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▼❛♥ ❦❛♥♥ ❞❡♥♥♦❝❤ ❞❛✈♦♥ ❛✉s❣❡❤❡♥✱ ❞❛ss ❞✐❡
r❡❧❛t✐✈❡♥ ●röÿ❡♥♦r❞♥✉♥❣❡♥ ♥❛❝❤ ✇✐❡ ✈♦r st✐♠♠❡♥

✷✵✶✻ ❧✐❡❣t ❞❡r ❆♥t❡✐❧ ❛♥ ✽✲❇✐tt❡r♥ ✭✈❡r♠✉t❧✐❝❤✮ ♥♦❝❤ ❜❡✐ ✹✵ Pr♦③❡♥t
✹✲❇✐tt❡r ❞ür❢t❡♥ ✐♥③✇✐s❝❤❡♥ ❥❡❞♦❝❤ ✇❡✐t❣❡❤❡♥❞ ❛✉s❣❡st♦r❜❡♥ s❡✐♥
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▼❛r❦t❛♥t❡✐❧ ✭❯♠s❛t③✴❙tü❝❦③❛❤❧✮ ✐♠ ❏❛❤r ✷✵✵✷ ❬✼❪



▼♦t✐✈❛t✐♦♥✿ ❊✐♥❣❡❜❡tt❡t❡ ❙②st❡♠❡

❖♠♥✐♣räs❡♥t✿ ✾✽✕✾✾ Pr♦③❡♥t ❛❧❧❡r Pr♦③❡ss♦r❡♥ ✇✉r❞❡♥ ✐♠ ❏❛❤r
✷✵✵✵ ✐♥ ❡✐♥❡♠ ❡✐♥❣❡❜❡tt❡t❡♥ ❙②st❡♠ ✈❡r❜❛✉t ❬✻❪

❑♦st❡♥s❡♥s✐t✐✈✿ ✼✵✕✽✵ Pr♦③❡♥t ❛❧❧❡r ♣r♦❞✉③✐❡rt❡♥ Pr♦③❡ss♦r❡♥ s✐♥❞
❉❙Ps ✉♥❞ µ✲❈♦♥tr♦❧❧❡r✱ ✽✲❇✐t ♦❞❡r ❦❧❡✐♥❡r ❬✻✱ ✼❪

❘❡❧❡✈❛♥t✿ ✷✺ Pr♦③❡♥t ❞❡r ❙t❡❧❧❡♥❛♥③❡✐❣❡♥ ❢ür ❊❊✲■♥❣❡♥✐❡✉r❡
❡♥t❤❛❧t❡♥ ❞✐❡ ❙t✐❝❤✇♦rt❡ ❡♠❜❡❞❞❡❞ ♦❞❡r ❛✉t♦♠♦✲

t✐✈❡ ✭http://stepstone.com✱ ✹✳ ❆♣r✐❧ ✷✵✶✶✮

❇❡✐ ❞❡♥ ♦❜❡r❡♥ ❩❛❤❧❡♥ ✐st ❣❡s✉♥❞❡ ❙❦❡♣s✐s ❣❡❜♦t❡♥

❉✐❡ ❱❡rö✛❡♥t❧✐❝❤✉♥❣❡♥ ❬✻✱ ✼❪ s✐♥❞ ♠❡❤r ❛❧s ✶✵ ❏❛❤r❡ ❛❧t✦

▼❛♥ ❦❛♥♥ ❞❡♥♥♦❝❤ ❞❛✈♦♥ ❛✉s❣❡❤❡♥✱ ❞❛ss ❞✐❡
r❡❧❛t✐✈❡♥ ●röÿ❡♥♦r❞♥✉♥❣❡♥ ♥❛❝❤ ✇✐❡ ✈♦r st✐♠♠❡♥

✷✵✶✻ ❧✐❡❣t ❞❡r ❆♥t❡✐❧ ❛♥ ✽✲❇✐tt❡r♥ ✭✈❡r♠✉t❧✐❝❤✮ ♥♦❝❤ ❜❡✐ ✹✵ Pr♦③❡♥t
✹✲❇✐tt❡r ❞ür❢t❡♥ ✐♥③✇✐s❝❤❡♥ ❥❡❞♦❝❤ ✇❡✐t❣❡❤❡♥❞ ❛✉s❣❡st♦r❜❡♥ s❡✐♥
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❚②♣❡ ❋❧❛s❤ ❙❘❆▼ ■❖ ❚✐♠❡r ✽✴✶✻ ❯❆❘❚ ❙P■ ❆❉❈ P❲▼ ❊❯❘

❆❚❚■◆❨✶✸ ✶ ❑✐❇ ✻✹ ❇ ✻ ✶✴✲ ✲ ✲ ✶✯✹ ✲ ✵✱✽✻

❆❚❚■◆❨✷✸✶✸ ✷ ❑✐❇ ✶✷✽ ❇ ✶✽ ✶✴✶ ✲ ✶ ✲ ✲ ✵✱✾✾

❆❚▼❊●❆✹✽ ✹ ❑✐❇ ✺✶✷ ❇ ✷✸ ✷✴✶ ✶ ✶ ✽✯✶✵ ✻ ✶✱✹✵

❆❚▼❊●❆✶✻ ✶✻ ❑✐❇ ✶✵✷✹ ❇ ✸✷ ✷✴✶ ✶ ✶ ✽✯✶✵ ✹ ✷✱✵✺

❆❚▼❊●❆✸✷ ✸✷ ❑✐❇ ✷✵✹✽ ❇ ✸✷ ✷✴✶ ✶ ✶ ✽✯✶✵ ✹ ✸✱✻✺

❆❚▼❊●❆✻✹ ✻✹ ❑✐❇ ✹✵✾✻ ❇ ✺✸ ✷✴✷ ✷ ✶ ✽✯✶✵ ✽ ✺✱✼✵

❆❚▼❊●❆✶✷✽ ✶✷✽ ❑✐❇ ✹✵✾✻ ❇ ✺✸ ✷✴✷ ✷ ✶ ✽✯✶✵ ✽ ✼✱✸✺

❆❚▼❊●❆✷✺✻ ✷✺✻ ❑✐❇ ✽✶✾✷ ❇ ✽✻ ✷✴✷ ✹ ✶ ✶✻✯✶✵ ✶✻ ✽✱✾✾

❆❚♠❡❣❛✲❱❛r✐❛♥t❡♥ ✭❆✉s✇❛❤❧✮ ✉♥❞ ❍❛♥❞❡❧s♣r❡✐s❡ ✭❘❡✐❝❤❡❧t ❊❧❡❦tr♦♥✐❦✱ ❆♣r✐❧ ✷✵✶✺✮

❙✐❝❤t❜❛r ✇✐r❞✿ ❘❡ss♦✉r❝❡♥❦♥❛♣♣❤❡✐t
❋❧❛s❤ ✭❙♣❡✐❝❤❡r ❢ür Pr♦❣r❛♠♠❝♦❞❡ ✉♥❞ ❦♦♥st❛♥t❡ ❉❛t❡♥✮ ✐st ❦♥❛♣♣
❘❆▼ ✭❙♣❡✐❝❤❡r ❢ür ▲❛✉❢③❡✐t✲❱❛r✐❛❜❧❡♥✮ ✐st ❡①tr❡♠ ❦♥❛♣♣
❲❡♥✐❣❡ ❇②t❡s ✒❱❡rs❝❤✇❡♥❞✉♥❣✑ ; s✐❣♥✐✜❦❛♥t ❤ö❤❡r❡ ❙tü❝❦③❛❤❧❦♦st❡♥
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▼♦t✐✈❛t✐♦♥✿ ❉✐❡ ❙♣r❛❝❤❡ ❈

❙②st❡♠♥❛❤❡ ❙♦❢t✇❛r❡❡♥t✇✐❝❦❧✉♥❣ ❡r❢♦❧❣t ü❜❡r✇✐❡❣❡♥❞ ✐♥ ❈
❲❛r✉♠ ❈❄ ✭✉♥❞ ♥✐❝❤t ❏❛✈❛✴❈♦❜♦❧✴❙❝❛❧❛✴<▲✐❡❜❧✐♥❣ss♣r❛❝❤❡>✮

❈ st❡❤t ❢ür ❡✐♥❡ ❘❡✐❤❡ ❤✐❡r ✇✐❝❤t✐❣❡r ❊✐❣❡♥s❝❤❛❢t❡♥
▲❛✉❢③❡✐t❡✣③✐❡♥③ ✭❈P❯✮

Ü❜❡rs❡t③t❡r ❈✲❈♦❞❡ ❧ä✉❢t ❞✐r❡❦t ❛✉❢ ❞❡♠ Pr♦③❡ss♦r
❑❡✐♥❡ Prü❢✉♥❣❡♥ ❛✉❢ Pr♦❣r❛♠♠✐❡r❢❡❤❧❡r ③✉r ▲❛✉❢③❡✐t

P❧❛t③❡✣③✐❡♥③ ✭❙♣❡✐❝❤❡r✮
❈♦❞❡ ✉♥❞ ❉❛t❡♥ ❧❛ss❡♥ s✐❝❤ s❡❤r ❦♦♠♣❛❦t ❛❜❧❡❣❡♥
❑❡✐♥❡ Prü❢✉♥❣ ❞❡r ❉❛t❡♥③✉❣r✐✛❡ ③✉r ▲❛✉❢③❡✐t

❉✐r❡❦t❤❡✐t ✭▼❛s❝❤✐♥❡♥♥ä❤❡✮
❈ ❡r❧❛✉❜t ❞❡♥ ❞✐r❡❦t❡♥ ❩✉❣r✐✛ ❛✉❢ ❙♣❡✐❝❤❡r ✉♥❞ ❘❡❣✐st❡r

P♦rt❛❜✐❧✐tät
❊s ❣✐❜t ❢ür ❥❡❞❡ P❧❛tt❢♦r♠ ❡✐♥❡♥ ❈✲❈♦♠♣✐❧❡r
❈ ✇✉r❞❡ ✒❡r❢✉♥❞❡♥✑ ✭✶✾✼✸✮✱ ✉♠ ❞❛s ❇❡tr✐❡❜ss②st❡♠
❯◆■❳ ♣♦rt❛❜❡❧ ③✉ ✐♠♣❧❡♠❡♥t✐❡r❡♥ ❬✸✱ ✺❪

; ❈ ✐st ❞✐❡ ❧✐♥❣✉❛ ❢r❛♥❝❛ ❞❡r s②st❡♠♥❛❤❡♥ ❙♦❢t✇❛r❡❡♥t✇✐❝❦❧✉♥❣✦
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▼♦t✐✈❛t✐♦♥✿ ●❙P✐❈ ✕ ❙t♦✛❛✉s✇❛❤❧ ✉♥❞ ❑♦♥③❡♣t

▲❡❤r③✐❡❧✿ ❙②st❡♠♥❛❤❡ ❙♦❢t✇❛r❡❡♥t✇✐❝❦❧✉♥❣ ✐♥ ❈
❉❛s ✐st ❡✐♥ s❡❤r ✉♠❢❛♥❣r❡✐❝❤❡s ❋❡❧❞✿ ❍❛r❞✇❛r❡✲Pr♦❣r❛♠♠✐❡r✉♥❣✱
❇❡tr✐❡❜ss②st❡♠❡✱ ▼✐❞❞❧❡✇❛r❡✱ ❉❛t❡♥❜❛♥❦❡♥✱ ❱❡rt❡✐❧t❡ ❙②st❡♠❡✱
Ü❜❡rs❡t③❡r❜❛✉✱ ✳ ✳ ✳
❉❛③✉ ❦♦♠♠t ❞❛♥♥ ♥♦❝❤ ❞❛s ❊r❧❡r♥❡♥ ❞❡r ❙♣r❛❝❤❡ ❈ s❡❧❜❡r

❍❡r❛✉s❢♦r❞❡r✉♥❣✿ ❯♠❢❛♥❣ ❞❡r ❱❡r❛♥st❛❧t✉♥❣ ✭♥✉r ✷✱✺ ❊❈❚❙✮

❋ür ❱♦r❧❡s✉♥❣ ✉♥❞ Ü❜✉♥❣ ❡✐❣❡♥t❧✐❝❤ ③✉ ✇❡♥✐❣
❱❡r❛♥st❛❧t✉♥❣ s♦❧❧ tr♦t③❞❡♠ ❡✐♥❡♥ ❤♦❤❡♥ ♣r❛❦t✐s❝❤❡♥ ❆♥t❡✐❧ ❤❛❜❡♥

❆♥s❛t③✿ ❑♦♥③❡♥tr❛t✐♦♥ ❛✉❢ ❞✐❡ ❉♦♠ä♥❡ µ✲❈♦♥tr♦❧❧❡r
❑♦♥③❡♣t❡ ✉♥❞ ❚❡❝❤♥✐❦❡♥ ❛♥ ❦❧❡✐♥❡♥ ❇❡✐s♣✐❡❧❡♥ ❧❡❤r✲ ✉♥❞ ❡r❢❛❤r❜❛r
❍♦❤❡ ❘❡❧❡✈❛♥③ ❢ür ❞✐❡ ❩✐❡❧❣r✉♣♣❡ ✭❊❊■✮
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❱♦r❧❡s✉♥❣ss❦r✐♣t

❉❛s ❍❛♥❞♦✉t ❞❡r ❱♦r❧❡s✉♥❣s❢♦❧✐❡♥ ✇✐r❞ ♦♥❧✐♥❡ ✉♥❞ ❛❧s
✹× ✶✲❆✉s❞r✉❝❦ ❛✉❢ P❛♣✐❡r ③✉r ❱❡r❢ü❣✉♥❣ ❣❡st❡❧❧t

❆✉s❞r✉❝❦❡ ✇❡r❞❡♥ ✈♦r ❞❡r ❱♦r❧❡s✉♥❣ ✈❡rt❡✐❧t
❖♥❧✐♥❡✲❱❡rs✐♦♥ ✇✐r❞ ✈♦r ❞❡r ❱♦r❧❡s✉♥❣ ❛❦t✉❛❧✐s✐❡rt
❍❛♥❞♦✉t ❡♥t❤ä❧t ✭✐♥ ❣❡r✐♥❣❡♠ ❯♠❢❛♥❣✮ ③✉sät③❧✐❝❤❡ ■♥❢♦r♠❛t✐♦♥❡♥
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▲✐t❡r❛t✉r❡♠♣❢❡❤❧✉♥❣❡♥

❬✷❪ ❋ür ❞❡♥ ❊✐♥st✐❡❣ ❡♠♣❢♦❤❧❡♥✿

▼❛♥❢r❡❞ ❉❛✉s♠❛♥♥✱ ❯❧r✐❝❤ ❇rö❝❦❧✱ ❉♦♠✐♥✐❝ ❙❝❤♦♦♣✱
❡t ❛❧✳ ❈ ❛❧s ❡rst❡ Pr♦❣r❛♠♠✐❡rs♣r❛❝❤❡✿ ❱♦♠ ❊✐♥st❡✐✲

❣❡r ③✉♠ ❋♦rt❣❡s❝❤r✐tt❡♥❡♥✳ ✭❆❧s ❊✲❇♦♦❦ ❛✉s ❞❡♠ ❯♥✲
✐♥❡t③ ✈❡r❢ü❣❜❛r❀ P❉❋✲❱❡rs✐♦♥ ✉♥t❡r /proj/i4gspic/

pub✮✳ ❱✐❡✇❡❣✰❚❡✉❜♥❡r✱ ✷✵✶✵✳ ■❙❇◆✿ ✾✼✽✲✸✽✸✹✽✶✷✷✶✻✳
❯❘▲✿ http://www.springerlink.com/content/978-
3-8348-1221-6/#section=813748&page=1

❬✹❪ ❉❡r ✒❑❧❛ss✐❦❡r✑ ✭❡❤❡r ❛❧s ❘❡❢❡r❡♥③ ❣❡❡✐❣♥❡t✮✿

❇r✐❛♥ ❲✳ ❑❡r♥✐❣❤❛♥ ❛♥❞ ❉❡♥♥✐s ▼❛❝❆❧✐st❛✐r ❘✐t❝❤✐❡✳
❚❤❡ ❈ Pr♦❣r❛♠♠✐♥❣ ▲❛♥❣✉❛❣❡ ✭✷♥❞ ❊❞✐t✐♦♥✮✳ ❊♥❣❧❡✲
✇♦♦❞ ❈❧✐✛s✱ ◆❏✱ ❯❙❆✿ Pr❡♥t✐❝❡ ❍❛❧❧ P❚❘✱ ✶✾✽✽✳ ■❙❇◆✿
✾✼✽✲✽✶✷✵✸✵✺✾✻✵
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❱♦r❧❡s✉♥❣

■♥❤❛❧t ✉♥❞ ❚❤❡♠❡♥
●r✉♥❞❧❡❣❡♥❞❡ ❑♦♥③❡♣t❡ ❞❡r s②st❡♠♥❛❤❡♥ Pr♦❣r❛♠♠✐❡r✉♥❣
❊✐♥❢ü❤r✉♥❣ ✐♥ ❞✐❡ Pr♦❣r❛♠♠✐❡rs♣r❛❝❤❡ ❈

❯♥t❡rs❝❤✐❡❞❡ ③✉ ❏❛✈❛
▼♦❞✉❧❦♦♥③❡♣t
❩❡✐❣❡r ✉♥❞ ❩❡✐❣❡r❛r✐t❤♠❡t✐❦

❙♦❢t✇❛r❡❡♥t✇✐❝❦❧✉♥❣ ❛✉❢ ✒❞❡r ♥❛❝❦t❡♥ ❍❛r❞✇❛r❡✏ ✭❆❚♠❡❣❛✲µ❈✮

❆❜❜✐❧❞✉♥❣ ❙♣❡✐❝❤❡r ↔ ❙♣r❛❝❤❦♦♥str✉❦t❡
❯♥t❡r❜r❡❝❤✉♥❣❡♥ ✭✐♥t❡rr✉♣ts✮ ✉♥❞ ◆❡❜❡♥❧ä✉✜❣❦❡✐t

❚❡r♠✐♥✿ ❉♦ ✶✷✿✶✺✕✶✸✿✹✺✱ ❍✽
❊✐♥③❡❧t❡r♠✐♥ ❛♠ ✷✹✳ ❆♣r✐❧ ✭▼♦✮✱ ✶✷✿✶✺✕✶✸✿✹✺✱ ❍✽
✐♥s❣❡s❛♠t ✾ ❱♦r❧❡s✉♥❣st❡r♠✐♥❡ →֒ ✷✕✼
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❑♦♠❜✐♥✐❡rt❡ ❚❛❢❡❧✲ ✉♥❞ ❘❡❝❤♥❡rü❜✉♥❣ ✭❥❡✇❡✐❧s ✐♠ ❲❡❝❤s❡❧✮
❚❛❢❡❧ü❜✉♥❣❡♥

❆✉s❣❛❜❡ ✉♥❞ ❊r❧ä✉t❡r✉♥❣ ❞❡r Pr♦❣r❛♠♠✐❡r❛✉❢❣❛❜❡♥
●❡♠❡✐♥s❛♠❡ ❊♥t✇✐❝❦❧✉♥❣ ❡✐♥❡r ▲ös✉♥❣ss❦✐③③❡
❇❡s♣r❡❝❤✉♥❣ ❞❡r ▲ös✉♥❣❡♥

❘❡❝❤♥❡rü❜✉♥❣❡♥
s❡❧❜ststä♥❞✐❣❡ Pr♦❣r❛♠♠✐❡r✉♥❣
❯♠❣❛♥❣ ♠✐t ❊♥t✇✐❝❦❧✉♥❣s✇❡r❦③❡✉❣ ✭❆t♠❡❧ ❙t✉❞✐♦✮
❇❡tr❡✉✉♥❣ ❞✉r❝❤ Ü❜✉♥❣s❜❡tr❡✉❡r

❚❡r♠✐♥✿ ■♥✐t✐❛❧ ✽ ●r✉♣♣❡♥ ③✉r ❆✉s✇❛❤❧
❆♥♠❡❧❞✉♥❣ ü❜❡r ❲❛✛❡❧ ✭s✐❡❤❡ ❲❡❜s❡✐t❡✮✿ ❍❡✉t❡✱ ✶✽✿✵✵ ✕ ❙♦✱ ✶✽✿✵✵
❇❡✐ ③✉ ✇❡♥✐❣❡♥ ❚❡✐❧♥❡❤♠❡r♥ ❜❡❤❛❧t❡♥ ✇✐r ✉♥s ❡✐♥❡ ❱❡rt❡✐❧✉♥❣ ❛✉❢ ❛♥❞❡r❡
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Pr♦❣r❛♠♠✐❡r❛✉❢❣❛❜❡♥

Pr❛❦t✐s❝❤❡ ❯♠s❡t③✉♥❣ ❞❡s ❱♦r❧❡s✉♥❣sst♦✛s
❋ü♥❢ Pr♦❣r❛♠♠✐❡r❛✉❢❣❛❜❡♥ ✭❆❜❣❛❜❡ ❝❛✳ ❛❧❧❡ ✶✹ ❚❛❣❡✮ →֒ ✷✕✼

❇❡❛r❜❡✐t✉♥❣ ✇❡❝❤s❡❧s❡✐t✐❣ ❛❧❧❡✐♥❡ ✴♠✐t Ü❜✉♥❣s♣❛rt♥❡r

▲ös✉♥❣❡♥ ♠✐t ❆❜❣❛❜❡s❦r✐♣t ❛♠ ❘❡❝❤♥❡r ❛❜❣❡❜❡♥
▲ös✉♥❣ ✇✐r❞ ❞✉r❝❤ ❙❦r✐♣t❡ ü❜❡r♣rü❢t
❲✐r ❦♦rr✐❣✐❡r❡♥ ✉♥❞ ❜❡♣✉♥❦t❡♥ ❞✐❡ ❆❜❣❛❜❡♥ ✉♥❞ ❣❡❜❡♥ s✐❡ ③✉rü❝❦
❊✐♥❡ ▲ös✉♥❣ ✇✐r❞ ✈♦♠ ❚❡✐❧♥❡❤♠❡r ❛♥ ❞❡r ❚❛❢❡❧ ❡r❧ä✉t❡rt
✭✐♠♣❧✐③✐❡rt ❆♥✇❡s❡♥❤❡✐t✦✮

★ ❆❜❣❛❜❡ ❞❡r Ü❜✉♥❣s❛✉❢❣❛❜❡♥ ✐st ❢r❡✐✇✐❧❧✐❣❀ →֒ ✷✕✻

❡s ❦ö♥♥❡♥ ❥❡❞♦❝❤ ❜✐s ③✉ ✶✵✪ ❇♦♥✉s♣✉♥❦t❡
❢ür ❞✐❡ Prü❢✉♥❣s❦❧❛✉s✉r ❡r❛r❜❡✐t❡t ✇❡r❞❡♥✦ ❯♥❛❜❤ä♥❣✐❣ ❞❛✈♦♥ ✐st ❞✐❡

❚❡✐❧♥❛❤♠❡ ❛♥ ❞❡♥ Ü❜✉♥✲
❣❡♥ ❞r✐♥❣❡♥❞ ❡♠♣❢♦❤❧❡♥✦
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❆❚♠❡❣❛✸✷✽✲µ❈

❯❙❇✲❆♥s❝❤❧✉ss

✽ ▲❊❉s

✷ ✼✲❙❡❣✲❊❧❡♠❡♥t❡

✷ ❚❛st❡r

✶ P♦t❡♥t✐♦♠❡t❡r

✶ ❋♦t♦s❡♥s♦r

❆✉s❧❡✐❤❡ ③✉r Ü❜✉♥❣s❜❡❛r❜❡✐t✉♥❣ ♠ö❣❧✐❝❤
❖❞❡r ♥♦❝❤ ❜❡ss❡r →֒ s❡❧❜❡r ▲öt❡♥
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❙P✐❈❜♦❛r❞✲▲öt❛❜❡♥❞

❉✐❡ ❋❛❝❤s❝❤❛❢t❡♥ ✭❊❊■ ✴ ▼❊✮ ❜✐❡t❡♥ ❡✐♥❡♥ ✒▲öt❛❜❡♥❞✏ ❛♥

❚❡✐❧♥❛❤♠❡ ✐st ❢r❡✐✇✐❧❧✐❣

✭❊rst❡✮ ▲öt❡r❢❛❤r✉♥❣ s❛♠♠❡❧♥ ❜❡✐♠ ▲öt❡♥ ❡✐♥❡s ❡✐❣❡♥❡♥ ❙P✐❈❜♦❛r❞s

❆♥♠❡❧❞✉♥❣✿ ü❜❡r ❲❛✛❡❧

✭❉✐✱ ✶✽✿✵✵ ✕ ❙♦✱ ✶✽✿✵✵✱ s✐❡❤❡ ❲❡❜s❡✐t❡✮

❑♦st❡♥❜❡✐tr❛❣✿ ❦♦st❡♥❧♦s✱ ✜♥❛♥③✐❡rt ❛✉s ❙t✉❞✐❡♥③✉s❝❤üss❡♥

❝© ❦❧s ●❙P✐❈ ✭❚❡✐❧ ❆✱ ❙❙ ✶✼✮ ✷ ❖r❣❛♥✐s❛t✐♦♥ ⑤ ✷✳✸ ▲öt❛❜❡♥❞ ✷✕✺

✵✶
✲✵
✷✲
❑
♦♥

③❡
♣t
✿
✷✵

✶✼
✲✵
✹✲
✷✹

Prü❢✉♥❣ ✉♥❞ ▼♦❞✉❧♥♦t❡

Prü❢✉♥❣ ✭❑❧❛✉s✉r✮

❚❡r♠✐♥✿ ✈♦r❛✉ss✐❝❤t❧✐❝❤ ❊♥❞❡ ❏✉❧✐ ✴ ❆♥❢❛♥❣ ❆✉❣✉st

❉❛✉❡r✿ ✻✵ ♠✐♥

■♥❤❛❧t✿ ❋r❛❣❡♥ ③✉♠ ❱♦r❧❡s✉♥❣sst♦✛ ✰ Pr♦❣r❛♠♠✐❡r❛✉❢❣❛❜❡

❑❧❛✉s✉r♥♦t❡ 7→ ▼♦❞✉❧♥♦t❡

❇❡st❡❤❡♥s❣r❡♥③❡ ✭✐♥ ❞❡r ❘❡❣❡❧✮✿ ✺✵✪ ❞❡r ♠ö❣❧✐❝❤❡♥ ❑❧❛✉s✉r♣✉♥❦t❡ ✭❑P✮

❋❛❧❧s ❜❡st❛♥❞❡♥ ✐st ❡✐♥❡ ◆♦t❡♥✈❡r❜❡ss❡r✉♥❣ ♠ö❣❧✐❝❤
❞✉r❝❤ ❇♦♥✉s♣✉♥❦t❡ ❛✉s ❞❡♥ Pr♦❣r❛♠♠✐❡r❛✉❢❣❛❜❡♥

