîâ îïðåäåëÿåò ôóíêöèþ, âûïîëíÿåìóþ ÿäðîì ÎÑ îò èìå-
íè ïðîöåññà, âûïîëíèâøåãî âûçîâ. Syscall ÿâëÿåòñÿ èíòåðôåéñîì ñàìîãî
íèçêîãî óðîâíÿ âçàèìîäåéñòâèÿ ïðèêëàäíûõ ïðîöåññîâ ñ ÿäðîì.

ßçûê ñèñòåìíîãî ïðîãðàììèðîâàíèÿ - Ñè. Õàðàêòåðíàÿ îñîáåííîñòü Unix
- àññåìáëåð ïðàêòè÷åñêè íå èñïîëüçóåòñÿ. Áîëåå òîãî, ÷àñòü ïðåðûâàíèé
è ðåãèñòðîâ ïðîñòî íåäîñòóïíà èç program space. Àññåìáëåð ïðèìåíÿåòñÿ
òîëüêî äëÿ íàïèñàíèÿ äðàéâåðîâ óñòðîéñòâ è ÿäðà (ïëàòôîðìåííî-çàâèñèìûå
èõ ÷àñòè).

Áèáëèîòåêà libc - ýòî íàáîð èíòåðôåéñîâ ê ñèñòåìíûì âûçîâàì è ðàçëè÷-
íûõ ôóíêöèé, ðàáîòàþùèõ ïîâåðõ ñèñòåìíûõ âûçîâîâ. Äëÿ ïðîãðàììèñòà
ðàçëè÷èå ìåæäó ñèñòåìíûì âûçîâîì è áèáëèîòå÷íîé ôóíêöèåé ëèøü â
òîì, êàê îíè âçàèìîäåéñòâóþò ñ ÿäðîì. Ñèñòåìíûé âûçîâ ñðàçó óõîäèò â
ïðîñòðàíñòâî ÿäðà è òàì âûïîëíÿåòñÿ. Áèáëèîòå÷íàÿ ôóíêöèÿ âûïîëíÿåò-
ñÿ â ïðîñòðàíñòâå ïðîöåññà (õîòÿ êîíå÷íî ìîæåò è äåëàòü ñèñòåìíûå âûçîâû
â õîäå âûïîëíåíèÿ).

8.4 Ïðèíöèïû ðàçðàáîòêè ïðîãðàìì äëÿ Unix
×òîáû ïëàâàòü, íàäî ïëàâàòü. Ìàî Öçå Äóí (èç êðàñíûõ êíèæå÷åê ïðåäñå-
äàòåëÿ Ìàî)
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Çà 30 ëåò ñóùåñòâîâàíèÿ âîêðóã Unix ñôîðìèðîâàëàñü ñâîÿ êóëüòóðà:
ñëýíã, òðàäèöèè è îïûò, ïåðåäàâàåìûé ìåæäó ïîêîëåíèÿìè ïðîãðàììèñòîâ.
Ïðèíöèïû - ýòî íàáîð ôèëîñîôñêèõ âûñêàçûâàíèé, ïîäâîäÿùèé èòîãè è
ñóììèðóþùèé îïûò òûñÿ÷ ÷åëîâåêî-ëåò ðàçðàáîòêè.

Èç Tao Of The Unix Programming (by Eric S. Raymond):

• Ïðàâèëî ìîäóëüíîñòè: Ïèøèòå ïðîñòûå ÷àñòè, ñîåäèíÿåìûå ÿñíûìè
èíòåðôåéñàìè.

• Ïðàâèëî ÿñíîñòè: ßñíîñòü ëó÷øå ÷åì èçîùðåííîñòü.

• Ïðàâèëî ñîåäèíåíèÿ: Ïðîåêòèðóéòå ïðîãðàììû ÷òîáû îíè ìîãëè âçà-
èìîäåéñòâîâàòü ñ äðóãèìè ïðîãðàììàìè.

• Ïðàâèëî ðàçäåëåíèÿ: Îòäåëÿéòå àëãîðèòìû îò ìåõàíèçìîâ è èíòåð-
ôåéñû îò äâèæêîâ.

• Ïðàâèëî ïðîñòîòû: Ðàçðàáàòûâàéòå ïðîñòî. Èñïîëüçóéòå ñëîæíûå êîí-
ñòðóêöèè òîëüêî òîãäà, êîãäà áåç ýòîãî íå îáîéòèñü.

• Ïðàâèëî óìåðåííîñòè: Ïèøèòå áîëüøóþ ïðîãðàììó, òîëüêî åñëè ÿñíî,
÷òî áîëüøå íè÷åãî íå ïîìîæåò.

• Ïðàâèëî ïðîçðà÷íîñòè: Ïèøèòå íàãëÿäíî, ÷òîáû ñäåëàòü ïðîñìîòð è
îòëàäêó ïðîãðàììû ëåã÷å.

• Ïðàâèëî íàäåæíîñòè: Íàäåæíîñòü - ñëåäñòâèå ÿñíîñòè è ïðîñòîòû.

• Ïðàâèëî ïðåäñòàâëåíèÿ: Õðàíèòå çíàíèÿ â äàííûõ, à ïðîãðàììíàÿ
ëîãèêà äîëæíà áûòü íàäåæíîé è òóïîé.

• Ïðàâèëî íàèìåíüøåãî óäèâëåíèÿ: Êîãäà ðàçðàáàòûâàåòå èíòåðôåéñû,
äåëàéòå èõ êàê ìîæíî áîëåå ïðåäñêàçóåìûìè.

• Ïðàâèëî òèøèíû: Êîãäà ïðîãðàììå íå÷åãî ñêàçàòü íîâîãî, îíà äîëæ-
íà ìîë÷àòü.

• Ïðàâèëî âîññòàíîâëåíèÿ: Êîãäà ïðîãðàììà äîëæíà îøèáèòüñÿ, îíà
äîëæíà øóìíî è äîëãî îá ýòîì âîïèòü. Íàñòîëüêî ÷àñòî, íàñêîëüêî
ýòî âîçìîæíî.

• Ïðàâèëî ýêîíîìèè: Âðåìÿ ïðîãðàììèñòà - äîðîãîå, ýêîíîìüòå åãî,
âçâàëèâàÿ êàê ìîæíî áîëüøå çàäà÷ íà êîìïüþòåð (àâòîìàòèçàöèÿ).

• Ïðàâèëî ãåíåðàöèè êîäà: Èçáåãàéòå ðó÷íîãî êîäèðîâàíèÿ. Ïèøèòå
ïðîãðàììû äëÿ ãåíåðàöèè äðóãèõ ïðîãðàìì âñåãäà, êîãäà âîçìîæíî.

• Ïðàâèëî îïòèìèçàöèè: Äåëàéòå ïðîòîòèïû ïåðåä ïîëèðîâêîé êîäà.
Çàñòàâüòå êîä ðàáîòàòü, ïðåæäå ÷åì îïòèìèçèðîâàòü.

• Ïðàâèëî ìíîãîîáðàçèÿ: Íå äîâåðÿéòå âñåì ïðåòåíçèÿì íà "åäèíñòâåí-
íî âåðíîå ðåøåíèå"
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• Ïðàâèëî ðàìøèðÿåìîñòè: Ïðîåêòèðóéòå ñ ïðèöåëîì íà áóäóùåå. Îíî
ìîæåò íàñòóïèòü áûñòðåå ÷åì âû äóìàåòå.

Ôèëîñîôèÿ Unix â îäíîì óðîêå.
keep It Simple, Stupid - îñòàâü ýòî ïðîñòûì, òóïèöà.



Ãëàâà 9

Èíñòðóìåíòàëüíûå ñðåäñòâà
ðàçðàáîò÷èêà

9.1 Êîìïèëÿòîð Ñè
Êîìïèëÿòîð ÿçûêà Ñè (C compliler èëè cc) - íåîòúåìëåìàÿ ÷àñòü ñèñòåìû.
Ñ íåãî íà÷èíàåòñÿ ðàçðàáîòêà ëþáîé âåðñèè Unix èëè ïåðåíîñ íà íîâóþ
ïëàòôîðìó ñóùåñòâóþùåé. ßäðî è áàçîâûå óòèëèòû ñèñòåìû íàïèñàíû íà
Ñè1.

