
■♥❢♦r♠❛t✐❦ ■ ✐♠ ❲❙ ✷✵✶✸✴✷✵✶✹
Pr♦❢✳ ❉r✳ ❆❧❡①❛♥❞❡r Pr❡ts❝❤♥❡r

❚❯▼

❙♦❢t✇❛r❡ ❊♥❣✐♥❡❡r✐♥❣✱ ✐✷✷

❲❙ ✷✵✶✸✴✷✵✶✹

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✶



❱♦r❛❜

❉✐❡s❡ ❱♦r❧❡s✉♥❣ ❜❛✉t ❛✉❢ ❋♦❧✐❡♥ ✈♦♥ ✈♦r❤❡r✐❣❡♥
❊✐♥❢ü❤r✉♥❣s✈♦r❧❡s✉♥❣❡♥ ❛♥ ❞❡r ❚❯▼ ✭Pr♦❢✳ ❙❡✐❞❧✮ ✉♥❞ ❞❡♠ ❑■❚
✭Pr♦❢✳ Pr❡ts❝❤♥❡r✱ Pr♦❢✳ ❙♥❡❧t✐♥❣✮ ❛✉❢✳ ❉❛s ❈♦♣②r✐❣❤t ❧✐❡❣t ❜❡✐ ❞❡♥
❥❡✇❡✐❧s ❊rst❡❧❧❡♥❞❡♥✳

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✷



■♥❤❛❧t ❞✐❡s❡r ❱♦r❧❡s✉♥❣

• ❊✐♥❢ü❤r✉♥❣ ✐♥ ●r✉♥❞❦♦♥③❡♣t❡ ❞❡r ■♥❢♦r♠❛t✐❦❀

• ❊✐♥❢ü❤r✉♥❣ ✐♥ ❉❡♥❦✇❡✐s❡♥ ❞❡r ■♥❢♦r♠❛t✐❦❀

• Pr♦❣r❛♠♠✐❡r❡♥ ✐♥ ❏❛✈❛✳

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✸



Ü❜❡r❜❧✐❝❦
❚❡✐❧ ✶✿ ❊✐♥❢ü❤r✉♥❣
❚❡✐❧ ✷✿ ❖❜❥❡❦t❜❛s✐❡rt❡ Pr♦❣r❛♠♠✐❡r✉♥❣
❚❡✐❧ ✸✿ ❑♦♥tr♦❧❧str✉❦t✉r❡♥
❚❡✐❧ ✹✿ ❋❡❧❞❡r
❚❡✐❧ ✺✿ ❊✐♥✐❣❡ ❆❜str❛❦t❡ ❉❛t❡♥t②♣❡♥
❚❡✐❧ ✻✿ ❖❜❥❡❦t♦r✐❡♥t✐❡r✉♥❣
❚❡✐❧ ✼✿ ❘❡❦✉rs✐♦♥
❚❡✐❧ ✽✿ ❋♦rt❣❡s❝❤r✐tt❡♥❡ Pr♦❣r❛♠♠✐❡r❦♦♥str✉❦t❡
❚❡✐❧ ✾✿ ❊✐♥ ✇❡✐t❡r❡s ❣röÿ❡r❡s ❇❡✐s♣✐❡❧
❚❡✐❧ ✶✵✿ ◆❡❜❡♥❧ä✉✜❣❦❡✐t
❚❡✐❧ ✶✶✿ ❆♣♣❧❡ts ✉♥❞ ●❯■s
❚❡✐❧ ✶✷✿ ❇❡②♦♥❞ ❏❛✈❛

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✹



Ü❜❡rs✐❝❤t

✶✳ ❊✐♥❢ü❤r✉♥❣

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✺



Pr♦❜❧❡♠❡ ✉♥❞ ❆❧❣♦r✐t❤♠❡♥

❊✐♥ Pr♦❜❧❡♠ ❜❡st❡❤t ❞❛r✐♥✱ ❛✉s ❡✐♥❡r ❣❡❣❡❜❡♥❡♥ ▼❡♥❣❡ ✈♦♥ ❉❛t❡♥
✇❡✐t❡r❡ ✭❜✐s❤❡r ✉♥❜❡❦❛♥♥t❡✮ ❉❛t❡♥ ③✉ ❜❡st✐♠♠❡♥✳
❊✐♥ ❆❧❣♦r✐t❤♠✉s ✐st ❡✐♥ ❡①❛❦t❡s ❱❡r❢❛❤r❡♥ ③✉r ▲ös✉♥❣ ❡✐♥❡s
Pr♦❜❧❡♠s✱ ❞✳❤✳ ③✉r ❇❡st✐♠♠✉♥❣ ❞❡r ❣❡✇ü♥s❝❤t❡♥ ❘❡s✉❧t❛t❡✳

==⇒
❊✐♥ ❆❧❣♦r✐t❤♠✉s ❜❡s❝❤r❡✐❜t ❡✐♥❡ ❋✉♥❦t✐♦♥✿ ❢ : ❊ → ❆✱
✇♦❜❡✐ ❊ = ③✉❧äss✐❣❡ ❊✐♥❣❛❜❡❞❛t❡♥✱ ❆ = ♠ö❣❧✐❝❤❡
❆✉s❣❛❜❡❞❛t❡♥✳

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✻



❆❜✉ ❆❜❞❛❧❧❛❤ ▼✉❤❛♠❡❞ ✐❜♥ ▼✉s❛ ❛❧✬❑❤✇❛r✐t③♠✐✱ ❡t✇❛ ✼✽✵✕✽✸✺

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✼



Pr♦❣r❛♠♠✐❡r❡♥

■♠♣❧❡♠❡♥t✐❡r❡♥ ✈♦♥ ❉❛t❡♥❜❡s❝❤r❡✐❜✉♥❣❡♥ ✉♥❞ ❆❧❣♦r✐t❤♠❡♥✦

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✽



❇❡r❡❝❤❡♥❜❛r❦❡✐t

❆❝❤t✉♥❣✿
◆✐❝❤t ❥❡❞❡ ❆❜❜✐❧❞✉♥❣ ❧ässt s✐❝❤ ❞✉r❝❤ ❡✐♥❡♥ ❆❧❣♦r✐t❤♠✉s r❡❛❧✐s✐❡r❡♥✦
✭↑❇❡r❡❝❤❡♥❜❛r❦❡✐tst❤❡♦r✐❡✮

❉❡r ❆❧❣♦r✐t❤♠✉s ✭❞❛s ❱❡r❢❛❤r❡♥✮ ❜❡st❡❤t ✐✳❛✳ ❞❛r✐♥✱ ❡✐♥❡ ❆❜❢♦❧❣❡
✈♦♥ ❊✐♥③❡❧s❝❤r✐tt❡♥ ❞❡r ❱❡r❛r❜❡✐t✉♥❣ ❢❡st③✉❧❡❣❡♥✳

❇❡✐s♣✐❡❧✿ ❆❧❧t❛❣s❛❧❣♦r✐t❤♠❡♥

❘❡s✉❧t❛t ❆❧❣♦r✐t❤♠✉s ❊✐♥③❡❧s❝❤r✐tt❡

P✉❧❧♦✈❡r ❙tr✐❝❦♠✉st❡r ❡✐♥❡ ❧✐♥❦s✱ ❡✐♥❡ r❡❝❤ts
❡✐♥❡ ❢❛❧❧❡♥ ❧❛ss❡♥

❑✉❝❤❡♥ ❘❡③❡♣t ♥✐♠♠ ✸ ❊✐❡r ✳✳✳
❑♦♥③❡rt P❛rt✐t✉r ◆♦t❡♥

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✾



❇❡✐s♣✐❡❧✿ ❊✉❦❧✐❞✐s❝❤❡r ❆❧❣♦r✐t❤♠✉s

Pr♦❜❧❡♠✿ ❙❡✐❡♥ ❛, ❜ ∈ N, ❛, ❜ 6= ✵✳ ❇❡st✐♠♠❡ ❣❣❚ (❛, ❜)✳
❆❧❣♦r✐t❤♠✉s✿

✶✳ ❋❛❧❧s ❛ = ❜✱ ❜r✐❝❤ ❇❡r❡❝❤♥✉♥❣ ❛❜✱ ❡s ❣✐❧t

❣❣❚ (❛, ❜) = ❛✳

❆♥s♦♥st❡♥ ❣❡❤❡ ③✉ ❙❝❤r✐tt ✷✳

✷✳ ❋❛❧❧s ❛ > ❜✱ ❡rs❡t③❡ ❛ ❞✉r❝❤ ❛ − ❜ ✉♥❞

s❡t③❡ ❇❡r❡❝❤♥✉♥❣ ✐♥ ❙❝❤r✐tt ✶ ❢♦rt✳

❆♥s♦♥st❡♥ ❣❡❤❡ ③✉ ❙❝❤r✐tt ✸✳

✸✳ ❊s ❣✐❧t ❛ < ❜✳ ❊rs❡t③❡ ❜ ❞✉r❝❤ ❜ − ❛ ✉♥❞

s❡t③❡ ❇❡r❡❝❤♥✉♥❣ ✐♥ ❙❝❤r✐tt ✶ ❢♦rt✳

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✶✵



❇❡✐s♣✐❡❧✿ ❊✉❦❧✐❞✐s❝❤❡r ❆❧❣♦r✐t❤♠✉s

Pr♦❜❧❡♠✿ ❙❡✐❡♥ ❛, ❜ ∈ N, ❛, ❜ 6= ✵✳ ❇❡st✐♠♠❡ ❣❣❚ (❛, ❜)✳
❆❧❣♦r✐t❤♠✉s✿

✶ ❋❛❧❧s ❛ = ❜✱ ❜r✐❝❤ ❇❡r❡❝❤♥✉♥❣ ❛❜✱ ❡s ❣✐❧t

❣❣❚ (❛, ❜) = ❛✳

❆♥s♦♥st❡♥ ❣❡❤❡ ③✉ ❙❝❤r✐tt ✷✳
✷ ❋❛❧❧s ❛ > ❜✱ ❡rs❡t③❡ ❛ ❞✉r❝❤ ❛ − ❜ ✉♥❞

s❡t③❡ ❇❡r❡❝❤♥✉♥❣ ✐♥ ❙❝❤r✐tt ✶ ❢♦rt✳

❆♥s♦♥st❡♥ ❣❡❤❡ ③✉ ❙❝❤r✐tt ✸✳
✸ ❊s ❣✐❧t ❛ < ❜✳ ❊rs❡t③❡ ❜ ❞✉r❝❤ ❜ − ❛ ✉♥❞

s❡t③❡ ❇❡r❡❝❤♥✉♥❣ ✐♥ ❙❝❤r✐tt ✶ ❢♦rt✳

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✶✶



Pr♦❣r❛♠♠❡

❊✐♥ Pr♦❣r❛♠♠ ✐st ❞✐❡ ❋♦r♠✉❧✐❡r✉♥❣ ❡✐♥❡s ❆❧❣♦r✐t❤♠✉s ✐♥ ❡✐♥❡r
Pr♦❣r❛♠♠✐❡rs♣r❛❝❤❡✳
❉✐❡ ❋♦r♠✉❧✐❡r✉♥❣ ❣❡st❛tt❡t ✭❤♦✛❡♥t❧✐❝❤✮ ❡✐♥❡ ♠❛s❝❤✐♥❡❧❧❡
❆✉s❢ü❤r✉♥❣✳

❇❡❛❝❤t❡✿

• ❊✐♥ Pr♦❣r❛♠♠s②st❡♠ ❜❡r❡❝❤♥❡t ✐✳❛✳ ♥✐❝❤t ♥✉r ❡✐♥❡ ❋✉♥❦t✐♦♥✱
s♦♥❞❡r♥ ✐♠♠❡r ✇✐❡❞❡r ❋✉♥❦t✐♦♥❡♥ ✐♥ ■♥t❡r❛❦t✐♦♥ ♠✐t
❇❡♥✉t③❡r✐♥♥❡♥ ✉♥❞✴♦❞❡r ❞❡r ❯♠❣❡❜✉♥❣✳

• ❊s ❣✐❜t ✈✐❡❧❡ Pr♦❣r❛♠♠✐❡rs♣r❛❝❤❡♥✿ ❏❛✈❛✱ ❈✱ Pr♦❧♦❣✱
❋♦rtr❛♥✱ ❈♦❜♦❧✱ P♦st❙❝r✐♣t ✳✳✳✳

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✶✷



▲♦s ❣❡❤t✬s✦

◮ ■♠ ❣❣❚✲❇❡✐s♣✐❡❧ s✐♥❞ ❞✐❡ ❊✐♥✲ ✉♥❞ ❆✉s❣❛❜❡❞❛t❡♥ ❣❛♥③❡ ❩❛❤❧❡♥✳

◮ ❉❛r❛✉❢ ❧ässt s✐❝❤ ③✇❛r ❛❧❧❡s r❡❞✉③✐❡r❡♥✱ ❛❜❡r ❤ä✉✜❣ s✐♥❞ ❞✐❡s❡
❉❛t❡♥ ❦♦♠♣❧❡①❡r✿ Pr♦✜❧❡ ✐♥ s♦③✐❛❧❡♥ ◆❡t③✇❡r❦❡♥✱
❊✐♥❦❛✉❢s✇❛❣❡♥✱ ❇✉❝❤✉♥❣❡♥✱ ✳✳✳

◮ ✳✳✳ ✉♥❞ ❉♦❦✉♠❡♥t❡ ✉♥❞ ❆♥❢r❛❣❡♥ ✐♠ ❑♦♥t❡①t ✈♦♥
❙✉❝❤♠❛s❝❤✐♥❡♥✦

◮ ❉❡s✇❡❣❡♥ ❜❡❣✐♥♥❡♥ ✇✐r ♠✐t ❉❛t❡♥♠♦❞❡❧❧✐❡r✉♥❣✦

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✶✸



Ü❜❡r❜❧✐❝❦
❚❡✐❧ ✶✿ ❊✐♥❢ü❤r✉♥❣
❚❡✐❧ ✷✿ ❖❜❥❡❦t❜❛s✐❡rt❡ Pr♦❣r❛♠♠✐❡r✉♥❣
❚❡✐❧ ✸✿ ❑♦♥tr♦❧❧str✉❦t✉r❡♥
❚❡✐❧ ✹✿ ❋❡❧❞❡r
❚❡✐❧ ✺✿ ❊✐♥✐❣❡ ❆❜str❛❦t❡ ❉❛t❡♥t②♣❡♥
❚❡✐❧ ✻✿ ❖❜❥❡❦t♦r✐❡♥t✐❡r✉♥❣
❚❡✐❧ ✼✿ ❘❡❦✉rs✐♦♥
❚❡✐❧ ✽✿ ❋♦rt❣❡s❝❤r✐tt❡♥❡ Pr♦❣r❛♠♠✐❡r❦♦♥str✉❦t❡
❚❡✐❧ ✾✿ ❊✐♥ ✇❡✐t❡r❡s ❣röÿ❡r❡s ❇❡✐s♣✐❡❧
❚❡✐❧ ✶✵✿ ◆❡❜❡♥❧ä✉✜❣❦❡✐t
❚❡✐❧ ✶✶✿ ❆♣♣❧❡ts ✉♥❞ ●❯■s
❚❡✐❧ ✶✷✿ ❇❡②♦♥❞ ❏❛✈❛

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✶✹



Ü❜❡rs✐❝❤t

✷✳ ❖❜❥❡❦t❜❛s✐❡rt❡ Pr♦❣r❛♠♠✐❡r✉♥❣

❖❜❥❡❦t❜❛s✐❡rt❡s Pr♦❣r❛♠♠✐❡r❡♥
❇❛s✐st②♣❡♥ ✉♥❞ ✐❤r❡ ❖♣❡r❛t✐♦♥❡♥
❇❡✐s♣✐❡❧ ❙✉❝❤♠❛s❝❤✐♥❡
▼❡t❤♦❞❡♥
❆✉❢r✉❢❡♥ ✈♦♥ ▼❡t❤♦❞❡♥
❩✉s❛♠♠❡♥❢❛ss✉♥❣
❇❡✐s♣✐❡❧ ❙✉❝❤♠❛s❝❤✐♥❡
❑❧❛ss❡♥❞✐❛❣r❛♠♠❡
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❖❜❥❡❦t❜❛s✐❡rt❡s Pr♦❣r❛♠♠✐❡r❡♥

◮ ❉✐❡ ❲❡❧t ❜❡st❡❤t ❛✉s ❖❜❥❡❦t❡♥

◮ ●r✉♥❞✐❞❡❡ ❞❡r ❖❜❥❡❦t❜❛s✐❡r✉♥❣✿
◮ ❏❡❞❡s ❖❜❥❡❦t ❞❡r ❘❡❛❧✐tät ❤❛t ❡✐♥ ✈✐rt✉❡❧❧❡s ●❡❣❡♥stü❝❦
◮ ❖❜❥❡❦t❡ ❦♦♦♣❡r✐❡r❡♥ ❞✉r❝❤ ❉❛t❡♥❛✉st❛✉s❝❤ ✉♥❞ ❆✉❢r✉❢❡ ✈♦♥

❉✐❡♥st❡♥

◮ P❡rs♣❡❦t✐✈❡✿
◮ ✒❲❡r ♠❛❝❤t ✇❛s❄✏

=⇒ ❊✐❣❡♥s❝❤❛❢t❡♥ ✉♥❞ ❋ä❤✐❣❦❡✐t❡♥ ✈♦♥ ❖❜❥❡❦t❡♥
✭❛❧❣♦r✐t❤♠✐s❝❤❡ P❡rs♣❡❦t✐✈❡✿ ✒❲✐❡ ✇✐r❞✬s ❣❡♠❛❝❤t❄✏✮
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❇❡✐s♣✐❡❧✿ ❇✐❜❧✐♦t❤❡❦ ✭■✮

Objekt der realen Welt
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❇❡✐s♣✐❡❧✿ ❇✐❜❧✐♦t❤❡❦ ✭■✮

mmm:Buch

Attribute

autor="Fred Brooks"

title="The mythical man month"

auflage=2

...

Methoden

ausleihen

zurückgeben

...

Objekt der realen Welt Modell

Modellierung
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❇❡✐s♣✐❡❧✿ ❇✐❜❧✐♦t❤❡❦ ✭■✮

Buch

Attribute

String"autor

String"title

int"auflage

...

Methoden

void"ausleihen(Date,"Date)

void"zurückgeben(Date)

...

mmm:Buch

Attribute

autor=TFred"BrooksT

title=TThe"mythical"man"monthT

auflage=2

...

Methoden

ausleihen

zurückgeben

...

Objekt der realen Welt Modell

Klasse (Typ)

Modellierung

Verallgemeinerung
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❇❡✐s♣✐❡❧✿ ❇✐❜❧✐♦t❤❡❦ ✭■✮

classüBuchü{

üüStringüautor;

üüStringütitle;

üüintüauflage;

üü...

üüvoidüausleihenü(Dateüa,üDateüe)ü{

üüüü...

üü}

üüvoidüzurueckgeben(Dateütoday)ü{

üüüü...

üü}

üü...

}

Buch

Attribute

Stringüautor

Stringütitle

intüauflage

...

Methoden

voidüausleihen(Date,üDate)

voidüzurückgeben(Date)

...

mmm:Buch

Attribute

autor=:FredüBrooks:

title=:Theümythicalümanümonth:

auflage=2

...

Methoden

ausleihen

zurückgeben

...

Objekt der realen Welt Modell

Klasse (Typ) Java-Klasse

Modellierung

Verallgemeinerung

Codierung
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❇❡✐s♣✐❡❧✿ ❇✐❜❧✐♦t❤❡❦ ✭■✮

classüBuchü{

üüStringüautor;

üüStringütitle;

üüintüauflage;

üü...

üüvoidüausleihenüwDateüa,üDateüe)ü{

üüüü...

üü}

üüvoidüzurueckgebenwDateütoday)ü{

üüüü...

üü}

üü...

}

Buch

Attribute

Stringüautor

Stringütitle

intüauflage

...

Methoden

voidüausleihenwDate,üDate)

voidüzurückgebenwDate)

...

mmm:Buch

Attribute

autor=:FredüBrooks:

title=:Theümythicalümanümonth:

auflage=2

...

Methoden

ausleihen

zurückgeben

...

Objekt der realen Welt Modell

Klasse (Typ) Java-Klasse

Modellierung

Verallgemeinerung

Codierung

Buchümmmü=ünewüBuchw);

mmm.autor=:FredüBrooks:;

mmm.title=:Theümythicalümanümonth:;

mmm.auflage=2;

Verwendung
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❇❡✐s♣✐❡❧✿ ❇✐❜❧✐♦t❤❡❦ ✭■✮

classüBuchü{

üüStringüautor;

üüStringütitle;

üüintüauflage;

üü...

üüvoidüausleihenüwDateüa,üDateüe)ü{

üüüü...

üü}

üüvoidüzurueckgebenwDateütoday)ü{

üüüü...

üü}

üü...

}

Buch

Attribute

Stringüautor

Stringütitle

intüauflage

...

Methoden

voidüausleihenwDate,üDate)

voidüzurückgebenwDate)

...

mmm:Buch

Attribute

autor=:FredüBrooks:

title=:Theümythicalümanümonth:

auflage=2

...

Methoden

ausleihen

zurückgeben

...

Objekt der realen Welt Modell

Klasse (Typ) Java-Klasse

Modellierung

Verallgemeinerung

Codierung

Instanz/

Buchümmmü=ünewüBuchw);

mmm.autor=:FredüBrooks:;

mmm.title=:Theümythicalümanümonth:;

mmm.auflage=2;

Verwendung

Erzeugung
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❉❡✜♥✐t✐♦♥✿ ❖❜❥❡❦t ✉♥❞ ❑❧❛ss❡

❉r❡✐ ❆s♣❡❦❡ ❝❤❛r❛❦t❡r✐s✐❡r❡♥ ❖❜❥❡❦t❡✿

◮ ■❞❡♥t✐tät
❊✐❣❡♥s❝❤❛❢t❡♥ ❦ö♥♥❡♥ s✐❝❤ ä♥❞❡r♥✱ ❞✐❡ ■❞❡♥t✐tät ✐st ❦♦♥st❛♥t

◮ ❉✉r❝❤ ◆❛♠❡♥ ✭❘❡❢❡r❡♥③✮ s✐❝❤❡r❣❡st❡❧❧t

◮ ❩✉st❛♥❞
▼❡♥❣❡ ❞❡r ❊✐❣❡♥s❝❤❛❢t❡♥ ③✉ ❡✐♥❡♠ ❩❡✐t♣✉♥❦t

◮ ❉✉r❝❤ ❆ttr✐❜✉t❡ r❡❛❧✐s✐❡rt

◮ ❱❡r❤❛❧t❡♥
❆✉s❢ü❤r❡♥ ✈♦♥ ❆❦t✐♦♥❡♥✱ ❞✐❡ ❞❡♥ ❩✉st❛♥❞ ä♥❞❡r♥

◮ ❉✉r❝❤ ▼❡t❤♦❞❡♥ r❡❛❧✐s✐❡rt ✭s♣ät❡r✦✮

❊✐♥❡ ❑❧❛ss❡ ✐st ❡✐♥ ✒❇❛✉♣❧❛♥✏ ❢ür ❣❧❡✐❝❤❛rt✐❣❡ ❖❜❥❡❦t❡ ✉♥❞ ❧❡❣t ❢❡st✱

◮ ✇❡❧❝❤❡ ❆ttr✐❜✉t❡ ❞✐❡ ❖❜❥❡❦t❡ ❤❛❜❡♥

◮ ✇❡❧❝❤❡ ▼❡t❤♦❞❡♥ ❞✐❡ ❖❜❥❡❦t❡ ❤❛❜❡♥
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❑❧❛ss❡♥ ✐♥ ❏❛✈❛

class Buch {

✴✴ ❆ t t r ✐ ❜ ✉ t ❡
String titel;

String autor;

int auflage;

...

✴✴ ▼❡t❤♦❞❡♥
...

}

❙❝❤❡♠❛✿

◮ class Name { Klassenrumpf }
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❇❡✐s♣✐❡❧✿ ❇✐❜❧✐♦t❤❡❦ ✭■■✮

Objekte der realen Welt
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❇❡✐s♣✐❡❧✿ ❇✐❜❧✐♦t❤❡❦ ✭■■✮

mmm:Buch

Attribute

autor=1FredRBrooks1

title=1TheRmythicalRmanRmonth1

auflage=2

...

Methoden

ausleihen

zurückgeben

...

Objekte der realen Welt

Modelle

hse:Buch

Attribute

autor=1DieterRRombachRetRal.1

title=1ARhandbookRofR...1

auflage=1

...

Methoden

ausleihen

zurückgeben

...

csr:Buch

Attribute

autor=1StacyRPowellRetRal.1

title=1CleanroomRSWREngineering1

auflage=1

...

Methoden

ausleihen

zurückgeben

...
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❇❡✐s♣✐❡❧✿ ❇✐❜❧✐♦t❤❡❦ ✭■■✮

Buch

Attribute

String"autor

String"title

int"auflage

...

Methoden

void"ausleihenPDateE"Datew

void"zurückgebenPDatew

...

mmm:Buch

Attribute

autor=TFred"BrooksT

title=TThe"mythical"man"monthT

auflage=2

...

Methoden

ausleihen

zurückgeben

...

Objekte der realen Welt

Modelle

Klasse (Typ)

hse:Buch

Attribute

autor=TDieter"Rombach"et"al.T

title=TA"handbook"of"...T

auflage=1

...

Methoden

ausleihen

zurückgeben

...

csr:Buch

Attribute

autor=TStacy"Powell"et"al.T

title=TCleanroom"SW"EngineeringT

auflage=1

...

Methoden

ausleihen

zurückgeben

...

Instanziierung
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❇❡✐s♣✐❡❧✿ ❇✐❜❧✐♦t❤❡❦ ✭■■✮

Buch

Attribute

String"autor

String"title

int"auflage

...

Methoden

void"ausleihenPDateE"Datew

void"zurückgebenPDatew

...

mmm:Buch

Attribute

autor=TFred"BrooksT

title=TThe"mythical"man"monthT

auflage=2

...

Methoden

ausleihen

zurückgeben

...

Objekte der realen Welt

Modelle

Klasse (Typ)

hse:Buch

Attribute

autor=TDieter"Rombach"et"al.T

title=TA"handbook"of"...T

auflage=1

...

Methoden

ausleihen

zurückgeben

...

csr:Buch

Attribute

autor=TStacy"Powell"et"al.T

title=TCleanroom"SW"EngineeringT

auflage=1

...

Methoden

ausleihen

zurückgeben

...

Instanziierung

Zu einer Klasse (Typ) kann es

mehrere Objekte (Instanzen)

geben !
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❇❡✐s♣✐❡❧✿ ❇✐❜❧✐♦t❤❡❦ ✭■■■✮
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❇❡✐s♣✐❡❧✿ ❇✐❜❧✐♦t❤❡❦ ✭■■■✮

Objekt der realen Welt

tumbib:Bibliothek

Attribute

Buch{] buecher;

...

Methoden

...

Bibliothek

Attribute

Buch[] buecher;

Person[] staff;

Time[] oeffnungszeiten;

...

Methoden

...

Klasse (Typ)
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❇❡✐s♣✐❡❧✿ ❇✐❜❧✐♦t❤❡❦ ✭■■■✮

Objekt der realen Welt

tumbib:Bibliothek

Attribute

Buch{] buecher;

...

Methoden

... mmm:Buch

Attribute

autor=1FredRBrooks1

title=1TheRmythicalRmanRmonth1

auflage=2

...

Methoden

ausleihen

zurückgeben

...

hse:Buch

Attribute

autor=1DieterRRombachRetRal.1

title=1ARhandbookRofR...1

auflage=1

...

Methoden

ausleihen

zurückgeben

...

csr:Buch

Attribute

autor=1StacyRPowellRetRal.1

title=1CleanroomRSWREngineering1

auflage=1

...

Methoden

ausleihen

zurückgeben

...

Bibliothek

Attribute

Buch[]Rbuecher;

Person[]Rstaff;

Time[]Roeffnungszeiten;

...

Methoden

...

Klasse (Typ)
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❇❡✐s♣✐❡❧✿ ❇✐❜❧✐♦t❤❡❦ ✭■■■✮

Buch

Attribute

String"autor

String"title

int"auflage

]]]

Methoden

void"ausleihenPDateE"Datew

void"zurückgebenPDatew

]]]

Objekt der realen Welt

Klasse (Typ)

tumbib:Bibliothek

Attribute

Buch{] buecher;

...

Methoden

]]] mmm:Buch

Attribute

autor=TFred"BrooksT

title=TThe"mythical"man"monthT

auflage=2

]]]

Methoden

ausleihen

zurückgeben

]]]

hse:Buch

Attribute

autor=TDieter"Rombach"et"al]T

title=TA"handbook"of"]]]T

auflage=1

]]]

Methoden

ausleihen

zurückgeben

]]]

csr:Buch

Attribute

autor=TStacy"Powell"et"al]T

title=TCleanroom"SW"EngineeringT

auflage=1

]]]

Methoden

ausleihen

zurückgeben

]]]

Bibliothek

Attribute

Buch[]"buecher;

Person[]"staff;

Time[]"oeffnungszeiten;

]]]

Methoden

]]]

Klasse (Typ)
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❇❡✐s♣✐❡❧✿ ❇✐❜❧✐♦t❤❡❦ ✭■■■✮

Buch

Attribute

String"autor

String"title

int"auflage

]]]

Methoden

void"ausleihenPDateE"Datew

void"zurückgebenPDatew

]]]

Objekt der realen Welt

Klasse (Typ)

tumbib:Bibliothek

Attribute

Buch{] buecher;

...