❇❛s✐s ✭▼✐♥✐♠✉♠✮✿ ✺✵✪ ❞❡r ♠ö❣❧✐❝❤❡♥ Ü❜✉♥❣s♣✉♥❦t❡ ✭ÜP✮

❏❡❞❡ ✇❡✐t❡r❡♥ ✺✪ ❞❡r ♠ö❣❧✐❝❤❡♥ ÜP 7→ +✶% ❞❡r ♠ö❣❧✐❝❤❡♥ ❑P

; ✶✵✵✪ ❞❡r ♠ö❣❧✐❝❤❡♥ ÜP 7→ +✶✵% ❞❡r ♠ö❣❧✐❝❤❡♥ ❑P
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❙❡♠❡st❡r♣❧❛♥✉♥❣
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❇❡t❡✐❧✐❣t❡ P❡rs♦♥❡♥✱ ▲❙ ■♥❢♦r♠❛t✐❦ ✹

❉♦③❡♥t❡♥ ❱♦r❧❡s✉♥❣

❱♦❧❦♠❛r ❙✐❡❤ ❏ür❣❡♥ ❑❧❡✐♥ö❞❡r

❖r❣❛♥✐s❛t♦r❡♥ ❞❡s Ü❜✉♥❣s❜❡tr✐❡❜s

❘❛✐♥❡r ▼ü❧❧❡r ❙❡❜❛st✐❛♥ ▼❛✐❡r ❍❡✐❦♦ ❏❛♥❦❡r
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❍❛r❛❧❞ ❏✉♥❣❣✉♥st ❈❤r✐st✐❛♥ Pr❡❧❧❡r ❉❛♥✐❡❧ ❈❤r✐st✐❛♥✐
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Ü❜✉♥❣s❧❡✐t❡r

❈♦♥st❛♥t✐♥
❇❛✉♠❛♥♥ ❋❛❜✐❛♥ ❉❡❝❤❡♥t ❚♦♠ ❊♥❞r❡s ▲✉❦❛s ●❡②❡r

❏✉❧✐✉s ●♦❤sr✐❝❤ ❏♦♥❛s ❍❡rt❡r✐❝❤ ▼✐❦❡ ❙❝❤♠✐❞t ❚✐♠ ❩✉♥♥❡r
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❇❡✐ ❋r❛❣❡♥ ♦❞❡r Pr♦❜❧❡♠❡♥

❱♦r❧❡s✉♥❣s✲ ✉♥❞ Ü❜✉♥❣s❢♦❧✐❡♥ ❦♦♥s✉❧t✐❡r❡♥

❍ä✉✜❣ ❣❡st❡❧❧t❡ ❋r❛❣❡♥ ✭❋❆◗✮ ✉♥❞ ❆♥t✇♦rt❡♥ s✐❡❤❡ ❲❡❜s❡✐t❡
→ http://www4.cs.fau.de/Lehre/SS17/V_GSPIC

→ Ü❜✉♥❣❡♥
→ ❋❆◗

❆❧❧❣❡♠❡✐♥❡ ❋r❛❣❡♥ ③✉ Ü❜✉♥❣s❛✉❢❣❛❜❡♥ ❡t❝✳ ✐♠ ❊❊■✲❋♦r✉♠ ♣♦st❡♥
→ https://eei.fsi.uni-erlangen.de/forum/forum/16

❇❡✐ s♣❡③✐❡❧❧❡♥ ❋r❛❣❡♥ ▼❛✐❧ ❛♥ ▼❛✐❧✐♥❣❧✐st❡ ✭❛❧❧❡ Ü❜✉♥❣s❧❡✐t❡r✮
→ ✐✹s♣✐❝❅❝s✳❢❛✉✳❞❡
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●r✉♥❞❧❛❣❡♥ ❞❡r ❙②st❡♠♥❛❤❡♥

Pr♦❣r❛♠♠✐❡r✉♥❣ ✐♥ ❈ ✭●❙P✐❈✮

❚❡✐❧ ❇ ❊✐♥❢ü❤r✉♥❣ ✐♥ ❈

❏ür❣❡♥ ❑❧❡✐♥ö❞❡r✱ ❉❛♥✐❡❧ ▲♦❤♠❛♥♥✱ ❱♦❧❦♠❛r ❙✐❡❤

▲❡❤rst✉❤❧ ❢ür ■♥❢♦r♠❛t✐❦ ✹
❱❡rt❡✐❧t❡ ❙②st❡♠❡ ✉♥❞ ❇❡tr✐❡❜ss②st❡♠❡

❋r✐❡❞r✐❝❤✲❆❧❡①❛♥❞❡r✲❯♥✐✈❡rs✐tät
❊r❧❛♥❣❡♥✲◆ür♥❜❡r❣

❙♦♠♠❡rs❡♠❡st❡r ✷✵✶✼

http://www4.cs.fau.de/Lehre/SS17/V_GSPIC
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Ü❜❡r❜❧✐❝❦✿ ❚❡✐❧ ❇ ❊✐♥❢ü❤r✉♥❣ ✐♥ ❈

✸ ❏❛✈❛ ✈❡rs✉s ❈ ✕ ❊rst❡ ❇❡✐s♣✐❡❧❡

✹ ❙♦❢t✇❛r❡s❝❤✐❝❤t❡♥ ✉♥❞ ❆❜str❛❦t✐♦♥

✺ ❙♣r❛❝❤ü❜❡r❜❧✐❝❦

✻ ❊✐♥❢❛❝❤❡ ❉❛t❡♥t②♣❡♥

✼ ❖♣❡r❛t♦r❡♥ ✉♥❞ ❆✉s❞rü❝❦❡

✽ ❑♦♥tr♦❧❧str✉❦t✉r❡♥

✾ ❋✉♥❦t✐♦♥❡♥

✶✵ ❱❛r✐❛❜❧❡♥

✶✶ Prä♣r♦③❡ss♦r❱
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❉❛s ❡rst❡ ❈✲Pr♦❣r❛♠♠

❉❛s ❜❡rü❤♠t❡st❡ Pr♦❣r❛♠♠ ❞❡r ❲❡❧t ✐♥ ❈

#include <stdio.h>

int main(int argc, char **argv) {
/* greet user */
printf("Hello World!\n");
return 0;

}

Ü❜❡rs❡t③❡♥ ✉♥❞ ❆✉s❢ü❤r❡♥ ✭❛✉❢ ❡✐♥❡♠ ❯◆■❳✲❙②st❡♠✮

~> gcc -o hello hello.c
~> ./hello
Hello World!
~>

●❛r ♥✐❝❤t s♦
s❝❤✇❡r ✿✲✮
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❉❛s ❡rst❡ ❈✲Pr♦❣r❛♠♠ ✕ ❱❡r❣❧❡✐❝❤ ♠✐t ❏❛✈❛

❉❛s ❜❡rü❤♠t❡st❡ Pr♦❣r❛♠♠ ❞❡r ❲❡❧t ✐♥ ❈

✶ #include <stdio.h>
✷

✸ int main(int argc, char **argv) {
✹ /* greet user */
✺ printf("Hello World!\n");
✻ return 0;
✼ }

❉❛s ❜❡rü❤♠t❡st❡ Pr♦❣r❛♠♠ ❞❡r ❲❡❧t ✐♥ ❏❛✈❛

✶ import java.lang.System;
✷ class Hello {
✸ public static void main(String[] args) {
✹ /* greet user */
✺ System.out.println("Hello World!");
✻ return;
✼ }
✽ }
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❉❛s ❡rst❡ ❈✲Pr♦❣r❛♠♠ ✕ ❊r❧ä✉t❡r✉♥❣❡♥ ❬❍❛♥❞♦✉t❪

❈✲❱❡rs✐♦♥ ③❡✐❧❡♥✇❡✐s❡ ❡r❧ä✉t❡rt
✶ ❋ür ❞✐❡ ❇❡♥✉t③✉♥❣ ✈♦♥ printf() ✇✐r❞ ❞✐❡ ❋✉♥❦t✐♦♥s❜✐❜❧✐♦t❤❡❦ stdio.h ♠✐t

❞❡r Prä♣r♦③❡ss♦r✲❆♥✇❡✐s✉♥❣ #include ❡✐♥❣❡❜✉♥❞❡♥✳
✸ ❊✐♥ ❈✲Pr♦❣r❛♠♠ st❛rt❡t ✐♥ main()✱ ❡✐♥❡r ❣❧♦❜❛❧❡♥ ❋✉♥❦t✐♦♥ ✈♦♠ ❚②♣ int✱

❞✐❡ ✐♥ ❣❡♥❛✉ ❡✐♥❡r ❉❛t❡✐ ❞❡✜♥✐❡rt ✐st✳
✺ ❉✐❡ ❆✉s❣❛❜❡ ❡✐♥❡r ❩❡✐❝❤❡♥❦❡tt❡ ❡r❢♦❧❣t ♠✐t ❞❡r ❋✉♥❦t✐♦♥ printf()✳ ✭\n ;

❩❡✐❧❡♥✉♠❜r✉❝❤✮
✻ ❘ü❝❦❦❡❤r ③✉♠ ❇❡tr✐❡❜ss②st❡♠ ♠✐t ❘ü❝❦❣❛❜❡✇❡rt✳ ✵ ❜❡❞❡✉t❡t ❤✐❡r✱ ❞❛ss

❦❡✐♥ ❋❡❤❧❡r ❛✉❢❣❡tr❡t❡♥ ✐st✳

❏❛✈❛✲❱❡rs✐♦♥ ③❡✐❧❡♥✇❡✐s❡ ❡r❧ä✉t❡rt
✶ ❋ür ❞✐❡ ❇❡♥✉t③✉♥❣ ❞❡r ❑❧❛ss❡ out ✇✐r❞ ❞❛s P❛❦❡t System ♠✐t ❞❡r

import✲❆♥✇❡✐s✉♥❣ ❡✐♥❣❡❜✉♥❞❡♥✳
✷ ❏❡❞❡s ❏❛✈❛✲Pr♦❣r❛♠♠ ❜❡st❡❤t ❛✉s ♠✐♥❞❡st❡♥s ❡✐♥❡r ❑❧❛ss❡✳
✸ ❏❡❞❡s ❏❛✈❛✲Pr♦❣r❛♠♠ st❛rt❡t ✐♥ main()✱ ❡✐♥❡r st❛t✐s❝❤❡♥ ▼❡t❤♦❞❡ ✈♦♠

❚②♣ void✱ ❞✐❡ ✐♥ ❣❡♥❛✉ ❡✐♥❡r ❑❧❛ss❡ ❞❡✜♥✐❡rt ✐st✳
✺ ❉✐❡ ❆✉s❣❛❜❡ ❡✐♥❡r ❩❡✐❝❤❡♥❦❡tt❡ ❡r❢♦❧❣t ♠✐t ❞❡r ▼❡t❤♦❞❡ println() ❛✉s

❞❡r ❑❧❛ss❡ out ❛✉s ❞❡♠ P❛❦❡t System✳ ❬→֒ ●❉■✱ ✵✶✲✶✵❪
✻ ❘ü❝❦❦❡❤r ③✉♠ ❇❡tr✐❡❜ss②st❡♠✳
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❉❛s ❡rst❡ ❈✲Pr♦❣r❛♠♠ ❢ür ❡✐♥❡♥ µ✲❈♦♥tr♦❧❧❡r

✒❍❡❧❧♦ ❲♦r❧❞✏ ❢ür ❆❱❘ ❆❚♠❡❣❛ ✭❙P✐❈❜♦❛r❞✮

#include <avr/io.h>

void main() {
// initialize hardware: LED on port D pin 6, active low
DDRD |= (1<<6); // PD6 is used as output
PORTD |= (1<<6); // PD6: high --> LED is off

// greet user
PORTD &= ~(1<<6); // PD6: low --> LED is on

// wait forever
while(1){
}

}

Ü❜❡rs❡t③❡♥ ✉♥❞ ❋❧❛s❤❡♥ ✭♠✐t ❆t♠❡❧ ❙t✉❞✐♦✮ ; Ü❜✉♥❣

❆✉s❢ü❤r❡♥ ✭❙P✐❈❜♦❛r❞✮✿ ✭r♦t❡ ▲❊❉ ❧❡✉❝❤t❡t✮
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µ✲❈♦♥tr♦❧❧❡r✲Pr♦❣r❛♠♠✐❡r✉♥❣
✐st ✒✐r❣❡♥❞✇✐❡ ❛♥❞❡rs✏✳

❉❛s ❡rst❡ ❈✲Pr♦❣r❛♠♠ ❢ür ❡✐♥❡♥ µ✲❈♦♥tr♦❧❧❡r

✒❍❡❧❧♦ ❲♦r❧❞✏ ❢ür ❆❱❘ ❆❚♠❡❣❛ ✭✈❣❧✳ →֒ ✸✕✶ ✮

✶ #include <avr/io.h>
✷

✸ void main() {
✹ // initialize hardware: LED on port D pin 6, active low
✺ DDRD |= (1<<6); // PD6 is used as output
✻ PORTD |= (1<<6); // PD6: high --> LED is off
✼

✽ // greet user
✾ PORTD &= ~(1<<6); // PD6: low --> LED is on

✶✵

✶✶ // wait forever
✶✷ while(1){
✶✸ }
✶✹ }
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µ✲❈♦♥tr♦❧❧❡r✲Pr♦❣r❛♠♠ ✕ ❊r❧ä✉t❡r✉♥❣❡♥ ❬❍❛♥❞♦✉t❪

µ✲❈♦♥tr♦❧❧❡r✲Pr♦❣r❛♠♠ ③❡✐❧❡♥✇❡✐s❡ ❡r❧ä✉t❡rt
✭❇❡❛❝❤t❡ ❯♥t❡rs❝❤✐❡❞❡ ③✉r ▲✐♥✉①✲❱❡rs✐♦♥ →֒ ✸✕✸ ✮

✶ ❋ür ❞❡♥ ❩✉❣r✐✛ ❛✉❢ ❍❛r❞✇❛r❡✲❘❡❣✐st❡r ✭DDRD✱ PORTD✱ ❜❡r❡✐t❣❡st❡❧❧t ❛❧s
❣❧♦❜❛❧❡ ❱❛r✐❛❜❧❡♥✮ ✇✐r❞ ❞✐❡ ❋✉♥❦t✐♦♥s❜✐❜❧✐♦t❤❡❦ avr/io.h ♠✐t #include
❡✐♥❣❡❜✉♥❞❡♥✳

✸ ❉✐❡ main()✲❋✉♥❦t✐♦♥ ❤❛t ❦❡✐♥❡♥ ❘ü❝❦❣❛❜❡✇❡rt ✭❚②♣ void✮✳ ❊✐♥
µ✲❈♦♥tr♦❧❧❡r✲Pr♦❣r❛♠♠ ❧ä✉❢t ❡♥❞❧♦s ; main() t❡r♠✐♥✐❡rt ♥✐❡✳

✺✲✻ ❩✉♥ä❝❤st ✇✐r❞ ❞✐❡ ❍❛r❞✇❛r❡ ✐♥✐t✐❛❧✐s✐❡rt ✭✐♥ ❡✐♥❡♥ ❞❡✜♥✐❡rt❡♥ ❩✉st❛♥❞
❣❡❜r❛❝❤t✮✳ ❉❛③✉ ♠üss❡♥ ❡✐♥③❡❧♥❡ ❇✐ts ✐♥ ❜❡st✐♠♠t❡♥ ❍❛r❞✇❛r❡✲❘❡❣✐st❡r♥
♠❛♥✐♣✉❧✐❡rt ✇❡r❞❡♥✳

✾ ❉✐❡ ■♥t❡r❛❦t✐♦♥ ♠✐t ❞❡r ❯♠✇❡❧t ✭❤✐❡r✿ ▲❊❉ ❡✐♥s❝❤❛❧t❡♥✮ ❡r❢♦❧❣t ❡❜❡♥❢❛❧❧s
ü❜❡r ❞✐❡ ▼❛♥✐♣✉❧❛t✐♦♥ ❡✐♥③❡❧♥❡r ❇✐ts ✐♥ ❍❛r❞✇❛r❡✲❘❡❣✐st❡r♥✳

✶✷✲✶✸ ❊s ❡r❢♦❧❣t ❦❡✐♥❡ ❘ü❝❦❦❡❤r ③✉♠ ❇❡tr✐❡❜ss②st❡♠ ✭✇♦❤✐♥ ❛✉❝❤❄✮✳ ❉✐❡
❊♥❞❧♦ss❝❤❧❡✐❢❡ st❡❧❧t s✐❝❤❡r✱ ❞❛ss main() ♥✐❝❤t t❡r♠✐♥✐❡rt✳
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❉❛s ③✇❡✐t❡ ❈✲Pr♦❣r❛♠♠ ✕ ❊✐♥❣❛❜❡ ✉♥t❡r ▲✐♥✉①

❇❡♥✉t③❡r✐♥t❡r❛❦t✐♦♥ ✭▲❡s❡♥ ❡✐♥❡s ❩❡✐❝❤❡♥s✮ ✉♥t❡r ▲✐♥✉①✿

#include <stdio.h>

int main(int argc, char** argv){

printf("Press key: ");
int key = getchar();

printf("You pressed %c\n", key);
return 0;

}

❉✐❡ getchar()✲❋✉♥❦t✐♦♥ ❧✐❡st ❡✐♥ ❩❡✐❝❤❡♥
✈♦♥ ❞❡r ❙t❛♥❞❛r❞❡✐♥❣❛❜❡ ✭❤✐❡r✿ ❚❛st❛t✉r✮✳
❙✐❡ ✒✇❛rt❡t✏ ❣❡❣❡❜❡♥❡♥❢❛❧❧s✱ ❜✐s ❡✐♥ ❩❡✐❝❤❡♥
✈❡r❢ü❣❜❛r ✐st✳ ■♥ ❞✐❡s❡r ❩❡✐t ❡♥t③✐❡❤t ❞❛s ❇❡✲
tr✐❡❜ss②st❡♠ ❞❡♥ Pr♦③❡ss♦r✳
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❉❛s ③✇❡✐t❡ ❈✲Pr♦❣r❛♠♠ ✕ ❊✐♥❣❛❜❡ ♠✐t µ✲❈♦♥tr♦❧❧❡r

❇❡♥✉t③❡r✐♥t❡r❛❦t✐♦♥ ✭❲❛rt❡♥ ❛✉❢ ❚❛st❡r❞r✉❝❦✮ ❛✉❢ ❞❡♠ ❙P✐❈❜♦❛r❞✿

✶ #include <avr/io.h>
✷

✸ void main() {
✹ // initialize hardware: button on port D pin 2
✺ DDRD &= ~(1<<2); // PD2 is used as input
✻ PORTD |= (1<<2); // activate pull-up: PD2: high
✼

✽ // initialize hardware: LED on port D pin 6, active low
✾ DDRD |= (1<<6); // PD6 is used as output

✶✵ PORTD |= (1<<6); // PD6: high --> LED is off
✶✶

✶✷ // wait until PD2 -> low (button is pressed)
✶✸ while(PIND & (1<<2))
✶✹ ;
✶✺

✶✻ // greet user
✶✼ PORTD &= ~(1<<6); // PD6: low --> LED is on
✶✽

✶✾ // wait forever
✷✵ while(1)
✷✶ ;
✷✷ }
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❲❛rt❡♥ ❛✉❢ ❚❛st❡r❞r✉❝❦ ✕ ❊r❧ä✉t❡r✉♥❣❡♥ ❬❍❛♥❞♦✉t❪

❇❡♥✉t③❡r✐♥t❡r❛❦t✐♦♥ ♠✐t ❙P✐❈❜♦❛r❞ ③❡✐❧❡♥✇❡✐s❡ ❡r❧ä✉t❡rt
✺ ❲✐❡ ❞✐❡ ▲❊❉ ✐st ❞❡r ❚❛st❡r ♠✐t ❡✐♥❡♠ ❞✐❣✐t❛❧❡♥ ■❖✲P✐♥ ❞❡s µ✲❈♦♥tr♦❧❧❡rs

✈❡r❜✉♥❞❡♥✳ ❍✐❡r ❦♦♥✜❣✉r✐❡r❡♥ ✇✐r P✐♥ ✷ ✈♦♥ P♦rt ❉ ❛❧s ❊✐♥❣❛♥❣ ❞✉r❝❤
▲ös❝❤❡♥ ❞❡s ❡♥ts♣r❡❝❤❡♥❞❡♥ ❇✐ts ✐♠ ❘❡❣✐st❡r DDRD✳

✻ ❉✉r❝❤ ❙❡t③❡♥ ✈♦♥ ❇✐t ✷ ✐♠ ❘❡❣✐st❡r PORTD ✇✐r❞ ❞❡r ✐♥t❡r♥❡
P✉❧❧✲❯♣✲❲✐❞❡rst❛♥❞ ✭❤♦❝❤♦❤♠✐❣✮ ❛❦t✐✈✐❡rt✱ ü❜❡r ❞❡♥ ❱❈❈ ❛♥❧✐❡❣t ; P❉✷ =
❤✐❣❤✳

✶✸✲✶✹ ❆❦t✐✈❡ ❲❛rt❡s❝❤❧❡✐❢❡✿ ❲❛rt❡t ❛✉❢ ❚❛st❡♥❞r✉❝❦✱ ❞✳ ❤✳ s♦❧❛♥❣❡ P❉✷ ✭❇✐t ✷
✐♠ ❘❡❣✐st❡r PIND✮ ❤✐❣❤ ✐st✳ ❊✐♥ ❚❛st❡r❞r✉❝❦ ③✐❡❤t P❉✷ ❛✉❢ ▼❛ss❡ ; ❇✐t ✷
✐♠ ❘❡❣✐st❡r PIND ✇✐r❞ ❧♦✇ ✉♥❞ ❞✐❡ ❙❝❤❧❡✐❢❡ ✈❡r❧❛ss❡♥✳
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❩✉♠ ❱❡r❣❧❡✐❝❤✿ ❇❡♥✉t③❡r✐♥t❡r❛❦t✐♦♥ ❛❧s ❏❛✈❛✲Pr♦❣r❛♠♠

✶ import java.lang.System;
✷ import javax.swing.*;
✸ import java.awt.event.*;
✹

✺ public class Input implements ActionListener {
✻ private JFrame frame;
✼

✽ public static void main(String[] args) {
✾ // create input, frame and button objects

✶✵ Input input = new Input();
✶✶ input.frame = new JFrame("Java-Programm");
✶✷ JButton button = new JButton("Klick mich");
✶✸

✶✹ // add button to frame
✶✺ input.frame.add(button);
✶✻ input.frame.setSize(400, 400);
✶✼ input.frame.setVisible(true);
✶✽

✶✾ // register input as listener of button events
✷✵ button.addActionListener(input);
✷✶ }
✷✷

✷✸ public void actionPerformed(ActionEvent e) {
✷✹ System.out.println("Knopfdruck!");
✷✺ System.exit(0);
✷✻ }
✷✼ }
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❊✐♥❣❛❜❡ ❛❧s ✒t②♣✐s❝❤❡s✏
❏❛✈❛✲Pr♦❣r❛♠♠
✭♦❜❥❡❦t♦r✐❡♥t✐❡rt✱ ❣r❛✜s❝❤✮

❇❡♥✉t③❡r✐♥t❡r❛❦t✐♦♥ ❛❧s ❏❛✈❛✲Pr♦❣r❛♠♠ ✕ ❊r❧ä✉t❡r✉♥❣❡♥ ❬❍❛♥❞♦✉t❪

❉❛s Pr♦❣r❛♠♠ ✐st ♠✐t ❞❡r ❈✲❱❛r✐❛♥t❡ ♥✐❝❤t ✉♥♠✐tt❡❧❜❛r ✈❡r❣❧❡✐❝❤❜❛r
❊s ✈❡r✇❡♥❞❡t ❞❛s ✐♥ ❏❛✈❛ ü❜❧✐❝❤❡ ✭✉♥❞ ■❤♥❡♥ ❜❡❦❛♥♥t❡✮
♦❜❥❡❦t♦r✐❡♥t✐❡rt❡ P❛r❛❞✐❣♠❛✳
❉✐❡s❡r ❯♥t❡rs❝❤✐❡❞ s♦❧❧ ❤✐❡r ✈❡r❞❡✉t❧✐❝❤t ✇❡r❞❡♥✳

❇❡♥✉t③❡r✐♥t❡r❛❦t✐♦♥ ✐♥ ❏❛✈❛ ③❡✐❧❡♥✇❡✐s❡ ❡r❧ä✉t❡rt
✺ ❯♠ ■♥t❡r❛❦t✐♦♥s❡r❡✐❣♥✐ss❡ ③✉ ❡♠♣❢❛♥❣❡♥✱ ✐♠♣❧❡♠❡♥t✐❡rt ❞✐❡ ❑❧❛ss❡ Input

❡✐♥ ❡♥ts♣r❡❝❤❡♥❞❡s ■♥t❡r❢❛❝❡✳
✶✵✲✶✷ ❉❛s Pr♦❣r❛♠♠✈❡r❤❛❧t❡♥ ✐st ✐♠♣❧❡♠❡♥t✐❡rt ❞✉r❝❤ ❡✐♥❡ ▼❡♥❣❡ ✈♦♥ ❖❜❥❡❦t❡♥

✭frame✱ button✱ input✮✱ ❞✐❡ ❤✐❡r ❜❡✐ ❞❡r ■♥✐t✐❛❧✐s✐❡r✉♥❣ ❡r③❡✉❣t ✇❡r❞❡♥✳
✷✵ ❉❛s ❡r③❡✉❣t❡ button✲❖❜❥❡❦t s❝❤✐❝❦t ♥✉♥ s❡✐♥❡ ◆❛❝❤r✐❝❤t❡♥ ❛♥ ❞❛s

input✲❖❜❥❡❦t✳
✷✸✲✷✻ ❉❡r ❑♥♦♣❢❞r✉❝❦ ✇✐r❞ ❞✉r❝❤ ❡✐♥❡ actionPerformed()✲◆❛❝❤r✐❝❤t

✭▼❡t❤♦❞❡♥❛✉❢r✉❢✮ s✐❣♥❛❧✐s✐❡rt✳

❝© ❦❧s ●❙P✐❈ ✭❚❡✐❧ ❇✱ ❙❙ ✶✼✮ ✸ ❏❛✈❛ ✈❡rs✉s ❈ ✕ ❊rst❡ ❇❡✐s♣✐❡❧❡ ⑤ ✸✳✷ ❊✐♥❣❛❜❡ ✸✕✶✶
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❊✐♥ ❡rst❡s ❋❛③✐t✿ ❱♦♥ ❏❛✈❛ → ❈ ✭❙②♥t❛①✮

❙②♥t❛❦t✐s❝❤ s✐♥❞ ❏❛✈❛ ✉♥❞ ❈ s✐❝❤ s❡❤r ä❤♥❧✐❝❤
✭❙②♥t❛①✿ ✒❲✐❡ s❡❤❡♥ ❣ü❧t✐❣❡ Pr♦❣r❛♠♠❡ ❞❡r ❙♣r❛❝❤❡ ❛✉s❄✏✮

❈✲❙②♥t❛① ✇❛r ❱♦r❜✐❧❞ ❜❡✐ ❞❡r ❊♥t✇✐❝❦❧✉♥❣ ✈♦♥ ❏❛✈❛
; ❱✐❡❧❡ ❙♣r❛❝❤❡❧❡♠❡♥t❡ s✐♥❞ ä❤♥❧✐❝❤ ♦❞❡r ✐❞❡♥t✐s❝❤ ✈❡r✇❡♥❞❜❛r