Êîìïèëÿòîð ðåàëèçîâàí êàê óòèëèòà êîìàíäíîé ñòðîêè. Îí âûçûâàåòñÿ
êîìàíäîé cc. Ñóùåñòâóåò áîëüøîå êîëè÷åñòâî ñèñòåìíûõ êîìïèëÿòîðîâ Cè
2 (gcc â Linux è FreeBSD, ñîáñòâåííûå êîìïèëÿòîðû â áîëüøèíñòâå êîì-
ìåð÷åñêèõ âåðñèé Unix), ïîýòîìó cc áóäåò óêàçûâàòü íà êîìïèëÿòîð ïî
óìîë÷àíèþ äëÿ íàøåé ñèñòåìû.

òèïîâûå êëþ÷è êîìïèëÿòîðà
$ññ foo.c
êîìïèëèðîâàíèå è ñáîðêà (ëèíêîâêà) ïðîãðàììû èç 'foo.c'
ñîçäà¼òñÿ èñïîëíÿåìûé ôàéë 'a.out'

$cc -c foo.c
òîëüêî êîìïèëèðîâàòü. Áóäåò ïîëó÷åí îáúåêòíûé ìîäóëü 'foo.o'

$cc -o exec_foo foo.c
ñîçäàåòñÿ èñïîëíÿåìûé ôàéë 'exec_foo' (âìåñòî 'a.out')

$cñ foo.c bar.o
1Áîëåå òîãî, ñàì ÿçûê Ñè áûë ñîçäàí äëÿ ðàçðàáîòêè ÿäðà Unix. Àâòîðû ÿçûêà Ñè

ÿâëÿþòñÿ òàêæå ïåðâûìè ðàçðàáîò÷èêàìè Unix.
2Â SUSv3(POSIX) îïðåäåíî îáùåå ïîäìíîæåñòâî êëþ÷åé è ïàðàìåòðîâ, êîòîðûå äîë-

æåí ïîääåðæèâàòü êîìïèëÿòîð Cè. Ýòîìó íàáîðó ñëåäóþò âñå ñèñòåìíûå êîìïèëÿòîðû.
Åñòåñòâåííî, ÷òî êàæäûé èç íèõ èìååò è ñâîè äîïîëíèòåëüíûå ïàðàìåòðû.
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ñëèíêîâàòü 2 îáúåêòíûõ ôàéëà â èñïîëíÿåìûé ('a.out')

9.2 make
Make - ñòàíäàðòíîå ñðåäñòâî, ïðèìåíÿåìîå äëÿ ñáîðêè ïðîãðàììíûõ ïðî-
åêòîâ. ßâëÿåòñÿ óíèâåðñàëüíîé ïðîãðàììîé äëÿ ðåøåíèÿ çàäà÷ àâòîìàòè-
÷åñêîé ãåíåðàöèè è èçìåíåíèÿ ôàéëîâ ñ ó÷åòîì çàâèñèìîñòåé.

Ñõåìà ðàáîòû: make ÷èòàåò ôàéë ñ îïèñàíèåì ïðîåêòà (make�le) è, èí-
òåðïðåòèðóÿ åãî ñîäåðæàíèå, âûïîëíÿåò îïðåäåëåííûå äåéñòâèÿ.

Make�le - òåêñòîâûé ôàéë, îïèñûâàåò îòíîøåíèÿ ìåæäó ôàéëàìè ïðî-
åêòà è äåéñòâèÿ, íåîáõîäèìûå äëÿ åãî ñáîðêè.

9.2.1 Çàïóñê
Make ÿâëÿåòñÿ óòèëèòîé êîìàíäíîé ñòðîêè è çàïóñêàåòñÿ êîìàíäîé make.
Ïðè çàïóñêå make ïðîâåðÿåò íàëè÷èå ôàéëîâ makefile, Makefile è åñëè è
çàïóñêàåò íà îáðàáîòêó ïåðâûé èç íàéäåííûõ Make-ôàéëîâ. Ìîæíî ÿâíî
óêàçàòü êàêîé Make�le èñïîëüçîâàòü êëþ÷îì -f.

9.2.2 Ôîðìàò è èñïîëüçîâàíèå make-ôàéëîâ.
Îñíîâíîé ýëåìåíò - ïðàâèëà (rules).

Îáùèé âèä:
<öåëü 1> <öåëü 2> ?<öåëü n>:<çàâèñèìîñòü 1> <çàâèñ-òü 2>?<çàâèñ-òü n>

<êîìàíäà 1>
<êîìàíäà 2>
?
<êîìàíäà n>

Öåëü (target) - íåêèé æåëàåìûé ðåçóëüòàò, ñïîñîá äîñòèæåíèÿ êîòîðîãî
îïèñàí â ïðàâèëå. Öåëü ìîæåò áûòü èìåíåì ôàéëà.

Ïðèìå÷àíèå. Ïåðåä êîìàíäàìè âñòàâëÿåòñÿ òàáóëÿöèÿ, ÷òîáû make îò-
ëè÷àë èõ îò öåëåé.

Ïðèìåð1: öåëü êàê èìÿ ôàéëà
iEdit: main.o Editor.o

gcc main.o Editor.o -o iEdit
Ïðèìåð îïèñûâàåò, êàê ìîæíî ïîëó÷èòü èñïîëíÿåìûé ôàéë èç îáúåêòíûõ ìîäóëåé.

Öåëü ìîæåò áûòü èìåíåì íåêîòîðîãî äåéñòâèÿ, òîãäà ïðàâèëî îïèñûâà-
åò, êàê ñîâåðøàåòñÿ óêàçàííîå äåéñòâèå.

Ïðèìåð2: öåëü êàê èìÿ äåéñòâèÿ
clean:

rm *.o iEdit
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Òàêèå öåëè íàçûâàþò àáñòðàêòíûìè (phony targets) èëè ïñåâäîöåëÿìè
(pseudo targets).

Çàâèñèìîñòü (dependency) - ýòî 'èñõîäíûå äàííûå', íåîáõîäèìûå äëÿ
äîñòèæåíèÿ óêàçàííîé â ïðàâèëå öåëè. Ýòî ïðåäâàðèòåëüíûå óñëîâèÿ äî-
ñòèæåíèÿ öåëè. Çàâèñèìîñòüþ ìîæåò áûòü èìÿ ôàéëà èëè èìÿ äåéñòâèÿ.
Â ïðèìåðå1 main.o è Editor.o - çàâèñèìîñòè. Ôàéëû äîëæíû ñóùåñòâîâàòü,
÷òîáû ìîæíî áûëî ñîáðàòü iEdit.

Ïðèìåð3:
clean_all: clean_obj

rm iEdit
clean_obj:

rm *.o
Äëÿ äîñòèæåíèÿ ñlean_all íåîáõîäèìî âûïîëíèòü äåéñòâèå clean_obj.

Êîìàíäà - äåéñòâèÿ, êîòîðûå íàäî âûïîëíèòü äëÿ îáíîâëåíèÿ èëè äî-
ñòèæåíèÿ öåëè. Ïåðåä êîìàíäîé äîëæåí áûòü ñèìâîë òàáóëÿöèè (êîä 9).
Òàê make îïðåäåëÿåò êîìàíäû.

Òèïè÷íûé make�le, êîòîðûé ñîäåðæèò íåñêîëüêî ïðàâèë, ó êàæäîãî ïðà-
âèëà åñòü íåêîòîðàÿ öåëü è çàâèñèìîñòè.

Ïðèìåð4:
1. iEdit: main.o Editor.o
2. gcc main.o Editor.o -o iEdit
3. main.o: main.cpp
4. gcc -c main.cpp
5. Editor.o: Editor.cpp
6. gcc - Editor.cpp
7. clean:
8. rm *.c

Ñìûñë ðàáîòû - äîñòèæåíèå ãëàâíîé öåëè (default goal). Åñëè öåëü -
èìÿ äåéñòâèÿ (àáñòðàêòíàÿ), òî âûïîëíÿåòñÿ äåéñòâèå. Åñëè ãëàâíàÿ öåëü
- èìÿ ôàéëà, òî make ñòðîèò ñàìóþ ñâåæóþ âåðñèþ. Ãëàâíàÿ öåëü îáû÷íî
çàäàåòñÿ êàê ïàðàìåòð make: make iEdit, make clean. Åñëè make âûçûâàåòñÿ
áåç ïàðàìåòðîâ, òî â êà÷åñòâå ãëàâíîé áåðåòñÿ ïåðâàÿ âñòðå÷åííàÿ öåëü. (Â
ïðèìåðå ýòî iEdit). Îáû÷íî çàäàþò öåëü all êàê öåëü ïî óìîë÷àíèþ.

