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✳✳✳
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r❡s❡r✈✐❡rt ❙♣❡✐❝❤❡r ❢ür s✐❝❤✱

♣r♦❣r❛♠♠✐❡rt ▼▼❯ ✉♠✱
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✭=> ❛❜ ❥❡t③t ✇✐❡❞❡r ✉♥♣r✐✈✐❧✐❣✐❡rt✦✮

✉♥❞ ❤♦❧t ❊r❣❡❜♥✐s ❛✉s ❈P❯✲❘❡❣✐st❡r✳
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❱❡r✇❛❧t✉♥❣ ✈♦♥ ❇❡tr✐❡❜s♠✐tt❡❧♥

❆✉❢❣❛❜❡♥ ❞❡s ❇❡tr✐❡❜ss②st❡♠✲❑❡r♥s

▼✉❧t✐♣❧❡①❡♥ ✈♦♥
❇❡tr✐❡❜s♠✐tt❡❧♥ ❢ür ♠❡❤r❡r❡
❇❡♥✉t③❡r ❜③✇✳ ❆♥✇❡♥❞✉♥❣❡♥

❙❝❤❛✛✉♥❣ ✈♦♥
❙❝❤✉t③✉♠❣❡❜✉♥❣❡♥

❇❡r❡✐tst❡❧❧❡♥ ✈♦♥
❆❜str❛❦t✐♦♥❡♥ ③✉r ❜❡ss❡r❡♥
❍❛♥❞❤❛❜❜❛r❦❡✐t ❞❡r
❇❡tr✐❡❜s♠✐tt❡❧

❊r♠ö❣❧✐❝❤❡♥ ❡✐♥❡r ❦♦♦r❞✐♥✐❡rt❡♥ ❣❡♠❡✐♥s❛♠❡♥ ◆✉t③✉♥❣ ✈♦♥
❇❡tr✐❡❜s♠✐tt❡❧♥✱ ❦❧❛ss✐✜③✐❡r❜❛r ✐♥

❛❦t✐✈❡✱ ③❡✐t❧✐❝❤ ❛✉❢t❡✐❧❜❛r❡ ✭Pr♦③❡ss♦r✮
♣❛ss✐✈❡✱ ♥✉r ❡①❦❧✉s✐✈ ♥✉t③❜❛r❡ ✭♣❡r✐♣❤❡r❡ ●❡rät❡✱ ③✳❇✳ ❉r✉❝❦❡r ✉✳➘✳✮
♣❛ss✐✈❡✱ rä✉♠❧✐❝❤ ❛✉❢t❡✐❧❜❛r❡ ✭❙♣❡✐❝❤❡r✱ P❧❛tt❡♥s♣❡✐❝❤❡r ✉✳➘✳✮
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❑❧❛ss✐✜❦❛t✐♦♥ ✈♦♥ ❇❡tr✐❡❜ss②st❡♠❡♥

❯♥t❡rs❝❤✐❡❞❧✐❝❤❡ ❑❧❛ss✐✜❦❛t✐♦♥s❦r✐t❡r✐❡♥

❩✐❡❧♣❧❛tt❢♦r♠
❊✐♥s❛t③③✇❡❝❦
❋✉♥❦t✐♦♥❛❧✐tät
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❑❧❛ss✐✜❦❛t✐♦♥ ✈♦♥ ❇❡tr✐❡❜ss②st❡♠❡♥ ✭✷✮

❲❡♥✐❣❡♥ ✒●❡♥❡r❛❧ P✉r♣♦s❡✑✲✱ ▼❛✐♥❢r❛♠❡✲ ✉♥❞
❍ö❝❤st❧❡✐st✉♥❣sr❡❝❤♥❡r✲❇❡tr✐❡❜ss②st❡♠❡♥ st❡❤t ❡✐♥❡ ❱✐❡❧③❛❤❧ ❦❧❡✐♥❡r
✉♥❞ ❦❧❡✐♥st❡r ❙♣❡③✐❛❧❜❡tr✐❡❜ss②st❡♠❡ ❣❡❣❡♥ü❜❡r✿

C51, C166, C251, CMX RTOS, C-Smart/Raven, eCos, eRTOS,

Embos, Ercos, Euros Plus, Hi Ross, Hynet-OS, LynxOS,

MicroX/OS-II, Nucleus, OS-9, OSE, OSEK Flex, OSEK Turbo,

OSEK Plus, OSEKtime, Pricise/MQX, Pricise/RTCS, proOSEK,

SOS, PXROS, QNX, Realos, RTMOSxx, Real Time Architect,

ThreadX, RTA, RTX51, RTX251, RTX166, RTXC, Softune,

SSXS RTOS, VRTX, VxWorks, ...

❊✐♥s❛t③❜❡r❡✐❝❤✿ ❊✐♥❣❡❜❡tt❡t❡ ❙②st❡♠❡✱ ❤ä✉✜❣ ❊❝❤t③❡✐t✲
❇❡tr✐❡❜ss②st❡♠❡✱ ü❜❡r ✺✵✪ ♣r♦♣r✐❡tät❡ ✭✐♥✲❤♦✉s❡✮ ▲ös✉♥❣❡♥

❆❧t❡r♥❛t✐✈❡ ❑❧❛ss✐✜❦❛t✐♦♥✿ ♥❛❝❤ ❆r❝❤✐t❡❦t✉r
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❇❡tr✐❡❜ss②st❡♠✲❆r❝❤✐t❡❦t✉r❡♥

❯♠❢❛♥❣✿ ③❡❤♥t❛✉s❡♥❞❡ ❜✐s ♠❡❤r❡r❡ ▼✐❧❧✐♦♥❡♥ ❇❡❢❡❤❧s③❡✐❧❡♥
=> ❙tr✉❦t✉r✐❡r✉♥❣ ❤✐❧❢r❡✐❝❤
❱❡rs❝❤✐❡❞❡♥❡ ❙tr✉❦t✉r❦♦♥③❡♣t❡

▲❛✉❢③❡✐t❜✐❜❧✐♦t❤❡❦❡♥ ✭♠✐♥✐♠❛❧✱ ✈♦r ❛❧❧❡♠ ✐♠ ❊♠❜❡❞❞❡❞✲❇❡r❡✐❝❤✮
♠♦♥♦❧✐t❤✐s❝❤❡ ❙②st❡♠❡
❣❡s❝❤✐❝❤t❡t❡ ❙②st❡♠❡
▼✐♥✐♠❛❧❦❡r♥❡

❯♥t❡rs❝❤✐❡❞❧✐❝❤❡ ❙❝❤✉t③❦♦♥③❡♣t❡
❦❡✐♥ ❙❝❤✉t③
❙❝❤✉t③ ❞❡s ❇❡tr✐❡❜ss②st❡♠s
❙❝❤✉t③ ❞❡s ❇❡tr✐❡❜ss②st❡♠s ✉♥❞ ❆♥✇❡♥❞✉♥❣❡♥ ✉♥t❡r❡✐♥❛♥❞❡r
❢❡✐♥❣r❛♥✉❧❛r❡r ❙❝❤✉t③ ❛✉❝❤ ✐♥♥❡r❤❛❧❜ ✈♦♥ ❆♥✇❡♥❞✉♥❣❡♥
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❇❡tr✐❡❜ss②st❡♠✲❑♦♠♣♦♥❡♥t❡♥

❙♣❡✐❝❤❡r✈❡r✇❛❧t✉♥❣
❲❡r ❞❛r❢ ■♥❢♦r♠❛t✐♦♥❡♥ ✇♦❤✐♥ ✐♠ ❙♣❡✐❝❤❡r ❛❜❧❡❣❡♥❄

Pr♦③❡ss✈❡r✇❛❧t✉♥❣
❲❛♥♥ ✇✐r❞ ✇❡❧❝❤❡ ❆✉❢❣❛❜❡ ❜❡❛r❜❡✐t❡t❄

❉❛t❡✐s②st❡♠
❙♣❡✐❝❤❡r✉♥❣ ✉♥❞ ❙❝❤✉t③ ✈♦♥ ▲❛♥❣③❡✐t❞❛t❡♥

■♥t❡r♣r♦③❡ss❦♦♠♠✉♥✐❦❛t✐♦♥
❑♦♠♠✉♥✐❦❛t✐♦♥ ③✇✐s❝❤❡♥ ✈❡rs❝❤✐❡❞❡♥❡♥ ❆♥✇❡♥❞✉♥❣❡♥ ❜③✇✳ ♣❛r❛❧❧❡❧
❛❜❧❛✉❢❡♥❞❡♥ ❆♥✇❡♥❞✉♥❣st❡✐❧❡♥

❊✐♥✲✴❆✉s❣❛❜❡
❑♦♠♠✉♥✐❦❛t✐♦♥ ♠✐t ❞❡r ✒❆✉ÿ❡♥✇❡❧t✑ ✭❇❡♥✉t③❡r✴❘❡❝❤♥❡r✮
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Ü❜❡r❜❧✐❝❦✿ ❚❡✐❧ ❉ ❇❡tr✐❡❜ss②st❡♠❛❜str❛❦t✐♦♥❡♥

✶✺ ◆❡❜❡♥❧ä✉✜❣❦❡✐t

✶✻ ❊r❣ä♥③✉♥❣❡♥ ③✉r ❊✐♥❢ü❤r✉♥❣ ✐♥ ❈

✶✼ ❇❡tr✐❡❜ss②st❡♠❡

✶✽ ❉❛t❡✐s②st❡♠❡

✶✾ Pr♦❣r❛♠♠❡ ✉♥❞ Pr♦③❡ss❡

✷✵ ❙♣❡✐❝❤❡r♦r❣❛♥✐s❛t✐♦♥

✷✶ ◆❡❜❡♥❧ä✉✜❣❡ Pr♦③❡ss❡❱
❴
❙
P
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Ü❜❡r❜❧✐❝❦

❊✐♥♦r❞♥✉♥❣
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Ü❜❡r❜❧✐❝❦ ✭✷✮

❙♣❡✐❝❤❡r♠❡❞✐❡♥ ✭③✳❇✳ P❧❛tt❡♥✱ ❙❙❉ ✴ ❋❧❛s❤✲❙♣❡✐❝❤❡r✱ ❉❱❉✱
❈❉✲❘❖▼✮ ♠✐t ❯♥t❡rs❝❤✐❡❞❡♥❀ ❇❡✐s♣✐❡❧❡

❇❧♦❝❦❣röÿ❡♥✿
❋❡st♣❧❛tt❡♥✿ ✺✶✷ ❇②t❡s✴❇❧♦❝❦
❈❉s✿ ✶✵✷✹ ❇②t❡s✴❇❧♦❝❦
❋❧❛s❤✿ ✹✵✾✻ ❇②t❡s✴❇❧♦❝❦

◆✉t③✉♥❣ ❞❡r ❇❧ö❝❦❡
❋❧❛s❤✲❙♣❡✐❝❤❡r ❤❛t ♥✉r ❜❡❣r❡♥③t❡ ❆♥③❛❤❧ ✈♦♥ ❙❝❤r❡✐❜③②❦❧❡♥ ♣r♦ ❇❧♦❝❦ =>
❣❧❡✐❝❤♠äÿ✐❣ ❜❡s❝❤r❡✐❜❡♥
❋❡st♣❧❛tt❡♥ ❦ö♥♥❡♥ ❛✉❢ ❜❡♥❛❝❤❜❛rt❡ ❇❧ö❝❦❡ ❥❡✇❡✐❧s s❝❤♥❡❧❧❡r ③✉❣r❡✐❢❡♥

●röÿ❡ ❞❡r ▼❡❞✐❡♥ ✭t②♣✳✮
❈❉✲❘❖▼✿ ❝❛✳ ✼✺✵ ▼❇②t❡
❉❱❉✿ ❝❛✳ ✽✱✺ ●❇②t❡
❋❡st♣❧❛tt❡✿ ❝❛✳ ✹ ❚❇②t❡
❙❙❉✿ ❝❛✳ ✺✵✵ ●❇②t❡
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❉❛t❡✐s②st❡♠❡ s♣❡✐❝❤❡r♥ ❉❛t❡♥ ✉♥❞ Pr♦❣r❛♠♠❡ ♣❡rs✐st❡♥t ✐♥ ❉❛t❡✐❡♥

❇❡♥✉t③❡r ♠✉ss s✐❝❤ ♥✐❝❤t ✉♠ ❞✐❡ ❆♥st❡✉❡r✉♥❣ ✉♥❞ ❱❡r✇❛❧t✉♥❣
✈❡rs❝❤✐❡❞❡♥❡r ❙♣❡✐❝❤❡r♠❡❞✐❡♥ ❦ü♠♠❡r♥
❡✐♥❤❡✐t❧✐❝❤❡ ❙✐❝❤t ❛✉❢ ❞❡♥ ❍✐♥t❡r❣r✉♥❞s♣❡✐❝❤❡r

❲❡s❡♥t❧✐❝❤❡ ❊❧❡♠❡♥t❡ ❡✐♥❡s ❉❛t❡✐s②st❡♠s✿
❉❛t❡✐❡♥ ✭❋✐❧❡s✮
❱❡r③❡✐❝❤♥✐ss❡ ✴ ❑❛t❛❧♦❣❡ ✭❉✐r❡❝t♦r✐❡s✮
P❛rt✐t✐♦♥❡♥ ✭P❛rt✐t✐♦♥s✮
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❉❛t❡✐ ✭❋✐❧❡✮
s♣❡✐❝❤❡rt ❉❛t❡♥ ♦❞❡r Pr♦❣r❛♠♠❡

❡♥t❤ä❧t ❩✉s❛t③✐♥❢♦r♠❛t✐♦♥❡♥
❉❛t❡✐

❱❡r③❡✐❝❤♥✐s ✴ ❑❛t❛❧♦❣ ✭❉✐r❡❝t♦r②✮
❢❛sst ❉❛t❡✐❡♥ ✭✉✳ ❱❡r③❡✐❝❤♥✐ss❡✮ ③✉s❛♠♠❡♥

❡r❧❛✉❜t ❇❡♥❡♥♥✉♥❣ ❞❡r ❉❛t❡✐❡♥

❡r♠ö❣❧✐❝❤t ❆✉❢❜❛✉ ❡✐♥❡s ❤✐❡r❛r❝❤✐s❝❤❡♥
◆❛♠❡♥sr❛✉♠s

❱❡r③❡✐❝❤♥✐s

P❛rt✐t✐♦♥ ✭P❛rt✐t✐♦♥✮
❡✐♥❡ ▼❡♥❣❡ ✈♦♥ ❱❡r③❡✐❝❤♥✐ss❡♥ ✉♥❞ ❞❡r❡♥ ❉❛t❡✐❡♥

s✐❡ ❞✐❡♥❡♥ ③✉♠ ♣❤②s✐❦❛❧✐s❝❤❡♥ ♦❞❡r ❧♦❣✐s❝❤❡♥
❚r❡♥♥❡♥ ✈♦♥ ❉❛t❡✐♠❡♥❣❡♥

♣❤②s✐s❝❤✿ ❋❡st♣❧❛tt❡✱ ❉✐s❦❡tt❡
❧♦❣✐s❝❤✿ ❚❡✐❧❜❡r❡✐❝❤ ❛✉❢ P❧❛tt❡ ♦❞❡r ❈❉

P❛rt✐t✐♦♥
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❉❛t❡✐❡♥

❑❧❡✐♥st❡ ❊✐♥❤❡✐t✱ ✐♥ ❞❡r ❡t✇❛s ❛✉❢ ❞❡♥ ❍✐♥t❡r❣r✉♥❞s♣❡✐❝❤❡r
❣❡s❝❤r✐❡❜❡♥ ✇❡r❞❡♥ ❦❛♥♥✳
❯♥t❡rs❝❤❡✐❞✉♥❣✿

❡✐❣❡♥t❧✐❝❤❡ ❉❛t❡♥ ✭❇✐❧❞✱ ❚❡①t✱ Pr♦❣r❛♠♠✱ ✳✳✳✮
▼❡t❛❞❛t❡♥ ✭❊rst❡❧❧✉♥❣s❞❛t✉♠✱ ❊✐❣❡♥tü♠❡r✱ ❩✉❣r✐✛sr❡❝❤t❡✱ ✳✳✳✮

▼❡t❛❞❛t❡♥ ✴ ❉❛t❡✐❛ttr✐❜✉t❡✿

◆❛♠❡✿ ❙②♠❜♦❧✐s❝❤❡r ◆❛♠❡✱ ✈♦♠ ❇❡♥✉t③❡r ❧❡s✲ ✉♥❞ ✐♥t❡r♣r❡t✐❡r❜❛r
③✳❇✳ AUTOEXEC.BAT

❚②♣✿ ❋ür ❉❛t❡✐s②st❡♠❡✱ ❞✐❡ ✈❡rs❝❤✐❡❞❡♥❡ ❉❛t❡✐t②♣❡♥ ✉♥t❡rs❝❤❡✐❞❡♥
③✳❇✳ s❡q✉❡♥③✐❡❧❧❡ ❉❛t❡✐✱ ③❡✐❝❤❡♥♦r✐❡♥t✐❡rt❡ ❉❛t❡✐✱ s❛t③♦r✐❡♥t✐❡rt❡
❉❛t❡✐

❖rt✿ ❲♦ ✇❡r❞❡♥ ❞✐❡ ❉❛t❡♥ ♣❤②s✐s❝❤ ❣❡s♣❡✐❝❤❡rt❄
◆✉♠♠❡r♥ ❞❡r P❧❛tt❡♥❜❧ö❝❦❡
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●röÿ❡✿ ▲ä♥❣❡ ❞❡r ❉❛t❡✐ ✐♥ ●röÿ❡♥❡✐♥❤❡✐t❡♥ ✭③✳❇✳ ❇②t❡s✱ ❇❧ö❝❦❡✱
❙ät③❡✮
st❡❤t ✐♥ ❡♥❣❡♠ ❩✉s❛♠♠❡♥❤❛♥❣ ♠✐t ❞❡r ❖rts✐♥❢♦r♠❛t✐♦♥
✇✐r❞ ③✉♠ Prü❢❡♥ ❞❡r ❉❛t❡✐❣r❡♥③❡♥ ③✳❇✳ ❜❡✐♠ ▲❡s❡♥ ❜❡♥öt✐❣t

❩❡✐tst❡♠♣❡❧✿ ③✳❇✳ ❩❡✐t ✉♥❞ ❉❛t✉♠ ❞❡r ❊rst❡❧❧✉♥❣✱ ❧❡t③t❡♥ ➘♥❞❡r✉♥❣
❢ür ❇❛❝❦✉♣✱ ❊♥t✇✐❝❦❧✉♥❣s✇❡r❦③❡✉❣❡✱ ❇❡♥✉t③❡rü❜❡r✇❛❝❤✉♥❣✱ ✳✳✳

❘❡❝❤t❡✿ ❩✉❣r✐✛sr❡❝❤t❡✱ ③✳❇✳ ▲❡s❡✲ ✉♥❞ ❙❝❤r❡✐❜❜❡r❡❝❤t✐❣✉♥❣
③✳❇✳ ♥✉r ❢ür ❞❡♥ ❊✐❣❡♥tü♠❡r s❝❤r❡✐❜❜❛r✱ ❢ür ❛❧❧❡ ❛♥❞❡r❡♥ ♥✉r
❧❡s❜❛r

❊✐❣❡♥tü♠❡r✿ ■❞❡♥t✐✜❦❛t✐♦♥ ❞❡s ❊✐❣❡♥tü♠❡rs
❡✈❡♥t✉❡❧❧ ❡♥❣ ♠✐t ❞❡♥ ❘❡❝❤t❡♥ ✈❡r❦♥ü♣❢t
❩✉♦r❞♥✉♥❣ ❜❡✐♠ ❆❝❝♦✉t✐♥❣ ✭❆❜r❡❝❤♥✉♥❣ ✈♦♥ P❧❛tt❡♥♣❧❛t③✮
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❖♣❡r❛t✐♦♥❡♥ ❛✉❢ ❉❛t❡✐❡♥

❊r③❡✉❣❡♥ ✭❈r❡❛t❡✮
◆öt✐❣❡r ❙♣❡✐❝❤❡r♣❧❛t③ ✇✐r❞ ❛♥❣❡❢♦r❞❡rt
❱❡r③❡✐❝❤♥✐s❡✐♥tr❛❣ ✇✐r❞ ❡rst❡❧❧t
■♥✐t✐❛❧❡ ❆ttr✐❜✉t❡ ✇❡r❞❡♥ ❣❡s♣❡✐❝❤❡rt

❙❝❤r❡✐❜❡♥ ✭❲r✐t❡✮
■❞❡♥t✐✜❦❛t✐♦♥ ❞❡r ❉❛t❡✐
❡✈❡♥t✉❡❧❧ ◆❛❝❤❢♦r❞❡r♥ ✈♦♥ ❙♣❡✐❝❤❡r♣❧❛t③
❉❛t❡♥ ✇❡r❞❡♥ ❛✉❢ P❧❛tt❡ ❣❡s❝❤r✐❡❜❡♥
❡✈❡♥t✉❡❧❧ ❆♥♣❛ss✉♥❣ ❞❡r ❆ttr✐❜✉t❡ ✭③✳❇✳ ▲ä♥❣❡ ❞❡r ❉❛t❡✐✱ ❩❡✐t♣✉♥❦t ❞❡r
❧❡t③t❡♥ ➘♥❞❡r✉♥❣✮

▲❡s❡♥ ✭❘❡❛❞✮
■❞❡♥t✐✜❦❛t✐♦♥ ❞❡r ❉❛t❡✐
❉❛t❡♥ ✇❡r❞❡♥ ✈♦♥ P❧❛tt❡ ❣❡❧❡s❡♥
❡✈❡♥t✉❡❧❧ ❆♥♣❛ss✉♥❣ ❞❡r ❆ttr✐❜✉t❡ ✭③✳❇✳ ❩✉❣r✐✛s③❡✐t✮
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❖♣❡r❛t✐♦♥❡♥ ❛✉❢ ❉❛t❡✐❡♥

P♦s✐t✐♦♥✐❡r❡♥ ❞❡s ❙❝❤r❡✐❜✲✴▲❡s❡③❡✐❣❡rs ❢ür ❞✐❡ ♥ä❝❤st❡ ❙❝❤r❡✐❜✲
❜③✇✳ ▲❡s❡♦♣❡r❛t✐♦♥ ✭❙❡❡❦✮

■❞❡♥t✐✜❦❛t✐♦♥ ❞❡r ❉❛t❡✐
■♥ ✈✐❡❧❡♥ ❙②st❡♠❡♥ ✇✐r❞ ❞✐❡s❡r ❩❡✐❣❡r ✐♠♣❧✐③✐t ❜❡✐ ❙❝❤r❡✐❜✲ ✉♥❞
▲❡s❡♦♣❡r❛t✐♦♥❡♥ ♣♦s✐t✐♦♥✐❡rt
❊r♠ö❣❧✐❝❤t ❡①♣❧✐③✐t❡s P♦s✐t✐♦♥✐❡r❡♥

❱❡r❦ür③❡♥ ✭❚r✉♥❝❛t❡✮
■❞❡♥t✐✜❦❛t✐♦♥ ❞❡r ❉❛t❡✐
❆❜ ❡✐♥❡r ❜❡st✐♠♠t❡♥ P♦s✐t✐♦♥ ✭♦❞❡r ❛❜ ❆♥❢❛♥❣✮ ✇✐r❞ ❞❡r ■♥❤❛❧t ❞❡r
❉❛t❡✐ ❣❡❧ös❝❤t
❡✈❡♥t✉❡❧❧ ❋r❡✐❣❡❜❡♥ ✈♦♥ ❙♣❡✐❝❤❡r♣❧❛t③
❆♥♣❛ss✉♥❣ ❞❡r ❆ttr✐❜✉t❡ ✭③✳❇✳ ▲ä♥❣❡ ❞❡r ❉❛t❡✐✱ ❩❡✐t♣✉♥❦t ❞❡r ❧❡t③t❡♥
➘♥❞❡r✉♥❣✮

▲ös❝❤❡♥ ✭❉❡❧❡t❡✮
■❞❡♥t✐✜❦❛t✐♦♥ ❞❡r ❉❛t❡✐
❊♥t❢❡r♥❡♥ ❞❡r ❉❛t❡✐ ❛✉s ❞❡♠ ❱❡r③❡✐❝❤♥✐s ✉♥❞ ❋r❡✐❣❛❜❡ ❞❡r P❧❛tt❡♥❜❧ö❝❦❡
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❱❡r③❡✐❝❤♥✐ss❡ ✴ ❑❛t❛❧♦❣❡