❇❧ö❝❦❡✱ ❙❝❤❧❡✐❢❡♥✱ ❇❡❞✐♥❣✉♥❣❡♥✱ ❆♥✇❡✐s✉♥❣❡♥✱ ▲✐t❡r❛❧❡
❲❡r❞❡♥ ✐♥ ❞❡♥ ❢♦❧❣❡♥❞❡♥ ❑❛♣✐t❡❧♥ ♥♦❝❤ ✐♠ ❉❡t❛✐❧ ❜❡❤❛♥❞❡❧t

❲❡s❡♥t❧✐❝❤❡ ❙♣r❛❝❤❡❧❡♠❡♥t❡ ❛✉s ❏❛✈❛ ❣✐❜t ❡s ✐♥ ❈ ❥❡❞♦❝❤ ♥✐❝❤t
❑❧❛ss❡♥✱ P❛❦❡t❡✱ ❖❜❥❡❦t❡✱ ❆✉s♥❛❤♠❡♥ ✭❊①❝❡♣t✐♦♥s✮✱ ✳ ✳ ✳
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❊✐♥ ❡rst❡s ❋❛③✐t✿ ❱♦♥ ❏❛✈❛ → ❈ ✭■❞✐♦♠❛t✐❦✮

■❞✐♦♠❛t✐s❝❤ ❣✐❜t ❡s s❡❤r ❣r♦ÿ❡ ❯♥t❡rs❝❤✐❡❞❡
✭■❞✐♦♠❛t✐❦✿ ✒❲✐❡ s❡❤❡♥ ü❜❧✐❝❤❡ Pr♦❣r❛♠♠❡ ❞❡r ❙♣r❛❝❤❡ ❛✉s❄✏✮

❏❛✈❛✿ ❖❜❥❡❦t♦r✐❡♥t✐❡rt❡s P❛r❛❞✐❣♠❛
❩❡♥tr❛❧❡ ❋r❛❣❡✿ ❆✉s ✇❡❧❝❤❡♥ ❉✐♥❣❡♥ ❜❡st❡❤t ❞❛s Pr♦❜❧❡♠❄
●❧✐❡❞❡r✉♥❣ ❞❡r Pr♦❜❧❡♠❧ös✉♥❣ ✐♥ ❑❧❛ss❡♥ ✉♥❞ ❖❜❥❡❦t❡
❍✐❡r❛r❝❤✐❡❜✐❧❞✉♥❣ ❞✉r❝❤ ❱❡r❡r❜✉♥❣ ✉♥❞ ❆❣❣r❡❣❛t✐♦♥
Pr♦❣r❛♠♠❛❜❧❛✉❢ ❞✉r❝❤ ■♥t❡r❛❦t✐♦♥ ③✇✐s❝❤❡♥ ❖❜❥❡❦t❡♥
❲✐❡❞❡r✈❡r✇❡♥❞✉♥❣ ❞✉r❝❤ ✉♠❢❛♥❣r❡✐❝❤❡ ❑❧❛ss❡♥❜✐❜❧✐♦t❤❡❦

❈✿ ■♠♣❡r❛t✐✈❡s P❛r❛❞✐❣♠❛
❩❡♥tr❛❧❡ ❋r❛❣❡✿ ❆✉s ✇❡❧❝❤❡♥ ❆❦t✐✈✐tät❡♥ ❜❡st❡❤t ❞❛s Pr♦❜❧❡♠❄
●❧✐❡❞❡r✉♥❣ ❞❡r Pr♦❜❧❡♠❧ös✉♥❣ ✐♥ ❋✉♥❦t✐♦♥❡♥ ✉♥❞ ❱❛r✐❛❜❧❡♥
❍✐❡r❛r❝❤✐❡❜✐❧❞✉♥❣ ❞✉r❝❤ ❯♥t❡r❣❧✐❡❞❡r✉♥❣ ✐♥ ❚❡✐❧❢✉♥❦t✐♦♥❡♥
Pr♦❣r❛♠♠❛❜❧❛✉❢ ❞✉r❝❤ ❆✉❢r✉❢❡ ③✇✐s❝❤❡♥ ❋✉♥❦t✐♦♥❡♥
❲✐❡❞❡r✈❡r✇❡♥❞✉♥❣ ❞✉r❝❤ ❋✉♥❦t✐♦♥s❜✐❜❧✐♦t❤❡❦❡♥
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❊✐♥ ❡rst❡s ❋❛③✐t✿ ❱♦♥ ❏❛✈❛ → ❈ ✭P❤✐❧♦s♦♣❤✐❡✮

P❤✐❧♦s♦♣❤✐s❝❤ ❣✐❜t ❡s ❡❜❡♥❢❛❧❧s ❡r❤❡❜❧✐❝❤❡ ❯♥t❡rs❝❤✐❡❞❡
✭P❤✐❧♦s♦♣❤✐❡✿ ✒●r✉♥❞❧❡❣❡♥❞❡ ■❞❡❡♥ ✉♥❞ ❑♦♥③❡♣t❡ ❞❡r ❙♣r❛❝❤❡✏✮

❏❛✈❛✿ ❙✐❝❤❡r❤❡✐t ✉♥❞ P♦rt❛❜✐❧✐tät ❞✉r❝❤ ▼❛s❝❤✐♥❡♥❢❡r♥❡
Ü❜❡rs❡t③✉♥❣ ❢ür ✈✐rt✉❡❧❧❡ ▼❛s❝❤✐♥❡ ✭❏❱▼✮
❯♠❢❛♥❣r❡✐❝❤❡ Ü❜❡r♣rü❢✉♥❣ ✈♦♥ Pr♦❣r❛♠♠❢❡❤❧❡r♥ ③✉r ▲❛✉❢③❡✐t

❇❡r❡✐❝❤sü❜❡rs❝❤r❡✐t✉♥❣❡♥✱ ❉✐✈✐s✐♦♥ ❞✉r❝❤ ✵✱ ✳ ✳ ✳

Pr♦❜❧❡♠♥❛❤❡s ❙♣❡✐❝❤❡r♠♦❞❡❧❧
◆✉r t②♣s✐❝❤❡r❡ ❙♣❡✐❝❤❡r③✉❣r✐✛❡✱ ❛✉t♦♠❛t✐s❝❤❡ ❇❡r❡✐♥✐❣✉♥❣ ③✉r ▲❛✉❢③❡✐t

❈✿ ❊✣③✐❡♥③ ✉♥❞ ▲❡✐❝❤t❣❡✇✐❝❤t✐❣❦❡✐t ❞✉r❝❤ ▼❛s❝❤✐♥❡♥♥ä❤❡
Ü❜❡rs❡t③✉♥❣ ❢ür ❦♦♥❦r❡t❡ ❍❛r❞✇❛r❡❛r❝❤✐t❡❦t✉r
❑❡✐♥❡ Ü❜❡r♣rü❢✉♥❣ ✈♦♥ Pr♦❣r❛♠♠❢❡❤❧❡r♥ ③✉r ▲❛✉❢③❡✐t

❊✐♥✐❣❡ ❋❡❤❧❡r ✇❡r❞❡♥ ✈♦♠ ❇❡tr✐❡❜ss②st❡♠ ❛❜❣❡❢❛♥❣❡♥ ✕ ❢❛❧❧s ✈♦r❤❛♥❞❡♥

▼❛s❝❤✐♥❡♥♥❛❤❡s ❙♣❡✐❝❤❡r♠♦❞❡❧❧
❉✐r❡❦t❡r ❙♣❡✐❝❤❡r③✉❣r✐✛ ❞✉r❝❤ ❩❡✐❣❡r
●r♦❜❣r❛♥✉❧❛r❡r ❩✉❣r✐✛ss❝❤✉t③ ✉♥❞ ❛✉t♦♠❛t✐s❝❤❡ ❇❡r❡✐♥✐❣✉♥❣
✭❛✉❢ Pr♦③❡ss❡❜❡♥❡✮ ❞✉r❝❤ ❞❛s ❇❡tr✐❡❜ss②st❡♠ ✕ ❢❛❧❧s ✈♦r❤❛♥❞❡♥
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❊✐♥ ❡rst❡s ❋❛③✐t✿ µ✲❈♦♥tr♦❧❧❡r✲Pr♦❣r❛♠♠✐❡r✉♥❣

❈ 7→ ▼❛s❝❤✐♥❡♥♥ä❤❡ 7→ µ❈✲Pr♦❣r❛♠♠✐❡r✉♥❣

❉✐❡ ▼❛s❝❤✐♥❡♥♥ä❤❡ ✈♦♥ ❈ ③❡✐❣t s✐❝❤ ✐♥s❜❡s♦♥❞❡r❡
❛✉❝❤ ❜❡✐ ❞❡r µ✲❈♦♥tr♦❧❧❡r✲Pr♦❣r❛♠♠✐❡r✉♥❣✦

❊s ❧ä✉❢t ♥✉r ❡✐♥ Pr♦❣r❛♠♠
❲✐r❞ ❜❡✐ ❘❊❙❊❚ ❞✐r❡❦t ❛✉s ❞❡♠ ❋❧❛s❤✲❙♣❡✐❝❤❡r ❣❡st❛rt❡t

▼✉ss ③✉♥ä❝❤st ❞✐❡ ❍❛r❞✇❛r❡ ✐♥✐t✐❛❧✐s✐❡r❡♥

❉❛r❢ ♥✐❡ t❡r♠✐♥✐❡r❡♥ ✭③✳ ❇✳ ❞✉r❝❤ ❊♥❞❧♦ss❝❤❧❡✐❢❡ ✐♥ main()✮

❉✐❡ Pr♦❜❧❡♠❧ös✉♥❣ ✐st ♠❛s❝❤✐♥❡♥♥❛❤ ✐♠♣❧❡♠❡♥t✐❡rt
❉✐r❡❦t❡ ▼❛♥✐♣✉❧❛t✐♦♥ ✈♦♥ ❡✐♥③❡❧♥❡♥ ❇✐ts ✐♥ ❍❛r❞✇❛r❡r❡❣✐st❡r♥

❉❡t❛✐❧❧✐❡rt❡s ❲✐ss❡♥ ü❜❡r ❞✐❡ ❡❧❡❦tr✐s❝❤❡ ❱❡rs❝❤❛❧t✉♥❣ ❡r❢♦r❞❡r❧✐❝❤

❑❡✐♥❡ ❯♥t❡rstüt③✉♥❣ ❞✉r❝❤ ❇❡tr✐❡❜ss②st❡♠ ✭✇✐❡ ❡t✇❛ ▲✐♥✉①✮

❆❧❧❣❡♠❡✐♥ ❣❡r✐♥❣❡s ❆❜str❛❦t✐♦♥s♥✐✈❡❛✉ ; ❢❡❤❧❡r❛♥❢ä❧❧✐❣✱ ❛✉❢✇ä♥❞✐❣

❆♥s❛t③✿ ▼❡❤r ❆❜str❛❦t✐♦♥ ❞✉r❝❤ ♣r♦❜❧❡♠♦r✐❡♥t✐❡rt❡ ❇✐❜❧✐♦t❤❡❦❡♥
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Hardwaresicht Softwareschichten

ATmega32 ATmega64

«abstract»
ATmega

SPiCboard

LED Button

8 2

ATmega32
Register, . . .

ATmega64
Register, . . .

· · ·
Register, . . .

avr-libc: abstrahiert von ATmega-
Ausprägung und Register-Adressen

<avr/io.h> <avr/interrupt.h> ...

libspicboard: abstrahiert
von µC und Verschaltung
<led.h> <button.h> ...
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ATmega32
Register, . . .

ATmega64
Register, . . .

· · ·
Register, . . .

avr-libc: abstrahiert von ATmega-
Ausprägung und Register-Adressen

<avr/io.h> <avr/interrupt.h> ...

libspicboard: abstrahiert
von µC und Verschaltung
<led.h> <button.h> ...

ATmega32-
Programm

ATmega-
Programm

SPiCboard-Programm

Ziel: Schalte LED RED0 auf
SPiCboard an:

Programm läuft nur auf ATmega32. Es
verwendet ATmega32-spezifische Regis-
teradressen (wie 0x12) und Merkmale:

...
(*(unsigned char*)(0x11)) |= (1<<7);
(*(unsigned char*)(0x12)) &= ~(1<<7);

Programm läuft auf jedem µC der ATmega-Serie.
Es verwendet symbolische Registernamen der
avr-libc (wie PORTD) und allgemeine Merkmale:

#include <avr/io.h>
...
DDRD |= (1<<7);
PORTD &= ~(1<<7);

Programm läuft nur auf dem SPiCboard. Es verwendet Funk-
tionen (wie sb_led_on()) und Konstanten (wie RED0) der lib-
spicboard, welche die konkrete Verschaltung von LEDs,
Tastern, usw. mit dem µC repräsentieren:

#include <led.h>
...
sb_led_on(RED0);
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❆❜str❛❦t✐♦♥ ❞✉r❝❤ ❙♦❢t✇❛r❡s❝❤✐❝❤t❡♥✿ ❱♦❧❧stä♥❞✐❣❡s ❇❡✐s♣✐❡❧

❇✐s❤❡r✿ ❊♥t✇✐❝❦❧✉♥❣ ♠✐t ❛✈r✲❧✐❜❝

#include <avr/io.h>

void main(void) {
// initialize hardware

// button0 on PD2
DDRD &= ~(1<<2);
PORTD |= (1<<2);
// LED on PD6
DDRD |= (1<<6);
PORTD |= (1<<6);

// wait until PD2: low --> (button0 pressed)
while(PIND & (1<<2)) {
}

// greet user (red LED)
PORTD &= ~(1<<6); // PD6: low --> LED is on

// wait forever
while(1) {
}

}

✭✈❣❧✳ →֒ ✸✕✽ ✮

◆✉♥✿ ❊♥t✇✐❝❦❧✉♥❣ ♠✐t ❧✐❜s♣✐❝❜♦❛r❞

#include <led.h>
#include <button.h>

void main(void) {

// wait until Button0 is pressed
while(sb_button_getState(BUTTON0)

!= BUTTONSTATE_PRESSED) {
}

// greet user
sb_led_on(RED0);

// wait forever
while(1){
}

}

❍❛r❞✇❛r❡✐♥✐t✐❛❧✐s✐❡r✉♥❣ ❡♥t❢ä❧❧t

Pr♦❣r❛♠♠ ✐st ❡✐♥❢❛❝❤❡r ✉♥❞ ✈❡rstä♥❞❧✐❝❤❡r
❞✉r❝❤ ♣r♦❜❧❡♠s♣❡③✐✜s❝❤❡ ❆❜str❛❦t✐♦♥❡♥

❙❡t③❡ ❇✐t ✻ ✐♥ PORTD
7→ sb_set_led(RED0)
▲❡s❡ ❇✐t ✷ ✐♥ PORTD
7→ sb_button_getState(BUTTON0)
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❆❜str❛❦t✐♦♥❡♥ ❞❡r ❧✐❜s♣✐❝❜♦❛r❞✿ ❑✉r③ü❜❡r❜❧✐❝❦

❆✉s❣❛❜❡✲❆❜str❛❦t✐♦♥❡♥ ✭❆✉s✇❛❤❧✮
▲❊❉✲▼♦❞✉❧ ✭#include <led.h>✮

▲❊❉ ❡✐♥s❝❤❛❧t❡♥✿ sb_led_on(BLUE0) ;
❘✵ ❨✵ ●✵ ❇✵ ❘✶ ❨✶ ●✶ ❇✶

▲❊❉ ❛✉ss❝❤❛❧t❡♥✿ sb_led_off(BLUE0) ;
❆❧❧❡ ▲❊❉s ❡✐♥✲✴❛✉ss❝❤❛❧t❡♥✿
sb_led_set_all_leds(0x0f) ;

✵ ✶ ✷ ✸ ✹ ✺ ✻ ✼

✼✲❙❡❣✲▼♦❞✉❧ ✭#include <7seg.h>✮
●❛♥③③❛❤❧ ♥ ∈ {−✾ . . . ✾✾} ❛✉s❣❡❜❡♥✿
sb_7seg_showNumber(47) ;

❊✐♥❣❛❜❡✲❆❜str❛❦t✐♦♥❡♥ ✭❆✉s✇❛❤❧✮
❇✉tt♦♥✲▼♦❞✉❧ ✭#include <button.h>✮

❇✉tt♦♥✲❩✉st❛♥❞ ❛❜❢r❛❣❡♥✿
sb_button_getState(BUTTON0) 7→ BUTTONSTATE_{PRESSED,RELEASED}

❆❉❈✲▼♦❞✉❧ ✭#include <adc.h>✮
P♦t❡♥t✐♦♠❡t❡r✲❙t❡❧❧✇❡rt ❛❜❢r❛❣❡♥✿
sb_adc_read(POTI) 7→ ④✵✳ ✳ ✳ ✶✵✷✸⑥
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❉✐s❦r❡♣❛♥③✿ ❆♥✇❡♥❞✉♥❣s♣r♦❜❧❡♠ ←→ ❆❜❧ä✉❢❡ ❛✉❢ ❞❡r ❍❛r❞✇❛r❡

Grafik-Workstation

Klassenbibliotheken

Java Byte-Code

Assemblerprogr.

CAD-System

JVM

Maschinenprogr.

Übersetzung

Interpretation

C-Programm

Java-Programm

Übersetzung

Übersetzung

Ausführung
Prozessor

Funktionsbibliotheken

Betriebssystem

Interpretation von Systemaufrufen

C-Programm

❩✐❡❧✿ ❆✉s❢ü❤r❜❛r❡r ▼❛s❝❤✐♥❡♥❝♦❞❡
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❉✐❡ ❘♦❧❧❡ ❞❡s ❇❡tr✐❡❜ss②st❡♠s

❆♥✇❡♥❞❡rs✐❝❤t✿ ❯♠❣❡❜✉♥❣ ③✉♠ ❙t❛rt❡♥✱ ❑♦♥tr♦❧❧✐❡r❡♥ ✉♥❞
❑♦♠❜✐♥✐❡r❡♥ ✈♦♥ ❆♥✇❡♥❞✉♥❣❡♥

❙❤❡❧❧✱ ❣r❛✜s❝❤❡ ❇❡♥✉t③❡r♦❜❡r✢ä❝❤❡

③✳ ❇✳ ❜❛s❤✱ ❲✐♥❞♦✇s

❉❛t❡♥❛✉st❛✉s❝❤ ③✇✐s❝❤❡♥ ❆♥✇❡♥❞✉♥❣❡♥ ✉♥❞ ❆♥✇❡♥❞❡r♥

③✳ ❇✳ ü❜❡r ❉❛t❡✐❡♥

❆♥✇❡♥❞✉♥❣ss✐❝❤t✿ ❋✉♥❦t✐♦♥s❜✐❜❧✐♦t❤❡❦ ♠✐t ❆❜str❛❦t✐♦♥❡♥ ③✉r
❱❡r❡✐♥❢❛❝❤✉♥❣ ❞❡r ❙♦❢t✇❛r❡❡♥t✇✐❝❦❧✉♥❣

●❡♥❡r✐s❝❤❡ ❊✐♥✲✴❆✉s❣❛❜❡ ✈♦♥ ❉❛t❡♥

③✳ ❇✳ ❛✉❢ ❉r✉❝❦❡r✱ s❡r✐❡❧❧❡ ❙❝❤♥✐ttst❡❧❧❡✱ ✐♥ ❉❛t❡✐

P❡r♠❛♥❡♥ts♣❡✐❝❤❡r✉♥❣ ✉♥❞ Ü❜❡rtr❛❣✉♥❣ ✈♦♥ ❉❛t❡♥

③✳ ❇✳ ❞✉r❝❤ ❉❛t❡✐s②st❡♠✱ ü❜❡r ❚❈P✴■P✲❙♦❝❦❡ts

❱❡r✇❛❧t✉♥❣ ✈♦♥ ❙♣❡✐❝❤❡r ✉♥❞ ❛♥❞❡r❡♥ ❇❡tr✐❡❜s♠✐tt❡❧♥

③✳ ❇✳ ❈P❯✲❩❡✐t
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❉✐❡ ❘♦❧❧❡ ❞❡s ❇❡tr✐❡❜ss②st❡♠s ✭❋♦rts✳✮

❙②st❡♠s✐❝❤t✿ ❙♦❢t✇❛r❡s❝❤✐❝❤t ③✉♠ ▼✉❧t✐♣❧❡①❡♥ ❞❡r
❍❛r❞✇❛r❡ ✭→֒ ▼❡❤r❜❡♥✉t③❡r❜❡tr✐❡❜✮

P❛r❛❧❧❡❧❡ ❆❜❛r❜❡✐t✉♥❣ ✈♦♥ Pr♦❣r❛♠♠✐♥st❛♥③❡♥ ❞✉r❝❤ Pr♦③❡ss❦♦♥③❡♣t
❱✐rt✉❡❧❧❡r ❙♣❡✐❝❤❡r →֒ ❡✐❣❡♥❡r ✸✷✲✴✻✹✲❇✐t✲❆❞r❡ssr❛✉♠
❱✐rt✉❡❧❧❡r Pr♦③❡ss♦r →֒ ✇✐r❞ tr❛♥s♣❛r❡♥t ③✉❣❡t❡✐❧t ✉♥❞ ❡♥t③♦❣❡♥
❱✐rt✉❡❧❧❡ ❊✐♥✲✴❆✉s❣❛❜❡✲●❡rät❡ →֒ ✉♠❧❡♥❦❜❛r ✐♥ ❉❛t❡✐✱ ❙♦❝❦❡t✱ ✳ ✳ ✳

■s♦❧❛t✐♦♥ ✈♦♥ Pr♦❣r❛♠♠✐♥st❛♥③❡♥ ❞✉r❝❤ Pr♦③❡ss❦♦♥③❡♣t
❆✉t♦♠❛t✐s❝❤❡ ❙♣❡✐❝❤❡r❜❡r❡✐♥✐❣✉♥❣ ❜❡✐ Pr♦③❡ss❡♥❞❡
❊r❦❡♥♥✉♥❣✴❱❡r♠❡✐❞✉♥❣ ✈♦♥ ❙♣❡✐❝❤❡r③✉❣r✐✛❡♥ ❛✉❢ ❢r❡♠❞❡ Pr♦③❡ss❡

P❛rt✐❡❧❧❡r ❙❝❤✉t③ ✈♦r s❝❤✇❡r❡r❡♥ Pr♦❣r❛♠♠✐❡r❢❡❤❧❡r♥
❊r❦❡♥♥✉♥❣ ❡✐♥✐❣❡r ✉♥❣ü❧t✐❣❡r ❙♣❡✐❝❤❡r③✉❣r✐✛❡ ✭③✳ ❇✳ ❩✉❣r✐✛ ❛✉❢ ❆❞r❡ss❡ 0✮
❊r❦❡♥♥✉♥❣ ❡✐♥✐❣❡r ✉♥❣ü❧t✐❣❡r ❖♣❡r❛t✐♦♥❡♥ ✭③✳ ❇✳ div/0✮

µ❈✲Pr♦❣r❛♠♠✐❡r✉♥❣ ♦❤♥❡ ❇❡tr✐❡❜ss②st❡♠♣❧❛tt❢♦r♠ ; ❦❡✐♥ ❙❝❤✉t③

❊✐♥ ❇❡tr✐❡❜ss②st❡♠ s❝❤üt③t ✇❡✐t ✇❡♥✐❣❡r ✈♦r Pr♦❣r❛♠♠✐❡r❢❡❤❧❡r♥ ❛❧s ③✳ ❇✳ ❏❛✈❛✳

❙❡❧❜st ❞❛r❛✉❢ ♠üss❡♥ ✇✐r ❥❡❞♦❝❤ ❜❡✐ ❞❡r µ❈✲Pr♦❣r❛♠♠✐❡r✉♥❣ ✐✳ ❛✳ ✈❡r③✐❝❤t❡♥✳

❇❡✐ ✽✴✶✻✲❇✐t✲µ❈ ❢❡❤❧t ✐✳ ❛✳ ❞✐❡ ❢ür ❙❝❤✉t③ ❡r❢♦r❞❡r❧✐❝❤❡ ❍❛r❞✇❛r❡✲❯♥t❡rstüt③✉♥❣✳

❝© ❦❧s ●❙P✐❈ ✭❚❡✐❧ ❇✱ ❙❙ ✶✼✮ ✹ ❙♦❢t✇❛r❡s❝❤✐❝❤t❡♥ ✉♥❞ ❆❜str❛❦t✐♦♥ ⑤ ✹✳✷ ❆❧❧❣❡♠❡✐♥ ✹✕✼

✵✸
✲✵
✹✲
❊
rs
t❡
❙
❝❤
r✐t
t❡
✿
✷✵

✶✼
✲✵
✺✲
✵✸

❇❡✐s♣✐❡❧✿ ❋❡❤❧❡r❡r❦❡♥♥✉♥❣ ❞✉r❝❤ ❇❡tr✐❡❜ss②st❡♠

▲✐♥✉①✿ ❉✐✈✐s✐♦♥ ❞✉r❝❤ ✵

✶ #include <stdio.h>
✷
✸

✹ int main(int argc, char** argv) {
✺ int a = 23;
✻ int b = 0;
✼

✽ b = 4711 / (a-23);
✾ printf("Ergebnis: %d\n", b);

✶✵

✶✶ return 0;
✶✷ }

❙P✐❈❜♦❛r❞✿ ❉✐✈✐s✐♦♥ ❞✉r❝❤ ✵

#include <7seg.h>
#include <avr/interrupt.h>

void main() {
int a = 23;
int b = 0;
sei();
b = 4711 / (a-23);
sb_7seg_showNumber(b);

while(1){}
}

Ü❜❡rs❡t③❡♥ ✉♥❞ ❆✉s❢ü❤r❡♥ ❡r❣✐❜t✿
gcc error-linux.c -o error-linux
./error-linux
Floating point exception

; Pr♦❣r❛♠♠ ✇✐r❞ ❛❜❣❡❜r♦❝❤❡♥✳

❆✉s❢ü❤r❡♥ ❡r❣✐❜t✿

; Pr♦❣r❛♠♠ s❡t③t
❇❡r❡❝❤♥✉♥❣ ❢♦rt

♠✐t ❢❛❧s❝❤❡♥ ❉❛t❡♥✳
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✵✸
✲✵
✹✲
❊
rs
t❡
❙
❝❤

r✐t
t❡
✿
✷✵

✶✼
✲✵
✺✲
✵✸

Ü❜❡r❜❧✐❝❦✿ ❚❡✐❧ ❇ ❊✐♥❢ü❤r✉♥❣ ✐♥ ❈

✸ ❏❛✈❛ ✈❡rs✉s ❈ ✕ ❊rst❡ ❇❡✐s♣✐❡❧❡

✹ ❙♦❢t✇❛r❡s❝❤✐❝❤t❡♥ ✉♥❞ ❆❜str❛❦t✐♦♥

✺ ❙♣r❛❝❤ü❜❡r❜❧✐❝❦

✻ ❊✐♥❢❛❝❤❡ ❉❛t❡♥t②♣❡♥

✼ ❖♣❡r❛t♦r❡♥ ✉♥❞ ❆✉s❞rü❝❦❡

✽ ❑♦♥tr♦❧❧str✉❦t✉r❡♥

✾ ❋✉♥❦t✐♦♥❡♥

✶✵ ❱❛r✐❛❜❧❡♥

✶✶ Prä♣r♦③❡ss♦r❱
❴
●
❙
P
■❈
❴
❤❛
♥❞

♦✉
t

❙tr✉❦t✉r ❡✐♥❡s ❈✲Pr♦❣r❛♠♠s ✕ ❛❧❧❣❡♠❡✐♥

✶ // include files
✷ #include . . .
✸

✹ // global variables
✺ . . . variable1 = . . .
✻

✼ // subfunction 1
✽ . . . subfunction_1(. . .) {
✾ // local variables

✶✵ . . . variable1 = . . .
✶✶ // statements
✶✷ . . .
✶✸ }

✶✹ // subfunction n
✶✺ . . . subfunction_n(. . .) {
✶✻
✶✼ . . .
✶✽

✶✾ }
✷✵

✷✶ // main function
✷✷ . . . main(. . .) {
✷✸
✷✹ . . .
✷✺

✷✻ }

❊✐♥ ❈✲Pr♦❣r❛♠♠ ❜❡st❡❤t ✭ü❜❧✐❝❤❡r✇❡✐s❡✮ ❛✉s
▼❡♥❣❡ ✈♦♥ ❣❧♦❜❛❧❡♥ ❱❛r✐❛❜❧❡♥
▼❡♥❣❡ ✈♦♥ ✭❙✉❜✲✮❋✉♥❦t✐♦♥❡♥