Àëãîðèòì ðàáîòû:

1. âûáîð ãëàâíîé öåëè

2. äîñòèæåíèå öåëè

3. îáðàáîòêà ïðàâèë

4. îáðàáîòêà çàâèñèìîñòåé

Äîñòèæåíèå öåëè - ïðîâåðÿåò çàâèñèìîñòè è ïîòîì îïðåäåëÿåò, íàäî ëè
çàïóñêàòü êîìàíäû. Ïðè âûçîâå make iEdit îïðåäåëÿåò, ÷òî ãëàâíàÿ öåëü
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- iEdit. Ïðàâèëî åå äîñòèæåíèÿ - ñòðîêè 1,2. Îáðàáàòûâàÿ ïðàâèëî iEdit,
îïðåäåëÿåì, ÷òî çàâèñèò îò main.o è Editor.o. Äëÿ ýòèõ çàâèñèìîñòåé ñó-
ùåñòâóþò ïðàâèëà (3,4) è (5,6). main.o çàâèñèò îò main.cpp. Åñëè íåò åùå
îáúåêòíîãî ôàéëà, íî ñóùåñòâóåò ôàéë .ñðð, òî çàïóñêàåòñÿ êîìïèëÿöèÿ.
Àíàëîãè÷íî è äëÿ Editor.o. Äëÿ clean çàâèñèìîñòåé íåò è make ñðàçó ïåðå-
õîäèò ê âûïîëíåíèþ.

Èíêðåìåíòíàÿ ñáîðêà - ïåðåêîìïèëèðóåòñÿ òîëüêî òî, ÷òî áûëî èçìåíå-
íî. Äëÿ ôàéëîâ .ñ è .ñðð îáû÷íî óêàçûâàþòñÿ êàê çàâèñèìîñòè .h ôàéëû.

9.2.3 Ïåðåìåííûå make.
Ïðèñâîåíèå: èìÿ = ñòðîêà (ìîæíî ñ ïðîáåëàìè).

Ïîëó÷åíèå çíà÷åíèÿ ïåðåìåííîé: $(èìÿ). Çíà÷åíèå - òåêñòîâàÿ ñòðîêà,
ìîæåò ñîäåðæàòü ññûëêè íà äðóãèå ïåðåìåííûå.

Ïðèìåð:
obj_list = main.o Editor.o
# ïðèñâîåíèå;

$(obj_list)
# ïîëó÷åíèå çíà÷åíèÿ

1)dir_list = . .. src/include
all:

echo $(dir_list)
2)optimize_flags = -03
compile_flags = $(optimize_flags) -pipe
all:

echo $(compile_flags)
Ðåçóëüòàò: -03 -pipe
3)program_name = iEdit
obj_list = main.o Editor.o TextLine.o
$(program_name) : $(obj_list)

gcc $(obj_list) -o $(program_name)

Ïðèìå÷àíèå. Çíà÷åíèå ïåðåìåííîé âû÷èñëÿåòñÿ â ìîìåíò èñïîëüçîâà-
íèÿ.

×àñòî èñïîëüçóåìûå ïåðåìåííûå:

1. CC - óêàçàòü êîìïèëÿòîð ïî óìîë÷àíèþ.

2. CFLAGS - ïàðàìåòðû êîìïèëÿöèè

3. LDFLAGS - ïàðàìåòðû ëèíêîâêè îáúåêòíûõ ôàéëîâ

Àâòîìàòè÷åñêèå ïåðåìåííûå

• $^ - ñïèñîê çàâèñèìîñòåé, ðàçäåë¼ííûõ ïðîáåëàìè
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• $@ - èìÿ öåëè (ôàéëà). Åñëè ó íàñ íåñêîëüêî öåëåé (ñì 9.2.4), ýòà
ïåðåìåííàÿ ïðèíèìàåò çíà÷åíèå òîé öåëè, äëÿ êîòîðîé âûïîëíÿåòñÿ
øàáëîí â êîíêåòíûé çàïóñê

• $< - èìÿ ïåðâîé çàâèñèìîñòè

Ïðèìåð:
$(program_name):$(obj_name)

gcc $^ -o $@

9.2.4 Øàáëîííûå ïðàâèëà
Øàáëîííûå ïðàâèëà (implicit èëè pattern rules) ïðèìåíÿþòñÿ ê ãðóïïå ôàé-
ëîâ.

Ñèíòàêñèñ:

.<ðàñøèðåíèå_ôàéëîâ_çàâèñ.> .<ðàñøèðåíèå_ôàéëîâ_öåëåé>:
<êîìàíäà 1>
<êîìàíäà 2>
?
<êîìàíäà n>

Ïðèìåð:
.cpp .o:

gcc -c $^

9.3 Ñèñòåìû óïðàâëåíèÿ âåðñèÿìè. CVS
Î÷åíü ÷àñòî íàä ïðîãðàììîé ðàáîòàåò áîëüøå îäíîãî ÷åëîâåêà. Âûõîäÿò
ðàçëè÷íûå âåðñèè ïðîãðàìì. È ñóùåñòâóåò ïîòðåáíîñòü êàê òî óïîðÿäî÷è-
âàòü âíåñåíèå èçìåíåíèé è äîïîëíåíèé. Äëÿ ýòîãî ñëóæàò ñèñòåìû óïðàâëå-
íèÿ âåðñèÿìè. Èç èñïîëüçóåìûõ ñåé÷àñ ìîæíî íàçâàòü CVS, RCS, Monotone,
Arch, BitKeeper è SourceSafe.

CVS - Conhurent Versions Systems (ñèñòåìà óïðàâëåíèÿ êîíêóðèðóþùèìè
âåðñèÿìè).

9.3.1 Ðåïîçèòîðèé
Ðåïîçèòîðèé CVS (èëè õðàíèëèùå) õðàíèò ïîëíóþ êîïèþ âñåõ ôàéëîâ è
êàòàëîãîâ ïîä óïðàâëåíèåì CVS, âêëþ÷àÿ âñå ñäåëàííûå

Îáû÷íî Âû íèêîãäà íå ïîëó÷àåòå äîñòóï ê ôàéëàì â CVS íàïðÿìóþ.
Èñïîëüçóþòñÿ êîìàíäû CVS äëÿ ïîëó÷åíèÿ êîïèè â "ðàáî÷èé êàòàëîã"è
äàëåå ðàáîòà èä¼ò íàä êîïèåé. Ïîñëå âíåñåíèÿ èçìåíåíèé - þçåð âíîñèò èç-
ìåíåíèÿ â ðåïîçèòîðèé. Ïîñëå ýòîãî, â õðàíèëèùå ñîõðàíÿåòñÿ èíôîðìàöèÿ
î ñäåëàííûõ èçìåíåíèÿõ, âðåìåíè âíåñåíèÿ èçìåíåíèé è äðóãàÿ ïîäîáíàÿ
èíôîðìàöèÿ.
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Äëÿ óêàçàíèÿ, êàêîé èç ðåïîçèòîðåâ èñïîëüçóåòñÿ - ïðèìåíÿåòñÿ ïåðå-
ìåííàÿ îêðóæåíèÿ CVSROOT, ëèáî ÿâíî óêàçûâàåòñÿ ñ ïîìîùüþ êëþ÷à
-d.

Ïðèìåðû:

$ CVSROOT=/var/cvs; export CVSROOT
$ cvs checkout module/project
èëè
$ cvs -d /var/cvs module/project

Êðîìå ëîêàëüíûõ ðåïîçèòîðèåâ - î÷åíü ÷àñòî èñïîëüçóþòñÿ óäàë¼ííûå
(ñåòåâûå). Äëÿ íèõ íåîáõîäèìî óêàçàòü àäðåñ è (èíîãäà) - ñïîñîá äîñòóïà.