Methoden

]]] mmm:Buch

Attribute

autor=TFred"BrooksT

title=TThe"mythical"man"monthT

auflage=2

]]]

Methoden

ausleihen

zurückgeben

]]]

hse:Buch

Attribute

autor=TDieter"Rombach"et"al]T

title=TA"handbook"of"]]]T

auflage=1

]]]

Methoden

ausleihen

zurückgeben

]]]

csr:Buch

Attribute

autor=TStacy"Powell"et"al]T

title=TCleanroom"SW"EngineeringT

auflage=1

]]]

Methoden

ausleihen

zurückgeben

]]]

Bibliothek

Attribute

Buch[]"buecher;

Person[]"staff;

Time[]"oeffnungszeiten;

]]]

Methoden

]]]

Verschiedene Objekte

gehören zusammen! Klasse (Typ)
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❱❛r✐❛❜❧❡♥

◮ ❉✐❡ ❆ttr✐❜✉t❡ ✭❉❛t❡♥✲❑♦♠♣♦♥❡♥t❡♥✮ ❡✐♥❡s ❖❜❥❡❦ts ❤❡✐ÿ❡♥
❛✉❝❤ ■♥st❛♥③✲❱❛r✐❛❜❧❡♥✳

◮ ❙♣ät❡r ❧❡r♥❡♥ ✇✐r ✇❡✐t❡r❡ ❱❛r✐❛❜❧❡♥ ❦❡♥♥❡♥✱ ❞✐❡
◮ ❢ür ❡✐♥❡ ❑❧❛ss❡ ♦❞❡r
◮ ❧♦❦❛❧ ❢ür ❡✐♥❡ ▼❡t❤♦❞❡

❞❡✜♥✐❡rt ✇❡r❞❡♥✳

◮ ❱❛r✐❛❜❧❡♥ ♠üss❡♥ ❞❡❦❧❛r✐❡rt ✇❡r❞❡♥

◮ ❆✉ÿ❡r ❢ür s♦❣✳ ❇❛s✐st②♣❡♥ ♠✉ss ♥♦❝❤ ❡✐♥ ❑♦♥str✉❦t♦r
❛✉❢❣❡r✉❢❡♥ ✇❡r❞❡♥✳
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❇❡✐s♣✐❡❧✿ ❘❛t✐♦♥❛❧❡ ❩❛❤❧❡♥

• ❊✐♥❡ r❛t✐♦♥❛❧❡ ❩❛❤❧ q ∈ Q ❤❛t ❞✐❡ ❋♦r♠ q = ①
② ✱ ✇♦❜❡✐

① , ② ∈ Z✳

• ① ✉♥❞ ② ❤❡✐ÿ❡♥ ❩ä❤❧❡r ✉♥❞ ◆❡♥♥❡r ✈♦♥ q✳

• ❊✐♥ ❖❜❥❡❦t ✈♦♠ ❚②♣ Rational s♦❧❧t❡ ❞❡s❤❛❧❜ ❛❧s
❑♦♠♣♦♥❡♥t❡♥ ✭❆ttr✐❜✉t❡✮ ③✇❡✐ int✲❱❛r✐❛❜❧❡♥ zaehler ✉♥❞
nenner ❡♥t❤❛❧t❡♥✿

Objekt:

zaehler

nenner
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❈♦❞❡

class Rational {

int zaehler; ✴✴❉❡❦ ❧❛r❛ t ✐♦♥ ❡ ✐♥❡ s ✐♥ t−❆t t r ✐ ❜ ✉ t s
int nenner; ✴✴❉❡❦ ❧❛r❛ t ✐♦♥ ❡ ✐♥❡ s ✐♥ t−❆t t r ✐ ❜ ✉ t s
✴✴ ❑♦♥str✉❦t♦r ❘❛t ✐♦♥❛ ❧ ✭ ✮ ❡ ① ✐ s t ✐ ❡ r t ❛✉t♦♠❛t✐s❝❤

✴✴ ▼❡t❤♦❞❡♥ ✳ ✳ ✳
}
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❉❡❦❧❛r❛t✐♦♥ ✉♥❞ ❑♦♥str✉❦t♦r

• Rational ♥❛♠❡; ❞❡❦❧❛r✐❡rt ❡✐♥❡ ❱❛r✐❛❜❧❡ ❢ür ❖❜❥❡❦t❡ ❞❡r
❑❧❛ss❡ Rational✳

• ❉❛s ❑♦♠♠❛♥❞♦ new Rational(...) ❧❡❣t ❞❛s ❖❜❥❡❦t ❛♥✱
r✉❢t ❡✐♥❡♥ ❑♦♥str✉❦t♦r ❢ür ❞✐❡s❡s ❖❜❥❡❦t ❛✉❢ ✉♥❞ ❧✐❡❢❡rt ❞❛s
♥❡✉❡ ❖❜❥❡❦t ③✉rü❝❦✿

a

Rational a;

a = new Rational ();

a.zaehler=3; a.nenner=4;

a

3

4

zaehler

nenner
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❑♦♥str✉❦t♦r❡♥

• ❉❡r ❑♦♥str✉❦t♦r ✐st ❡✐♥❡ s♣❡③✐❡❧❧❡ ▼❡t❤♦❞❡✱ ❞✐❡ ✐♠
❩✉s❛♠♠❡♥❤❛♥❣ ♠✐t new ❙♣❡✐❝❤❡r r❡s❡r✈✐❡rt ✭✉♥❞ ❆ttr✐❜✉t❡
❞❡s ♥❡✉❡♥ ❖❜❥❡❦ts ✐♥✐t✐❛❧✐s✐❡r❡♥ ❦❛♥♥✱ s♣ät❡r✦✮

• ❑♦♥str✉❦t♦r❡♥ tr❛❣❡♥ st❡ts ❞❡♥ ◆❛♠❡♥ ✐❤r❡r ❑❧❛ss❡

• ❊✐♥ ❉❡❢❛✉❧t✲❑♦♥str✉❦t♦r KlassenName() ✐♥ ❞❡r ❑❧❛ss❡
KlassenName ✇✐r❞ ❛✉t♦♠❛t✐s❝❤ ③✉r ❱❡r❢ü❣✉♥❣ ❣❡st❡❧t

• ❑♦♥str✉❦t♦r❡♥ ❦ö♥♥❡♥ ❛✉❝❤ ❆r❣✉♠❡♥t❡ ❤❛❜❡♥✱ ❜❡tr❛❝❤t❡♥ ✇✐r
s♣ät❡r
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❘❡❢❡r❡♥③❡♥

• ❉❡r ❲❡rt ❡✐♥❡r Rational✲❱❛r✐❛❜❧❡ ✐st ❡✐♥ ❱❡r✇❡✐s ✭♦❞❡r ❡✐♥❡
❘❡❢❡r❡♥③ ♦❞❡r ❡✐♥ ❩❡✐❣❡r✮ ❛✉❢ ❡✐♥❡♥ ❙♣❡✐❝❤❡r❜❡r❡✐❝❤✳

• Rational b = a; ❦♦♣✐❡rt ❞❡♥ ❱❡r✇❡✐s ❛✉s a ✐♥ ❞✐❡
❱❛r✐❛❜❧❡ b✿

Rational b = a;

a

a

3

4

zaehler

nenner

3

4

zaehler

nenner

b
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❩✉❣r✐✛ ❛✉❢ ❆ttr✐❜✉t❡

• a.zaehler ❧✐❡❢❡rt ❞❡♥ ❲❡rt ❞❡s ❆ttr✐❜✉ts zaehler ❞❡s
❖❜❥❡❦ts a✿

a

a

3

4

int b = a.zaehler;

b

zaehler

nenner

3

4

zaehler

nenner

3
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❇❡✐s♣✐❡❧✿ P✉♥❦t❡ ✐♠ R✷

p
y

x

ϕ
di
st
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❈♦❞❡

class Point {

double x;

double y;

✴✴ ❑♦♥str✉❦t♦r P♦✐♥t ✭ ✮ ❡ ① ✐ s t ✐ ❡ r t ❛✉t♦♠❛t✐s❝❤
✴✴ ▼❡t❤♦❞❡♥ ✳ ✳ ✳

}

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✸✵



P✉♥❦t❡ ❡r③❡✉❣❡♥ ✴ ❘❡❢❡r❡♥③❡♥

◮ ❆✉❝❤ P✉♥❦t❡ ✇❡r❞❡♥ ♠✐t new ❡r③❡✉❣t
◮ Point p = new Point(); // erzeuge Punkt p
◮ Point q = new Point(); // erzeuge Punkt q
◮ p✱ q s✐♥❞ ◆❛♠❡♥ ❢ür ❘❡❢❡r❡♥③❡♥ ❛✉❢ ♥❡✉❡ ❖❜❥❡❦t❡ ❞❡r ❑❧❛ss❡
Point

◮ ❆✉❝❤ ❢ür ❡✐♥❡♥ P✉♥❦t ❦❛♥♥ ❡s ♠❡❤r❡r❡ ❇❡③❡✐❝❤♥❡r ❣❡❜❡♥
◮ Point r = p // r, p referenzieren dasselbe

Objekt
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❖❜❥❡❦t❡ ✐♠ ❙♣❡✐❝❤❡r

❊r③❡✉❣❡♥ ✈♦♥ ❖❜❥❡❦t❡♥

✭❇❡✐s♣✐❡❧ ❢ür ✒❆❧✐❛s✐♥❣✏✮

0x485DE438

0x485DE434

0x485DE430

0x483F2010

0x483F200C

0x483F2008
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❖❜❥❡❦t❡ ✐♠ ❙♣❡✐❝❤❡r

❊r③❡✉❣❡♥ ✈♦♥ ❖❜❥❡❦t❡♥

✭❇❡✐s♣✐❡❧ ❢ür ✒❆❧✐❛s✐♥❣✏✮

q: 0x485DE430

p: 0x483F2008

y:

x:

y:

x:

0x485DE438

0x485DE434

0x485DE430

0x483F2010

0x483F200C

0x483F2008

Point p = new Point();

Point q = new Point();

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✸✷



❖❜❥❡❦t❡ ✐♠ ❙♣❡✐❝❤❡r

❊r③❡✉❣❡♥ ✈♦♥ ❖❜❥❡❦t❡♥

✭❇❡✐s♣✐❡❧ ❢ür ✒❆❧✐❛s✐♥❣✏✮

q: 0x485DE430

r: 0x483F2008

p: 0x483F2008

y:

x:

y:

x:

0x485DE438

0x485DE434

0x485DE430

0x483F2010

0x483F200C

0x483F2008

Point p = new Point();

Point q = new Point();

Point r = p;
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❋✉♥❦t✐♦♥s✇❡✐s❡ ✈♦♥ ❘❡❢❡r❡♥③❡♥ ✭■✮
◮ ❇❡tr❛❝❤t❡ ③✇❡✐ ❉❡❦❧❛r❛t✐♦♥❡♥ ❧♦❦❛❧❡r ❱❛r✐❛❜❧❡♥

◮ Point p;
◮ int n;

◮ ❇❡✐❞❡ ❱❛r✐❛❜❧❡♥ s✐♥❞ ✭♥♦❝❤✮ ♥✐❝❤t ✐♥✐t✐❛❧✐s✐❡rt

◮ ■♥✐t✐❛❧✐s✐❡r❡✿
◮ p = new Point();
◮ n = 5;

◮ ✒new Point()✏ ❡r③❡✉❣t ✭❛✉❢ ❞❡♠ ❍❡❛♣✮ ❡✐♥ ❖❜❥❡❦t ❞❡s
❚②♣s Point ✉♥❞ ❧✐❡❢❡rt ❡✐♥❡♥ ❱❡r✇❡✐s ❛✉❢ ❞❛s ❖❜❥❡❦t✳ ❉✐❡s❡r
❱❡r✇❡✐s ✇✐r❞ ✐♥ ❞❡r ❘❡❢❡r❡♥③✲❱❛r✐❛❜❧❡♥ p ❣❡s♣❡✐❝❤❡rt✳

◮ ✒n = 5✏ s♣❡✐❝❤❡rt ❞❡♥ ❲❡rt 5 ❞✐r❡❦t ✐♥ ❞❡r ❱❛r✐❛❜❧❡♥ n
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❋✉♥❦t✐♦♥s✇❡✐s❡ ✈♦♥ ❘❡❢❡r❡♥③❡♥ ✭■■✮

◮ ❇❡tr❛❝❤t❡ ③✇❡✐ ✇❡✐t❡r❡ ❱❛r✐❛❜❧❡♥✲❉❡❦❧❛r❛t✐♦♥❡♥

◮ Point p;

p=new Point();

Point q = p;

◮ int n;

n = 5;

int k = n;

n: 5

y: 0.0

x: 0.0

p: 0x397E64DC

0x397E64DC

◮ ❉✉r❝❤ ❞✐❡ ❩✉✇❡✐s✉♥❣ ✒q = p✏ ❜③✇✳ ✒k = n✏ ✇✐r❞
◮ ✐♥ ❞❡r ❱❛r✐❛❜❧❡♥ q ❞❡r ❲❡rt ❞❡r ❱❛r✐❛❜❧❡♥ p ❣❡s♣❡✐❝❤❡rt
◮ ✐♥ ❞❡r ❱❛r✐❛❜❧❡♥ k ❞❡r ❲❡rt ❞❡r ❱❛r✐❛❜❧❡♥ n ❣❡s♣❡✐❝❤❡rt

◮ ■♠ ❋❛❧❧❡ ❡✐♥❡r ❘❡❢❡r❡♥③ ✐st ❞✐❡s ❞❡r ❱❡r✇❡✐s ❛✉❢ ❞❛s ❥❡✇❡✐❧✐❣❡
❖❜❥❡❦t

◮ ■♠ ❋❛❧❧❡ ❡✐♥❡s ♣r✐♠✐t✐✈❡♥ ❚②♣s ✐st ❡s ❞❡r ❲❡rt s❡❧❜st✳

=⇒ p ✉♥❞ q ✈❡r✇❡✐s❡♥ ❛✉❢ ❡✐♥ ✉♥❞ ❞❛ss❡❧❜❡ ❖❜❥❡❦t
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❋✉♥❦t✐♦♥s✇❡✐s❡ ✈♦♥ ❘❡❢❡r❡♥③❡♥ ✭■■✮

◮ ❇❡tr❛❝❤t❡ ③✇❡✐ ✇❡✐t❡r❡ ❱❛r✐❛❜❧❡♥✲❉❡❦❧❛r❛t✐♦♥❡♥

◮ Point p;

p=new Point();

Point q = p;

◮ int n;

n = 5;

int k = n;
q: 0x397E64DC

n: 5

y: 0.0

x: 0.0

k: 5

p: 0x397E64DC

0x397E64DC

◮ ❉✉r❝❤ ❞✐❡ ❩✉✇❡✐s✉♥❣ ✒q = p✏ ❜③✇✳ ✒k = n✏ ✇✐r❞
◮ ✐♥ ❞❡r ❱❛r✐❛❜❧❡♥ q ❞❡r ❲❡rt ❞❡r ❱❛r✐❛❜❧❡♥ p ❣❡s♣❡✐❝❤❡rt
◮ ✐♥ ❞❡r ❱❛r✐❛❜❧❡♥ k ❞❡r ❲❡rt ❞❡r ❱❛r✐❛❜❧❡♥ n ❣❡s♣❡✐❝❤❡rt

◮ ■♠ ❋❛❧❧❡ ❡✐♥❡r ❘❡❢❡r❡♥③ ✐st ❞✐❡s ❞❡r ❱❡r✇❡✐s ❛✉❢ ❞❛s ❥❡✇❡✐❧✐❣❡
❖❜❥❡❦t

◮ ■♠ ❋❛❧❧❡ ❡✐♥❡s ♣r✐♠✐t✐✈❡♥ ❚②♣s ✐st ❡s ❞❡r ❲❡rt s❡❧❜st✳

=⇒ p ✉♥❞ q ✈❡r✇❡✐s❡♥ ❛✉❢ ❡✐♥ ✉♥❞ ❞❛ss❡❧❜❡ ❖❜❥❡❦t
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❋✉♥❦t✐♦♥s✇❡✐s❡ ✈♦♥ ❘❡❢❡r❡♥③❡♥ ✭■■■✮

p ✉♥❞ q ✈❡r✇❡✐s❡♥ ❛✉❢ ❡✐♥ ✉♥❞ ❞❛ss❡❧❜❡ ❖❜❥❡❦t

◮ ❇❡tr❛❝❤t❡✿

◮ q.x = 10;

q: 0x397E64DC

n: 5

y: 0.0

x: 10.0

k: 5

p: 0x397E64DC

0x397E64DC

◮ ❲❡❧❝❤❡♥ ❲❡rt ❤❛t ❞❛♥♥ p.x❄

✈❡r✇❡✐st ❥❡t③t ❛✉❢ ❡✐♥ ♥❡✉❡s ❖❜❥❡❦t✱
❛❜❡r ✐♠♠❡r♥♦❝❤ ❛✉❢ ❞❛s ③✉❡rst ❡r③❡✉❣t❡✳
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❋✉♥❦t✐♦♥s✇❡✐s❡ ✈♦♥ ❘❡❢❡r❡♥③❡♥ ✭■■■✮

p ✉♥❞ q ✈❡r✇❡✐s❡♥ ❛✉❢ ❡✐♥ ✉♥❞ ❞❛ss❡❧❜❡ ❖❜❥❡❦t

◮ ❇❡tr❛❝❤t❡✿

◮ q.x = 10;

◮ q = new

Point(3,5);

q: 0x61645EE8

n: 5

y: 0.0

x: 10.0

k: 5

p: 0x397E64DC

0x397E64DC

◮ ❲❡❧❝❤❡♥ ❲❡rt ❤❛t ❥❡t③t p.x❄

◮ q ✈❡r✇❡✐st ❥❡t③t ❛✉❢ ❡✐♥ ♥❡✉❡s ❖❜❥❡❦t✱
p ❛❜❡r ✐♠♠❡r♥♦❝❤ ❛✉❢ ❞❛s ③✉❡rst ❡r③❡✉❣t❡✳
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●❧❡✐❝❤❤❡✐t ✉♥❞ ■❞❡♥t✐tät

❲❛♥♥ s✐♥❞ ③✇❡✐ ❖❜❥❡❦t❡ ✏❣❧❡✐❝❤✑❄

◮ ❲❡♥♥ s✐❡ ✐❞❡♥t✐s❝❤ s✐♥❞✱ ❛❧s♦ ❞❛ss❡❧❜❡ ❖❜❥❡❦t✿ ●❧❡✐❝❤❤❡✐t ❞❡r
❘❡❢❡r❡♥③❡♥✳
Ü❜❡r♣rü❢✉♥❣ ♠✐t ❂❂✳

◮ ❲❡♥♥ ❞✐❡ ❆ttr✐❜✉t✇❡rt❡ ❣❧❡✐❝❤ s✐♥❞✱ ❡s s✐❝❤ ❛❜❡r ❣❣❢✳ ✉♠ ③✇❡✐
✉♥t❡rs❝❤✐❡❞❧✐❝❤❡ ❖❜❥❡❦t❡ ❤❛♥❞❡❧t✳
Ü❜❡r♣rü❢✉♥❣ ♠✐t ❡✐❣❡♥❡r ▼❡t❤♦❞❡✱ ❦♦♠♠t s♣ät❡r✳
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null

◮ ❉❡r ❙t❛♥❞❛r❞✇❡rt ❢ür ❛❧❧❡ ❘❡❢❡r❡♥③✲❚②♣❡♥ ✐st null

◮ ❲✉r❞❡ ❡✐♥❡ ❘❡❢❡r❡♥③✲❱❛r✐❛❜❧❡ ♦❞❡r ❡✐♥ ❘❡❢❡r❡♥③✲❆ttr✐❜✉t ♥✐❝❤t
✐♥✐t✐❛❧✐s✐❡rt✱ s♦ ❤❛t ❞✐❡s❡✭s✮ ❛❧s♦ ❞❡♥ ❲❡rt null

◮ ❍❛t ❡✐♥❡ ❱❛r✐❛❜❧❡ ❞❡♥ ❲❡rt null✱ s♦ ✈❡r✇❡✐st s✐❡ ❛✉❢ ❦❡✐♥
❖❜❥❡❦t

◮ ③✳❇✳✿ Point p; // jetzt gilt: p == null

◮ ❩✉❣r✐✛ ❛✉❢ p.x ✉♥❞ p.y ♠✐t p==null ❢ü❤rt ③✉
▲❛✉❢③❡✐t❢❡❤❧❡r✦
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❇❡✐s♣✐❡❧✿ ❖❜❥❡❦t❡ ❛❧s ❆ttr✐❜✉t❡ ✈♦♥ ❖❜❥❡❦t❡♥✖▲✐♥✐❡♥ ✐♠ R✷

p2

p1

y2

x2

y1

x1
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❈♦❞❡

class Line {

✴✴ ❆ t t r ✐ ❜ ✉ t ❡ ✿ ❊♥❞♣✉♥❦t❡
Point p1;

Point p2;

✴✴ ❑♦♥str✉❦t♦r ▲✐♥❡ ✭ ✮ ❡ ① ✐ s t ✐ ❡ r t ❛✉t♦♠❛t✐s❝❤
✴✴ ❊✐♥ ✇❡ ✐ t ❡ r ❡ r ❑♦♥str✉❦t♦r
✴✴ ❡ ① ♣ ❧ ✐ ③ ✐ t ♠✐t ③✇❡✐ ❆r❣✉♠❡♥t❡♥ ✦
Line(Point p, Point q) {

p1=p;

p2=q;

}

✴✴ ❛♥❞❡r❡ ▼❡t❤♦❞❡♥
...

}
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❈♦❞❡✿ ❖❜❥❡❦t❡r③❡✉❣✉♥❣

Point p1;

p1 = new Point();

p1.x = 2.0; p1.y = 2.7;

Point p2 = new Point();

p2.x = 5.8; p2.y = 16.0;

Line l = new Line(p1, p2);
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◆♦❝❤❡✐♥♠❛❧✿ ●❧❡✐❝❤❤❡✐t ✉♥❞ ■❞❡♥t✐tät

❲❛♥♥ s✐♥❞ ③✇❡✐ ❖❜❥❡❦t❡ ✏❣❧❡✐❝❤✑❄

◮ ❲❡♥♥ s✐❡ ✐❞❡♥t✐s❝❤ s✐♥❞✱ ❛❧s♦ ❞❛ss❡❧❜❡ ❖❜❥❡❦t✿ ●❧❡✐❝❤❤❡✐t ❞❡r
❘❡❢❡r❡♥③❡♥✳
Ü❜❡r♣rü❢✉♥❣ ♠✐t ❂❂✳

◮ ❲❡♥♥ ❞✐❡ ❆ttr✐❜✉t✇❡rt❡ ❣❧❡✐❝❤ s✐♥❞✱ ❡s s✐❝❤ ❛❜❡r ❣❣❢✳ ✉♠ ③✇❡✐
✉♥t❡rs❝❤✐❡❞❧✐❝❤❡ ❖❜❥❡❦t❡ ❤❛♥❞❡❧t✳
Ü❜❡r♣rü❢✉♥❣ ♠✐t ❡✐❣❡♥❡r ▼❡t❤♦❞❡✱ ❦♦♠♠t s♣ät❡r✳

❲❡♥♥ ✐♠ ③✇❡✐t❡♥ ❋❛❧❧ ❆ttr✐❜✉t❡ s❡❧❜st ❱❡r✇❡✐s❡ ❛✉❢ ❖❜❥❡❦t❡
s✐♥❞✱ ♠✉ss ❞✐❡s❡♥ ❱❡r✇❡✐s❡♥ ❢ür ❞✐❡ Ü❜❡r♣rü❢✉♥❣ ❛✉❢ ●❧❡✐❝❤❤❡✐t
r❡❦✉rs✐✈ ❣❡❢♦❧❣t ✇❡r❞❡♥✦
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❑❧❛ss❡♥✲❆ttr✐❜✉t❡

• ❖❜❥❡❦t✲❆ttr✐❜✉t❡ ✇❡r❞❡♥ ❢ür ❥❡❞❡s ❖❜❥❡❦t ♥❡✉ ❛♥❣❡❧❡❣t✱

• ❑❧❛ss❡♥✲❆ttr✐❜✉t❡ ❡✐♥♠❛❧ ❢ür ❞✐❡ ❣❡s❛♠t❡ ❑❧❛ss❡✳

class Count {

private static int count = 0;

private int info;

✴✴ ❑♦♥str✉❦t♦r
Count() {

info = count; count = count+1;

} ...

} ✴✴ ❡♥❞ ♦ ❢ ❝ ❧ ❛ s s ❈♦✉♥t

• private ❆ttr✐❜✉t❡ s✐♥❞ ♥✉r ✐♥♥❡r❤❛❧❜ ❞❡r ❑❧❛ss❡ s✐❝❤t❜❛r✦

• ❑❧❛ss❡♥✲❆ttr✐❜✉t❡ ❡✐♥♠❛❧ ❢ür ❞✐❡ ❣❡s❛♠t❡ ❑❧❛ss❡✳

• ❑❧❛ss❡♥✲❆ttr✐❜✉t❡ ❡r❤❛❧t❡♥ ❞✐❡ ◗✉❛❧✐✜③✐❡r✉♥❣ static✳
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❇❡✐s♣✐❡❧ ❑❧❛ss❡♥✲❆ttr✐❜✉t❡

0

Count a = new Count();
count
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❇❡✐s♣✐❡❧ ❑❧❛ss❡♥✲❆ttr✐❜✉t❡

count

a 0info

Count b = new Count();
1
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❇❡✐s♣✐❡❧ ❑❧❛ss❡♥✲❆ttr✐❜✉t❡

count

a 0info

info 1b

Count c = new Count();
2
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❇❡✐s♣✐❡❧ ❑❧❛ss❡♥✲❆ttr✐❜✉t❡

count

a 0info

info

info

3

2

1

c

b
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❇❡✐s♣✐❡❧ ❑❧❛ss❡♥✲❆ttr✐❜✉t❡

• ❉❛s ❑❧❛ss❡♥✲❆ttr✐❜✉t count ③ä❤❧t ❤✐❡r ❞✐❡ ❆♥③❛❤❧ ❞❡r ❜❡r❡✐ts
❡r③❡✉❣t❡♥ ❖❜❥❡❦t❡✳

• ❉❛s ❖❜❥❡❦t✲❆ttr✐❜✉t info ❡♥t❤ä❧t ❢ür ❥❡❞❡s ❖❜❥❡❦t ❡✐♥❡
❡✐♥❞❡✉t✐❣❡ ◆✉♠♠❡r✳

• ❆✉ÿ❡r❤❛❧❜ ❞❡r ❑❧❛ss❡ ❈❧❛ss ❦❛♥♥ ♠❛♥ ❛✉❢ ❡✐♥❡ ö✛❡♥t❧✐❝❤❡ ✭✦✦✮
❑❧❛ss❡♥✲❱❛r✐❛❜❧❡ ♥❛♠❡ ♠✐t❤✐❧❢❡ ✈♦♥ ❈❧❛ss.♥❛♠❡
③✉❣❡❣r❡✐❢❡♥✳

• ❖❜❥❡❦t✲▼❡t❤♦❞❡♥ ✇❡r❞❡♥ st❡ts ♠✐t ❡✐♥❡♠ ❖❜❥❡❦t ❛✉❢❣❡r✉❢❡♥
✳✳✳

• ❞✐❡s❡s ❖❜❥❡❦t ❢✉♥❣✐❡rt ✇✐❡ ❡✐♥ ✇❡✐t❡r❡s ❆r❣✉♠❡♥t ✦

• ❋✉♥❦t✐♦♥❡♥ ✉♥❞ Pr♦③❡❞✉r❡♥ ❞❡r ❑❧❛ss❡ ♦❤♥❡ ❞✐❡s❡s ✐♠♣❧✐③✐t❡
❆r❣✉♠❡♥t ❤❡✐ÿ❡♥ ❑❧❛ss❡♥✲▼❡t❤♦❞❡♥ ✉♥❞ ✇❡r❞❡♥ ❞✉r❝❤ ❞❛s
❙❝❤❧üss❡❧✇♦rt static ❦❡♥♥t❧✐❝❤ ❣❡♠❛❝❤t✳
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●❡❤❡✐♠♥✐s♣r✐♥③✐♣

❉❛s ●❡❤❡✐♠♥✐s♣r✐♥③✐♣ ✐st ❡✐♥ ✇✐❝❤t✐❣❡s ❑♦♥③❡♣t ❞❡r ■♥❢♦r♠❛t✐❦

❲❛r✉♠ ✇❡r❞❡♥ ✐♥ ❞❡r ❑❧❛ss❡ Line ❞✐❡ ❊♥❞♣✉♥❦t❡ ♥✐❝❤t

❞✉r❝❤ ③✇❡✐ ❑♦♦r❞✐♥❛t❡♥♣❛❛r❡ x1, y1 ✉♥❞ x2, y2

r❡♣räs❡♥t✐❡rt❄

◮ ❲❡❝❤s❡❧ ❞❡r ■♠♣❧❡♠❡♥t✐❡r✉♥❣ ✈♦♥ Point ✇ür❞❡ ❲❡❝❤s❡❧ ❞❡r
■♠♣❧❡♠❡♥t✐❡r✉♥❣ ✈♦♥ Line ❡r❢♦r❞❡r♥ ✭③✳❇✳ ❜❡✐ ❲❡❝❤s❡❧ ❛✉❢
P♦❧❛r❦♦♦r❞✐♥❛t❡♥✮

=⇒ ❉✐❡ ■♠♣❧❡♠❡♥t✐❡r✉♥❣ ✈♦♥ P✉♥❦t❡♥ ✐st ❛❧❧❡✐♥ ❞❛s ●❡❤❡✐♠♥✐s

❞❡r ❑❧❛ss❡ Point

◆✉r s♦ ❦ö♥♥❡♥ ❞✐❡ ❆✉s✇✐r❦✉♥❣❡♥ ✈♦♥ ➘♥❞❡r✉♥❣❡♥ ❧♦❦❛❧ ❜❡❣r❡♥③t
✇❡r❞❡♥ ✭▲♦❦❛❧✐täts♣r✐♥③✐♣✮
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❩✉s❛♠♠❡♥❢❛ss✉♥❣