▼❡♥❣❡ ✈♦♥ ❧♦❦❛❧❡♥ ❱❛r✐❛❜❧❡♥
▼❡♥❣❡ ✈♦♥ ❆♥✇❡✐s✉♥❣❡♥

❉❡r ❋✉♥❦t✐♦♥ main()✱ ✐♥ ❞❡r ❞✐❡ ❆✉s❢ü❤r✉♥❣ ❜❡❣✐♥♥t
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✲❙
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❙tr✉❦t✉r ❡✐♥❡s ❈✲Pr♦❣r❛♠♠s ✕ ❛♠ ❇❡✐s♣✐❡❧

✶ // include files
✷ #include <led.h>
✸

✹ // global variables
✺ LED nextLED = RED0;
✻

✼ // subfunction 1
✽ LED lightLED(void) {
✾ if (nextLED <= BLUE1) {

✶✵ sb_led_on(nextLED++);
✶✶ }
✶✷ return nextLED;
✶✸ }

✶✹ // subfunction 2
✶✺ void wait(void) {
✶✻ volatile unsigned int i;
✶✼ for (i=0; i<0xffff; i++)
✶✽ ;
✶✾ }
✷✵

✷✶ // main function
✷✷ void main() {
✷✸ while (lightLED() < 8) {
✷✹ wait();
✷✺ }
✷✻ }

❊✐♥ ❈✲Pr♦❣r❛♠♠ ❜❡st❡❤t ✭ü❜❧✐❝❤❡r✇❡✐s❡✮ ❛✉s
▼❡♥❣❡ ✈♦♥ ❣❧♦❜❛❧❡♥ ❱❛r✐❛❜❧❡♥ nextLED✱ ❩❡✐❧❡ ✺
▼❡♥❣❡ ✈♦♥ ✭❙✉❜✲✮❋✉♥❦t✐♦♥❡♥ wait()✱ ❩❡✐❧❡ ✶✺

▼❡♥❣❡ ✈♦♥ ❧♦❦❛❧❡♥ ❱❛r✐❛❜❧❡♥ i✱ ❩❡✐❧❡ ✶✻
▼❡♥❣❡ ✈♦♥ ❆♥✇❡✐s✉♥❣❡♥ for✲❙❝❤❧❡✐❢❡✱ ❩❡✐❧❡ ✶✼

❉❡r ❋✉♥❦t✐♦♥ main()✱ ✐♥ ❞❡r ❞✐❡ ❆✉s❢ü❤r✉♥❣ ❜❡❣✐♥♥t
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✵✺
✲❙
♣r
❛❝
❤✉

❡❜
❡r
❜❧
✐❝
❦✿

✷✵
✶✼

✲✵
✷✲
✶✻

❇❡③❡✐❝❤♥❡r ❬=❏❛✈❛❪

✶ // include files
✷ #include <led.h>
✸

✹ // global variables
✺ LED nextLED = RED0;
✻

✼ // subfunction 1
✽ LED lightLED(void) {
✾ if (nextLED <= BLUE1) {

✶✵ sb_led_on(nextLED++);
✶✶ }
✶✷ return nextLED;
✶✸ }

✶✹ // subfunction 2
✶✺ void wait(void) {
✶✻ volatile unsigned int i;
✶✼ for (i=0; i<0xffff; i++)
✶✽ ;
✶✾ }
✷✵

✷✶ // main function
✷✷ void main() {
✷✸ while (lightLED() < 8) {
✷✹ wait();
✷✺ }
✷✻ }

❱♦♠ ❊♥t✇✐❝❦❧❡r ✈❡r❣❡❜❡♥❡r ◆❛♠❡ ❢ür ❡✐♥ ❊❧❡♠❡♥t ❞❡s Pr♦❣r❛♠♠s
❊❧❡♠❡♥t✿ ❚②♣✱ ❱❛r✐❛❜❧❡✱ ❑♦♥st❛♥t❡✱ ❋✉♥❦t✐♦♥✱ ❙♣r✉♥❣♠❛r❦❡
❆✉❢❜❛✉✿ ❬ ❆✲❩✱ ❛✲③✱ ❴ ❪ ❬ ❆✲❩✱ ❛✲③✱ ✵✲✾✱ ❴ ❪ ∗

❇✉❝❤st❛❜❡ ❣❡❢♦❧❣t ✈♦♥ ❇✉❝❤st❛❜❡♥✱ ❩✐✛❡r♥ ✉♥❞ ❯♥t❡rstr✐❝❤❡♥
❯♥t❡rstr✐❝❤ ❛❧s ❡rst❡s ❩❡✐❝❤❡♥ ♠ö❣❧✐❝❤✱ ❛❜❡r r❡s❡r✈✐❡rt ❢ür ❈♦♠♣✐❧❡r❤❡rst❡❧❧❡r

❊✐♥ ❇❡③❡✐❝❤♥❡r ♠✉ss ✈♦r ●❡❜r❛✉❝❤ ❞❡❦❧❛r✐❡rt ✇❡r❞❡♥
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✵✺
✲❙
♣r
❛❝
❤✉

❡❜
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✷✵
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✷✲
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❙❝❤❧üss❡❧✇ört❡r ❬≈❏❛✈❛❪

✶ // include files
✷ #include <led.h>
✸

✹ // global variables
✺ LED nextLED = RED0;
✻

✼ // subfunction 1
✽ LED lightLED(void) {
✾ if (nextLED <= BLUE1) {

✶✵ sb_led_on(nextLED++);
✶✶ }
✶✷ return nextLED;
✶✸ }

✶✹ // subfunction 2
✶✺ void wait(void) {
✶✻ volatile unsigned int i;
✶✼ for (i=0; i<0xffff; i++)
✶✽ ;
✶✾ }
✷✵

✷✶ // main function
✷✷ void main() {
✷✸ while (lightLED() < 8) {
✷✹ wait();
✷✺ }
✷✻ }

❘❡s❡r✈✐❡rt❡ ❲ört❡r ❞❡r ❙♣r❛❝❤❡
✭; ❞ür❢❡♥ ♥✐❝❤t ❛❧s ❇❡③❡✐❝❤♥❡r ✈❡r✇❡♥❞❡t ✇❡r❞❡♥✮

❊✐♥❣❡❜❛✉t❡ ✭♣r✐♠✐t✐✈❡✮ ❉❛t❡♥t②♣❡♥ unsigned int✱ void
❚②♣♠♦❞✐✜③✐❡r❡r volatile
❑♦♥tr♦❧❧str✉❦t✉r❡♥ for✱ while
❊❧❡♠❡♥t❛r❛♥✇❡✐s✉♥❣❡♥ return
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✵✺
✲❙
♣r
❛❝
❤✉

❡❜
❡r
❜❧
✐❝
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✷✵
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✲✵
✷✲
✶✻

❙❝❤❧üss❡❧✇ört❡r ✐♥ ❈✾✾ ❬❍❛♥❞♦✉t❪

❘❡❢❡r❡♥③✿ ▲✐st❡ ❞❡r ❙❝❤❧üss❡❧✇ört❡r ✭❜✐s ❡✐♥s❝❤❧✐❡ÿ❧✐❝❤ ❈✾✾✮
auto✱ _Bool✱ break✱ case✱ char✱ _Complex✱ const✱ continue✱ default✱
do✱ double✱ else✱ enum✱ extern✱ float✱ for✱ goto✱ if✱ _Imaginary✱
inline✱ int✱ long✱ register✱ restrict✱ return✱ short✱ signed✱
sizeof✱ static✱ struct✱ switch✱ typedef✱ union✱ unsigned✱ void✱
volatile✱ while
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✲❙
♣r
❛❝

❤✉
❡❜

❡r
❜❧
✐❝
❦✿

✷✵
✶✼

✲✵
✷✲
✶✻



▲✐t❡r❛❧❡ ❬=❏❛✈❛❪

✶ // include files
✷ #include <led.h>
✸

✹ // global variables
✺ LED nextLED = RED0;
✻

✼ // subfunction 1
✽ LED lightLED(void) {
✾ if (nextLED <= BLUE1) {

✶✵ sb_led_on(nextLED++);
✶✶ }
✶✷ return nextLED;
✶✸ }

✶✹ // subfunction 2
✶✺ void wait(void) {
✶✻ volatile unsigned int i;
✶✼ for (i=0; i<0xffff; i++)
✶✽ ;
✶✾ }
✷✵

✷✶ // main function
✷✷ void main() {
✷✸ while (lightLED() < 8) {
✷✹ wait();
✷✺ }
✷✻ }

✭❉❛rst❡❧❧✉♥❣ ✈♦♥✮ ❑♦♥st❛♥t❡♥ ✐♠ ◗✉❡❧❧t❡①t
❋ür ❥❡❞❡♥ ♣r✐♠✐t✐✈❡♥ ❉❛t❡♥t②♣ ❣✐❜t ❡s ❡✐♥❡ ♦❞❡r ♠❡❤r❡r❡ ▲✐t❡r❛❧❢♦r♠❡♥

❇❡✐ ■♥t❡❣❡rt②♣❡♥✿ ❞❡③✐♠❛❧ ✭❇❛s✐s ✶✵✿ 65535✮✱ ❤❡①❛❞❡③✐♠❛❧ ✭❇❛s✐s ✶✻✱
❢ü❤r❡♥❞❡s 0x✿ 0xffff✮✱ ♦❦t❛❧ ✭❇❛s✐s ✽✱ ❢ü❤r❡♥❞❡ 0✿ 0177777✮

❉❡r Pr♦❣r❛♠♠✐❡r❡r ❦❛♥♥ ❥❡✇❡✐❧s ❞✐❡ ❛♠ ❜❡st❡♥ ❣❡❡✐❣♥❡t❡ ❋♦r♠ ✇ä❤❧❡♥
0xffff ✐st ❤❛♥❞❧✐❝❤❡r ❛❧s 65535✱ ✉♠ ❞❡♥ ▼❛①✐♠❛❧✇❡rt ❡✐♥❡r ✈♦r③❡✐❝❤❡♥❧♦s❡♥
✶✻✲❇✐t✲●❛♥③③❛❤❧ ❞❛r③✉st❡❧❧❡♥

❝© ❦❧s ●❙P✐❈ ✭❚❡✐❧ ❇✱ ❙❙ ✶✼✮ ✺ ❙♣r❛❝❤ü❜❡r❜❧✐❝❦ ⑤ ✺✳✷ ❙②♥t❛❦t✐s❝❤❡ ●r✉♥❞❡❧❡♠❡♥t❡ ✺✕✻

✵✺
✲❙
♣r
❛❝
❤✉

❡❜
❡r
❜❧
✐❝
❦✿

✷✵
✶✼

✲✵
✷✲
✶✻

❆♥✇❡✐s✉♥❣❡♥ ❬=❏❛✈❛❪

✶ // include files
✷ #include <led.h>
✸

✹ // global variables
✺ LED nextLED = RED0;
✻

✼ // subfunction 1
✽ LED lightLED(void) {
✾ if (nextLED <= BLUE1) {

✶✵ sb_led_on(nextLED++);
✶✶ }
✶✷ return nextLED;
✶✸ }

✶✹ // subfunction 2
✶✺ void wait(void) {
✶✻ volatile unsigned int i;
✶✼ for (i=0; i<0xffff; i++)
✶✽ ;
✶✾ }
✷✵

✷✶ // main function
✷✷ void main() {
✷✸ while (lightLED() < 8) {
✷✹ wait();
✷✺ }
✷✻ }

❇❡s❝❤r❡✐❜❡♥ ❞❡♥ ❡✐❣❡♥t❧✐❝❤❡♥ ❆❜❧❛✉❢ ❞❡s Pr♦❣r❛♠♠s
❲❡r❞❡♥ ❤✐❡r❛r❝❤✐s❝❤ ❦♦♠♣♦♥✐❡rt ❛✉s ❞r❡✐ ●r✉♥❞❢♦r♠❡♥

❊✐♥③❡❧❛♥✇❡✐s✉♥❣ ✕ ❆✉s❞r✉❝❦ ❣❡❢♦❧❣t ✈♦♥ ❀
❡✐♥③❡❧♥❡s ❙❡♠✐❦♦❧♦♥ 7→ ❧❡❡r❡ ❆♥✇❡✐s✉♥❣

❇❧♦❝❦ ✕ ❙❡q✉❡♥③ ✈♦♥ ❆♥✇❡✐s✉♥❣❡♥✱ ❣❡❦❧❛♠♠❡rt ❞✉r❝❤ ④✳ ✳ ✳ ⑥
❑♦♥tr♦❧❧str✉❦t✉r✱ ❣❡❢♦❧❣t ✈♦♥ ❆♥✇❡✐s✉♥❣

❝© ❦❧s ●❙P✐❈ ✭❚❡✐❧ ❇✱ ❙❙ ✶✼✮ ✺ ❙♣r❛❝❤ü❜❡r❜❧✐❝❦ ⑤ ✺✳✷ ❙②♥t❛❦t✐s❝❤❡ ●r✉♥❞❡❧❡♠❡♥t❡ ✺✕✼

✵✺
✲❙
♣r
❛❝
❤✉

❡❜
❡r
❜❧
✐❝
❦✿

✷✵
✶✼

✲✵
✷✲
✶✻

❆✉s❞rü❝❦❡ ❬=❏❛✈❛❪

✶ // include files
✷ #include <led.h>
✸

✹ // global variables
✺ LED nextLED = RED0;
✻

✼ // subfunction 1
✽ LED lightLED(void) {
✾ if (nextLED <= BLUE1) {

✶✵ sb_led_on(nextLED++);
✶✶ }
✶✷ return nextLED;
✶✸ }

✶✹ // subfunction 2
✶✺ void wait(void) {
✶✻ volatile unsigned int i;
✶✼ for (i=0; i<0xffff; i++)
✶✽ ;
✶✾ }
✷✵

✷✶ // main function
✷✷ void main() {
✷✸ while (lightLED() < 8) {
✷✹ wait();
✷✺ }
✷✻ }

●ü❧t✐❣❡ ❑♦♠❜✐♥❛t✐♦♥ ✈♦♥ ❖♣❡r❛t♦r❡♥✱ ▲✐t❡r❛❧❡♥ ✉♥❞ ❇❡③❡✐❝❤♥❡r♥
✒●ü❧t✐❣✏ ✐♠ ❙✐♥♥❡ ✈♦♥ ❙②♥t❛① ✉♥❞ ❚②♣s②st❡♠
❱♦rr❛♥❣r❡❣❡❧♥ ❢ür ❖♣❡r❛t♦r❡♥ ❧❡❣❡♥ ❞✐❡ ❘❡✐❤❡♥❢♦❧❣❡ ❢❡st✱ →֒ ✼✕✶✹

✐♥ ❞❡r ❆✉s❞rü❝❦❡ ❛❜❣❡❛r❜❡✐t❡t ✇❡r❞❡♥
❆✉s✇❡rt✉♥❣sr❡✐❤❡♥❢♦❧❣❡ ❦❛♥♥ ♠✐t ❑❧❛♠♠❡r♥ ( ) ❡①♣❧✐③✐t ❜❡st✐♠♠t ✇❡r❞❡♥
❉❡r ❈♦♠♣✐❧❡r ❞❛r❢ ❚❡✐❧❛✉s❞rü❝❦❡ ✐♥ ♠ö❣❧✐❝❤st ❡✣③✐❡♥t❡r ❋♦❧❣❡ ❛✉s✇❡rt❡♥

❝© ❦❧s ●❙P✐❈ ✭❚❡✐❧ ❇✱ ❙❙ ✶✼✮ ✺ ❙♣r❛❝❤ü❜❡r❜❧✐❝❦ ⑤ ✺✳✷ ❙②♥t❛❦t✐s❝❤❡ ●r✉♥❞❡❧❡♠❡♥t❡ ✺✕✽

✵✺
✲❙
♣r
❛❝
❤✉

❡❜
❡r
❜❧
✐❝
❦✿

✷✵
✶✼

✲✵
✷✲
✶✻

Ü❜❡r❜❧✐❝❦✿ ❚❡✐❧ ❇ ❊✐♥❢ü❤r✉♥❣ ✐♥ ❈

✸ ❏❛✈❛ ✈❡rs✉s ❈ ✕ ❊rst❡ ❇❡✐s♣✐❡❧❡

✹ ❙♦❢t✇❛r❡s❝❤✐❝❤t❡♥ ✉♥❞ ❆❜str❛❦t✐♦♥

✺ ❙♣r❛❝❤ü❜❡r❜❧✐❝❦

✻ ❊✐♥❢❛❝❤❡ ❉❛t❡♥t②♣❡♥

✼ ❖♣❡r❛t♦r❡♥ ✉♥❞ ❆✉s❞rü❝❦❡

✽ ❑♦♥tr♦❧❧str✉❦t✉r❡♥

✾ ❋✉♥❦t✐♦♥❡♥

✶✵ ❱❛r✐❛❜❧❡♥

✶✶ Prä♣r♦③❡ss♦r❱
❴
●
❙
P
■❈
❴
❤❛
♥❞

♦✉
t



❲❛s ✐st ❡✐♥ ❉❛t❡♥t②♣❄ ❬→֒ ●❉■✱ ✵✸✲✷❪

❉❛t❡♥t②♣ := ✭❁▼❡♥❣❡ ✈♦♥ ❲❡rt❡♥❃✱ ❁▼❡♥❣❡ ✈♦♥ ❖♣❡r❛t✐♦♥❡♥❃✮
▲✐t❡r❛❧ ❲❡rt ✐♠ ◗✉❡❧❧t❡①t →֒ ✺✕✻

❑♦♥st❛♥t❡ ❇❡③❡✐❝❤♥❡r ❢ür ❡✐♥❡♥ ❲❡rt
❱❛r✐❛❜❧❡ ❇❡③❡✐❝❤♥❡r ❢ür ❙♣❡✐❝❤❡r♣❧❛t③✱

❞❡r ❡✐♥❡♥ ❲❡rt ❛✉❢♥❡❤♠❡♥ ❦❛♥♥
❋✉♥❦t✐♦♥ ❇❡③❡✐❝❤♥❡r ❢ür ❙❡q✉❡♥③ ✈♦♥ ❆♥✇❡✐s✉♥❣❡♥✱

❞✐❡ ❡✐♥❡♥ ❲❡rt ③✉rü❝❦❣✐❜t

; ▲✐t❡r❛❧❡✱ ❑♦♥st❛♥t❡♥✱ ❱❛r✐❛❜❧❡♥✱ ❋✉♥❦t✐♦♥❡♥ ❤❛❜❡♥ ❡✐♥❡♥ ✭❉❛t❡♥✲✮❚②♣

❉❛t❡♥t②♣ ❧❡❣t ❢❡st
❘❡♣räs❡♥t❛t✐♦♥ ❞❡r ❲❡rt❡ ✐♠ ❙♣❡✐❝❤❡r
●röÿ❡ ❞❡s ❙♣❡✐❝❤❡r♣❧❛t③❡s ❢ür ❱❛r✐❛❜❧❡♥
❊r❧❛✉❜t❡ ❖♣❡r❛t✐♦♥❡♥

❉❛t❡♥t②♣ ✇✐r❞ ❢❡st❣❡❧❡❣t
❊①♣❧✐③✐t✱ ❞✉r❝❤ ❉❡❦❧❛r❛t✐♦♥✱ ❚②♣✲❈❛st ♦❞❡r ❙❝❤r❡✐❜✇❡✐s❡ ✭▲✐t❡r❛❧❡✮
■♠♣❧✐③✐t✱ ❞✉r❝❤ ✒❆✉s❧❛ss✉♥❣✏ ✭; ✐♥t s❝❤❧❡❝❤t❡r ❙t✐❧✦✮

❝© ❦❧s ●❙P✐❈ ✭❚❡✐❧ ❇✱ ❙❙ ✶✼✮ ✻ ❊✐♥❢❛❝❤❡ ❉❛t❡♥t②♣❡♥ ⑤ ✻✳✶ ❊✐♥❢ü❤r✉♥❣ ✻✕✶

✵✻
✲❉

❛t
❡♥

t②
♣❡

♥✿
✷✵

✶✼
✲✵
✺✲
✵✸

Pr✐♠✐t✐✈❡ ❉❛t❡♥t②♣❡♥ ✐♥ ❈

●❛♥③③❛❤❧❡♥✴❩❡✐❝❤❡♥ char✱ short✱ int✱ long✱ long long ✭❈✾✾✮
❲❡rt❡❜❡r❡✐❝❤✿ ✐♠♣❧❡♠❡♥t✐❡r✉♥❣s❛❜❤ä♥❣✐❣ ❬6=❏❛✈❛❪
❊s ❣✐❧t✿ char ≤ short ≤ int ≤ long ≤ long long

❏❡✇❡✐❧s ❛❧s signed✲ ✉♥❞ unsigned✲❱❛r✐❛♥t❡ ✈❡r❢ü❣❜❛r

❋❧✐❡ÿ❦♦♠♠❛③❛❤❧❡♥ float✱ double✱ long double

❲❡rt❡❜❡r❡✐❝❤✿ ✐♠♣❧❡♠❡♥t✐❡r✉♥❣s❛❜❤ä♥❣✐❣ ❬6=❏❛✈❛❪
❊s ❣✐❧t✿ float ≤ double ≤ long double

❆❜ ❈✾✾ ❛✉❝❤ ❛❧s _Complex✲❉❛t❡♥t②♣❡♥ ✈❡r❢ü❣❜❛r ✭❢ür ❦♦♠♣❧❡①❡ ❩❛❤❧❡♥✮

▲❡❡r❡r ❉❛t❡♥t②♣ void

❲❡rt❡❜❡r❡✐❝❤✿ ∅

❇♦♦❧❡s❝❤❡r ❉❛t❡♥t②♣ _Bool ✭❈✾✾✮
❲❡rt❡❜❡r❡✐❝❤✿ {✵, ✶} ✭←֓ ❧❡t③t❧✐❝❤ ❡✐♥ ■♥t❡❣❡rt②♣✮
❇❡❞✐♥❣✉♥❣s❛✉s❞rü❝❦❡ ✭③✳ ❇✳ if(. . .)✮ s✐♥❞ ✐♥ ❈ ✈♦♠ ❚②♣ int✦ ❬6=❏❛✈❛❪

❝© ❦❧s ●❙P✐❈ ✭❚❡✐❧ ❇✱ ❙❙ ✶✼✮ ✻ ❊✐♥❢❛❝❤❡ ❉❛t❡♥t②♣❡♥ ⑤ ✻✳✶ ❊✐♥❢ü❤r✉♥❣ ✻✕✷

✵✻
✲❉

❛t
❡♥
t②
♣❡
♥✿

✷✵
✶✼

✲✵
✺✲
✵✸

■♥t❡❣❡rt②♣❡♥ ❬≈❏❛✈❛❪❬→֒ ●❉■✱ ✵✸✲✷❪

■♥t❡❣❡rt②♣ ❱❡r✇❡♥❞✉♥❣ ▲✐t❡r❛❧❢♦r♠❡♥
char ❦❧❡✐♥❡ ●❛♥③③❛❤❧ ♦❞❡r ❩❡✐❝❤❡♥ ’A’✱ 65✱ 0x41✱ 0101
short ❬int❪ ●❛♥③③❛❤❧ ✭✐♥t ✐st ♦♣t✐♦♥❛❧✮ s✳ ♦✳
int ●❛♥③③❛❤❧ ✒♥❛tür❧✐❝❤❡r ●röÿ❡✏ s✳ ♦✳
long ❬int❪ ❣r♦ÿ❡ ●❛♥③③❛❤❧ 65L✱ 0x41L✱ 0101L
long long ❬int❪ s❡❤r ❣r♦ÿ❡ ●❛♥③③❛❤❧ 65LL✱ 0x41LL✱ 0101LL

❚②♣✲▼♦❞✐✜③✐❡r❡r ✇❡r❞❡♥ ✈♦r❛♥❣❡st❡❧❧t ▲✐t❡r❛❧✲❙✉✣①
s✐❣♥❡❞ ❚②♣ ✐st ✈♦r③❡✐❝❤❡♥❜❡❤❛❢t❡t ✭◆♦r♠❛❧❢❛❧❧✮ ✲
✉♥s✐❣♥❡❞ ❚②♣ ✐st ✈♦r③❡✐❝❤❡♥❧♦s U

❝♦♥st ❱❛r✐❛❜❧❡ ❞❡s ❚②♣s ❦❛♥♥ ♥✐❝❤t ✈❡rä♥❞❡rt ✇❡r❞❡♥ ✲

❇❡✐s♣✐❡❧❡ ✭❱❛r✐❛❜❧❡♥❞❡✜♥✐t✐♦♥❡♥✮
char a = ’A’; // char-Variable, Wert 65 (ASCII: A)
const int b = 0x41; // int-Konstante, Wert 65 (Hex: 0x41)
long c = 0L; // long-Variable, Wert 0
unsigned long int d = 22UL; // unsigned-long-Variable, Wert 22
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■♥t❡❣❡rt②♣❡♥✿ ●röÿ❡ ✉♥❞ ❲❡rt❡❜❡r❡✐❝❤ ❬ 6=❏❛✈❛❪

❉✐❡ ✐♥t❡r♥❡ ❉❛rst❡❧❧✉♥❣ ✭❇✐t❜r❡✐t❡✮ ✐st ✐♠♣❧❡♠❡♥t✐❡r✉♥❣s❛❜❤ä♥❣✐❣

❉❛t❡♥t②♣✲❇r❡✐t❡ ✐♥ ❇✐t
❏❛✈❛ ❈✲❙t❛♥❞❛r❞ ❣❝❝■❆✸✷ ❣❝❝■❆✻✹ ❣❝❝❆❱❘

char ✶✻ ≥ ✽ ✽ ✽ ✽
short ✶✻ ≥ ✶✻ ✶✻ ✶✻ ✶✻
int ✸✷ ≥ ✶✻ ✸✷ ✸✷ ✶✻
long ✻✹ ≥ ✸✷ ✸✷ ✻✹ ✸✷
long long ✲ ≥ ✻✹ ✻✹ ✻✹ ✻✹

❉❡r ❲❡rt❡❜❡r❡✐❝❤ ❜❡r❡❝❤♥❡t s✐❝❤ ❛✉s ❞❡r ❇✐t❜r❡✐t❡
s✐❣♥❡❞ −(✷❇✐ts−✶−✶) −→ +(✷❇✐ts−✶ − ✶)
✉♥s✐❣♥❡❞ ✵ −→ +(✷❇✐ts − ✶)