$ cvs -d server1:/root checkout sdir1

Ïîäðîáíåå îá ýòîì - â ?? èëè â å¼ ðóññêîì ïåðåâîäå íà http://opennet.ru

9.3.2 Ïîëó÷åíèå ðàáî÷åé êîïèè èñõîäíèêîâ
9.3.3 Ñîõðàíåíèå ðåçóëüòàòîâ è âåðñèîíèðîâàíèå
9.3.4 Êîëëåêòèâíàÿ ðàáîòà íàä ïðîåêòîì

9.4 Áèáëèîòåêà Ñè (libc)
libc ñîäåðæèò 2 ÷àñòè: ñèñòåìíûå âûçîâû è áèáëèîòå÷íûå ôóíêöèè.

Ñèñòåìíûå âûçîâû îïðåäåëåíû, êàê ôóíêöèè ÿçûêà Ñè (íåçàâèñèìû îò
ôàêòè÷åñêîé ðåàëèçàöèè â ÿäðå). Â UNIX êàæäûé ñèñòåìíûé âûçîâ èìååò
ñîîòâåòñòâóþùóþ ôóíêöèþ (èëè ôóíêöèè) ñ òåì æå èìåíåì, õðàíÿùóþñÿ
â ñòàíäàðòíîé áèáëèîòåêå Ñè. Ôóíêöèè èç áèáëèîòåêè âûïîëíÿþò ïðåîáðà-
çîâàíèÿ àðãóìåíòîâ è âûçîâ ñîîòâåòñòâóþùåãî êîäà ÿäðà. Òàêèì îáðàçîì,
áèáëèîòå÷íûé êîä - òîëüêî îáîëî÷êà, ôàêòè÷åñêèå èíñòðóêöèè íàõîäÿòñÿ
â ÿäðå.

Ôóíêöèè îáùåãî çíà÷åíèÿ - òàêæå ÷àñòü áèáëèîòåêè, íî íå ÿâëÿþòñÿ
ñèñòåìíûìè âûçîâàìè. Ôóíêöèè îáùåãî íàçíà÷åíèÿ è ñèñòåìíûå âûçîâû -
îñíîâà ñðåäû ïðîãðàììèðîâàíèÿ UNIX.

Â îòëè÷èå îò äðóãèõ áèáëèîòåê, libc ëèíêóåòñÿ ñ êàæäûì ïðèëîæåíèåì,
íàïèñàííîì íà Ñè.

Èíôîðìàöèÿ î ñèñòåìíûõ âûçîâàõ è ôóíêöèÿõ ñîäåðæèòñÿ â 2 è 3 ðàçäå-
ëàõ man ñîîòâåñòâåííî. Â ðàçëè÷íûõ ñèñòåìàõ ðàçëè÷íûé íàáîð ñèñòåìíûõ
âûçîâîâ, ïîýòîìó íåêîòîðûå ôóíêöèè ìîãóò áûòü ðåàëèçîâàíû êàê áèáëèî-
òå÷íûå â îäíîé ñèñòåìå è êàê ñèñòåìíûå âûçîâû â äðóãîé.

libc ïîëíîñòüþ âêëþ÷àåò â ñåáÿ áèáëèîòåêè, îïðåäåëåííûå â ANSI C
(stdio, math, assert). Êàê ñëåäñòâèå: îäèí èç îñíîâíûõ ìåòîäîâ ñäåëàòü ïðî-
ãðàììó ïåðåíîñèìîé - ýòî íàïèñàòü åå íà ANSI C. Òàêàÿ ïðîãðàììà áóäåò
êîìïèëèðîâàòüñÿ è ðàáîòàòü íà âñåõ unix-ñèñòåìàõ.

Ïîäðîáíåå èíòåðôåéñû libc áóäóò ðàññìîòðåíû â ãëàâàõ, ïîñâÿùåííûõ
àðõèòåêòóðå è ìåæïðîöåññíîìó âçàèìîäåéñòâèþ.
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Â UNIX ïðîöåññû âûïîëíÿþòñÿ â ñîáñòâåííîì àäðåñíîì ïðîñòðàíñòâå è èçî-
ëèðîâàíû äðóã îò äðóãà, òàêèì îáðàçîì ñâåäåíû ê ìèíèìóìó âîçìîæíîñòè
âëèÿíèÿ ïðîöåññîâ äðóã íà äðóãà.

Íî ñóùåñòâóåò íåîáõîäèìîñòü âçàèìîäåéñòâèÿ ïðîöåññîâ. Äëÿ ýòîãî òðå-
áóåòñÿ:

• îáåñïå÷èòü ñðåäñòâà âçàèìîäåéñòâèÿ

• èñêëþ÷èòü íåæåëàòåëüíîå âëèÿíèå îäíîãî ïðîöåññà íà äðóãîé

Âçàèìîäåéñòâèå ðåøàåò ñëåäóþùèå çàäà÷è:

1. ïåðåäà÷à äàííûõ

2. ñîâìåñòíîå èñïîëüçîâàíèå äàííûõ

3. èçâåùåíèÿ

Ðåøàòü ïðîáëåìó âçàèìîäåéñòâèÿ ñðåäñòâàìè ïðîöåññîâ â ðàìêàõ ìíî-
ãîçàäà÷íîé ñèñòåìû îïàñíî.

10.1 Òèïû IPC
• ñèãíàëû

• êàíàëû

• FIFO (èìåíîâàííûå êàíàëû)

• ñîîáùåíèÿ (î÷åðåäè ñîîáùåíèé)

• ñåìàôîðû

• ðàçäåëÿåìàÿ ïàìÿòü

• ñîêåòû

67
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10.2 Ñèãíàëû
Ïðîñòåéøèé âèä IPC. Ïîçâîëÿþò óâåäîìëÿòü ïðîöåññ èëè ãðóïïó ïðîöåññîâ
î íàñòóïëåíèè íåêîòîðîãî ñîáûòèÿ.

Ãðóïïà ïðîöåññîâ - ëþáîé ïðîöåññ ïðèíàäëåæèò îïðåäåëåííîé ãðóïïå
ïðîöåññîâ. Ó êàæäîé ãðóïïû åñòü ñâîé óíèêàëüíûé èäåíòèôèêàòîð. Ëèäåð
ãðóïïû - ïðîöåññ, PID êîòîðîãî ñîâïàäàåò ñ ID ãðóïïû. Îáû÷íî ãðóïïà
íàñëåäóåòñÿ ïðîöåññîì îò ðîäèòåëÿ.

Ïðîöåññ ìîæåò ïîêèíóòü ãðóïïó è ñîçäàòü ñâîþ.
Óïðàâëÿþùèé òåðìèíàë - ïðîöåññ ìîæåò áûòü ñâÿçàí ñ òåðìèíàëîì,

êîòîðûé íàçûâàåòñÿ óïðàâëÿþùèì. Âñå ïðîöåññû ãðóïïû èìåþò îäèí è
òîò æå óïðàâëÿþùèé òåðìèíàë.

Ñïåöèàëüíûé ôàéë óñòðîéñòâà /dev/tty ñâÿçàí ñ óïðàâëÿþùèì òåðìè-
íàëîì ïðîöåññà. Äðàéâåð äëÿ ýòîãî ïñåâäîóñòðîéñòâà ïåðåíàïðàâëÿåò çà-
ïðîñû íà ôàêòè÷åñêèé òåðìèíàëüíûé äðàéâåð, êîòîðûé ìîæåò áûòü ðàç-
ëè÷íûì äëÿ ðàçíûõ ïðîöåññîâ.

Ñèãíàë - ìåõàíèçì âûçîâà îïðåäåëåííîé ïðîöåäóðû ïðè íàñòóïëåíèè
íåêîòîðîãî ñîáûòèÿ.

Åñòü äâå ôàçû â èñïîëüçîâàíèè ñèãíàëîâ: ãåíåðàöèÿ (îòïðàâëåíèå), äî-
ñòàâêà è îáðàáîòêà. Â ïðîìåæóòêå - îæèäàíèå äîñòàâêè.