◮ ❉✐❡ ✭✈✐rt✉❡❧❧❡✮ ❲❡❧t ❜❡st❡❤t ❛✉s ❖❜❥❡❦t❡♥✳

◮ ❖❜❥❡❦t❡ ❦❛♣s❡❧♥ ❉❛t❡♥ ✭❆ttr✐❜✉t❡✮ ✉♥❞ ❱❡r❤❛❧t❡♥ ✭▼❡t❤♦❞❡♥✮✳

◮ ❉❡r ❩✉❣r✐✛ ❛✉❢ ❖❜❥❡❦t❡ ❡r❢♦❧❣t ü❜❡r ❘❡❢❡r❡♥③❡♥✳ ❘❡❢❡r❡♥③❡♥
✈❡r✇❡✐s❡♥ ❛✉❢ ❙♣❡✐❝❤❡r❜❡r❡✐❝❤❡✳

◮ ❘❡❢❡r❡♥③❡♥ ✇❡r❞❡♥ ❞✉r❝❤ ❆ttr✐❜✉t❞❡❦❧❛r❛t✐♦♥❡♥ ❞❡✜♥✐❡rt✳
❆ttr✐❜✉t❡ ❦ö♥♥❡♥ s❡❧❜st ❖❜❥❡❦t❡ s❡✐♥✳

◮ ❙♣❡✐❝❤❡r ✇✐r❞ ❞✉r❝❤ new ❜❡r❡✐t❣❡st❡❧❧t✳ new r✉❢t ✐♠♠❡r ❡✐♥❡♥
❑♦♥str✉❦t♦r ❛✉❢✱ ❞❡r ■♥✐t✐❛❧✐s✐❡r✉♥❣❡♥ ✈♦r♥✐♠♠t✳

◮ ❩✇❡✐ ❘❡❢❡r❡♥③❡♥ ❦ö♥♥❡♥ ❛✉❢ ❞❡♥s❡❧❜❡♥ ❙♣❡✐❝❤❡r❜❡r❡✐❝❤ ③❡✐❣❡♥
✭❆❧✐❛s✐♥❣✮✳
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Ü❜❡rs✐❝❤t

❖❜❥❡❦t❜❛s✐❡rt❡s Pr♦❣r❛♠♠✐❡r❡♥

❇❛s✐st②♣❡♥ ✉♥❞ ✐❤r❡ ❖♣❡r❛t✐♦♥❡♥

❇❡✐s♣✐❡❧ ❙✉❝❤♠❛s❝❤✐♥❡

▼❡t❤♦❞❡♥

❆✉❢r✉❢❡♥ ✈♦♥ ▼❡t❤♦❞❡♥

❩✉s❛♠♠❡♥❢❛ss✉♥❣

❇❡✐s♣✐❡❧ ❙✉❝❤♠❛s❝❤✐♥❡

❑❧❛ss❡♥❞✐❛❣r❛♠♠❡
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❇❛s✐st②♣❡♥

• ❊✐♥ ❉❛t❡♥t②♣ ✭❦✉r③✿ ❚②♣✮ ❧❡❣t ❡✐♥❡ ▼❡♥❣❡ ♠ö❣❧✐❝❤❡r ❲❡rt❡
✉♥❞ ❞✐❡ ♠ö❣❧✐❝❤❡♥ ❖♣❡r❛t✐♦♥❡♥ ✭▼❡t❤♦❞❡♥✮ ❛✉❢ ❞✐❡s❡♥ ❚②♣❡♥
❢❡st✳

• ❆❧❧❡ ❱❛r✐❛❜❧❡♥ ✉♥❞ ❆ttr✐❜✉t❡ ❤❛❜❡♥ ❡✐♥❡♥ ❚②♣❡♥ ✭✉♥❞
▼❡t❤♦❞❡♥ ❤❛❜❡♥ ❡✐♥❡♥ ❘ü❝❦❣❛❜❡t②♣❡♥ ✉♥❞ ❚②♣❡♥ ❢ür ❞✐❡
❆r❣✉♠❡♥t❡✮✳

• ■♥ ❏❛✈❛ ❞❡✜♥✐❡r❡♥ ❑❧❛ss❡♥ ❉❛t❡♥t②♣❡♥✳

• ❏❛✈❛ st❡❧❧t ❛✉ÿ❡r❞❡♠ ❛❝❤t ❇❛s✐st②♣❡♥ ③✉r ❱❡r❢ü❣✉♥❣✳
✭int ✉♥❞ double ❤❛❜❡♥ ✇✐r s❝❤♦♥ ❦❡♥♥❡♥❣❡❧❡r♥t✱ ♦❤♥❡ s✐❡
❡✐♥③✉❢ü❤r❡♥✳✮

• ❏❡❞❡r ❲❡rt ❡✐♥❡s ❇❛s✐st②♣s ❜❡♥öt✐❣t ❞✐❡ ❣❧❡✐❝❤❡ ▼❡♥❣❡ P❧❛t③✱
✉♠ ✐❤♥ ✐♠ ❘❡❝❤♥❡r ③✉ r❡♣räs❡♥t✐❡r❡♥✳

• ❉❡r P❧❛t③ ✇✐r❞ ✐♥ ❇✐t ❣❡♠❡ss❡♥✳

✭❲✐❡ ✈✐❡❧❡ ❲❡rt❡ ❦❛♥♥ ♠❛♥ ♠✐t ♥ ❇✐t ❞❛rst❡❧❧❡♥❄✮
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●❛♥③❡ ❩❛❤❧❡♥

❊s ❣✐❜t ✈✐❡r ❙♦rt❡♥ ❣❛♥③❡r ❩❛❤❧❡♥✿

❚②♣ P❧❛t③ ❦❧❡✐♥st❡r ❲❡rt ❣röÿt❡r ❲❡rt

byte ✽ −✶✷✽ ✶✷✼
short ✶✻ −✸✷ ✼✻✽ ✸✷ ✼✻✼
int ✸✷ −✷ ✶✹✼ ✹✽✸ ✻✹✽ ✷ ✶✹✼ ✹✽✸ ✻✹✼
long ✻✹ −✾ ✷✷✸ ✸✼✷ ✵✸✻ ✽✺✹ ✼✼✺ ✽✵✽ ✾ ✷✷✸ ✸✼✷ ✵✸✻ ✽✺✹ ✼✼✺ ✽✵✼

❉✐❡ ❇❡♥✉t③✉♥❣ ❦❧❡✐♥❡r❡r ❚②♣❡♥ ✇✐❡ byte ♦❞❡r short s♣❛rt P❧❛t③✳
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●❛♥③❡ ❩❛❤❧❡♥

❊s ❣✐❜t ✈✐❡r ❙♦rt❡♥ ❣❛♥③❡r ❩❛❤❧❡♥✿

❚②♣ P❧❛t③ ❦❧❡✐♥st❡r ❲❡rt ❣röÿt❡r ❲❡rt

byte ✽ −✶✷✽ ✶✷✼
short ✶✻ −✸✷ ✼✻✽ ✸✷ ✼✻✼
int ✸✷ −✷ ✶✹✼ ✹✽✸ ✻✹✽ ✷ ✶✹✼ ✹✽✸ ✻✹✼
long ✻✹ −✾ ✷✷✸ ✸✼✷ ✵✸✻ ✽✺✹ ✼✼✺ ✽✵✽ ✾ ✷✷✸ ✸✼✷ ✵✸✻ ✽✺✹ ✼✼✺ ✽✵✼

❉✐❡ ❇❡♥✉t③✉♥❣ ❦❧❡✐♥❡r❡r ❚②♣❡♥ ✇✐❡ byte ♦❞❡r short s♣❛rt P❧❛t③✳

❆❝❤t✉♥❣✿ ❏❛✈❛ ✇❛r♥t ♥✐❝❤t ✈♦r Ü❜❡r❧❛✉❢✴❯♥t❡r❧❛✉❢ ✦✦
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❇❡✐s♣✐❡❧

int x = 2147483647; ✴✴ ❣röss t❡s ✐♥ t
x = x+1;

System.out.println(x);

✳✳✳ ❧✐❡❢❡rt -2147483648 ✳✳✳

• ■♥ ❏❛✈❛ ❦❛♥♥ ♠❛♥ ❜❡✐ ❞❡r ❉❡❦❧❛r❛t✐♦♥ ❡✐♥❡r ❱❛r✐❛❜❧❡♥ ✐❤r
❞✐r❡❦t ❡✐♥❡♥ ❡rst❡♥ ❲❡rt ③✉✇❡✐s❡♥ ✭■♥✐t✐❛❧✐s✐❡r✉♥❣❀ ❦❡♥♥❡♥ ✇✐r
s❝❤♦♥✦✮✳

• ▼❛♥ ❦❛♥♥ s✐❡ s♦❣❛r ✭st❛tt ❛♠ ❆♥❢❛♥❣ ❞❡s Pr♦❣r❛♠♠s✮ ❡rst ❛♥
❞❡r ❙t❡❧❧❡ ❞❡❦❧❛r✐❡r❡♥✱ ❛♥ ❞❡r ♠❛♥ s✐❡ ❞❛s ❡rst❡ ▼❛❧ ❜r❛✉❝❤t✦

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✺✵



●❧❡✐t❦♦♠♠❛③❛❤❧❡♥

❊s ❣✐❜t ③✇❡✐ ❙♦rt❡♥ ✈♦♥ ●❧❡✐t❦♦♠♠❛✲❩❛❤❧❡♥✿

❚②♣ P❧❛t③ ❦❧❡✐♥st❡r ❲❡rt ❣röÿt❡r ❲❡rt

float ✸✷ ❝❛✳ ✲✸✳✹❡✰✸✽ ❝❛✳ ✸✳✹❡✰✸✽ ✼ s✐❣♥✐✜❦❛♥t❡ ❙t❡❧❧❡♥
double ✻✹ ❝❛✳ ✲✶✳✼❡✰✸✵✽ ❝❛✳ ✶✳✼❡✰✸✵✽ ✶✺ s✐❣♥✐✜❦❛♥t❡ ❙t❡❧❧❡♥

• Ü❜❡r❧❛✉❢✴❯♥t❡r❧❛✉❢ ❧✐❡❢❡rt ❞✐❡ ❲❡rt❡ Infinity ❜③✇✳
-Infinity✳

• ❋ür ❞✐❡ ❆✉s✇❛❤❧ ❞❡s ❣❡❡✐❣♥❡t❡♥ ❚②♣s s♦❧❧t❡ ❞✐❡ ❣❡✇ü♥s❝❤t❡
●❡♥❛✉✐❣❦❡✐t ❞❡s ❊r❣❡❜♥✐ss❡s ❜❡rü❝❦s✐❝❤t✐❣t ✇❡r❞❡♥✳

• ●❧❡✐t❦♦♠♠❛✲❑♦♥st❛♥t❡♥ ✐♠ Pr♦❣r❛♠♠ ✇❡r❞❡♥ ❛❧s double
❛✉❢❣❡❢❛sst✳

• ❩✉r ❯♥t❡rs❝❤❡✐❞✉♥❣ ❦❛♥♥ ♠❛♥ ❛♥ ❞✐❡ ❩❛❤❧ f ✭♦❞❡r F✮ ❜③✇✳ d
✭♦❞❡r D✮ ❛♥❤ä♥❣❡♥✳
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❱❡rs❝❤✐❡❞❡♥❡ ❲❡rt❞❛rst❡❧❧✉♥❣❡♥

◮ ❉❛s Prä✜① 0 s✐❣♥❛❧✐s✐❡rt ♦❦t❛❧❡ ❲❡rt❡✱ 0x ❤❡①❛❞❡③✐♠❛❧❡ ❲❡rt❡

◮ 18 ❞❡③✐♠❛❧ ✐st 022 ♦❦t❛❧ ✉♥❞ 0x12 ❤❡①❛❞❡③✐♠❛❧

◮ 65535 ❞❡③✐♠❛❧ ✐st 0177777 ♦❦t❛❧ ✉♥❞ 0xFFFF ❤❡①❛❞❡③✐♠❛❧✳
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❲❡✐t❡r❡ ❇❛s✐st②♣❡♥

❚②♣ P❧❛t③ ❲❡rt❡

boolean ✶ true✱ false
char ✶✻ ❛❧❧❡ ❯♥✐❝♦❞❡✲❩❡✐❝❤❡♥

❯♥✐❝♦❞❡ ✐st ❡✐♥ ❩❡✐❝❤❡♥s❛t③✱ ❞❡r ❛❧❧❡ ✐r❣❡♥❞✇♦ ❛✉❢ ❞❡r ❲❡❧t
❣ä♥❣✐❣❡♥ ❆❧♣❤❛❜❡t❡ ✉♠❢❛sst✱ ❛❧s♦ ③✉♠ ❇❡✐s♣✐❡❧✿

• ❞✐❡ ❩❡✐❝❤❡♥ ✉♥s❡r❡r ❚❛st❛t✉r ✭✐♥❦❧✉s✐✈❡ ❯♠❧❛✉t❡✮❀

• ❞✐❡ ❝❤✐♥❡s✐s❝❤❡♥ ❙❝❤r✐❢t③❡✐❝❤❡♥❀

• ❞✐❡ ä❣②♣t✐s❝❤❡♥ ❍✐❡r♦❣❧②♣❤❡♥ ✳✳✳

char✲❑♦♥st❛♥t❡♥ s❝❤r❡✐❜t ♠❛♥ ♠✐t ❍♦❝❤❦♦♠♠❛s✿
’A’✱ ’;’✱ ’\n’✳
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❇❛s✐st②♣❡♥ ✉♥❞ ❑♦♥str✉❦t♦r❡♥

❲❡✐❧ s✐❡ s♦ ♦❢t ❜❡♥✉t③t ✇❡r❞❡♥ ✉♥❞ ✐❤r❡ ■♠♣❧❡♠❡♥t✐❡r✉♥❣
✈❡r❣❧❡✐❝❤s✇❡✐s❡ ❡✣③✐❡♥t ✐st✱ ♠✉ss ❢ür ❇❛s✐st②♣❡♥ ♥✐❝❤t ❡①♣❧✐③✐t ♠✐t
new ❙♣❡✐❝❤❡r r❡s❡r✈✐❡rt ✉♥❞ ❦❡✐♥ ❑♦♥str✉❦t♦r ❛✉❢❣❡r✉❢❡♥ ✇❡r❞❡♥✦

❊s r❡✐❝❤t ❛❧s♦ ❜❡✐s♣✐❡❧s✇❡✐s❡✱ int x=2; ③✉ s❝❤r❡✐❜❡♥✳ ❉❛♠✐t ✇✐r❞
✐♥s❣❡s❛♠t ♥✉r ❡✐♥ ❙♣❡✐❝❤❡r❜❡r❡✐❝❤ r❡s❡r✈✐❡rt ✭❢ür ❞❡♥ ❲❡rt✮✱ ♥✐❝❤t
③✇❡✐ ✇✐❡ ✐♠ ❋❛❧❧ ✈♦♥ ❘❡❢❡r❡♥③t②♣❡♥ ✭❘❡❢❡r❡♥③✰❖❜❥❡❦t✮✳

❍❛❜❡♥ ✇✐r s❝❤♦♥ ✐♠ ❩✉s❛♠♠❡♥❤❛♥❣ ♠✐t ❞❡r ❙♣❡✐❝❤❡r✈❡r✇❛❧t✉♥❣
❣❡s❡❤❡♥✦
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❯♥❞ ❡✐♥ ❞r✐tt❡s ▼❛❧✿ ●❧❡✐❝❤❤❡✐t ✉♥❞ ■❞❡♥t✐tät

❲❛♥♥ s✐♥❞ ③✇❡✐ ❖❜❥❡❦t❡ ❡✐♥❡s ❇❛s✐st②♣❡♥ ✏❣❧❡✐❝❤✑❄

❋ür ❇❛s✐st②♣❡♥ ✇✐r❞ ❞❡r ❲❡rt ❞✐r❡❦t ❣❡s♣❡✐❝❤❡rt✱ ♦❤♥❡ ❘❡❢❡r❡♥③✳
Ü❜❡r♣rü❢✉♥❣ ❞❡r ●❧❡✐❝❤❤❡✐t ❞❡s ❲❡rts ❢ür ❇❛s✐st②♣❡♥ ❞❡s❤❛❧❜ ♠✐t
❂❂✳ ❇❡✐ ❘❡❢❡r❡♥③t②♣❡♥ ✇✐r❞ ♠✐t ❂❂ ❞✐❡ ❘❡❢❡r❡♥③ ✈❡r❣❧✐❝❤❡♥✳
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❇❛s✐s♦♣❡r❛t✐♦♥❡♥

• ❉✐❡ ❖♣❡r❛t♦r❡♥ +✱ -✱ *✱ / ✉♥❞ % ❣✐❜t ❡s ❢ür ❥❡❞❡♥ ❞❡r
❛✉❢❣❡❧✐st❡t❡♥ ❩❛❤❧t②♣❡♥✳

• ❲❡r❞❡♥ s✐❡ ❛✉❢ ❡✐♥ P❛❛r ✈♦♥ ❆r❣✉♠❡♥t❡♥ ✈❡rs❝❤✐❡❞❡♥❡♥ ❚②♣s
❛♥❣❡✇❡♥❞❡t✱ ✇✐r❞ ❛✉t♦♠❛t✐s❝❤ ✈♦r❤❡r ❞❡r s♣❡③✐❡❧❧❡r❡ ✐♥ ❞❡♥
❛❧❧❣❡♠❡✐♥❡r❡♥ ✉♠❣❡✇❛♥❞❡❧t ✭✐♠♣❧✐③✐t❡r ❚②♣❡ ❈❛st✮ ✳✳✳
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❇❛s✐st②♣❡♥

ganze Zahlen

float

double

byte

long

int

short

char

Gleitkomma−Zahlen
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❇❡✐s♣✐❡❧

short xs = 1;

int x = 999999999;

System.out.println(x + xs);

✳✳✳ ❧✐❡❢❡rt ❞❡♥ int✲❲❡rt 1000000000 ✳✳✳

float xs = 1.0f;

int x = 999999999;

System.out.println(x + xs);

✳✳✳ ❧✐❡❢❡rt ❞❡♥ float✲❲❡rt 1.0E9 ✳✳✳

❦❛♥♥ ●❧❡✐t❦♦♠♠❛✲❩❛❤❧❡♥ ❛✉s❣❡❜❡♥✳
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❇❡✐s♣✐❡❧

short xs = 1;

int x = 999999999;

System.out.println(x + xs);

✳✳✳ ❧✐❡❢❡rt ❞❡♥ int✲❲❡rt 1000000000 ✳✳✳

float xs = 1.0f;

int x = 999999999;

System.out.println(x + xs);

✳✳✳ ❧✐❡❢❡rt ❞❡♥ float✲❲❡rt 1.0E9 ✳✳✳

System.out.println() ❦❛♥♥ ●❧❡✐t❦♦♠♠❛✲❩❛❤❧❡♥ ❛✉s❣❡❜❡♥✳
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❆❝❤t✉♥❣

• ❉❛s ❊r❣❡❜♥✐s ❡✐♥❡r ❖♣❡r❛t✐♦♥ ❛✉❢ float ❦❛♥♥ ❛✉s ❞❡♠
❇❡r❡✐❝❤ ✈♦♥ float ❤❡r❛✉s❢ü❤r❡♥✳ ❉❛♥♥ ❡r❣✐❜t s✐❝❤ ❞❡r ❲❡rt
Infinity ♦❞❡r -Infinity✳

❉❛s ❣❧❡✐❝❤❡ ❣✐❧t ❢ür double✳

• ❉❛s ❊r❣❡❜♥✐s ❡✐♥❡r ❖♣❡r❛t✐♦♥ ❛✉❢ ❇❛s✐st②♣❡♥✱ ❞✐❡ ✐♥ int
❡♥t❤❛❧t❡♥ s✐♥❞ ✭❛✉ÿ❡r char✮✱ ❧✐❡❢❡r♥ ❡✐♥ int✳

• ❲✐r❞ ❞❛s ❊r❣❡❜♥✐s ❡✐♥❡r ❱❛r✐❛❜❧❡♥ ③✉❣❡✇✐❡s❡♥✱ s♦❧❧t❡ ❞❡r❡♥
❚②♣ ❞✐❡s ③✉❧❛ss❡♥✳
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❊❧❡♠❡♥t❛r❡ ❖♣❡r❛t✐♦♥❡♥

Prä③❡❞❡♥③ ❖♣❡r❛t♦r ❇❡s❝❤r❡✐❜✉♥❣

❆r✐t❤♠❡t✐s❝❤❡ ✉♥❞ ❱❡r❣❧❡✐❝❤s✲❖♣❡r❛t♦r❡♥

✶ +x, -x ✉♥är❡s P❧✉s✴▼✐♥✉s
✷ x*y, x/y, x%y ▼✉❧t✐♣❧✐❦❛t✐♦♥✱ ❉✐✈✐s✐♦♥✱ ▼♦❞✉❧♦
✸ x+y, x-y ❆❞❞✐t✐♦♥✱ ❙✉❜tr❛❦t✐♦♥
✺ x<y, x<=y, x>y, x>=y ●röÿ❡♥✈❡r❣❧❡✐❝❤❡
✻ x==y, x!=y ●❧❡✐❝❤❤❡✐t✱ ❯♥❣❧❡✐❝❤❤❡✐t

❖♣❡r❛t♦r❡♥ ❛✉❢ ❣❛♥③❡♥ ❩❛❤❧❡♥

✶ ˜x ❇✐t✇❡✐s❡s ❑♦♠♣❧❡♠❡♥t ✭◆❖❚✮
❖♣❡r❛t♦r❡♥ ❛✉❢ ❣❛♥③❡♥ ❩❛❤❧❡♥ ✉♥❞ ❲❛❤r❤❡✐ts✇❡rt❡♥

✼ x & y ❇✐t✇❡✐s❡s ❯♥❞ ✭❆◆❉✮
✽ x ˆ y ❇✐t✇❡✐s❡s ❊♥t✇❡❞❡r✲❖❞❡r ✭❳❖❘✮
✾ x | y ❇✐t✇❡✐s❡s ❖❞❡r ✭❖❘✮

❖♣❡r❛t♦r❡♥ ❛✉❢ ❲❛❤r❤❡✐ts✇❡rt❡♥

✶ !x ◆❖❚
✶✵ x && y ❙❡q✉❡♥③✐❡❧❧❡s ❆◆❉
✶✶ x || y ❙❡q✉❡♥③✐❡❧❧❡s ❖❘

❖♣❡r❛t♦r❡♥ ❛✉❢ ❣❛♥③❡♥ ❩❛❤❧❡♥

✹ x << y ▲✐♥❦ss❤✐❢t
✹ x >> y ❘❡❝❤tss❤✐❢t ✭✈♦r③❡✐❝❤❡♥❦♦♥❢♦r♠✮
✹ x >>> y ❘❡❝❤tss❤✐❢t ✭♦❤♥❡ ❱♦r③❡✐❝❤❡♥✮
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❙tr✐♥❣s

❉❡r ❉❛t❡♥t②♣ String ❢ür ❲ört❡r ✐st ❦❡✐♥ ❇❛s✐st②♣✱ s♦♥❞❡r♥ ❡✐♥❡
❑❧❛ss❡

❍✐❡r ❜❡❤❛♥❞❡❧♥ ✇✐r ③✉♥ä❝❤st ♥✉r ❞r❡✐ ❊✐❣❡♥s❝❤❛❢t❡♥✿

• ❲❡rt❡ ✈♦♠ ❚②♣ String ❤❛❜❡♥ ❞✐❡ ❋♦r♠
"Hello World!";

• ▼❛♥ ❦❛♥♥ ❲ört❡r ✐♥ ❱❛r✐❛❜❧❡♥ ✈♦♠ ❚②♣ String ❛❜s♣❡✐❝❤❡r♥✳

• ▼❛♥ ❦❛♥♥ ❲ört❡r ♠✐t❤✐❧❢❡ ❞❡s ❖♣❡r❛t♦rs ✏+✑ ❦♦♥❦❛t❡♥✐❡r❡♥✳
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❇❡✐s♣✐❡❧

String s0 = "";

String s1 = "Hel";

String s2 = "lo Wo";

String s3 = "rld!";

System.out.println(s0 + s1 + s2 + s3);

✳✳✳ s❝❤r❡✐❜t Hello World! ❛✉❢ ❞✐❡ ❆✉s❣❛❜❡✳
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■♠♣❧✐③✐t❡ ❑♦♥✈❡rt✐❡r✉♥❣ ✐♥ ❙tr✐♥❣s

• ❏❡❞❡r ❲❡rt ✐♥ ❏❛✈❛ ❤❛t ❡✐♥❡ ❉❛rst❡❧❧✉♥❣ ❛❧s String✳

• ❲✐r❞ ❞❡r ❖♣❡r❛t♦r ✏+✑ ❛✉❢ ❡✐♥❡♥ ❲❡rt ✈♦♠ ❚②♣ String ✉♥❞
❡✐♥❡♥ ❛♥❞❡r❡♥ ❲❡rt ① ❛♥❣❡✇❡♥❞❡t✱ ✇✐r❞ ① ❛✉t♦♠❛t✐s❝❤ ✐♥
s❡✐♥❡ String✲❉❛rst❡❧❧✉♥❣ ❦♦♥✈❡rt✐❡rt ✳✳✳

==⇒ ✳✳✳ ❧✐❡❢❡rt ❡✐♥❢❛❝❤❡ ▼❡t❤♦❞❡✱ ✉♠ float ♦❞❡r double
❛✉s③✉❣❡❜❡♥ ✦✦✦

❇❡✐s♣✐❡❧✿

double x = -0.55e13;

System.out.println("Eine Gleitkomma-Zahl: "+x);

✳✳✳ s❝❤r❡✐❜t Eine Gleitkomma-Zahl: -0.55E13 ❛✉❢ ❞✐❡
❆✉s❣❛❜❡✳
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Ü❜❡rs✐❝❤t

❖❜❥❡❦t❜❛s✐❡rt❡s Pr♦❣r❛♠♠✐❡r❡♥

❇❛s✐st②♣❡♥ ✉♥❞ ✐❤r❡ ❖♣❡r❛t✐♦♥❡♥

❇❡✐s♣✐❡❧ ❙✉❝❤♠❛s❝❤✐♥❡

▼❡t❤♦❞❡♥

❆✉❢r✉❢❡♥ ✈♦♥ ▼❡t❤♦❞❡♥

❩✉s❛♠♠❡♥❢❛ss✉♥❣

❇❡✐s♣✐❡❧ ❙✉❝❤♠❛s❝❤✐♥❡

❑❧❛ss❡♥❞✐❛❣r❛♠♠❡
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❙✉❝❤♠❛s❝❤✐♥❡ Programmieren Lernen

Peter Pepper

deutsch

Sep 2007

Objekte identifizieren
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❙✉❝❤♠❛s❝❤✐♥❡✿ ❖❜❥❡❦t❡ ✐❞❡♥t✐✜③✐❡r❡♥

◮ ❲❡❧❝❤❡ ❖❜❥❡❦t❡ ❧✐❡❣❡♥ ✐♠ Pr♦❜❧❡♠❢❡❧❞❄

Feb 2006

May 2008

Joshua Bloch

Effective Java

englisch Thinking in Java

Bruce Eckel

englisch

Joshua Bloch

Effective Java

englisch

Programmieren Lernen

Peter Pepper

deutsch Sep 2007

Thinking in Java

Bruce Eckel

englisch

Programmieren Lernen

Peter Pepper

deutsch

Dokumente Autoren Daten Rezensionen
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❙✉❝❤♠❛s❝❤✐♥❡✿ ❆ss♦③✐❛t✐♦♥❡♥ ✐❞❡♥t✐✜③✐❡r❡♥

◮ ❲❡❧❝❤❡ ❱❡r❤ä❧t♥✐ss❡ ❣✐❜t ❡s ③✇✐s❝❤❡♥ ❞❡♥ ❖❜❥❡❦t❡♥❄

Thinking in Java

Bruce Eckel

englisch

Programmieren Lernen

Peter Pepper

deutsch

Sep 2007

Programmieren Lernen

Peter Pepper

deutsch
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❙✉❝❤♠❛s❝❤✐♥❡ Programmieren Lernen

Peter Pepper

deutsch

Sep 2007

Objekte identifizieren

Programmieren Lernen

Peter Pepper

deutsch

Document
title
author
language
releaseDate
...

Thinking in Java

Bruce Eckel

englisch

Klassenentwurf

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✻✽



❙✉❝❤♠❛s❝❤✐♥❡✿ ❑❧❛ss❡♥❡♥t✇✉r❢

◮ ❲❡❧❝❤❡ ❆ttr✐❜✉t❡ ❤❛❜❡♥ ❞✐❡ ❖❜❥❡❦t❡❄

Joshua Bloch

Effective Java

englisch

Programmieren Lernen

Peter Pepper

deutsch

Titel
Autor
Sprache
Veröffentlichung
...

Vorname
Nachname
Geburtsdatum
eMail
...

Thinking in Java

Bruce Eckel

englisch
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❙✉❝❤♠❛s❝❤✐♥❡✿ ❑❧❛ss❡♥❡♥t✇✉r❢

◮ ❊♥t✇❡r❢❡♥ ❞❡r ✐❞❡♥t✐✜③✐❡rt❡♥ ❑❧❛ss❡♥

Joshua Bloch

Effective Java

englisch

Programmieren Lernen

Peter Pepper

deutsch

Titel
Autor
Sprache
Veröffentlichung
...

Vorname
Nachname
Geburtsdatum
eMail
...

Document
title
author
language
releaseDate
...

Author
firstName
lastName
birthday
eMail
...

Thinking in Java

Bruce Eckel

englisch
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❙✉❝❤♠❛s❝❤✐♥❡✿ ❑❧❛ss❡♥❡♥t✇✉r❢

◮ ❲❡❧❝❤❡ ❆ttr✐❜✉t❡ ❤❛❜❡♥ ❞✐❡ ❖❜❥❡❦t❡❄

Sep 2007
May 2008

Feb 2006

Joshua Bloch

Effective Java

englisch
Dokument
Autor
Bewertung
...

Tag
Monat
Jahr

Programmieren Lernen

Peter Pepper

deutsch
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❙✉❝❤♠❛s❝❤✐♥❡✿ ❑❧❛ss❡♥❡♥t✇✉r❢

◮ ❊♥t✇❡r❢❡♥ ❞❡r ✐❞❡♥t✐✜③✐❡rt❡♥ ❑❧❛ss❡♥

Sep 2007
May 2008

Feb 2006

Joshua Bloch

Effective Java

englisch
Dokument
Autor
Bewertung
...