❍✐❡r ③❡✐❣t s✐❝❤ ❞✐❡ ❈✲P❤✐❧♦s♦♣❤✐❡✿ ❊✣③✐❡♥③ ❞✉r❝❤ ▼❛s❝❤✐♥❡♥♥ä❤❡ →֒ ✸✕✶✹

❉✐❡ ✐♥t❡r♥❡ ❘❡♣räs❡♥t❛t✐♦♥ ❞❡r ■♥t❡❣❡rt②♣❡♥ ✐st ❞❡✜♥✐❡rt ❞✉r❝❤ ❞✐❡ ❍❛r❞✇❛r❡
✭❘❡❣✐st❡r❜r❡✐t❡✱ ❇✉s❜r❡✐t❡✱ ❡t❝✳✮✳ ❉❛s ❢ü❤rt ✐♠ ❊r❣❡❜♥✐s ③✉ ❡✣③✐❡♥t❡♠ ❈♦❞❡✳
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■♥t❡❣❡rt②♣❡♥✿ ▼❛s❝❤✐♥❡♥♥ä❤❡ −→ Pr♦❜❧❡♠♥ä❤❡

Pr♦❜❧❡♠✿ ❇r❡✐t❡ ✭; ❲❡rt❡❜❡r❡✐❝❤✮ ❞❡r ❈✲❙t❛♥❞❛r❞t②♣❡♥ ✐st
✐♠♣❧❡♠❡♥t✐❡r✉♥❣ss♣❡③✐✜s❝❤ 7→ ▼❛s❝❤✐♥❡♥♥ä❤❡

❖❢t ❜❡♥öt✐❣t✿ ■♥t❡❣❡rt②♣ ❞❡✜♥✐❡rt❡r ●röÿ❡ 7→ Pr♦❜❧❡♠♥ä❤❡
❲❡rt❡❜❡r❡✐❝❤ s✐❝❤❡r✱ ❛❜❡r ♠ö❣❧✐❝❤st ❦♦♠♣❛❦t ❞❛rst❡❧❧❡♥

❘❡❣✐st❡r ❞❡✜♥✐❡rt❡r ❇r❡✐t❡ ♥ ❜❡❛r❜❡✐t❡♥

❈♦❞❡ ✉♥❛❜❤ä♥❣✐❣ ✈♦♥ ❈♦♠♣✐❧❡r ✉♥❞ ❍❛r❞✇❛r❡ ❤❛❧t❡♥ ✭; P♦rt✐❡r❜❛r❦❡✐t✮

▲ös✉♥❣✿ ▼♦❞✉❧ stdint.h
❉❡✜♥✐❡rt ❆❧✐❛s✲❚②♣❡♥✿ int♥_t ✉♥❞ uint♥_t ❢ür ♥ ∈ {✽, ✶✻, ✸✷, ✻✹}
❲✐r❞ ✈♦♠ ❈♦♠♣✐❧❡r✲❍❡rst❡❧❧❡r ❜❡r❡✐t❣❡st❡❧❧t

❲❡rt❡❜❡r❡✐❝❤ stdint.h✲❚②♣❡♥
uint8_t ✵ → ✷✺✺ int8_t −✶✷✽ → +✶✷✼
uint16_t ✵ → ✻✺.✺✸✺ int16_t −✸✷.✼✻✽ → +✸✷.✼✻✼
uint32_t ✵ → ✹.✷✾✹.✾✻✼.✷✾✺ int32_t −✷.✶✹✼.✹✽✸.✻✹✽ → +✷.✶✹✼.✹✽✸.✻✹✼
uint64_t ✵ → > ✶, ✽ ∗ ✶✵✶✾ int64_t < −✾, ✷ ∗ ✶✵✶✽ → > +✾, ✷ ∗ ✶✵✶✽
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❚②♣✲❆❧✐❛s❡ ♠✐t typedef ❬ 6=❏❛✈❛❪

▼✐t ❞❡♠ typedef✲❙❝❤❧üss❡❧✇♦rt ❞❡✜♥✐❡rt ♠❛♥ ❡✐♥❡♥ ❚②♣✲❆❧✐❛s✿
typedef ❚②♣❛✉s❞r✉❝❦ ❇❡③❡✐❝❤♥❡r;

❇❡③❡✐❝❤♥❡r ✐st ♥✉♥ ❡✐♥ ❛❧t❡r♥❛t✐✈❡r ◆❛♠❡ ❢ür ❚②♣❛✉s❞r✉❝❦
❑❛♥♥ ü❜❡r❛❧❧ ✈❡r✇❡♥❞❡t ✇❡r❞❡♥✱ ✇♦ ❡✐♥ ❚②♣❛✉s❞r✉❝❦ ❡r✇❛rt❡t ✇✐r❞

// stdint.h (avr-gcc)
typedef unsigned char uint8_t;
typedef unsigned int uint16_t;
· · ·

// stdint.h (x86-gcc, IA32)
typedef unsigned char uint8_t;
typedef unsigned short uint16_t;
· · ·

// main.c
#include <stdint.h>

uint16_t counter = 0; // global 16-bit counter, range 0-65535
· · ·
typedef uint8_t Register; // Registers on this machine are 8-bit
· · ·
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❚②♣✲❆❧✐❛s❡ ♠✐t typedef ✭❋♦rts✳✮ ❬ 6=❏❛✈❛❪

❚②♣✲❆❧✐❛s❡ ❡r♠ö❣❧✐❝❤❡♥ ❡✐♥❢❛❝❤❡ ♣r♦❜❧❡♠❜❡③♦❣❡♥❡ ❆❜str❛❦t✐♦♥❡♥
Register ✐st ♣r♦❜❧❡♠♥ä❤❡r ❛❧s uint8_t
; ❙♣ät❡r❡ ➘♥❞❡r✉♥❣❡♥ ✭③✳ ❇✳ ❛✉❢ ✶✻✲❇✐t✲❘❡❣✐st❡r✮ ③❡♥tr❛❧ ♠ö❣❧✐❝❤
uint16_t ✐st ♣r♦❜❧❡♠♥ä❤❡r ❛❧s unsigned char

uint16_t ✐st s✐❝❤❡r❡r ❛❧s unsigned char

❉❡✜♥✐❡rt❡ ❇✐t❜r❡✐t❡♥ s✐♥❞ ❜❡✐ ❞❡r µ❈✲❊♥t✇✐❝❦❧✉♥❣ s❡❤r ✇✐❝❤t✐❣✦

●r♦ÿ❡ ❯♥t❡rs❝❤✐❡❞❡ ③✇✐s❝❤❡♥ P❧❛tt❢♦r♠❡♥ ✉♥❞ ❈♦♠♣✐❧❡r♥
; ❑♦♠♣❛t✐❜✐❧✐täts♣r♦❜❧❡♠❡

❯♠ ❙♣❡✐❝❤❡r ③✉ s♣❛r❡♥✱ s♦❧❧t❡ ✐♠♠❡r ❞❡r ❦❧❡✐♥st♠ö❣❧✐❝❤❡
■♥t❡❣❡rt②♣ ✈❡r✇❡♥❞❡t ✇❡r❞❡♥

❘❡❣❡❧✿ ❇❡✐ ❞❡r s②st❡♠♥❛❤❡♥ Pr♦❣r❛♠♠✐❡r✉♥❣ ✇❡r❞❡♥
❚②♣❡♥ ❛✉s stdint.h ✈❡r✇❡♥❞❡t✦
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❆✉❢③ä❤❧✉♥❣st②♣❡♥ ♠✐t enum ❬≈❏❛✈❛❪

▼✐t ❞❡♠ enum✲❙❝❤❧üss❡❧✇♦rt ❞❡✜♥✐❡rt ♠❛♥ ❡✐♥❡♥ ❆✉❢③ä❤❧✉♥❣st②♣
ü❜❡r ❡✐♥❡ ❡①♣❧✐③✐t❡ ▼❡♥❣❡ s②♠❜♦❧✐s❝❤❡r ❲❡rt❡✿

enum ❇❡③❡✐❝❤♥❡r♦♣t { ❑♦♥st❛♥t❡♥▲✐st❡ } ;

❇❡✐s♣✐❡❧

❉❡✜♥✐t✐♦♥✿ enum eLED {RED0, YELLOW0, GREEN0, BLUE0,
RED1, YELLOW1, GREEN1, BLUE1};

❱❡r✇❡♥❞✉♥❣✿
enum eLED myLed = YELLOW0; // enum necessary here!
· · ·
sb_led_on(BLUE1);

❱❡r❡✐♥❢❛❝❤✉♥❣ ❞❡r ❱❡r✇❡♥❞✉♥❣ ❞✉r❝❤ typedef

❉❡✜♥✐t✐♦♥✿ typedef enum eLED {RED0, YELLOW0, GREEN0, BLUE0,
RED1, YELLOW1, GREEN1, BLUE1} LED;

❱❡r✇❡♥❞✉♥❣✿ LED myLed = YELLOW0; // LED --> enum eLED
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enum 7→ int ❬ 6=❏❛✈❛❪

❚❡❝❤♥✐s❝❤ s✐♥❞ enum✲❚②♣❡♥ ■♥t❡❣❡rs ✭int✮
enum✲❑♦♥st❛♥t❡♥ ✇❡r❞❡♥ ✈♦♥ ✵ ❛♥ ❞✉r❝❤♥✉♠♠❡r✐❡rt

typedef enum { RED0, // value: 0
YELLOW0, // value: 1
GREEN0, // value: 2
· · · } LED;

❊s ✐st ❛✉❝❤ ♠ö❣❧✐❝❤✱ ❲❡rt❡ ❞✐r❡❦t ③✉③✉✇❡✐s❡♥

typedef enum { BUTTON0 = 4, BUTTON1 = 8 } BUTTON;

▼❛♥ ❦❛♥♥ s✐❡ ✈❡r✇❡♥❞❡♥ ✇✐❡ ints ✭③✳ ❇✳ ♠✐t ✐❤♥❡♥ r❡❝❤♥❡♥✮

sb_led_on(RED0 + 2); // -> LED GREEN0 is on
sb_led_on(1); // -> LED YELLOW0 is on
for( int led = RED0, led <= BLUE1; led++ )
sb_led_off(led); // turn off all LEDs

// Also possible...
sb_led_on(4711); // no compiler/runtime error!

; ❊s ✜♥❞❡t ❦❡✐♥❡r❧❡✐ ❚②♣♣rü❢✉♥❣ st❛tt✦ ❉❛s ❡♥ts♣r✐❝❤t ❞❡r
❈✲P❤✐❧♦s♦♣❤✐❡✦ →֒ ✸✕✶✹
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✵✻
✲❉

❛t
❡♥

t②
♣❡

♥✿
✷✵

✶✼
✲✵
✺✲
✵✸

❋❧✐❡ÿ❦♦♠♠❛t②♣❡♥ ❬≈❏❛✈❛❪

❋❧✐❡ÿ❦♦♠♠❛t②♣ ❱❡r✇❡♥❞✉♥❣ ▲✐t❡r❛❧❢♦r♠❡♥
float ❡✐♥❢❛❝❤❡ ●❡♥❛✉✐❣❦❡✐t ✭≈ ✼ ❙t✳✮ 100.0F✱ 1.0E2F
double ❞♦♣♣❡❧t❡ ●❡♥❛✉✐❣❦❡✐t ✭≈ ✶✺ ❙t✳✮ 100.0✱ 1.0E2
long double ✒❡r✇❡✐t❡rt❡ ●❡♥❛✉✐❣❦❡✐t✏ 100.0L 1.0E2L

●❡♥❛✉✐❣❦❡✐t ✴❲❡rt❡❜❡r❡✐❝❤ s✐♥❞ ✐♠♣❧❡♠❡♥t✐❡r✉♥❣s❛❜❤ä♥❣✐❣ ❬6=❏❛✈❛❪
❊s ❣✐❧t✿ float ≤ double ≤ long double
long double ✉♥❞ double s✐♥❞ ❛✉❢ ✒❊✣③✐❡♥③ ❞✉r❝❤

▼❛s❝❤✐♥❡♥♥ä❤❡✏ →֒ ✸✕✶✹✈✐❡❧❡♥ P❧❛tt❢♦r♠❡♥ ✐❞❡♥t✐s❝❤

❋❧✐❡ÿ❦♦♠♠❛③❛❤❧❡♥ + µ❈✲P❧❛tt❢♦r♠ = $$$

❖❢t ❦❡✐♥❡ ❍❛r❞✇❛r❡✉♥t❡rstüt③✉♥❣ ❢ür float✲❆r✐t❤♠❡t✐❦
; s❡❤r t❡✉r❡ ❊♠✉❧❛t✐♦♥ ✐♥ ❙♦❢t✇❛r❡ ✭❧❛♥❣s❛♠✱ ✈✐❡❧ ③✉sät③❧✐❝❤❡r ❈♦❞❡✮

❙♣❡✐❝❤❡r✈❡r❜r❛✉❝❤ ✈♦♥ float✲ ✉♥❞ double✲❱❛r✐❛❜❧❡♥ ✐st s❡❤r ❤♦❝❤
; ♠✐♥❞❡st❡♥s ✸✷✴✻✹ ❇✐t ✭float✴double✮

❘❡❣❡❧✿ ❇❡✐ ❞❡r µ✲❈♦♥tr♦❧❧❡r✲Pr♦❣r❛♠♠✐❡r✉♥❣ ✐st
❛✉❢ ❋❧✐❡ÿ❦♦♠♠❛❛r✐t❤♠❡t✐❦ ③✉ ✈❡r③✐❝❤t❡♥✦

❝© ❦❧s ●❙P✐❈ ✭❚❡✐❧ ❇✱ ❙❙ ✶✼✮ ✻ ❊✐♥❢❛❝❤❡ ❉❛t❡♥t②♣❡♥ ⑤ ✻✳✺ ❋❧✐❡ÿ❦♦♠♠❛③❛❤❧t②♣❡♥✿ ✢♦❛t ✉♥❞ ❞♦✉❜❧❡ ✻✕✶✵

✵✻
✲❉

❛t
❡♥
t②
♣❡
♥✿

✷✵
✶✼

✲✵
✺✲
✵✸

❩❡✐❝❤❡♥ 7→ ■♥t❡❣❡r ❬≈❏❛✈❛❪

❩❡✐❝❤❡♥ s✐♥❞ ✐♥ ❈ ❡❜❡♥❢❛❧❧s ●❛♥③③❛❤❧❡♥ ✭■♥t❡❣❡rs✮ →֒ ✻✕✸

char ❣❡❤ört ③✉ ❞❡♥ ■♥t❡❣❡r✲❚②♣❡♥ ✭ü❜❧✐❝❤❡r✇❡✐s❡ ✽ ❇✐t ❂ ✶ ❇②t❡✮

❘❡♣räs❡♥t❛t✐♦♥ ❡r❢♦❧❣t ❞✉r❝❤ ❞❡♥ ❆❙❈■■✲❈♦❞❡ →֒ ✻✕✶✷

✼✲❇✐t✲❈♦❞❡ 7→ ✶✷✽ ❩❡✐❝❤❡♥ st❛♥❞❛r❞✐s✐❡rt
✭❞✐❡ ✈❡r❜❧❡✐❜❡♥❞❡♥ ✶✷✽ ❩❡✐❝❤❡♥ ✇❡r❞❡♥ ✉♥t❡rs❝❤✐❡❞❧✐❝❤ ✐♥t❡r♣r❡t✐❡rt✮
❙♣❡③✐❡❧❧❡ ▲✐t❡r❛❧❢♦r♠ ❞✉r❝❤ ❍♦❝❤❦♦♠♠❛t❛
’A’ 7→ ❆❙❈■■✲❈♦❞❡ ✈♦♥ A
◆✐❝❤t❞r✉❝❦❜❛r❡ ❩❡✐❝❤❡♥ ❞✉r❝❤ ❊s❝❛♣❡✲❙❡q✉❡♥③❡♥

❚❛❜✉❧❛t♦r ’\t’

❩❡✐❧❡♥tr❡♥♥❡r ’\n’

❇❛❝❦s❧❛s❤ ’\\’

❩❡✐❝❤❡♥ 7→ ■♥t❡❣❡r ; ♠❛♥ ❦❛♥♥ ♠✐t ❩❡✐❝❤❡♥ r❡❝❤♥❡♥
char b = ’A’ + 1; // b: ’B’

int lower(int ch) { // lower(’X’): ’x’
return ch + 0x20;

}
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✵✻
✲❉

❛t
❡♥
t②
♣❡
♥✿

✷✵
✶✼

✲✵
✺✲
✵✸

❆❙❈■■✲❈♦❞❡✲❚❛❜❡❧❧❡ ✭✼ ❇✐t✮

❆❙❈■■ 7→ ❆♠❡r✐❝❛♥ ❙t❛♥❞❛r❞ ❈♦❞❡ ❢♦r ■♥❢♦r♠❛t✐♦♥ ■♥t❡r❝❤❛♥❣❡

D.20

S
P

i
C

American Standard Code for Information Interchange (ASCII)

NUL
00

SOH
01

STX
02

ETX
03

EOT
04

ENQ
05

ACK
06

BEL
07

BS
08

HT
09

NL
0A

VT
0B

NP
OC

CR
0D

SO
0E

SI
0F

DLE
10

DC1
11

DC2
12

DC3
13

DC4
14

NAK
15

SYN
16

ETB
17

CAN
18

EM
19

SUB
1A

ESC
1B

FS
1C

GS
1D

RS
1E

US
1F

SP
20

!
21

"
22

#
23

$
24

%
25

&
26

’
27

(
28

)
29

*
2A

+
2B

,
2C

-
2D

.
2E

/
2F

0
30

1
31

2
32

3
33

4
34

5
35

6
36

7
37

8
38

9
39

:
3A

;
3B

<
3C

=
3D

>
3E

?
3F

@
40

A
41

B
42

C
43

D
44

E
45

F
46

G
47

H
48

I
49

J
4A

K
4B

L
4C

M
4D

N
4E

O
4F

P
50

Q
51

R
52

S
53

T
54

U
55

V
56

W
57

X
58

Y
59

Z
5A

[
5B

\
5C

]
5D

^
5E

_
5F

‘
60

a
61

b
62

c
63

d
64

e
65

f
66

g
67

h
68

i
69

j
6A

k
6B

l
6C

m
6D

n
6E

o
6F

p
70

q
71

r
72

s
73

t
74

u
75

v
76

w
77

x
78

y
79

z
7A

{
7B

|
7C

}
7D

~
7E

DEL
7F
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✵✻
✲❉

❛t
❡♥
t②
♣❡
♥✿

✷✵
✶✼

✲✵
✺✲
✵✸



❩❡✐❝❤❡♥❦❡tt❡♥ ✭❙tr✐♥❣s✮ ❬ 6=❏❛✈❛❪

❊✐♥ ❙tr✐♥❣ ✐st ✐♥ ❈ ❡✐♥ ❋❡❧❞ ✭❆rr❛②✮ ✈♦♥ ❩❡✐❝❤❡♥
❘❡♣räs❡♥t❛t✐♦♥✿ ❋♦❧❣❡ ✈♦♥ ❊✐♥③❡❧③❡✐❝❤❡♥✱ t❡r♠✐♥✐❡rt ❞✉r❝❤

✭❧❡t③t❡s ❩❡✐❝❤❡♥✮✿ NUL ✭❆❙❈■■✲❲❡rt ✵✮

❙♣❡✐❝❤❡r❜❡❞❛r❢✿ ✭▲ä♥❣❡ ✰ ✶✮ ❇②t❡s

❙♣❡③✐❡❧❧❡ ▲✐t❡r❛❧❢♦r♠ ❞✉r❝❤ ❞♦♣♣❡❧t❡ ❍♦❝❤❦♦♠♠❛t❛✿

"Hi!" 7→ ’H’ ’i’ ’!’ 0←− ❛❜s❝❤❧✐❡ÿ❡♥❞❡s ✵✲❇②t❡

❇❡✐s♣✐❡❧ ✭▲✐♥✉①✮

#include <stdio.h>

char string[] = "Hello, World!\n";

int main(void) {
printf("%s", string);
return 0;

}
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✵✻
✲❉

❛t
❡♥
t②
♣❡
♥✿

✷✵
✶✼

✲✵
✺✲
✵✸

❩❡✐❝❤❡♥❦❡tt❡♥ ❜r❛✉❝❤❡♥ ✈❡r❣❧❡✐❝❤s✇❡✐✲
s❡ ✈✐❡❧ ❙♣❡✐❝❤❡r ✉♥❞ ✒❣röÿ❡r❡✏ ❆✉s❣❛✲
❜❡❣❡rät❡ ✭③✳ ❇✳ ▲❈❉✲❉✐s♣❧❛②✮✳
; ❇❡✐ ❞❡r µ❈✲Pr♦❣r❛♠♠✐❡r✉♥❣ s♣✐❡✲
❧❡♥ s✐❡ ♥✉r ❡✐♥❡ ✉♥t❡r❣❡♦r❞♥❡t❡ ❘♦❧❧❡✳

❆✉s❜❧✐❝❦✿ ❑♦♠♣❧❡①❡ ❉❛t❡♥t②♣❡♥

❆✉s ❡✐♥❢❛❝❤❡♥ ❉❛t❡♥t②♣❡♥ ❧❛ss❡♥ s✐❝❤ ✭r❡❦✉rs✐✈✮ ❛✉❝❤
❦♦♠♣❧❡①❡✭r❡✮ ❉❛t❡♥t②♣❡♥ ❜✐❧❞❡♥

❋❡❧❞❡r ✭❆rr❛②s✮ →֒ ❙❡q✉❡♥③ ✈♦♥ ❊❧❡♠❡♥t❡♥ ❣❧❡✐❝❤❡♥ ❚②♣s ❬≈❏❛✈❛❪
int intArray[4]; // allocate array with 4 elements
intArray[0] = 0x4711; // set 1st element (index 0)

❩❡✐❣❡r →֒ ✈❡rä♥❞❡r❜❛r❡ ❘❡❢❡r❡♥③❡♥ ❛✉❢ ❱❛r✐❛❜❧❡♥ ❬6=❏❛✈❛❪

int a = 0x4711; // a: 0x4711
int *b = &a; // b: -->a (memory location of a)
int c = *b; // pointer dereference (c: 0x4711)
*b = 23; // pointer dereference (a: 23)

❙tr✉❦t✉r❡♥ →֒ ❱❡r❜✉♥❞ ✈♦♥ ❊❧❡♠❡♥t❡♥ ❜❡❧✳ ❚②♣s ❬6=❏❛✈❛❪

struct Point { int x; int y; };
struct Point p; // p is Point variable
p.x = 0x47; // set x-component
p.y = 0x11; // set y-component

❲✐r ❜❡tr❛❝❤t❡♥ ❞✐❡s❡ ❞❡t❛✐❧❧✐❡rt ✐♥ s♣ät❡r❡♥ ❑❛♣✐t❡❧♥
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✵✻
✲❉

❛t
❡♥
t②
♣❡
♥✿

✷✵
✶✼

✲✵
✺✲
✵✸

Ü❜❡r❜❧✐❝❦✿ ❚❡✐❧ ❇ ❊✐♥❢ü❤r✉♥❣ ✐♥ ❈

✸ ❏❛✈❛ ✈❡rs✉s ❈ ✕ ❊rst❡ ❇❡✐s♣✐❡❧❡

✹ ❙♦❢t✇❛r❡s❝❤✐❝❤t❡♥ ✉♥❞ ❆❜str❛❦t✐♦♥

✺ ❙♣r❛❝❤ü❜❡r❜❧✐❝❦

✻ ❊✐♥❢❛❝❤❡ ❉❛t❡♥t②♣❡♥

✼ ❖♣❡r❛t♦r❡♥ ✉♥❞ ❆✉s❞rü❝❦❡

✽ ❑♦♥tr♦❧❧str✉❦t✉r❡♥

✾ ❋✉♥❦t✐♦♥❡♥

✶✵ ❱❛r✐❛❜❧❡♥

✶✶ Prä♣r♦③❡ss♦r❱
❴
●
❙
P
■❈
❴
❤❛
♥❞
♦✉

t

❆r✐t❤♠❡t✐s❝❤❡ ❖♣❡r❛t♦r❡♥ ❬=❏❛✈❛❪

❙t❡❤❡♥ ❢ür ❛❧❧❡ ●❛♥③③❛❤❧✲ ✉♥❞ ❋❧✐❡ÿ❦♦♠♠❛t②♣❡♥ ③✉r ❱❡r❢ü❣✉♥❣

+ ❆❞❞✐t✐♦♥
− ❙✉❜tr❛❦t✐♦♥
⋆ ▼✉❧t✐♣❧✐❦❛t✐♦♥
/ ❉✐✈✐s✐♦♥
✉♥är❡s − ♥❡❣❛t✐✈❡s ❱♦r③❡✐❝❤❡♥ ✭③✳ ❇✳ −❛✮ ; ▼✉❧t✐♣❧✐❦❛t✐♦♥ ♠✐t −✶
✉♥är❡s + ♣♦s✐t✐✈❡s ❱♦r③❡✐❝❤❡♥ ✭③✳ ❇✳ +✸✮ ; ❦❡✐♥ ❊✛❡❦t

❩✉sät③❧✐❝❤ ♥✉r ❢ür ●❛♥③③❛❤❧t②♣❡♥✿

% ▼♦❞✉❧♦ ✭❘❡st ❜❡✐ ❉✐✈✐s✐♦♥✮
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■♥❦r❡♠❡♥t✲✴❉❡❦r❡♠❡♥t✲❖♣❡r❛t♦r❡♥ ❬=❏❛✈❛❪❬→֒ ●❉■✱ ✵✼✲✵✷❪

❙t❡❤❡♥ ❢ür ●❛♥③③❛❤❧t②♣❡♥ ✉♥❞ ❩❡✐❣❡rt②♣❡♥ ③✉r ❱❡r❢ü❣✉♥❣

++ ■♥❦r❡♠❡♥t ✭❊r❤ö❤✉♥❣ ✉♠ ✶✮
−− ❉❡❦r❡♠❡♥t ✭❱❡r♠✐♥❞❡r✉♥❣ ✉♠ ✶✮

▲✐♥❦ss❡✐t✐❣❡r ❖♣❡r❛t♦r ✭Prä✜①✮ ++x ❜③✇✳ --x
❊rst ✇✐r❞ ❞❡r ■♥❤❛❧t ✈♦♥ x ✈❡rä♥❞❡rt
❉❛♥♥ ✇✐r❞ ❞❡r ✭♥❡✉❡✮ ■♥❤❛❧t ✈♦♥ x ❛❧s ❊r❣❡❜♥✐s ❣❡❧✐❡❢❡rt

❘❡❝❤tss❡✐t✐❣❡r ❖♣❡r❛t♦r ✭P♦st✜①✮ x++ ❜③✇✳ x--
❊rst ✇✐r❞ ❞❡r ✭❛❧t❡✮ ■♥❤❛❧t ✈♦♥ x ❛❧s ❊r❣❡❜♥✐s ❣❡❧✐❡❢❡rt
❉❛♥♥ ✇✐r❞ ❞❡r ■♥❤❛❧t ✈♦♥ x ✈❡rä♥❞❡rt