❊✐♥ ❱❡r③❡✐❝❤♥✐s ❣r✉♣♣✐❡rt ❉❛t❡✐❡♥ ✉♥❞ ❡✈t❧✳ ✇❡✐t❡r❡ ❱❡r③❡✐❝❤♥✐ss❡
●r✉♣♣✐❡r✉♥❣s❛❧t❡r♥❛t✐✈❡♥

❱❡r❦♥ü♣❢✉♥❣ ♠✐t ❇❡♥❡♥♥✉♥❣
❱❡r③❡✐❝❤♥✐s ❡♥t❤ä❧t ◆❛♠❡♥ ✉♥❞ ❱❡r✇❡✐s❡ ❛✉❢ ❉❛t❡✐❡♥ ✉♥❞ ❛♥❞❡r❡
❱❡r③❡✐❝❤♥✐ss❡ ✭③✳❇✳ ❯◆■❳✱ ❲✐♥❞♦✇s✮

●r✉♣♣✐❡r✉♥❣ ü❜❡r ❇❡❞✐♥❣✉♥❣
❱❡r③❡✐❝❤♥✐s ❡♥t❤ä❧t ◆❛♠❡♥ ✉♥❞ ❱❡r✇❡✐s❡ ❛✉❢ ❉❛t❡✐❡♥✱ ❞✐❡ ❡✐♥❡r ❜❡st✐♠♠t❡♥
❇❡❞✐♥❣✉♥❣ ❣❡❤♦r❝❤❡♥✿
✕ ③✳❇✳ ❣❧❡✐❝❤❡ ●r✉♣♣❡♥♥✉♠♠❡r ✐♥ ❈P✴▼
✕ ③✳❇✳ ❡✐❣❡♥s❝❤❛❢ts♦r✐❡♥t✐❡rt❡ ✉♥❞ ❞②♥❛♠✐s❝❤❡ ●r✉♣♣✐❡r✉♥❣ ✐♥ ❇❡❖❙✲❇❋❙

❱❡r③❡✐❝❤♥✐s ❡r♠ö❣❧✐❝❤t ❞❛s ❆✉✣♥❞❡♥ ✈♦♥ ❉❛t❡✐❡♥
❱❡r♠✐tt❧✉♥❣ ③✇✐s❝❤❡♥ ❡①t❡r♥❡r ✉♥❞ ✐♥t❡r♥❡r ❇❡③❡✐❝❤♥✉♥❣
✭❉❛t❡✐♥❛♠❡ ✕ P❧❛tt❡♥❜❧ö❝❦❡✮
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❖♣❡r❛t✐♦♥❡♥ ❛✉❢ ❱❡r③❡✐❝❤♥✐ss❡♥

▲❡s❡♥ ❞❡r ❊✐♥trä❣❡ ✭❘❡❛❞✱ ❘❡❛❞ ❉✐r❡❝t♦r②✮
❉❛t❡♥ ❞❡s ❱❡r③❡✐❝❤♥✐ss❡s ✇❡r❞❡♥ ❣❡❧❡s❡♥ ✉♥❞ ♠❡✐st ❡✐♥tr❛❣s✇❡✐s❡
③✉rü❝❦❣❡❣❡❜❡♥

❊r③❡✉❣❡♥ ✉♥❞ ▲ös❝❤❡♥ ❞❡r ❊✐♥trä❣❡ ❡r❢♦❧❣t ✐♠♣❧✐③✐t ❜❡✐♠ ❆♥❧❡❣❡♥
❜③✇✳ ▲ös❝❤❡♥ ❞❡r ❉❛t❡✐❡♥

❊r③❡✉❣❡♥ ✈♦♥ ❱❡r③❡✐❝❤♥✐ss❡♥ ✭❈r❡❛t❡✱ ❈r❡❛t❡ ❉✐r❡❝t♦r②✮

▲ös❝❤❡♥ ✈♦♥ ❱❡r③❡✐❝❤♥✐ss❡♥ ✭❉❡❧❡t❡✱ ❉❡❧❡t❡ ❉✐r❡❝t♦r②✮

❆ttr✐❜✉t❡ ✈♦♥ ❱❡r③❡✐❝❤♥✐ss❡♥
❉✐❡ ♠❡✐st❡♥ ❆ttr✐❜✉t❡ ✈♦♥ ❉❛t❡✐❡♥ tr❡✛❡♥ ❛✉❝❤ ❛✉❢ ❱❡r③❡✐❝❤♥✐ss❡♥
③✉

◆❛♠❡✱ ❖rts✐♥❢♦r♠❛t✐♦♥✱ ●röÿ❡✱ ❩❡✐tst❡♠♣❡❧✱ ❘❡❝❤t❡✱ ❊✐❣❡♥tü♠❡r✱ ✳✳✳
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❉❛t❡✐s②st❡♠ ❛♠ ❇❡✐s♣✐❡❧ ▲✐♥✉①✴❯◆■❳

❉❛t❡✐
❡✐♥❢❛❝❤❡✱ ✉♥str✉❦t✉r✐❡rt❡ ❋♦❧❣❡ ✈♦♥ ❇②t❡s
❜❡❧✐❡❜✐❣❡r ■♥❤❛❧t❀ ❢ür ❞❛s ❇❡tr✐❡❜ss②st❡♠ ✐st ❞❡r ■♥❤❛❧t tr❛♥s♣❛r❡♥t
❞②♥❛♠✐s❝❤ ❡r✇❡✐t❡r❜❛r

❉❛t❡✐❛ttr✐❜✉t❡
❞❛s ❇❡tr✐❡❜ss②st❡♠ ✈❡r✇❛❧t❡t ③✉ ❥❡❞❡r ❉❛t❡✐ ❡✐♥❡ ❘❡✐❤❡ ✈♦♥ ❆ttr✐❜✉t❡♥
✭❘❡❝❤t❡✱ ●röÿ❡✱ ❩✉❣r✐✛s③❡✐t❡♥✱ ❉❛t❡♥❜❧ö❝❦❡✱ ✳✳✳✮
❞✐❡ ❆ttr✐❜✉t❡ ✇❡r❞❡♥ ✐♥ ❡✐♥❡r s♣❡③✐❡❧❧❡♥ ❱❡r✇❛❧t✉♥❣sstr✉❦t✉r✱ ❞❡♠
❉❛t❡✐❦♦♣❢✱ ❣❡s♣❡✐❝❤❡rt
✕ ▲✐♥✉①✴❯◆■❳✿ ■♥♦❞❡
✕ ❲✐♥❞♦✇s ◆❚❋❙✿ ▼❛st❡r ❋✐❧❡ ❚❛❜❧❡✲❊✐♥tr❛❣

◆❛♠❡♥sr❛✉♠
✢❛❝❤❡r ◆❛♠❡♥sr❛✉♠✿ ■♥♦❞❡s s✐♥❞ ❡✐♥❢❛❝❤ ❞✉r❝❤♥✉♠♠❡r✐❡rt
❤✐❡r❛r❝❤✐s❝❤❡r ◆❛♠❡♥sr❛✉♠✿ ❱❡r③❡✐❝❤♥✐sstr✉❦t✉r ❜✐❧❞❡t ❉❛t❡✐✲ ✉♥❞
P❢❛❞♥❛♠❡♥ ✐♥ ❡✐♥❡♠ ❉❛t❡✐❜❛✉♠ ❛✉❢ ■♥♦❞❡✲◆✉♠♠❡r♥ ❛❜
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❉❛t❡✐s②st❡♠✲❙tr✉❦t✉r

❙tr✉❦t✉r ❛✉❢ ▼❡❞✐✉♠ ✭✈❡r❡✐♥❢❛❝❤t✮

mkfs ❧❡❣t ❧❡❡r❡ ❙tr✉❦t✉r ❛♥❀ fsck ü❜❡r♣rü❢t ❙tr✉❦t✉r
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P❢❛❞♥❛♠❡♥

❇❛✉♠str✉❦t✉r

P❢❛❞❡
③✳❇✳ /home/adam/datei✱ /tmp✱ ../adam/datei
/ ✐st ❚r❡♥♥s②♠❜♦❧ ✭❙❧❛s❤✮
❜❡❣✐♥♥❡♥❞❡r / ✐st ❲✉r③❡❧✈❡r③❡✐❝❤♥✐s❀ s♦♥st ❇❡❣✐♥♥ ✐♠♣❧✐③✐t ♠✐t ❞❡♠
❛❦t✉❡❧❧❡♥ ❱❡r③❡✐❝❤♥✐s
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P❢❛❞♥❛♠❡♥ ✭✷✮

❡✐❣❡♥t❧✐❝❤❡ ✒❇❛✉♠str✉❦t✉r✑

❇❡✐s♣✐❡❧ P❢❛❞❛✉✢ös✉♥❣ ✒../adam/datei✑✿
✼✼ ✰ ✒../adam/datei✑ ; ✷✺ ✰ ✒adam/datei✑
✷✺ ✰ ✒adam/datei✑ ; ✾✽ ✰ ✒datei✑
✾✽ ✰ ✒datei✑ ; ✻✵
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P❢❛❞♥❛♠❡♥ ✭✸✮

❊s ❦ö♥♥❡♥ ♠❡❤r❡r❡ ❱❡r✇❡✐s❡ ✭❍❛r❞ ▲✐♥❦s✮ ❛✉❢ ❡✐♥❡ ❉❛t❡✐ ❡①✐st✐❡r❡♥✿

❇❡✐s♣✐❡❧ P❢❛❞❛✉✢ös✉♥❣ ✒adam/datei✑✿
✷✺ ✰ ✒adam/datei✑ ; ✾✽ ✰ ✒datei✑
✾✽ ✰ ✒datei✑ ; ✻✵

❇❡✐s♣✐❡❧ P❢❛❞❛✉✢ös✉♥❣ ✒eva/test✑✿
✷✺ ✰ ✒eva/test✑ ; ✼✼ ✰ ✒test✑
✼✼ ✰ ✒test✑ ; ✻✵

❉❛t❡✐ ✇✐r❞ ❣❡❧ös❝❤t✱ ✇❡♥♥ ❦❡✐♥❡ ❱❡r✇❡✐s❡ ❛✉❢ s✐❡ ♠❡❤r ❡①✐st✐❡r❡♥
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P❢❛❞♥❛♠❡♥ ✭✹✮

❊s ❦ö♥♥❡♥ ♠❡❤r❡r❡ s②♠❜♦❧✐s❝❤❡ ❱❡r✇❡✐s❡ ✭❙②♠❜♦❧✐❝ ▲✐♥❦s✮ ❛✉❢ ❡✐♥❡
❉❛t❡✐ ♦❞❡r ❡✐♥ ❱❡r③❡✐❝❤♥✐s ❡①✐st✐❡r❡♥✿

❇❡✐s♣✐❡❧ P❢❛❞❛✉✢ös✉♥❣ ✒eva/test✑✿
✷✺ ✰ ✒eva/test✑ ; ✼✼ ✰ ✒test✑
✼✼ ✰ ✒test✑ ; ✾✾ ; ✼✼ ✰ ✒../adam/datei✑
✼✼ ✰ ✒../adam/datei✑ ; ✷✺ ✰ ✒adam/datei✑
✷✺ ✰ ✒adam/datei✑ ; ✾✽ ✰ ✒datei✑
✾✽ ✰ ✒datei✑ ; ✻✵

❙②♠❜♦❧✐s❝❤❡r ◆❛♠❡ ❦❛♥♥ ❛✉❝❤ ❜❡st❡❤❡♥✱ ✇❡♥♥ ❉❛t❡✐ ♦❞❡r
❱❡r③❡✐❝❤♥✐s ♥♦❝❤ ♥✐❝❤t ❜③✇✳ ♥✐❝❤t ♠❡❤r ❡①✐st✐❡rt✳
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❊✐❣❡♥tü♠❡r ✉♥❞ ❘❡❝❤t❡

❊✐❣❡♥tü♠❡r
❏❡❞❡r ❊✐❣❡♥tü♠❡r ✇✐r❞ ❞✉r❝❤ ❡✐♥❞❡✉t✐❣❡ ◆✉♠♠❡r ✭❯■❉✮ r❡♣räs❡♥t✐❡rt
❊✐♥ ❇❡♥✉t③❡r ❦❛♥♥ ❡✐♥❡r ♦❞❡r ♠❡❤r❡r❡♥ ❇❡♥✉t③❡r❣r✉♣♣❡♥ ❛♥❣❡❤ör❡♥✱ ❞✐❡
❥❡✇❡✐❧s ❞✉r❝❤ ❡✐♥❡ ❡✐♥❞❡✉t✐❣❡ ◆✉♠♠❡r ✭●■❉✮ r❡♣räs❡♥t✐❡rt ✇❡r❞❡♥
❊✐♥❡ ❉❛t❡✐ ♦❞❡r ❡✐♥ ❱❡r③❡✐❝❤♥✐s ✐st ❣❡♥❛✉ ❡✐♥❡♠ ❇❡♥✉t③❡r ✉♥❞ ❡✐♥❡r
●r✉♣♣❡ ③✉❣❡♦r❞♥❡t

❘❡❝❤t❡ ❛✉❢ ❉❛t❡✐❡♥
▲❡s❡♥✱ ❙❝❤r❡✐❜❡♥✱ ❆✉s❢ü❤r❡♥ ✭♥✉r ✈♦♠ ❊✐❣❡♥tü♠❡r ä♥❞❡r❜❛r✮
❊✐♥③❡❧♥ ❢ür ❞❡♥ ❊✐❣❡♥tü♠❡r✱ ❢ür ❆♥❣❡❤ör✐❣❡ ❞❡r ●r✉♣♣❡ ✉♥❞ ❢ür ❛❧❧❡
❛♥❞❡r❡♥ ❡✐♥st❡❧❧❜❛r

❘❡❝❤t❡ ❛✉❢ ❱❡r③❡✐❝❤♥✐ss❡♥
▲❡s❡♥✱ ❙❝❤r❡✐❜❡♥ ✭❆♥❧❡❣❡♥ ✉♥❞ ▲ös❝❤❡♥ ✈♦♥ ❉❛t❡✐❡♥✴❱❡r③❡✐❝❤♥✐ss❡♥✮✱
❉✉r❝❤❣❛♥❣sr❡❝❤t
❙❝❤r❡✐❜r❡❝❤t ✐st ❡✐♥s❝❤rä♥❦❜❛r ❛✉❢ ❡✐❣❡♥❡ ❉❛t❡✐❡♥
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■♥♦❞❡s

❆ttr✐❜✉t❡ ✭❩✉❣r✐✛sr❡❝❤t❡✱ ❊✐❣❡♥tü♠❡r✱ ✉s✇✳✮ ❡✐♥❡r ❉❛t❡✐✱ ❡✐♥❡s
❱❡r③❡✐❝❤♥✐ss❡s ✇❡r❞❡♥ ✐♥ ■♥♦❞❡s ❣❡s♣❡✐❝❤❡rt ✭✈❡r❡✐♥❢❛❝❤t✮✿
int st_mode; /* Typ und Zugriffrechte */
int st_nlink; /* Anzahl der Hard Links */
int st_uid; /* Eigentuemer */
int st_gid; /* Gruppe */
long st_size; /* Laenge der Datei in Bytes */
int st_block[...]; /* Liste der (indirekten) Bloecke */
time_t st_atime; /* Letzter Lesezeitpunkt */
time_t st_mtime; /* Letzter Modifikationszeitpunkt */
time_t st_ctime; /* Letzte Aenderung an Attributen */

❏❡❞❡ ■♥♦❞❡ ❤❛t ❡✐♥❡ ◆✉♠♠❡r ✉♥❞ ❡✐♥❡♥ ❙♣❡✐❝❤❡r♦rt
✭P❧❛tt❡✴P❛rt✐t✐♦♥✮✿
int st_ino; /* Inode-Nummer */
int st_dev; /* Platte/Partition-Nummer */
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Pr♦❣r❛♠♠✐❡rs❝❤♥✐ttst❡❧❧❡ ❢ür ■♥♦❞❡s

stat✱ lstat ❧✐❡❢❡r♥ ❉❛t❡✐❛ttr✐❜✉t❡ ❛✉s ■♥♦❞❡s

❋✉♥❦t✐♦♥ss❝❤♥✐ttst❡❧❧❡✿
#include <sys/types.h>
#include <sys/stat.h>
int stat(const char *path, struct stat *buf);
int lstat(const char *path, struct stat *buf);

❆r❣✉♠❡♥t❡✿
path✿ P❢❛❞♥❛♠❡
buf✿ ❩❡✐❣❡r ❛✉❢ P✉✛❡r✱ ✐♥ ❞❡♥ ■♥♦❞❡✲■♥❢♦r♠❛t✐♦♥❡♥ ❡✐♥❣❡tr❛❣❡♥ ✇❡r❞❡♥

❘ü❝❦❣❛❜❡✇❡rt
✵✱ ✇❡♥♥ ❖❑
✲✶✱ ✇❡♥♥ ❋❡❤❧❡r ✭errno✲❱❛r✐❛❜❧❡ ❡♥t❤ä❧t ❋❡❤❧❡r♥✉♠♠❡r✮

❇❡✐s♣✐❡❧✿
struct stat buf;
stat("/etc/passwd", &buf); /* Fehlerbehandlung...! */
printf("Inode-Nummer: %d\n", buf.st_ino);

❝© ❦❧s ❙P✐❈ ✭❚❡✐❧ ❉✱ ❙❙ ✶✼✮ ✶✽ ❉❛t❡✐s②st❡♠❡ ⑤ ✶✽✳✺ ❉❛t❡✐s②st❡♠ ❛♠ ❇❡✐s♣✐❡❧ ▲✐♥✉①✴❯◆■❳ ✶✽✕✶✾

✶✽
✲❉

❛t
❡✐
s②
st
❡♠

✿
✷✵

✶✼
✲✵
✸✲
✵✷



Pr♦❣r❛♠♠✐❡rs❝❤♥✐ttst❡❧❧❡ ❢ür ❱❡r③❡✐❝❤♥✐ss❡

❱❡r③❡✐❝❤♥✐ss❡✱ ▲✐♥❦s ✈❡r✇❛❧t❡♥
❊r③❡✉❣❡♥ ✭❡✐♥❡s ❧❡❡r❡♥ ❱❡r③❡✐❝❤♥✐ss❡s✮

int mkdir(const char *path, mode_t mode);

▲ös❝❤❡♥ ✭❡✐♥❡s ❧❡❡r❡♥ ❱❡r③❡✐❝❤♥✐ss❡s✮

int rmdir(const char *path);

❍❛r❞ ▲✐♥❦ ❛♥❧❡❣❡♥

int link(const char *existing, const char *new);

❙②♠❜♦❧✐s❝❤❡♥ ▲✐♥❦ ❛♥❧❡❣❡♥

int symlink(const char *existing, const char *new);

▲✐♥❦ ❧ös❝❤❡♥ ✭✉♥❞ ❞❛♠✐t ❣❣❢✳ ❛✉❝❤ ❉❛t❡✐✮

int unlink(const char *path);

❙②♠❜♦❧✐s❝❤❡♥ ▲✐♥❦ ❛✉s❧❡s❡♥

int readlink(const char *path, char *buf, int size);
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Pr♦❣r❛♠♠✐❡rs❝❤♥✐ttst❡❧❧❡ ❢ür ❱❡r③❡✐❝❤♥✐ss❡ ✭✷✮

❱❡r③❡✐❝❤♥✐ss❡ ❧❡s❡♥ ✭❙❝❤♥✐ttst❡❧❧❡ ❞❡s ▲✐♥✉①✲❑❡r♥s✮
♦♣❡♥✭✷✮✱ ❣❡t❞❡♥ts✭✷✮✱ ❝❧♦s❡✭✷✮
▲✐♥✉①✲s♣❡③✐✜s❝❤ ✉♥❞ ❞❛♠✐t ♥✐❝❤t ♣♦rt❛❜❡❧

❱❡r③❡✐❝❤♥✐ss❡ ❧❡s❡♥ ✭❙❝❤♥✐ttst❡❧❧❡ ❞❡r ❈✲❇✐❜❧✐♦t❤❡❦✮
❱❡r③❡✐❝❤♥✐s ö✛♥❡♥

DIR *opendir(const char *path);

❡✐♥❡♥ ❊✐♥tr❛❣ ❧❡s❡♥

struct dirent *readdir(DIR *dirp);

❱❡r③❡✐❝❤♥✐s s❝❤❧✐❡ÿ❡♥
int closedir(DIR *dirp);

❙tr✉❦t✉r struct dirent ✭✈❡r❡✐♥❢❛❝❤t✮

struct dirent {
int d_ino; /* Inode-Nummer */
char d_name[NAME_MAX + 1]; /* Name */

};
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❱❡r③❡✐❝❤♥✐ss❡ ✭✸✮✿ opendir✴closedir

❋✉♥❦t✐♦♥ss❝❤♥✐ttst❡❧❧❡✿
#include <sys/types.h>
#include <dirent.h>

DIR *opendir(const char *path);
int closedir(DIR *dirp);

❆r❣✉♠❡♥t ✈♦♥ opendir✿
path✿ ❱❡r③❡✐❝❤♥✐s♥❛♠❡

❘ü❝❦❣❛❜❡✇❡rt ✈♦♥ opendir✿
❩❡✐❣❡r ❛✉❢ ❉❛t❡♥str✉❦t✉r ✈♦♠ ❚②♣ DIR✱ ✇❡♥♥ ❖❑
NULL✱ ✇❡♥♥ ❋❡❤❧❡r ✭errno✲❱❛r✐❛❜❧❡ ❡♥t❤ä❧t ❋❡❤❧❡r♥✉♠♠❡r✮
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❱❡r③❡✐❝❤♥✐ss❡ ✭✹✮✿ readdir

❋✉♥❦t✐♦♥ss❝❤♥✐ttst❡❧❧❡✿
#include <sys/types.h>
#include <dirent.h>

struct dirent *readdir(DIR *dirp);

❆r❣✉♠❡♥t✿
dirp✿ ❩❡✐❣❡r ❛✉❢ DIR✲❉❛t❡♥str✉❦t✉r

❘ü❝❦❣❛❜❡✇❡rt✿
❩❡✐❣❡r ❛✉❢ ❉❛t❡♥str✉❦t✉r ✈♦♠ ❚②♣ struct dirent✱ ✇❡♥♥ ❖❑
◆❯▲▲✱ ✇❡♥♥ ❱❡r③❡✐❝❤♥✐s ③✉ ❊♥❞❡ ❣❡❧❡s❡♥ ✇✉r❞❡ ✭errno✲❱❛r✐❛❜❧❡ ♥✐❝❤t
✈❡rä♥❞❡rt✮
◆❯▲▲✱ ✇❡♥♥ ❋❡❤❧❡r ❛✉❢❣❡tr❡t❡♥ ✐st ✭errno✲❱❛r✐❛❜❧❡ ❡♥t❤ä❧t ❋❡❤❧❡r❝♦❞❡✮

❍✐♥✇❡✐s✿ ❉❡r ❙♣❡✐❝❤❡r ❢ür struct dirent ✇✐r❞ ✉✳❯✳ ❜❡✐♠ ♥ä❝❤st❡♥
readdir✲❆✉❢r✉❢ ü❜❡rs❝❤r✐❡❜❡♥✦
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❱❡r③❡✐❝❤♥✐ss❡ ✭✺✮✿ ❇❡✐s♣✐❡❧

❆✉s❣❛❜❡ ❞❡r ❉❛t❡✐♥❛♠❡♥ ✐♠ ❛❦t✉❡❧❧❡♥ ❱❡r③❡✐❝❤♥✐s✿
#include <sys/types.h>
#include <dirent.h>

DIR *dirp;
struct dirent *de;
int ret;

dirp = opendir("."); // akt. Verz. oeffnen
if (dirp == NULL) ... // Fehler

while (1) {
errno = 0;
de = readdir(dirp); // Eintrag lesen
if (de == NULL && errno != 0) ... // Fehler
if (de == NULL) break; // Ende erreicht

printf("%s\n", de->d_name);
}

ret = closedir(dirp); // Verz. schliessen
if (ret < 0) ... // Fehler
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Pr♦❣r❛♠♠✐❡rs❝❤♥✐ttst❡❧❧❡ ❢ür ❉❛t❡✐❡♥