Date
day
month
year

Review
document
author
rating
...

Tag
Monat
Jahr

Programmieren Lernen

Peter Pepper

deutsch
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Ü❜❡rs✐❝❤t

❖❜❥❡❦t❜❛s✐❡rt❡s Pr♦❣r❛♠♠✐❡r❡♥

❇❛s✐st②♣❡♥ ✉♥❞ ✐❤r❡ ❖♣❡r❛t✐♦♥❡♥

❇❡✐s♣✐❡❧ ❙✉❝❤♠❛s❝❤✐♥❡

▼❡t❤♦❞❡♥

❆✉❢r✉❢❡♥ ✈♦♥ ▼❡t❤♦❞❡♥

❩✉s❛♠♠❡♥❢❛ss✉♥❣

❇❡✐s♣✐❡❧ ❙✉❝❤♠❛s❝❤✐♥❡

❑❧❛ss❡♥❞✐❛❣r❛♠♠❡
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❖♣❡r❛t✐♦♥❡♥ ✉♥❞ ❋✉♥❦t✐♦♥❡♥

❉✐✈❡rs❡ ❖♣❡r❛t✐♦♥❡♥ ❤❛❜❡♥ ✇✐r ❜❡r❡✐ts ✈❡r✇❡♥❞❡t✿

◮ ❩✉✇❡✐s✉♥❣ ✭❂✮ ✇✐❡ ✐♥
int r=3; ♦❞❡r ✐♥ Point p,r; ...; p=r;

◮ ❖♣❡r❛t✐♦♥❡♥ ❛✉❢ ❇❛s✐st②♣❡♥ ✇✐❡ ✐♥
r=3*7; ♦❞❡r ✐♥ r=p|2;

❆✉s ❞❡r ▼❛t❤❡♠❛t✐❦ ❦❡♥♥❡♥ ❙✐❡ ❛✉ÿ❡r❞❡♠ ❋✉♥❦t✐♦♥❡♥✱ ③✳❇✳

◮ ❞✉r❝❤s❝❤♥✐tt✭①✱②✮❂✭①✰②✮✴✷

◮ ❢❛❤r❡♥❤❡✐t✭❝✮❂❝✯✾✴✺✰✸✷

◮ ❢❛❝✭✵✮❂✶ ✉♥❞ ♥❃✵ ⇒ ❢❛❝✭♥✮❂♥✯❢❛❝✭♥✲✶✮

❉✐❡ ❖♣❡r❛t✐♦♥❡♥ ❛✉❢ ❇❛s✐st②♣❡♥ s✐♥❞ ❡❜❡♥❢❛❧❧s✖✐♥✜①
♥♦t✐❡rt❡✖❋✉♥❦t✐♦♥❡♥✿

◮ ✰✭❛✱❜✮❂❛ ✐♥❦r❡♠❡♥t✐❡rt ✉♠ ❜

◮ ❜✐t✇✐s❡♦r✭❛✱❜✮❂❛ ❜✐t✇❡✐s❡s ♦❞❡r ❜
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❋♦r♠❛❧✲ ✉♥❞ ❆❦t✉❛❧♣❛r❛♠❡t❡r

❖✛❡♥❜❛r ❣✐❜t ❡s ❡✐♥❡♥ ❯♥t❡rs❝❤✐❡❞ ③✇✐s❝❤❡♥ ❞❡r ❉❡✜♥✐t✐♦♥ ✉♥❞ ❞❡r
❱❡r✇❡♥❞✉♥❣ ❡✐♥❡r ❋✉♥❦t✐♦♥✿

◮ ■♥ ❞❡r ❉❡✜♥✐t✐♦♥ ❞✉r❝❤s❝❤♥✐tt✭①✱②✮❂✭①✰②✮✴✷ s✐♥❞ ① ✉♥❞ ②
P❛r❛♠❡t❡r✳
P❛r❛♠❡t❡r ✐♥ ❋✉♥❦t✐♦♥s❞❡✜♥✐t✐♦♥❡♥ ❤❡✐ÿ❡♥ ❋♦r♠❛❧♣❛r❛♠❡t❡r✳
✭❱❡r✇❡♥❞✉♥❣ ✐♠ ❉❡✜♥✐t✐♦♥sr✉♠♣❢ ❛❧s ❱❛r✐❛❜❧❡♥✦✮

◮ ■♥ ❞❡r ❱❡r✇❡♥❞✉♥❣ ❞✉r❝❤s❝❤♥✐tt✭✼✱✸✮ ♠✐t ❘ü❝❦❣❛❜❡✇❡rt ✺ s✐♥❞
❞✐❡ ❦♦♥❦r❡t❡♥ ❊✐♥❣❛❜❡✇❡rt❡ ✼ ✉♥❞ ✸ ❆❦t✉❛❧♣❛r❛♠❡t❡r✳
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▼❡t❤♦❞❡♥

▼❡t❤♦❞❡♥ r❡❛❧✐s✐❡r❡♥ ❞❛s ❞②♥❛♠✐s❝❤❡ ❱❡r❤❛❧t❡♥ ✈♦♥
❖❜❥❡❦t❡♥✖✉♥❞ ❞❡✜♥✐❡r❡♥ s♦ ❋✉♥❦t✐♦♥❡♥✿

int durchschnitt(int v1, int v2) {

return (v1+v2) / 2;

}

int fahrenheit(int celsius) {

return (celsius * 9) / 5 + 32;

}

double spannung(double widerstand, double strom) {

return widerstand*strom;

}
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▼❡t❤♦❞❡♥s✐❣♥❛t✉r

❊✐♥❡ ▼❡t❤♦❞❡♥s✐❣♥❛t✉r ✐st ❞✐❡ ❙❝❤♥✐ttst❡❧❧❡ ❡✐♥❡r ▼❡t❤♦❞❡

❙✐❡ ❜❡st❡❤t ❛✉s
◮ ❞❡♠ ◆❛♠❡♥ ❞❡r ▼❡t❤♦❞❡
◮ ❞❡r ❆♥③❛❤❧ ❞❡r ✭❋♦r♠❛❧✲✮P❛r❛♠❡t❡r
◮ ❞❡r ❘❡✐❤❡♥❢♦❧❣❡ ❞❡r ✭❋♦r♠❛❧✲✮P❛r❛♠❡t❡r
◮ ❞❡♠ ❘ü❝❦❣❛❜❡t②♣❡♥ ❞❡r ▼❡t❤♦❞❡

❇❡✐s♣✐❡❧❡✿

int fahrenheit(int celsius) {

✴✴ ♥ ✐ ❝❤ t ❚❡ ✐ ❧ ❞❡r ❙ ✐❣♥❛t✉r ✿
return (celsius * 9) / 5 + 32;

}

double fahrenheit(double celsius) {

✴✴ ♥ ✐ ❝❤ t ❚❡ ✐ ❧ ❞❡r ❙ ✐❣♥❛t✉r ✿
return (celsius * 9) / 5 + 32;

}
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▼❡t❤♦❞❡♥❛✉❢r✉❢

❇❡✐s♣✐❡❧✿ ❖❤♠s❝❤❡s ●❡s❡t③

double u(double r, double i) {

return r*i;

}

❆✉❢r✉❢✿ double r1 = 3.0;

double u1 = u(r1,2.0);

❙②♥t❛①✿ Methoden-Name(Aktualparameter)

❊r❣❡❜♥✐s✿ ❊✐♥ ❊❧❡♠❡♥t ♠✐t ❞❡♠ ✐♥ ❞❡r ▼❡t❤♦❞❡♥s✐❣♥❛t✉r
❛♥❣❡❣❡❜❡♥❡♥ ❚②♣✳

=⇒ ❲❡❧❝❤❡♥ ❲❡rt ❤❛t u1❄
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❇❡✐s♣✐❡❧

▼❛t❤❡♠❛t✐s❝❤❡ ◆♦t❛t✐♦♥✿

◮ ✈♦❧✉♠❡♥(r , ❤) = r✷ · π · ❤

❏❛✈❛✲❉❡❦❧❛r❛t✐♦♥✿

◮ double kreisFlaeche(double radius) {

return radius * radius * 3.1416;

}

◮ double zylinderVolumen(double hoehe, double radius) {

return hoehe * kreisFlaeche(radius);

}

◮ ✒kreisFlaeche(2.0)✏ ❧✐❡❢❡rt ❞❡♥ ❲❡rt 12.5664
◮ ✒zylinderVolumen(1.5, 2.0)✏

◮ ✇❡rt❡t ❞❡♥ ❆✉s❞r✉❝❦ ✒1.5 * kreisFlaeche(2.0)✏ ❛✉s
✉♥❞ ❧✐❡❢❡rt ❞❛❤❡r ❞❡♥ ❲❡rt 18.8496
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◆♦❝❤♠❛❧s ❑♦♥str✉❦t♦r❡♥

◮ ❑♦♥str✉❦t♦r❡♥ s✐♥❞ s♣❡③✐❡❧❧❡ ▼❡t❤♦❞❡♥✱ ❞✐❡ ♥❛❝❤
❙♣❡✐❝❤❡rr❡s❡r✈✐❡r✉♥❣ ♠✐t new ❆ttr✐❜✉t❡ ✐♥✐t✐❛❧✐s✐❡r❡♥✳

◮ ❑♦♥str✉❦t♦r❡♥ ❤❛❜❡♥ ❦❡✐♥❡♥ ❘ü❝❦❣❛❜❡t②♣❡♥ ✭❛❜❡r s✐❡ ❣❡❜❡♥
♥✐❝❤ts ③✉rü❝❦✱ ❦♦♥③❡♣t✐♦♥❡❧❧ ✐st ❞❡r ❚②♣ ❛❧s♦ void✱ ❦♦♠♠t
❣❧❡✐❝❤✮✳

◮ ❉✐❡ ❋♦r♠❛❧♣❛r❛♠❡t❡r ❦ö♥♥❡♥ ❢ür ❞✐❡ ■♥✐t✐❛❧✐s✐❡r✉♥❣ ✈❡r✇❡♥❞❡t
✇❡r❞❡♥✳

❇❡✐s♣✐❡❧✿

class Rational{

double zaehler, nenner;

Rational(double z,double n) {

zaehler = z;

nenner = n;

}

}
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❉❡r ❘ü❝❦❣❛❜❡t②♣ ✈♦✐❞

❉❡r ❘ü❝❦❣❛❜❡t②♣ void ✇✐r❞ ✈❡r✇❡♥❞❡t✱ ✇❡♥♥ ❡✐♥❡ ▼❡t❤♦❞❡ ❦❡✐♥❡♥
❲❡rt ③✉rü❝❦❧✐❡❢❡r♥ s♦❧❧✳ ❉✐❡ ▼❡t❤♦❞❡ ❤❡✐ÿt ❞❛♥♥ Pr♦③❡❞✉r✳

❇❡✐s♣✐❡❧✿

void alarm(String message) {

write("GEFAHR: " + message);

}

◮ ❦❡✐♥ return ♥öt✐❣

◮ ③✉st❛♥❞sä♥❞❡r♥❞❡ ▼❡t❤♦❞❡

◮ ❉❡❦❧❛r❛t✐♦♥✿
void Name ( Formalparameterliste ) { Rumpf }

◮ ❱❡r✇❡♥❞✉♥❣✿
Name ( Aktualparameterliste ) ;
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❇❡③✉❣s♦❜❥❡❦t

◆♦r♠❛❧❡r✇❡✐s❡ ✐st ❞✐❡ ▼❡t❤♦❞❡ ❛❜❤ä♥❣✐❣ ✈♦♠ ❩✉st❛♥❞ ❞❡s
❛❦t✉❡❧❧❡♥ ❖❜❥❡❦ts
=⇒ ❇❡✐♠ ❆✉❢r✉❢ ♠✉ss ❞❛s ❇❡③✉❣s♦❜❥❡❦t ❛♥❣❡❣❡❜❡♥ s❡✐♥✳
❉❛s ❜❡❞❡✉t❡t✱ ❞❛ss ♠❛♥ ✐♥♥❡r❤❛❧❜ ❡✐♥❡r ▼❡t❤♦❞❡ ❞✐❡s❡s
❇❡③✉❣s♦❜❥❡❦t ✭✒s✐❝❤ s❡❧❜st✑✮ ❛❞r❡ss✐❡r❡♥ ❦ö♥♥❡♥ ♠✉ss✦

❉❛③✉ ❣✐❜t ❡s ❞❛s ❙❝❤❧üss❡❧✇♦rt this✳
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❇❡✐s♣✐❡❧ t❤✐s ✕ ✐♠ ❑♦♥str✉❦t♦r

class Point {

double x, y;

Point(double x, double y) {

this.x = x;

this.y = y;

}

}
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◆✉t③✉♥❣ ❞❡s ❖❜❥❡❦t③✉st❛♥❞s ✐♥ ▼❡t❤♦❞❡♥

❇❡✐s♣✐❡❧✿ ❉❡✜♥✐❡r❡ ▼❡t❤♦❞❡ shift ✐♥ ❞❡r ❑❧❛ss❡ Point

class Point {

double x, y;

void shift(double dx, double dy) {

this.x = this.x + dx;

this.y = this.y + dy;

}

}

❆✉❢r✉❢✿ Point p = new Point(3.0, 4.0);

p.shift(2.0, 4.0);

❆✉❢r✉❢✲❙②♥t❛①✿
Bezugsobjekt.Methoden-Name(Parameter);

■st ❦❡✐♥ ❇❡③✉❣s♦❜❥❡❦t ❛♥❣❡❣❡❜❡♥ =⇒ ✐♠♠❡r ✐♠♣❧✐③✐t this✳
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❊✛❡❦t ✈♦♥ s❤✐❢t

Point p = new Point(3.0, 4.0);

...

x 0.3e1

y 0.4e1

Point p

✭❛✮ ❱♦r p.shift(2.0, 4.0)

✭❜✮ ◆❛❝❤

◮ p ✇✐r❞ ❜❡✐♠ ❆✉❢r✉❢ ✈♦♥ shift ❛♥ this ③✉❣❡✇✐❡s❡♥
=⇒ this ❡r♠ö❣❧✐❝❤t ❆✉❢r✉❢ ❞❡rs❡❧❜❡♥ ▼❡t❤♦❞❡ ❛✉❢ ✈❡r✲

s❝❤✐❡❞❡♥❡♥ ❖❜❥❡❦t❡♥ ✭❆❜str❛❦t✐♦♥s♣r✐♥③✐♣✮
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❊✛❡❦t ✈♦♥ s❤✐❢t

Point p = new Point(3.0, 4.0);

p.shift(2.0, 4.0);

...

x 0.3e1

y 0.4e1

Point p

✭❛✮ ❱♦r p.shift(2.0, 4.0)

...

x 0.5e1

y 0.8e1

Point p

✭❜✮ ◆❛❝❤ p.shift(2.0, 4.0)

◮ p ✇✐r❞ ❜❡✐♠ ❆✉❢r✉❢ ✈♦♥ shift ❛♥ this ③✉❣❡✇✐❡s❡♥
=⇒ this ❡r♠ö❣❧✐❝❤t ❆✉❢r✉❢ ❞❡rs❡❧❜❡♥ ▼❡t❤♦❞❡ ❛✉❢ ✈❡r✲

s❝❤✐❡❞❡♥❡♥ ❖❜❥❡❦t❡♥ ✭❆❜str❛❦t✐♦♥s♣r✐♥③✐♣✮
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❙❡❧❜st✲❘❡❢❡r❡♥③❡♥ ✐♥ ❑♦♥str✉❦t♦r❡♥✿ ❩②❦❧✐③✐tät

class Cyclic {

int info;

Cyclic ref;

✴✴ ❑♦♥str✉❦t♦r
public Cyclic() {

info = 17;

ref = this;

}

...

} ✴✴ ❡♥❞ ♦ ❢ ❝ ❧ ❛ s s ❈②❝ ❧ ✐ ❝

■♥♥❡r❤❛❧❜ ❡✐♥❡s ▼❡♠❜❡rs ❦❛♥♥ ♠❛♥ ♠✐t❤✐❧❢❡ ✈♦♥ ❛✉❢ ❞❛s
❛❦t✉❡❧❧❡ ❖❜❥❡❦t s❡❧❜st ③✉❣r❡✐❢❡♥✳
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❙❡❧❜st✲❘❡❢❡r❡♥③❡♥ ✐♥ ❑♦♥str✉❦t♦r❡♥✿ ❩②❦❧✐③✐tät

class Cyclic {

int info;

Cyclic ref;

✴✴ ❑♦♥str✉❦t♦r
public Cyclic() {

info = 17;

ref = this;

}

...

} ✴✴ ❡♥❞ ♦ ❢ ❝ ❧ ❛ s s ❈②❝ ❧ ✐ ❝

■♥♥❡r❤❛❧❜ ❡✐♥❡s ▼❡♠❜❡rs ❦❛♥♥ ♠❛♥ ♠✐t❤✐❧❢❡ ✈♦♥ this ❛✉❢ ❞❛s
❛❦t✉❡❧❧❡ ❖❜❥❡❦t s❡❧❜st ③✉❣r❡✐❢❡♥✳
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❙❡❧❜st✲❘❡❢❡r❡♥③❡♥✿ ❩②❦❧✐③✐tät

❋ür Cyclic a = new Cyclic(); ❡r❣✐❜t ❞❛s✿

a
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❙❡❧❜st✲❘❡❢❡r❡♥③❡♥✿ ❩②❦❧✐③✐tät

❋ür Cyclic a = new Cyclic(); ❡r❣✐❜t ❞❛s✿

a
info

ref
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❙❡❧❜st✲❘❡❢❡r❡♥③❡♥✿ ❩②❦❧✐③✐tät

❋ür Cyclic a = new Cyclic(); ❡r❣✐❜t ❞❛s✿

ref

17
a

info
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❙❡❧❜st✲❘❡❢❡r❡♥③❡♥✿ ❩②❦❧✐③✐tät

❋ür Cyclic a = new Cyclic(); ❡r❣✐❜t ❞❛s✿

17info

ref
a

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✾✵



❇❡③✉❣s❦❧❛ss❡ ✕ st❛t✐s❝❤❡ ▼❡t❤♦❞❡♥

❊✐♥❡ st❛t✐s❝❤❡ ▼❡t❤♦❞❡ ✐st ✉♥❛❜❤ä♥❣✐❣ ✈♦♠ ❩✉st❛♥❞ ❦♦♥❦r❡t❡r
❖❜❥❡❦t❡✳

❇❡✐s♣✐❡❧✿ class Weather {

static int fahrenheit(int celsius) {

return (celsius * 9) / 5 + 32;

}

}

... Weather.fahrenheit(15); ...

❙②♥t❛①✿ static Rückgabetyp

Methoden-Name(Parameter) {

// Methodenrumpf

}

❆✉❢r✉❢✲❙②♥t❛①✿
Klassen-Name.Methoden-Name(Parameter);
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❉✐❡ ♠❛✐♥✲▼❡t❤♦❞❡

❊✐♥❡ st❛t✐s❝❤❡ ▼❡t❤♦❞❡ ✐st ❜❡s♦♥❞❡rs✿ ❉✐❡ main()✲▼❡t❤♦❞❡✳

class K {

public static void main(String[] argv) {

...

}

}

main(p1,...,pn) ✐♥ ❑❧❛ss❡ K ✇✐r❞ ❛✉❢❣❡r✉❢❡♥✱ ✇❡♥♥ ❙✐❡ ♥❛❝❤
❈♦♠♣✐❧✐❡r❡♥ ✈♦♥ K java K ❛✉s❢ü❤r❡♥✳ ❉✐❡ ❆r❣✉♠❡♥t❡
p1,...,pn ✇❡r❞❡♥ ✐♥ ❡✐♥❡♠ s♦❣❡♥❛♥♥t❡♥ ❋❡❧❞ ♥❛♠❡♥s argv
❛❜❣❡❧❡❣t✳ ❋❡❧❞❡r ❜❡❤❛♥❞❡❧♥ ✇✐r s♣ät❡r✦
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Ü❜❡rs✐❝❤t

❖❜❥❡❦t❜❛s✐❡rt❡s Pr♦❣r❛♠♠✐❡r❡♥

❇❛s✐st②♣❡♥ ✉♥❞ ✐❤r❡ ❖♣❡r❛t✐♦♥❡♥

❇❡✐s♣✐❡❧ ❙✉❝❤♠❛s❝❤✐♥❡

▼❡t❤♦❞❡♥

❆✉❢r✉❢❡♥ ✈♦♥ ▼❡t❤♦❞❡♥

❩✉s❛♠♠❡♥❢❛ss✉♥❣

❇❡✐s♣✐❡❧ ❙✉❝❤♠❛s❝❤✐♥❡

❑❧❛ss❡♥❞✐❛❣r❛♠♠❡
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❆✉❢r✉❢❡♥ ✈♦♥ ▼❡t❤♦❞❡♥

♠✐t ❇❡③✉❣s❦❧❛ss❡✿
❇❡✐s♣✐❡❧✿ Weather.fahrenheit(15);

◮ ◆✉r st❛t✐s❝❤❡ ▼❡t❤♦❞❡♥ ✭❙❝❤❧üss❡❧✇♦rt static✮
◮ ❉✐❡s❡ s✐♥❞ ✉♥❛❜❤ä♥❣✐❣ ✈♦♠ ❩✉st❛♥❞ ❦♦♥❦r❡t❡r ❖❜❥❡❦t❡

♠✐t ❇❡③✉❣s♦❜❥❡❦t✿
❇❡✐s♣✐❡❧✿ p.shift(2.0, 4.0);

◮ ❖❤♥❡ ❡①♣❧✐③✐t❡♥ ❇❡③✉❣ ✇✐r❞ ✐♠♠❡r this ❛❧s ❇❡③✉❣s♦❜❥❡❦t
❛♥❣❡♥♦♠♠❡♥
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❩✉r ❊r✐♥♥❡r✉♥❣✿ ❑❧❛ss❡ P♦✐♥t

❱❡rs❝❤✐❡❜❡♥ ✈♦♥ P✉♥❦t❡♥✿

void shift(double dx, double dy) {

this.x = this.x + dx;

this.y = this.y + dy;

}

❆❦t✉❡❧❧❡ ❑♦♦r❞✐♥❛t❡♥✿

double getX() { double getY() {

return this.x; return this.y;

} }
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▲✐♥✐❡♥ ✈❡rs❝❤✐❡❜❡♥

❇❡✐s♣✐❡❧✿ ▲✐♥✐❡♥ ✐♠ R✷

❑♦♥③❡♣t✿

p2

p1

y2

x2

y1

x1

❏❛✈❛✲❈♦❞❡✿

class Line {

✴✴ ❆ttr ✐❜✉t❡ ✿ ❊♥❞♣✉♥❦t❡
Point p1;

Point p2;

✴✴ ▼❡t❤♦❞❡♥
Line(Point p1, Point p2) {

this.p1 = p1;

this.p2 = p2;

}

void shift(double dx, double dy) {

this.p1.shift(dx, dy);

this.p2.shift(dx, dy);

}

}
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❊✛❡❦t ✈♦♥ shift ✐♠ ❙♣❡✐❝❤❡r

❱❡rs❝❤✐❡❜❡♥ ❡✐♥❡r ▲✐♥✐❡

p1

p2

y : 4.0

x : 7.0

y : 2.0

x : 1.0

p2: 0x818BF00C

p1: 0x818BCD48

l : 0x818BCCD0

0x818BF01C

0x818BF018

0x818BF014

0x818BF010

0x818BF00C

0x818BCD58

0x818BCD54

0x818BCD50

0x818BCD4C

0x818BCD48

0x818BCCD8

0x818BCCD4

0x818BCCD0

0x818BCCCC

Line l = new Line(new Point(1.0, 2.0),

new Point(7.0, 4.0));
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❊✛❡❦t ✈♦♥ shift ✐♠ ❙♣❡✐❝❤❡r

❱❡rs❝❤✐❡❜❡♥ ❡✐♥❡r ▲✐♥✐❡

p1

p2

y : 4.0

x : 7.0

y : 2.0

x : 1.0

p2: 0x818BF00C

p1: 0x818BCD48

l : 0x818BCCD0

0x818BF01C

0x818BF018

0x818BF014

0x818BF010

0x818BF00C

0x818BCD58

0x818BCD54

0x818BCD50

0x818BCD4C

0x818BCD48

0x818BCCD8

0x818BCCD4

0x818BCCD0

0x818BCCCC

Line l = new Line(new Point(1.0, 2.0),

new Point(7.0, 4.0));

l.shift(5.0, 8.0);

this = l, dx = 5.0, dy = 8.0

this.p1.shift(dx, dy);

this.p2.shift(dx, dy);
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❊✛❡❦t ✈♦♥ shift ✐♠ ❙♣❡✐❝❤❡r

❱❡rs❝❤✐❡❜❡♥ ❡✐♥❡r ▲✐♥✐❡

p1

p2

y : 4.0

x : 7.0

y : 10.0

x : 6.0

p2: 0x818BF00C

p1: 0x818BCD48

l : 0x818BCCD0

0x818BF01C

0x818BF018

0x818BF014

0x818BF010

0x818BF00C

0x818BCD58

0x818BCD54

0x818BCD50

0x818BCD4C

0x818BCD48

0x818BCCD8

0x818BCCD4

0x818BCCD0

0x818BCCCC

Line l = new Line(new Point(1.0, 2.0),

new Point(7.0, 4.0));

l.shift(5.0, 8.0);

this = l, dx = 5.0, dy = 8.0

this.p1.shift(dx, dy);

this.p2.shift(dx, dy);
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❊✛❡❦t ✈♦♥ shift ✐♠ ❙♣❡✐❝❤❡r

❱❡rs❝❤✐❡❜❡♥ ❡✐♥❡r ▲✐♥✐❡

p1

p2

y : 12.0

x : 12.0

y : 10.0

x : 6.0

p2: 0x818BF00C

p1: 0x818BCD48

l : 0x818BCCD0

0x818BF01C

0x818BF018

0x818BF014

0x818BF010

0x818BF00C

0x818BCD58

0x818BCD54

0x818BCD50

0x818BCD4C

0x818BCD48

0x818BCCD8

0x818BCCD4

0x818BCCD0

0x818BCCCC

Line l = new Line(new Point(1.0, 2.0),

new Point(7.0, 4.0));

l.shift(5.0, 8.0);

this = l, dx = 5.0, dy = 8.0

this.p1.shift(dx, dy);

this.p2.shift(dx, dy);
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❲❛s ♣❛ss✐❡rt ❜❡✐♠ ❆✉❢r✉❢ ❡✐♥❡r ▼❡t❤♦❞❡❄

Point p

= new Point(3.0, 4.0);

p.shift(-1.0, 26.0);

✴✴ ✐♥ ❞❡r ❑❧❛ss❡ P♦✐♥t ✿
void shift(double dx, double dy) {

this.x = this.x + dx;

this.y = this.y + dy;

}

✶ ❉❛s ❇❡③✉❣s♦❜❥❡❦t ✉♥❞ ❞❡ss❡♥ ❚②♣ ✇✐r❞ ❡r♠✐tt❡❧t✿
❇❡③✉❣s♦❜❥❡❦t ✐st p ✉♥❞ ✈♦♠ ❚②♣ Point

✷ ❉✐❡ ❛✉❢③✉r✉❢❡♥❞❡ ▼❡t❤♦❞❡ ❛✉s ❞❡r ✐♥ ✶ ❡r♠✐tt❡❧t❡♥ ❑❧❛ss❡ ✇✐r❞
❜❡st✐♠♠t✿

❱❡r✇❡♥❞❡ ▼❡t❤♦❞❡ shift ❛✉s ❞❡r ❑❧❛ss❡ Point
✸ ❉✐❡ ❘❡❢❡r❡♥③ ❞❡s ❡r♠✐tt❡❧t❡♥ ❖❜❥❡❦ts ✇✐r❞ ❛♥ ❞❡♥
this✲P♦✐♥t❡r ❞❡r ❛✉❢❣❡r✉❢❡♥❡♥ ▼❡t❤♦❞❡ ③✉❣❡✇✐❡s❡♥✿

this = p

✹ ❉✐❡ ❛❦t✉❡❧❧❡♥ P❛r❛♠❡t❡r ✇❡r❞❡♥ ❞❡♥ ❢♦r♠❛❧❡♥ P❛r❛♠❡t❡r♥ ❞❡r
▼❡t❤♦❞❡ ③✉❣❡✇✐❡s❡♥✿

dx = -1.0 ✉♥❞ dy = 26.0

✺ ❉❡r ❘✉♠♣❢ ❞❡r ▼❡t❤♦❞❡ ✇✐r❞ ❛❜❣❡❛r❜❡✐t❡t
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❘❡❢❡r❡♥③❡♥ ✉♥❞ ▼❡t❤♦❞❡♥❛✉❢r✉❢❡

■♥ ❏❛✈❛ ✇✐r❞ ❜❡✐ ❞❡r P❛r❛♠❡t❡rü❜❡r❣❛❜❡ ❜❡✐ ▼❡t❤♦❞❡♥❛✉❢r✉❢❡♥
❛✉ss❝❤❧✐❡ÿ❧✐❝❤ ❈❛❧❧✲❜②✲✈❛❧✉❡ ✈❡r✇❡♥❞❡t

❉❡✜♥✐t✐♦♥ ❈❛❧❧✲❜②✲✈❛❧✉❡

❇❡✐♠ ❆✉❢r✉❢ ✈♦♥ ▼❡t❤♦❞❡♥ ✇❡r❞❡♥ ❛❧❧❡ P❛r❛♠❡t❡r ③✉❡rst ❦♦♠♣❧❡tt
❛✉s❣❡✇❡rt❡t ✉♥❞ ❞❛♥♥ ❞✐❡ ❲❡rt❡ ❛❧s ❑♦♣✐❡ ❛♥ ❞✐❡ ❛✉❢❣❡r✉❢❡♥❡
▼❡t❤♦❞❡ ü❜❡r❣❡❜❡♥✳

❇❡❛❝❤t❡✿ ❲❡rt❡ ✈♦♥ ♥✐❝❤t✲♣r✐♠✐t✐✈❡♥ ❚②♣❡♥ s✐♥❞ ❘❡❢❡r❡♥③❡♥✦

=⇒ ❊s ✇✐r❞ ❡✐♥❡ ❑♦♣✐❡ ❞❡r ❘❡❢❡r❡♥③ ü❜❡r❣❡❜❡♥✳ ❉❛♠✐t ❧ässt s✐❝❤
♥♦❝❤ ✐♠♠❡r ❞❡r ❩✉st❛♥❞ ❞❡s r❡❢❡r❡♥③✐❡rt❡♥ ❖❜❥❡❦ts ✈❡rä♥❞❡r♥

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✾✾



❘❡❢❡r❡♥③❡♥ ✉♥❞ ▼❡t❤♦❞❡♥❛✉❢r✉❢❡ ✕ ❇❡✐s♣✐❡❧

◮ ❇❡tr❛❝❤t❡ ❞❛s Pr♦❣r❛♠♠✿

public static void s_shift(Point q, double dx, double dy) {

q.shift(dx,dy);

q = new Point(); ✴✴ s❝❤ ❧❡❝❤t ✉♥❞ ✉♥♥♦❡t✐❣
dx = 0; ✴✴ s❝❤ ❧❡❝❤t ✉♥❞ ✉♥♥♦❡t✐❣

}

static void main(String[] args) {

Point p = new Point(1.0, 7.0);

double dx = 2.0;

s_shift(p, dx, 0.0);

System.out.println("p.x = " + p.x);

System.out.println("p.y = " + p.y);

System.out.println("dx = " + dx);

}

◮ ❆✉s❣❛❜❡✿

p.x = 3.0

p.y = 7.0

dx = 2.0
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❘❡❢❡r❡♥③❡♥ ✉♥❞ ▼❡t❤♦❞❡♥❛✉❢r✉❢❡ ✕ ❇❡✐s♣✐❡❧ ✷

q.x und q.y in s_shift via shift in Point

(arg. s_shift) dx

(arg. s_shift) q

(main) p

(main) dx

(main) p.y

(main) p.x

2.0

7.0

1.0

(main) p

(main) dx

7.0

1.0

2.0

2.0

0.0

(main) p

(main) dx

7.0

2.0

2.0

0.0

3.0

(main) p

7.0

2.0

0.0

3.0(main) p.x

(main) p.y

0.0

0.0

0.0

0x... 0x...