❇❡✐s♣✐❡❧❡
a = 10;
b = a++; // b: 10, a: 11
c = ++a; // c: 12, a: 12
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✵✼
✲❖

♣❡
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✷✵
✶✼
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❱❡r❣❧❡✐❝❤s♦♣❡r❛t♦r❡♥ ❬=❏❛✈❛❪❬→֒ ●❉■✱ ✵✸✲✵✾❪

❱❡r❣❧❡✐❝❤❡♥ ✈♦♥ ③✇❡✐ ❆✉s❞rü❝❦❡♥

< ❦❧❡✐♥❡r
<= ❦❧❡✐♥❡r ❣❧❡✐❝❤
> ❣röÿ❡r
>= ❣röÿ❡r ❣❧❡✐❝❤
== ❣❧❡✐❝❤ ✭③✇❡✐ ●❧❡✐❝❤❤❡✐ts③❡✐❝❤❡♥✦✮
! = ✉♥❣❧❡✐❝❤

❇❡❛❝❤t❡✿ ❊r❣❡❜♥✐s ✐st ✈♦♠ ❚②♣ int ❬6=❏❛✈❛❪
❊r❣❡❜♥✐s✿ ❢❛❧s❝❤ 7→ ✵

✇❛❤r 7→ ✶

▼❛♥ ❦❛♥♥ ♠✐t ❞❡♠ ❊r❣❡❜♥✐s r❡❝❤♥❡♥

❇❡✐s♣✐❡❧❡
if (a >= 3) {· · ·}
if (a == 3) {· · ·}
return a * (a > 0); // return 0 if a is negative
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▲♦❣✐s❝❤❡ ❖♣❡r❛t♦r❡♥ ❬≈❏❛✈❛❪❬→֒ ●❉■✱ ✵✸✲✶✵❪

❱❡r❦♥ü♣❢✉♥❣ ✈♦♥ ❲❛❤r❤❡✐ts✇❡rt❡♥ ✭✇❛❤r ✴ ❢❛❧s❝❤✮✱ ❦♦♠♠✉t❛t✐✈

&& ✒✉♥❞✏ ✇❛❤r && ✇❛❤r → ✇❛❤r

✭❑♦♥❥✉♥❦t✐♦♥✮ ✇❛❤r && ❢❛❧s❝❤ → ❢❛❧s❝❤

❢❛❧s❝❤ && ❢❛❧s❝❤ → ❢❛❧s❝❤

|| ✒♦❞❡r✏ ✇❛❤r || ✇❛❤r → ✇❛❤r

✭❉✐s❥✉♥❦t✐♦♥✮ ✇❛❤r || ❢❛❧s❝❤ → ✇❛❤r

❢❛❧s❝❤ || ❢❛❧s❝❤ → ❢❛❧s❝❤

! ✒♥✐❝❤t✏ ! ✇❛❤r → ❢❛❧s❝❤

✭◆❡❣❛t✐♦♥✱ ✉♥är✮ ! ❢❛❧s❝❤ → ✇❛❤r

❇❡❛❝❤t❡✿ ❖♣❡r❛♥❞❡♥ ✉♥❞ ❊r❣❡❜♥✐s s✐♥❞ ✈♦♠ ❚②♣ int ❬6=❏❛✈❛❪
❖♣❡r❛♥❞❡♥
✭❊✐♥❣❛♥❣s♣❛r❛♠❡t❡r✮✿

✵ 7→ ❢❛❧s❝❤
6=✵ 7→ ✇❛❤r

❊r❣❡❜♥✐s✿ ❢❛❧s❝❤ 7→ ✵
✇❛❤r 7→ ✶
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▲♦❣✐s❝❤❡ ❖♣❡r❛t♦r❡♥ ✕ ❆✉s✇❡rt✉♥❣ ❬=❏❛✈❛❪

❉✐❡ ❆✉s✇❡rt✉♥❣ ❡✐♥❡s ❧♦❣✐s❝❤❡♥ ❆✉s❞r✉❝❦s ✇✐r❞ ❛❜❣❡❜r♦❝❤❡♥✱
s♦❜❛❧❞ ❞❛s ❊r❣❡❜♥✐s ❢❡stst❡❤t

❙❡✐ int a = 5; int b = 3; int c = 7;

❛ > ❜︸ ︷︷ ︸
✶

|| ❛ > ❝︸ ︷︷ ︸
?︸ ︷︷ ︸

✶

←− ✇✐r❞ ♥✐❝❤t ❛✉s❣❡✇❡rt❡t✱ ❞❛ ❞❡r
❡rst❡ ❚❡r♠ ❜❡r❡✐ts ✇❛❤r ❡r❣✐❜t

❛ > ❝︸ ︷︷ ︸
✵

&& ❛ > ❜︸ ︷︷ ︸
?︸ ︷︷ ︸

✵

←− ✇✐r❞ ♥✐❝❤t ❛✉s❣❡✇❡rt❡t✱ ❞❛ ❞❡r
❡rst❡ ❚❡r♠ ❜❡r❡✐ts ❢❛❧s❝❤ ❡r❣✐❜t

❑❛♥♥ ü❜❡rr❛s❝❤❡♥❞ s❡✐♥✱ ✇❡♥♥ ❚❡✐❧❛✉s❞rü❝❦❡ ◆❡❜❡♥❡✛❡❦t❡ ❤❛❜❡♥

int a = 5; int b = 3; int c = 7;
if ( a > c && !func(b) ) {· · ·} // func() will not be called
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❩✉✇❡✐s✉♥❣s♦♣❡r❛t♦r❡♥ ❬=❏❛✈❛❪

❆❧❧❣❡♠❡✐♥❡r ❩✉✇❡✐s✉♥❣s♦♣❡r❛t♦r ✭=✮

❩✉✇❡✐s✉♥❣ ❡✐♥❡s ❲❡rt❡s ❛♥ ❡✐♥❡ ❱❛r✐❛❜❧❡

❇❡✐s♣✐❡❧✿ a = b + 23

❆r✐t❤♠❡t✐s❝❤❡ ❩✉✇❡✐s✉♥❣s♦♣❡r❛t♦r❡♥ ✭+=✱ −=✱ ✳ ✳ ✳ ✮

❆❜❣❡❦ür③t❡ ❙❝❤r❡✐❜✇❡✐s❡ ③✉r ▼♦❞✐✜❦❛t✐♦♥ ❞❡s ❱❛r✐❛❜❧❡♥✇❡rts

❇❡✐s♣✐❡❧✿ a += 23 ✐st äq✉✐✈❛❧❡♥t ③✉ a = a + 23

❆❧❧❣❡♠❡✐♥✿ a ♦♣= b ✐st äq✉✐✈❛❧❡♥t ③✉ a = a ♦♣ b

❢ür ♦♣ ∈ { +,−, ⋆, %, <<, >>,&, ˆ, | }
❇❡✐s♣✐❡❧❡

int a = 8;
a += 8; // a: 16
a %= 3; // a: 1
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❩✉✇❡✐s✉♥❣❡♥ s✐♥❞ ❆✉s❞rü❝❦❡✦

❩✉✇❡✐s✉♥❣❡♥ ❦ö♥♥❡♥ ✐♥ ❦♦♠♣❧❡①❡r❡ ❆✉❞rü❝❦❡ ❣❡s❝❤❛❝❤t❡❧t ✇❡r❞❡♥
❉❛s ❊r❣❡❜♥✐s ❡✐♥❡s ❩✉✇❡✐s✉♥❣s❛✉s❞r✉❝❦s ✐st ❞❡r ③✉❣❡✇✐❡s❡♥❡ ❲❡rt

int a, b, c;
a = b = c = 1; // c: 1, b: 1, a: 1

❉✐❡ ❱❡r✇❡♥❞✉♥❣ ✈♦♥ ❩✉✇❡✐s✉♥❣❡♥ ✐♥ ❜❡❧✐❡❜✐❣❡♥ ❆✉s❞rü❝❦❡♥ ❢ü❤rt
③✉ ◆❡❜❡♥❡✛❡❦t❡♥✱ ❞✐❡ ♥✐❝❤t ✐♠♠❡r ♦✛❡♥s✐❝❤t❧✐❝❤ s✐♥❞

a += b += c; // Value of a and b?

❇❡s♦♥❞❡rs ❣❡❢ä❤r❧✐❝❤✿ ❱❡r✇❡♥❞✉♥❣ ✈♦♥ = st❛tt ==

■♥ ❈ s✐♥❞ ❲❛❤r❤❡✐ts✇❡rt❡ ■♥t❡❣❡rs✿ ✵ 7→ ❢❛❧s❝❤✱ /✵ 7→ ✇❛❤r

❚②♣✐s❝❤❡r ✒❆♥❢ä♥❣❡r❢❡❤❧❡r✏ ✐♥ ❑♦♥tr♦❧❧str✉❦t✉r❡♥✿
if (a = 6) {· · ·} else {· · ·} // BUG: if-branch is always taken!!!

❈♦♠♣✐❧❡r ❜❡❛♥st❛♥❞❡t ❞❛s ❑♦♥str✉❦t ♥✐❝❤t✱ ❡s ❤❛♥❞❡❧t s✐❝❤ ✉♠
❡✐♥❡♥ ❣ü❧t✐❣❡♥ ❆✉s❞r✉❝❦✦ ; ❋❡❤❧❡r ✇✐r❞ ❧❡✐❝❤t ü❜❡rs❡❤❡♥✦
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❇✐t♦♣❡r❛t✐♦♥❡♥ ❬=❏❛✈❛❪

❇✐t✇❡✐s❡ ❱❡r❦♥ü♣❢✉♥❣ ✈♦♥ ●❛♥③③❛❤❧t②♣❡♥✱ ❦♦♠♠✉t❛t✐✈

& ❜✐t✇❡✐s❡s ✒❯♥❞✏ ✶& ✶ → ✶
✭❇✐t✲❙❝❤♥✐tt♠❡♥❣❡✮ ✶& ✵ → ✵

✵& ✵ → ✵

| ❜✐t✇❡✐s❡s ✒❖❞❡r✏ ✶ | ✶ → ✶
✭❇✐t✲❱❡r❡✐♥✐❣✉♥❣s♠❡♥❣❡✮ ✶ | ✵ → ✶

✵ | ✵ → ✵

∧ ❜✐t✇❡✐s❡s ✒❊①❦❧✉s✐✈✲❖❞❡r✏ ✶ ∧ ✶ → ✵
✭❇✐t✲❆♥t✐✈❛❧❡♥③✮ ✶ ∧ ✵ → ✶

✵ ∧ ✵ → ✵

˜ ❜✐t✇❡✐s❡ ■♥✈❡rs✐♦♥ ˜ ✶ → ✵
✭❊✐♥❡r❦♦♠♣❧❡♠❡♥t✱ ✉♥är✮ ˜ ✵ → ✶
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✵✼
✲❖

♣❡
r❛
t♦
r❡
♥✿

✷✵
✶✼

✲✵
✸✲
✷✹

❇✐t♦♣❡r❛t✐♦♥❡♥ ✭❋♦rts✳✮ ❬=❏❛✈❛❪

❙❝❤✐❡❜❡♦♣❡r❛t✐♦♥❡♥ ❛✉❢ ●❛♥③③❛❤❧t②♣❡♥✱ ♥✐❝❤t ❦♦♠♠✉t❛t✐✈

<< ❜✐t✇❡✐s❡s ▲✐♥❦ss❝❤✐❡❜❡♥ ✭r❡❝❤ts ✇❡r❞❡♥ ✵✲❇✐ts ✒♥❛❝❤❣❡❢ü❧❧t✏✮
>> ❜✐t✇❡✐s❡s ❘❡❝❤tss❝❤✐❡❜❡♥ ✭❧✐♥❦s ✇❡r❞❡♥ ✵✲❇✐ts ✒♥❛❝❤❣❡❢ü❧❧t✏✮

❇❡✐s♣✐❡❧❡ ✭x s❡✐ ✈♦♠ ❚②♣ uint8_t✮

❇✐t★ ✼ ✻ ✺ ✹ ✸ ✷ ✶ ✵

x=156 1 0 0 1 1 1 0 0 0x9c

~x 0 1 1 0 0 0 1 1 0x63

7 0 0 0 0 0 1 1 1 0x07

x | 7 1 0 0 1 1 1 1 1 0x9f

x & 7 0 0 0 0 0 1 0 0 0x04

x ^ 7 1 0 0 1 1 0 1 1 0x9B

x << 2 0 1 1 1 0 0 0 0 0x70

x >> 1 0 1 0 0 1 1 1 0 0x4e
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✵✼
✲❖
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❇✐t♦♣❡r❛t✐♦♥❡♥ ✕ ❆♥✇❡♥❞✉♥❣

❉✉r❝❤ ❱❡r❦♥ü♣❢✉♥❣ ❧❛ss❡♥ s✐❝❤ ❣❡③✐❡❧t ❡✐♥③❡❧♥❡ ❇✐ts s❡t③❡♥✴❧ös❝❤❡♥

❇✐t★ ✼ ✻ ✺ ✹ ✸ ✷ ✶ ✵

PORTD ? ? ? ? ? ? ? ? ❇✐t ✼ s♦❧❧ ✈❡rä♥❞❡rt ✇❡r❞❡♥✱ ❞✐❡
❛♥❞❡r❡♥ ❇✐ts ❥❡❞♦❝❤ ❡r❤❛❧t❡♥ ❜❧❡✐❜❡♥✦

0x80 1 0 0 0 0 0 0 0 ❙❡t③❡♥ ❡✐♥❡s ❇✐ts ❞✉r❝❤ ❱❡r✲♦❞❡r♥ ♠✐t
▼❛s❦❡✱ ✐♥ ❞❡r ♥✉r ❞❛s ❩✐❡❧❜✐t ✶ ✐stPORTD |= 0x80 1 ? ? ? ? ? ? ?

~0x80 0 1 1 1 1 1 1 1 ▲ös❝❤❡♥ ❡✐♥❡s ❇✐ts ❞✉r❝❤ ❱❡r✲✉♥❞❡♥
♠✐t ▼❛s❦❡✱ ✐♥ ❞❡r ♥✉r ❞❛s ❩✐❡❧❜✐t ✵ ✐stPORTD &= ~0x80 0 ? ? ? ? ? ? ?

0x08 0 0 0 0 1 0 0 0 ■♥✈❡rt✐❡r❡♥ ❡✐♥❡s ❇✐ts ❞✉r❝❤ ❱❡r✲①♦❞❡r♥
♠✐t ▼❛s❦❡✱ ✐♥ ❞❡r ♥✉r ❞❛s ❩✐❡❧❜✐t ✶ ✐stPORTD ^= 0x08 ? ? ? ? ¿ ? ? ?
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✵✼
✲❖

♣❡
r❛
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♥✿

✷✵
✶✼

✲✵
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❇✐t♦♣❡r❛t✐♦♥❡♥ ✕ ❆♥✇❡♥❞✉♥❣ ✭❋♦rts✳✮

❇✐t♠❛s❦❡♥ ✇❡r❞❡♥ ❣❡r♥❡ ❛❧s ❍❡①❛❞❡③✐♠❛❧✲▲✐t❡r❛❧❡ ❛♥❣❡❣❡❜❡♥

❇✐t★ ✼ ✻ ✺ ✹ ✸ ✷ ✶ ✵

0x8f 1 0 0 0
︸ ︷︷ ︸

8

1 1 1 1
︸ ︷︷ ︸

f

❏❡❞❡ ❍❡①✲❩✐✛❡r r❡♣räs❡♥t✐❡rt ❣❡♥❛✉ ❡✐♥
❍❛❧❜✲❇②t❡ ✭◆✐❜❜❧❡✮ ; ❱❡rstä♥❞❧✐❝❤❦❡✐t

❋ür ✒❉❡③✐♠❛❧✲❉❡♥❦❡r✏ ❜✐❡t❡t s✐❝❤ ❞✐❡ ▲✐♥❦ss❝❤✐❡❜❡✲❖♣❡r❛t✐♦♥ ❛♥

PORTD |= (1<<7); // set bit 7: 1<<7 --> 10000000
PORTD &= ~(1<<7); // mask bit 7: ~(1<<7) --> 01111111

❩✉s❛♠♠❡♥ ♠✐t ❞❡r ❖❞❡r✲❖♣❡r❛t✐♦♥ ❛✉❝❤ ❢ür ❦♦♠♣❧❡①❡r❡ ▼❛s❦❡♥

#include <led.h>
void main() {
uint8_t mask = (1<<RED0) | (1<<RED1);

sb_led_set_all_leds (mask); ;
✵

❘✵

✶

❨✵

✷

●✵

✸

❇✵

✹

❘✶

✺

❨✶

✻

●✶

✼

❇✶
while(1) ;

}
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✵✼
✲❖

♣❡
r❛
t♦
r❡
♥✿

✷✵
✶✼

✲✵
✸✲
✷✹

❇❡❞✐♥❣t❡ ❆✉s✇❡rt✉♥❣ ❬≈❏❛✈❛❪❬→֒ ●❉■✱ ✵✼✲✶✵❪

❋♦r♠✉❧✐❡r✉♥❣ ✈♦♥ ❇❡❞✐♥❣✉♥❣❡♥ ✐♥ ❆✉s❞rü❝❦❡♥
❆✉s❞r✉❝❦✶ ❄ ❆✉s❞r✉❝❦✷ ✿ ❆✉s❞r✉❝❦✸

❩✉♥ä❝❤st ✇✐r❞ ❆✉s❞r✉❝❦✶ ❛✉s❣❡✇❡rt❡t
❆✉s❞r✉❝❦✶ 6= ✵ ✭✇❛❤r✮ ; ❊r❣❡❜♥✐s ✐st ❆✉s❞r✉❝❦✷
❆✉s❞r✉❝❦✶ = ✵ ✭❢❛❧s❝❤✮ ; ❊r❣❡❜♥✐s ✐st ❆✉s❞r✉❝❦✸

?: ✐st ❞❡r ❡✐♥③✐❣❡ t❡r♥är❡ ✭❞r❡✐st❡❧❧✐❣❡✮ ❖♣❡r❛t♦r ✐♥ ❈

❇❡✐s♣✐❡❧

int abs(int a) {
// if (a<0) return -a; else return a;
return (a<0) ? -a : a;

}
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✵✼
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r❛
t♦
r❡
♥✿

✷✵
✶✼

✲✵
✸✲
✷✹

❙❡q✉❡♥③♦♣❡r❛t♦r ❬ 6=❏❛✈❛❪

❘❡✐❤✉♥❣ ✈♦♥ ❆✉s❞rü❝❦❡♥
❆✉s❞r✉❝❦✶ ✱ ❆✉s❞r✉❝❦✷

❩✉♥ä❝❤st ✇✐r❞ ❆✉s❞r✉❝❦✶ ❛✉s❣❡✇❡rt❡t
; ◆❡❜❡♥❡✛❡❦t❡ ✈♦♥ ❆✉s❞r✉❝❦✶ ✇❡r❞❡♥ s✐❝❤t❜❛r
❊r❣❡❜♥✐s ✐st ❞❡r ❲❡rt ✈♦♥ ❆✉s❞r✉❝❦✷

❱❡r✇❡♥❞✉♥❣ ❞❡s ❑♦♠♠❛✲❖♣❡r❛t♦rs ✐st s❡❧t❡♥ ❡r❢♦r❞❡r❧✐❝❤✦
✭Prä♣r♦③❡ss♦r✲▼❛❦r♦s ♠✐t ◆❡❜❡♥❡✛❡❦t❡♥✮
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❱♦rr❛♥❣r❡❣❡❧♥ ❜❡✐ ❖♣❡r❛t♦r❡♥ ❬≈❏❛✈❛❪❬→֒ ●❉■✱ ✵✸✲✵✼❪

❑❧❛ss❡ ❖♣❡r❛t♦r❡♥ ❆ss♦③✐❛t✐✈✐tät

✶ ❋✉♥❦t✐♦♥s❛✉❢r✉❢✱ ❋❡❧❞③✉❣r✐✛
❙tr✉❦t✉r③✉❣r✐✛
P♦st✲■♥❦r❡♠❡♥t✴✲❉❡❦r❡♠❡♥t

x() x[]
x.y x->y
x++ x--

links → rechts

✷ Prä✲■♥❦r❡♠❡♥t✴✲❉❡❦r❡♠❡♥t
✉♥är❡ ❖♣❡r❛t♦r❡♥
❆❞r❡ss❡✱ ❱❡r✇❡✐s ✭❩❡✐❣❡r✮
❚②♣❦♦♥✈❡rt✐❡r✉♥❣ ✭❝❛st✮
❚②♣❣röÿ❡

++x --x
+x -x ~x !x
& *
(<Typ>)x
sizeof(x)

rechts → links

✸ ▼✉❧t✐♣❧✐❦❛t✐♦♥✱ ❉✐✈✐s✐♦♥✱ ▼♦❞✉❧♦ * / % links → rechts

✹ ❆❞❞✐t✐♦♥✱ ❙✉❜tr❛❦t✐♦♥ + - links → rechts

✺ ❇✐t✇❡✐s❡s ❙❝❤✐❡❜❡♥ >> << links → rechts

✻ ❘❡❧❛t✐♦♥❛❧♦♣❡r❛t♦r❡♥ < <= > >= links → rechts

✼ ●❧❡✐❝❤❤❡✐ts♦♣❡r❛t♦r❡♥ == != links → rechts

✽ ❇✐t✇❡✐s❡s ❯◆❉ & links → rechts

✾ ❇✐t✇❡✐s❡s ❖❘ | links → rechts

✶✵ ❇✐t✇❡✐s❡s ❳❖❘ ^ links → rechts

✶✶ ❑♦♥❥✉♥❦t✐♦♥ && links → rechts

✶✷ ❉✐s❥✉♥❦t✐♦♥ || links → rechts

✶✸ ❇❡❞✐♥❣t❡ ❆✉s✇❡rt✉♥❣ ?:= rechts → links

✶✹ ❩✉✇❡✐s✉♥❣ = ♦♣= rechts → links

✶✺ ❙❡q✉❡♥③ , links → rechts
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❚②♣✉♠✇❛♥❞❧✉♥❣ ✐♥ ❆✉s❞rü❝❦❡♥

❊✐♥❡ ❖♣❡r❛t✐♦♥ ✇✐r❞ ♠✐♥❞❡st❡♥s ♠✐t int✲❲♦rt❜r❡✐t❡ ❜❡r❡❝❤♥❡t
short✲ ✉♥❞ signed char✲❖♣❡r❛♥❞❡♥ ✇❡r❞❡♥ ✐♠♣❧✐③✐t ✒❛✉❢❣❡✇❡rt❡t✏
✭→֒ ■♥t❡❣❡r Pr♦♠♦t✐♦♥✮
❊rst ❞❛s ❊r❣❡❜♥✐s ✇✐r❞ ❛✉❢ ❞❡♥ ❩✐❡❧❞❛t❡♥t②♣ ❛❜❣❡s❝❤♥✐tt❡♥✴❡r✇❡✐t❡rt

int8_t a=100, b=3, c=4, res; // range: -128 --> +127

res︸︷︷︸
int8_t: 75

= a︸︷︷︸
int: 100

* b︸︷︷︸
int: 3︸ ︷︷ ︸

int: 300

/ c︸︷︷︸
int: 4

;

︸ ︷︷ ︸
int: 75

// promotion to int: 300 fits in!
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❚②♣✉♠✇❛♥❞❧✉♥❣ ✐♥ ❆✉s❞rü❝❦❡♥ ✭❋♦rts✳✮

●❡♥❡r❡❧❧ ✇✐r❞ ❞✐❡ ❣röÿt❡ ❜❡t❡✐❧✐❣t❡ ❲♦rt❜r❡✐t❡ ✈❡r✇❡♥❞❡t →֒ ✻✕✸

int8_t a=100, b=3, res; // range: -128 --> +127
int32_t c=4; // range: -2147483648 --> +2147483647

res︸︷︷︸
int8_t: 75

= a︸︷︷︸
int: 100

* b︸︷︷︸
int: 3︸ ︷︷ ︸

int: 300︸ ︷︷ ︸
int32_t: 300

/ c;

︸ ︷︷ ︸
int32_t: 75

// promotion to int32_t
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✵✼
✲❖

♣❡
r❛
t♦
r❡
♥✿

✷✵
✶✼

✲✵
✸✲
✷✹

❚②♣✉♠✇❛♥❞❧✉♥❣ ✐♥ ❆✉s❞rü❝❦❡♥ ✭❋♦rts✳✮

❋❧✐❡ÿ❦♦♠♠❛✲❚②♣❡♥ ❣❡❧t❡♥ ❞❛❜❡✐ ❛❧s ✒❣röÿ❡r✑ ❛❧s ●❛♥③③❛❤❧✲❚②♣❡♥

❆❧❧❡ ❋❧✐❡ÿ❦♦♠♠❛✲❖♣❡r❛t✐♦♥❡♥ ✇❡r❞❡♥ ♠✐♥❞❡st❡♥s ♠✐t
double✲❲♦rt❜r❡✐t❡ ❜❡r❡❝❤♥❡t

int8_t a=100, b=3, res; // range: -128 --> +127

res︸︷︷︸
int8_t: 75

= a︸︷︷︸
int: 100

* b︸︷︷︸
int: 3︸ ︷︷ ︸

int: 300︸ ︷︷ ︸
double: 300.0

/ 4.0f︸︷︷︸
double 4.0

;

︸ ︷︷ ︸
double: 75.0

// promotion to double
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❚②♣✉♠✇❛♥❞❧✉♥❣ ✐♥ ❆✉s❞rü❝❦❡♥ ✭❋♦rts✳✮

unsigned✲❚②♣❡♥ ❣❡❧t❡♥ ❞❛❜❡✐ ❛❧s ✒❣röÿ❡r✑ ❛❧s signed✲❚②♣❡♥

int s = -1, res; // range: -32768 --> +32767
unsigned u = 1; // range: 0 --> 65535

res︸︷︷︸
int: 0

= s︸︷︷︸
unsigned: 65535

< u;

︸ ︷︷ ︸
unsigned: 0

// promotion to unsigned: -1 --> 65535

; Ü❜❡rr❛s❝❤❡♥❞❡ ❊r❣❡❜♥✐ss❡ ❜❡✐ ♥❡❣❛t✐✈❡♥ ❲❡rt❡♥✦
; ▼✐s❝❤✉♥❣ ✈♦♥ signed✲ ✉♥❞ unsigned✲❖♣❡r❛♥❞❡♥ ✈❡r♠❡✐❞❡♥✦
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✵✼
✲❖

♣❡
r❛
t♦
r❡
♥✿

✷✵
✶✼

✲✵
✸✲
✷✹

❚②♣✉♠✇❛♥❞❧✉♥❣ ✐♥ ❆✉s❞rü❝❦❡♥ ✕ ❚②♣✲❈❛sts

❉✉r❝❤ ❞❡♥ ❚②♣✲❈❛st✲❖♣❡r❛t♦r ❦❛♥♥ ♠❛♥ ❡✐♥❡♥ ❆✉s❞r✉❝❦
❣❡③✐❡❧t ✐♥ ❡✐♥❡♥ ❛♥❞❡r❡♥ ❚②♣ ❦♦♥✈❡rt✐❡r❡♥

✭❚②♣✮ ❆✉s❞r✉❝❦

int s = -1, res; // range: -32768 --> +32767
unsigned u = 1; // range: 0 --> 65535

res︸︷︷︸
int: 1

= s < (int) u︸ ︷︷ ︸
int: 1

;