❋✉♥❦t✐♦♥ss❝❤♥✐ttst❡❧❧❡✿
#include <sys/types.h>
#include <fcntl.h>

int open(const char *path, int flags, ...);

int close(int fd);

ssize_t read(int fd, void *buf, size_t count);
ssize_t write(int fd, const void *buf, size_t count);
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❉❛t❡✐❡♥ ✭✷✮✿ ❇❡✐s♣✐❡❧

❑♦♣✐❡r♣r♦❣r❛♠♠
#include <fcntl.h>

int ret;

int src_fd = open("src", O_RDONLY);
if (src_fd < 0) ... // Fehler
int dst_fd = open("dst", O_CREAT | O_TRUNC | O_WRONLY, 0777);
if (dst_fd < 0) ... // Fehler

while (1) {
char buf[1024];
len = read(src_fd, buf, sizeof(buf));
if (len < 0) ... // Fehler
if (len == 0) break;
ret = write(dst_fd, buf, len);
if (ret < 0) ... // Fehler

}

ret = close(dst_fd);
if (ret < 0) ... // Fehler
ret = close(src_fd);
if (ret < 0) ... // Fehler
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❉❛t❡✐❡♥ ✭✸✮

write✲❆✉❢r✉❢ ♠✉ss
❞❡♥ ❋✐❧❡✲❉❡s❦r✐♣t♦r ü❜❡r♣rü❢❡♥ ✭❉❛t❡✐ ❣❡ö✛♥❡t✱ ❉❛t❡✐ ❜❡s❝❤r❡✐❜❜❛r❄✮
❞✐❡ P✉✛❡r❛❞r❡ss❡✴✲❧ä♥❣❡ ü❜❡r♣rü❢❡♥
❞❡♥✴❞✐❡ ③✉ ❜❡s❝❤r❡✐❜❡♥❞❡♥ ❇❧ö❝❦❡ ❞❡s ▼❡❞✐✉♠s ❡r♠✐tt❡❧♥
❞❡♥✴❞✐❡ ❇❧ö❝❦❡ ✈♦♠ ▼❡❞✐✉♠ ❧❡s❡♥ ✭✇❡♥♥ ♥✐❝❤t ❣❛♥③❡r ❇❧♦❝❦
❣❡s❝❤r✐❡❜❡♥ ✇✐r❞✮
❞✐❡ ❡♥ts♣r❡❝❤❡♥❞❡♥ ❇②t❡s ✐♠ ❣❡❧❡s❡♥❡♥ ❇❧♦❝❦ ü❜❡rs❝❤r❡✐❜❡♥
❞❡♥✴❞✐❡ ❇❧ö❝❦❡ ❛✉❢ ❞❛s ▼❡❞✐✉♠ ③✉rü❝❦ü❜❡rtr❛❣❡♥
❞✐❡ ❆ttr✐❜✉t❡ ❛♥♣❛ss❡♥ ✭❉❛t✉♠ ❧❡t③t❡ ▼♦❞✐✜❦❛t✐♦♥✱ ▲ä♥❣❡ ❞❡r ❉❛t❡✐✮
✉♥❞ ✐st ❡✐♥ ❇❡tr✐❡❜ss②st❡♠✲❆✉❢r✉❢

=> write ✐st ❡✐♥❡ ③❡✐t❧✐❝❤ t❡✉r❡ ❖♣❡r❛t✐♦♥ ✭read ❡♥ts♣r❡❝❤❡♥❞✮✦

=> ❇❡ss❡r✿ ✈✐❡❧❡ ❇②t❡s ✭❛♠ ❇❡st❡♥✿ ❱✐❡❧❢❛❝❤❡ ❞❡r ❇❧♦❝❦❣röÿ❡✮ ❛♠
❙tü❝❦ ❧❡s❡♥✴s❝❤r❡✐❜❡♥

=> fopen✲✱ fclose✲✱ fread✲✱ fwrite✲✱ getchar✲✱ putchar✲✱
fscanf✲✱ fprintf✲✱ ✳✳✳ ✲❋✉♥❦t✐♦♥❡♥ ❛✉s ❞❡r ❈✲❇✐❜❧✐♦t❤❡❦ ❜❡♥✉t③❡♥✦
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❙♣❡③✐❛❧❞❛t❡✐❡♥

P❡r✐♣❤❡r❡ ●❡rät❡ ✭P❧❛tt❡✱ ❉r✉❝❦❡r✱ ❈❉✱ ❚❡r♠✐♥❛❧✱ ❙❝❛♥♥❡r✱ ✳✳✳✮
✇❡r❞❡♥ ❛❧s ❙♣❡③✐❛❧❞❛t❡✐❡♥ r❡♣räs❡♥t✐❡rt ✭/dev/sda✱ /dev/lp0✱
/dev/cdrom0✱ /dev/tty✱ ✳✳✳✮
✐♥ ■♥♦❞❡ st❡❤t

❚②♣✿
❇❧♦❝❦✲♦r✐❡♥t✐❡rt❡s ●❡rät ✭P❧❛tt❡✱ ❈❉✱ ❉❱❉✱ ❙❙❉✱ ✳✳✳✮
❩❡✐❝❤❡♥✲♦r✐❡♥t✐❡rt❡s ●❡rät ✭❉r✉❝❦❡r✱ ❚❡r♠✐♥❛❧✱ ❙❝❛♥♥❡r✱ ✳✳✳✮

st❛tt ❇❧♦❝❦♥✉♠♠❡r♥✿
▼❛❥♦r✲◆✉♠❜❡r✿ ❚②♣ ❞❡s ●❡rät❡s ✭P❧❛tt❡✱ ❉r✉❝❦❡r✱ ✳✳✳✮
▼✐♥♦r✲◆✉♠❜❡r✿ ◆✉♠♠❡r ❞❡s ●❡rät❡s ✭✸✳ ❉r✉❝❦❡r✱ ✺✳ ❚❡r♠✐♥❛❧✱ ✳✳✳✮

Ö✛♥❡♥ ❞❡r ●❡rät❡ s❝❤❛✛t ❡✐♥❡ ✭❡✈t❧✳ ❡①❦❧✉s✐✈❡✮ ❱❡r❜✐♥❞✉♥❣ ③✉♠
●❡rät✱ ❞✐❡ ❞✉r❝❤ ❚r❡✐❜❡r ❤❡r❣❡st❡❧❧t ✇✐r❞

●❡rät❡ ❦ö♥♥❡♥ ❞❛♥♥ ♠✐t read✲✱ write✲ ✉♥❞ ioctl✲❖♣❡r❛t✐♦♥❡♥
❛♥❣❡s♣r♦❝❤❡♥ ✇❡r❞❡♥
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❙♣❡③✐❛❧❞❛t❡✐❡♥ ✭✷✮✿ ❇❡✐s♣✐❡❧

❆✉s❣❛❜❡ ❛✉❢ ❉r✉❝❦❡r
#include <linux/lp.h>
int fd, ret;

/* Verbindung zum Drucker 0 herstellen. */
fd = open("/dev/lp0", O_WRONLY);
if (fd < 0) ...

/* Druckerstatus abfragen. */
ret = ioctl(fd, LPGETSTATUS, &state);
if (ret < 0) ...
if (state & LP_POUTPA) {
fprintf(stderr, "Out of paper!\n"); exit(1);

}

/* Auf Drucker schreiben. */
ret = write(fd, "Hallo, Drucker!\n\f", 17);
if (ret < 0) ...

/* Verbindung abbauen. */
ret = close(fd);
if (ret < 0) ...
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P❛rt✐t✐♦♥❡♥

❥❡❞❡ ❋❡st♣❧❛tt❡ ❦❛♥♥ ❛❧s ●❛♥③❡s ❡✐♥ ❉❛t❡✐s②st❡♠ ❡♥t❤❛❧t❡♥
❋❡st♣❧❛tt❡ ❡♥ts♣r✐❝❤t ❞❛♥♥ ❡✐♥❡r P❛rt✐t✐♦♥

❥❡❞❡ ❋❡st♣❧❛tt❡ ❦❛♥♥ ❛❜❡r ❛✉❝❤ ✉♥t❡rt❡✐❧t ✇❡r❞❡♥ ✐♥ ♠❡❤r❡r❡
P❛rt✐t✐♦♥❡♥

❡rst❡r ❇❧♦❝❦ ❞❡r P❧❛tt❡ ❡♥t❤ä❧t P❛rt✐t✐♦♥st❛❜❡❧❧❡
P❛rt✐t✐♦♥st❛❜❡❧❧❡ ❡♥t❤ä❧t ■♥❢♦r♠❛t✐♦♥❡♥

✇✐❡✈✐❡❧❡ P❛rt✐t✐♦♥❡♥ ❡①✐st✐❡r❡♥
✇✐❡ ❣r♦ÿ ❞✐❡ ❥❡✇❡✐❧✐❣❡♥ P❛rt✐t✐♦♥❡♥ s✐♥❞
✇♦ s✐❡ ❜❡❣✐♥♥❡♥

❥❡❞❡ P❛rt✐t✐♦♥
✇✐r❞ ❞✉r❝❤ ❡✐♥❡ ❙♣❡③✐❛❧❞❛t❡✐ r❡♣räs❡♥t✐❡rt❀ ③✳❇✳

/dev/sda✱ /dev/sdb ✭❣❛♥③❡ P❧❛tt❡✮
/dev/sda1✱ /dev/sda2✱ /dev/sdb1 ✭❚❡✐❧❡ ❞❡r ❥❡✇❡✐❧✐❣❡♥ P❧❛tt❡✮

❡♥t❤ä❧t ❡✐❣❡♥❡s ❉❛t❡✐s②st❡♠
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P❛rt✐t✐♦♥❡♥ ✭✷✮

❇ä✉♠❡ ❞❡r P❛rt✐t✐♦♥❡♥ ❦ö♥♥❡♥ ③✉ ❡✐♥❡♠ ❤♦♠♦❣❡♥❡♥ ❉❛t❡✐❜❛✉♠
③✉s❛♠♠❡♥❣❡s❡t③t ✇❡r❞❡♥ ✭●r❡♥③❡♥ ❢ür ❆♥✇❡♥❞❡r ♥✐❝❤t s✐❝❤t❜❛r✦✮

✒▼♦♥t✐❡r❡♥✑ ✈♦♥ ❉❛t❡✐❜ä✉♠❡♥ ✭♠♦✉♥t✐♥❣✮

❊✐♥ ❛✉s❣❡③❡✐❝❤♥❡t❡s ❉❛t❡✐s②st❡♠ ✐st ❞❛s ❘♦♦t ❋✐❧❡ ❙②st❡♠✱ ❞❡ss❡♥
❲✉r③❡❧✈❡r③❡✐❝❤♥✐s ❣❧❡✐❝❤③❡✐t✐❣ ❞❛s ❲✉r③❡❧✈❡r③❡✐❝❤♥✐s ❞❡s
●❡s❛♠ts②st❡♠s ✐st

❆♥❞❡r❡ ❉❛t❡✐s②st❡♠❡ ❦ö♥♥❡♥ ♠✐t ❞❡♠ mount✲❇❡❢❡❤❧ ✐♥ ❞❛s ❜❡st❡❤❡♥❞❡
❙②st❡♠ ❤✐♥❡✐♥♠♦♥t✐❡rt ✇❡r❞❡♥ ❜③✇✳ ♠✐t ❞❡♠ umount✲❇❡❢❡❤❧ ✇✐❡❞❡r
❡♥t❢❡r♥t ✇❡r❞❡♥✳
Ü❜❡r ❞❛s ◆❡t✇♦r❦ ❋✐❧❡ ❙②st❡♠ ✭◆❋❙✮ ❦ö♥♥❡♥ ❛✉❝❤ ❱❡r③❡✐❝❤♥✐ss❡
❛♥❞❡r❡r ❘❡❝❤♥❡r ✐♥ ❡✐♥❡♥ ❧♦❦❛❧❡♥ ❉❛t❡✐❜❛✉♠ ❤✐♥❡✐♥♠♦♥t✐❡rt ✇❡r❞❡♥
=> ●r❡♥③❡♥ ③✇✐s❝❤❡♥ ❉❛t❡✐s②st❡♠❡♥ ✈❡rs❝❤✐❡❞❡♥❡r ❘❡❝❤♥❡r ✇❡r❞❡♥
✉♥s✐❝❤t❜❛r
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▼♦♥t✐❡r❡♥ ❞❡s ❉❛t❡✐❜❛✉♠❡s
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◆❛❝❤ ❆✉s❢ü❤r✉♥❣ ❞❡s ▼♦♥t✐❡r❜❡❢❡❤❧s
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Ü❜❡r❜❧✐❝❦✿ ❚❡✐❧ ❉ ❇❡tr✐❡❜ss②st❡♠❛❜str❛❦t✐♦♥❡♥

✶✺ ◆❡❜❡♥❧ä✉✜❣❦❡✐t

✶✻ ❊r❣ä♥③✉♥❣❡♥ ③✉r ❊✐♥❢ü❤r✉♥❣ ✐♥ ❈

✶✼ ❇❡tr✐❡❜ss②st❡♠❡

✶✽ ❉❛t❡✐s②st❡♠❡

✶✾ Pr♦❣r❛♠♠❡ ✉♥❞ Pr♦③❡ss❡

✷✵ ❙♣❡✐❝❤❡r♦r❣❛♥✐s❛t✐♦♥

✷✶ ◆❡❜❡♥❧ä✉✜❣❡ Pr♦③❡ss❡❱
❴
❙
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Ü❜❡r❜❧✐❝❦

▼❡❤r❡r❡ Pr♦❣r❛♠♠❡✱ ❞✐❡

♥❡❜❡♥❧ä✉✜❣✱

❞②♥❛♠✐s❝❤ ❣❡st❛rt❡t✴❜❡❡♥❞❡t

ü❜❡r ❞❡✜♥✐❡rt❡ ❊✴❆✲❋✉♥❦t✐♦♥❡♥

✐❤r❡ ❯♠❣❡❜✉♥❣ st❡✉❡r♥✳
◗✉❡❧❧❡✿ ✇✇✇✳✇✐❦✐♣❡❞✐❛✳♦r❣

❏❡❞❡s ❧❛✉❢❡♥❞❡ Pr♦❣r❛♠♠ ❜❡❦♦♠♠t ❍❛r❞✇❛r❡ ③✉❣❡t❡✐❧t✿

❈P❯ ✭❩❡✐t❛♥t❡✐❧❡✮

❙♣❡✐❝❤❡r ✭❚❡✐❧ ❞❡s ●❡s❛♠ts♣❡✐❝❤❡rs✮

✉♥❞ ❦❛♥♥ ❇❡tr✐❡❜ss②st❡♠✲❑❡r♥✲❋✉♥❦t✐♦♥❡♥ ❛✉❢r✉❢❡♥✳
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Pr♦❣r❛♠♠✿ ❋♦❧❣❡ ✈♦♥ ❆♥✇❡✐s✉♥❣❡♥

Pr♦③❡ss✿ ❧❛✉❢❡♥❞❡s Pr♦❣r❛♠♠ ♠✐t s❡✐♥❡♥ ❉❛t❡♥

❍✐♥✇❡✐s✿ ❡✐♥ Pr♦❣r❛♠♠ ❦❛♥♥ s✐❝❤ ♠❡❤r❢❛❝❤ ✐♥ ❆✉s❢ü❤r✉♥❣ ❜❡✜♥❞❡♥✦
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Pr♦③❡ss❡

❉❡✜♥✐t✐♦♥ ✒Pr♦③❡ss✑✿ ❧❛✉❢❡♥❞❡s Pr♦❣r❛♠♠ ♠✐t s❡✐♥❡♥ ❉❛t❡♥

❡✐♥❡ ❡t✇❛s ❛♥❞❡r❡ ❙✐❝❤t✿
Pr♦③❡ss♦r ❩❡✐t❛♥t❡✐❧❡ ❛♠ ❡❝❤t❡♥ Pr♦③❡ss♦r
❙♣❡✐❝❤❡r ✈✐rt✉❡❧❧❡r ❙♣❡✐❝❤❡r

■♥t❡rr✉♣ts ❙✐❣♥❛❧❡
❊✴❆✲●❡rät❡ ❊✴❆✲❇❡tr✐❡❜ss②st❡♠✲❋✉♥❦t✐♦♥❡♥
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Pr♦③❡ss❡ ✭✷✮

▼❡❤r♣r♦❣r❛♠♠❜❡tr✐❡❜ ✭✒▼✉❧t✐t❛s❦✐♥❣✑✮
♠❡❤r❡r❡ Pr♦③❡ss❡ ❦ö♥♥❡♥ q✉❛s✐ ❣❧❡✐❝❤③❡✐t✐❣ ❛✉s❣❡❢ü❤rt ✇❡r❞❡♥
st❡❤❡♥ ✇❡♥✐❣❡r Pr♦③❡ss♦r❡♥ ③✉r ❱❡r❢ü❣✉♥❣✱ ❛❧s Pr♦③❡ss❡ ❛✉s❣❡❢ü❤rt
✇❡r❞❡♥ s♦❧❧❡♥✱ ✇❡r❞❡♥ ❩❡✐t❛♥t❡✐❧❡ ❞❡r ❘❡❝❤❡♥③❡✐t ❛♥ ❞✐❡ Pr♦③❡ss❡
✈❡r❣❡❜❡♥ ✭❚✐♠❡ ❙❤❛r✐♥❣ ❙②st❡♠✮
❞✐❡ ❊♥ts❝❤❡✐❞✉♥❣✱ ✇❡❧❝❤❡r Pr♦③❡ss ③✉ ✇❡❧❝❤❡♠ ❩❡✐t♣✉♥❦t ✇✐❡✈✐❡❧
❘❡❝❤❡♥③❡✐t ❜❡❦♦♠♠t✱ tr✐✛t ❞❡r ❇❡tr✐❡❜ss②st❡♠✲❑❡r♥ ✭❙❝❤❡❞✉❧❡r✮
❞✐❡ ❯♠s❝❤❛❧t✉♥❣ ③✇✐s❝❤❡♥ Pr♦③❡ss❡♥ ❡r❢♦❧❣t ❞✉r❝❤ ❞❡♥
❇❡tr✐❡❜ss②st❡♠✲❑❡r♥ ✭❉✐s♣❛t❝❤❡r✮
❧❛✉❢❡♥❞❡ Pr♦③❡ss❡ ✇✐ss❡♥ ♥✐❝❤t✱ ❛♥ ✇❡❧❝❤❡♥ ❙t❡❧❧❡♥ ❛✉❢ ❛♥❞❡r❡ Pr♦③❡ss❡
✉♠❣❡s❝❤❛❧t❡t ✇✐r❞
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Pr♦③❡ss③✉stä♥❞❡

❊✐♥ Pr♦③❡ss ❜❡✜♥❞❡t s✐❝❤ ✐♥ ❡✐♥❡♠ ❞❡r ❢♦❧❣❡♥❞❡♥ ❩✉stä♥❞❡

❊r③❡✉❣t✿ ✭◆❡✇✮
Pr♦③❡ss ✇✉r❞❡ ❡r③❡✉❣t✱ ❜❡s✐t③t ❛❜❡r ♥♦❝❤ ♥✐❝❤t ❛❧❧❡ ③✉♠ ▲❛✉❢❡♥
♥♦t✇❡♥❞✐❣❡♥ ❇❡tr✐❡❜s♠✐tt❡❧

❇❡r❡✐t✿ ✭❘❡❛❞②✮
Pr♦③❡ss ❜❡s✐t③t ❛❧❧❡ ♥öt✐❣❡♥ ❇❡tr✐❡❜s♠✐tt❡❧ ✉♥❞ ✐st ❜❡r❡✐t ③✉ ❧❛✉❢❡♥

▲❛✉❢❡♥❞✿ ✭❘✉♥♥✐♥❣✮
Pr♦③❡ss ✇✐r❞ ✈♦♠ r❡❛❧❡♥ Pr♦③❡ss♦r ❛✉s❣❡❢ü❤rt

❇❧♦❝❦✐❡rt✿ ✭❇❧♦❝❦❡❞✮
Pr♦③❡ss ✇❛rt❡t ❛✉❢ ❡✐♥ ❊r❡✐❣♥✐s ✭❋❡rt✐❣st❡❧❧✉♥❣ ❡✐♥❡r ❊✐♥✲ ♦❞❡r
❆✉s❣❛❜❡♦♣❡r❛t✐♦♥✮

❇❡❡♥❞❡t✿ ✭❚❡r♠✐♥❛t❡❞✮
Pr♦③❡ss ✐st ❜❡❡♥❞❡t✱ s❡✐♥❡ ❇❡tr✐❡❜s♠✐tt❡❧ s✐♥❞ ♥♦❝❤ ♥✐❝❤t ❛❧❧❡
❢r❡✐❣❡❣❡❜❡♥
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❩✉st❛♥❞s❞✐❛❣r❛♠♠ ♠✐t Ü❜❡r❣ä♥❣❡♥✿

❝© ❦❧s ❙P✐❈ ✭❚❡✐❧ ❉✱ ❙❙ ✶✼✮ ✶✾ Pr♦❣r❛♠♠❡ ✉♥❞ Pr♦③❡ss❡ ⑤ ✶✾✳✷ Pr♦③❡ss❡ ✶✾✕✻

✶✾
✲P

r♦
③❡
ss
❡✿

✷✵
✶✼

✲✵
✹✲
✷✹



Pr♦③❡ss✇❡❝❤s❡❧

❏❡❞❡r Pr♦③❡ss ❤❛t ❩✉st❛♥❞✴❑♦♥t❡①t
❘❡❣✐st❡r✐♥❤❛❧t❡ ❞❡s Pr♦③❡ss♦rs
■♥❤❛❧t❡ ❞❡r ❙♣❡✐❝❤❡r❜❡r❡✐❝❤❡
♦✛❡♥❡ ❉❛t❡✐❡♥✱ ❛❦t✉❡❧❧❡s ❱❡r③❡✐❝❤♥✐s✱ ✳✳✳

❇❡✐♠ Pr♦③❡ss✇❡❝❤s❡❧ ✭❈♦♥t❡①t ❙✇✐t❝❤✮
✇✐r❞ ❞❡r ■♥❤❛❧t ❞❡r Pr♦③❡ss♦rr❡❣✐st❡r ❛❜❣❡s♣❡✐❝❤❡rt✱
❡✐♥ ♥❡✉❡r Pr♦③❡ss ❛✉s❣❡✇ä❤❧t✱
❞✐❡ ❆❜❧❛✉❢✉♠❣❡❜✉♥❣ ❞❡s ♥❡✉❡♥ Pr♦③❡ss❡s ❤❡r❣❡st❡❧❧t

❯♠♣r♦❣r❛♠♠✐❡r✉♥❣ ❞❡r ▼▼❯
❲❡❝❤s❡❧ ❞❡r ♦✛❡♥❡♥ ❉❛t❡✐❡♥✱ ❞❡s ❛❦t✉❡❧❧❡♥ ❱❡r③❡✐❝❤♥✐ss❡s✱ ✳✳✳

✇❡r❞❡♥ ❞✐❡ ❣❡s✐❝❤❡rt❡♥ ❘❡❣✐st❡r ❞❡s ♥❡✉❡♥ Pr♦③❡ss❡s ❣❡❧❛❞❡♥✳
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Pr♦③❡ss✇❡❝❤s❡❧

❆❜❧❛✉❢ ✈♦♥ ③✇❡✐ Pr♦③❡ss❡♥ ✐♥ ❇❡♥✉t③❡r♠♦❞✉s ✉♥❞ ❑❡r♥ ♠✐t
❯♠s❝❤❛❧t✉♥❣
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Pr♦③❡ss❦♦♥tr♦❧❧❜❧♦❝❦

Pr♦③❡ss❦♦♥tr♦❧❧❜❧♦❝❦ ✭Pr♦❝❡ss ❈♦♥tr♦❧ ❇❧♦❝❦ ✕ P❈❇✮

❉❛t❡♥str✉❦t✉r ❞❡s ❇❡tr✐❡❜ss②st❡♠✲❑❡r♥s✱ ❞✐❡ ❛❧❧❡ ♥♦t✇❡♥❞✐❣❡♥
❉❛t❡♥ ❢ür ❡✐♥❡♥ Pr♦③❡ss ❡♥t❤ä❧t✳