0x...

0x...

0x... 0x...

0x...

...

...

... ... ...

... ......

vor Aufruf von s_shift

vor erster Zeile von s_shift

nach Aufruf von s_shift

(arg. s_shift) dy

(arg. s_shift) dx

(arg. s_shift) q

vor Verlassen von s_shiftnach Zuweisung von 

(arg. s_shift) q.x = (main) p.x

(arg. s_shift) q.y = (main) p.y

(arg.s_ shift) q.x = (main) p.x

(arg.s_ shift) q.y = (main) p.y

(main) dx

(arg.s_ shift) q.x

(arg.s_ shift) q.y

(arg.s_ shift) dx

(arg.s_ shift) q

(arg.s_ shift) dy(arg. s_shift) dy

public static void s_shift(Point q, double dx, double dy) {

q.shift(dx,dy);

q = new Point(); ✴✴ s❝❤❧❡❝❤t ✉♥❞ ✉♥♥♦❡t✐❣
dx = 0; ✴✴ s❝❤❧❡❝❤t ✉♥❞ ✉♥♥♦❡t✐❣

}

public static void main(String[] args) {

✴✴ P❛r❛♠❡t❡r ❛r❣s ✇✐r❞ ♥✐❝❤t ✐♥ ❞❡r ●r❛❢✐❦ ❣❡③❡✐❣t ✦
Point p = new Point(1.0, 7.0);

double dx = 2.0; ✴✴ ❧♦❦❛❧❡ ❱❛r✐❛❜❧❡✱ ❦♦♠♠t ❣❧❡✐❝❤
s_shift(p, dx, 0.0);

}
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❯♥❞ ❡✐♥ ✈✐❡rt❡s ▼❛❧✿ ●❧❡✐❝❤❤❡✐t ✈♦♥ ❖❜❥❡❦t❡♥

■♥ ❏❛✈❛ ❣✐❜t ❡s ③✇❡✐ ▼ö❣❧✐❝❤❦❡✐t❡♥ ❛✉❢ ●❧❡✐❝❤❤❡✐t ③✉ ♣rü❢❡♥✿

✶✳ ❉❡r ✒==✏✲❖♣❡r❛t♦r ♣rü❢t ❛✉❢ ❲❡rt✲●❧❡✐❝❤❤❡✐t
◮ ❇❡✐ ❖❜❥❡❦t❡♥ ❤❡✐ÿt ❞❛s✱ ●❧❡✐❝❤❤❡✐t ❞❡r ❘❡❢❡r❡♥③ ✭❛❧s♦ ♦❜

❛✉❢ ❞❛ss❡❧❜❡ ❖❜❥❡❦t ✈❡r✇✐❡s❡♥ ✇✐r❞✮

✷✳ ❉✐❡ ▼❡t❤♦❞❡ equals ♣rü❢t ❛✉❢ ✭✐♥❤❛❧t❧✐❝❤❡✮ ❖❜❥❡❦t✲●❧❡✐❝❤❤❡✐t
◮ equals s♦❧❧t❡ ❢ür ❡✐❣❡♥❡ ❑❧❛ss❡♥ ü❜❡rs❝❤r✐❡❜❡♥ ✇❡r❞❡♥

❇❡✐s♣✐❡❧✿

public class Rational {

int zaehler, nenner;

...

public boolean equals(Rational r) {

return (zaehler * r.nenner == r.zaehler * nenner);

}

}
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▲♦❦❛❧❡ ❱❛r✐❛❜❧❡♥ ✭■✮

▲♦❦❛❧❡ ❱❛r✐❛❜❧❡♥

◮ ❉✐❡♥❡♥ ❛❧s ❍✐❧❢ss♣❡✐❝❤❡r ❢ür ❩✇✐s❝❤❡♥❡r❣❡❜♥✐ss❡ ✐♥ ▼❡t❤♦❞❡♥

◮ ❲❡r❞❡♥ ❛✉❢ ❞❡♠ s♦❣❡♥❛♥♥t❡♥ ✒▲❛✉❢③❡✐t✲❙t❛❝❦✏ ❣❡s♣❡✐❝❤❡rt

◮ ❊①✐st✐❡r❡♥ ♥✉r s♦❧❛♥❣❡✱ ✇✐❡ ❞✐❡ ▼❡t❤♦❞❡ ❛❜❣❡❛r❜❡✐t❡t ✇✐r❞

❇❡✐s♣✐❡❧✿ ✭❇❡r❡❝❤♥✉♥❣ ❞❡r ❑r❡✐s✢ä❝❤❡✮

◮ double kreisFlaeche(double radius) {

double radiusQuadrat = radius * radius;

return radiusQuadrat * 3.1416;

}
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▲♦❦❛❧❡ ❱❛r✐❛❜❧❡♥ ✭■■✮

P❛r❛♠❡t❡r s✐♥❞ ✐♥ ❏❛✈❛ ❧♦❦❛❧❡ ❱❛r✐❛❜❧❡♥✱ ❞✐❡ ❜❡✐♠
▼❡t❤♦❞❡♥✲❆✉❢r✉❢ ✐♥✐t✐❛❧✐s✐❡rt ✇❡r❞❡♥ ✭❝❛❧❧✲❜②✲✈❛❧✉❡✮✳

❇❡✐s♣✐❡❧✿

◮ int foo(int a) {

int x = a + 1;

a = x * x; ✴✴ ❙❝❤❧❡❝❤t❡r Pr♦❣r❛♠♠✐❡rst✐❧
return a + x;

}

int a (Parameter)

int x

x = a + 1;

a = x * x;

return a + x;

foo(a)

❆❝❤t✉♥❣✿ ❊✐♥❢❛❝❤❡ ❆r❣✉♠❡♥tt②♣❡♥ ✭int✱ float✱ ✳✳✳✮ ✇❡r❞❡♥
❛♥❞❡rs ❜❡❤❛♥❞❡❧t ❛❧s ❦♦♠♣❧❡①❡ ❚②♣❡♥ ✭Buch✱ Author✱ ✳✳✳✮✳
❇❡❤❛♥❞❡❧♥ ✇✐r s♣ät❡r✳
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▲♦❦❛❧❡ ❱❛r✐❛❜❧❡♥ ✭■■■✮

❯♥t❡rs❝❤✐❡❞ ③✉ ❆ttr✐❜✉t❡♥

▲♦❦❛❧❡ ❱❛r✐❛❜❧❡ ❆ttr✐❜✉t

❉❡❦❧❛r❛t✐♦♥ ✐♥♥❡r❤❛❧❜ ✈♦♥ ▼❡t❤♦❞❡♥ ❛✉ÿ❡r❤❛❧❜ ✈♦♥ ▼❡t❤♦❞❡♥

▲❡❜❡♥s❞❛✉❡r ▼❡t❤♦❞❡♥✲❆✉❢r✉❢
▲❡❜❡♥s❞❛✉❡r ❞❡s ③✉❣❡❤ör✐✲
❣❡♥ ❖❜❥❡❦t❡s

❩✉❣ä♥❣❧✐❝❤
♥✉r ✐♥♥❡r❤❛❧❜ ❡✐♥❡r ▼❡✲
t❤♦❞❡

❢ür ❛❧❧❡ ▼❡t❤♦❞❡♥ ❞❡r ❑❧❛ss❡

❩✇❡❝❦
❩✇✐s❝❤❡♥s♣❡✐❝❤❡r ❢ür
❲❡rt❡

❩✉st❛♥❞ ❞❡s ❖❜❥❡❦t❡s
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Ü❜❡r❧❛❞❡♥ ✈♦♥ ▼❡t❤♦❞❡♥ ✭■✮

❊s ❦❛♥♥ ✈❡rs❝❤✐❡❞❡♥❡ ▼❡t❤♦❞❡♥ ♠✐t ❞❡♠s❡❧❜❡♥ ◆❛♠❡♥ ❣❡❜❡♥✱
✇❡♥♥ s✐❝❤ ❞✐❡s❡ ✐♥ ❞❡♥ ❚②♣❡♥ ✉♥❞✴♦❞❡r ❞❡r ❆♥③❛❤❧ ✐❤r❡r P❛r❛♠❡t❡r

✉♥t❡rs❝❤❡✐❞❡♥✳

❇❡✐s♣✐❡❧ ❢ür ❑❧❛ss❡ Point✿

◮ void rotate(double angle) {

double phi = Math.toRadians(angle);

double xOld = this.x;

double yOld = this.y;

this.x = xOld * Math.cos(phi) - yOld * Math.sin(phi);

this.y = xOld * Math.sin(phi) + yOld * Math.cos(phi);

}

◮ void rotate(Point center, double angle) {

double xOfCenter = center.x;

double yOfCenter = center.y;

this.shift(-xOfCenter, -yOfCenter);

this.rotate(angle);

this.shift(xOfCenter, yOfCenter);

}
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Ü❜❡r❧❛❞❡♥ ✈♦♥ ▼❡t❤♦❞❡♥ ✭■■✮

❇❡✐s♣✐❡❧ ❢ür ❑❧❛ss❡ Line✿

◮ void rotate(double angle) {

this.p1.rotate(angle);

this.p1.rotate(angle);

}

◮ void rotate(Point center, double angle) {

this.p1.rotate(center, angle);

this.p2.rotate(center, angle);

}

◮ ✳✳✳ ✉♥❞ ✇✐r ❤❛❜❡♥ s❝❤♦♥ ❣❡s❡❤❡♥✱ ✇✐❡ ❑♦♥str✉❦t♦r❡♥ ü❜❡r❧❛❞❡♥
✇❡r❞❡♥

◮ ✭❆❝❤t✉♥❣✿ ❉❡❢❛✉❧t✲❑♦♥str✉❦t♦r❡♥ ❡①✐st✐❡r❡♥ ♥✉r✱ ✇❡♥♥ ❦❡✐♥
❑♦♥str✉❦t♦r ❡①♣❧✐③✐t ❞❡✜♥✐❡rt ✇✐r❞✦✮

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✶✵✼



Pr✐✈❛t❡ ❍✐❧❢s♠❡t❤♦❞❡♥

❇❡✐s♣✐❡❧✿ ❇❡r❡❝❤♥❡ ❞✐❡ ▲ä♥❣❡ ❡✐♥❡r ▲✐♥✐❡ ✭❑❧❛ss❡ Line✮

◮ ▼❛t❤❡♠❛t✐s❝❤❡ ▲ös✉♥❣✿
√

(p2.x− p1.x)✷ + (p2.y− p1.y)✷

◮ ▼❡t❤♦❞❡ ✐♥ ❏❛✈❛✿

double length() {

return Math.sqrt((p2.x-p1.x) * (p2.x-p1.x)

+ (p2.y-p1.y) * (p2.y-p1.y));

}

♠✐t ❞❡r ♣r✐✈❛t❡♥ ❍✐❧❢s♠❡t❤♦❞❡
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Pr✐✈❛t❡ ❍✐❧❢s♠❡t❤♦❞❡♥

❇❡✐s♣✐❡❧✿ ❇❡r❡❝❤♥❡ ❞✐❡ ▲ä♥❣❡ ❡✐♥❡r ▲✐♥✐❡ ✭❑❧❛ss❡ Line✮

◮ ▼❛t❤❡♠❛t✐s❝❤❡ ▲ös✉♥❣✿
√

(p2.x− p1.x)✷ + (p2.y− p1.y)✷

◮ ▼❡t❤♦❞❡ ✐♥ ❏❛✈❛ ✭❇❡ss❡r❡ ▲ös✉♥❣✮✿

double length() {

return Math.sqrt(square(p2.x - p1.x)

+ square(p2.y - p1.y));

}

♠✐t ❞❡r ♣r✐✈❛t❡♥ ❍✐❧❢s♠❡t❤♦❞❡

private double square(double x) {

return x * x;

}
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Ü❜❡rs✐❝❤t

❖❜❥❡❦t❜❛s✐❡rt❡s Pr♦❣r❛♠♠✐❡r❡♥

❇❛s✐st②♣❡♥ ✉♥❞ ✐❤r❡ ❖♣❡r❛t✐♦♥❡♥

❇❡✐s♣✐❡❧ ❙✉❝❤♠❛s❝❤✐♥❡

▼❡t❤♦❞❡♥

❆✉❢r✉❢❡♥ ✈♦♥ ▼❡t❤♦❞❡♥

❩✉s❛♠♠❡♥❢❛ss✉♥❣

❇❡✐s♣✐❡❧ ❙✉❝❤♠❛s❝❤✐♥❡

❑❧❛ss❡♥❞✐❛❣r❛♠♠❡
❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✶✵✾



❩✉s❛♠♠❡♥❢❛ss✉♥❣ ❑❧❛ss❡♥

❊✐♥❡ ❑❧❛ss❡♥✲❉❡❦❧❛r❛t✐♦♥ ❜❡st❡❤t ❛✉s ❉❡❦❧❛r❛t✐♦♥❡♥ ✈♦♥✿

• ❆ttr✐❜✉t❡♥ ❢ür ❞✐❡ ✈❡rs❝❤✐❡❞❡♥❡♥ ❲❡rt✲❑♦♠♣♦♥❡♥t❡♥ ❞❡r
❖❜❥❡❦t❡❀

• ❑♦♥str✉❦t♦r❡♥ ③✉r ■♥✐t✐❛❧✐s✐❡r✉♥❣ ❞❡r ❖❜❥❡❦t❡✿
❑♦♥str✉❦t♦r❡♥ ❤❛❜❡♥ ❞❡♥ ❣❧❡✐❝❤❡♥ ◆❛♠❡♥ ✇✐❡ ❞✐❡ ❑❧❛ss❡✳
❊s ❦❛♥♥ ♠❡❤r❡r❡ ❣❡❜❡♥✱ s♦❢❡r♥ s✐❡ s✐❝❤ ✐♥ ❚②♣ ♦❞❡r ❆♥③❛❤❧
✐❤r❡r ❆r❣✉♠❡♥t❡ ✉♥t❡rs❝❤❡✐❞❡♥✳
❙♦❢❡r♥ ❦❡✐♥❡ ❑♦♥str✉❦t♦r❡♥ ♠✐t ≥ ✵ ❆r❣✉♠❡♥t❡♥
✐♠♣❧❡♠❡♥t✐❡rt ✇❡r❞❡♥✱ ✇✐r❞ ❛✉t♦♠❛t✐s❝❤ ❡✐♥ ♥✉❧❧st❡❧❧✐❣❡r
❉❡❢❛✉❧t✲❑♦♥str✉❦t♦r ③✉r ❱❡r❢ü❣✉♥❣ ❣❡st❡❧❧t✳

• ▼❡t❤♦❞❡♥ ✉♥❞ Pr♦③❡❞✉r❡♥✱ ❞✳❤✳ ❖♣❡r❛t✐♦♥❡♥ ❛✉❢ ❖❜❥❡❦t❡♥✳

❉✐❡s❡ ❊❧❡♠❡♥t❡ ❤❡✐ÿ❡♥ ❛✉❝❤ ▼❡♠❜❡rs ❞❡r ❑❧❛ss❡✳
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❑❧❛ss❡ ❘❛t✐♦♥❛❧

public class Rational {

✴✴ ❆ttr ✐❜✉t❡ ✿
private int zaehler, nenner;

✴✴ ❑♦♥str✉❦t♦r❡♥ ✿
public Rational (int x, int y) {

zaehler = x;

nenner = y;

}

public Rational (int x) {

zaehler = x;

nenner = 1;

}

...

}
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❑❧❛ss❡ ❘❛t✐♦♥❛❧

✴✴ ❖❜❥❡❦t−▼❡t❤♦❞❡♥ ✿
public Rational add(Rational r) {

int x = zaehler * r.nenner +r.zaehler * nenner;

int y = nenner * r.nenner;

return new Rational (x,y);

}

public void addToThis(Rational r) {

zaehler = zaehler * r.nenner + r.zaehler * nenner;

nenner = nenner * r.nenner;

}

public boolean equals(Rational r) {

return (zaehler * r.nenner == r.zaehler * nenner);

}

public String toString() {

if (nenner == 1) return "" + zaehler;

if (nenner > 0) return zaehler +"/"+ nenner;

return (-zaehler) +"/"+ (-nenner);

}

} ✴✴ ❡♥❞ ♦❢ ❝ ❧❛s s ❘❛t✐♦♥❛❧
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❩✉s❛♠♠❡♥❢❛ss✉♥❣

• ❏❡❞❡ ❑❧❛ss❡ s♦❧❧t❡ ✐♥ ❡✐♥❡r s❡♣❛r❛t❡♥ ❉❛t❡✐ ❞❡s ❡♥ts♣r❡❝❤❡♥❞❡♥
◆❛♠❡♥s st❡❤❡♥✳

• ❉✐❡ ❙❝❤❧üss❡❧✇♦rt❡ private ❜③✇✳ public ❦❧❛ss✐✜③✐❡r❡♥✱ ❢ür
✇❡♥ ❞✐❡ ❡♥ts♣r❡❝❤❡♥❞❡♥ ▼❡♠❜❡rs s✐❝❤t❜❛r✱ ❞✳❤✳ ③✉❣ä♥❣❧✐❝❤
s✐♥❞✳

• private ❤❡✐ÿt✿ ♥✉r ❢ür ▼❡♠❜❡rs ❞❡r ❣❧❡✐❝❤❡♥ ❑❧❛ss❡
s✐❝❤t❜❛r✳

• public ❤❡✐ÿt✿ ✐♥♥❡r❤❛❧❜ ❞❡s ❣❡s❛♠t❡♥ Pr♦❣r❛♠♠s s✐❝❤t❜❛r✳

• ◆✐❝❤t ❦❧❛ss✐✜③✐❡rt❡ ▼❡♠❜❡rs s✐♥❞ ♥✉r ✐♥♥❡r❤❛❧❜ ❞❡s ❛❦t✉❡❧❧❡♥
↑P❛❝❦❛❣❡ s✐❝❤t❜❛r✳

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✶✶✸



❩✉s❛♠♠❡♥❢❛ss✉♥❣

• ❑♦♥str✉❦t♦r❡♥ ❤❛❜❡♥ ❞❡♥ ❣❧❡✐❝❤❡♥ ◆❛♠❡♥ ✇✐❡ ❞✐❡ ❑❧❛ss❡✳

• ❊s ❦❛♥♥ ♠❡❤r❡r❡ ❣❡❜❡♥✱ s♦❢❡r♥ s✐❡ s✐❝❤ ✐♥ ❚②♣ ♦❞❡r ❆♥③❛❤❧
✐❤r❡r ❆r❣✉♠❡♥t❡ ✉♥t❡rs❝❤❡✐❞❡♥✳

• ❑♦♥str✉❦t♦r❡♥ ❤❛❜❡♥ ❦❡✐♥❡ ❘ü❝❦❣❛❜❡✇❡rt❡ ✉♥❞ ❞❛r✉♠ ❛✉❝❤
❦❡✐♥❡♥ ❘ü❝❦❣❛❜❡t②♣✳

• ▼❡t❤♦❞❡♥ ❤❛❜❡♥ ❞❛❣❡❣❡♥ st❡ts ❡✐♥❡♥ ❘ü❝❦❣❛❜❡✲❚②♣✱ ❡✈t✳
void✳

❇❡✐s♣✐❡❧✿

public void inc (int b) {

zaehler = zaehler + b * nenner;

}
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❩✉s❛♠♠❡♥❢❛ss✉♥❣

• ❉✐❡ ❖❜❥❡❦t✲▼❡t❤♦❞❡ inc() ♠♦❞✐✜③✐❡rt ❞❛s ❖❜❥❡❦t✱ ❢ür ❞❛s
s✐❡ ❛✉❢❣❡r✉❢❡♥ ✇✉r❞❡✳

a

a.inc(b);

a
7

44

1

zaehler

nenner

zaehler

nenner

b

3
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❩✉s❛♠♠❡♥❢❛ss✉♥❣

• ❆❦t✉❛❧♣❛r❛♠❡t❡r ✇❡r❞❡♥ ✐♠♠❡r ❛❧s ❑♦♣✐❡ ♣❡r ❝❛❧❧✲❜②✲✈❛❧✉❡
ü❜❡r❣❡❜❡♥✳ ❇❡✐ ❇❛s✐st②♣❡♥ ✐st ❞❛s ❡✐♥❡ ❑♦♣✐❡ ❞❡s ❲❡rts✱ ❜❡✐
❘❡❢❡r❡♥③t②♣❡♥ ❡✐♥❡ ❑♦♣✐❡ ❞❡r ❘❡❢❡r❡♥③✳

• ❲❡♥♥ ❡✐♥ P❛r❛♠❡t❡r ♠✐t ❘❡❢❡r❡♥③t②♣ ❛♥ ❡✐♥❡ ▼❡t❤♦❞❡
ü❜❡r❣❡❜❡♥ ✇✐r❞✱ ❦❛♥♥ ✐♥♥❡r❤❛❧❜ ❞❡r ▼❡t❤♦❞❡ ❞❡r ❞✉r❝❤ ❞❡♥
P❛r❛♠❡t❡r r❡❢❡r❡♥③✐❡rt❡ ❲❡rt ✈❡rä♥❞❡rt ✇❡r❞❡♥✳ ❉✐❡s❡
➘♥❞❡r✉♥❣ ❣✐❧t ❞❛♥♥ ❛✉❝❤ ♥❛❝❤ ❱❡r❧❛ss❡♥ ❞❡r ▼❡t❤♦❞❡✦

class C {

private Rational r1;

public C() {

r1=new Rational(1,2);

incArgByOne(r1);

✴✴ ❲❡rt ✈♦♥ r✶ ❥ ❡ t ③ t ✸✴✷ ✦ ✦ ✦ ✦
}

private void incArgByOne(Rational r) {

r.addToThis(new Rational(1));

}

}
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❆❜❡r ❆❝❤t✉♥❣✿ Ü❜❡r❣❛❜❡ ✈♦♥ ❘❡❢❡r❡♥③❡♥

❲❡✐❧ ❜❡✐ ❘❡❢❡r❡♥③t②♣❡♥ ❛❧s ❆r❣✉♠❡♥t❡ ❡✐♥❡ ❑♦♣✐❡ ❞❡r ❘❡❢❡r❡♥③
ü❜❡r❣❡❜❡♥ ✇✐r❞✱ ❦❛♥♥ ❞✐❡ ❞❡♠ ❆❦t✉❛❧♣❛r❛♠❡t❡r ✉rs♣rü♥❣❧✐❝❤
❡♥ts♣r❡❝❤❡♥❞❡ ❘❡❢❡r❡♥③ ♥✐❝❤t ❣❡ä♥❞❡rt ✇❡r❞❡♥✱ s♦♥❞❡r♥ ♥✉r ❞❡r
❲❡rt✱ ❛✉❢ ❞❡♥ ❞✐❡s❡ ❘❡❢❡r❡♥③ ✈❡r✇❡✐st ✭s♦ ❡✐♥ ❇❡✐s♣✐❡❧ ❤❛❜❡♥ ✇✐r
❡❜❡♥ ❣❡s❡❤❡♥✦✮✳

❍✐❡r ❇❡✐s♣✐❡❧ ❢ür ♣r♦❜❧❡♠❛t✐s❝❤❡♥ ❊✐♥s❛t③✿
class T {

int wert;

public static void main(String[] argv) {

T y=null;

test(y);

System.out.println(y.wert); ✴✴▲❛✉❢③❡✐t❢❡❤❧❡r ✦✦
}

private static void test(T x) {

x=new T();

x.wert=1;

System.out.println(x.wert);

}

}
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❩✉s❛♠♠❡♥❢❛ss✉♥❣

• ❉✐❡ ❖❜❥❡❦t✲▼❡t❤♦❞❡ equals() ✐st ♥öt✐❣✱ ❞❛ ❞❡r ❖♣❡r❛t♦r
✏==✑ ❜❡✐ ❖❜❥❡❦t❡♥ ❞✐❡ ■❞❡♥t✐tät ❞❡r ❖❜❥❡❦t❡ t❡st❡t✱ ❞✳❤✳ ❞✐❡
●❧❡✐❝❤❤❡✐t ❞❡r ❘❡❢❡r❡♥③ ✦✦✦

• ❉✐❡ ❖❜❥❡❦t✲▼❡t❤♦❞❡ toString() ❧✐❡❢❡rt ❡✐♥❡
String✲❉❛rst❡❧❧✉♥❣ ❞❡s ❖❜❥❡❦ts✳

• ❙✐❡ ✇✐r❞ ✐♠♣❧✐③✐t ❛✉❢❣❡r✉❢❡♥✱ ✇❡♥♥ ❞❛s ❖❜❥❡❦t ❛❧s ❆r❣✉♠❡♥t
❢ür ❞✐❡ ❑♦♥❦❛t❡♥❛t✐♦♥ ✏+✑ ❛✉❢t❛✉❝❤t✳

• ■♥♥❡r❤❛❧❜ ❡✐♥❡r ❖❜❥❡❦t✲▼❡t❤♦❞❡✴❡✐♥❡s ❑♦♥str✉❦t♦rs ❦❛♥♥ ❛✉❢
❞✐❡ ❆ttr✐❜✉t❡ ❞❡s ❖❜❥❡❦ts ❞✐r❡❦t ③✉❣❡❣r✐✛❡♥ ✇❡r❞❡♥✳

• private✲❑❧❛ss✐✜③✐❡r✉♥❣ ❜❡③✐❡❤t s✐❝❤ ❛✉❢ ❞✐❡ ❑❧❛ss❡✱ ♥✐❝❤t
❞❛s ❖❜❥❡❦t✿ ❞✐❡ ❆ttr✐❜✉t❡ ❛❧❧❡r Rational✲❖❜❥❡❦t❡ s✐♥❞ ❢ür
inc s✐❝❤t❜❛r ✦✦
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Ü❜❡rs✐❝❤t

❖❜❥❡❦t❜❛s✐❡rt❡s Pr♦❣r❛♠♠✐❡r❡♥

❇❛s✐st②♣❡♥ ✉♥❞ ✐❤r❡ ❖♣❡r❛t✐♦♥❡♥

❇❡✐s♣✐❡❧ ❙✉❝❤♠❛s❝❤✐♥❡

▼❡t❤♦❞❡♥

❆✉❢r✉❢❡♥ ✈♦♥ ▼❡t❤♦❞❡♥

❩✉s❛♠♠❡♥❢❛ss✉♥❣

❇❡✐s♣✐❡❧ ❙✉❝❤♠❛s❝❤✐♥❡

❑❧❛ss❡♥❞✐❛❣r❛♠♠❡
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❙✉❝❤♠❛s❝❤✐♥❡ Programmieren Lernen

Peter Pepper

deutsch

Sep 2007

Objekte identifizieren

Programmieren Lernen

Peter Pepper

deutsch

Document
title
author
language
releaseDate
...

Thinking in Java

Bruce Eckel

englisch

Klassenentwurf

Thinking in Java

Bruce Eckel

englisch

Document
title
author
language
releaseDate
...
Document()

Programmieren Lernen

Peter Pepper

deutsch

new

new

Objekterzeugung

P. Pepper

Programmieren Lernen

Peter Pepper

deutsch

getAg
e()

getAuthor()

986

getC
onta

ct()

Objektmethoden
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❙✉❝❤♠❛s❝❤✐♥❡✿ ❖❜❥❡❦t♠❡t❤♦❞❡♥

◮ ❆r❜❡✐t❡♥ ❛✉❢ ❞❡♥ ❖❜❥❡❦t❡♥
Document

...

Author
...

Document()
getAuthor()
getAge()
getLanguage()

Author()
getAge()
getContact()
...
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❙✉❝❤♠❛s❝❤✐♥❡✿ ❖❜❥❡❦t♠❡t❤♦❞❡♥

◮ ❆r❜❡✐t❡♥ ❛✉❢ ❞❡♥ ❖❜❥❡❦t❡♥
Document

...

Author
...

Document()
getAuthor()
getAge()
getLanguage()

Author()
getAge()
getContact()
...