︸ ︷︷ ︸
int: 1

// cast u to int
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✵✼
✲❖

♣❡
r❛
t♦
r❡
♥✿

✷✵
✶✼

✲✵
✸✲
✷✹

Ü❜❡r❜❧✐❝❦✿ ❚❡✐❧ ❇ ❊✐♥❢ü❤r✉♥❣ ✐♥ ❈

✸ ❏❛✈❛ ✈❡rs✉s ❈ ✕ ❊rst❡ ❇❡✐s♣✐❡❧❡

✹ ❙♦❢t✇❛r❡s❝❤✐❝❤t❡♥ ✉♥❞ ❆❜str❛❦t✐♦♥

✺ ❙♣r❛❝❤ü❜❡r❜❧✐❝❦

✻ ❊✐♥❢❛❝❤❡ ❉❛t❡♥t②♣❡♥

✼ ❖♣❡r❛t♦r❡♥ ✉♥❞ ❆✉s❞rü❝❦❡

✽ ❑♦♥tr♦❧❧str✉❦t✉r❡♥

✾ ❋✉♥❦t✐♦♥❡♥

✶✵ ❱❛r✐❛❜❧❡♥

✶✶ Prä♣r♦③❡ss♦r❱
❴
●
❙
P
■❈
❴
❤❛
♥❞
♦✉
t

❇❡❞✐♥❣t❡ ❆♥✇❡✐s✉♥❣ ❬=❏❛✈❛❪❬→֒ ●❉■✱ ✵✼✲✵✷❪

if✲❆♥✇❡✐s✉♥❣ ✭❜❡❞✐♥❣t❡ ❆♥✇❡✐s✉♥❣✮

if (❇❡❞✐♥❣✉♥❣)
❆♥✇❡✐s✉♥❣;

Bedingte Anweisung

ja nein

Bedingung

Anweisung

if✲else✲❆♥✇❡✐s✉♥❣ ✭❡✐♥❢❛❝❤❡ ❱❡r③✇❡✐❣✉♥❣✮

if (❇❡❞✐♥❣✉♥❣)
❆♥✇❡✐s✉♥❣✶;

else
❆♥✇❡✐s✉♥❣✷;

ja nein

Bedingung

Anweisung_1 Anweisung_2

if✲else✲if✲❑❛s❦❛❞❡ ✭♠❡❤r❢❛❝❤❡ ❱❡r③✇❡✐❣✉♥❣✮

if (❇❡❞✐♥❣✉♥❣✶)
❆♥✇❡✐s✉♥❣✶;

else if (❇❡❞✐♥❣✉♥❣✷)
❆♥✇❡✐s✉♥❣✷;

else
❆♥✇❡✐s✉♥❣✸; Anweisung_2

Bedingung_2

Bedingung_1

ja nein

ja nein

Anweisung_3Anweisung_1
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❋❛❧❧✉♥t❡rs❝❤❡✐❞✉♥❣ ❬=❏❛✈❛❪

switch✲❆♥✇❡✐s✉♥❣ ✭❋❛❧❧✉♥t❡rs❝❤❡✐❞✉♥❣✮
❆❧t❡r♥❛t✐✈❡ ③✉r if✲❑❛s❦❛❞❡ ❜❡✐ ❚❡st ❛✉❢ ●❛♥③③❛❤❧✲❑♦♥st❛♥t❡♥

verschiedene Fälle in Abhängigkeit von einem ganzzahligen Ausdruck

Ausdruck

Wert1 Wert2

Anw. 1 Anw. 2 Anw. n

sonst

Anw. x

ganzzahliger Ausdruck = ?

switch (❆✉s❞r✉❝❦) {
case ❲❡rt✶:

❆♥✇❡✐s✉♥❣✶;
break;

case ❲❡rt✷:
❆♥✇❡✐s✉♥❣✷;
break;

· · ·
case ❲❡rt♥:

❆♥✇❡✐s✉♥❣♥;
break;

default:
❆♥✇❡✐s✉♥❣①;

}
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✵✽
✲❑

♦♥
tr
♦❧
❧s
tr
✉❦

t✉
r❡
♥✿

✷✵
✶✼

✲✵
✺✲
✵✸

❆❜✇❡✐s❡♥❞❡ ✉♥❞ ♥✐❝❤t✲❛❜✇❡✐s❡♥❞❡ ❙❝❤❧❡✐❢❡ ❬=❏❛✈❛❪

❆❜✇❡✐s❡♥❞❡ ❙❝❤❧❡✐❢❡
❬→֒ ●❉■✱ ✵✽✲✵✺❪

while✲❙❝❤❧❡✐❢❡
◆✉❧❧✲ ♦❞❡r ♠❡❤r❢❛❝❤ ❛✉s❣❡❢ü❤rt

Bedingung

Anweisung

Bedingung

◆✐❝❤t✲❛❜✇❡✐s❡♥❞❡ ❙❝❤❧❡✐❢❡
❬→֒ ●❉■✱ ✵✽✲✵✼❪

do✲while✲❙❝❤❧❡✐❢❡
❊✐♥✲ ♦❞❡r ♠❡❤r❢❛❝❤ ❛✉s❣❡❢ü❤rt

Bedingung

Anweisung

while(❇❡❞✐♥❣✉♥❣)
❆♥✇❡✐s✉♥❣;

do
❆♥✇❡✐s✉♥❣;

while(❇❡❞✐♥❣✉♥❣);

while (
sb_button_getState(BUTTON0)

== BUTTONSTATE_RELEASED
) {

· · · // do unless button press.
}

do {
· · · // do at least once

} while (
sb_button_getState(BUTTON0)

== BUTTONSTATE_RELEASED
);
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❩ä❤❧❡♥❞❡ ❙❝❤❧❡✐❢❡ ❬=❏❛✈❛❪❬→֒ ●❉■✱ ✵✽✲✵✷❪

for✲❙❝❤❧❡✐❢❡ ✭▲❛✉❢❛♥✇❡✐s✉♥❣✮

for (❙t❛rt❛✉s❞r✉❝❦;
❊♥❞❛✉s❞r✉❝❦;
■♥❦r❡♠❡♥t−❆✉s❞r✉❝❦)

❆♥✇❡✐s✉♥❣;

v ← Startausdruck (Inkrement) Endausdruck

Anweisung

Startausdruck Endausdruck Inkrement

❇❡✐s♣✐❡❧ ✭ü❜❧✐❝❤❡ ❱❡r✇❡♥❞✉♥❣✿ ♥ ❆✉s❢ü❤r✉♥❣❡♥ ♠✐t ❩ä❤❧✈❛r✐❛❜❧❡✮

uint8_t sum = 0; // calc sum 1+...+10
for (uint8_t n = 1; n < 11; n++) {

sum += n;
}
sb_7seg_showNumber( sum );

❆♥♠❡r❦✉♥❣❡♥
❉✐❡ ❉❡❦❧❛r❛t✐♦♥ ✈♦♥ ❱❛r✐❛❜❧❡♥ ✭n✮ ✐♠ ❙t❛rt❛✉s❞r✉❝❦
✐st ❡rst ❛❜ ❈✾✾ ♠ö❣❧✐❝❤

❉✐❡ ❙❝❤❧❡✐❢❡ ✇✐r❞ ✇✐❡❞❡r❤♦❧t✱ s♦❧❛♥❣❡ ❊♥❞❛✉s❞r✉❝❦ 6= ✵ ✭✇❛❤r✮
; ❞✐❡ for✲❙❝❤❧❡✐❢❡ ✐st ❡✐♥❡ ✒✈❡r❦❛♣♣t❡✏ while✲❙❝❤❧❡✐❢❡
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❙❝❤❧❡✐❢❡♥st❡✉❡r✉♥❣ ❬=❏❛✈❛❪❬→֒ ●❉■✱ ✵✽✲✵✾❪

❉✐❡ continue✲❆♥✇❡✐s✉♥❣ ❜❡❡♥❞❡t ❞❡♥ ❛❦t✉❡❧❧❡♥ ❙❝❤❧❡✐❢❡♥❞✉r❝❤❧❛✉❢
; ❙❝❤❧❡✐❢❡ ✇✐r❞ ♠✐t ❞❡♠ ♥ä❝❤st❡♥ ❉✉r❝❤❧❛✉❢ ❢♦rt❣❡s❡t③t

for( uint8_t led=0; led < 8; ++led ) {
if( led == RED1 ) {
continue; // skip RED1

}
sb_led_on(led);

}

✵

❘✵

✶

❨✵

✷

●✵

✸

❇✵

✹

❘✶

✺

❨✶

✻

●✶

✼

❇✶

❉✐❡ break✲❆♥✇❡✐s✉♥❣ ✈❡r❧ässt ❞✐❡ ✭✐♥♥❡rst❡✮ ❙❝❤❧❡✐❢❡
; Pr♦❣r❛♠♠ ✇✐r❞ ♥❛❝❤ ❞❡r ❙❝❤❧❡✐❢❡ ❢♦rt❣❡s❡t③t

for( uint8_t led=0; led < 8; ++led ) {
if( led == RED1 ) {
break; // break at RED1

}
sb_led_on(led);

}

✵

❘✵

✶

❨✵

✷

●✵

✸

❇✵

✹

❘✶

✺

❨✶

✻

●✶

✼

❇✶
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Ü❜❡r❜❧✐❝❦✿ ❚❡✐❧ ❇ ❊✐♥❢ü❤r✉♥❣ ✐♥ ❈

✸ ❏❛✈❛ ✈❡rs✉s ❈ ✕ ❊rst❡ ❇❡✐s♣✐❡❧❡

✹ ❙♦❢t✇❛r❡s❝❤✐❝❤t❡♥ ✉♥❞ ❆❜str❛❦t✐♦♥

✺ ❙♣r❛❝❤ü❜❡r❜❧✐❝❦

✻ ❊✐♥❢❛❝❤❡ ❉❛t❡♥t②♣❡♥

✼ ❖♣❡r❛t♦r❡♥ ✉♥❞ ❆✉s❞rü❝❦❡

✽ ❑♦♥tr♦❧❧str✉❦t✉r❡♥

✾ ❋✉♥❦t✐♦♥❡♥

✶✵ ❱❛r✐❛❜❧❡♥

✶✶ Prä♣r♦③❡ss♦r❱
❴
●
❙
P
■❈
❴
❤❛
♥❞
♦✉
t

❲❛s ✐st ❡✐♥❡ ❋✉♥❦t✐♦♥❄

❋✉♥❦t✐♦♥ := ❯♥t❡r♣r♦❣r❛♠♠ ❬→֒ ●❉■✱ ✶✶✲✵✶❪
Pr♦❣r❛♠♠stü❝❦ ✭❇❧♦❝❦✮ ♠✐t ❡✐♥❡♠ ❇❡③❡✐❝❤♥❡r
❇❡✐♠ ❆✉❢r✉❢ ❦ö♥♥❡♥ P❛r❛♠❡t❡r ü❜❡r❣❡❜❡♥ ✇❡r❞❡♥
❇❡✐ ❘ü❝❦❦❡❤r ❦❛♥♥ ❡✐♥ ❘ü❝❦❣❛❜❡✇❡rt ③✉rü❝❦❣❡❧✐❡❢❡rt ✇❡r❞❡♥

❋✉♥❦t✐♦♥❡♥ s✐♥❞ ❡❧❡♠❡♥t❛r❡ Pr♦❣r❛♠♠❜❛✉st❡✐♥❡
●❧✐❡❞❡r♥ ✉♠❢❛♥❣r❡✐❝❤❡ ❆✉❢❣❛❜❡♥ ✐♥ ❦❧❡✐♥❡✱ ❜❡❤❡rrs❝❤❜❛r❡ ❑♦♠♣♦♥❡♥t❡♥
❊r♠ö❣❧✐❝❤❡♥ ❞✐❡ ❡✐♥❢❛❝❤❡ ❲✐❡❞❡r✈❡r✇❡♥❞✉♥❣ ✈♦♥ ❑♦♠♣♦♥❡♥t❡♥
❊r♠ö❣❧✐❝❤❡♥ ❞❡♥ ❡✐♥❢❛❝❤❡♥ ❆✉st❛✉s❝❤ ✈♦♥ ❑♦♠♣♦♥❡♥t❡♥
❱❡r❜❡r❣❡♥ ■♠♣❧❡♠❡♥t✐❡r✉♥❣s❞❡t❛✐❧s ✭❇❧❛❝❦✲❇♦①✲Pr✐♥③✐♣✮

❋✉♥❦t✐♦♥ 7→ ❆❜str❛❦t✐♦♥ →֒ ✹✕✶

❇❡③❡✐❝❤♥❡r ✉♥❞ P❛r❛♠❡t❡r ❛❜str❛❤✐❡r❡♥
❱♦♠ t❛tsä❝❤❧✐❝❤❡♥ Pr♦❣r❛♠♠stü❝❦
❱♦♥ ❞❡r ❉❛rst❡❧❧✉♥❣ ✉♥❞ ❱❡r✇❡♥❞✉♥❣ ✈♦♥ ❉❛t❡♥

❊r♠ö❣❧✐❝❤t s❝❤r✐tt✇❡✐s❡ ❆❜str❛❦t✐♦♥ ✉♥❞ ❱❡r❢❡✐♥❡r✉♥❣

❝© ❦❧s ●❙P✐❈ ✭❚❡✐❧ ❇✱ ❙❙ ✶✼✮ ✾ ❋✉♥❦t✐♦♥❡♥ ⑤ ✾✳✶ ❊✐♥❢ü❤r✉♥❣ ✾✕✶

✵✾
✲❋
✉♥

❦t
✐♦
♥❡
♥✿

✷✵
✶✼

✲✵
✺✲
✵✸

❇❡✐s♣✐❡❧

❋✉♥❦t✐♦♥ ✭❆❜str❛❦t✐♦♥✮ sb_led_set_all_leds()
#include <led.h>
void main() {
sb_led_set_all_leds( 0xaa );

✵ ✶ ✷ ✸ ✹ ✺ ✻ ✼

while(1) {}
}

■♠♣❧❡♠❡♥t✐❡r✉♥❣ ✐♥ ❞❡r libspicboard
void sb_led_set_all_leds(uint8_t setting) ❙✐❝❤t❜❛r✿ ❇❡③❡✐❝❤♥❡r ✉♥❞

❢♦r♠❛❧❡ P❛r❛♠t❡r

{
uint8_t i = 0;
for (i = 0; i < 8; i++) {
if (setting & (1<<i)) {
sb_led_on(i); ❯♥s✐❝❤t❜❛r✿ ❚❛tsä❝❤❧✐❝❤❡

■♠♣❧❡♠❡♥t✐❡r✉♥❣
} else {
sb_led_off(i);

}
}

}
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✵✾
✲❋
✉♥

❦t
✐♦
♥❡

♥✿
✷✵

✶✼
✲✵
✺✲
✵✸

❋✉♥❦t✐♦♥s❞❡✜♥✐t✐♦♥ ❬≈❏❛✈❛❪

❙②♥t❛①✿ ❚②♣ ❇❡③❡✐❝❤♥❡r ✭ ❋♦r♠❛❧❡P❛r❛♠♦♣t ✮ ④❇❧♦❝❦⑥
❚②♣ ❚②♣ ❞❡s ❘ü❝❦❣❛❜❡✇❡rt❡s ❞❡r ❋✉♥❦t✐♦♥✱ ❬=❏❛✈❛❪

void ❢❛❧❧s ❦❡✐♥ ❲❡rt ③✉rü❝❦❣❡❣❡❜❡♥ ✇✐r❞

❇❡③❡✐❝❤♥❡r ◆❛♠❡✱ ✉♥t❡r ❞❡♠ ❞✐❡ ❋✉♥❦t✐♦♥ →֒ ✺✕✸

❛✉❢❣❡r✉❢❡♥ ✇❡r❞❡♥ ❦❛♥♥ ❬=❏❛✈❛❪

❋♦r♠❛❧❡P❛r❛♠♦♣t ▲✐st❡ ❞❡r ❢♦r♠❛❧❡♥ P❛r❛♠❡t❡r✿
❚②♣✶ ❇❡③✶ ♦♣t ✱ . . .✱ ❚②♣♥ ❇❡③♥ ♦♣t ❬=❏❛✈❛❪
✭P❛r❛♠❡t❡r✲❇❡③❡✐❝❤♥❡r s✐♥❞ ♦♣t✐♦♥❛❧✮
void✱ ❢❛❧❧s ❦❡✐♥ P❛r❛♠❡t❡r ❡r✇❛rt❡t ✇✐r❞ ❬6=❏❛✈❛❪

{❇❧♦❝❦} ■♠♣❧❡♠❡♥t✐❡r✉♥❣❀ ❢♦r♠❛❧❡ P❛r❛♠❡t❡r
st❡❤❡♥ ❛❧s ❧♦❦❛❧❡ ❱❛r✐❛❜❧❡♥ ❜❡r❡✐t ❬=❏❛✈❛❪

❇❡✐s♣✐❡❧❡✿

int max(int a, int b) {
if (a > b) return a;
return b;

}

void wait(void) {
volatile uint16_t w;
for (w = 0; w < 0xffff; w++) {
}

}
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❋✉♥❦t✐♦♥s❛✉❢r✉❢ ❬=❏❛✈❛❪

❙②♥t❛①✿ ❇❡③❡✐❝❤♥❡r ✭ ❚❛tP❛r❛♠ ✮
❇❡③❡✐❝❤♥❡r ◆❛♠❡ ❞❡r ❋✉♥❦t✐♦♥✱

✐♥ ❞✐❡ ✈❡r③✇❡✐❣t ✇❡r❞❡♥ s♦❧❧ ❬=❏❛✈❛❪

❚❛tP❛r❛♠ ▲✐st❡ ❞❡r t❛tsä❝❤❧✐❝❤❡♥ P❛r❛♠❡t❡r ✭ü❜❡r❣❡❜❡♥❡ ❬=❏❛✈❛❪
❲❡rt❡✱ ♠✉ss ❛♥③❛❤❧✲ ✉♥❞ t②♣❦♦♠♣❛t✐❜❡❧ s❡✐♥
③✉r ▲✐st❡ ❞❡r ❢♦r♠❛❧❡♥ P❛r❛♠❡t❡r✮

❇❡✐s♣✐❡❧❡✿

int x = max(47, 11);

❆✉❢r✉❢ ❞❡r max()✲❋✉♥❦t✐♦♥✳ 47 ✉♥❞ 11 s✐♥❞
❞✐❡ t❛tsä❝❤❧✐❝❤❡♥ P❛r❛♠❡t❡r✱ ✇❡❧❝❤❡ ♥✉♥
❞❡♥ ❢♦r♠❛❧❡♥ P❛r❛♠❡t❡r♥ a ✉♥❞ b ❞❡r max()✲
❋✉♥❦t✐♦♥ ✭→֒ ✾✕✸ ✮ ③✉❣❡✇✐❡s❡♥ ✇❡r❞❡♥✳

char text[] = "Hello, World";
int x = max(47, text);

❋❡❤❧❡r✿ text ✐st ♥✐❝❤t int✲❦♦♥✈❡rt✐❡r❜❛r ✭
t❛tsä❝❤❧✐❝❤❡r P❛r❛♠❡t❡r ✷ ♣❛sst ♥✐❝❤t ③✉
❢♦r♠❛❧❡♠ P❛r❛♠❡t❡r b →֒ ✾✕✸ ✮

max(48, 12); ❉❡r ❘ü❝❦❣❛❜❡✇❡rt ❞❛r❢ ✐❣♥♦r✐❡rt ✇❡r❞❡♥
✭✇❛s ❤✐❡r ♥✐❝❤t ✇✐r❦❧✐❝❤ ❙✐♥♥ ❡r❣✐❜t✮
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♥✿
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❋✉♥❦t✐♦♥s❛✉❢r✉❢ ✕ P❛r❛♠❡t❡rü❜❡r❣❛❜❡ ❬6=❏❛✈❛❪

●❡♥❡r❡❧❧❡ ❆rt❡♥ ❞❡r P❛r❛♠❡t❡rü❜❡r❣❛❜❡ ❬→֒ ●❉■✱ ✶✹✲✵✶❪
❈❛❧❧✲❜②✲✈❛❧✉❡ ❉✐❡ ❢♦r♠❛❧❡♥ P❛r❛♠❡t❡r s✐♥❞ ❑♦♣✐❡♥ ❞❡r t❛tsä❝❤❧✐✲

❝❤❡♥ P❛r❛♠❡t❡r✳ ➘♥❞❡r✉♥❣❡♥ ✐♥ ❞❡♥ ❢♦r♠❛❧❡♥ P❛r❛✲
♠❡t❡r♥ ❣❡❤❡♥ ♠✐t ❱❡r❧❛ss❡♥ ❞❡r ❋✉♥❦t✐♦♥ ✈❡r❧♦r❡♥✳
❉✐❡s ✐st ❞❡r ◆♦r♠❛❧❢❛❧❧ ✐♥ ❈✳

❈❛❧❧✲❜②✲r❡❢❡r❡♥❝❡ ❉✐❡ ❢♦r♠❛❧❡♥ P❛r❛♠❡t❡r s✐♥❞ ❱❡r✇❡✐s❡ ✭❘❡❢❡r❡♥③❡♥✮
❛✉❢ ❞✐❡ t❛tsä❝❤❧✐❝❤❡♥ P❛r❛♠❡t❡r✳ ➘♥❞❡r✉♥❣❡♥ ✐♥ ❞❡♥
❢♦r♠❛❧❡♥ P❛r❛♠❡t❡r♥ ❜❡tr❡✛❡♥ ❛✉❝❤ ❞✐❡ t❛tsä❝❤❧✐✲
❝❤❡♥ P❛r❛♠❡t❡r✳
■♥ ❈ ♥✉r ✐♥❞✐r❡❦t ü❜❡r ❩❡✐❣❡r ♠ö❣❧✐❝❤✳ →֒ ✶✸✕✺

❉❡s ✇❡✐t❡r❡♥ ❣✐❧t
❆rr❛②s ✇❡r❞❡♥ ✐♥ ❈ ✐♠♠❡r ❜②✲r❡❢❡r❡♥❝❡ ü❜❡r❣❡❜❡♥ ❬=❏❛✈❛❪

❉✐❡ ❆✉s✇❡rt✉♥❣sr❡✐❤❡♥❢♦❧❣❡ ❞❡r P❛r❛♠❡t❡r ✐st ✉♥❞❡✜♥✐❡rt✦ ❬6=❏❛✈❛❪
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❋✉♥❦t✐♦♥s❛✉❢r✉❢ ✕ ❘❡❦✉rs✐♦♥ ❬=❏❛✈❛❪

❋✉♥❦t✐♦♥❡♥ ❦ö♥♥❡♥ s✐❝❤ ❛✉❝❤ s❡❧❜❡r ❛✉❢r✉❢❡♥ ✭❘❡❦✉rs✐♦♥✮
int fak(int n) {
if (n > 1)
return n * fak(n - 1);

return 1;
}

❘❡❦✉rs✐✈❡ ❉❡✜♥✐t✐♦♥ ❞❡r ❋❛❦✉❧täts❢✉♥❦t✐♦♥✳

❊✐♥ ❛♥s❝❤❛✉❧✐❝❤❡s✱ ❛❜❡r ♠✐❡s❡s ❇❡✐s♣✐❡❧
❢ür ❞❡♥ ❊✐♥s❛t③ ✈♦♥ ❘❡❦✉rs✐♦♥✦

❘❡❦✉rs✐♦♥ 7→ ✩✩✩

❘❡❦✉rs✐♦♥ ✈❡r✉rs❛❝❤t ❡r❤❡❜❧✐❝❤❡ ▲❛✉❢③❡✐t✲ ✉♥❞ ❙♣❡✐❝❤❡r❦♦st❡♥✦
Pr♦ ❘❡❦✉rs✐♦♥ss❝❤r✐tt ♠✉ss✿

❙♣❡✐❝❤❡r ❜❡r❡✐t ❣❡st❡❧❧t ✇❡r❞❡♥ ❢ür ❘ü❝❦s♣r✉♥❣❛❞r❡ss❡✱
P❛r❛♠❡t❡r ✉♥❞ ❛❧❧❡ ❧♦❦❛❧❡♥ ❱❛r✐❛❜❧❡♥

P❛r❛♠❡t❡r ❦♦♣✐❡rt ✉♥❞ ❡✐♥ ❋✉♥❦t✐♦♥s❛✉❢r✉❢ ❞✉r❝❤❣❡❢ü❤rt ✇❡r❞❡♥

❘❡❣❡❧✿ ❇❡✐ ❞❡r s②st❡♠♥❛❤❡♥ ❙♦❢t✇❛r❡❡♥t✇✐❝❦❧✉♥❣ ✇✐r❞
♠ö❣❧✐❝❤st ❛✉❢ ❘❡❦✉rs✐♦♥ ✈❡r③✐❝❤t❡t✦

❝© ❦❧s ●❙P✐❈ ✭❚❡✐❧ ❇✱ ❙❙ ✶✼✮ ✾ ❋✉♥❦t✐♦♥❡♥ ⑤ ✾✳✸ ❆✉❢r✉❢ ✾✕✻

✵✾
✲❋
✉♥

❦t
✐♦
♥❡

♥✿
✷✵

✶✼
✲✵
✺✲
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❋✉♥❦t✐♦♥s❞❡❦❧❛r❛t✐♦♥ ❬ 6=❏❛✈❛❪

❋✉♥❦t✐♦♥❡♥ ♠üss❡♥ ✈♦r ✐❤r❡♠ ❡rst❡♥ ❆✉❢r✉❢ ✐♠ ◗✉❡❧❧t❡①t
❞❡❦❧❛r✐❡rt ✭ 7→ ❜❡❦❛♥♥t ❣❡♠❛❝❤t✮ ✇♦r❞❡♥ s❡✐♥

❊✐♥❡ ✈♦r❛♥st❡❤❡♥❞❡ ❉❡✜♥✐t✐♦♥ ❜❡✐♥❤❛❧t❡t ❜❡r❡✐ts ❞✐❡ ❉❡❦❧❛r❛t✐♦♥
❆♥s♦♥st❡♥ ✭❢❛❧❧s ❞✐❡ ❋✉♥❦t✐♦♥ ✒✇❡✐t❡r ❤✐♥t❡♥✏ ✐♠ ◗✉❡❧❧t❡①t ♦❞❡r ✐♥ ❡✐♥❡♠
❛♥❞❡r❡♥ ▼♦❞✉❧ ❞❡✜♥✐❡rt ✇✐r❞✮ ♠✉ss s✐❡ ❡①♣❧✐③✐t ❞❡❦❧❛r✐❡rt ✇❡r❞❡♥

❙②♥t❛①✿ ❇❡③❡✐❝❤♥❡r ✭ ❋♦r♠❛❧❡P❛r❛♠ ✮ ❀

❇❡✐s♣✐❡❧✿
// Deklaration durch Definition
int max(int a, int b) {
if (a > b) return a;
return b;

}

void main(void) {
int z = max(47, 11);

}

// Explizite Deklaration
int max(int, int);

void main(void) {
int z = max(47, 11);

}

int max(int a, int b) {
if (a > b) return a;
return b;

}
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❋✉♥❦t✐♦♥s❞❡❦❧❛r❛t✐♦♥ ✭❋♦rts✳✮ ❬ 6=❏❛✈❛❪