❇❡✐s♣✐❡❧ ❯◆■❳✿
Pr♦③❡ss✲■❉ ✭P■❉✮
Pr♦③❡ss③✉st❛♥❞ ✭▲❛✉❢❡♥❞✱ ❇❡r❡✐t✱ ✳✳✳✮
❘❡❣✐st❡r
❙♣❡✐❝❤❡r❛❜❜✐❧❞✉♥❣
❊✐❣❡♥tü♠❡r ✭❯■❉✱ ●■❉✮
❲✉r③❡❧✈❡r③❡✐❝❤♥✐s✱ ❛❦t✉❡❧❧❡s ❱❡r③❡✐❝❤♥✐s
♦✛❡♥❡ ❉❛t❡✐❡♥
✳✳✳
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❇❡✐s♣✐❡❧✿ ❯◆■❳

Ü❜❡r❜❧✐❝❦✿

❢♦r❦✿ ❊r③❡✉❣✉♥❣ ✈♦♥ ♥❡✉❡♥ Pr♦③❡ss❡♥
❡①✐t✿ ❚❡r♠✐♥✐❡r❡♥ ✈♦♥ Pr♦③❡ss❡♥
✇❛✐t♣✐❞✿ ❲❛rt❡♥ ❛✉❢ ❞❛s ❚❡r♠✐♥✐❡r❡♥ ✈♦♥ Pr♦③❡ss❡♥
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Pr♦❣r❛♠♠✐❡rs❝❤♥✐ttst❡❧❧❡

❉✉♣❧✐③✐❡r❡♥ ❞❡s ❣❡r❛❞❡ ❧❛✉❢❡♥❞❡♥ Pr♦③❡ss❡s
#include <unistd.h>

pid_t fork(void);

❚❡r♠✐♥✐❡r❡♥ ❞❡s ❛❦t✉❡❧❧❡♥ Pr♦③❡ss❡s
#include <stdlib.h>

void exit(int status);

❲❛rt❡♥ ❛✉❢ ❞❛s ❚❡r♠✐♥✐❡r❡♥ ❡✐♥❡s ❛♥❞❡r❡♥ Pr♦③❡ss❡s
#include <sys/types.h>
#include <sys/wait.h>

pid_t waitpid(pid_t pid, int *status, int options);
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❇❡✐s♣✐❡❧

pid_t pid, ret;
int status;

pid = fork();
switch (pid) {
case -1: /* Error */

perror("fork");
exit(1);

case 0: /* Child */
do_child_work();
exit(13);

default: /* Parent */
do_parent_work();
ret = waitpid(pid, &status, 0);
/*
* In case of no error:

* ret == pid

* WIFEXITED(status) == 1

* WEXITSTATUS(status) == 13

*/
break;

}
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Pr♦③❡ss❡r③❡✉❣✉♥❣

❉❡r ❑✐♥❞✲Pr♦③❡ss ✐st ❑♦♣✐❡ ❞❡s ❱❛t❡r✲Pr♦③❡ss❡s
❣❧❡✐❝❤❡s Pr♦❣r❛♠♠
❣❧❡✐❝❤❡ ❉❛t❡♥ ✭❱❛r✐❛❜❧❡♥✲■♥❤❛❧t❡✮
❣❧❡✐❝❤❡r Pr♦❣r❛♠♠③ä❤❧❡r
❣❧❡✐❝❤❡s ❛❦t✉❡❧❧❡s ❱❡r③❡✐❝❤♥✐s✱ ❲✉r③❡❧✈❡r③❡✐❝❤♥✐s
❣❧❡✐❝❤❡ ❣❡ö✛♥❡t❡ ❉❛t❡✐❡♥

❡✐♥③✐❣❡ ❯♥t❡rs❝❤✐❡❞❡
✈❡rs❝❤✐❡❞❡♥❡ Pr♦③❡ss✲■❉s
❘ü❝❦❣❛❜❡✇❡rt ✈♦♥ fork
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❆✉s❢ü❤r✉♥❣ ✈♦♥ Pr♦❣r❛♠♠❡♥

❉❛s ✈♦♥ ❡✐♥❡♠ Pr♦③❡ss ❛✉s❣❡❢ü❤rt❡ Pr♦❣r❛♠♠ ❦❛♥♥ ❞✉r❝❤ ❡✐♥ ♥❡✉❡s
Pr♦❣r❛♠♠ ❡rs❡t③t ✇❡r❞❡♥✿
#include <unistd.h>

int execv(const char *path, char *argv[]);
int execl(const char *path, char *arg0, ...);

❇❡✐s♣✐❡❧✿

... /* Process A */
argv[0] = "ls";
argv[1] = "-l";
argv[2] = NULL;
execv("/bin/ls", argv);
/* Should not be reached. */

=>

... /* Process A */
int
main(int argc, char *argv[])
{

...
}

❉❛s ③✉✈♦r ❧❛✉❢❡♥❞❡ Pr♦❣r❛♠♠ ✇✐r❞ ❜❡❡♥❞❡t✱ ❞❛s ♥❡✉❡ ❣❡st❛rt❡t✳
❊s ✇✐r❞ ♥✉r ❞❛s Pr♦❣r❛♠♠ ❛✉s❣❡t❛✉s❝❤t✳
❉❡r Pr♦③❡ss ❧ä✉❢t ✇❡✐t❡r✦
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❙t❛rt ❡✐♥❡s Pr♦❣r❛♠♠s

❇❡✐s♣✐❡❧✿ ❙t❛rt ❞❡s Pr♦❣r❛♠♠s ./prog ♠✐t P❛r❛♠❡t❡r♥ -a ✉♥❞ -b

✳✳✳ ❛❧s ❱♦r❞❡r❣r✉♥❞✲Pr♦③❡ss✿
pid_t pid;

pid = fork();
switch (pid) {
case -1: /* Error */

perror("fork");
exit(EXIT_FAILURE);

case 0: /* Child */
execl("./prog", "prog",

"-a", "-b", NULL);
perror("./prog");
exit(EXIT_FAILURE);

default: /* Parent */
waitpid(pid, NULL, 0);
break;

}

✳✳✳ ❛❧s ❍✐♥t❡r❣r✉♥❞✲Pr♦③❡ss✿
pid_t pid;

pid = fork();
switch (pid) {
case -1: /* Error */

perror("fork");
exit(EXIT_FAILURE);

case 0: /* Child */
execl("./prog", "prog",

"-a", "-b", NULL);
perror("./prog");
exit(EXIT_FAILURE);

default: /* Parent */
/* No "waitpid" here! */
break;

}
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❙✐❣♥❛❧❡

▼✐❦r♦❝♦♥tr♦❧❧❡r ❦❛♥♥ ❛✉❢ ♥❡❜❡♥❧ä✉✜❣❡ ❊r❡✐❣♥✐ss❡ ✭■♥t❡rr✉♣ts✮ ♠✐t
■♥t❡rr✉♣t✲❙❡r✈✐❝❡✲❘♦✉t✐♥❡♥ r❡❛❣✐❡r❡♥✳

➘❤♥❧✐❝❤❡s ❑♦♥③❡♣t ❛✉❢ Pr♦③❡ss✲❊❜❡♥❡✿ ❙✐❣♥❛❧❡
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❙✐❣♥❛❧❡ ✭✷✮

■♥t❡rr✉♣t✿ ❛s②♥❝❤r♦♥❡s ❙✐❣♥❛❧ ❛✉❢❣r✉♥❞ ❡✐♥❡s ✒❡①t❡r♥❡♥✑ ❊r❡✐❣♥✐ss❡s
❈❚❘▲✲❈ ❛✉❢ ❞❡r ❚❛st❛t✉r ❣❡❞rü❝❦t
❚✐♠❡r ❛❜❣❡❧❛✉❢❡♥
❑✐♥❞✲Pr♦③❡ss t❡r♠✐♥✐❡rt
✳✳✳

❊①❝❡♣t✐♦♥✿ s②♥❝❤r♦♥❡s ❙✐❣♥❛❧✱ ❛✉s❣❡❧öst ❞✉r❝❤ ❞✐❡ ❆❦t✐✈✐tät ❞❡s
Pr♦③❡ss❡s
❩✉❣r✐✛ ❛✉❢ ✉♥❣ü❧t✐❣❡ ❙♣❡✐❝❤❡r❛❞r❡ss❡
■❧❧❡❣❛❧❡r ▼❛s❝❤✐♥❡♥❜❡❢❡❤❧
❉✐✈✐s✐♦♥ ❞✉r❝❤ ✵
❙❝❤r❡✐❜❡♥ ❛✉❢ ❡✐♥❡ ❣❡s❝❤❧♦ss❡♥❡ ❑♦♠♠✉♥✐❦❛t✐♦♥s✈❡r❜✐♥❞✉♥❣
✳✳✳

❑♦♠♠✉♥✐❦❛t✐♦♥✿ ❡✐♥ Pr♦③❡ss ✇✐❧❧ ❡✐♥❡♠ ❛♥❞❡r❡♥ ❡✐♥ ❊r❡✐❣♥✐s
s✐❣♥❛❧✐s✐❡r❡♥
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❙✐❣♥❛❧❡ ✭✸✮

❈❚❘▲✲❈✿
int main(void)
{

while (1) {
}

}

~> ./test
^C
~>

■❧❧❡❣❛❧❡r ❙♣❡✐❝❤❡r③✉❣r✐✛✿
int main(void)
{

*(int *) 0 = 0;
return 0;

}

~> ./test
Segmentation fault
~>

■♥t❡r✲Pr♦③❡ss✲❑♦♠♠✉♥✐❦❛t✐♦♥✿
int main(void)
{

while (1) {
}

}

~> ./test
Terminated
~>

~> killall test
~>
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❘❡❛❦t✐♦♥ ❛✉❢ ❙✐❣♥❛❧❡

❛❜♦rt✿
❡r③❡✉❣t ❈♦r❡✲❉✉♠♣ ✭❙♣❡✐❝❤❡r✲ ✉♥❞ ❘❡❣✐st❡r✐♥❤❛❧t❡ ✇❡r❞❡♥ ✐♥
❉❛t❡✐ ./core ❣❡s❝❤r✐❡❜❡♥✮ ✉♥❞ ❜❡❡♥❞❡t Pr♦③❡ss
❙t❛♥❞❛r❞❡✐♥st❡❧❧✉♥❣ ❢ür ❛❧❧❡ ❊①❝❡♣t✐♦♥s ✭③✉♠ ♥❛❝❤trä❣❧✐❝❤❡♥
❉❡❜✉❣❣❡♥✮

❡①✐t✿
❜❡❡♥❞❡t Pr♦③❡ss ✭♦❤♥❡ ❈♦r❡✲❉✉♠♣✮
❙t❛♥❞❛r❞❡✐♥st❡❧❧✉♥❣ ❢ür ③✳❇✳ ❈❚❘▲✲❈✱ ❑✐❧❧✲❙✐❣♥❛❧

✐❣♥♦r❡✿
❙✐❣♥❛❧ ✇✐r❞ ✐❣♥♦r✐❡rt
❙t❛♥❞❛r❞❡✐♥st❡❧❧✉♥❣ ❢ür ❛❧❧❡ ✒✉♥✇✐❝❤t✐❣❡♥✑ ❙✐❣♥❛❧❡ ✭③✳❇✳
❑✐♥❞♣r♦③❡ss t❡r♠✐♥✐❡rt✱ ●röÿ❡ ❞❡s ❚❡r♠✐♥❛❧✲❋❡♥st❡rs ❤❛t s✐❝❤
❣❡ä♥❞❡rt✮

✳✳✳
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❘❡❛❦t✐♦♥ ❛✉❢ ❙✐❣♥❛❧❡ ✭✷✮

✳✳✳

❤❛♥❞❧❡r✿
❆✉❢r✉❢ ❡✐♥❡r ❙✐❣♥❛❧❜❡❤❛♥❞❧✉♥❣s❢✉♥❦t✐♦♥✱ ❞❛♥❛❝❤ ❋♦rts❡t③✉♥❣ ❞❡s
Pr♦③❡ss❡s
♥✐❡ ❙t❛♥❞❛r❞❡✐♥st❡❧❧✉♥❣✱ ❞❛ Pr♦❣r❛♠♠✲❛❜❤ä♥❣✐❣

st♦♣✿
st♦♣♣t Pr♦③❡ss
❙t❛♥❞❛r❞❡✐♥st❡❧❧✉♥❣ ❢ür ❙t♦♣✲❙✐❣♥❛❧

❝♦♥t✐♥✉❡✿
s❡t③t Pr♦③❡ss ❢♦rt
❙t❛♥❞❛r❞❡✐♥st❡❧❧✉♥❣ ❢ür ❈♦♥t✐♥✉❡✲❙✐❣♥❛❧

❘❡❛❦t✐♦♥ ü❜❡r ❙②st❡♠✲❆✉❢r✉❢ ✭sigaction✮ ä♥❞❡r❜❛r
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Pr♦❣r❛♠♠✐❡rs❝❤♥✐ttst❡❧❧❡

❊✐♥st❡❧❧❡♥ ❞❡r ❙✐❣♥❛❧❜❡❤❛♥❞❧✉♥❣s❢✉♥❦t✐♦♥
✭❡♥ts♣r✐❝❤t ❞❡♠ ❙❡t③❡♥ ❞❡r ■❙❘✲❋✉♥❦t✐♦♥✮
#include <signal.h>

int sigaction(int sig, struct sigaction *new, struct sigaction *old);

struct sigaction ❡♥t❤ä❧t✿
void (*sa_handler)(int sig); /* handler function

or SIG_DFL or SIG_IGN */
sigset_t sa_mask; /* list of blocked signals while

handler is executed */
int sa_flags; /* ... */

✳✳✳
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Pr♦❣r❛♠♠✐❡rs❝❤♥✐ttst❡❧❧❡

✳✳✳

❇❧♦❝❦✐❡r❡♥✴❋r❡✐❣❡❜❡♥ ✈♦♥ ❙✐❣♥❛❧❡♥
✭❡♥ts♣r✐❝❤ cli()✱ sei()✮
#include <signal.h>

int sigprocmask(int how, sigset_t *nmask, sigset_t *omask);

SIG_BLOCK✿ ❛♥❣❡❣❡❜❡♥❡ ❙✐❣♥❛❧❡ ❜❧♦❝❦✐❡r❡♥
SIG_UNBLOCK✿ ❛♥❣❡❣❡❜❡♥❡ ❙✐❣♥❛❧❡ ❞❡❜❧♦❝❦✐❡r❡♥
SIG_SETMASK✿ ❙✐❣♥❛❧♠❛s❦❡ s❡t③❡♥

❋r❡✐❣❡❜❡♥ ✰ P❛ss✐✈❡s ❲❛rt❡♥ ❛✉❢ ❙✐❣♥❛❧ ✰ ✇✐❡❞❡r ❇❧♦❝❦✐❡r❡♥
✭❡♥ts♣r✐❝❤t sei(); sleep_cpu(); cli();✮
#include <signal.h>

int sigsuspend(sigset_t *mask);

✳✳✳
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Pr♦❣r❛♠♠✐❡rs❝❤♥✐ttst❡❧❧❡

✳✳✳

❊rst❡❧❧❡♥ ❡✐♥❡r ❧❡❡r❡♥ ❙✐❣♥❛❧✲▲✐st❡
#include <signal.h>

int sigemptyset(sigset_t *mask);

❊rst❡❧❧❡♥ ❡✐♥❡r ✈♦❧❧❡♥ ❙✐❣♥❛❧✲▲✐st❡
int sigfillset(sigset_t *mask);

❍✐♥③✉❢ü❣❡♥ ❡✐♥❡s ❙✐❣♥❛❧s ③✉ ❡✐♥❡r ❙✐❣♥❛❧✲▲✐st❡
int sigaddset(sigset_t *mask, int sig);

❊♥t❢❡r♥❡♥ ❡✐♥❡s ❙✐❣♥❛❧s ❛✉s ❡✐♥❡r ❙✐❣♥❛❧✲▲✐st❡
int sigdelset(sigset_t *mask, int sig);
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Pr♦❣r❛♠♠✐❡rs❝❤♥✐ttst❡❧❧❡

❚②♣✐s❝❤❡ ❙✐❣♥❛❧❡✿
❙■●❙❊●❱✿ ✒❙❡❣♠❡♥t❛t✐♦♥ ❋❛✉❧t✑ ✭✉♥❣ü❧t✐❣❡r ❙♣❡✐❝❤❡r③✉❣r✐✛✮
❙■●■◆❚✿ ✒■♥t❡rr✉♣t✑ ✭❈❚❘▲✲❈✮
❙■●❆▲❘▼✿ ✒❆❧❛r♠✑ ✭❚✐♠❡r ❛❜❣❡❧❛✉❢❡♥✮
❙■●❈❍▲❉✿ ✒❈❤✐❧❞✑ ✭❑✐♥❞♣r♦③❡ss t❡r♠✐♥✐❡rt✮
❙■●❚❊❘▼✿ ✒❚❡r♠✐♥❛t❡✑ ✭❆❜❜r✉❝❤ ❞❡s Pr♦③❡ss❡s❀ ❛❜❢❛♥❣❜❛r✮
❙■●❑■▲▲✿ ✒❑✐❧❧✑ ✭❆❜❜r✉❝❤ ❞❡s Pr♦③❡ss❡s❀ ♥✐❝❤t ❛❜❢❛♥❣❜❛r✮
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❙✐❣♥❛❧✲❇❡✐s♣✐❡❧ ✶

#include <signal.h>
#include <stdio.h>
#include <string.h>
#include <unistd.h>

int main(void)
{
// Call handler when
// CTRL-C signal is received.
struct sigaction sa;
sa.sa_handler = handler;
sigfillset(&sa.sa_mask);
sa.sa_flags = 0;
sigaction(SIGINT, &sa, NULL);

for (int i = 0; ; i++) {
printf("%d\n", i);

}
return 0;

}

static void handler(int sig)
{

char s[] = "CTRL-C!\n";
write(STDOUT_FILENO,

s, strlen(s));
}

✭❋❡❤❧❡r❜❡❤❛♥❞❧✉♥❣
✇❡❣❣❡❧❛ss❡♥✳✳✳✮
~> ./test
...
146431
146432
146433
14^CCTRL-C!
6434
146435
146436
...
~>
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❙✐❣♥❛❧✲❇❡✐s♣✐❡❧ ✷

int main(void)
{
// Call handler when
// timer signal is received.
struct sigaction sa;
sa.sa_handler = handler;
sigfillset(&sa.sa_mask);
sa.sa_flags = 0;
sigaction(SIGALRM, &sa, NULL);

// Send timer signal every sec.
struct itimerval it;
it.it_value.tv_sec = 1;
it.it_value.tv_usec = 0;
it.it_interval.tv_sec = 1;
it.it_interval.tv_usec = 0;
setitimer(ITIMER_REAL, &it, NULL);

// Wait for timer ticks.
sigset_t mask;
sigemptyset(&mask);
while (1) sigsuspend(&mask);

}

static void handler(int sig)
{
write(STDOUT_FILENO,

"Tick\n", 5);
}

✭❋❡❤❧❡r❜❡❤❛♥❞❧✉♥❣
✇❡❣❣❡❧❛ss❡♥✳✳✳✮
~> ./test
Tick
Tick
Tick
^C
~>
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❙✐❣♥❛❧✲❇❡✐s♣✐❡❧ ✸

#include <signal.h>
#include <unistd.h>

int main(void)
{
// Call handler when
// I/O signal is received.
struct sigaction sa;
sa.sa_handler = handler;
sigfillset(&sa.sa_mask);
sa.sa_flags = 0;
sigaction(SIGIO, &sa, NULL);

// Send I/O signal when
// STDIN can be read.
int flags = fcntl(STDIN_FILENO,

F_GETFL);
flags |= O_ASYNC;
fcntl(STDIN_FILENO, F_SETFL,

flags);

while (1) sleep(1);
}

static void handler(int sig)
{
char buf[256];
int len;

// Read chars from STDIN.
len = read(STDIN_FILENO, buf,

sizeof(buf));

// Handle chars in buf.
...

}

✭❋❡❤❧❡r❜❡❤❛♥❞❧✉♥❣
✇❡❣❣❡❧❛ss❡♥✳✳✳✮
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❙✐❣♥❛❧❡ ✉♥❞ ◆❡❜❡♥❧ä✉✜❣❦❡✐t

❙✐❣♥❛❧❡ ❡r③❡✉❣❡♥ ◆❡❜❡♥❧ä✉✜❣❦❡✐t ✐♥♥❡r❤❛❧❜ ✈♦♥ Pr♦③❡ss❡♥

r❡s✉❧t✐❡r❡♥❞❡ Pr♦❜❧❡♠❡ ✈ö❧❧✐❣ ❛♥❛❧♦❣ ③✉ ◆❡❜❡♥❧ä✉✜❣❦❡✐t ❜❡✐
■♥t❡rr✉♣ts ❛✉❢ ❡✐♥❡♠ ▼✐❦r♦❝♦♥tr♦❧❧❡r
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◆❡❜❡♥❧ä✉✜❣❦❡✐ts❜❡✐s♣✐❡❧

int main(void) {
struct sigaction sa;
struct itimerval it;
/* Setup timer tick handler. */
sa.sa_handler = tick;
sa.sa_flags = 0;
sigfillset(&sa.sa_mask);
sigaction(SIGALRM, &sa, NULL);
/* Setup timer. */
it.it_value.tv_sec = 1;
it.it_value.tv_usec = 0;
it.it_interval.tv_sec = 1;
it.it_interval.tv_usec = 0;
setitimer(ITIMER_REAL, &it, NULL);
/* Print time while working. */
while (1) { ↓ hier Signal
int s = sec, m = min, h = hour;
printf("%02d:%02d:%02d\n", h, m, s);
do_work();

}
}

✭❋❡❤❧❡r❜❡❤❛♥❞❧✉♥❣ ✇❡❣❣❡❧❛ss❡♥✳✳✳✮

volatile int hour = 0;
volatile int min = 0;
volatile int sec = 0;

static void tick(int sig) {
sec++;
if (60 <= sec) {
sec = 0; min++;

}
if (60 <= min) {
min = 0; hour++;

}
if (24 <= hour) {
hour = 0;

}
}

~> ./test
...
23:59:59
00:59:59 ← hier Problem!
00:00:00
...
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▲ös✉♥❣❡♥ ◆❡❜❡♥❧ä✉✜❣❦❡✐ts❜❡✐s♣✐❡❧

✶✳ ▲ös✉♥❣ ✷✳ ▲ös✉♥❣

sigset_t nmask, omask;

/* Block SIGALRM. */
sigemptyset(&nmask);
sigaddset(&nmask, SIGALRM);
sigprocmask(SIG_BLOCK,

&nmask, &omask);

/* Get current time. */
int s = sec, m = min, h = hour;

/* Restore signal mask. */
sigprocmask(SIG_SETMASK,

&omask, NULL);

/* Print current time. */
printf("%02d:%02d:%02d\n",

h, m, s);

/* Get current time. */
int s, m, h;
do {
s = sec;
m = min;
h = hour;

} while (s != sec
|| m != min
|| h != hour);

/* Print current time. */
printf("%02d:%02d:%02d\n",

h, m, s);

❲❡✐t❡r❡ ▲ös✉♥❣❡♥ ❡①✐st✐❡r❡♥✳✳✳

❝© ❦❧s ❙P✐❈ ✭❚❡✐❧ ❉✱ ❙❙ ✶✼✮ ✶✾ Pr♦❣r❛♠♠❡ ✉♥❞ Pr♦③❡ss❡ ⑤ ✶✾✳✻ ◆❡❜❡♥❧ä✉✜❣❦❡✐t ✶✾✕✸✵

✶✾
✲P

r♦
③❡
ss
❡✿

✷✵
✶✼

✲✵
✹✲
✷✹



◆❡❜❡♥❧ä✉✜❣❦❡✐ts♣r♦❜❧❡♠❡

❩✉sät③❧✐❝❤❡s Pr♦❜❧❡♠✿
✐♥t❡r♥❡ ❋✉♥❦t✐♦♥s✇❡✐s❡ ✈♦♥ ❇✐❜❧✐♦t❤❡❦s❢✉♥❦t✐♦♥❡♥ ✐✳❆✳ ✉♥❜❡❦❛♥♥t