Joshua Bloch

Effective Java

englisch

new

new

Programmieren Lernen

Peter Pepper

deutsch

new

new
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❙✉❝❤♠❛s❝❤✐♥❡✿ ❖❜❥❡❦t♠❡t❤♦❞❡♥

◮ ❆r❜❡✐t❡♥ ❛✉❢ ❞❡♥ ❖❜❥❡❦t❡♥

P. Pepper

Document
...

Author
...

Document()
getAuthor()
getAge()
getLanguage()

Author()
getAge()
getContact()
...

Joshua Bloch

Effective Java

englisch

new

new

Programmieren Lernen

Peter Pepper

deutsch

new

new

getAge
()

getContact()

34 [Jahre]

getLanguage()
deutsch

getLanguage()
englisch
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❙✉❝❤♠❛s❝❤✐♥❡✿ ❖❜❥❡❦t♠❡t❤♦❞❡♥

◮ ❆r❜❡✐t❡♥ ❛✉❢ ❞❡♥ ❖❜❥❡❦t❡♥

Programmieren Lernen

Peter Pepper

deutsch

getAg
e()

getAuthor()

986 [Tage]
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❙✉❝❤♠❛s❝❤✐♥❡✿ ❖❜❥❡❦t♠❡t❤♦❞❡♥

◮ ❆r❜❡✐t❡♥ ❛✉❢ ❞❡♥ ❖❜❥❡❦t❡♥

P. Pepper

Programmieren Lernen

Peter Pepper

deutsch

getAg
e()

getAuthor()

986 [Tage]

getAge()getC
onta

ct()

34 [Jahre]
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Ü❜❡rs✐❝❤t

❖❜❥❡❦t❜❛s✐❡rt❡s Pr♦❣r❛♠♠✐❡r❡♥

❇❛s✐st②♣❡♥ ✉♥❞ ✐❤r❡ ❖♣❡r❛t✐♦♥❡♥

❇❡✐s♣✐❡❧ ❙✉❝❤♠❛s❝❤✐♥❡

▼❡t❤♦❞❡♥

❆✉❢r✉❢❡♥ ✈♦♥ ▼❡t❤♦❞❡♥

❩✉s❛♠♠❡♥❢❛ss✉♥❣

❇❡✐s♣✐❡❧ ❙✉❝❤♠❛s❝❤✐♥❡

❑❧❛ss❡♥❞✐❛❣r❛♠♠❡
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❑❧❛ss❡♥❞✐❛❣r❛♠♠❡✿ ❑❧❛ss❡♥

❊✐♥❡ ❣r❛♣❤✐s❝❤❡ ❱✐s✉❛❧✐s✐❡r✉♥❣ ❞❡r ❑❧❛ss❡ ❘❛t✐♦♥❛❧✱ ❞✐❡ ♥✉r ❞✐❡
✇❡s❡♥t❧✐❝❤❡ ❋✉♥❦t✐♦♥❛❧✐tät ❜❡rü❝❦s✐❝❤t✐❣t✱ ❦ö♥♥t❡ s♦ ❛✉ss❡❤❡♥✿

Rational

+

+

+

zaehler

nenner :   int

:   int

add

toString

−

−

() : String

equals (y : Rational) : boolean

(y : Rational) : Rational
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❑❧❛ss❡♥❞✐❛❣r❛♠♠❡✖❉✐s❦✉ss✐♦♥ ✉♥❞ ❆✉s❜❧✐❝❦

• ❙♦❧❝❤❡ ❉✐❛❣r❛♠♠❡ ✇❡r❞❡♥ ✈♦♥ ❞❡r ❯▼▲✱ ❞✳❤✳ ❞❡r ❯♥✐✜❡❞
▼♦❞❡❧❧✐♥❣ ▲❛♥❣✉❛❣❡ ❜❡r❡✐t❣❡st❡❧❧t✱ ✉♠ ❙♦❢t✇❛r❡✲❙②st❡♠❡ ③✉
❡♥t✇❡r❢❡♥ ✭↑❙♦❢t✇❛r❡ ❊♥❣✐♥❡❡r✐♥❣✮

• ❋ür ❡✐♥❡ ❡✐♥③❡❧♥❡ ❑❧❛ss❡ ❧♦❤♥❡♥ s✐❝❤ ❡✐♥ s♦❧❝❤❡s ❉✐❛❣r❛♠♠
♥✐❝❤t ✇✐r❦❧✐❝❤✳

• ❇❡st❡❤t ❡✐♥ ❙②st❡♠ ❛❜❡r ❛✉s s❡❤r ✈✐❡❧❡♥ ❑❧❛ss❡♥✱ ❦❛♥♥ ♠❛♥
❞❛♠✐t ❞✐❡ ❇❡③✐❡❤✉♥❣❡♥ ③✇✐s❝❤❡♥ ✈❡rs❝❤✐❡❞❡♥❡♥ ❑❧❛ss❡♥
✈❡r❞❡✉t❧✐❝❤❡♥✳

❯▼▲ ✇✉r❞❡ ♥✐❝❤t s♣❡③✐❡❧❧ ❢ür ❏❛✈❛ ❡♥t✇✐❝❦❡❧t✳ ❉❛r✉♠ ✇❡r❞❡♥ ❚②♣❡♥
❛❜✇❡✐❝❤❡♥❞ ♥♦t✐❡rt✳ ❆✉❝❤ ❧❛ss❡♥ s✐❝❤ ♠❛♥❝❤❡ ■❞❡❡♥ ♥✐❝❤t ♦❞❡r ♥✉r
s❝❤❧❡❝❤t ♠♦❞❡❧❧✐❡r❡♥✳
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❑❧❛ss❡♥❞✐❛❣r❛♠♠❡✖❉✐s❦✉ss✐♦♥ ✉♥❞ ❆✉s❜❧✐❝❦

• ❙♦❧❝❤❡ ❉✐❛❣r❛♠♠❡ ✇❡r❞❡♥ ✈♦♥ ❞❡r ❯▼▲✱ ❞✳❤✳ ❞❡r ❯♥✐✜❡❞
▼♦❞❡❧❧✐♥❣ ▲❛♥❣✉❛❣❡ ❜❡r❡✐t❣❡st❡❧❧t✱ ✉♠ ❙♦❢t✇❛r❡✲❙②st❡♠❡ ③✉
❡♥t✇❡r❢❡♥ ✭↑❙♦❢t✇❛r❡ ❊♥❣✐♥❡❡r✐♥❣✮

• ❋ür ❡✐♥❡ ❡✐♥③❡❧♥❡ ❑❧❛ss❡ ❧♦❤♥❡♥ s✐❝❤ ❡✐♥ s♦❧❝❤❡s ❉✐❛❣r❛♠♠
♥✐❝❤t ✇✐r❦❧✐❝❤✳

• ❇❡st❡❤t ❡✐♥ ❙②st❡♠ ❛❜❡r ❛✉s s❡❤r ✈✐❡❧❡♥ ❑❧❛ss❡♥✱ ❦❛♥♥ ♠❛♥
❞❛♠✐t ❞✐❡ ❇❡③✐❡❤✉♥❣❡♥ ③✇✐s❝❤❡♥ ✈❡rs❝❤✐❡❞❡♥❡♥ ❑❧❛ss❡♥
✈❡r❞❡✉t❧✐❝❤❡♥✳

❯▼▲ ✇✉r❞❡ ♥✐❝❤t s♣❡③✐❡❧❧ ❢ür ❏❛✈❛ ❡♥t✇✐❝❦❡❧t✳ ❉❛r✉♠ ✇❡r❞❡♥ ❚②♣❡♥
❛❜✇❡✐❝❤❡♥❞ ♥♦t✐❡rt✳ ❆✉❝❤ ❧❛ss❡♥ s✐❝❤ ♠❛♥❝❤❡ ■❞❡❡♥ ♥✐❝❤t ♦❞❡r ♥✉r
s❝❤❧❡❝❤t ♠♦❞❡❧❧✐❡r❡♥✳
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❑❧❛ss❡♥❞✐❛❣r❛♠♠❡✿ ❘❡❢❡r❡♥③❡♥

❘❡❢❡r❡♥③❛ttr✐❜✉t❡ ✇❡r❞❡♥ ❤ä✉✜❣ ❛❧s ❘❡❢❡r❡♥③❡♥ ✭▲✐♥✐❡♥ ③✇✐s❝❤❡♥
❑❧❛ss❡♥✮ ♥♦t✐❡rt✿

shift(dx,dy:double) : void

Line

x,y: double

Point

shift(dx, dy: double) : void

p1

p2
rotate(angle:double) : void
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❑❧❛ss❡♥❞✐❛❣r❛♠♠❡✿ ❙❡❧❜st✲❘❡❢❡r❡♥③❡♥

ref
− :   intinfo

Cyclic

1

1

❉✐❡ ❘❛✉t❡♥✲❱❡r❜✐♥❞✉♥❣ ❤❡✐ÿt ❛✉❝❤ ❆❣❣r❡❣❛t✐♦♥✳
❉❛s ❑❧❛ss❡♥✲❉✐❛❣r❛♠♠ ✈❡r♠❡r❦t✱ ❞❛ss ❥❡❞❡s ❖❜❥❡❦t ❞❡r ❑❧❛ss❡
Cyclic ❡✐♥❡♥ ❱❡r✇❡✐s ♠✐t ❞❡♠ ◆❛♠❡♥ r❡❢ ❛✉❢ ❡✐♥ ✇❡✐t❡r❡s ❖❜❥❡❦t
❞❡r ❑❧❛ss❡ Cyclic ❡♥t❤ä❧t✳
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Ü❜❡r❜❧✐❝❦
❚❡✐❧ ✶✿ ❊✐♥❢ü❤r✉♥❣
❚❡✐❧ ✷✿ ❖❜❥❡❦t❜❛s✐❡rt❡ Pr♦❣r❛♠♠✐❡r✉♥❣
❚❡✐❧ ✸✿ ❑♦♥tr♦❧❧str✉❦t✉r❡♥
❚❡✐❧ ✹✿ ❋❡❧❞❡r
❚❡✐❧ ✺✿ ❊✐♥✐❣❡ ❆❜str❛❦t❡ ❉❛t❡♥t②♣❡♥
❚❡✐❧ ✻✿ ❖❜❥❡❦t♦r✐❡♥t✐❡r✉♥❣
❚❡✐❧ ✼✿ ❘❡❦✉rs✐♦♥
❚❡✐❧ ✽✿ ❋♦rt❣❡s❝❤r✐tt❡♥❡ Pr♦❣r❛♠♠✐❡r❦♦♥str✉❦t❡
❚❡✐❧ ✾✿ ❊✐♥ ✇❡✐t❡r❡s ❣röÿ❡r❡s ❇❡✐s♣✐❡❧
❚❡✐❧ ✶✵✿ ◆❡❜❡♥❧ä✉✜❣❦❡✐t
❚❡✐❧ ✶✶✿ ❆♣♣❧❡ts ✉♥❞ ●❯■s
❚❡✐❧ ✶✷✿ ❇❡②♦♥❞ ❏❛✈❛
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Ü❜❡rs✐❝❤t

✸✳ ❑♦♥tr♦❧❧str✉❦t✉r❡♥

❑♦♥tr♦❧❧str✉❦t✉r❡♥
❆✉s❞rü❝❦❡ ✉♥❞ ❆♥✇❡✐s✉♥❣❡♥
❙❡q✉❡♥③
❙❡❧❡❦t✐♦♥

✐❢✭✳✳✳✮
s✇✐t❝❤✭✳✳✳✮

■t❡r❛t✐♦♥
✇❤✐❧❡✭✳✳✳✮
❞♦ ✳✳✳ ✇❤✐❧❡✭✮

❑♦♥tr♦❧❧✢✉ss✲❉✐❛❣r❛♠♠❡
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▼♦t✐✈❛t✐♦♥

❊✐♥❡ Pr♦❣r❛♠♠✐❡rs♣r❛❝❤❡ s♦❧❧

• ❉❛t❡♥str✉❦t✉r❡♥ ❛♥❜✐❡t❡♥❀

• ❖♣❡r❛t✐♦♥❡♥ ❛✉❢ ❉❛t❡♥ ❡r❧❛✉❜❡♥❀

• ❑♦♥tr♦❧❧str✉❦t✉r❡♥ ③✉r ❆❜❧❛✉❢st❡✉❡r✉♥❣ ❜❡r❡✐t st❡❧❧❡♥✳

❉❛t❡♥str✉❦t✉r❡♥ ✉♥❞ ❖♣❡r❛t✐♦♥❡♥ ❤❛❜❡♥ ✇✐r ❜❡r❡✐ts ❣❡s❡❤❡♥✦

❑♦♥tr♦❧❧str✉❦t✉r❡♥ ✈❡r✇❡♥❞❡♥ ❆♥✇❡✐s✉♥❣❡♥ ✉♥❞ ❆✉s❞rü❝❦❡✳
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❆✉s❞rü❝❦❡

❆✉s❞rü❝❦❡ ✭❡①♣r❡ss✐♦♥s✮ ✇❡r❞❡♥ ✐♥ ❡✐♥❡♠ Pr♦❣r❛♠♠ ✈❡r✇❡♥❞❡t✱

◮ ❛✉❢ ❞❡r r❡❝❤t❡♥ ❙❡✐t❡ ✈♦♥ ❩✉✇❡✐s✉♥❣❡♥✿ x = Ausdruck;

◮ ❛❧s ❆r❣✉♠❡♥t❡ ✈♦♥ ▼❡t❤♦❞❡♥✿
f(Ausdruck,...,Ausdruck);

◮ ❛❧s ❘ü♠♣❢❡ ✈♦♥ ❋✉♥❦t✐♦♥❡♥✿ return Ausdruck;

❏❡❞❡r ❆✉s❞r✉❝❦ ❤❛t ❡✐♥❡♥ ❚②♣

❇❡✐s♣✐❡❧❡✿

◮ ✒(3.0 + y) * 4.0✏ ✐st ❡✐♥ ❆✉s❞r✉❝❦ ✈♦♠ ❚②♣ double

◮ ✒new Point(1.0, 2.0)✏ ✐st ❡✐♥ ❆✉s❞r✉❝❦ ✈♦♠ ❚②♣
Point

◮ ✒x == 2✏ ✐st ❡✐♥ ❆✉s❞r✉❝❦ ✈♦♠ ❚②♣ boolean

❊✐♥❡♥ ❆✉s❞r✉❝❦ ✈♦♠ ❚②♣ boolean ♥❡♥♥t ♠❛♥ ❇❡❞✐♥❣✉♥❣
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❲❡✐t❡r❡ ❆✉s❞rü❝❦❡ ✐♥ ❏❛✈❛

❆✉s❞rü❝❦❡ s❡t③❡♥ s✐❝❤ ✇✐❡ ❢♦❧❣t ③✉s❛♠♠❡♥

◮ Variable ❜③✇✳ Attribut

◮ f(Ausdruck✶, ..., Ausdruck♥)

✭✇❡♥♥ ❘ü❝❦❣❛❜❡t②♣ ✈♦♥ f ♥✐❝❤t void✮

◮ Ausdruck✶ ⊕ Ausdruck✷

◮ ⊙ Ausdruck

◮ new ...

⊕ ❜❡③❡✐❝❤♥❡t ❞❛❜❡✐ ❡✐♥❡♥ ✭❜❡❧✳✮ ❜✐♥är❡♥ ❖♣❡r❛t♦r
⊙ st❡❤t ❢ür ❡✐♥❡♥ ✉♥är❡♥ ❖♣❡r❛t♦r

❊s ❣✐❜t ✐♥ ❏❛✈❛ ♥♦❝❤ ③✇❡✐ ✇❡✐t❡r❡ ❆✉s❞rü❝❦❡❀
❤✐❡r ♥✐❝❤t ❣❡♥❛✉❡r ❜❡tr❛❝❤t❡t✿

_ instanceof _ ❑❧❛ss❡♥③✉❣❡❤ör✐❣❦❡✐ts✲❚❡st
_ ? _ : _ ❇❡❞✐♥❣t❡r ❆✉s❞r✉❝❦ ✭❲❡♥♥✲❉❛♥♥✲❙♦♥st✮
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❆♥✇❡✐s✉♥❣❡♥

❆♥✇❡✐s✉♥❣❡♥ ✭st❛t❡♠❡♥ts✮

◮ ❱❡r❛♥❧❛ss❡♥ ❡✐♥❡ ❩✉st❛♥❞sä♥❞❡r✉♥❣

◮ ❍❛❜❡♥ ❦❡✐♥❡♥ ❚②♣❡♥

■♥ ❏❛✈❛ ❣✐❜t ❡s ❡✐♥❡ ❱✐❡❧③❛❤❧ ✈♦♥ ❆♥✇❡✐s✉♥❣❡♥✿

◮ ❉❡❦❧❛r❛t✐♦♥❡♥ ❧♦❦❛❧❡r ❱❛r✐❛❜❧❡♥✿ int x;

◮ ❩✉✇❡✐s✉♥❣❡♥✿ x = y; ✭❆✉s♥❛❤♠❡✿ ❤❛t ❡✐♥❡♥ ❚②♣❡♥✱ ✇❡♥♥
a ✉♥❞ b ❦♦♠♣❛t✐❜❡❧ s✐♥❞✮

◮ ▼❡t❤♦❞❡♥❛✉❢r✉❢❡✿ p(x, 1); ✭✇❡♥♥ ❘ü❝❦❣❛❜❡t②♣ ✈♦♥ p
void✮

◮ ❇❧♦❝❦✲❆♥✇❡✐s✉♥❣❡♥✿
{ Anweisung✶; ... ; Anweisung♥; }

◮ ❘❡t✉r♥✲❙t❛t❡♠❡♥ts✿ return Ausdruck;

◮ ✳✳✳
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●❡❣❡♥ü❜❡rst❡❧❧✉♥❣ ❆✉s❞r✉❝❦ ✕ ❆♥✇❡✐s✉♥❣

❯♥t❡rs❝❤✐❡❞❡ ③✇✐s❝❤❡♥ ❆✉s❞rü❝❦❡♥ ✉♥❞ ❆♥✇❡✐s✉♥❣❡♥

❆✉s❞r✉❝❦ ❆♥✇❡✐s✉♥❣

❚②♣✐s✐❡rt ❥❛ ♥❡✐♥
❩✇❡❝❦ ✒❇❡r❡❝❤♥❡ ✳✳✳✏ ✒▼❛❝❤❡ ✳✳✳✏
❊✛❡❦t ❧✐❡❢❡rt ❲❡rt ä♥❞❡rt ❩✉st❛♥❞
❙②♥t❛① ♦❤♥❡ ✒;✏ ♠✐t ✒;✏

◮ ❊✐♥ ❆✉s❞r✉❝❦ ✐st ✐♠♠❡r ❚❡✐❧ ❡✐♥❡r ❆♥✇❡✐s✉♥❣
◮ ❉❡r ❘✉♠♣❢ ❥❡❞❡r ▼❡t❤♦❞❡ ✐st ✐♠♠❡r ❡✐♥❡ ❋♦❧❣❡ ✈♦♥

❆♥✇❡✐s✉♥❣❡♥

◮ ■♥ ❏❛✈❛ ❣✐❜t ❡s ❛✉❝❤ s♦❣❡♥❛♥♥t❡ ✒❊①♣r❡ss✐♦♥❙t❛t❡♠❡♥ts✏❀
❉❛s s✐♥❞ ❆♥✇❡✐s✉♥❣❡♥✱ ❞✐❡ ❣❧❡✐❝❤③❡✐t✐❣ ❛✉❝❤ ❛❧s ❆✉s❞r✉❝❦
✈❡r✇❡♥❞❡t ✇❡r❞❡♥ ❦ö♥♥❡♥

◮ ❇❡✐s♣✐❡❧✿ i++
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❙❡q✉❡♥③ ✏❀✑

int x, y, result;

x = Terminal.askInt("Zahl 1: ");

y = Terminal.askInt("Zahl 2: ");

result = x + y;

System.out.println(result);
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❙❡q✉❡♥③ ✏❀✑

• ❩✉ ❥❡❞❡♠ ❩❡✐t♣✉♥❦t ✇✐r❞ ♥✉r ❡✐♥❡ ❖♣❡r❛t✐♦♥ ❛✉s❣❡❢ü❤rt✳

• ❏❡❞❡ ❖♣❡r❛t✐♦♥ ✇✐r❞ ❣❡♥❛✉ ❡✐♥♠❛❧ ❛✉s❣❡❢ü❤rt✳ ❑❡✐♥❡ ✇✐r❞
✇✐❡❞❡r❤♦❧t✱ ❦❡✐♥❡ ❛✉s❣❡❧❛ss❡♥✳

• ❉✐❡ ❘❡✐❤❡♥❢♦❧❣❡✱ ✐♥ ❞❡r ❞✐❡ ❖♣❡r❛t✐♦♥❡♥ ❛✉s❣❡❢ü❤rt ✇❡r❞❡♥✱ ✐st
❞✐❡ ❣❧❡✐❝❤❡✱ ✐♥ ❞❡r s✐❡ ✐♠ Pr♦❣r❛♠♠ st❡❤❡♥ ✭❞✳❤✳
♥❛❝❤❡✐♥❛♥❞❡r✮✳

• ▼✐t ❇❡❡♥❞✐❣✉♥❣ ❞❡r ❧❡t③t❡♥ ❖♣❡r❛t✐♦♥ ❡♥❞❡t ❞✐❡
Pr♦❣r❛♠♠✲❆✉s❢ü❤r✉♥❣✳

==⇒ ❙❡q✉❡♥③ ❛❧❧❡✐♥❡ ❡r❧❛✉❜t ♥✉r s❡❤r ❡✐♥❢❛❝❤❡ Pr♦❣r❛♠♠❡✳
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❙❡❧❡❦t✐♦♥ ✭❜❡❞✐♥❣t❡ ❆✉s✇❛❤❧✮

int x, y, result;

x = Terminal.askInt("Zahl 1: ");

y = Terminal.askInt("Zahl 2: ");

if (x > y)

result = x - y;

else

result = y - x;

System.out.println(result);

• ❩✉❡rst ✇✐r❞ ❞✐❡ ❇❡❞✐♥❣✉♥❣ ❛✉s❣❡✇❡rt❡t✳

• ■st s✐❡ ❡r❢ü❧❧t✱ ✇✐r❞ ❞✐❡ ♥ä❝❤st❡ ❖♣❡r❛t✐♦♥ ❛✉s❣❡❢ü❤rt✳

• ■st s✐❡ ♥✐❝❤t ❡r❢ü❧❧t✱ ✇✐r❞ ❞✐❡ ❖♣❡r❛t✐♦♥ ♥❛❝❤ ❞❡♠ else

❛✉s❣❡❢ü❤rt✳
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❇❡❛❝❤t❡

• ❙t❛tt ❛✉s ❡✐♥③❡❧♥❡♥ ❖♣❡r❛t✐♦♥❡♥ ❦ö♥♥❡♥ ❞✐❡ ❆❧t❡r♥❛t✐✈❡♥ ❛✉❝❤
❛✉s ❙t❛t❡♠❡♥ts ❜❡st❡❤❡♥✿

int x;

x = Terminal.askInt("Zahl 1: ");

if (x == 0)

System.out.println("0");

else if (x < 0)

System.out.println("-1");

else

write(+1);
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❇❡❛❝❤t❡

• ✳✳✳ ♦❞❡r ❛✉s ✭❣❡❦❧❛♠♠❡rt❡♥✮ ❋♦❧❣❡♥ ✈♦♥ ❖♣❡r❛t✐♦♥❡♥ ✉♥❞
❙t❛t❡♠❡♥ts✿

int x, y;

x = Terminal.askInt("Zahl 1: ");

if (x != 0) {

y = Terminal.askInt("Zahl 2: ");

if (x > y)

System.out.println(x);

else

System.out.println(y);

} else

System.out.println(0);
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❇❡❛❝❤t❡

• ✳✳✳ ❡✈❡♥t✉❡❧❧ ❢❡❤❧t ❛✉❝❤ ❞❡r else✲❚❡✐❧✿

int x, y;

x = Terminal.askInt("Zahl 1: ");

if (x != 0) {

y = Terminal.askInt("Zahl 2: ");

if (x > y)

System.out.println(x);

else

System.out.println(y);

}
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❉✐❡ ❙✇✐t❝❤✲❆♥✇❡✐s✉♥❣

❉✐❡ ❙✇✐t❝❤✲❆♥✇❡✐s✉♥❣ ✭s✇✐t❝❤ st❛t❡♠❡♥t✮ r❡❛❧✐s✐❡rt ❡✐♥❡ ✇❡✐t❡r❡
❋♦r♠ ❞❡r ❱❡r③✇❡✐❣✉♥❣

static final char NEW = ’n’;

static final char OPEN = ’o’;

static final char SAVE = ’s’;

static final char QUIT = ’q’;

void doCommand() {

char command = Terminal.askChar("Kommando ?");

switch (command) {

case NEW : createNewFile();

break;

case OPEN : openFile();

break;

case SAVE : saveFile();

break;

case QUIT : exitProgram();

break;

default : System.out.println("Unbekanntes Kommando: " + command);

break;

}

}
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❉✐❡ ❙✇✐t❝❤✲❆♥✇❡✐s✉♥❣ ✕ ❆❧❧❣❡♠❡✐♥

❙②♥t❛①✿

◮ switch ✭Ausdruck✮ {
case Wert✶✿ Anweisungen✶
✳✳✳
case Wert♥✿ Anweisungen♥
default ✿ Anweisungen

}

◮ Ausdruck ♠✉ss ❞❛❜❡✐ ❞❡♥ ❚②♣ char✱ byte✱ short ♦❞❡r int
❤❛❜❡♥

◮ ❉✐❡ ❲❡rt❡ ♥❛❝❤ case ♠üss❡♥ ❦♦♥st❛♥t s❡✐♥ ✭❦❡✐♥❡ ❱❛r✐❛❜❧❡♥✦✮

◮ ❊✐♥ ✒case Wert✏ ❧❡❣t ♥✉r ❞❡♥ ❊✐♥st✐❡❣s♣✉♥❦t ✐♥♥❡r❤❛❧❜ ❞❡s
switch✲❇❧♦❝❦s ❢❡st

◮ ❉✐❡ break✲❆♥✇❡✐s✉♥❣ ✈❡r❛♥❧❛sst ❞❛s ✭s♦❢♦rt✐❣❡✮ ❱❡r❧❛ss❡♥ ❞❡s
❣❡s❛♠t❡♥ switch✲❇❧♦❝❦s

◮ ❖❤♥❡ break ✇❡r❞❡♥ ❛✉❝❤ ❛❧❧❡ ❆♥✇❡✐s✉♥❣❡♥ ❞❡r ♥❛❝❤❢♦❧❣❡♥❞❡♥
case✲❇❧ö❝❦❡ ❛❜❣❡❛r❜❡✐t❡t
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❉✐❡ ❙✇✐t❝❤✲❆♥✇❡✐s✉♥❣ ✕ ❇❡✐s♣✐❡❧

int tageImMonat(int monat) {

int tage = 0;

switch (monat) {

case 1: tage = 31; break;

case 2: tage = 28; break;

case 3: tage = 31; break;

case 4: tage = 30; break;

case 5: tage = 31; break;

case 6: tage = 30; break;

case 7: tage = 31; break;

case 8: tage = 31; break;

case 9: tage = 30; break;

case 10: tage = 31; break;

case 11: tage = 30; break;

case 12: tage = 31; break;

}

return tage;

}

int tageImMonat(int monat) {

int tage;

switch (monat) {

case 2: tage = 28; break;

case 4:

case 6:

case 9:

case 11: tage = 30; break;

default: tage = 31; break;

}

return tage;

}

◮ ❘❡❝❤t❡ ❱❛r✐❛♥t❡ ③✇❛r ❦ür③❡r✱ ❛❜❡r s❝❤❧❡❝❤t❡r ❧❡s❜❛r ✉♥❞ ❡s
✇❡r❞❡♥ ❛✉❝❤ ▼♦♥❛t❡ ❣röÿ❡r ✶✷ ✉♥❞ ❦❧❡✐♥❡r ✶ ❛❦③❡♣t✐❡rt
=⇒ ❋❡❤❧❡r✜♥❞✉♥❣ ❡rs❝❤✇❡rt
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❆✉❝❤ ♠✐t ❙❡q✉❡♥③ ✉♥❞ ❙❡❧❡❦t✐♦♥ ❦❛♥♥ ♥♦❝❤ ♥✐❝❤t ✈✐❡❧ ❜❡r❡❝❤♥❡t
✇❡r❞❡♥ ✳✳✳
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■t❡r❛t✐♦♥ ✭✇✐❡❞❡r❤♦❧t❡ ❆✉s❢ü❤r✉♥❣✮

int x, y;

x = Terminal.askInt("Zahl 1: ");

y = Terminal.askInt("Zahl 2: ");

while (x != y)

if (x < y)

y = y - x;

else

x = x - y;

System.out.println(x);
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✇❤✐❧❡

• ❙②♥t❛①✿ while(❇❡❞✐♥❣✉♥❣) { ❘✉♠♣❢❀ }

• ❩✉❡rst ✇✐r❞ ❞✐❡ ❇❡❞✐♥❣✉♥❣ ❛✉s❣❡✇❡rt❡t✳

• ■st s✐❡ ❡r❢ü❧❧t✱ ✇✐r❞ ❞❡r ❘✉♠♣❢ ❞❡s while✲❙t❛t❡♠❡♥ts
❛✉s❣❡❢ü❤rt✳

• ◆❛❝❤ ❆✉s❢ü❤r✉♥❣ ❞❡s ❘✉♠♣❢s ✇✐r❞ ❞❛s ❣❡s❛♠t❡
while✲❙t❛t❡♠❡♥t ❡r♥❡✉t ❛✉s❣❡❢ü❤rt✳

• ■st ❞✐❡ ❇❡❞✐♥❣✉♥❣ ♥✐❝❤t ❡r❢ü❧❧t✱ ❢ä❤rt ❞✐❡
Pr♦❣r❛♠♠✲❆✉s❢ü❤r✉♥❣ ❤✐♥t❡r ❞❡♠ while✲❙t❛t❡♠❡♥t ❢♦rt✳
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❇❡✐s♣✐❡❧ ❋❛❦✉❧täts❢✉♥❦t✐♦♥

int i=Terminal.askInt();

int fac=1;

if(i<0) return -1;

if(i==0) return 1;

while(i > 0){

fac=fac*i;

i--;