❋✉♥❦t✐♦♥❡♥ ♠üss❡♥ s♦❧❧t❡♥ ✈♦r ✐❤r❡♠ ❡rst❡♥ ❆✉❢r✉❢ ✐♠ ◗✉❡❧❧t❡①t
❞❡❦❧❛r✐❡rt ✭ 7→ ❜❡❦❛♥♥t ❣❡♠❛❝❤t✮ ✇♦r❞❡♥ s❡✐♥

❆❝❤t✉♥❣✿ ❈ ❡r③✇✐♥❣t ❞✐❡s ♥✐❝❤t✦

❊s ✐st ❡r❧❛✉❜t ♥✐❝❤t✲❞❡❦❧❛r✐❡rt❡ ❋✉♥❦t✐♦♥❡♥ ❛✉❢③✉r✉❢❡♥
✭→֒ ✐♠♣❧✐③✐t❡ ❉❡❦❧❛r❛t✐♦♥✮
❉❡r❛rt✐❣❡ ❆✉❢r✉❢❡ s✐♥❞ ❥❡❞♦❝❤ ♥✐❝❤t t②♣s✐❝❤❡r

❈♦♠♣✐❧❡r ❦❡♥♥t ❞✐❡ ❢♦r♠❛❧❡ P❛r❛♠❡t❡r❧✐st❡ ♥✐❝❤t
; ❦❛♥♥ ♥✐❝❤t ♣rü❢❡♥✱ ♦❜ ❞✐❡ t❛tsä❝❤❧✐❝❤❡♥ P❛r❛♠❡t❡r ♣❛ss❡♥
▼❛♥ ❦❛♥♥ ✐r❣❡♥❞✇❛s ü❜❡r❣❡❜❡♥

▼♦❞❡r♥❡ ❈♦♠♣✐❧❡r ❣❡♥❡r✐❡r❡♥ ✐♠♠❡r❤✐♥ ❡✐♥❡ ❲❛r♥✉♥❣
; ❲❛r♥✉♥❣❡♥ ❞❡s ❈♦♠♣✐❧❡rs ✐♠♠❡r ❡r♥st ♥❡❤♠❡♥✦
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✵✾
✲❋
✉♥

❦t
✐♦
♥❡
♥✿

✷✵
✶✼

✲✵
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✵✸

❋✉♥❦t✐♦♥s❞❡❦❧❛r❛t✐♦♥ ✭❋♦rts✳✮ ❬ 6=❏❛✈❛❪

❋✉♥❦t✐♦♥❡♥ ♠üss❡♥ s♦❧❧t❡♥ ✈♦r ✐❤r❡♠ ❡rst❡♥ ❆✉❢r✉❢ ✐♠ ◗✉❡❧❧t❡①t
❞❡❦❧❛r✐❡rt ✭ 7→ ❜❡❦❛♥♥t ❣❡♠❛❝❤t✮ ✇♦r❞❡♥ s❡✐♥

❇❡✐s♣✐❡❧✿

✶ #include <stdio.h>
✷

✸ int main(void) {
✹ double d = 47.11;
✺ foo(d);
✻ return 0;
✼ }
✽

✾ void foo(int a, int b) {
✶✵ printf("foo: a:%d, b:%d\n", a, b);
✶✶ }

✺ ❋✉♥❦t✐♦♥ foo() ✐st ♥✐❝❤t ❞❡❦❧❛r✐❡rt ; ❞❡r ❈♦♠♣✐❧❡r ✇❛r♥t✱ ❛❜❡r ❛❦③❡♣t✐❡rt
❜❡❧✐❡❜✐❣❡ t❛tsä❝❤❧✐❝❤❡ P❛r❛♠❡t❡r

✾ foo() ✐st ❞❡✜♥✐❡rt ♠✐t ❞❡♥ ❢♦r♠❛❧❡♥ P❛r♠❡t❡r♥ (int, int)✳ ❲❛s ✐♠♠❡r ❛♥
t❛tsä❝❤❧✐❝❤❡♥ P❛r❛♠❡t❡r♥ ü❜❡r❣❡❜❡♥ ✇✉r❞❡✱ ✇✐r❞ ❡♥ts♣r❡❝❤❡♥❞ ✐♥t❡r♣r❡t✐❡rt✦

✶✵ ❲❛s ✇✐r❞ ❤✐❡r ❛✉s❣❡❣❡❜❡♥❄

❝© ❦❧s ●❙P✐❈ ✭❚❡✐❧ ❇✱ ❙❙ ✶✼✮ ✾ ❋✉♥❦t✐♦♥❡♥ ⑤ ✾✳✹ ❉❡❦❧❛r❛t✐♦♥ ✾✕✽

✵✾
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✉♥
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❋✉♥❦t✐♦♥s❞❡❦❧❛r❛t✐♦♥ ✭❋♦rts✳✮ ❬ 6=❏❛✈❛❪

❋✉♥❦t✐♦♥❡♥ ♠üss❡♥ s♦❧❧t❡♥ ✈♦r ✐❤r❡♠ ❡rst❡♥ ❆✉❢r✉❢ ✐♠ ◗✉❡❧❧t❡①t
❞❡❦❧❛r✐❡rt ✭ 7→ ❜❡❦❛♥♥t ❣❡♠❛❝❤t✮ ✇♦r❞❡♥ s❡✐♥

❊✐♥❡ ❋✉♥❦t✐♦♥✱ ❞✐❡ ♠✐t ❧❡❡r❡r ❢♦r♠❛❧❡r P❛r❛♠❡t❡r❧✐st❡ ❞❡❦❧❛r✐❡rt
✇✉r❞❡✱ ❛❦③❡♣t✐❡rt ❡❜❡♥❢❛❧❧s ❜❡❧✐❡❜✐❣❡ P❛r❛♠❡t❡r ; ❦❡✐♥❡ ❚②♣s✐❝❤❡r❤❡✐t
■♥ ❞✐❡s❡♠ ❋❛❧❧ ✇❛r♥t ❞❡r ❈♦♠♣✐❧❡r ♥✐❝❤t✦ ❉✐❡ Pr♦❜❧❡♠❡ ❜❧❡✐❜❡♥✦

❇❡✐s♣✐❡❧✿

#include <stdio.h>

void foo(); // "open" declaration

int main(void) {
double d = 47.11;
foo(d);
return 0;

}

void foo(int a, int b) {
printf("foo: a:%d, b:%d\n", a, b);

}

❆❝❤t✉♥❣✿ ❱❡r✇❡❝❤s❧✉♥❣s❣❡❢❛❤r

■♥ ❏❛✈❛ ❞❡❦❧❛r✐❡rt ❡✐♥❡ ♣❛r❛♠❡t❡r❧♦s❡ ▼❡t❤♦❞❡
■♥ ❈ ♠✉ss ♠❛♥ ❞❛❢ür s❝❤r❡✐❜❡♥ ✾✕✸

■♥ ❈ ❞❡❦❧❛r✐❡rt ❡✐♥❡ ♦✛❡♥❡ ❋✉♥❦t✐♦♥
❉❛s ♠❛❝❤t ♥✉r ✐♥ ✭s❡❤r s❡❧t❡♥❡♥✮ ❆✉s♥❛❤♠❡❢ä❧❧❡♥ ❙✐♥♥✦
❙❝❤❧❡❝❤t❡r ❙t✐❧ P✉♥❦t❛❜③✉❣

❘❡❣❡❧✿ ❋✉♥❦t✐♦♥❡♥ ✇❡r❞❡♥ st❡ts ✈♦❧❧stä♥❞✐❣ ❞❡❦❧❛r✐❡rt✦
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❋✉♥❦t✐♦♥ foo ✇✉r❞❡ ♠✐t ❧❡❡r❡r
❢♦r♠❛❧❡r P❛r❛♠❡t❡r❧✐st❡ ❞❡❦❧❛r✐❡rt
; ❞✐❡s ✐st ❢♦r♠❛❧ ❡✐♥ ❣ü❧t✐❣❡r
❆✉❢r✉❢✦

❋✉♥❦t✐♦♥s❞❡❦❧❛r❛t✐♦♥ ✭❋♦rts✳✮ ❬ 6=❏❛✈❛❪

❋✉♥❦t✐♦♥❡♥ ♠üss❡♥ s♦❧❧t❡♥ ✈♦r ✐❤r❡♠ ❡rst❡♥ ❆✉❢r✉❢ ✐♠ ◗✉❡❧❧t❡①t
❞❡❦❧❛r✐❡rt ✭ 7→ ❜❡❦❛♥♥t ❣❡♠❛❝❤t✮ ✇♦r❞❡♥ s❡✐♥

❊✐♥❡ ❋✉♥❦t✐♦♥✱ ❞✐❡ ♠✐t ❧❡❡r❡r ❢♦r♠❛❧❡r P❛r❛♠❡t❡r❧✐st❡ ❞❡❦❧❛r✐❡rt
✇✉r❞❡✱ ❛❦③❡♣t✐❡rt ❡❜❡♥❢❛❧❧s ❜❡❧✐❡❜✐❣❡ P❛r❛♠❡t❡r ; ❦❡✐♥❡ ❚②♣s✐❝❤❡r❤❡✐t
■♥ ❞✐❡s❡♠ ❋❛❧❧ ✇❛r♥t ❞❡r ❈♦♠♣✐❧❡r ♥✐❝❤t✦ ❉✐❡ Pr♦❜❧❡♠❡ ❜❧❡✐❜❡♥✦

❇❡✐s♣✐❡❧✿

❆❝❤t✉♥❣✿ ❱❡r✇❡❝❤s❧✉♥❣s❣❡❢❛❤r

■♥ ❏❛✈❛ ❞❡❦❧❛r✐❡rt void foo() ❡✐♥❡ ♣❛r❛♠❡t❡r❧♦s❡ ▼❡t❤♦❞❡
■♥ ❈ ♠✉ss ♠❛♥ ❞❛❢ür void foo(void) s❝❤r❡✐❜❡♥ →֒ ✾✕✸

■♥ ❈ ❞❡❦❧❛r✐❡rt void foo() ❡✐♥❡ ♦✛❡♥❡ ❋✉♥❦t✐♦♥
❉❛s ♠❛❝❤t ♥✉r ✐♥ ✭s❡❤r s❡❧t❡♥❡♥✮ ❆✉s♥❛❤♠❡❢ä❧❧❡♥ ❙✐♥♥✦
❙❝❤❧❡❝❤t❡r ❙t✐❧ ; P✉♥❦t❛❜③✉❣

❘❡❣❡❧✿ ❋✉♥❦t✐♦♥❡♥ ✇❡r❞❡♥ st❡ts ✈♦❧❧stä♥❞✐❣ ❞❡❦❧❛r✐❡rt✦
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✵✾
✲❋
✉♥
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✐♦
♥❡
♥✿

✷✵
✶✼

✲✵
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Ü❜❡r❜❧✐❝❦✿ ❚❡✐❧ ❇ ❊✐♥❢ü❤r✉♥❣ ✐♥ ❈

✸ ❏❛✈❛ ✈❡rs✉s ❈ ✕ ❊rst❡ ❇❡✐s♣✐❡❧❡

✹ ❙♦❢t✇❛r❡s❝❤✐❝❤t❡♥ ✉♥❞ ❆❜str❛❦t✐♦♥

✺ ❙♣r❛❝❤ü❜❡r❜❧✐❝❦

✻ ❊✐♥❢❛❝❤❡ ❉❛t❡♥t②♣❡♥

✼ ❖♣❡r❛t♦r❡♥ ✉♥❞ ❆✉s❞rü❝❦❡

✽ ❑♦♥tr♦❧❧str✉❦t✉r❡♥

✾ ❋✉♥❦t✐♦♥❡♥

✶✵ ❱❛r✐❛❜❧❡♥

✶✶ Prä♣r♦③❡ss♦r❱
❴
●
❙
P
■❈
❴
❤❛
♥❞
♦✉
t

❱❛r✐❛❜❧❡♥❞❡✜♥✐t✐♦♥ ❬≈❏❛✈❛❪

❱❛r✐❛❜❧❡ := ❇❡❤ä❧t❡r ❢ür ❲❡rt❡ ✭ 7→ ❙♣❡✐❝❤❡r♣❧❛t③✮

❙②♥t❛① ✭❱❛r✐❛❜❧❡♥❞❡✜♥✐t✐♦♥✮✿
❙❑♦♣t ❚②♣♦♣t ❇❡③✶ [ ❂ ❆✉s❞r✶]♦♣t [✱ ❇❡③✷ [ ❂ ❆✉s❞r✷]♦♣t ✱ . . .]♦♣t ❀

❙❑♦♣t ❙♣❡✐❝❤❡r❦❧❛ss❡ ❞❡r ❱❛r✐❛❜❧❡✱ ❬≈❏❛✈❛❪
auto✱ static✱ ♦❞❡r ❧❡❡r

❚②♣ ❚②♣ ❞❡r ❱❛r✐❛❜❧❡✱ ❬=❏❛✈❛❪
int ❢❛❧❧s ❦❡✐♥ ❚②♣ ❛♥❣❡❣❡❜❡♥ ✇✐r❞ ❬ 6=❏❛✈❛❪
✭ 7→ s❝❤❧❡❝❤t❡r ❙t✐❧✦✮

❇❡③✐ ◆❛♠❡ ❞❡r ❱❛r✐❛❜❧❡ ❬=❏❛✈❛❪

❆✉s❞r✐ ❆✉s❞r✉❝❦ ❢ür ❞✐❡ ✐♥✐t✐❛❧❡ ❲❡rt③✉✇❡✐s✉♥❣❀
✇✐r❞ ❦❡✐♥ ❲❡rt ③✉❣❡✇✐❡s❡♥ s♦ ✐st ❞❡r ■♥❤❛❧t
✈♦♥ ♥✐❝❤t✲static✲❱❛r✐❛❜❧❡♥ ✉♥❞❡✜♥✐❡rt ❬6=❏❛✈❛❪

❝© ❦❧s ●❙P✐❈ ✭❚❡✐❧ ❇✱ ❙❙ ✶✼✮ ✶✵ ❱❛r✐❛❜❧❡♥ ⑤ ✶✵✳✶ ❊✐♥❢ü❤r✉♥❣ ✶✵✕✶

✶✵
✲❱

❛r
✐❛
❜❧
❡♥

✿
✷✵

✶✼
✲✵
✷✲
✶✻

❱❛r✐❛❜❧❡♥❞❡✜♥✐t✐♦♥ ✭❋♦rts✳✮

❱❛r✐❛❜❧❡♥ ❦ö♥♥❡♥ ❛♥ ✈❡rs❝❤✐❡❞❡♥❡♥ P♦s✐t✐♦♥❡♥ ❞❡✜♥✐❡rt ✇❡r❞❡♥
●❧♦❜❛❧ ❛✉ÿ❡r❤❛❧❜ ✈♦♥ ❋✉♥❦t✐♦♥❡♥✱

ü❜❧✐❝❤❡r✇❡✐s❡ ❛♠ ❑♦♣❢ ❞❡r ❉❛t❡✐

▲♦❦❛❧ ③✉ ❇❡❣✐♥♥ ❡✐♥❡s { Blocks }✱ ❈✽✾
❞✐r❡❦t ♥❛❝❤ ❞❡r ö✛♥❡♥❞❡♥ ❑❧❛♠♠❡r

▲♦❦❛❧ ü❜❡r❛❧❧ ❞♦rt✱ ✇♦ ❡✐♥❡ ❆♥✇❡✐s✉♥❣ st❡❤❡♥ ❞❛r❢ ❈✾✾

int a = 0; // a: global
int b = 47; // b: global

void main() {
int a = b; // a: local to function, covers global a
printf("%d", a);
int c = 11; // c: local to function (C99 only!)
for(int i=0; i<c; i++) { // i: local to for-block (C99 only!)
int a = i; // a: local to for-block,

} // covers function-local a
} ▼✐t ❣❧♦❜❛❧❡♥ ❱❛r✐❛❜❧❡♥ ❜❡s❝❤ä❢t✐❣❡♥ ✇✐r ✉♥s ♥♦❝❤ ♥ä❤❡r

✐♠ ❩✉s❛♠♠❡♥❤❛♥❣ ♠✐t ▼♦❞✉❧❛r✐s✐❡r✉♥❣ →֒ ✶✷✕✺
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Ü❜❡r❜❧✐❝❦✿ ❚❡✐❧ ❇ ❊✐♥❢ü❤r✉♥❣ ✐♥ ❈

✸ ❏❛✈❛ ✈❡rs✉s ❈ ✕ ❊rst❡ ❇❡✐s♣✐❡❧❡

✹ ❙♦❢t✇❛r❡s❝❤✐❝❤t❡♥ ✉♥❞ ❆❜str❛❦t✐♦♥

✺ ❙♣r❛❝❤ü❜❡r❜❧✐❝❦

✻ ❊✐♥❢❛❝❤❡ ❉❛t❡♥t②♣❡♥

✼ ❖♣❡r❛t♦r❡♥ ✉♥❞ ❆✉s❞rü❝❦❡

✽ ❑♦♥tr♦❧❧str✉❦t✉r❡♥

✾ ❋✉♥❦t✐♦♥❡♥

✶✵ ❱❛r✐❛❜❧❡♥

✶✶ Prä♣r♦③❡ss♦r❱
❴
●
❙
P
■❈
❴
❤❛
♥❞
♦✉
t



❉❡r ❈✲Prä♣r♦③❡ss♦r ❬ 6=❏❛✈❛❪

❇❡✈♦r ❡✐♥❡ ❈✲◗✉❡❧❧❞❛t❡✐ ü❜❡rs❡t③t ✇✐r❞✱ ✇✐r❞ s✐❡ ③✉♥ä❝❤st ❞✉r❝❤
❡✐♥❡♥ ▼❛❦r♦✲Prä♣r♦③❡ss♦r ❜❡❛r❜❡✐t❡t

❍✐st♦r✐s❝❤ ❡✐♥ ❡✐❣❡♥stä♥❞✐❣❡s Pr♦❣r❛♠♠ ✭❈PP = ❈ Pr❡Pr♦❝❡ss♦r✮
❍❡✉t③✉t❛❣❡ ✐♥ ❞✐❡ ü❜❧✐❝❤❡♥ ❈♦♠♣✐❧❡r ✐♥t❡❣r✐❡rt

❉❡r ❈PP ❜❡❛r❜❡✐t❡t ❞❡♥ ◗✉❡❧❧❝♦❞❡ ❞✉r❝❤ ❚❡①ttr❛♥s❢♦r♠❛t✐♦♥
❆✉t♦♠❛t✐s❝❤❡ ❚r❛♥s❢♦r♠❛t✐♦♥❡♥ ✭✒❆✉❢❜❡r❡✐t❡♥✏ ❞❡s ◗✉❡❧❧t❡①t❡s✮

❑♦♠♠❡♥t❛r❡ ✇❡r❞❡♥ ❡♥t❢❡r♥t
❩❡✐❧❡♥✱ ❞✐❡ ♠✐t \ ❡♥❞❡♥✱ ✇❡r❞❡♥ ③✉s❛♠♠❡♥❣❡❢ü❣t
· · ·

❙t❡✉❡r❜❛r❡ ❚r❛♥s❢♦r♠❛t✐♦♥❡♥ ✭❞✉r❝❤ ❞❡♥ Pr♦❣r❛♠♠✐❡r❡r✮
Prä♣r♦③❡ss♦r✲❉✐r❡❦t✐✈❡♥ ✇❡r❞❡♥ ❡✈❛❧✉✐❡rt ✉♥❞ ❛✉s❣❡❢ü❤rt
Prä♣r♦③❡ss♦r✲▼❛❦r♦s ✇❡r❞❡♥ ❡①♣❛♥❞✐❡rt
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Prä♣r♦③❡ss♦r✲❉✐r❡❦t✐✈❡♥ ❬ 6=❏❛✈❛❪

Prä♣r♦③❡ss♦r✲❉✐r❡❦t✐✈❡ := ❙t❡✉❡r❛♥✇❡✐s✉♥❣ ❛♥ ❞❡♥ Prä♣r♦③❡ss♦r
#include <❉❛t❡✐> ■♥❦❧✉s✐♦♥✿ ❋ü❣t ❞❡♥ ■♥❤❛❧t ✈♦♥ ❉❛t❡✐ ❛♥ ❞❡r ❛❦t✉❡❧❧❡♥

❙t❡❧❧❡ ✐♥ ❞❡♥ ❚♦❦❡♥✲❙tr♦♠ ❡✐♥✳

#define ▼❛❦r♦ ❊rs❡t③✉♥❣ ▼❛❦r♦❞❡✜♥✐t✐♦♥✿ ❉❡✜♥✐❡rt ❡✐♥ Prä♣r♦③❡ss♦r✲▼❛❦r♦
▼❛❦r♦✳ ■♥ ❞❡r ❋♦❧❣❡ ✇✐r❞ ✐♠ ❚♦❦❡♥✲❙tr♦♠ ❥❡❞❡s
❆✉❢tr❡t❡♥ ❞❡s ❲♦rt❡s ▼❛❦r♦ ❞✉r❝❤ ❊rs❡t③✉♥❣
s✉❜st✐t✉✐❡rt✳ ❊rs❡t③✉♥❣ ❦❛♥♥ ❛✉❝❤ ❧❡❡r s❡✐♥✳

#if(❇❡❞✐♥❣✉♥❣)✱
#elif✱ #else✱ #endif

❇❡❞✐♥❣t❡ Ü❜❡rs❡t③✉♥❣✿ ❉✐❡ ❢♦❧❣❡♥❞❡♥ ❈♦❞❡✲❩❡✐❧❡♥ ✇❡r❞❡♥
✐♥ ❆❜❤ä♥❣✐❣❦❡✐t ✈♦♥ ❇❡❞✐♥❣✉♥❣ ❞❡♠ ❈♦♠♣✐❧❡r ü❜❡rr❡✐❝❤t
♦❞❡r ❛✉s ❞❡♠ ❚♦❦❡♥✲❙tr♦♠ ❡♥t❢❡r♥t✳

#ifdef ▼❛❦r♦✱
#ifndef ▼❛❦r♦

❇❡❞✐♥❣t❡ Ü❜❡rs❡t③✉♥❣ ✐♥ ❆❜❤ä♥❣✐❣❦❡✐t ❞❛✈♦♥✱ ♦❜ ▼❛❦r♦
✭③✳ ❇✳ ♠✐t #define✮ ❞❡✜♥✐❡rt ✇✉r❞❡✳

#error ❚❡①t ❆❜❜r✉❝❤✿ ❉❡r ✇❡✐t❡r❡ Ü❜❡rs❡t③✉♥❣s✈♦r❣❛♥❣ ✇✐r❞ ♠✐t ❞❡r
❋❡❤❧❡r♠❡❧❞✉♥❣ ❚❡①t ❛❜❣❡❜r♦❝❤❡♥✳

❉❡r Prä♣r♦③❡ss♦r ❞❡✜♥✐❡rt ❧❡t③t❧✐❝❤ ❡✐♥❡ ❡✐♥❣❡❜❡tt❡t❡ ▼❡t❛✲❙♣r❛❝❤❡✳
❉✐❡ Prä♣r♦③❡ss♦r✲❉✐r❡❦t✐✈❡♥ ✭▼❡t❛✲Pr♦❣r❛♠♠✮ ✈❡rä♥❞❡r♥ ❞❛s
❈✲Pr♦❣r❛♠♠ ✭❡✐❣❡♥t❧✐❝❤❡s Pr♦❣r❛♠♠✮ ✈♦r ❞❡ss❡♥ Ü❜❡rs❡t③✉♥❣✳
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Prä♣r♦③❡ss♦r ✕ ❱❡r✇❡♥❞✉♥❣s❜❡✐s♣✐❡❧❡ ❬ 6=❏❛✈❛❪

❊✐♥❢❛❝❤❡ ▼❛❦r♦✲❉❡✜♥✐t✐♦♥❡♥
▲❡❡r❡s ▼❛❦r♦ ✭❋❧❛❣✮ #define USE_7SEG

◗✉❡❧❧t❡①t✲❑♦♥st❛♥t❡ #define NUM_LEDS (4)

Prä♣r♦③❡ss♦r✲❆♥✇❡✐s✉♥❣❡♥
✇❡r❞❡♥ ♥✐❝❤t ♠✐t ❡✐♥❡♠
❙tr✐❝❤♣✉♥❦t ❛❜❣❡s❝❤❧♦ss❡♥✦

✒■♥❧✐♥❡✏✲❋✉♥❦t✐♦♥ #define SET_BIT(m, b) (m | (1 << b))

❱❡r✇❡♥❞✉♥❣
#if (NUM_LEDS < 0 || 8 < NUM_LEDS)
# error invalid NUM_LEDS // this line is not included
#endif

void enlighten(void) {
uint8_t mask = 0, i;
for (i = 0; i < NUM_LEDS; i++) { // NUM_LEDS --> (4)
mask = SET_BIT(mask, i); // SET_BIT(mask, i) --> (mask | (1 << i))

}
sb_led_set_all_leds(mask); // -->

#ifdef USE_7SEG
sb_show_HexNumber(mask); // -->

#endif

}
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Prä♣r♦③❡ss♦r ✕ ●❡❢❛❤r❡♥ ❬6=❏❛✈❛❪

❋✉♥❦t✐♦♥sä❤♥❧✐❝❤❡ ▼❛❦r♦s s✐♥❞ ❦❡✐♥❡ ❋✉♥❦t✐♦♥❡♥✦
P❛r❛♠❡t❡r ✇❡r❞❡♥ ♥✐❝❤t ❡✈❛❧✉✐❡rt✱ s♦♥❞❡r♥ t❡①t✉❡❧❧ ❡✐♥❣❡❢ü❣t
❉❛s ❦❛♥♥ ③✉ ✉♥❛♥❣❡♥❡❤♠❡♥ Ü❜❡rr❛s❝❤✉♥❣❡♥ ❢ü❤r❡♥

#define POW2(a) 1 << a
n = POW2(2) * 3

<< ❤❛t ❣❡r✐♥❣❡r❡ Prä③❡❞❡♥③ ❛❧s *

; n = 1 << 2 * 3

❊✐♥✐❣❡ Pr♦❜❧❡♠❡ ❧❛ss❡♥ s✐❝❤ ❞✉r❝❤ ❦♦rr❡❦t❡ ❑❧❛♠♠❡r✉♥❣ ✈❡r♠❡✐❞❡♥
#define POW2(a) (1 << a)
n = POW2(2) * 3 ; n = (1 << 2) * 3

❆❜❡r ♥✐❝❤t ❛❧❧❡
#define max(a, b) ((a > b) ? a : b)
n = max(x++, 7)

a++ ✇✐r❞ ❣❣❢✳ ③✇❡✐♠❛❧ ❛✉s❣❡✇❡rt❡t

; n = ((x++ > 7) ? x++ : 7)

❊✐♥❡ ♠ö❣❧✐❝❤❡ ❆❧t❡r♥❛t✐✈❡ s✐♥❞ inline✲❋✉♥❦t✐♦♥❡♥ ❈✾✾
❋✉♥❦t✐♦♥s❝♦❞❡ ✇✐r❞ ❡✐♥❣❡❜❡tt❡t ; ❡❜❡♥s♦ ❡✣③✐❡♥t ✇✐❡ ▼❛❦r♦s
inline int max(int a, int b) {
return (a > b) ? a : b;

}
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