❇❡✐s♣✐❡❧ ✶✿
printf ❢ü❣t ❩❡✐❝❤❡♥ ✐♥ P✉✛❡r ❡✐♥
=> ◆✉t③✉♥❣ ✈♦♥ printf ✐♠ ❍❛✉♣t♣r♦❣r❛♠♠ ✉♥❞ ✐♥
❙✐❣♥❛❧✲❇❡❤❛♥❞❧✉♥❣s❢✉♥❦t✐♦♥ ✉✳❯✳ ❣❡❢ä❤r❧✐❝❤

❇❡✐s♣✐❡❧ ✷✿
malloc ❞✉r❝❤s✉❝❤t ▲✐st❡ ♥❛❝❤ ❢r❡✐❡♠ ❙♣❡✐❝❤❡r❜❡r❡✐❝❤❀ free ❢ü❣t
❇❧♦❝❦ ✐♥ ▲✐st❡ ❡✐♥
=> ◆✉t③✉♥❣ ✈♦♥ malloc✴free ✐♠ ❍❛✉♣t♣r♦❣r❛♠♠ ✉♥❞ ✐♥
❙✐❣♥❛❧✲❇❡❤❛♥❞❧✉♥❣s❢✉♥❦t✐♦♥ ✉✳❯✳ ❣❡❢ä❤r❧✐❝❤
▲ös✉♥❣✿

❙✐❣♥❛❧❡ ✇ä❤r❡♥❞ ❞❡r ❆✉s❢ü❤r✉♥❣ ❦r✐t✐s❝❤❡r ❇❡r❡✐❝❤❡ ❜❧♦❝❦✐❡r❡♥ ♦❞❡r
❦❡✐♥❡ ✉♥❜❡❦❛♥♥t❡♥ ❇✐❜❧✐♦t❤❡❦s❢✉♥❦t✐♦♥❡♥ ❛✉s
❙✐❣♥❛❧✲❇❡❤❛♥❞❧✉♥❣s❢✉♥❦t✐♦♥❡♥ ❤❡r❛✉s ❛✉❢r✉❢❡♥
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Ü❜❡r❜❧✐❝❦✿ ❚❡✐❧ ❉ ❇❡tr✐❡❜ss②st❡♠❛❜str❛❦t✐♦♥❡♥

✶✺ ◆❡❜❡♥❧ä✉✜❣❦❡✐t

✶✻ ❊r❣ä♥③✉♥❣❡♥ ③✉r ❊✐♥❢ü❤r✉♥❣ ✐♥ ❈

✶✼ ❇❡tr✐❡❜ss②st❡♠❡

✶✽ ❉❛t❡✐s②st❡♠❡

✶✾ Pr♦❣r❛♠♠❡ ✉♥❞ Pr♦③❡ss❡

✷✵ ❙♣❡✐❝❤❡r♦r❣❛♥✐s❛t✐♦♥

✷✶ ◆❡❜❡♥❧ä✉✜❣❡ Pr♦③❡ss❡❱
❴
❙
P
■❈
❴
❤❛
♥❞
♦✉
t



❙♣❡✐❝❤❡r♦r❣❛♥✐s❛t✐♦♥

int a; // a: global, uninitialized
❲♦ ❦♦♠♠t ❞❡r
❙♣❡✐❝❤❡r ❢ür ❞✐❡s❡
❱❛r✐❛❜❧❡♥ ❤❡r❄

int b = 1; // b: global, initialized
const int c = 2; // c: global, const

void main() {
static int s = 3; // s: local, static, initialized
int x, y; // x: local, auto; y: local, auto
char* p = malloc( 100 ); // p: local, auto; *p: heap (100 byte)

}

❙t❛t✐s❝❤❡ ❆❧❧♦❦❛t✐♦♥ ✕ ❘❡s❡r✈✐❡r✉♥❣ ❜❡✐♠ Ü❜❡rs❡t③❡♥ ✴ ▲✐♥❦❡♥
❇❡tr✐✛t ❛❧❧❡ ❣❧♦❜❛❧❡♥✴st❛t✐s❝❤❡♥ ❱❛r✐❛❜❧❡♥✱ s♦✇✐❡ ❞❡♥ ❈♦❞❡ →֒ ✶✷✕✺

❆❧❧♦❦❛t✐♦♥ ❞✉r❝❤ P❧❛t③✐❡r✉♥❣ ✐♥ ❡✐♥❡r ❙❡❦t✐♦♥
✳t❡①t ✕ ❡♥t❤ä❧t ❞❡♥ Pr♦❣r❛♠♠❝♦❞❡ main()

✳❜ss ✕ ❡♥t❤ä❧t ❛❧❧❡ ♠✐t ✵ ✐♥✐t✐❛❧✐s✐❡rt❡♥ ❱❛r✐❛❜❧❡♥ a

✳❞❛t❛ ✕ ❡♥t❤ä❧t ❛❧❧❡ ♠✐t ❛♥❞❡r❡♥ ❲❡rt❡♥ ✐♥✐t❛❧✐s✐❡rt❡♥ ❱❛r✐❛❜❧❡♥ b✱s
✳r♦❞❛t❛ ✕ ❡♥t❤ä❧t ❛❧❧❡ ✉♥✈❡rä♥❞❡r❧✐❝❤❡♥ ❱❛r✐❛❜❧❡♥ c

❉②♥❛♠✐s❝❤❡ ❆❧❧♦❦❛t✐♦♥ ✕ ❘❡s❡r✈✐❡r✉♥❣ ③✉r ▲❛✉❢③❡✐t
❇❡tr✐✛t ❧♦❦❛❧❡ ❛✉t♦✲❱❛r✐❛❜❧❡♥ ✉♥❞ ❡①♣❧✐③✐t ❛♥❣❡❢♦r❞❡rt❡♥ ❙♣❡✐❝❤❡r
❙t❛❝❦ ✕ ❡♥t❤ä❧t ❛❧❧❡ ❛❦t✉❡❧❧ ❧❡❜❡♥❞✐❣❡♥ ❛✉t♦✲❱❛r✐❛❜❧❡♥ x✱y✱p
❍❡❛♣ ✕ ❡♥t❤ä❧t ❡①♣❧✐③✐t ♠✐t malloc() ❛♥❣❡❢♦r❞❡rt❡ ❙♣❡✐❝❤❡r❜❡r❡✐❝❤❡ *p

❝© ❦❧s ❙P✐❈ ✭❚❡✐❧ ❉✱ ❙❙ ✶✼✮ ✷✵ ❙♣❡✐❝❤❡r♦r❣❛♥✐s❛t✐♦♥ ⑤ ✷✵✳✶ ❊✐♥❢ü❤r✉♥❣ ✷✵✕✶
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❤❡
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❙♣❡✐❝❤❡r♦r❣❛♥✐s❛t✐♦♥ ❛✉❢ ❡✐♥❡♠ µ❈

ELF Header

...

Symbol Table <a>

.rodata c=2

.data
b=1
s=3

.text main

compile  / link

ELF-Binary

Quellprogramm

int a; // a: global, uninitialized
int b = 1; // b: global, initialized
const int c = 2; // c: global, const

void main() {
static int s = 3; // s: local, static, initialized
int x, y; // x: local, auto; y: local, auto
char* p = malloc( 100 ); // p: local, auto; *p: heap (100 byte)

}

❱❡r❢ü❣t ❞✐❡ ❆r❝❤✐t❡❦t✉r ü❜❡r ❦❡✐♥❡♥ ❉❛t❡♥✲❋❧❛s❤s♣❡✐❝❤❡r ✭❜❡✐♠ ❆❚♠❡❣❛ ❞❡r ❋❛❧❧ ✶✹✕✸ ✮✱
s♦ ✇❡r❞❡♥ ❦♦♥st❛♥t❡ ❱❛r✐❛❜❧❡♥ ❡❜❡♥❢❛❧❧s ✐♥ ❛❜❣❡❧❡❣t ✭✉♥❞ ❜❡❧❡❣❡♥ ③✉r ▲❛✉❢③❡✐t ❘❆▼✮✳
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✷✵
✲❙
♣❡
✐❝
❤❡
r✿
✷✵

✶✼
✲✵
✷✲
✶✼

❇❡✐♠ Ü❜❡rs❡t③❡♥ ✉♥❞ ▲✐♥❦❡♥
✇❡r❞❡♥ ❞✐❡ Pr♦❣r❛♠♠❡❧❡♠❡♥t❡
✐♥ ❡♥ts♣r❡❝❤❡♥❞❡♥ ❙❡❦t✐♦♥❡♥ ❞❡r
❊▲❋✲❉❛t❡✐ ③✉s❛♠♠❡♥ ❣❡❢❛sst✳
■♥❢♦r♠❛t✐♦♥❡♥ ③✉r ●röÿ❡ ❞❡r .bss✲
❙❡❦t✐♦♥ ❧❛♥❞❡♥ ❡❜❡♥❢❛❧❧s ✐♥ ❞❡r
❙②♠❜♦❧t❛❜❡❧❧❡✳



❙♣❡✐❝❤❡r♦r❣❛♥✐s❛t✐♦♥ ❛✉❢ ❡✐♥❡♠ µ❈

ELF Header

...

Symbol Table <a>

.rodata c=2

.data
b=1
s=3

.text main

.data
b=1
s=3

.rodata c=2

.text mainF
la

s
h

 /
 R

O
M

flash

compile  / link

ELF-Binaryμ-Controller

Quellprogramm

int a; // a: global, uninitialized
int b = 1; // b: global, initialized
const int c = 2; // c: global, const

void main() {
static int s = 3; // s: local, static, initialized
int x, y; // x: local, auto; y: local, auto
char* p = malloc( 100 ); // p: local, auto; *p: heap (100 byte)

}

❱❡r❢ü❣t ❞✐❡ ❆r❝❤✐t❡❦t✉r ü❜❡r ❦❡✐♥❡♥ ❉❛t❡♥✲❋❧❛s❤s♣❡✐❝❤❡r ✭❜❡✐♠ ❆❚♠❡❣❛ ❞❡r ❋❛❧❧ ✶✹✕✸ ✮✱
s♦ ✇❡r❞❡♥ ❦♦♥st❛♥t❡ ❱❛r✐❛❜❧❡♥ ❡❜❡♥❢❛❧❧s ✐♥ ❛❜❣❡❧❡❣t ✭✉♥❞ ❜❡❧❡❣❡♥ ③✉r ▲❛✉❢③❡✐t ❘❆▼✮✳
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✷✵
✲❙
♣❡
✐❝
❤❡
r✿
✷✵

✶✼
✲✵
✷✲
✶✼

❩✉r ■♥st❛❧❧❛t✐♦♥ ❛✉❢ ❞❡♠ µ❈ ✇❡r✲
❞❡♥ .text ✉♥❞ .[ro]data ✐♥ ❞❡♥
❋❧❛s❤✲❙♣❡✐❝❤❡r ❞❡s µ❈ ❣❡❧❛❞❡♥✳



❙♣❡✐❝❤❡r♦r❣❛♥✐s❛t✐♦♥ ❛✉❢ ❡✐♥❡♠ µ❈

ELF Header

...

Symbol Table <a>

.rodata c=2

.data
b=1
s=3

.text main

.data
b=1
s=3

.rodata c=2

.text main

.data
b=1
s=3

.bss a=0

...

x=?

y=?

p=

Stack

Heap

F
la

s
h

 /
 R

O
M

R
A

M

copy

init

flash

compile  / link

ELF-Binaryμ-Controller

Quellprogramm

int a; // a: global, uninitialized
int b = 1; // b: global, initialized
const int c = 2; // c: global, const

void main() {
static int s = 3; // s: local, static, initialized
int x, y; // x: local, auto; y: local, auto
char* p = malloc( 100 ); // p: local, auto; *p: heap (100 byte)

}
*p 

❱❡r❢ü❣t ❞✐❡ ❆r❝❤✐t❡❦t✉r ü❜❡r ❦❡✐♥❡♥ ❉❛t❡♥✲❋❧❛s❤s♣❡✐❝❤❡r ✭❜❡✐♠ ❆❚♠❡❣❛ ❞❡r ❋❛❧❧ →֒ ✶✹✕✸ ✮✱
s♦ ✇❡r❞❡♥ ❦♦♥st❛♥t❡ ❱❛r✐❛❜❧❡♥ ❡❜❡♥❢❛❧❧s ✐♥ .data ❛❜❣❡❧❡❣t ✭✉♥❞ ❜❡❧❡❣❡♥ ③✉r ▲❛✉❢③❡✐t ❘❆▼✮✳
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❇❡✐♠ ❙②st❡♠st❛rt ✇✐r❞ ❞❛s .bss✲
❙❡❣♠❡♥t ✐♠ ❘❆▼ ❛♥❣❡❧❡❣t ✉♥❞
♠✐t 0 ✐♥✐t✐❛❧✐s✐❡rt✱ ❞❛s .data✲
❙❡❣♠❡♥t ✇✐r❞ ❛✉s ❞❡♠ ❋❧❛s❤ ✐♥s
❘❆▼ ❦♦♣✐❡rt✳
❉❛s ✈❡r❜❧❡✐❜❡♥❞❡ ❘❆▼ ✇✐r❞ ❢ür
❞❡♥ ❙t❛❝❦ ✉♥❞ ✭❢❛❧❧s ✈♦r❤❛♥❞❡♥✮
❞❡♥ ❍❡❛♣ ✈❡r✇❡♥❞❡t✳



❙♣❡✐❝❤❡r♦r❣❛♥✐s❛t✐♦♥ ✐♥ ❡✐♥❡♠ ❯◆■❳✲Pr♦③❡ss

Pr♦❣r❛♠♠✿ ❋♦❧❣❡ ✈♦♥ ❆♥✇❡✐s✉♥❣❡♥

Pr♦③❡ss✿ ❇❡tr✐❡❜ss②st❡♠❦♦♥③❡♣t ③✉r ❆✉s❢ü❤r✉♥❣ ✈♦♥ Pr♦❣r❛♠♠❡♥
Pr♦❣r❛♠♠✱ ❞❛s s✐❝❤ ✐♥ ❆✉s❢ü❤r✉♥❣ ❜❡✜♥❞❡t✱ ✉♥❞ s❡✐♥❡ ❉❛t❡♥
✭❇❡❛❝❤t❡✿ ❡✐♥ Pr♦❣r❛♠♠ ❦❛♥♥ s✐❝❤ ♠❡❤r❢❛❝❤ ✐♥ ❆✉s❢ü❤r✉♥❣ ❜❡✜♥❞❡♥✮
❊✐♥❡ ❦♦♥❦r❡t❡ ❆✉s❢ü❤r✉♥❣s✉♠❣❡❜✉♥❣ ❢ür ❡✐♥ Pr♦❣r❛♠♠ ✭Pr♦③❡ss♦r✱
❙♣❡✐❝❤❡r✱ ✳ ✳ ✳ ✮ 7→ ✈♦♠ ❇❡tr✐❡❜ss②st❡♠ ✈❡r✇❛❧t❡t❡r ✈✐rt✉❡❧❧❡r ❈♦♠♣✉t❡r

❏❡❞❡r Pr♦③❡ss ❜❡❦♦♠♠t ❡✐♥❡♥ ✈✐rt✉❡❧❧❡♥ ❆❞r❡ssr❛✉♠ ③✉❣❡t❡✐❧t
✹ ●❇ ❛✉❢ ❡✐♥❡♠ ✸✷✲❇✐t✲❙②st❡♠✱ ❞❛✈♦♥ ❜✐s ③✉ ✸ ●❇ ❢ür ❞✐❡ ❆♥✇❡♥❞✉♥❣

■♥ ❞❛s ✈❡r❜❧❡✐❜❡♥❞❡ ●❇ ✇❡r❞❡♥ ❇❡tr✐❡❜ss②st❡♠ ✉♥❞ ♠❡♠♦r②✲♠❛♣♣❡❞

❍❛r❞✇❛r❡ ✭③✳ ❇✳ P❈■✲●❡rät❡✮ ❡✐♥❣❡❜❧❡♥❞❡t
❉❛t❡♥ ❞❡s ❇❡tr✐❡❜ss②st❡♠s ✇❡r❞❡♥ ❞✉r❝❤ ❩✉❣r✐✛sr❡❝❤t❡ ❣❡s❝❤üt③t

❩✉❣r✐✛ ❛✉❢ ❛♥❞❡r❡ Pr♦③❡ss❡ ✐st ♥✉r ü❜❡r ❞❛s ❇❡tr✐❡❜ss②st❡♠ ♠ö❣❧✐❝❤
❱✐rt✉❡❧❧❡r ❙♣❡✐❝❤❡r ✇✐r❞ ❞✉r❝❤ ❞❛s ❇❡tr✐❡❜ss②st❡♠ ❛✉❢
♣❤②s✐❦❛❧✐s❝❤❡♥ ✭❍✐♥t❡r❣r✉♥❞✲✮❙♣❡✐❝❤❡r ❛❜❣❡❜✐❧❞❡t
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❙♣❡✐❝❤❡r♦r❣❛♥✐s❛t✐♦♥ ✐♥ ❡✐♥❡♠ ❯◆■❳✲Pr♦③❡ss ✭❋♦rts✳✮

S
P

i
C
J.1 Speicherorganisation eines Prozesses

ELF-header

...

text

initialized data

symbol table

bss nicht initialisierte globale und static

Variablen (wird vor der Vergabe an

den Prozess mit 0 vorbelegt)

heap dynamische Erweiterungen des

bss-Segments (sbrk(2), malloc(3))

stack lokale Variablen,

Funktionsparameter,

Speicherbereiche für Registerinhalte,

(wird bei Bedarf dynamisch erweitert)

text

initialized data

bss

stack

heap

Betriebssystemdaten

d
a
ta

Aufbau eines

Programms

ELF-Format)

Laden des
Programms

text Programmkode

data globale und static

Variablen
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❙❡✐t❡♥❜❛s✐❡rt❡ ❙♣❡✐❝❤❡r✈❡r✇❛❧t✉♥❣

❉✐❡ ❆❜❜✐❧❞✉♥❣ ✈♦♥ ✈✐rt✉❡❧❧❡♠ ❙♣❡✐❝❤❡r ✭❱❙✮ ❛✉❢ ♣❤②s✐❦❛❧✐s❝❤❡♥
❙♣❡✐❝❤❡r ✭P❙✮ ❡r❢♦❧❣t ❞✉r❝❤ ❙❡✐t❡♥❛❞❞r❡ss✐❡r✉♥❣ ✭P❛❣✐♥❣✮
❱❙ ❡✐♥❡s Pr♦③❡ss❡s ✐st ✉♥t❡rt❡✐❧t ✐♥ ❙♣❡✐❝❤❡rs❡✐t❡♥ ✭▼❡♠♦r② P❛❣❡s✮

❦❧❡✐♥❡ ❆❞r❡ss❜❧ö❝❦❡✱ ü❜❧✐❝❤ s✐♥❞ ③✳ ❇✳ ✹ ❑✐❇ ✉♥❞ ✹ ▼✐❇ ❙❡✐t❡♥
✐♥ ❞✐❡s❡r ●r❛♥✉❧❛r✐tät ✇✐r❞ ❙♣❡✐❝❤❡r ✈♦♠ ❇❡tr✐❡❜ss②st❡♠ ③✉❣❡✇✐❡s❡♥

P❙ ✐st ❛♥❛❧♦❣ ✉♥t❡rt❡✐❧t ✐♥ ❙♣❡✐❝❤❡rr❛❤♠❡♥ ✭P❛❣❡ ❋r❛♠❡s✮
❆❜❜✐❧❞✉♥❣✿ ❙❡✐t❡ 7→ ❘❛❤♠❡♥ ü❜❡r ❡✐♥❡ ❙❡✐t❡♥t❛❜❡❧❧❡ ✭P❛❣❡ ❚❛❜❧❡✮

❯♠r❡❝❤♥✉♥❣ ❱❙ ❛✉❢ P❙ ❜❡✐ ❥❡❞❡♠ ❙♣❡✐❝❤❡r③✉❣r✐✛
❍❛r❞✇❛r❡✉♥t❡rstüt③✉♥❣ ❞✉r❝❤ ▼▼❯ ✭▼❡♠♦r② ▼❛♥❛❣❡♠❡♥t ❯♥✐t✮
❇❡tr✐❡❜ss②st❡♠ ❦❛♥♥ ❙❡✐t❡♥ ❛✉❢ ❞❡♥ ❍✐♥t❡r❣r✉♥❞s♣❡✐❝❤❡r ❛✉s❧❛❣❡r♥
❆❜❜✐❧❞✉♥❣ ✐st ♥✐❝❤t ❧✐♥❦s❡✐♥❞❡✉t✐❣✿ ❙❡✐t❡♥ ❛✉s ♠❡❤r❡r❡♥ Pr♦③❡ss❡ ❦ö♥♥❡♥
❛✉❢ ❞❡♥s❡❧❜❡♥ ❘❛❤♠❡♥ ✈❡r✇❡✐s❡♥ ✭③✳ ❇✳ ❣❡♠❡✐♥s❛♠❡r Pr♦❣r❛♠♠❝♦❞❡✮

❙❡✐t❡♥❜❛s✐❡rt❡ ❙♣❡✐❝❤❡r✈❡r✇❛❧t✉♥❣ ✐st ❛✉❝❤ ❡✐♥ ❙❝❤✉t③❦♦♥③❡♣t
❙❡✐t❡♥ s✐♥❞ ♠✐t ❩✉❣r✐✛sr❡❝❤t❡♥ ✈❡rs❡❤❡♥✿ ❘❡❛❞✱ ❘❡❛❞✕❲r✐t❡✱ ❊①❡❝✉t❡
▼▼❯ ü❜❡r♣rü❢t ❜❡✐ ❞❡r ❯♠r❡❝❤♥✉♥❣✱ ♦❜ ❞❡r ❩✉❣r✐✛ ❡r❧❛✉❜t ✐st
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❙❡✐t❡♥❜❛s✐❡rt❡ ❙♣❡✐❝❤❡r✈❡r✇❛❧t✉♥❣ ▲♦❣✐s❝❤❡ ❙✐❝❤t

J.4

J.1 Speicherorganisation eines Prozesses(3)

virt. Adressraum
Prozess 1

virt. Adressraum
Prozess 2

phys.
Hauptspeicher

Daten

Code

Stack
s11
s12
s13

c11
c12
c13
c14
d11
d12

c11

c12

c14

c13
s13

s12
s11

d12
d11

s21
s22

c11
c12
c13
c14
d21
d22

d22

d21

s21
s22

0
8k

16k
24k
32k
40k
48k

4 G
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❙❡✐t❡♥❜❛s✐❡rt❡ ❙♣❡✐❝❤❡r✈❡r✇❛❧t✉♥❣ ❚❡❝❤♥✐s❝❤❡ ❙✐❝❤t ✭■❆✸✷✮

!!!!"# $%&'(%)**+*&%,%!-./!0!1!23!456!!!!!!!!!!!789:;

=>:

DAE%!45FGHIHDAE%!45FGHIH

!!!!!!

!!!!!!

!!!!!!

DAE%!45FIHH;DAE%!45FIHH;

DAE%!:5I4DAE%!:5I4

!!!!!!

!!!!!!

!!!!!!

DAE%!;5FGDAE%!;5FG

DAE%!;5FIDAE%!;5FI

!!!!!!

!!!!!!

!!!!!!

DAE%!45;FDAE%!45;F

DAE%!45;:DAE%!45;:

!!!!!!

!!!!!!

!!!!!!

DAE%!5DAE%!5

JJJ

KAE%9L'A,%

FM($

-=N"%O!PA&%@6

KAE%9L'A,%

FM($

-=N"%O!PA&%@6

KAE%9L'A,%

FM($

-=N"%O!PA&%@6

KAE%9L'A,%

FM($

-=N"%O!PA&%@6

JJJ JJJJJJ

Q(@&'AE!45;:Q(@&'AE!45;:

!!!!!!