✴✴ ❦ür③❡r ✿ ❢❛❝ ∗❂ ✐−−❀
}
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❜r❡❛❦ r❡✈✐s✐t❡❞

◮ ▼❛♥❝❤♠❛❧ ♠ö❝❤t❡ ♠❛♥ ❡✐♥❡ ❙❝❤❧❡✐❢❡ ✈❡r❧❛ss❡♥✱ ❜❡✈♦r ❛❧❧❡
❙❝❤❧❡✐❢❡♥❞✉r❝❤❧ä✉❢❡ ❛❜❣❡❛r❜❡✐t❡t ✇✉r❞❡♥

◮ ✒break;✏ ✈❡r❛♥❧❛sst ❛✉❝❤ ❞❛s s♦❢♦rt✐❣❡ ❱❡r❧❛ss❡♥ ❞❡r
✐♥♥❡rst❡♥ ❙❝❤❧❡✐❢❡ ✭❛❧❧❣❡♠❡✐♥✿ ❞❡s ✐♥♥❡rst❡♥ ❇❧♦❝❦s✮

❇❡✐s♣✐❡❧✿ ❙✉♠♠❡ ❡✐♥❣❡❧❡s❡♥❡r ❩❛❤❧❡♥ ❜✐s ③✉r ❊✐♥❣❛❜❡ ✬✵✬
void sum() {

int i; ✴✴ ❱♦r❜❡r❡✐t✉♥❣
int sum = 0;

while (true) { ✴✴ ❙❝❤ ❧ ❡ ✐ ❢ ❡
i = Terminal.askInt("i = ");

if (i == 0) { break; }

sum = sum + i;

}

System.out.println("sum = " + sum); ✴✴ ◆❛❝❤❜❡r❡✐t✉♥❣
}

◮ break s♦❧❧t❡ ♥✉r s♣❛rs❛♠ ✉♥❞ ❣❡③✐❡❧t ❡✐♥❣❡s❡t③t ✇❡r❞❡♥✱ s♦
❞❛ss ❞❡r ❈♦❞❡ ü❜❡rs✐❝❤t❧✐❝❤ ✉♥❞ ✈❡rstä♥❞❧✐❝❤ ❜❧❡✐❜t
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❇❡r❡❝❤❡♥❜❛r❦❡✐t

❏❡❞❡ ✭♣❛rt✐❡❧❧❡✮ ❋✉♥❦t✐♦♥ ❛✉❢ ❣❛♥③❡♥ ❩❛❤❧❡♥✱ ❞✐❡ ü❜❡r❤❛✉♣t
❜❡r❡❝❤❡♥❜❛r ✐st✱ ❧ässt s✐❝❤ ♠✐t ❙❡❧❡❦t✐♦♥✱ ❙❡q✉❡♥③ ✉♥❞ ■t❡r❛t✐♦♥
❜❡r❡❝❤♥❡♥ ✦✦

❇❡✇❡✐s✿ ↑ ❇❡r❡❝❤❡♥❜❛r❦❡✐tst❤❡♦r✐❡✳

■❞❡❡✿
❊✐♥❡ ❚✉r✐♥❣✲▼❛s❝❤✐♥❡ ❦❛♥♥ ❛❧❧❡s ❜❡r❡❝❤♥❡♥✳✳✳
❱❡rs✉❝❤❡✱ ❡✐♥❡ ❚✉r✐♥❣✲▼❛s❝❤✐♥❡ ③✉ s✐♠✉❧✐❡r❡♥✦
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✭❉♦✲✮❲❤✐❧❡✲❙❝❤❧❡✐❢❡ ✕ ❙②♥t❛①

❙②♥t❛①✿

◮ while (Bedingung) {Anweisungen}

◮ do {Anweisungen} while (Bedingung);
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❉♦✲❲❤✐❧❡✲❙❝❤❧❡✐❢❡ ✕ ❇❡✐s♣✐❡❧

❇❡✐s♣✐❡❧✿

❇❡r❡❝❤♥❡ ❞✐❡ ❙✉♠♠❡ ❡✐♥❣❡❧❡s❡♥❡r ❩❛❤❧❡♥ ❜✐s ③✉r ❊✐♥❣❛❜❡ ✬✵✬

void sum() {

int i; ✴✴ ❱♦r❜❡r❡✐t✉♥❣
int sum = 0;

do { ✴✴ ❙❝❤ ❧ ❡ ✐ ❢ ❡
i = Terminal.askInt("i = ");

if (i != 0) { sum = sum + i; }

} while (i != 0);

System.out.println("sum = " + sum); ✴✴ ◆❛❝❤❜❡r❡✐t✉♥❣
}

◮ ❉♦✲❲❤✐❧❡✲❙❝❤❧❡✐❢❡♥ ✇❡r❞❡♥ ♠✐♥❞❡st❡♥s ❡✐♥♠❛❧ ❞✉r❝❤❧❛✉❢❡♥✱ ❞❛
❞❛s ❆❜❜r✉❝❤❦r✐t❡r✐✉♠ ❡rst ❛♠ ❙❝❤❧❡✐❢❡♥❡♥❞❡ ü❜❡r♣rü❢t ✇✐r❞
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Ü❜❡rs✐❝❤t

❑♦♥tr♦❧❧str✉❦t✉r❡♥

❑♦♥tr♦❧❧✢✉ss✲❉✐❛❣r❛♠♠❡
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❑♦♥tr♦❧❧✢✉ss✲❉✐❛❣r❛♠♠❡ ✭■✮

■♥ ✇❡❧❝❤❡r ❲❡✐s❡ ❞✐❡ ❖♣❡r❛t✐♦♥❡♥ ❡✐♥❡s Pr♦❣r❛♠♠s ♥❛❝❤❡✐♥❛♥❞❡r
❛✉s❣❡❢ü❤rt ✇❡r❞❡♥✱ ❧ässt s✐❝❤ ❛♥s❝❤❛✉❧✐❝❤ ♠✐t❤✐❧❢❡ ✈♦♥
❑♦♥tr♦❧❧✢✉ss✲❉✐❛❣r❛♠♠❡♥ ❞❛rst❡❧❧❡♥✳

■♥❣r❡❞✐❡♥③✐❡♥✿

      Startknoten

Stop

Endknoten   

Start
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❑♦♥tr♦❧❧✢✉ss✲❉✐❛❣r❛♠♠❡ ✭■■✮

x = x − y;

Eingabe Ausgabe

 

Zuweisung

x = read(); write(y);
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❑♦♥tr♦❧❧✢✉ss✲❉✐❛❣r❛♠♠❡ ✭■■■✮

x < y

Kontrollfluss−Transfer Zusammenlauf  Kontrollfluss   

no yes

bedingte Verzweigung
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❇❡✐s♣✐❡❧

int x, y;

x = Terminal.askInt("Zahl 1: ");

y = Terminal.askInt("Zahl 2: ");

while (x != y)

if (x < y)

y = y - x;

else

x = x - y;

write(x); x < y

Start

 

no yes

Stop

yesno
write(x);

x = read();

y = read();

y=y−x;x=x−y;

x != y
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❖♣❡r❛t✐♦♥❡❧❧❡ ❙❡♠❛♥t✐❦

• ❉✐❡ ❆✉s❢ü❤r✉♥❣ ❞❡s Pr♦❣r❛♠♠s ❡♥ts♣r✐❝❤t ❡✐♥❡♠ P❢❛❞ ❞✉r❝❤
❞❛s ❑♦♥tr♦❧❧✢✉ss✲❉✐❛❣r❛♠♠ ✈♦♠ ❙t❛rt❦♥♦t❡♥ ③✉♠ ❊♥❞❦♥♦t❡♥✳

• ❉✐❡ ❉❡❦❧❛r❛t✐♦♥❡♥ ✈♦♥ ❱❛r✐❛❜❧❡♥ ♠✉ss ♠❛♥ s✐❝❤ ❛♠
❙t❛rt❦♥♦t❡♥ ✈♦rst❡❧❧❡♥✳

• ❉✐❡ ❛✉❢ ❞❡♠ P❢❛❞ ❧✐❡❣❡♥❞❡♥ ❑♥♦t❡♥ ✭❛✉ÿ❡r ❞❡♠ ❙t❛rt✲ ✉♥❞
❊♥❞❦♥♦t❡♥✮ s✐♥❞ ❞✐❡ ❞❛❜❡✐ ❛✉s③✉❢ü❤r❡♥❞❡♥ ❖♣❡r❛t✐♦♥❡♥ ❜③✇✳
❛✉s③✉✇❡rt❡♥❞❡♥ ❇❡❞✐♥❣✉♥❣❡♥✳

• ❯♠ ❞❡♥ ◆❛❝❤❢♦❧❣❡r ❛♥ ❡✐♥❡♠ ❱❡r③✇❡✐❣✉♥❣s❦♥♦t❡♥ ③✉
❜❡st✐♠♠❡♥✱ ♠✉ss ❞✐❡ ❇❡❞✐♥❣✉♥❣ ❢ür ❞✐❡ ❛❦t✉❡❧❧❡♥ ❲❡rt❡ ❞❡r
❱❛r✐❛❜❧❡♥ ❛✉s❣❡✇❡rt❡t ✇❡r❞❡♥✳
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❇❡✐s♣✐❡❧❛❜❧❛✉❢ ❣❣❚

x < y

Start

 

no yes

Stop

yesno
write(x);

x = read();

y = read();

y=y−x;x=x−y;

x != y
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❇❡✐s♣✐❡❧❛❜❧❛✉❢ ❣❣❚

x == 18, y == 24
Start

 

no yes

Stop

yesno
write(x);

x = read();

y = read();

y=y−x;x=x−y;

x != y

x < y

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✶✺✼



❇❡✐s♣✐❡❧❛❜❧❛✉❢ ❣❣❚

x == 18, y == 24
Start

 

no yes

Stop

yesno
write(x);

x = read();

y = read();

y=y−x;x=x−y;

x != y

x < y
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❇❡✐s♣✐❡❧❛❜❧❛✉❢ ❣❣❚

x == 18, y == 24
Start

 

no yes

Stop

yesno
write(x);

x = read();

y = read();

y=y−x;x=x−y;

x != y

x < y

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✶✺✼



❇❡✐s♣✐❡❧❛❜❧❛✉❢ ❣❣❚

x == 18, y == 6
Start

 

no yes

Stop

yesno
write(x);

x = read();

y = read();

y=y−x;x=x−y;

x != y

x < y

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✶✺✼



❇❡✐s♣✐❡❧❛❜❧❛✉❢ ❣❣❚

x == 18, y == 6
Start

 

no yes

Stop

yesno
write(x);

x = read();

y = read();

y=y−x;x=x−y;

x != y

x < y
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❇❡✐s♣✐❡❧❛❜❧❛✉❢ ❣❣❚

x == 12, y == 6
Start

 

no yes

Stop

yesno
write(x);

x = read();

y = read();

y=y−x;x=x−y;

x != y

x < y

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✶✺✼



❇❡✐s♣✐❡❧❛❜❧❛✉❢ ❣❣❚

x == 12, y == 6
Start

 

no yes

Stop

yesno
write(x);

x = read();

y = read();

y=y−x;x=x−y;

x != y

x < y
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❇❡✐s♣✐❡❧❛❜❧❛✉❢ ❣❣❚

x == 6, y == 6
Start

 

no yes

Stop

yesno
write(x);

x = read();

y = read();

y=y−x;x=x−y;

x != y

x < y
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❇❡✐s♣✐❡❧❛❜❧❛✉❢ ❣❣❚

x == 6, y == 6
Start

 

no yes

Stop

yesno
write(x);

x = read();

y = read();

y=y−x;x=x−y;

x != y

x < y
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❇❡✐s♣✐❡❧❛❜❧❛✉❢ ❣❣❚

x == 6, y == 6
Start

 

no yes

Stop

yesno
write(x);

x = read();

y = read();

y=y−x;x=x−y;

x != y

x < y
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❇❡✐s♣✐❡❧❛❜❧❛✉❢ ❣❣❚

x < y

Start

 

no yes

Stop

yesno
write(x);

x = read();

y = read();

y=y−x;x=x−y;

x != y
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➘q✉✐✈❛❧❡♥③

• ❩✉ ❥❡❞❡♠ ❏❛✈❛✲Pr♦❣r❛♠♠ ❧ässt s✐❝❤ ❡✐♥
❑♦♥tr♦❧❧✢✉ss✲❉✐❛❣r❛♠♠ ❦♦♥str✉✐❡r❡♥❀

• ❉✐❡ ✉♠❣❡❦❡❤rt❡ ❘✐❝❤t✉♥❣ ❣✐❧t ③✇❛r ❡❜❡♥❢❛❧❧s✱ ❧✐❡❣t ❛❜❡r ♥✐❝❤t
s♦ ❛✉❢ ❞❡r ❍❛♥❞✳
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❇❡✐s♣✐❡❧

 

Stop

Start

no yes

no yesyes

no yesyes
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❋✉♥❦t✐♦♥❡♥ ✐♥ ❋❧✉ss❞✐❛❣r❛♠♠❡♥

❯♠ s❝❤❧✐❡ÿ❧✐❝❤ ♥♦❝❤ ❞✐❡ ❆r❜❡✐ts✇❡✐s❡ ✈♦♥ ❋✉♥❦t✐♦♥❡♥ ③✉
✈❡r❛♥s❝❤❛✉❧✐❝❤❡♥✱ ❡r✇❡✐t❡r♥✴♠♦❞✐✜③✐❡r❡♥ ✇✐r ❞✐❡
❑♦♥tr♦❧❧✢✉ss✲❉✐❛❣r❛♠♠❡✿

          der Funktion f

x = f(7,z);

Funktionsaufruf

return 42;

Endknoten

f(x,y)

         Startknoten

◮ ❋ür ❥❡❞❡ ❋✉♥❦t✐♦♥ ✇✐r❞ ❡✐♥ ❡✐❣❡♥❡s ❚❡✐❧❞✐❛❣r❛♠♠ ❡rst❡❧❧t✳

◮ ❊✐♥ ❆✉❢r✉❢❦♥♦t❡♥ r❡♣äs❡♥t✐❡rt ❡✐♥❡ ❚❡✐❧❜❡r❡❝❤♥✉♥❣ ❞❡r
❛✉❢❣❡r✉❢❡♥❡♥ ❋✉♥❦t✐♦♥✳
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❇❡✐s♣✐❡❧

readArray(number)

return;

n = read();

main(args)

result = min(a);

a = readArray(n);

return result; return result;

write(result);

min(b)

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✶✻✶



❇❡✐s♣✐❡❧

min(b)

n = read();

return;

result = min(a);

a = readArray(n);

main(args)

return result; return result;

Aufruf

Rueckkehr write(result);

readArray(number)
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❇❡✐s♣✐❡❧

min(b)

n = read();

return;

result = min(a);

a = readArray(n);

main(args)

return result; return result;

Rueckkehr

Aufruf

write(result);

readArray(number)
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♠✐t ❆✉❢r✉❢ ✈♦♥ min()

min(b)

i = 1;

i = i+1;

result = b[i];

result = b[0];

no yes

no yesreturn result;

 
b[i]<result

i<b.length
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Ü❜❡r❜❧✐❝❦
❚❡✐❧ ✶✿ ❊✐♥❢ü❤r✉♥❣
❚❡✐❧ ✷✿ ❖❜❥❡❦t❜❛s✐❡rt❡ Pr♦❣r❛♠♠✐❡r✉♥❣
❚❡✐❧ ✸✿ ❑♦♥tr♦❧❧str✉❦t✉r❡♥
❚❡✐❧ ✹✿ ❋❡❧❞❡r
❚❡✐❧ ✺✿ ❊✐♥✐❣❡ ❆❜str❛❦t❡ ❉❛t❡♥t②♣❡♥
❚❡✐❧ ✻✿ ❖❜❥❡❦t♦r✐❡♥t✐❡r✉♥❣
❚❡✐❧ ✼✿ ❘❡❦✉rs✐♦♥
❚❡✐❧ ✽✿ ❋♦rt❣❡s❝❤r✐tt❡♥❡ Pr♦❣r❛♠♠✐❡r❦♦♥str✉❦t❡
❚❡✐❧ ✾✿ ❊✐♥ ✇❡✐t❡r❡s ❣röÿ❡r❡s ❇❡✐s♣✐❡❧
❚❡✐❧ ✶✵✿ ◆❡❜❡♥❧ä✉✜❣❦❡✐t
❚❡✐❧ ✶✶✿ ❆♣♣❧❡ts ✉♥❞ ●❯■s
❚❡✐❧ ✶✷✿ ❇❡②♦♥❞ ❏❛✈❛
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Ü❜❡rs✐❝❤t

❋❡❧❞❡r
❢♦r✭✳✳✳✮✲❙❝❤❧❡✐❢❡♥

❙✉❝❤❡♥

❇❡✐s♣✐❡❧ ❙✉❝❤♠❛s❝❤✐♥❡

❙♦rt✐❡r❡♥

❆♥✇❡♥❞✉♥❣✿ ❱❡❦t♦r❡♥ ✉♥❞ ▼❛tr✐③❡♥

❇❡✐s♣✐❡❧ ❙✉❝❤♠❛s❝❤✐♥❡
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❋❡❧❞❡r

❖❢t ♠üss❡♥ ✈✐❡❧❡ ❲❡rt❡ ❣❧❡✐❝❤❡♥ ❚②♣s ❣❡s♣❡✐❝❤❡rt ✇❡r❞❡♥✳

■❞❡❡✿

• ▲❡❣❡ s✐❡ ❦♦♥s❡❦✉t✐✈ ❛❜✦

• ●r❡✐❢❡ ❛✉❢ ❡✐♥③❡❧♥❡ ❲❡rt❡ ü❜❡r ✐❤r❡♥ ■♥❞❡① ③✉✦

Feld: 3 −2 0 117 9

0 1 2 3 4 5Index:
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●r✉♥❞❧❛❣❡♥ ■

• t②♣❡ [] ♥❛♠❡ ; ❞❡❦❧❛r✐❡rt ❡✐♥❡ ❱❛r✐❛❜❧❡ ❢ür ❡✐♥ ❋❡❧❞ ✭❛rr❛②✮✱
❞❡ss❡♥ ❊❧❡♠❡♥t❡ ✈♦♠ ❚②♣ t②♣❡ s✐♥❞✳

• ❆❧t❡r♥❛t✐✈❡ ❙❝❤r❡✐❜✇❡✐s❡✿
t②♣❡ ♥❛♠❡ [];

• ❉❛s ❑♦♠♠❛♥❞♦ new ❧❡❣t ❡✐♥ ❋❡❧❞ ❡✐♥❡r ❣❡❣❡❜❡♥❡♥ ●röÿ❡ ❛♥
✉♥❞ ❧✐❡❢❡rt ❡✐♥❡♥ ❱❡r✇❡✐s ❞❛r❛✉❢ ③✉rü❝❦✿

a = new int[6];

a

a
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●r✉♥❞❧❛❣❡♥ ■■

• ❉❡r ❲❡rt ❡✐♥❡r ❋❡❧❞✲❱❛r✐❛❜❧❡ ✐st ❛❧s♦ ❡✐♥ ❱❡r✇❡✐s✳

• int[] b = a; ❦♦♣✐❡rt ❞❡♥ ❱❡r✇❡✐s ❞❡r ❱❛r✐❛❜❧❡♥ a ✐♥ ❞✐❡
❱❛r✐❛❜❧❡ b✿

int[] b = a;

a

b

a
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●r✉♥❞❧❛❣❡♥ ■■■

• ❉✐❡ ❊❧❡♠❡♥t❡ ❡✐♥❡s ❋❡❧❞s s✐♥❞ ✈♦♥ ✵ ❛♥ ❞✉r❝❤♥✉♠♠❡r✐❡rt✳

• ❉✐❡ ❆♥③❛❤❧ ❞❡r ❊❧❡♠❡♥t❡ ❞❡s ❋❡❧❞s ♥❛♠❡ ✐st ♥❛♠❡.length✳

• ❆✉❢ ❞❛s ✐ ✲t❡ ❊❧❡♠❡♥t ❞❡s ❋❡❧❞s ♥❛♠❡ ❣r❡✐❢t ♠❛♥ ♠✐tt❡❧s
♥❛♠❡[i] ③✉✳

• ❇❡✐ ❥❡❞❡♠ ❩✉❣r✐✛ ✇✐r❞ ü❜❡r♣rü❢t✱ ♦❜ ❞❡r ■♥❞❡① ❡r❧❛✉❜t ✐st✱ ❞✳❤✳
✐♠ ■♥t❡r✈❛❧❧ {✵, . . . , ♥❛♠❡.length✲✶} ❧✐❡❣t✳

• ▲✐❡❣t ❞❡r ■♥❞❡① ❛✉ÿ❡r❤❛❧❜ ❞❡s ■♥t❡r✈❛❧❧s✱ ✇✐r❞ ❞✐❡
ArrayIndexOutofBoundsException ❛✉s❣❡❧öst
✭↑❊①❝❡♣t✐♦♥s✮✳
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❇❡✐s♣✐❡❧ ✶✿ P♦❧②❣♦♥❡ ✐♠ R✷

p1

p2

p3

p4

p5
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❈♦❞❡

class Polygon {

✴✴ ❆ttr ✐❜✉t❡ ✿ ❆rr❛② ✈♦♥ ❊❝❦♣✉♥❦t❡♥
Point[] nodes;

✴✴ ❑♦♥str✉❦t♦r♠❡t❤♦❞❡
Polygon(Point[] nodes) {

this.nodes = nodes;

}

✴✴ ❛♥❞❡r❡ ▼❡t❤♦❞❡♥
}
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P♦❧②❣♦♥❡ ❡r③❡✉❣❡♥ ✭■✮

◮ ❱❛r✐❛♥t❡ ✶✿ ❊①♣❧✐③✐t❡ ❆♥❣❛❜❡ ❞❡r ❆rr❛②✲▲ä♥❣❡

Point[] points = new Point[5];

points[0] = new Point(-2.0, 2.0);

points[1] = new Point(5.0, 8.0);

points[2] = new Point(4.0, 4.0);

points[3] = new Point(9.0, 1.0);

points[4] = new Point(1.0, -1.0);

Polygon poly = new Polygon(points);
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P♦❧②❣♦♥❡ ❡r③❡✉❣❡♥ ✭■■✮

◮ ❱❛r✐❛♥t❡ ✷✿ ❊①♣❧✐③✐t❡ ❆♥❣❛❜❡ ✈♦♥ P✉♥❦t❡♥

Point p1 = new Point(-2.0, 2.0);

Point p2 = new Point(5.0, 8.0);

Point p3 = new Point(4.0, 4.0);

Point p4 = new Point(9.0, 1.0);

Point p5 = new Point(1.0, -1.0);

Point[] points = { p1, p2, p3, p4, p5 };

Polygon poly = new Polygon(points);

◮ ❱❛r✐❛♥t❡ ✸✿ ❆♥♦♥②♠❡ P✉♥❦t❡

Polygon poly = new Polygon(

new Point[] { new Point(-2.0, 2.0),

new Point(5.0, 8.0),

new Point(4.0, 4.0),

new Point(9.0, 1.0),

new Point(1.0, -1.0)

});
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❇❡✐s♣✐❡❧ ✷✿ ❊✐♥❧❡s❡♥ ❡✐♥❡s ❋❡❧❞s ✲ ♠✐t ✇❤✐❧❡

int[] a; ✴✴ ❉❡❦❧❛r❛t✐♦♥
int n = Terminal.askInt("Anzahl: ");

a = new int[n];

✴✴ ❆♥❧❡❣❡♥ ❞❡s ❋❡❧❞s
int i = 0;

while (i < n) {

a[i] = Terminal.askInt("nächste Zahl: ");

i = i+1;

}
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▼✉st❡r

❚②♣✐s❝❤❡ ❋♦r♠ ❞❡r ■t❡r❛t✐♦♥ ü❜❡r ❋❡❧❞❡r✿

• ■♥✐t✐❛❧✐s✐❡r✉♥❣ ❞❡s ▲❛✉✜♥❞❡①❀

• while✲❙❝❤❧❡✐❢❡ ♠✐t ❊✐♥tr✐tts❜❡❞✐♥❣✉♥❣ ❢ür ❞❡♥ ❘✉♠♣❢❀

• ▼♦❞✐✜③✐❡r✉♥❣ ❞❡s ▲❛✉✜♥❞❡① ❛♠ ❊♥❞❡ ❞❡s ❘✉♠♣❢s✳

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✶✼✹



❇❡✐s♣✐❡❧ ✸✿ ❇❡st✐♠♠✉♥❣ ❞❡s ▼✐♥✐♠✉♠s ♠✐t ✇❤✐❧❡

int result = a[0];

int i = 1;

✴✴ ■ ♥ ✐ t ✐ ❛ ❧ ✐ s ✐ ❡ r ✉ ♥ ❣
while (i < a.length) {

if (a[i] < result)

result = a[i];

i++; ✴✴ ▼♦❞ ✐ ❢ ✐ ③ ✐ ❡ r✉♥❣
}

System.out.println(result);
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✳✳✳ ♦❞❡r ♠✐t❤✐❧❢❡ ❞❡s for✲❙t❛t❡♠❡♥ts✿

int result = a[0];

for (int i = 1; i < a.length; i++)

if (a[i] < result)

result = a[i];

System.out.println(result);
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❙❡♠❛♥t✐❦

for ( ✐♥✐t❀ ❝♦♥❞❀ ♠♦❞✐❢② ) st♠t

✳✳✳ ❡♥ts♣r✐❝❤t✿

{ ✐♥✐t ; while ( ❝♦♥❞ ) { st♠t ♠♦❞✐❢② ;} }

✳✳✳ ✇♦❜❡✐ i++ äq✉✐✈❛❧❡♥t ✐st ③✉ i = i+1 ✳
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++ ✉♥❞ -

• ❉✐❡ ❖♣❡r❛t♦r❛♥✇❡♥❞✉♥❣❡♥ ++x ✉♥❞ x++

✐♥❦r❡♠❡♥t✐❡r❡♥ ❜❡✐❞❡ ❞❡♥ ❲❡rt ❞❡r ❱❛r✐❛❜❧❡♥ x✳

• ++x t✉t ❞❛s✱ ❜❡✈♦r ❞❡r ❲❡rt ❞❡s ❆✉s❞r✉❝❦s ❡r♠✐tt❡❧t ✇✐r❞
✭Pr❡✲■♥❝r❡♠❡♥t✮✳

• x++ t✉t ❞❛s✱ ♥❛❝❤❞❡♠ ❞❡r ❲❡rt ❡r♠✐tt❡❧t ✇✉r❞❡
✭P♦st✲■♥❝r❡♠❡♥t✮✳

• a[x++] = 7; ❡♥ts♣r✐❝❤t✿

a[x] = 7;

x = x+1;

• a[++x] = 7; ❡♥ts♣r✐❝❤t✿

x = x+1;

a[x] = 7;
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❲❛r♥✉♥❣

• ❉✐❡ ❩✉✇❡✐s✉♥❣ i = i+1 ✐st ✐♥ ❲❛❤r❤❡✐t ❡✐♥ ❆✉s❞r✉❝❦✳

• ❉❡r ❲❡rt ✐st ❞❡r ❲❡rt ❞❡r r❡❝❤t❡♥ ❙❡✐t❡✳

• ❉✐❡ ▼♦❞✐✜③✐❡r✉♥❣ ❞❡r ❱❛r✐❛❜❧❡ i ❡r❢♦❧❣t ❛❧s ❙❡✐t❡♥❡✛❡❦t✳

• ❉❡r ❙❡♠✐❦♦❧♦♥ ✏;✑ ❤✐♥t❡r ❡✐♥❡♠ ❆✉s❞r✉❝❦ ✇✐r❢t ♥✉r ❞❡♥ ❲❡rt
✇❡❣✳

==⇒ ✳✳✳ ❢❛t❛❧ ❢ür ❋❡❤❧❡r ✐♥ ❇❡❞✐♥❣✉♥❣❡♥ ✳✳✳

boolean x = false;

if (x = true) ✴✴ ❆❈❍❚❯◆●✦
System.out.println("Sorry! This must be an error ...");
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❇❡✐s♣✐❡❧✿ ❊✐♥❧❡s❡♥ ❡✐♥❡s ❋❡❧❞s ♠✐t ❢♦r

public static int[] readArray(int number) {

✴✴ ♥✉♠❜❡r ❂ ❆♥③❛❤❧ ❞❡r ③✉ ❧❡s❡♥❞❡♥ ❊❧❡♠❡♥t❡
int[] result = new int[number]; ✴✴ ❆♥❧❡❣❡♥ ❞❡s ❋❡❧❞s
for (int i = 0; i < number; i++) {

result[i] = Terminal.askInt("nächste Zahl: ");

}

return result;

}
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▼♦❞✐✜❡rs

• public s❛❣t✱ ✇♦ ❞✐❡ ❋✉♥❦t✐♦♥ ✈❡r✇❡♥❞❡t ✇❡r❞❡♥ ❞❛r❢
✭↑❦♦♠♠t s♣ät❡r✮

• ❩✉r ❊r✐♥♥❡r✉♥❣✿ static ❜❡③❡✐❝❤♥❡t ❡✐♥❡ ❑❧❛ss❡♥♠❡t❤♦❞❡✳

• ❉✐❡ ❱❛r✐❛❜❧❡♥✱ ❞✐❡ ✐♥♥❡r❤❛❧❜ ❡✐♥❡s ❇❧♦❝❦s ❛♥❣❡❧❡❣t ✇❡r❞❡♥✱
❞✳❤✳ ✐♥♥❡r❤❛❧❜ ✈♦♥ ✏{✑ ✉♥❞ ✏}✑✱ s✐♥❞ ♥✉r ✐♥♥❡r❤❛❧❜ ❞✐❡s❡s
❇❧♦❝❦s s✐❝❤t❜❛r✱ ❞✳❤✳ ❜❡♥✉t③❜❛r ✭❧♦❦❛❧❡ ❱❛r✐❛❜❧❡♥✮✳

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✶✽✶



❇❡✐s♣✐❡❧ ✹✿ ❑♦♣✐❡r❡♥ ✈♦♥ ❆rr❛②s

static float[] copy(float[] a) {

float[] b = new float[a.length];

for (int i = 0; i < a.length; i++) {

b[i] = a[i];

}

return b;

}

◮ ❆♥✇❡♥❞✉♥❣✿ ✒float[] b = copy(a);✏

◮ ✒float[] c = a;✏ ❦♦♣✐❡rt ❞❛s ❆rr❛② ♥✐❝❤t✦
✭❲❛r✉♠❄ → s✳ ❘❡❢❡r❡♥③❡♥✮

◮ ❙❝❤♥❡❧❧❡r❡ ❱❛r✐❛♥t❡✿
java.lang.System.arraycopy(...)
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❇❡✐s♣✐❡❧ ✹✿ ❑♦♣✐❡r❡♥ ✈♦♥ ❆rr❛②s

public static void main(String[] args) {

float[] a = {2.3, 1.2, 4.8, 5.46, 1.23};

float[] b = copy(a); ✴✴ ❑♦♣✐❡
float[] c = a; ✴✴ ❆ ❧ ✐ ❛ s

b[2] = 0.0;

System.out.println(a[2]);

c[2] = 1.0;

System.out.println(a[2]);

}
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❇❡✐s♣✐❡❧ ✹✿ ❑♦♣✐❡r❡♥ ✈♦♥ ❆rr❛②s

public static void main(String[] args) {

float[] a = {2.3, 1.2, 4.8, 5.46, 1.23};

float[] b = copy(a); ✴✴ ❑♦♣✐❡
float[] c = a; ✴✴ ❆ ❧ ✐ ❛ s

b[2] = 0.0;

System.out.println(a[2]); ✴✴ ❆✉s❣❛❜❡ ✿ ✹ ✳✽

c[2] = 1.0;

System.out.println(a[2]); ✴✴ ❆✉s❣❛❜❡ ✿ ✶ ✳✵
}
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Ü❜❡rs✐❝❤t

❋❡❧❞❡r

❙✉❝❤❡♥

❇❡✐s♣✐❡❧ ❙✉❝❤♠❛s❝❤✐♥❡

❙♦rt✐❡r❡♥

❆♥✇❡♥❞✉♥❣✿ ❱❡❦t♦r❡♥ ✉♥❞ ▼❛tr✐③❡♥

❇❡✐s♣✐❡❧ ❙✉❝❤♠❛s❝❤✐♥❡
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❇❡✐s♣✐❡❧ ✺✿ ❙✉❝❤❡♥ ✐♥ ❆rr❛②s

boolean has(long[] a, long x) {

int i;

for (i = 0; i < a.length; i++) {

if (a[i] == x) {

break;

}

}

return i != a.length;

}
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◆❛✐✈❡ ❙✉❝❤❡

No!