Ïðèìå÷àíèå: ñèãíàëû íå ìîãóò íàêàïëèâàòüñÿ, òî åñòü â ëþáîé êîíêðåò-
íûé ìîìåíò âðåìåíè äîæèäàòüñÿ îáðàáîòêè ìîãóò òîëüêî ðàçíîòèïíûå ñèã-
íàëû.

Ïðè÷èíû îïðàâëåíèÿ ñèãíàëîâ:

• îñîáûå ñèòóàöèè (íàïðèìåð, äåëåíèå íà 0)

• òåðìèíàëüíûå ïðåðûâàíèÿ (íàæàòèÿ êëàâèø Del, Ctrl+Z, Ctrl+C, îò-
êëþ÷åíèå òåðìèíàëà)

• äðóãèå ïðîöåññû

• óïðàâëåíèå çàäàíèÿìè (äëÿ êîìàíäíûõ èíòåðïðåòàòîðîâ)

• êâîòû (ïðåâûøåíèå ïðîöåññîì êâîò)

• óâåäîìëåíèÿ (ïðîöåññ çàïðàøèâàåò èíôîðìàöèþ î ãîòîâíîñòè óñòðîé-
ñòâà)

• àëàðìû.

Íàä ñèãíàëàìè ìîæíî âûïîëíèòü òðè äåéñòâèÿ:

1. èçìåíåíèå ðåàêöèè íà ñèãíàë (îáðàáîòêà)

2. áëîêèðîâàíèå ñèãíàëà - îòêëàäûâàíèå îáðàáîòêè íà âðåìÿ âûïîëíå-
íèÿ êðèòè÷åñêèõ ó÷àñòêîâ êîäà

3. ïîñûëêà ñèãíàëà.
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Ïðèìå÷àíèå: ñèãíàëû íå ìîãóò íåïîñðåäñòâåííî ïåðåíîñèòü èíôîðìà-
öèþ.

Êàæäîìó ñèãíàëó ïðèñâîåíî ìíåìîíè÷åñêîå èìÿ (íàïðèìåð, SIGINT),
êîòîðîå óêàçûâàåò, äëÿ ÷åãî îáû÷íî èñïîëüçóåòñÿ ñèãíàë ýòîãî òèïà. Èìåíà
ñèãíàëîâ îïðåäåëåíû â <signal.h>.

10.3 Ïîñûëêà ñèãíàëîâ
#include<sys/types.h>
#include<signal.h>

int kill (pid_t pid, int sig);

Ïðèìåð: kill (7421, SIGTERM).
Ïðîöåññ ìîæåò ïîñûëàòü ñèãíàëû ñàìîìó ñåáå.
Ïîëó÷åíèå ñâîåãî PID (7.2.1) - pid=getpid();
Ïîëó÷åíèå ñâîåãî PPID (7.2.2) - ppid=getppid();
Îãðàíè÷åíèÿ: EUID (7.2.5) èëè RID (7.2.5) ïðîöåññà, ïîñûëàþùåãî ñèã-

íàë, äîëæíû ñîâïàäàòü ñ EUID è RID ïðîöåññà-àäðåñàòà. Äëÿ àäìèíèñòðà-
òîðà òàêèõ îãðàíè÷åíèé íåò.

Ïðè íåóäà÷íîì âûçîâå kill âîçâðàùàåò -1 è ïåðåìåííîé errno ïðèñâàèâà-
åòñÿ çíà÷åíèÿ: EPERM (íåëüçÿ ïîñëàòü ÷óæîìó ïðîöåññó), ESRCH (òàêîãî
ïðîöåññà íåò) , EINVAL (sig ñîäåðæèò íåâåðíûé íîìåð ñèãíàëà).

10.3.1 Ñìûñë ïàðàìåòðà PID
Pid==0 - ñèãíàë ïîñûëàåòñÿ âñåì ïðîöåññàì ãðóïïû, ê êîòîðîé ïðèíàäëå-
æèò ïðîöåññ, ïîñëàâøèé ñèãíàë;

Pid==-1 è åñëè EUID íå àäìèíèñòðàòîðà, òî ïîñûëàåòñÿ âñåì ïðîöåññàì,
RID êîòîðûõ ðàâåí EUID ïîñûëàþùåãî ïðîöåññà, âêëþ÷àÿ è åãî (åñëè åãî
RID=EUID);

Pid==-1 è EUID àäìèíèñòðàòîðà, òî ñèãíàë ïîñûëàåòñÿ âñåì ïðîöåññàì,
êðîìå íåêîòîðûõ ñèñòåìíûõ;

Pid<0 è íå ðàâåí -1 - ïîñûëàåòñÿ âñåì ïðîöåññàì, èäåíòèôèêàòîð ãðóïïû
êîòîðûõ ðàâåí ïî ìîäóëþ PID, âêëþ÷àÿ ïîñëàâøèé ïðîöåññ, åñëè îí òàêæå
âõîäèò â ýòó ãðóïïó.

10.3.2 Ïîñûëêà ñèãíàëà ñàìîìó ñåáå
#include<signal.h>

int raise (int sig)

âûçûâàþùåìó ïðîöåññó ïîñûëàåòñÿ ñèãíàë. Â ñëó÷àå óñïåõà âîçâðàùàåò 0.
Íàïðèìåð, raise (SIGKILL).
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10.4 Òàéìåðû
setitimer - óñòàíîâêà ðàçíûõ òàéìåðîâ (3 âèäà).

#include<unistd.h>

unsigned int alarm (unsigned int secs);

secs - âðåìÿ â ñåêóíäàõ, íà êîòîðîå óñòàíàâëèâàåòñÿ òàéìåð. Ïîñëå èñ-
òå÷åíèÿ âðåìåíè ïðîöåññó ïîñûëàåòñÿ SIGALRM.

Ïðèìåð: alarm(60).
Âûêëþ÷åíèå òàéìåðà alarm(0).
Âûçîâ òàéìåðà íå íàêàïëèâàåòñÿ. Âûçîâ ñëåäóþùåãî îòìåíÿåò ïðåäû-

äóùèé.

#include<unistd.h>

int pause (void);

ïðèîñòàíàâëèâàåò âûïîëíåíèå ïðîöåññà äî ïîëó÷åíèÿ ëþáîãî ñèãíàëà, ÷à-
ñòî èñïîëüçóåòñÿ âìåñòå ñ alarm.

10.4.1 Íîðìàëüíîå è àâàðèéíîå çàâåðøåíèå
Áîëüøèíñòâî ñèãíàëîâ âûçûâàþò íîðìàëüíîå çàâåðøåíèå (normal termination).
Ïîõîæå íà âûçîâ ïðîöåññîì ôóíêöèè exit.

Íåêîòîðûå ñèãíàëû ( SIGABRT, SIGBUS, SIGQUIT, SIGILL è äðóãèå)
èíèöèèðóþò àâàðèéíîå çàâåðøåíèå ñî ñáðîñîì çíà÷åíèÿ ïåðåìåííûõ, ðåãè-
ñòðîâ è ò.ä. â core (dump).

10.5 Èìåíà ñèãíàëîâ (ïî àëôàâèòó, âûáîðî÷-
íî)

Îïðåäåëåíû â <signal.h>

• SIGABRT - ïðåðûâàíèå ïðîöåññà (abort), ïîñûëàåòñÿ ïðîöåññó ïðè
âûçîâå ñèñòåìíîãî âûçîâà abort. Core dump.

• SIGALRM - ñèãíàë òàéìåðà.

• SIGBUS - àïïàðàòíàÿ îøèáêà íà øèíå. Àâàðèéíîå çàâåðøåíèå.

• SIGCHLD - îñòàíîâ èëè çàâåðøåíèå äî÷åðíåãî ïðîöåññà. Èãíîðèðóåò-
ñÿ.

• SIGCONT - ïðîäîëæåíèå ðàáîòû îñòàíîâëåííîãî ïðîöåññà (îáðàòíûé
äëÿ SIGSTOP).
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• SIGHUP - îñâîáîæäåíèå ëèíèè, ïîñûëàåòñÿ ïðîöåññàì, ïîäêëþ÷åííûì
ê òåðìèíàëüíîé ëèíèè, ïðè îòêëþ÷åíèè òåðìèíàëà èëè ïðè çàâåðøå-
íèè ðàáîòû ëèäåðà ñåàíñà ÷ëåíàì ãðóïïû.