Q(@&'AE!;Q(@&'AE!;

Q(@&'AE!4Q(@&'AE!4

Q(@&'AE!5Q(@&'AE!5

P('%R&N'+P('%R&N'+ KAE%KAE% STT*%&STT*%&

5444;;4;;:4
.('&UA#

8"'%**

KAE%

P('%R&N'+

KAE%

VA)#%*

KAE%

L'A,%*

-DW+*J!8"'J6

KP!$A*(*KP!$A*(*

4;:4 544
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❉②♥❛♠✐s❝❤❡ ❙♣❡✐❝❤❡r❛❧❧♦❦❛t✐♦♥✿ ❍❡❛♣

❍❡❛♣ := ❱♦♠ Pr♦❣r❛♠♠ ❡①♣❧✐③✐t ✈❡r✇❛❧t❡t❡r ❘❆▼✲❙♣❡✐❝❤❡r
▲❡❜❡♥s❞❛✉❡r ✐st ✉♥❛❜❤ä♥❣✐❣ ✈♦♥ ❞❡r Pr♦❣r❛♠♠str✉❦t✉r

❆♥❢♦r❞❡r✉♥❣ ✉♥❞ ❲✐❡❞❡r❢r❡✐❣❛❜❡ ü❜❡r ③✇❡✐ ❇❛s✐s♦♣❡r❛t✐♦♥❡♥
void* malloc( size_t n ) ❢♦r❞❡rt ❡✐♥❡♥ ❙♣❡✐❝❤❡r❜❧♦❝❦ ❞❡r ●röÿ❡ ♥ ❛♥❀

❘ü❝❦❣❛❜❡ ❜❡✐ ❋❡❤❧❡r✿ ✵✲❩❡✐❣❡r ✭NULL✮
void free( void* pmem ) ❣✐❜t ❡✐♥❡♥ ③✉✈♦r ♠✐t malloc() ❛♥❣❡❢♦r❞❡rt❡♥

❙♣❡✐❝❤❡r❜❧♦❝❦ ✈♦❧❧stä♥❞✐❣ ✇✐❡❞❡r ❢r❡✐
❇❡✐s♣✐❡❧
#include <stdlib.h>

int* intArray( uint16_t n ) { // alloc int[n] array
return (int*) malloc( n * sizeof int );

}

void main() {
int* array = intArray(100); // alloc memory for 100 ints
if( array ) { // malloc() returns NULL on failure
· · · // if succeeded, use array
array[99] = 4711;
· · ·
free( array ); // free allocated block (** IMPORTANT! **)

}
}
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❉②♥❛♠✐s❝❤❡ ❙♣❡✐❝❤❡r❛❧❧♦❦❛t✐♦♥✿ ❙t❛❝❦

▲♦❦❛❧❡ ❱❛r✐❛❜❧❡♥✱ ❋✉♥❦t✐♦♥s♣❛r❛♠❡t❡r ✉♥❞ ❘ü❝❦s♣r✉♥❣❛❞r❡ss❡♥
✇❡r❞❡♥ ✈♦♠ Ü❜❡rs❡t③❡r ❛✉❢ ❞❡♠ ❙t❛❝❦ ✭❙t❛♣❡❧✱ ❑❡❧❧❡r✮ ✈❡r✇❛❧t❡t

Pr♦③❡ss♦rr❡❣✐st❡r [e]sp ③❡✐❣t ✐♠♠❡r ❛✉❢ ❞❡♥ ♥ä❝❤st❡♥ ❢r❡✐❡♥ ❊✐♥tr❛❣
❙t❛❝❦ ✒✇ä❝❤st✏ ✭❛r❝❤✐t❡❦t✉r❛❜❤ä♥❣✐❣✮ ✒✈♦♥ ♦❜❡♥ ♥❛❝❤ ✉♥t❡♥✏

❉✐❡ ❱❡r✇❛❧t✉♥❣ ❡r❢♦❧❣t ✐♥ ❋♦r♠ ✈♦♥ ❙t❛❝❦✲❋r❛♠❡s

gesicherter Framepointer von f1

Parameter für f1

Rücksprungadresse in main

Lokale Variablen von f2

main( )

f1( )

f2( )

Lokale Variablen von f1

Parameter für f2

Rücksprungadresse aus f2 zurück in f1

Stackpointer (Reg. esp)
Framepointer (Reg. ebp) gesicherter Framepointer von main

gerettete Register (falls nötig)
❆✉❢❜❛✉ ❡✐♥❡s ❙t❛❝❦✲❋r❛♠❡s
❛✉❢ ❞❡r ■❆✲✸✷✲❆r❝❤✐t❡❦t✉r✿
❘❡❣✐st❡r ebp ③❡✐❣t ❛✉❢ ❞❡♥
❇❡❣✐♥♥ ❞❡s ❛❦t✐✈❡♥ ❙t❛❝❦✲
❋r❛♠❡s❀ ❘❡❣✐st❡r esp ❤✐♥✲
t❡r ❞❛s ❛❦t✉❡❧❧❡ ❊♥❞❡✳
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int main() {

int a, b, c;

a = 10;

b = 20;

f1(a, b);

return(a);

}
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1948
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1940

1936

1932

sp fp

■ Stack mehrerer Funktionsaufrufe

return-addr

fp retten

a

b

c

…

Stack-Frame für
main erstellen
&a = fp-4
&b = fp-8
&c = fp-12

❇❡✐s♣✐❡❧ ❤✐❡r ❢ür ✸✷✲❇✐t✲❆r❝❤✐t❡❦t✉r ✭✹✲❇②t❡ ints✮✱ main() ✇✉r❞❡ s♦❡❜❡♥ ❜❡tr❡t❡♥

❝© ❦❧s ❙P✐❈ ✭❚❡✐❧ ❉✱ ❙❙ ✶✼✮ ✷✵ ❙♣❡✐❝❤❡r♦r❣❛♥✐s❛t✐♦♥ ⑤ ✷✵✳✺ ❉②♥❛♠✐s❝❤❡ ❙♣❡✐❝❤❡r❛❧❧♦❦❛t✐♦♥✿ ❙t❛❝❦ ✷✵✕✶✵

✷✵
✲❙

♣❡
✐❝
❤❡

r✿
✷✵

✶✼
✲✵
✷✲
✶✼



❙t❛❝❦✲❆✉❢❜❛✉ ❜❡✐ ❋✉♥❦t✐♦♥s❛✉❢r✉❢❡♥

int main() {

int a, b, c;

a = 10;

b = 20;

f1(a, b);

return(a);

}
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■ Stack mehrerer Funktionsaufrufe

return-addr

fp retten

…

b

c

Parameter b

Parameter a

main return-addr

a

sp fp
Parameter
auf Stack legen
Bei Aufruf
Rücksprungadresse
auf Stack legen

main() ❜❡r❡✐t❡t ❞❡♥ ❆✉❢r✉❢ ✈♦♥ f1(int, int) ✈♦r

❝© ❦❧s ❙P✐❈ ✭❚❡✐❧ ❉✱ ❙❙ ✶✼✮ ✷✵ ❙♣❡✐❝❤❡r♦r❣❛♥✐s❛t✐♦♥ ⑤ ✷✵✳✺ ❉②♥❛♠✐s❝❤❡ ❙♣❡✐❝❤❡r❛❧❧♦❦❛t✐♦♥✿ ❙t❛❝❦ ✷✵✕✶✵

✷✵
✲❙

♣❡
✐❝
❤❡

r✿
✷✵

✶✼
✲✵
✷✲
✶✼



❙t❛❝❦✲❆✉❢❜❛✉ ❜❡✐ ❋✉♥❦t✐♦♥s❛✉❢r✉❢❡♥

int main() {

int a, b, c;

a = 10;

b = 20;

f1(a, b);

return(a);

}
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1948

1944

int f1(int x, int y) {

int i[3];

int n;

x++;

n = f2(x);

return(n);

}

1940

1936

1932

sp fp

sp fpy x

■ Stack mehrerer Funktionsaufrufe

return-addr

fp retten

a

b

c

Parameter b

Parameter a

main return-addr

main -fp (1996)

i[2]

…

i[1]

i[0]

n

Stack-Frame für
f1 erstellen
und aktivieren

&x = fp+8
&y = fp+12
&(i[0]) = fp-12
&n = fp-16

i[4] = 20 würde
return-Addr. zerstören

f1() ✇✉r❞❡ s♦❡❜❡♥ ❜❡tr❡t❡♥
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int main() {

int a, b, c;

a = 10;

b = 20;

f1(a, b);

return(a);

}
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1968

1964

1960

1956

1952

1948

1944

int f1(int x, int y) {

int i[3];

int n;

x++;

n = f2(x);

return(n);

}

1940

1936

1932

sp fp

■ Stack mehrerer Funktionsaufrufe

return-addr

fp retten

a

b

c

Parameter b

Parameter a

main return-addr

main -fp (1996)

i[2]

…

i[1]

i[0]

n

Parameter x

f1 return-addr
int f2(int z) {

int m;

m = 100;

return(z+1);

}

sp fp
f1-fp (1968)

m➊sp = fp
➋fp = pop(sp)

➊

➋

➋

Stack-Frame von
f2 abräumen

f2() ❜❡r❡✐t❡t ❞✐❡ ❚❡r♠✐♥✐❡r✉♥❣ ✈♦r ✭✇✉r❞❡ ✈♦♥ f1() ❛✉❢❣❡r✉❢❡♥ ✉♥❞ ❛✉s❣❡❢ü❤rt✮
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int main() {

int a, b, c;

a = 10;

b = 20;

f1(a, b);

return(a);

}
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int f1(int x, int y) {

int i[3];

int n;

x++;

n = f2(x);

return(n);

}

1940

1936
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sp fp

■ Stack mehrerer Funktionsaufrufe

return-addr

fp retten

a

b

c

Parameter b

Parameter a

main return-addr

main -fp (1996)

i[2]

…

i[1]

i[0]

n

Parameter x

f1 return-addr

f1-fp (1968)

m

➌return

➌

Rücksprung

int f2(int z) {

int m;

m = 100;

return(z+1);

}

y x

f2() ✇✐r❞ ✈❡r❧❛ss❡♥
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int main() {

int a, b, c;

a = 10;

b = 20;

f1(a, b);

return(a);

}
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■ Stack mehrerer Funktionsaufrufe

return-addr

fp retten

a

b

c

Parameter b

Parameter a

main return-addr

main -fp (1996)

i[2]

…

i[1]

i[0]

n

Parameter x

f1 return-addr

f1-fp (1968)

m

sp fp

③✉rü❝❦ ✐♥ main()
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int main() {

int a, b, c;

a = 10;

b = 20;

f1(a, b);

f3(4,5,6);
}
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■ Stack mehrerer Funktionsaufrufe

return-addr

fp retten

a

b

c

6

5

4

main return-addr

main -fp (1996)

…

m i[1]

i[0]

n

Parameter x

f1 return-addr

f1-fp retten

m

sp fp

int f3(int z1, int z2, int z3) {

int m;

return(m);

}

sp fp

z2

was wäre, wenn man nach
f1 jetzt eine Funktion f3
aufrufen würde?

z1z3

m ✇✐r❞ ♥✐❝❤t ✐♥✐t✐❛❧✐s✐❡rt ;✒❡r❜t✏ ❛❧t❡♥ ❲❡rt ✈♦♠ ❙t❛♣❡❧
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❙t❛t✐s❝❤❡ ✈❡rs✉s ❞②♥❛♠✐s❝❤❡ ❆❧❧♦❦❛t✐♦♥

❇❡✐ ❞❡r µ❈✲❊♥t✇✐❝❦❧✉♥❣ ✇✐r❞ st❛t✐s❝❤❡ ❆❧❧♦❦❛t✐♦♥ ❜❡✈♦r③✉❣t
❱♦rt❡✐❧✿ ❙♣❡✐❝❤❡r♣❧❛t③❜❡❞❛r❢ ✐st ❜❡r❡✐ts ♥❛❝❤ ❞❡♠ Ü❜❡rs❡t③❡♥ ✴ ▲✐♥❦❡♥
❡①❛❦t ❜❡❦❛♥♥t ✭❦❛♥♥ ③✳ ❇✳ ♠✐t size ❛✉s❣❡❣❡❜❡♥ ✇❡r❞❡♥✮
❙♣❡✐❝❤❡r♣r♦❜❧❡♠❡ ❢rü❤③❡✐t✐❣ ❡r❦❡♥♥❜❛r ✭❙♣❡✐❝❤❡r ✐st ❦♥❛♣♣✦ →֒ ✶✕✹ ✮
lohmann@faui48a:$ size sections.avr ❙❡❦t✐♦♥s❣röÿ❡♥ ❞❡s

Pr♦❣r❛♠♠s ✈♦♥ →֒ ✷✵✕✶text data bss dec hex filename
682 10 6 698 2ba sections.avr

; ❙♣❡✐❝❤❡r ♠ö❣❧✐❝❤st ❞✉r❝❤ static✲❱❛r✐❛❜❧❡♥ ❛♥❢♦r❞❡r♥
❘❡❣❡❧ ❞❡r ❣❡r✐♥❣st♠ö❣❧✐❝❤❡♥ ❙✐❝❤t❜❛r❦❡✐t ❜❡❛❝❤t❡♥ →֒ ✶✷✕✻

❘❡❣❡❧ ❞❡r ❣❡r✐♥❣st♠ö❣❧✐❝❤❡♥ ▲❡❜❡♥s❞❛✉❡r ✒s✐♥♥✈♦❧❧✏ ❛♥✇❡♥❞❡♥

❊✐♥ ❍❡❛♣ ✐st ✈❡r❤ä❧t♥✐s♠äÿ✐❣ t❡✉❡r ; ✇✐r❞ ♠ö❣❧✐❝❤st ✈❡r♠✐❡❞❡♥
❩✉sät③❧✐❝❤❡ ❙♣❡✐❝❤❡r❦♦st❡♥ ❞✉r❝❤ ❱❡r✇❛❧t✉♥❣sstr✉❦t✉r❡♥ ✉♥❞ ❈♦❞❡
❙♣❡✐❝❤❡r❜❡❞❛r❢ ③✉r ▲❛✉❢③❡✐t s❝❤❧❡❝❤t ❛❜s❝❤ät③❜❛r
❘✐s✐❦♦ ✈♦♥ Pr♦❣r❛♠♠✐❡r❢❡❤❧❡r♥ ✉♥❞ ❙♣❡✐❝❤❡r❧❡❝❦s
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❇❡✐ ❞❡r ❊♥t✇✐❝❦❧✉♥❣ ❢ür ❡✐♥❡ ❇❡tr✐❡❜ss②st❡♠♣❧❛tt❢♦r♠
✐st ❞②♥❛♠✐s❝❤❡ ❆❧❧♦❦❛t✐♦♥ ❤✐♥❣❡❣❡♥ s✐♥♥✈♦❧❧

❱♦rt❡✐❧✿ ❉②♥❛♠✐s❝❤❡ ❆♥♣❛ss✉♥❣ ❛♥ ❞✐❡ ●röÿ❡
❞❡r ❊✐♥❣❛❜❡❞❛t❡♥ ✭③✳ ❇✳ ❜❡✐ ❙tr✐♥❣s✮
❘❡❞✉❦t✐♦♥ ❞❡r ●❡❢❛❤r ✈♦♥ ❇✉✛❡r✲❖✈❡r✢♦✇✲❆♥❣r✐✛❡♥

; ❙♣❡✐❝❤❡r ❢ür ❊✐♥❣❛❜❡❞❛t❡♥ ♠ö❣❧✐❝❤st ❛✉❢ ❞❡♠ ❍❡❛♣ ❛♥❢♦r❞❡r♥
❉❛s ❘✐s✐❦♦ ✈♦♥ Pr♦❣r❛♠♠✐❡r❢❡❤❧❡r♥ ✉♥❞ ❙♣❡✐❝❤❡r❧❡❝❦s ❜❧❡✐❜t✦
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Ü❜❡r❜❧✐❝❦✿ ❚❡✐❧ ❉ ❇❡tr✐❡❜ss②st❡♠❛❜str❛❦t✐♦♥❡♥

✶✺ ◆❡❜❡♥❧ä✉✜❣❦❡✐t

✶✻ ❊r❣ä♥③✉♥❣❡♥ ③✉r ❊✐♥❢ü❤r✉♥❣ ✐♥ ❈

✶✼ ❇❡tr✐❡❜ss②st❡♠❡

✶✽ ❉❛t❡✐s②st❡♠❡

✶✾ Pr♦❣r❛♠♠❡ ✉♥❞ Pr♦③❡ss❡

✷✵ ❙♣❡✐❝❤❡r♦r❣❛♥✐s❛t✐♦♥

✷✶ ◆❡❜❡♥❧ä✉✜❣❡ Pr♦③❡ss❡❱
❴
❙
P
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❆❦t✐✈✐tätsträ❣❡r ✭❋ä❞❡♥ ✴ ❚❤r❡❛❞s✮

▼❡❤r❡r❡ Pr♦③❡ss❡ ③✉r ❙tr✉❦t✉r✐❡r✉♥❣ ✈♦♥ Pr♦❜❧❡♠❧ös✉♥❣❡♥
❆✉❢❣❛❜❡♥ ❡✐♥❡r ❆♥✇❡♥❞✉♥❣ ❧❡✐❝❤t❡r ♠♦❞❡❧❧✐❡r❜❛r✱ ✇❡♥♥ s✐❡ ✐♥
♠❡❤r❡r❡ ❦♦♦♣❡r✐❡r❡♥❞❡ Pr♦③❡ss❡ ✉♥t❡rt❡✐❧t ✇✐r❞

③✳❇✳ ❆♥✇❡♥❞✉♥❣❡♥ ♠✐t ♠❡❤r❡r❡♥ ❋❡♥st❡r♥ ✭❡✐♥ Pr♦③❡ss ♣r♦ ❋❡♥st❡r✮
③✳❇✳ ❆♥✇❡♥❞✉♥❣❡♥ ♠✐t ✈✐❡❧❡♥ ❣❧❡✐❝❤③❡✐t✐❣❡♥ ❆✉❢❣❛❜❡♥ ✭❲❡❜✲❇r♦✇s❡r✮
③✳❇✳ ❈❧✐❡♥t✲❙❡r✈❡r✲❆♥✇❡♥❞✉♥❣❡♥❀
♣r♦ ❆♥❢r❛❣❡ ✇✐r❞ ❡✐♥ ♥❡✉❡r Pr♦③❡ss ❣❡st❛rt❡t ✭❲❡❜✲❙❡r✈❡r✮

▼✉❧t✐♣r♦③❡ss♦rs②st❡♠❡ ✇❡r❞❡♥ ❡rst ♠✐t ♠❡❤r❡r❡♥ ♣❛r❛❧❧❡❧ ❧❛✉❢❡♥❞❡♥
Pr♦③❡ss❡♥ ❛✉s❣❡♥✉t③t

❢rü❤❡r ♥✉r ❜❡✐ ❍♦❝❤❧❡✐st✉♥❣sr❡❝❤♥❡r♥ ✭❆❡r♦❞②♥❛♠✐❦✱ ❲❡tt❡r✈♦r❤❡rs❛❣❡✮
❞✉r❝❤ ▼✉❧t✐❝♦r❡✲❙②st❡♠❡ ❥❡t③t ♠❛ss✐✈❡ ❱❡r❜r❡✐t✉♥❣
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❇❡✐s♣✐❡❧✿ ❇❡r❡❝❤♥✉♥❣ ❡✐♥❡r ❲❡tt❡r❦❛rt❡

❇❡r❡❝❤♥✉♥❣ ❞❡r ❲❡tt❡r❦❛rt❡ ♠✉ss s♦ s❝❤♥❡❧❧ ✇✐❡ ♠ö❣❧✐❝❤ ❡r❢♦❧❣❡♥

◗✉❡❧❧❡✿ ✇✇✇✳✇❡tt❡r❞✐❡♥st✳❞❡

❆♥s❛t③✿ ▼❡❤r❡r❡ Pr♦③❡ss♦r❡♥ ❜❡r❡❝❤♥❡♥ ❥❡✇❡✐❧s ❡✐♥❡♥ ❚❡✐❧ ❞❡r ❑❛rt❡
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❇❡✐s♣✐❡❧✿ ❇❡r❡❝❤♥✉♥❣ ❡✐♥❡r ❲❡tt❡r❦❛rt❡ ✭✷✮

❩✳❇✳ ❇❡r❡❝❤♥✉♥❣ ❞❡r ❲❡tt❡r❦❛rt❡ ❛✉❢❣❡t❡✐❧t ❛✉❢ ✹ Pr♦③❡ss♦r❡♥✿

❆❧❧❡ Pr♦③❡ss♦r❡♥ ❣r❡✐❢❡♥ ❛✉❢ ❡✐♥❡♥ ❣❡♠❡✐♥s❛♠❡♥ ❙♣❡✐❝❤❡r ③✉✱ ✐♥ ❞❡♠
❞❛s ❊r❣❡❜♥✐s ❜❡r❡❝❤♥❡t ✇✐r❞✳
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Pr♦③❡ss❡ ♠✐t ❣❡♠❡✐♥s❛♠❡♠ ❙♣❡✐❝❤❡r

◆✉t③✉♥❣ ✈♦♥ ❣❡♠❡✐♥s❛♠❡♥ ❙♣❡✐❝❤❡r ❞✉r❝❤ ♠❡❤r❡r❡ Pr♦③❡ss❡
char *ptr = mmap(NULL, NBYTES, PROT_READ | PROT_WRITE,

MAP_SHARED | MAP_ANONYMOUS, -1, 0);
if (ptr == MAP_FAILED) ... // Fehler

for (i = 0; i < NPROCESSES; i++) {
pid[i] = fork();
switch (pid[i]) {
case -1: ... // Fehler
case 0:

do_work(i, ptr);
_exit(0);

default:;
}

}
for (i = 0; i < NPROCESSES; i++) {

ret = waitpid(pid[i], NULL, 0);
if (ret < 0) ... // Fehler

}

ret = munmap(ptr, NBYTES);
if (ret < 0) ... // Fehler
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❇❡✐s♣✐❡❧✿ ❱❡❦t♦r❧ä♥❣❡

❇❡r❡❝❤♥✉♥❣ ❞❡r ▲ä♥❣❡✴◆♦r♠ ❡✐♥❡s ◆✲❊❧❡♠❡♥t❡✲❱❡❦t♦rs ♠✐t ❡✐♥❡♠
Pr♦③❡ss✿
#include <math.h>

double
veclen(double vec[])
{

double sum = 0.0;

for (int i = 0; i < N; i++) {
sum += vec[i] * vec[i];

}

return sqrt(sum);
}

❝© ❦❧s ❙P✐❈ ✭❚❡✐❧ ❉✱ ❙❙ ✶✼✮ ✷✶ ◆❡❜❡♥❧ä✉✜❣❡ Pr♦③❡ss❡ ⑤ ✷✶✳✶ ❆❦t✐✈✐tätsträ❣❡r ✭❋ä❞❡♥ ✴ ❚❤r❡❛❞s✮ ✷✶✕✺

✷✶
✲❚

❤r
❡❛
❞s
✿
✷✵

✶✼
✲✵
✸✲
✵✷



❇❡✐s♣✐❡❧✿ ❱❡❦t♦r❧ä♥❣❡ ✭✷✮

❇❡r❡❝❤♥✉♥❣ ❞❡r ▲ä♥❣❡ ❡✐♥❡s ◆✲❊❧❡♠❡♥t❡✲❱❡❦t♦rs ♠✐t ✈✐❡r Pr♦③❡ss❡♥✿
double veclen(double vec[]) {

pid_t pid[4];
double *ptr = mmap(NULL, 4096, PROT_READ | PROT_WRITE,

MAP_SHARED | MAP_ANONYMOUS, -1, 0);
for (int p = 0; p < 4; p++) {

if ((pid[p] = fork()) == 0) {
double sum = 0.0;
for (int i = p * N / 4; i < (p + 1) * N / 4; i++)

sum += vec[i] * vec[i];
ptr[p] = sum;
_exit(0);

}
}
for (int p = 0; p < 4; p++)

waitpid(pid[p], NULL, 0);
double sum = 0.0;
for (int p = 0; p < 4; p++)

sum += ptr[p];
munmap(ptr, 4096);
return sqrt(sum);

}
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❇❡✐s♣✐❡❧✿ ❱❡❦t♦r❧ä♥❣❡ ✭✸✮

❍✐♥✇❡✐s✿ ❇❡✐s♣✐❡❧ ✉♥✈♦❧❧stä♥❞✐❣
#includes ❢❡❤❧❡♥
❋❡❤❧❡r❜❡❤❛♥❞❧✉♥❣ ❢❡❤❧t
✳✳✳

❚r♦t③❞❡♠ s✐❡❤t ♠❛♥
Pr♦❣r❛♠♠✐❡r✉♥❣ s❡❤r ✈✐❡❧ ❛✉❢✇ä♥❞✐❣❡r
Pr♦❣r❛♠♠ s❡❤r ✈✐❡❧ ✉♥ü❜❡rs✐❝❤t❧✐❝❤❡r
❡✐❣❡♥t❧✐❝❤❡r ❆❧❣♦r✐t❤♠✉s ❦❛✉♠ ♥♦❝❤ ❡r❦❡♥♥❜❛r

❊r❣❡❜♥✐s ❡r♥ü❝❤t❡r♥❞
❆✉❢✇❛♥❞ ❧♦❤♥t s✐❝❤ ❜❡✐ ❛❦t✉❡❧❧❡♥ ❘❡❝❤♥❡r♥ ❡rst ❛❜ ❡t✇❛ ◆ = ✶✵✵✵✵✵
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Pr♦③❡ss❡ ♠✐t ❣❡♠❡✐♥s❛♠❡♠ ❙♣❡✐❝❤❡r ✭✷✮

❱♦rt❡✐❧ ❞❡r ♦❜✐❣❡♥ ▲ös✉♥❣✿ ✐♥ ▼✉❧t✐♣r♦③❡ss♦rs②st❡♠❡♥ s✐♥❞ ❡❝❤t
♣❛r❛❧❧❡❧❡ ❆❜❧ä✉❢❡ ♠ö❣❧✐❝❤❀ ❛❜❡r
❥❡❞❡r Pr♦③❡ss ❤❛t ❡✐❣❡♥❡ ❇❡tr✐❡❜s♠✐tt❡❧

❙♣❡✐❝❤❡r❛❜❜✐❧❞✉♥❣
❘❡❝❤t❡
♦✛❡♥❡ ❉❛t❡✐❡♥
❲✉r③❡❧✲ ✉♥❞ ❛❦t✉❡❧❧❡s ❱❡r③❡✐❝❤♥✐s
✳✳✳

=> Pr♦③❡ss✲❊r③❡✉❣✉♥❣✱ Pr♦③❡ss✲❚❡r♠✐♥✐❡r✉♥❣ ✉♥❞
Pr♦③❡ss✲❯♠s❝❤❛❧t✉♥❣❡♥ s✐♥❞ t❡✉❡r
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❋ä❞❡♥ ✐♥ ❡✐♥❡♠ Pr♦③❡ss

▲ös✉♥❣✿ ♠❡❤r❡r❡ ❆❦t✐✈✐tätsträ❣❡r ✐♥ ❡✐♥❡♠ Pr♦③❡ss
❋ä❞❡♥
❚❤r❡❛❞s
▲✐❣❤t✲✇❡✐❣❤t Pr♦❝❡ss❡s ✭▲❲P✮
✳✳✳

❥❡❞❡r ❋❛❞❡♥ r❡♣räs❡♥t✐❡rt ❡✐♥❡♥ ❡✐❣❡♥❡♥ ❛❦t✐✈❡♥ ❆❜❧❛✉❢
❡✐❣❡♥❡r Pr♦❣r❛♠♠③ä❤❧❡r
❡✐❣❡♥❡r ❘❡❣✐st❡rs❛t③
❡✐❣❡♥❡r ❙t❛❝❦ ✭❢ür ❧♦❦❛❧❡ ❱❛r✐❛❜❧❡♥✮

❡✐♥❡ ●r✉♣♣❡ ✈♦♥ ❋ä❞❡♥ ♥✉t③t ❣❡♠❡✐♥s❛♠ ❡✐♥❡ ▼❡♥❣❡ ✈♦♥
❇❡tr✐❡❜s♠✐tt❡❧♥ ✭❣❡♠❡✐♥s❛♠❡ ❆✉s❢ü❤r✉♥❣s✉♠❣❡❜✉♥❣✮

❙♣❡✐❝❤❡r❛❜❜✐❧❞✉♥❣
❘❡❝❤t❡
♦✛❡♥❡ ❉❛t❡✐❡♥
❲✉r③❡❧✲ ✉♥❞ ❛❦t✉❡❧❧❡s ❱❡r③❡✐❝❤♥✐s
✳✳✳
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❋ä❞❡♥ ✐♥ ❡✐♥❡♠ Pr♦③❡ss ✭✷✮

❉❛s ❑♦♥③❡♣t ❡✐♥❡s Pr♦③❡ss❡s ✇✐r❞ ❛✉❢❣❡s♣❛❧t❡♥ ✐♥ ❡✐♥❡
❆✉s❢ü❤r✉♥❣s✉♠❣❡❜✉♥❣ ✉♥❞ ❡✐♥ ♦❞❡r ♠❡❤r❡r❡ ❆❦t✐✈✐tätsträ❣❡r

❊✐♥ ❦❧❛ss✐s❝❤❡r ❯◆■❳✲Pr♦③❡ss ✐st ❡✐♥ ❆❦t✐✈✐tätsträ❣❡r ✐♥ ❡✐♥❡r
❆✉s❢ü❤r✉♥❣s✉♠❣❡❜✉♥❣
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❋ä❞❡♥ ✐♥ ❡✐♥❡♠ Pr♦③❡ss ✭✸✮

❊r③❡✉❣❡♥✴❚❡r♠✐♥✐❡r❡♥ ❡✐♥❡s ❋❛❞❡♥s ✐♥ ❡✐♥❡♠ Pr♦③❡ss ❡r❤❡❜❧✐❝❤
❜✐❧❧✐❣❡r ❛❧s ❞❛s ❊r③❡✉❣❡♥✴❚❡r♠✐♥✐❡r❡♥ ❡✐♥❡s Pr♦③❡ss❡s ✭❦❡✐♥❡ ❡✐❣❡♥❡♥
❇❡tr✐❡❜s♠✐tt❡❧✮
❯♠s❝❤❛❧t❡♥ ③✇✐s❝❤❡♥ ❋ä❞❡♥ ✐♥♥❡r❤❛❧❜ ❡✐♥❡s Pr♦③❡ss❡s ❡r❤❡❜❧✐❝❤
❜✐❧❧✐❣❡r ❛❧s ❞❛s ❯♠s❝❤❛❧t❡♥ ③✇✐s❝❤❡♥ Pr♦③❡ss❡♥

❡s ♠üss❡♥ ♥✉r ❞✐❡ ❘❡❣✐st❡r ✉♥❞ ❞❡r Pr♦❣r❛♠♠③ä❤❧❡r ❣❡✇❡❝❤s❡❧t ✇❡r❞❡♥
✭❡♥ts♣r✐❝❤t ✐♥ ❡t✇❛ ❡✐♥❡♠ ❋✉♥❦t✐♦♥s❛✉❢r✉❢✮
❙♣❡✐❝❤❡r❛❜❜✐❧❞✉♥❣ ♠✉ss ♥✐❝❤t ❣❡✇❡❝❤s❡❧t ✇❡r❞❡♥ ✭❈❛❝❤❡✲■♥❤❛❧t❡ ❜❧❡✐❜❡♥
❣ü❧t✐❣✦✮

■♠♣❧❡♠❡♥t✐❡r✉♥❣ ✈♦♥ ❋ä❞❡♥ ❛✉❢
❆♥✇❡♥❞❡r✲✴❇✐❜❧✐♦t❤❡❦s✲❊❜❡♥❡ ✭❯s❡r✲▲❡✈❡❧ ❚❤r❡❛❞s✮
❇❡tr✐❡❜ss②st❡♠✲❑❡r♥✲❊❜❡♥❡ ✭❑❡r♥❡❧✲▲❡✈❡❧ ❚❤r❡❛❞s✮
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❯s❡r✲▲❡✈❡❧ ❚❤r❡❛❞s

■♠♣❧❡♠❡♥t✐❡r✉♥❣
■♥str✉❦t✐♦♥❡♥ ✐♠ ❆♥✇❡♥❞✉♥❣s♣r♦❣r❛♠♠ s❝❤❛❧t❡♥ ③✇✐s❝❤❡♥ ❞❡♥ ❋ä❞❡♥
❤✐♥ ✉♥❞ ❤❡r ✭ä❤♥❧✐❝❤ ✇✐❡ ❙❝❤❡❞✉❧❡r ✐♠ ❇❡tr✐❡❜ss②st❡♠✮
❘❡❛❧✐s✐❡r✉♥❣ ❞✉r❝❤ ❇✐❜❧✐♦t❤❡❦s❢✉♥❦t✐♦♥❡♥
❇❡tr✐❡❜ss②st❡♠ s✐❡❤t ♥✉r ❡✐♥❡♥ ❋❛❞❡♥

❱♦rt❡✐❧❡
❦❡✐♥❡ ❙②st❡♠❛✉❢r✉❢❡ ③✉♠ ❯♠s❝❤❛❧t❡♥ ❡r❢♦r❞❡r❧✐❝❤
❡✣③✐❡♥t❡ ❯♠s❝❤❛❧t✉♥❣ ✭❡✐♥✐❣❡ ✇❡♥✐❣❡ ▼❛s❝❤✐♥❡♥❜❡❢❡❤❧❡✮
❙❝❤❡❞✉❧✐♥❣✲❙tr❛t❡❣✐❡ ✐♥ ❞❡r ❍❛♥❞ ❞❡s ❆♥✇❡♥❞✉♥❣s♣r♦❣r❛♠♠✐❡r❡rs

◆❛❝❤t❡✐❧❡
❜❡✐ ❜❧♦❝❦✐❡r❡♥❞❡♥ ❙②st❡♠❛✉❢r✉❢❡♥ ❜❧❡✐❜t ❞✐❡ ❣❛♥③❡ ❆♥✇❡♥❞✉♥❣ ✭✉♥❞
❞❛♠✐t ❛❧❧❡ ❯s❡r✲▲❡✈❡❧ ❚❤r❡❛❞s✮ st❡❤❡♥
❦❡✐♥ ❆✉s♥✉t③❡♥ ❡✐♥❡s ▼✉❧t✐♣r♦③❡ss♦rs ♠ö❣❧✐❝❤
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❑❡r♥❡❧✲▲❡✈❡❧ ❚❤r❡❛❞s

■♠♣❧❡♠❡♥t✐❡r✉♥❣
❇❡tr✐❡❜ss②st❡♠ ❦❡♥♥t ❑❡r♥❡❧✲▲❡✈❡❧ ❚❤r❡❛❞s
❇❡tr✐❡❜ss②st❡♠ s❝❤❛❧t❡t ③✇✐s❝❤❡♥ ❚❤r❡❛❞s ✉♠

❱♦rt❡✐❧❡
❦❡✐♥ ❇❧♦❝❦✐❡r❡♥ ✉♥❜❡t❡✐❧✐❣t❡r ❋ä❞❡♥ ❜❡✐ ❜❧♦❝❦✐❡r❡♥❞❡♥ ❙②st❡♠❛✉❢r✉❢❡♥
❇❡tr✐❡❜ss②st❡♠ ❦❛♥♥ ♠❡❤r❡r❡ ❋ä❞❡♥ ❡✐♥❡r ❆♥✇❡♥❞✉♥❣ ❣❧❡✐❝❤③❡✐t✐❣ ❛✉❢
✈❡rs❝❤✐❡❞❡♥❡♥ Pr♦③❡ss♦r❡♥ ❧❛✉❢❡♥ ❧❛ss❡♥

◆❛❝❤t❡✐❧❡
✇❡♥✐❣❡r ❡✣③✐❡♥t❡s ❯♠s❝❤❛❧t❡♥ ③✇✐s❝❤❡♥ ❋ä❞❡♥ ✭❙②st❡♠❛✉❢r✉❢
♥♦t✇❡♥❞✐❣✮
❙❝❤❡❞✉❧✐♥❣✲❙tr❛t❡❣✐❡ ♠❡✐st ❞✉r❝❤ ❇❡tr✐❡❜ss②st❡♠ ✈♦r❣❡❣❡❜❡♥
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▼✐s❝❤❢♦r♠✿ ▲❲Ps ✉♥❞ ❚❤r❡❛❞s ✭❇s♣✳ ❙♦❧❛r✐s✮

❙♦❧❛r✐s ❦❡♥♥t ❑❡r♥❡❧✲✱ ❯s❡r✲▲❡✈❡❧ ❚❤r❡❛❞s ✉♥❞ ▲❲Ps

=> ✇❡♥✐❣❡ ❑❡r♥❡❧✲▲❡✈❡❧ ❚❤r❡❛❞s ✉♠ P❛r❛❧❧❡❧✐tät ③✉ ❡rr❡✐❝❤❡♥✱ ✈✐❡❧❡
❯s❡r✲▲❡✈❡❧ ❚❤r❡❛❞s✱ ✉♠ ❞✐❡ ✉♥❛❜❤ä♥❣✐❣❡♥ ❆❜❧ä✉❢❡ ✐♥ ❞❡r
❆♥✇❡♥❞✉♥❣ ③✉ str✉❦t✉r✐❡r❡♥
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❑♦♦r❞✐♥✐❡r✉♥❣ ✴ ❙②♥❝❤r♦♥✐s✐❡r✉♥❣

❋ä❞❡♥ ❛r❜❡✐t❡♥ ♥❡❜❡♥❧ä✉✜❣✴♣❛r❛❧❧❡❧ ✉♥❞ ❤❛❜❡♥ ❣❡♠❡✐♥s❛♠❡♥
❙♣❡✐❝❤❡r
=> ❛❧❧❡ ✈♦♥ ❯♥t❡r❜r❡❝❤✉♥❣❡♥ ✉♥❞ ❙✐❣♥❛❧❡♥ ❜❡❦❛♥♥t❡♥ Pr♦❜❧❡♠❡
❜❡✐♠ ❩✉❣r✐✛ ❛✉❢ ❣❡♠❡✐♥s❛♠❡ ❉❛t❡♥ tr❡t❡♥ ❛✉❝❤ ❜❡✐ ❋ä❞❡♥ ❛✉❢
❯♥t❡rs❝❤✐❡❞ ③✇✐s❝❤❡♥ ❋ä❞❡♥ ✉♥❞ ■♥t❡rr✉♣t✲❙❡r✈✐❝❡✲❘♦✉t✐♥❡♥ ❜③✇✳
❙✐❣♥❛❧✲❍❛♥❞❧❡r✲❋✉♥❦t✐♦♥❡♥✿

✒❍❛✉♣t✲❋❛❞❡♥✑ ❞❡r ❆♥✇❡♥❞✉♥❣ ✉♥❞ ❡✐♥❡ ■❙❘ ❜③✇✳ ❡✐♥ ❙✐❣♥❛❧✲❍❛♥❞❧❡r
s✐♥❞ ♥✐❝❤t ❣❧❡✐❝❤❜❡r❡❝❤t✐❣t

■❙❘ ❜③✇✳ ❙✐❣♥❛❧✲❍❛♥❞❧❡r ✉♥t❡r❜r✐❝❤t ❞❡♥ ❍❛✉♣t✲❋❛❞❡♥ ❛❜❡r ■❙❘ ❜③✇✳
❙✐❣♥❛❧✲❍❛♥❞❧❡r ✇❡r❞❡♥ ♥✐❝❤t ✉♥t❡r❜r♦❝❤❡♥

③✇❡✐ ❋ä❞❡♥ s✐♥❞ ❣❧❡✐❝❤❜❡r❡❝❤t✐❣t
❡✐♥ ❋❛❞❡♥ ❦❛♥♥ ❥❡❞❡r③❡✐t ③✉❣✉♥st❡♥ ❡✐♥❡s ❛♥❞❡r❡♥ ✉♥t❡r❜r♦❝❤❡♥ ✇❡r❞❡♥
✭❙❝❤❡❞✉❧❡r✮ ♦❞❡r ♣❛r❛❧❧❡❧ ③✉ ❡✐♥❡♠ ❛♥❞❡r❡♥ ❧❛✉❢❡♥ ✭▼P❙✮

=> ❯♥t❡r❜r❡❝❤✉♥❣❡♥ s♣❡rr❡♥ ♦❞❡r ❙✐❣♥❛❧❡ ❜❧♦❝❦✐❡r❡♥ ❤✐❧❢t ♥✐❝❤t✦
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❑♦♦r❞✐♥✐❡r✉♥❣ ✴ ❙②♥❝❤r♦♥✐s✐❡r✉♥❣ ✭✷✮

●r✉♥❞❧❡❣❡♥❞❡ Pr♦❜❧❡♠❡
❣❡❣❡♥s❡✐t✐❣❡r ❆✉ss❝❤❧✉ss ✭❑♦♦r❞✐♥✐❡r✉♥❣✮
❇❡✐s♣✐❡❧✿
❊✐♥ ❋❛❞❡♥ ♠ö❝❤t❡ ❡✐♥❡♥ ❉❛t❡♥s❛t③ ❧❡s❡♥ ✉♥❞ ✈❡r❤✐♥❞❡r♥✱ ❞❛ss ❡✐♥
❛♥❞❡r❡r ❋❛❞❡♥ ✐❤♥ ✇ä❤r❡♥❞ ❞❡ss❡♥ ✈❡rä♥❞❡rt✳
❣❡❣❡♥s❡✐t✐❣❡s ❲❛rt❡♥ ✭❙②♥❝❤r♦♥✐s✐❡r✉♥❣✮
❇❡✐s♣✐❡❧✿
❊✐♥ ❋❛❞❡♥ ✇❛rt❡t ❛✉❢ ❛♥❞❡r❡ ❋ä❞❡♥✱ ❞✐❡ ❥❡✇❡✐❧s ❚❡✐❧❡r❣❡❜♥✐ss❡ ❜❡r❡❝❤♥❡♥
s♦❧❧❡♥✱ ❞✐❡ ❞❛♥♥ ③✉s❛♠♠❡♥❣❡❢❛sst ✇❡r❞❡♥✳
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❑♦♦r❞✐♥✐❡r✉♥❣ ✴ ❙②♥❝❤r♦♥✐s✐❡r✉♥❣ ✭✸✮

❑♦♠♣❧❡①❡r❡ ❑♦♦r❞✐♥✐❡r✉♥❣s✲✴❙②♥❝❤r♦♥✐s✐❡r✉♥❣s♣r♦❜❧❡♠❡ ✭❇❡✐s♣✐❡❧❡✮
❇♦✉♥❞❡❞ ❇✉✛❡r✿
❋ä❞❡♥ s❝❤r❡✐❜❡♥ ❉❛t❡♥ ✐♥ P✉✛❡rs♣❡✐❝❤❡r✱ ❛♥❞❡r❡ ❡♥t♥❡❤♠❡♥ ❉❛t❡♥❀
❦r✐t✐s❝❤❡ ❙✐t✉❛t✐♦♥❡♥✿

❩✉❣r✐✛ ❛✉❢ ❞❡♥ P✉✛❡r
P✉✛❡r ❧❡❡r
P✉✛❡r ✈♦❧❧

P❤✐❧♦s♦♣❤❡♥♣r♦❜❧❡♠✿
❡✐♥ ❋❛❞❡♥ r❡s❡r✈✐❡rt s✐❝❤ ③✉❡rst ❞❡♥ ❩✉❣r✐✛ ❛✉❢ ❉❛t❡♥❜❡r❡✐❝❤ ✶✱ ❞❛♥♥
❛✉❢ ❉❛t❡♥❜❡r❡✐❝❤ ✷❀ ❡✐♥ ❛♥❞❡r❡r ❋❛❞❡♥ ✉♠❣❡❦❡❤rt❀
Pr♦❜❧❡♠✿

❦❛♥♥ ③✉ ❱❡r❦❧❡♠♠✉♥❣❡♥ ❢ü❤r❡♥
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●❡❣❡♥s❡✐t✐❣❡r ❆✉ss❝❤❧✉ss ✭▼✉t✉❛❧ ❊①❝❧✉s✐♦♥✮

❊✐♥❢❛❝❤❡ ■♠♣❧❡♠❡♥t✐❡r✉♥❣ ❞✉r❝❤ ♠✉t❡①✲❱❛r✐❛❜❧❡♥
volatile int m = 0; /* 0: free; 1: locked */
volatile int counter = 0;

... /* Thread 1 */
lock(&m);
counter++;
unlock(&m);
...

... /* Thread 2 */
lock(&m);
printf("%d\n", counter);
counter = 0;
unlock(&m);
...

◆✉r ❞❡r ❋❛❞❡♥✱ ❞❡r lock ❛✉❢❣❡r✉❢❡♥ ❤❛t✱ ❞❛r❢ unlock ❛✉❢r✉❢❡♥✦
❘❡❛❧✐s✐❡r✉♥❣ ✭♥✉r ❦♦♥③❡♣t✐♦♥❡❧❧✦✮

void lock(volatile int *m) {
while (*m == 1) {

/* Wait... */
}

*m = 1;
}

void unlock(volatile int *m) {

*m = 0;
}

lock ✭✉♥❞ ❣❣❢✳ unlock✮ ♠üss❡♥ ❛t♦♠❛r ❛✉s❣❡❢ü❤rt ✇❡r❞❡♥✦
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❩ä❤❧❡♥❞❡ ❙❡♠❛♣❤♦r❡

❊✐♥ Semaphor ✭❣r✐❡❝❤✳ ❩❡✐❝❤❡♥trä❣❡r✮ ✐st ❡✐♥❡ ❉❛t❡♥str✉❦t✉r ♠✐t
③✇❡✐ ❖♣❡r❛t✐♦♥❡♥ ✭♥❛❝❤ ❉✐❥❦str❛✮✿

P-Operation ✭♣r♦❜❡r❡♥❀ ♣❛ss❡r❡♥❀ ✇❛✐t❀ ❞♦✇♥✮

void P(volatile int *s)
{

while (*s <= 0) {
/* Wait/sleep... */

}

*s -= 1;
}

V-Operation ✭✈❡r❤♦❣❡♥❀ ✈r✐❥❣❡✈❡♥❀ s✐❣♥❛❧❀ ✉♣✮

void V(volatile int *s)
{

*s += 1;
/* Wakeup... */

}

P ✉♥❞ V ♠üss❡♥ ❛t♦♠❛r ❛✉s❣❡❢ü❤rt ✇❡r❞❡♥✦
P ✉♥❞ V ♠üss❡♥ ♥✐❝❤t ✈♦♠ s❡❧❜❡♥ ❋❛❞❡♥ ❛✉❢❣❡r✉❢❡♥ ✇❡r❞❡♥✳
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❩ä❤❧❡♥❞❡ ❙❡♠❛♣❤♦r❡ ✭✷✮

❙❡♠❛♣❤♦r✲❇❡✐s♣✐❡❧✿
volatile int barrier = 0;
int result;

... /* Thread 1 */
result = f1();
V(&barrier);
...

... /* Thread 2 */
P(&barrier);
f2(result);
...