• SIGILL - íåäîïóñòèìàÿ êîìàíäà ïðîöåññîðà. Core dump.

• SIGINT - íîðìàëüíîå ïðåðûâàíèå ïðîãðàììû (Ñtrl+C). Ïîñûëàåòñÿ
âñåì ïðîöåññàì ñåàíñà.

• SIGKILL - íåìåäëåííîå óíè÷òîæåíèå ïðîöåññà. Íå ïåðåõâàòûâàåòñÿ.

• SIGPIPE - ïîïûòêà çàïèñè â êàíàë èëè ñîêåò, äëÿ êîòîðîãî ïðèíèìà-
þùèé ïðîöåññ óæå çàâåðøèë ðàáîòó.

• SIGPROF - ñèãíàë ïðîôèëèðóþùåãî òàéìåðà.

• SIGQUIT - çàâåðøåíèå ïðîãðàììû. Ïîõîæ íà SIGINT, íî çàâåðøåíèå
àâàðèéíîå.

• SIGSEGV - íåêîððåêòíûé àäðåñ ïàìÿòè. Àâàðèéíûé ñáðîñ.

• SIGSTOP - ñèãíàë îñòàíîâà. Óïðàâëåíèå çàäàíèÿìè. Íåëüçÿ ïåðåõâà-
òèòü.

• SIGSYS - îøèáî÷íûé ñèñòåìíûé âûçîâ.

• SIGTERM - ïðîãðàììíûé ñèãíàë çàâåðøåíèÿ. Èñïîëüçóåòñÿ äëÿ êîð-
ðåêòíîãî çàâåðøåíèÿ ïðîöåññà.

• SIGTSTP - òåðìèíàëüíûé ñèãíàë îñòàíîâêè (Ñtrl+Z). Ïîõîæ íà SIGSTOP,
íî ìîæíî ïåðåõâàòèòü.

• SIGTTIN - ïîïûòêà ââîäà ñ òåðìèíàëà ôîíîâûì ïðîöåññîì. Îñòàíîâêà
ïðîöåññà.

• SIGTTOU - ïîïûòêà âûâîäà íà òåðìèíàë ôîíîâûì ïðîöåññîì. Îñòà-
íîâêà ïðîöåññà.

• SIGURG - ïîñòóïëåíèå â áóôåð ñîêåòà ñðî÷íûõ âíåî÷åðåäíûõ äàííûõ.

• SIGUSR1, SIGUSR2 - çàðåçåðâèðîâàíû äëÿ ïîëüçîâàòåëüñêèõ çàäà÷.
Ïî óìîë÷àíèþ - íè÷åãî íå ïðîèñõîäèò.

• SIGVTALRM - âèðòóàëüíûé òàéìåð.

• SIGXCPU - ïðåâûøåíèå ëèìèòà ïðîöåññîðíîãî âðåìåíè. Core dump.

• SIGXFSZ - ïðåâûøåíèå ëèìèòà íà ðàçìåð ôàéëà.
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10.6 Íàáîðû ñèãíàëîâ
Íàáîð ñèãíàëîâ - ýòî ñïèñîê ñèãíàëîâ, êîòîðûå íåîáõîäèìî ïåðåäàòü ñè-
ñòåìíîìó âûçîâó.

Òèï sigset_t â <signal.h>, åãî ðàçìåð ïîçâîëÿåò ïîìåñòèòüñÿ âñåì ñèã-
íàëàì, îïðåäåëåííûì â ñèñòåìå.

Âûáîð ñèãíàëîâ - ëèáî èç ïîëíîãî, óäàëÿÿ íåíóæíûå, ëèáî èç ïóñòîãî
íàáîðà, äîáàâëÿÿ íåîáõîäèìûå.

10.6.1 Èíèöèàëèçàöèÿ íàáîðà
#include <signal.h>

int sigemptyset(sigset_t *set);
int sigfillset(sigset_t *set);

10.6.2 Äîáàâëåíèå è óäàëåíèå ñèãíàëîâ
int sigaddset(sigset_t *set, int signo);

int sigdelset(sigset_t *set, int signo);

10.6.3 Òèïîâîé ñöåíàðèé ðàáîòû ñ íàáîðîì
sigset_t mask1, mask2;

sigemptyset(&mask1);

sigaddset(&mask1, SIGINT);
sigaddset(&mask1, SIGQUIT);

sigfillset(&mask2);
sigdelset(&mask2, SIGCHLD);

10.7 Îáðàáîò÷èê ñèãíàëîâ
Ïîñëå îïðåäåëåíèÿ ñïèñêà ìîæíî çàäàòü îáðàáîòêó ñèãíàëîâ:

#include<signal.h>

int sigaction(int signo, const struct sigaction *act, struct sigaction
*oact);

signo - ñèãíàë, äëÿ êîòîðîãî çàäàåòñÿ äåéñòâèå.
act - îïðåäåëÿåì îáðàáîò÷èê.
oact - åñëè íå NULL, òî â ýòó ñòðóêòóðó ñîõðàíèòñÿ ñòàðûé îáðàáîò÷èê.
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10.8 Ðàçáîð ñòðóêòóðû sigaction
struct sigaction {
void (*sa_handler)(int); //ôóíêöèÿ îáðàáîò÷èêà
sigset_t sa_mask; //ñèãíàëû, áëîêèðóåìûå âî âðåìÿ îáðàáîòêè äàííîãî
int sa_flags; //ôëàãè, âëèÿþùèå íà ïîâåäåíèå ñèãíàëà
viod (*sa_sigaction)(int, siginfo_t*, void*);
};

Òîëêîâàíèå:
sa_handler:

1. SIG_DFL - êîíñòàíòà îáðàáîòêè ïî óìîë÷àíèþ.

2. SIG_IGN - êîíñòàíòà èãíîðèðîâàíèÿ. Íå ìîæåò ïðèìåíÿòñÿ äëÿ SIGSTOP
è SIGKILL.

3. Àäðåñ ôóíêöèè, ïðèíèìàþùåé àðãóìåíò òèïà int (sa_handler=f1).
Îíà áóäåò âûçûâàòüñÿ ïðè ïîëó÷åíèè ñèãíàëà, à signo ïåðåäàåòñÿ êàê
ïàðàìåòð.

Óïðàâëåíèå ïåðåäàåòñÿ ôóíêöèè èç ëþáîãî ìåñòà ïðîãðàììû, à ïîñëå
âîçâðàòà èç íåå âûïîëíåíèå áóäåò ïðîäîëæåíî ñ òî÷êè, â êîòîðîé áûëî
ïðåðâàíî.

• sa_mask - ñèãíàëû èç ýòîãî íàáîðà áóäóò èãíîðèðîâàòüñÿ âî âðåìÿ
âûïîëíåíèÿ ôóíêöèè-îáðàáîò÷èêà (sa_handler).

• sa_flags - èçìåíåíèå õàðàêòåðà ðåàêöèè:

1. SA_RESETHAND - ïîñëå âîçâðàòà èç îáðàáîò÷èêà âåðíóòü îáðàáîò÷èê ïî
óìîë÷àíèþ SIG_DFL.

2. SA_SIGINFO - îáðàáîò÷èêó ïåðåäàåòñÿ äîïîëíèòåëüíàÿ èíôîðìàöèÿ è
âìåñòî sa_handler èñïîëüçóåòñÿ sa_sigaction.

3. SA_RESTART - ïîâòîð ïðåðâàííîãî ñèãíàëîì ñèñòåìíîãî âûçîâà.

10.9 Íåíàäåæíûå ñèãíàëû (óñòàðåâøàÿ âåðñèÿ)
#include<signal.h>

void (*signal(int sig, void(*disp)(int))) (int);

sig - íîìåð ñèãíàëà.
disp - SIG_DFL, SIG_IGN èëè ôóíêöèÿ-îáðàáîò÷èê.
Ïðèìåð: signal(SIGINT, SIG_IGN);
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10.10 Áëîêèðîâàíèå ñèãíàëîâ
int sigprocmask(int how, const sigset_t *set, sigset_t *oset);

• how - óêàçûâàåòñÿ, êàêîå äåéñòâèå íàäî âûïîëíèòü:

1. SIG_MASK - óñòàíîâèòü áëîêèðîâàíèå ñèãíàëîâ ïî ñïèñêó;
2. SIG_UNBLOCK - îòìåíà áëîêèðîâàíèÿ ñèãíàëîâ ïî ñïèñêó;
3. SIG_BLOCK - äîáàâëåíèå ñïèñêà ê òåêóùèì áëîêèðóåìûì.

• set - íàáîð ñèãíàëîâ.

Ïðèìåð:

sigset_t set1;

sigfillset(&set1);

sigprocmask(SIG_SETMASK, &set1, NULL);

//êðèòè÷åñêèé ó÷àñòîê - íåïðåðûâàåìûé

sigprocmask(SIG_UNBLOCK, &set, NULL);

Ïðèìå÷àíèå: ìîæíî âàðüèðîâàòü íàáîðû è ñòåïåíü çàùèùåííîñòè êîäà.
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License

Version 1.2, November 2002
Copyright c©2000,2001,2002 Free Software Foundation, Inc.

59 Temple Place, Suite 330, Boston, MA 02111-1307 USA

Everyone is permitted to copy and distribute verbatim copies of this license
document, but changing it is not allowed.

Preamble
The purpose of this License is to make a manual, textbook, or other functional

and useful document "free"in the sense of freedom: to assure everyone the
e�ective freedom to copy and redistribute it, with or without modifying it,
either commercially or noncommercially. Secondarily, this License preserves for
the author and publisher a way to get credit for their work, while not being
considered responsible for modi�cations made by others.

This License is a kind of "copyleft which means that derivative works of the
document must themselves be free in the same sense. It complements the GNU
General Public License, which is a copyleft license designed for free software.

We have designed this License in order to use it for manuals for free software,
because free software needs free documentation: a free program should come
with manuals providing the same freedoms that the software does. But this
License is not limited to software manuals; it can be used for any textual work,
regardless of subject matter or whether it is published as a printed book. We
recommend this License principally for works whose purpose is instruction or
reference.

1. APPLICABILITY AND DEFINITIONS
This License applies to any manual or other work, in any medium, that

contains a notice placed by the copyright holder saying it can be distributed
under the terms of this License. Such a notice grants a world-wide, royalty-free
license, unlimited in duration, to use that work under the conditions stated
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herein. The "Document", below, refers to any such manual or work. Any
member of the public is a licensee, and is addressed as "you". You accept the
license if you copy, modify or distribute the work in a way requiring permission
under copyright law.

A "Modi�ed Version" of the Document means any work containing the
Document or a portion of it, either copied verbatim, or with modi�cations
and/or translated into another language.

A "Secondary Section" is a named appendix or a front-matter section
of the Document that deals exclusively with the relationship of the publishers
or authors of the Document to the Document's overall subject (or to related
matters) and contains nothing that could fall directly within that overall subject.
(Thus, if the Document is in part a textbook of mathematics, a Secondary
Section may not explain any mathematics.) The relationship could be a matter
of historical connection with the subject or with related matters, or of legal,
commercial, philosophical, ethical or political position regarding them.

The "Invariant Sections" are certain Secondary Sections whose titles are
designated, as being those of Invariant Sections, in the notice that says that
the Document is released under this License. If a section does not �t the above
de�nition of Secondary then it is not allowed to be designated as Invariant.
The Document may contain zero Invariant Sections. If the Document does not
identify any Invariant Sections then there are none.

The "Cover Texts" are certain short passages of text that are listed,
as Front-Cover Texts or Back-Cover Texts, in the notice that says that the
Document is released under this License. A Front-Cover Text may be at most
5 words, and a Back-Cover Text may be at most 25 words.

A "Transparent" copy of the Document means a machine-readable copy,
represented in a format whose speci�cation is available to the general public, that
is suitable for revising the document straightforwardly with generic text editors
or (for images composed of pixels) generic paint programs or (for drawings) some
widely available drawing editor, and that is suitable for input to text formatters
or for automatic translation to a variety of formats suitable for input to text
formatters. A copy made in an otherwise Transparent �le format whose markup,
or absence of markup, has been arranged to thwart or discourage subsequent
modi�cation by readers is not Transparent. An image format is not Transparent
if used for any substantial amount of text. A copy that is not "Transparent"is
called "Opaque".

Examples of suitable formats for Transparent copies include plain ASCII
without markup, Texinfo input format, LaTeX input format, SGML or XML
using a publicly available DTD, and standard-conforming simple HTML, PostScript
or PDF designed for human modi�cation. Examples of transparent image formats
include PNG, XCF and JPG. Opaque formats include proprietary formats that
can be read and edited only by proprietary word processors, SGML or XML
for which the DTD and/or processing tools are not generally available, and
the machine-generated HTML, PostScript or PDF produced by some word
processors for output purposes only.
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The "Title Page" means, for a printed book, the title page itself, plus such
following pages as are needed to hold, legibly, the material this License requires
to appear in the title page. For works in formats which do not have any title
page as such, "Title Page"means the text near the most prominent appearance
of the work's title, preceding the beginning of the body of the text.

A section "Entitled XYZ" means a named subunit of the Document whose
title either is precisely XYZ or contains XYZ in parentheses following text that
translates XYZ in another language. (Here XYZ stands for a speci�c section
name mentioned below, such as "Acknowledgements", "Dedications", "Endorsements",
or "History".) To "Preserve the Title" of such a section when you modify
the Document means that it remains a section "Entitled XYZ"according to this
de�nition.

The Document may include Warranty Disclaimers next to the notice which
states that this License applies to the Document. These Warranty Disclaimers
are considered to be included by reference in this License, but only as regards
disclaiming warranties: any other implication that these Warranty Disclaimers
may have is void and has no e�ect on the meaning of this License.

2. VERBATIM COPYING
You may copy and distribute the Document in any medium, either commercially

or noncommercially, provided that this License, the copyright notices, and the
license notice saying this License applies to the Document are reproduced in
all copies, and that you add no other conditions whatsoever to those of this
License. You may not use technical measures to obstruct or control the reading
or further copying of the copies you make or distribute. However, you may accept
compensation in exchange for copies. If you distribute a large enough number
of copies you must also follow the conditions in section 3.

You may also lend copies, under the same conditions stated above, and you
may publicly display copies.

3. COPYING IN QUANTITY
If you publish printed copies (or copies in media that commonly have printed

covers) of the Document, numbering more than 100, and the Document's license
notice requires Cover Texts, you must enclose the copies in covers that carry,
clearly and legibly, all these Cover Texts: Front-Cover Texts on the front cover,
and Back-Cover Texts on the back cover. Both covers must also clearly and
legibly identify you as the publisher of these copies. The front cover must present
the full title with all words of the title equally prominent and visible. You may
add other material on the covers in addition. Copying with changes limited to
the covers, as long as they preserve the title of the Document and satisfy these
conditions, can be treated as verbatim copying in other respects.

If the required texts for either cover are too voluminous to �t legibly, you
should put the �rst ones listed (as many as �t reasonably) on the actual cover,
and continue the rest onto adjacent pages.
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If you publish or distribute Opaque copies of the Document numbering more
than 100, you must either include a machine-readable Transparent copy along
with each Opaque copy, or state in or with each Opaque copy a computer-
network location from which the general network-using public has access to
download using public-standard network protocols a complete Transparent copy
of the Document, free of added material. If you use the latter option, you must
take reasonably prudent steps, when you begin distribution of Opaque copies
in quantity, to ensure that this Transparent copy will remain thus accessible at
the stated location until at least one year after the last time you distribute an
Opaque copy (directly or through your agents or retailers) of that edition to the
public.

It is requested, but not required, that you contact the authors of the Document
well before redistributing any large number of copies, to give them a chance to
provide you with an updated version of the Document.

4. MODIFICATIONS
You may copy and distribute a Modi�ed Version of the Document under the

conditions of sections 2 and 3 above, provided that you release the Modi�ed
Version under precisely this License, with the Modi�ed Version �lling the role
of the Document, thus licensing distribution and modi�cation of the Modi�ed
Version to whoever possesses a copy of it. In addition, you must do these things
in the Modi�ed Version:

A. Use in the Title Page (and on the covers, if any) a title distinct from that
of the Document, and from those of previous versions (which should, if
there were any, be listed in the History section of the Document). You
may use the same title as a previous version if the original publisher of
that version gives permission.