❋❛❞❡♥ ✶ ❧ä✉❢t ✐♠♠❡r ✉♥❣❡❤✐♥❞❡rt ❞✉r❝❤✳
❋❛❞❡♥ ✷ ❜❧♦❝❦✐❡rt ❛♥ P✱ ❢❛❧❧s ❋❛❞❡♥ ✶ ❞✐❡ ❱✲❖♣❡r❛t✐♦♥ ♥♦❝❤ ♥✐❝❤t
❛✉s❣❡❢ü❤rt ❤❛t ✭✉♥❞ ✇❛rt❡t ❛✉❢ ❞✐❡ ❱✲❖♣❡r❛t✐♦♥✮ ✕ ❛♥❞❡r♥❢❛❧❧s ❧ä✉❢t
❋❛❞❡♥ ✷ ❛✉❝❤ ❞✉r❝❤✳
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❙♣✐♥ ▲♦❝❦ ✈s✳ ❙❧❡❡♣✐♥❣ ▲♦❝❦

❙♣✐♥ ▲♦❝❦
❛❦t✐✈❡s ❲❛rt❡♥✱ ❜✐s ▼✉t❡①✲❱❛r✐❛❜❧❡ ❢r❡✐ ✭= ✵✮ ✇✐r❞
❡♥ts♣r✐❝❤t ❦♦♥③❡♣t✐♦♥❡❧❧ ❡✐♥❡♠ P♦❧❧❡♥
❋❛❞❡♥ ❜❧❡✐❜t ✐♠ ❩✉st❛♥❞ ✒❧❛✉❢❡♥❞✑

Pr♦❜❧❡♠✿ ✇❡♥♥ ♥✉r ❡✐♥ Pr♦③❡ss♦r ✈❡r❢ü❣❜❛r ✐st✱ ✇✐r❞ ❘❡❝❤❡♥③❡✐t
✈❡r❣❡✉❞❡t✱ ❜✐s ❞✉r❝❤ ❞❡♥ ❙❝❤❡❞✉❧❡r ❡✐♥❡ ❯♠s❝❤❛❧t✉♥❣ ❡r❢♦❧❣t

♥✉r ❡✐♥ ❛♥❞❡r❡r✱ ❧❛✉❢❡♥❞❡r ❋❛❞❡♥ ❦❛♥♥ ❞❡♥ ▼✉t❡① ❢r❡✐❣❡❜❡♥

❙❧❡❡♣✐♥❣ ▲♦❝❦
♣❛ss✐✈❡s ❲❛rt❡♥
❋❛❞❡♥ ❣❡❤t ✐♥ ❞❡♥ ❩✉st❛♥❞ ✒❜❧♦❝❦✐❡rt✑
✐♠ ❘❛❤♠❡♥ ✈♦♥ unlock ✇✐r❞ ❞❡r ❜❧♦❝❦✐❡rt❡ ❋❛❞❡♥ ✐♥ ❞❡♥ ❩✉st❛♥❞
✒❜❡r❡✐t✑ ③✉rü❝❦❣❡❢ü❤rt

Pr♦❜❧❡♠✿ ❜❡✐ s❡❤r ❦✉r③❡♥ ❦r✐t✐s❝❤❡♥ ❆❜s❝❤♥✐tt❡♥ ✐st ❞❡r ❆✉❢✇❛♥❞ ❢ür
❞❛s ❇❧♦❝❦✐❡r❡♥✴❆✉❢✇❡❝❦❡♥ ✉♥❞ ❞✐❡ ❯♠s❝❤❛❧t✉♥❣ ✉♥✈❡r❤ä❧t♥✐s♠äÿ✐❣
t❡✉❡r

❝© ❦❧s ❙P✐❈ ✭❚❡✐❧ ❉✱ ❙❙ ✶✼✮ ✷✶ ◆❡❜❡♥❧ä✉✜❣❡ Pr♦③❡ss❡ ⑤ ✷✶✳✷ ❑♦♦r❞✐♥✐❡r✉♥❣ ✴ ❙②♥❝❤r♦♥✐s✐❡r✉♥❣ ✷✶✕✷✶

✷✶
✲❚

❤r
❡❛
❞s
✿
✷✵

✶✼
✲✵
✸✲
✵✷



■♠♣❧❡♠❡♥t✐❡r✉♥❣ ❙♣✐♥ ▲♦❝❦

③❡♥tr❛❧❡s Pr♦❜❧❡♠✿ ❆t♦♠❛r✐tät ✈♦♥ ♠✉t❡①✲❆❜❢r❛❣❡ ✉♥❞ ✲❙❡t③❡♥
void lock(volatile int *m) {

while (*m == 1) {
/* Wait... */

}

*m = 1;
}

❦r✐t✐s❝❤❡r ❆❜s❝❤♥✐tt

▲ös✉♥❣✿ s♣❡③✐❡❧❧❡ ▼❛s❝❤✐♥❡♥❜❡❢❡❤❧❡✱ ❞✐❡ ❛t♦♠❛r ❡✐♥❡ ❆❜❢r❛❣❡ ✉♥❞
❡✐♥❡ ▼♦❞✐✜❦❛t✐♦♥ ❡✐♥❡r ❍❛✉♣ts♣❡✐❝❤❡r③❡❧❧❡ ❡r♠ö❣❧✐❝❤❡♥

❚❡st✲❛♥❞✲❙❡t✱ ❈♦♠♣❛r❡✲❛♥❞✲❙✇❛♣✱ ▲♦❛❞✲▲✐♥❦✴❙t♦r❡✲❈♦♥❞✐t✐♦♥❛❧✱ ✳✳✳
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■♠♣❧❡♠❡♥t✐❡r✉♥❣ ❙♣✐♥ ▲♦❝❦ ✭✷✮

❇❡✐s♣✐❡❧✿ ■♠♣❧❡♠❡♥t✐❡r✉♥❣ ♠✐t ❈♦♠♣❛r❡✲❛♥❞✲❙✇❛♣✲❇❡❢❡❤❧
void lock(volatile int *m)
{

while (compare_and_swap(m, 0, 1) != 0) {
/* Wait... */

}
}

♠✐t
int compare_and_swap(volatile int *ptr, int oldval, int newval)
{

int res = *ptr;
if (*ptr == oldval) {

*ptr = newval;
}
return res;

}

❉✐❡s❡ ❋✉♥❦t✐♦♥ ❡①✐st✐❡rt ③✳❇✳ ❜❡✐ ①✽✻✲Pr♦③❡ss♦r❡♥ ❛❧s ❡✐♥ ❛t♦♠❛r
❛❜❧❛✉❢❡♥❞❡r ▼❛s❝❤✐♥❡♥❜❡❢❡❤❧ ✭cmpxchg✮✳
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■♠♣❧❡♠❡♥t✐❡r✉♥❣ ❙❧❡❡♣✐♥❣ ▲♦❝❦

③✇❡✐ Pr♦❜❧❡♠❡✿
✶✳ ❑♦♥✢✐❦t ♠✐t ❡✐♥❡r ③✇❡✐t❡♥ lock✲❖♣❡r❛t✐♦♥✿

❆t♦♠❛r✐tät ✈♦♥ ♠✉t❡①✲❆❜❢r❛❣❡ ✉♥❞ ✲❙❡t③❡♥

void lock(volatile int *m) {
while (*m == 1) {

sleep();
}

*m = 1;
}

❦r✐t✐s❝❤❡r ❆❜s❝❤♥✐tt ✶

✷✳ ❑♦♥✢✐❦t ♠✐t ❡✐♥❡♠ unlock✿ ❧♦st✲✇❛❦❡✉♣✲Pr♦❜❧❡♠

void lock(volatile int *m) {
while (*m == 1) {

sleep();
}

*m = 1;
}

❦r✐t✐s❝❤❡r ❆❜s❝❤♥✐tt ✷

❯rs❛❝❤❡♥✿
✶✳ Pr♦③❡ss✉♠s❝❤❛❧t✉♥❣ ✇ä❤r❡♥❞ ❞❡r lock✲❖♣❡r❛t✐♦♥
✷✳ ❊❝❤t✲♣❛r❛❧❧❡❧ ❧❛✉❢❡♥❞❡ lock✲ ✉♥❞✴♦❞❡r unlock✲❖♣❡r❛t✐♦♥❡♥
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■♠♣❧❡♠❡♥t✐❡r✉♥❣ ❙❧❡❡♣✐♥❣ ▲♦❝❦ ✭✷✮

❇❡❤❡❜✉♥❣ ✈♦♥ ❯rs❛❝❤❡ ✭✶✮✿
Pr♦③❡ss✉♠s❝❤❛❧t✉♥❣❡♥ ✈❡r❤✐♥❞❡r♥

Pr♦③❡ss✉♠s❝❤❛❧t✉♥❣ ✐st ❡✐♥❡ ❋✉♥❦t✐♦♥ ❞❡s ❇❙✲❑❡r♥s
❡r❢♦❧❣t ✐♠ ❘❛❤♠❡♥ ❡✐♥❡s ❇❙✲❆✉❢r✉❢s ✭③✳❇✳ exit✮
♦❞❡r ✐♠ ❘❛❤♠❡♥ ❡✐♥❡r ❯♥t❡r❜r❡❝❤✉♥❣s✲❇❡❤❛♥❞❧✉♥❣
✭③✳❇✳ ❩❡✐ts❝❤❡✐❜❡♥✲❯♥t❡r❜r❡❝❤✉♥❣✮

=> lock✴unlock ✇❡r❞❡♥ ❡❜❡♥❢❛❧❧s ✐♠ ❇❙✲❑❡r♥ ✐♠♣❧❡♠❡♥t✐❡rt❀ ❇❙✲❑❡r♥
♠✐t ❯♥t❡r❜r❡❝❤✉♥❣s✲❙♣❡rr❡

void lock(volatile int *m)
{

enter_OS();
cli();
while (*m == 1) {

block_thread_and_schedule();
}

*m = 1;
sei();
leave_OS();

}

void unlock(volatile int *m)
{

enter_OS();
cli();

*m = 0;
wakeup_waiting_threads();
sei();
leave_OS();

}
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■♠♣❧❡♠❡♥t✐❡r✉♥❣ ❙❧❡❡♣✐♥❣ ▲♦❝❦ ✭✸✮

❇❡❤❡❜✉♥❣ ✈♦♥ ❯rs❛❝❤❡ ✭✷✮✿
P❛r❛❧❧❡❧❡ ❆✉s❢ü❤r✉♥❣ ❛✉❢ ❛♥❞❡r❡♠ Pr♦③❡ss♦r ✈❡r❤✐♥❞❡r♥

void lock(volatile int *m)
{

enter_OS();
cli();
spin_lock();
while (*m == 1) {

block_thread_and_schedule();
}

*m = 1;
spin_unlock();
sei();
leave_OS();

}

void unlock(volatile int *m)
{

enter_OS();
cli();
spin_lock();

*m = 0;
wakeup_waiting_threads();
spin_unlock();
sei();
leave_OS();

}
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❇❡✐s♣✐❡❧✿ P❖❙■❳ ❚❤r❡❛❞s ✭♣t❤r❡❛❞✮

Pr♦❣r❛♠♠✐❡rs❝❤♥✐ttst❡❧❧❡ st❛♥❞❛r❞✐s✐❡rt✿ ♣t❤r❡❛❞✲❇✐❜❧✐♦t❤❡❦
✭■❊❊❊✲P❖❙■❳✲❙t❛♥❞❛r❞ P✶✵✵✸✳✹❛✮

♣t❤r❡❛❞✲❙❝❤♥✐ttst❡❧❧❡ ✭❇❛s✐s❢✉♥❦t✐♦♥❡♥✮✿
pthread_create: ❋❛❞❡♥ ❡r③❡✉❣❡♥
pthread_exit: ❋❛❞❡♥ ❜❡❡♥❞❡t s✐❝❤ s❡❧❜st
pthread_join: ❛✉❢ ❊♥❞❡ ❡✐♥❡s ❋❛❞❡♥s ✇❛rt❡♥
pthread_self: ❡✐❣❡♥❡ ❋❛❞❡♥✲■❉ ❛❜❢r❛❣❡♥
pthread_yield: ❋❛❞❡♥ ❣✐❜t ❈P❯ ❢r❡✐✇✐❧❧✐❣ ❛✉❢

❋✉♥❦t✐♦♥❡♥ ✐♥ ♣t❤r❡❛❞✲❇✐❜❧✐♦t❤❡❦ ③✉s❛♠♠❡♥❣❡❢❛sst
gcc ... -pthread ...
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♣t❤r❡❛❞✲❙❝❤♥✐ttst❡❧❧❡

❋❛❞❡♥✲❊r③❡✉❣✉♥❣
#include <pthread.h>

int pthread_create(pthread_t *tid, const pthread_attr_t *attr,
void *(*func)(void *), void *param);

P❛r❛♠❡t❡r
tid✿ ❩❡✐❣❡r ❛✉❢ ❱❛r✐❛❜❧❡✱ ✐♥ ❞❡r ❞✐❡ ❋❛❞❡♥✲■❉ ❛❜❣❡❧❡❣t ✇❡r❞❡♥ s♦❧❧✳
attr✿ ❩❡✐❣❡r ❛✉❢ ❆ttr✐❜✉t❡ ✭③✳❇✳ ❙t❛❝❦✲●röÿ❡✮ ❞❡s ❋❛❞❡♥s✳ NULL ❢ür

❙t❛♥❞❛r❞✲❆ttr✐❜✉t❡✳
func✱ param✿ ❉❡r ♥❡✉ ❡r③❡✉❣t❡ ❋❛❞❡♥ ❢ü❤rt ❞✐❡ ❋✉♥❦t✐♦♥ func ♠✐t

❞❡♠ P❛r❛♠❡t❡r param ❛✉s✳

❆❧s ❘ü❝❦❣❛❜❡✇❡rt ✇✐r❞ ✵ ❣❡❧✐❡❢❡rt✳ ■♠ ❋❡❤❧❡r❢❛❧❧ ✇✐r❞ ❡✐♥ ❋❡❤❧❡r❝♦❞❡
✭ä❤♥❧✐❝❤ errno✮ ③✉rü❝❦❣❡❧✐❡❢❡rt✳
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♣t❤r❡❛❞✲❙❝❤♥✐ttst❡❧❧❡

❋❛❞❡♥ ❜❡❡♥❞❡♥ ✭❜❡✐ return ❛✉s func ♦❞❡r✮✿
#include <pthread.h>

void pthread_exit(void *retval);

❉❡r ❋❛❞❡♥ ✇✐r❞ ❜❡❡♥❞❡t ✉♥❞ retval ✇✐r❞ ❛❧s ❘ü❝❦❣❛❜❡✇❡rt
③✉rü❝❦❣❡❧✐❡❢❡rt ✭s✐❡❤❡ pthread_join✳

❆✉❢ ❋❛❞❡♥ ✇❛rt❡♥ ✉♥❞ pthread_exit✲❙t❛t✉s ❛❜❢r❛❣❡♥✿
#include <pthread.h>

int pthread_join(pthread_t tid, void **retvalp);

❲❛rt❡t ❛✉❢ ❞❡♥ ❋❛❞❡♥ ♠✐t ❞❡r ❋❛❞❡♥✲■❉ tid ✉♥❞ ❧✐❡❢❡rt ❞❡ss❡♥
❘ü❝❦❣❛❜❡✇❡rt ü❜❡r retvalp ③✉rü❝❦✳
❆❧s ❘ü❝❦❣❛❜❡✇❡rt ✇✐r❞ ✵ ❣❡❧✐❡❢❡rt✳ ■♠ ❋❡❤❧❡r❢❛❧❧ ✇✐r❞ ❡✐♥ ❋❡❤❧❡r❝♦❞❡
✭ä❤♥❧✐❝❤ errno✮ ③✉rü❝❦❣❡❧✐❡❢❡rt✳
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♣t❤r❡❛❞✲❇❡✐s♣✐❡❧

❇❡✐s♣✐❡❧ ✭▼✉❧t✐♣❧✐❦❛t✐♦♥ ▼❛tr✐① ♠✐t ❱❡❦t♦r❀ ~❝ = ❆~❜✮✿
double a[100][100], b[100], c[100];

static void *mult(void *ci) {
int i = (double *) ci - c;

double sum = 0.0;
for (int j = 0; j < 100; j++) {

sum += a[i][j] * b[j];
}
c[i] = sum;
return NULL;

}

int main(void) {
pthread_t tid[100];

for (int i = 0; i < 100; i++) {
pthread_create(&tid[i], NULL, mult, &c[i]);

}
for (int i = 0; i < 100; i++) {

pthread_join(tid[i], NULL);
}

}
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♣t❤r❡❛❞✲❑♦♦r❞✐♥✐❡r✉♥❣ ✉♥❞ ✲❙②♥❝❤r♦♥✐s✐❡r✉♥❣

❑♦♦r❞✐♥✐❡r✉♥❣ ❞✉r❝❤ ▼✉t❡①✲❱❛r✐❛❜❧❡♥
❊r③❡✉❣✉♥❣ ✈♦♥ ▼✉t❡①✲❱❛r✐❛❜❧❡♥

pthread_mutex_t m;
pthread_mutex_init(&m, NULL);

lock✲❖♣❡r❛t✐♦♥

#include <pthread.h>

int pthread_mutex_lock(pthread_mutex_t *m);

unlock✲❖♣❡r❛t✐♦♥

#include <pthread.h>

int pthread_mutex_unlock(pthread_mutex_t *m);
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♣t❤r❡❛❞✲❇❡✐s♣✐❡❧

▼✉t❡①✲❇❡✐s♣✐❡❧✿
volatile int counter = 0;
pthread_mutex_t m;
pthread_mutex_init(&m, NULL);

... /* Thread 1 */
pthread_mutex_lock(&m);
counter++;
pthread_mutex_unlock(&m);
...

... /* Thread 2 */
pthread_mutex_lock(&m);
printf("counter = %d\n", counter);
counter = 0;
pthread_mutex_unlock(&m);
...
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♣t❤r❡❛❞✲❑♦♦r❞✐♥✐❡r✉♥❣ ✉♥❞ ✲❙②♥❝❤r♦♥✐s✐❡r✉♥❣ ✭✷✮

❙②♥❝❤r♦♥✐s✐❡r✉♥❣ ❞✉r❝❤ ❇❡❞✐♥❣✉♥❣s✲❱❛r✐❛❜❧❡♥ ✭❈♦♥❞✐t✐♦♥ ❱❛r✐❛❜❧❡✮
❛✉❢ ❡✐♥❡ ❇❡❞✐♥❣✉♥❣ ❦❛♥♥ ❣❡✇❛rt❡t ✇❡r❞❡♥ ✭s❧❡❡♣✮
❡✐♥❡ ❇❡❞✐♥❣✉♥❣ ❦❛♥♥ s✐❣♥❛❧✐s✐❡rt ✇❡r❞❡♥ ✭✇❛❦❡✉♣✮

❊r③❡✉❣✉♥❣ ❡✐♥❡r ❈♦♥❞✐t✐♦♥✲❱❛r✐❛❜❧❡♥

pthread_cond_t c;
pthread_cond_init(&c, NULL);

❛✉❢ ❡✐♥❡ ❇❡❞✐♥❣✉♥❣ ✇❛rt❡♥

#include <pthread.h>

int pthread_cond_wait(pthread_cond_t *c, pthread_mutex_t *m);

❡✐♥❡ ❇❡❞✐♥❣✉♥❣ s✐❣♥❛❧✐s✐❡r❡♥

#include <pthread.h>

int pthread_cond_signal(pthread_cond_t *c);
int pthread_cond_broadcast(pthread_cond_t *c);

pthread_cond_signal ✇❡❝❦t ❡✐♥❡♥ ❋❛❞❡♥✱ pthread_cond_broadcast
✇❡❝❦t ❛❧❧❡ ❛✉❢ ❞✐❡ ❇❡❞✐♥❣✉♥❣ ✇❛rt❡♥❞❡♥ ❋ä❞❡♥ ❛✉❢
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♣t❤r❡❛❞✲❇❡✐s♣✐❡❧ ✭✷✮

❇❡✐s♣✐❡❧✿ ③ä❤❧❡♥❞❡ ❙❡♠❛♣❤♦r❡
pthread_mutex_t m;
pthread_cond_t c;

pthread_mutex_init(&m, NULL);
pthread_cond_init(&c, NULL);

void P(volatile int *s) {
pthread_mutex_lock(&m);
while (*s == 0) {

pthread_cond_wait(&c, &m);
}

*s -= 1;
pthread_mutex_unlock(&m);

}

void V(volatile int *s) {
pthread_mutex_lock(&m);

*s += 1;
pthread_cond_broadcast(&c);
pthread_mutex_unlock(&m);

}
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❋ä❞❡♥✱ ❑♦♦r❞✐♥✐❡r✉♥❣✱ ❙②♥❝❤r♦♥✐s✐❡r✉♥❣ ✐♥ ❏❛✈❛

❋❛❞❡♥✲❑♦♥③❡♣t✱ ❑♦♦r❞✐♥✐❡r✉♥❣ ✉♥❞ ❙②♥❝❤r♦♥✐s✐❡r✉♥❣ ✐♥ ❏❛✈❛
✐♥t❡❣r✐❡rt

❊r③❡✉❣✉♥❣ ✈♦♥ ❋ä❞❡♥ ü❜❡r ❞✐❡ ❚❤r❡❛❞✲❑❧❛ss❡❀ ❇❡✐s♣✐❡❧✿
class MyClass implements Runnable {

public void run() {
System.out.println("Hello!");

}
}
...
MyClass o = new MyClass(); // create object
Thread t1 = new Thread(o); // create thread to run in o
t1.start(); // start thread
Thread t2 = new Thread(o); // create second thread
t2.start(); // start second thread
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❋ä❞❡♥✱ ❑♦♦r❞✐♥✐❡r✉♥❣✱ ❙②♥❝❤r♦♥✐s✐❡r✉♥❣ ✐♥ ❏❛✈❛ ✭✷✮

❑♦♦r❞✐♥✐❡r✉♥❣ ✉♥❞ ❙②♥❝❤r♦♥✐s✐❡r✉♥❣ ü❜❡r ❥❡❞❡s ❜❡❧✐❡❜✐❣❡ ❖❜❥❡❦t
❑♦♦r❞✐♥✐❡r✉♥❣ ü❜❡r synchronized✲❇❧ö❝❦❡

synchronized(obj) {
...

}

❊✐♥ s♦❧❝❤❡r ❇❧♦❝❦ r✉❢t ③✉ ❇❧♦❝❦✲❇❡❣✐♥♥ ❡✐♥ lock ❛✉❢ ❞❛s ❖❜❥❡❦t obj ❛✉❢✱
❢ü❤rt ❞✐❡ ❛♥❣❡❣❡❜❡♥❡♥ ❆♥✇❡✐s✉♥❣❡♥ ❛✉s✱ ✉♥❞ r✉❢t ✈♦r ❞❡♠ ❱❡r❧❛ss❡♥ ❞❡s
❇❧♦❝❦❡s ❞❛s ❡♥ts♣r❡❝❤❡♥❞❡ unlock ❛✉❢✳
❙②♥❝❤r♦♥✐s✐❡r✉♥❣ ü❜❡r wait✱ notify ✉♥❞ notifyAll

obj.wait()✿ ✇❛rt❡t ❛✉❢ ❞✐❡ ❙✐❣♥❛❧✐s✐❡r✉♥❣ ❡✐♥❡r ❇❡❞✐♥❣✉♥❣ ❛✉❢ ❞❡♠
❛♥❣❡❣❡❜❡♥❡♥ ❖❜❥❡❦t obj✳

obj.notify()✿ s✐❣♥❛❧✐s✐❡rt ❡✐♥❡ ❇❡❞✐♥❣✉♥❣ ❛✉❢ ❞❡♠ ❛♥❣❡❣❡❜❡♥❡♥
❖❜❥❡❦t obj ❛♥ ❡✐♥❡♥ ✇❛rt❡♥❞❡♥ ❋❛❞❡♥✳

obj.notify()✿ s✐❣♥❛❧✐s✐❡rt ❡✐♥❡ ❇❡❞✐♥❣✉♥❣ ❛✉❢ ❞❡♠ ❛♥❣❡❣❡❜❡♥❡♥
❖❜❥❡❦t obj ❛❧❧❡♥ ✇❛rt❡♥❞❡♥ ❋ä❞❡♥✳
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❋ä❞❡♥✱ ❑♦♦r❞✐♥✐❡r✉♥❣✱ ❙②♥❝❤r♦♥✐s✐❡r✉♥❣ ✐♥ ❏❛✈❛ ✭✸✮

❇❡✐s♣✐❡❧ ❑♦♦r❞✐♥✐❡r✉♥❣ ✉♥❞ ❙②♥❝❤r♦♥✐s✐❡r✉♥❣✿
public class Semaphore {

private int s;

public Semaphore(int s0) {
s = s0;

}
public void P() {

synchronized(this) {
while (s == 0)

this.wait();
s--;

}
}
public void V() {

synchronized(this) {
s++;
this.notifyAll();

}
}

}

❊♥ts♣r✐❝❤t ❞❡♠ ♣t❤r❡❛❞✲❇❡✐s♣✐❡❧✳✳✳
❝© ❦❧s ❙P✐❈ ✭❚❡✐❧ ❉✱ ❙❙ ✶✼✮ ✷✶ ◆❡❜❡♥❧ä✉✜❣❡ Pr♦③❡ss❡ ⑤ ✷✶✳✹ ◆❡❜❡♥❧ä✉✜❣❦❡✐t ✐♥ ❏❛✈❛ ✷✶✕✸✼

✷✶
✲❚

❤r
❡❛
❞s
✿
✷✵

✶✼
✲✵
✸✲
✵✷



❋ä❞❡♥✱ ❑♦♦r❞✐♥✐❡r✉♥❣✱ ❙②♥❝❤r♦♥✐s✐❡r✉♥❣ ✐♥ ❏❛✈❛ ✭✹✮

❱❡r❡✐♥❢❛❝❤t❡ ❙❝❤r❡✐❜✇❡✐s❡ ✭❡♥ts♣r✐❝❤t ✒▼♦♥✐t♦r✑✲❑♦♥③❡♣t✮✿
public class Semaphore {

private int s;

public Semaphore(int s0) {
s = s0;

}
public synchronized void P() {

while (s == 0) {
wait();

}
s--;

}
public synchronized void V() {

s++;
notifyAll();

}
}
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