B. List on the Title Page, as authors, one or more persons or entities responsible
for authorship of the modi�cations in the Modi�ed Version, together with
at least �ve of the principal authors of the Document (all of its principal
authors, if it has fewer than �ve), unless they release you from this requirement.

C. State on the Title page the name of the publisher of the Modi�ed Version,
as the publisher.

D. Preserve all the copyright notices of the Document.

E. Add an appropriate copyright notice for your modi�cations adjacent to
the other copyright notices.

F. Include, immediately after the copyright notices, a license notice giving
the public permission to use the Modi�ed Version under the terms of this
License, in the form shown in the Addendum below.

G. Preserve in that license notice the full lists of Invariant Sections and
required Cover Texts given in the Document's license notice.
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H. Include an unaltered copy of this License.

I. Preserve the section Entitled "History Preserve its Title, and add to it
an item stating at least the title, year, new authors, and publisher of the
Modi�ed Version as given on the Title Page. If there is no section Entitled
"History"in the Document, create one stating the title, year, authors, and
publisher of the Document as given on its Title Page, then add an item
describing the Modi�ed Version as stated in the previous sentence.

J. Preserve the network location, if any, given in the Document for public
access to a Transparent copy of the Document, and likewise the network
locations given in the Document for previous versions it was based on.
These may be placed in the "History"section. You may omit a network
location for a work that was published at least four years before the
Document itself, or if the original publisher of the version it refers to
gives permission.

K. For any section Entitled "Acknowledgements"or "Dedications Preserve the
Title of the section, and preserve in the section all the substance and tone
of each of the contributor acknowledgements and/or dedications given
therein.

L. Preserve all the Invariant Sections of the Document, unaltered in their text
and in their titles. Section numbers or the equivalent are not considered
part of the section titles.

M. Delete any section Entitled "Endorsements". Such a section may not be
included in the Modi�ed Version.

N. Do not retitle any existing section to be Entitled "Endorsements"or to
con�ict in title with any Invariant Section.

O. Preserve any Warranty Disclaimers.

If the Modi�ed Version includes new front-matter sections or appendices
that qualify as Secondary Sections and contain no material copied from the
Document, you may at your option designate some or all of these sections as
invariant. To do this, add their titles to the list of Invariant Sections in the
Modi�ed Version's license notice. These titles must be distinct from any other
section titles.

You may add a section Entitled "Endorsements provided it contains nothing
but endorsements of your Modi�ed Version by various parties�for example,
statements of peer review or that the text has been approved by an organization
as the authoritative de�nition of a standard.

You may add a passage of up to �ve words as a Front-Cover Text, and a
passage of up to 25 words as a Back-Cover Text, to the end of the list of Cover
Texts in the Modi�ed Version. Only one passage of Front-Cover Text and one
of Back-Cover Text may be added by (or through arrangements made by) any
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one entity. If the Document already includes a cover text for the same cover,
previously added by you or by arrangement made by the same entity you are
acting on behalf of, you may not add another; but you may replace the old one,
on explicit permission from the previous publisher that added the old one.

The author(s) and publisher(s) of the Document do not by this License give
permission to use their names for publicity for or to assert or imply endorsement
of any Modi�ed Version.

5. COMBINING DOCUMENTS
You may combine the Document with other documents released under this

License, under the terms de�ned in section 4 above for modi�ed versions, provided
that you include in the combination all of the Invariant Sections of all of the
original documents, unmodi�ed, and list them all as Invariant Sections of your
combined work in its license notice, and that you preserve all their Warranty
Disclaimers.

The combined work need only contain one copy of this License, and multiple
identical Invariant Sections may be replaced with a single copy. If there are
multiple Invariant Sections with the same name but di�erent contents, make
the title of each such section unique by adding at the end of it, in parentheses,
the name of the original author or publisher of that section if known, or else
a unique number. Make the same adjustment to the section titles in the list of
Invariant Sections in the license notice of the combined work.

In the combination, you must combine any sections Entitled "History"in
the various original documents, forming one section Entitled "History"; likewise
combine any sections Entitled "Acknowledgements and any sections Entitled
"Dedications". You must delete all sections Entitled "Endorsements".

6. COLLECTIONS OF DOCUMENTS
You may make a collection consisting of the Document and other documents

released under this License, and replace the individual copies of this License in
the various documents with a single copy that is included in the collection,
provided that you follow the rules of this License for verbatim copying of each
of the documents in all other respects.

You may extract a single document from such a collection, and distribute it
individually under this License, provided you insert a copy of this License into
the extracted document, and follow this License in all other respects regarding
verbatim copying of that document.

7. AGGREGATION WITH INDEPENDENT
WORKS

A compilation of the Document or its derivatives with other separate and
independent documents or works, in or on a volume of a storage or distribution
medium, is called an "aggregate"if the copyright resulting from the compilation
is not used to limit the legal rights of the compilation's users beyond what
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the individual works permit. When the Document is included in an aggregate,
this License does not apply to the other works in the aggregate which are not
themselves derivative works of the Document.

If the Cover Text requirement of section 3 is applicable to these copies of the
Document, then if the Document is less than one half of the entire aggregate, the
Document's Cover Texts may be placed on covers that bracket the Document
within the aggregate, or the electronic equivalent of covers if the Document is
in electronic form. Otherwise they must appear on printed covers that bracket
the whole aggregate.

8. TRANSLATION
Translation is considered a kind of modi�cation, so you may distribute

translations of the Document under the terms of section 4. Replacing Invariant
Sections with translations requires special permission from their copyright holders,
but you may include translations of some or all Invariant Sections in addition to
the original versions of these Invariant Sections. You may include a translation
of this License, and all the license notices in the Document, and any Warranty
Disclaimers, provided that you also include the original English version of this
License and the original versions of those notices and disclaimers. In case of a
disagreement between the translation and the original version of this License or
a notice or disclaimer, the original version will prevail.

If a section in the Document is Entitled "Acknowledgements "Dedications or
"History the requirement (section 4) to Preserve its Title (section 1) will typically
require changing the actual title.

9. TERMINATION
You may not copy, modify, sublicense, or distribute the Document except as

expressly provided for under this License. Any other attempt to copy, modify,
sublicense or distribute the Document is void, and will automatically terminate
your rights under this License. However, parties who have received copies, or
rights, from you under this License will not have their licenses terminated so
long as such parties remain in full compliance.

10. FUTURE REVISIONS OF THIS LICENSE
The Free Software Foundation may publish new, revised versions of the GNU

Free Documentation License from time to time. Such new versions will be similar
in spirit to the present version, but may di�er in detail to address new problems
or concerns. See http://www.gnu.org/copyleft/.

Each version of the License is given a distinguishing version number. If
the Document speci�es that a particular numbered version of this License "or
any later version"applies to it, you have the option of following the terms and
conditions either of that speci�ed version or of any later version that has been
published (not as a draft) by the Free Software Foundation. If the Document
does not specify a version number of this License, you may choose any version
ever published (not as a draft) by the Free Software Foundation.
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ADDENDUM: How to use this License for your
documents

To use this License in a document you have written, include a copy of the
License in the document and put the following copyright and license notices just
after the title page:

Copyright c©YEAR YOUR NAME. Permission is granted to copy,
distribute and/or modify this document under the terms of the
GNU Free Documentation License, Version 1.2 or any later version
published by the Free Software Foundation; with no Invariant Sections,
no Front-Cover Texts, and no Back-Cover Texts. A copy of the
license is included in the section entitled "GNU Free Documentation
License".

If you have Invariant Sections, Front-Cover Texts and Back-Cover Texts,
replace the "with...Texts."line with this:

with the Invariant Sections being LIST THEIR TITLES, with the
Front-Cover Texts being LIST, and with the Back-Cover Texts being
LIST.

If you have Invariant Sections without Cover Texts, or some other combination
of the three, merge those two alternatives to suit the situation.

If your document contains nontrivial examples of program code, we recommend
releasing these examples in parallel under your choice of free software license,
such as the GNU General Public License, to permit their use in free software.