17 3 −2 9 0 1 7 42 5

7
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◆❛✐✈❡ ❙✉❝❤❡

No!

17 3 −2 9 0 1 7 42 5

7
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◆❛✐✈❡ ❙✉❝❤❡

No!

17 3 −2 9 0 1 7 42 5

7
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◆❛✐✈❡ ❙✉❝❤❡

No!

17 3 −2 9 0 1 7 42 5

7
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◆❛✐✈❡ ❙✉❝❤❡

No!

17 3 −2 9 0 1 7 42 5

7
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◆❛✐✈❡ ❙✉❝❤❡

No!

17 3 −2 9 0 1 7 42 5

7
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boolean has(long[] a, long x) {

int i;

for (i = 0; i < a.length; i++) {

if (a[i] == x) {

break;

}

}

return i != a.length;

}
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boolean has(long[] a, long x) {

int i;

for (i = 0; i < a.length && a[i] != x; i++);

return i != a.length;

}
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boolean has(long[] a, long x) {

int i = 0;

boolean found = false;

while (!found && i < a.length) {

found = (a[i] == x);

i++;

}

return found;

}
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❇❡✐s♣✐❡❧ ✻✿ ❙♦rt✐❡r❡♥

●❡❣❡❜❡♥✿ ❡✐♥❡ ❋♦❧❣❡ ✈♦♥ ❣❛♥③❡♥ ❩❛❤❧❡♥✳
●❡s✉❝❤t✿ ❞✐❡ ③✉❣❡❤ör✐❣❡ ❛✉❢st❡✐❣❡♥❞ s♦rt✐❡rt❡ ❋♦❧❣❡✳

■❞❡❡✿

❙♣❡✐❝❤❡r❡ ❞✐❡ ❋♦❧❣❡ ✐♥ ❡✐♥❡♠ ❋❡❧❞ ❛❜❀

▲❡❣❡ ❡✐♥ ✇❡✐t❡r❡s ❋❡❧❞ ❛♥❀

❋ü❣❡ ❞❡r ❘❡✐❤❡ ♥❛❝❤ ❥❡❞❡s ❊❧❡♠❡♥t ❞❡s ❡rst❡♥ ❋❡❧❞s ❛♥ ❞❡r
r✐❝❤t✐❣❡♥ ❙t❡❧❧❡ ✐♥ ❞❛s ③✇❡✐t❡ ❋❡❧❞ ❡✐♥✦
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●❡❣❡❜❡♥✿ ❡✐♥❡ ❋♦❧❣❡ ✈♦♥ ❣❛♥③❡♥ ❩❛❤❧❡♥✳
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■❞❡❡✿

• ❙♣❡✐❝❤❡r❡ ❞✐❡ ❋♦❧❣❡ ✐♥ ❡✐♥❡♠ ❋❡❧❞ ❛❜❀

• ▲❡❣❡ ❡✐♥ ✇❡✐t❡r❡s ❋❡❧❞ ❛♥❀

• ❋ü❣❡ ❞❡r ❘❡✐❤❡ ♥❛❝❤ ❥❡❞❡s ❊❧❡♠❡♥t ❞❡s ❡rst❡♥ ❋❡❧❞s ❛♥ ❞❡r
r✐❝❤t✐❣❡♥ ❙t❡❧❧❡ ✐♥ ❞❛s ③✇❡✐t❡ ❋❡❧❞ ❡✐♥✦
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●❡s✉❝❤t✿ ❞✐❡ ③✉❣❡❤ör✐❣❡ ❛✉❢st❡✐❣❡♥❞ s♦rt✐❡rt❡ ❋♦❧❣❡✳

■❞❡❡✿

• ❙♣❡✐❝❤❡r❡ ❞✐❡ ❋♦❧❣❡ ✐♥ ❡✐♥❡♠ ❋❡❧❞ ❛❜❀

• ▲❡❣❡ ❡✐♥ ✇❡✐t❡r❡s ❋❡❧❞ ❛♥❀

• ❋ü❣❡ ❞❡r ❘❡✐❤❡ ♥❛❝❤ ❥❡❞❡s ❊❧❡♠❡♥t ❞❡s ❡rst❡♥ ❋❡❧❞s ❛♥ ❞❡r
r✐❝❤t✐❣❡♥ ❙t❡❧❧❡ ✐♥ ❞❛s ③✇❡✐t❡ ❋❡❧❞ ❡✐♥✦
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❙♦rt✐❡r❡♥✿ ❈♦❞❡

public static int[] sort (int[] a) {

int n = a.length;

int[] b = new int[n];

for (int i = 0; i < n; ++i)

insert (b, a[i], i);

✴✴ ❜ ❂ ❋❡❧❞ ✱ ✐♥ ❞❛s ❡ ✐ ♥ ❣ ❡ ❢ ü ❣ t ✇✐r❞
✴✴ ❛ ❬ ✐ ❪ ❂ ❡ ✐♥③✉ ❢ü❣❡♥❞❡s ❊❧❡♠❡♥t
✴✴ ✐ ❂ ❆♥③❛❤❧ ✈♦♥ ❊❧❡♠❡♥t❡♥ ✐♥ ❜

return b;

} ✴✴ ❡♥❞ ♦ ❢ s ♦ r t ✭ ✮

❚❡✐❧♣r♦❜❧❡♠✿ ❲✐❡ ❢ü❣t ♠❛♥ ❡✐♥ ❄❄❄
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❊✐♥❢ü❣❡♥✿ ❈♦❞❡

public static void insert (int[] b, int x, int i) {

int j = locate (b,x,i);

✴✴ ❢ ✐♥❞❡ t ❞✐❡ ❊✐♥ ❢ü❣❡s t ❡ ❧ ❧ ❡ ❥ ❢ür ① ✐♥ ❜
shift (b,j,i);

✴✴ ✈❡rs❝❤ ✐❡❜ t ✐♥ ❜ ❞✐❡ ❊❧❡♠❡♥t❡ ❜ ❬ ❥ ❪ ✱ ✳ ✳ ✳ ✱ ❜ ❬ ✐−✶❪
✴✴ ♥❛❝❤ r❡❝❤ts

b[j] = x;

}

◆❡✉❡ ❚❡✐❧♣r♦❜❧❡♠❡✿

• ❲✐❡ ✜♥❞❡t ♠❛♥ ❞✐❡ ❊✐♥❢ü❣❡st❡❧❧❡❄

• ❲✐❡ ✈❡rs❝❤✐❡❜t ♠❛♥ ♥❛❝❤ r❡❝❤ts❄
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❋✐♥❞❡♥ ✉♥❞ ❱❡rs❝❤✐❡❜❡♥✿ ❈♦❞❡

public static int locate (int[] b, int x, int i) {

int j = 0;

while (j < i && x > b[j]) ++j;

return j;

}

public static void shift (int[] b, int j, int i) {

for (int k = i-1; k >= j; --k)

b[k+1] = b[k];

}

❆❝❤t✉♥❣✿
✶✳ ❆✉❝❤ ❤✐❡r ✇✐r❞ ❞❛s ③✇❡✐t❡ ❆r❣✉♠❡♥t ❞❡s ❖♣❡r❛t♦rs ✐♥

♥✉r ❛✉s❣❡✇❡rt❡t✱ s♦❢❡r♥ ❞❛s ❡rst❡ ❡r❣✐❜t
✭❑✉r③s❝❤❧✉ss✲❆✉s✇❡rt✉♥❣✮✳ ❙♦♥st ✇ür❞❡ ❤✐❡r ❣❣❢✳ ❛✉❢ ❡✐♥❡
✉♥✐♥✐t✐❛❧✐s✐❡rt❡ ❱❛r✐❛❜❧❡ ③✉❣❡❣r✐✛❡♥✳
✷✳ ❲❛r✉♠ ❧❛✉❢❡♥ ✇✐r ✐♥ ❛❜✇ärts ✈♦♥ ♥❛❝❤ ❄
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❋✐♥❞❡♥ ✉♥❞ ❱❡rs❝❤✐❡❜❡♥✿ ❈♦❞❡

public static int locate (int[] b, int x, int i) {

int j = 0;

while (j < i && x > b[j]) ++j;

return j;

}

public static void shift (int[] b, int j, int i) {

for (int k = i-1; k >= j; --k)

b[k+1] = b[k];

}

❆❝❤t✉♥❣✿
✶✳ ❆✉❝❤ ❤✐❡r ✇✐r❞ ❞❛s ③✇❡✐t❡ ❆r❣✉♠❡♥t ❞❡s ❖♣❡r❛t♦rs && ✐♥
locate ♥✉r ❛✉s❣❡✇❡rt❡t✱ s♦❢❡r♥ ❞❛s ❡rst❡ true ❡r❣✐❜t
✭❑✉r③s❝❤❧✉ss✲❆✉s✇❡rt✉♥❣✮✳ ❙♦♥st ✇ür❞❡ ❤✐❡r ❣❣❢✳ ❛✉❢ ❡✐♥❡
✉♥✐♥✐t✐❛❧✐s✐❡rt❡ ❱❛r✐❛❜❧❡ ③✉❣❡❣r✐✛❡♥✳

✷✳ ❲❛r✉♠ ❧❛✉❢❡♥ ✇✐r ✐♥ ❛❜✇ärts ✈♦♥ ♥❛❝❤ ❄
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❋✐♥❞❡♥ ✉♥❞ ❱❡rs❝❤✐❡❜❡♥✿ ❈♦❞❡

public static int locate (int[] b, int x, int i) {

int j = 0;

while (j < i && x > b[j]) ++j;

return j;

}

public static void shift (int[] b, int j, int i) {

for (int k = i-1; k >= j; --k)

b[k+1] = b[k];

}

❆❝❤t✉♥❣✿
✶✳ ❆✉❝❤ ❤✐❡r ✇✐r❞ ❞❛s ③✇❡✐t❡ ❆r❣✉♠❡♥t ❞❡s ❖♣❡r❛t♦rs && ✐♥
locate ♥✉r ❛✉s❣❡✇❡rt❡t✱ s♦❢❡r♥ ❞❛s ❡rst❡ true ❡r❣✐❜t
✭❑✉r③s❝❤❧✉ss✲❆✉s✇❡rt✉♥❣✮✳ ❙♦♥st ✇ür❞❡ ❤✐❡r ❣❣❢✳ ❛✉❢ ❡✐♥❡
✉♥✐♥✐t✐❛❧✐s✐❡rt❡ ❱❛r✐❛❜❧❡ ③✉❣❡❣r✐✛❡♥✳
✷✳ ❲❛r✉♠ ❧❛✉❢❡♥ ✇✐r ✐♥ shift() ❛❜✇ärts ✈♦♥ i-1 ♥❛❝❤ j ❄
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❊r❧ä✉t❡r✉♥❣❡♥

• ❉❛s ❋❡❧❞ b ✐st ✭✉rs♣rü♥❣❧✐❝❤✮ ❡✐♥❡ ❧♦❦❛❧❡ ❱❛r✐❛❜❧❡ ✈♦♥
sort()✳

• ▲♦❦❛❧❡ ❱❛r✐❛❜❧❡♥ s✐♥❞ ♥✉r ✐♠ ❡✐❣❡♥❡♥ ❋✉♥❦t✐♦♥sr✉♠♣❢ s✐❝❤t❜❛r✱
♥✐❝❤t ✐♥ ❞❡♥ ❛✉❢❣❡r✉❢❡♥❡♥ ❋✉♥❦t✐♦♥❡♥ ✦

• ❉❛♠✐t ❞✐❡ ❛✉❢❣❡r✉❢❡♥❡♥ ❍✐❧❢s❢✉♥❦t✐♦♥❡♥ ❛✉❢ b ③✉❣r❡✐❢❡♥
❦ö♥♥❡♥✱ ♠✉ss b ❡①♣❧✐③✐t ❛❧s P❛r❛♠❡t❡r ü❜❡r❣❡❜❡♥ ✇❡r❞❡♥ ✦

❆❝❤t✉♥❣✿

❉❛s ❋❡❧❞ ✇✐r❞ ♥✐❝❤t ❦♦♣✐❡rt✳ ❉❛s ❆r❣✉♠❡♥t ✐st ❞❡r ❲❡rt ❞❡r
❱❛r✐❛❜❧❡♥ b✱ ❛❧s♦ ♥✉r ❡✐♥❡ ❘❡❢❡r❡♥③ ✦

• ❉❡s❤❛❧❜ ❜❡♥öt✐❣❡♥ ✇❡❞❡r insert()✱ ♥♦❝❤ shift() ❡✐♥❡♥
s❡♣❛r❛t❡♥ ❘ü❝❦❣❛❜❡✇❡rt ✳✳✳

• ❲❡✐❧ ❞❛s Pr♦❜❧❡♠ s♦ ❦❧❡✐♥ ✐st✱ ✇ür❞❡ ❡✐♥❡ ❡r❢❛❤r❡♥❡
Pr♦❣r❛♠♠✐❡r❡r✐♥ ❤✐❡r ❦❡✐♥❡ ❯♥t❡r♣r♦❣r❛♠♠❡ ❜❡♥✉t③❡♥ ✳✳✳

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✷✵✼



❆❧s♦ ✳✳✳

public static int[] sort (int[] a) {

int[] b = new int[a.length];

for (int i = 0; i < a.length; i++) {

✴✴ ❜❡❣✐♥ ♦❢ ✐♥s❡r t
int j = 0;

while (j < i && a[i] > b[j]) j++;

✴✴ ❡♥❞ ♦❢ ❧♦❝❛t❡
for (int k = i-1; k >= j; k--)

b[k+1] = b[k];

✴✴ ❡♥❞ ♦❢ s ❤ ✐ ❢ t
b[j] = a[i];

✴✴ ❡♥❞ ♦❢ ✐♥s❡r t
}

return b;

} ✴✴ ❡♥❞ ♦❢ s♦rt
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❉✐s❦✉ss✐♦♥

• ❉✐❡ ❆♥③❛❤❧ ❞❡r ❛✉s❣❡❢ü❤rt❡♥ ❖♣❡r❛t✐♦♥❡♥ ✇ä❝❤st q✉❛❞r❛t✐s❝❤
✐♥ ❞❡r ●röÿ❡ ❞❡s ❋❡❧❞s a✳

• ●ü❝❦❧✐❝❤❡r✇❡✐s❡ ❣✐❜t ❡s ❙♦rt✐❡r✲❱❡r❢❛❤r❡♥✱ ❞✐❡ ❡✐♥❡ ❜❡ss❡r❡
▲❛✉❢③❡✐t ❤❛❜❡♥ ✭↑❆❧❣♦r✐t❤♠❡♥ ✉♥❞ ❉❛t❡♥str✉❦t✉r❡♥✮✳
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▼❡❤r❞✐♠❡♥s✐♦♥❛❧❡ ❋❡❧❞❡r

• ❏❛✈❛ ✉♥t❡rstüt③t ❞✐r❡❦t ♥✉r ❡✐♥✲❞✐♠❡♥s✐♦♥❛❧❡ ❋❡❧❞❡r✳

• ❊✐♥ ③✇❡✐✲❞✐♠❡♥s✐♦♥❛❧❡s ❋❡❧❞ ✐st ❡✐♥ ❋❡❧❞ ✈♦♥ ❋❡❧❞❡r♥✳

int[][] a;

aa

a

a = new int[5][6];
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Ü❜❡rs✐❝❤t

❋❡❧❞❡r

❙✉❝❤❡♥

❇❡✐s♣✐❡❧ ❙✉❝❤♠❛s❝❤✐♥❡

❙♦rt✐❡r❡♥

❆♥✇❡♥❞✉♥❣✿ ❱❡❦t♦r❡♥ ✉♥❞ ▼❛tr✐③❡♥

❇❡✐s♣✐❡❧ ❙✉❝❤♠❛s❝❤✐♥❡
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❱❡❦t♦r❡♥ ✉♥❞ ▼❛tr✐③❡♥ ✕ ❇❡✐s♣✐❡❧❡

◮ ❱❡❦t♦r❛❞❞✐t✐♦♥

=

a1

a2

an

+

b1

b2

bn
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❱❡❦t♦r❡♥ ✉♥❞ ▼❛tr✐③❡♥ ✕ ❇❡✐s♣✐❡❧❡

◮ ❱❡❦t♦r❛❞❞✐t✐♦♥

a1 b1 a1+b1

+

b2

bn

=

a2

an
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❱❡❦t♦r❡♥ ✉♥❞ ▼❛tr✐③❡♥ ✕ ❇❡✐s♣✐❡❧❡

◮ ❱❡❦t♦r❛❞❞✐t✐♦♥

+

bn

=

a1

b2a2 a2+b2

b1 a1+b1

an
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❱❡❦t♦r❡♥ ✉♥❞ ▼❛tr✐③❡♥ ✕ ❇❡✐s♣✐❡❧❡

◮ ❱❡❦t♦r❛❞❞✐t✐♦♥

b1

+ =

a1 a1+b1

a2+b2b2a2

an bn
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❱❡❦t♦r❡♥ ✉♥❞ ▼❛tr✐③❡♥ ✕ ❇❡✐s♣✐❡❧❡

◮ ❱❡❦t♦r❛❞❞✐t✐♦♥

+ =

an

b1 a1+b1

a2+b2b2a2

bn an+bn

a1
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❱❡❦t♦r❡♥ ✉♥❞ ▼❛tr✐③❡♥ ✕ ❇❡✐s♣✐❡❧❡

◮ ❱❡❦t♦r❛❞❞✐t✐♦♥ ✕ ❆❧❣♦r✐t❤♠✉s

✴✴ ❱♦r❜❡❞✐♥❣✉♥❣ ✿ ❛ ✳ ❧ ❡ ♥ ❣ t ❤ ❂❂ ❜ ✳ ❧ ❡ ♥ ❣ t ❤
public static int[] addVectors(int[] a, int[] b) {

int[] c = new int[a.length];

for (int i = 0; i < a.length; i++) {

c[i] = a[i] + b[i];

}

return c;

}
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❱❡❦t♦r❡♥ ✉♥❞ ▼❛tr✐③❡♥ ✕ ❇❡✐s♣✐❡❧❡

◮ ❱❡❦t♦r♠✉❧t✐♣❧✐❦❛t✐♦♥ ✭❙❦❛❧❛r♣r♦❞✉❦t✮

=a1 a2 an

b1

b2

bn

*
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❱❡❦t♦r❡♥ ✉♥❞ ▼❛tr✐③❡♥ ✕ ❇❡✐s♣✐❡❧❡

◮ ❱❡❦t♦r♠✉❧t✐♣❧✐❦❛t✐♦♥ ✭❙❦❛❧❛r♣r♦❞✉❦t✮

a1

b1

a1*b1

b2

bn

*
=a2 an
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❱❡❦t♦r❡♥ ✉♥❞ ▼❛tr✐③❡♥ ✕ ❇❡✐s♣✐❡❧❡

◮ ❱❡❦t♦r♠✉❧t✐♣❧✐❦❛t✐♦♥ ✭❙❦❛❧❛r♣r♦❞✉❦t✮

+ a2*b2a2

b2

a1

b1

a1*b1

bn

*
=an
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❱❡❦t♦r❡♥ ✉♥❞ ▼❛tr✐③❡♥ ✕ ❇❡✐s♣✐❡❧❡

◮ ❱❡❦t♦r♠✉❧t✐♣❧✐❦❛t✐♦♥ ✭❙❦❛❧❛r♣r♦❞✉❦t✮

+ ...a1

b1

a1*b1a2

b2

+ a2*b2an

bn

*
=
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❱❡❦t♦r❡♥ ✉♥❞ ▼❛tr✐③❡♥ ✕ ❇❡✐s♣✐❡❧❡

◮ ❱❡❦t♦r♠✉❧t✐♣❧✐❦❛t✐♦♥ ✭❙❦❛❧❛r♣r♦❞✉❦t✮

a1*b1 + a2*b2 + ... + an*bn

*
=an

bn

a1 a2

b1

b2
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❱❡❦t♦r❡♥ ✉♥❞ ▼❛tr✐③❡♥ ✕ ❇❡✐s♣✐❡❧❡

◮ ❱❡❦t♦r♠✉❧t✐♣❧✐❦❛t✐♦♥ ✕ ❆❧❣♦r✐t❤♠✉s

✴✴ ❱♦r❜❡❞✐♥❣✉♥❣ ✿ ❛ ✳ ❧ ❡ ♥ ❣ t ❤ ❂❂ ❜ ✳ ❧ ❡ ♥ ❣ t ❤
public static int multVectors(int[] a, int[] b) {

int c = 0;

for (int i = 0; i < a.length; i++) {

c += a[i] * b[i];

}

return c;

}
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❱❡❦t♦r❡♥ ✉♥❞ ▼❛tr✐③❡♥ ✕ ❇❡✐s♣✐❡❧❡

◮ ▼❛tr✐①❛❞❞✐t✐♦♥

bnm

... ......

a11

a21

an1

a12

a22

an2

a1m

a2m

anm

... ... ......

b11

b21

bn1

b12

b22

bn2

b1m

b2m

...
+
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❱❡❦t♦r❡♥ ✉♥❞ ▼❛tr✐③❡♥ ✕ ❇❡✐s♣✐❡❧❡

◮ ▼❛tr✐①❛❞❞✐t✐♦♥

a11

... ... ......

b21

bn1

b12

b22

bn2

b1m

b2m

bnm

... ... ......

... ... ......

a21

an1

a12

a22

an2

a1m

a2m

anm

=

+

b11

a11+b11
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❱❡❦t♦r❡♥ ✉♥❞ ▼❛tr✐③❡♥ ✕ ❇❡✐s♣✐❡❧❡

◮ ▼❛tr✐①❛❞❞✐t✐♦♥

b22

bn2

b1m

b2m

bnm

=

... ......

... ......

a12

a22

an2

a1m

a2m

anm

a11 b11

a21+b21

an1+bn1

...

a21

...

an1

b21

...

bn1

... ......

b12

+

a11+b11
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❱❡❦t♦r❡♥ ✉♥❞ ▼❛tr✐③❡♥ ✕ ❇❡✐s♣✐❡❧❡

◮ ▼❛tr✐①❛❞❞✐t✐♦♥

a21

......

b1m

b2m

bnm

=

......

......

a1m

a2m

anm

a11 b11

......

an1

b21

bn1

a21+b21

...

an1+bn1

a12

a22

...

an2

b12

b22

...

bn2

a12+b12

a22+b22

...

an2+bn2

+

a11+b11
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❱❡❦t♦r❡♥ ✉♥❞ ▼❛tr✐③❡♥ ✕ ❇❡✐s♣✐❡❧❡

◮ ▼❛tr✐①❛❞❞✐t✐♦♥

b12b11

a11+b11

...

a21

...

an1

b21

bn1

a21+b21

...

an1+bn1

a12

a22

...

an2

b22

...

bn2

a12+b12

a22+b22

...

an2+bn2 anm+bnm

a2m+b2m

a1m+b1m

...

bnm

...

b2m

b1m

...

=

a11

+

a2m

...

anm
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public static int[][] addMatrices(int[][] a, int[][] b) {

int[][] c = new int[a.length][a[0].length];

for (int i = 0; i < a.length; i++) {

c[i] = addVectors(a[i], b[i]);

}

return c;

}
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✴✴ ❱♦r❜❡❞✐♥❣✉♥❣ ✿ ❆♥③❛❤❧ ❙♣❛❧t❡♥ ❛ ❂❂ ❆♥③❛❤❧ ❩❡✐ ❧❡♥ ❜
public static int[][] multMatrices(int[][] a, int[][] b) {

int n = a.length;

int m = a[0].length; ✴✴ ✐♥t ♠ ❂ ❜ ✳ ❧❡♥❣t❤ ❀
int p = b[0].length;

int[][] c = new int[n][p];

for (int i = 0; i < n; i++) {

for (int j = 0; j < p; j++) {

c[i][j] = 0;

for (int k = 0; k < m; k++) {

c[i][j] += a[i][k]*b[k][j];

}

}

}

return c;

}
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oriented 26

30
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❙✉❝❤♠❛s❝❤✐♥❡✿ ❱❡❦t♦rä❤♥❧✐❝❤❦❡✐t

◮ P❛❛r✇❡✐s❡ ❇❡r❡❝❤♥✉♥❣ ❡✐♥❢❛❝❤❡r ❱❡❦t♦rä❤♥❧✐❝❤❦❡✐t

class 0
compile 0
instance 0
java 0
method
object 1
oriented 1

0

Query

Thinking in Java

Bruce Eckel

englisch

Joshua Bloch

Effective Java

englisch

Programmieren Lernen

Peter Pepper

deutsch

Programmieren Lernen

Peter Pepper

deutsch

Joshua Bloch

Effective Java

englisch

Thinking in Java

Bruce Eckel

englisch

similarity() 
similarity() 

similarity() 

class 13
compile 1
instance 12
java 45
method
object 65
oriented 11

5

class 62
compile 15
instance 3
java 62
method
object 98
oriented 26

30

class 126
compile 6
instance 81
java 24
method
object 146
oriented 0

112
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❙✉❝❤♠❛s❝❤✐♥❡ Programmieren Lernen

Peter Pepper

deutsch

Sep 2007

Objekte identifizieren

Programmieren Lernen

Peter Pepper

deutsch

Document
title
author
language
releaseDate
...

Thinking in Java

Bruce Eckel

englisch

Klassenentwurf

Thinking in Java

Bruce Eckel

englisch

Document
title
author
language
releaseDate
...
Document()

Programmieren Lernen

Peter Pepper

deutsch

new

new

Objekterzeugung

P. Pepper

Programmieren Lernen

Peter Pepper

deutsch

getAg
e()

getAuthor()

986

getC
onta

ct()

Objektmethoden

Thinking in Java

Bruce Eckel

englisch

object 98
oriented 26
class 62
java 62
method
instance 3
compile 15

30

Worthäufigkeiten
Peter Pepper

deutsch

Dokumentensammlung

Java in a Nutshell

David Flanagan

englisch
Peter Pepper

deutsch

Programmieren lernen

object 146
oriented 0
class 126
java 24
method
instance 81
compile 6

112

object 1
oriented 1
class 0
java 0
method
instance 0
compile 0

0

Query

Vektorähnlichkeit

Thinking in Java

Bruce Eckel

englisch

Joshua Bloch

Effective Java

englisch

2.

1.Sortieren nach
Vektorähnlichkeit
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❙✉❝❤♠❛s❝❤✐♥❡✿ ❙♦rt✐❡r❡♥ ❞❡r ❊r❣❡❜♥✐ss❡

◮ ❙♦rt✐❡r❡♥ ❞❡r ❊r❣❡❜♥✐ss❡ ♥❛❝❤ ❘❡❧❡✈❛♥③
Thinking in Java

Bruce Eckel

englisch

Joshua Bloch

Effective Java

englisch

Programmieren Lernen

Peter Pepper

deutsch
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❙✉❝❤♠❛s❝❤✐♥❡✿ ❙♦rt✐❡r❡♥ ❞❡r ❊r❣❡❜♥✐ss❡

◮ ❙♦rt✐❡r❡♥ ❞❡r ❊r❣❡❜♥✐ss❡ ♥❛❝❤ ❘❡❧❡✈❛♥③
Thinking in Java

Bruce Eckel

englisch

Joshua Bloch

Effective Java

englisch

Programmieren Lernen

Peter Pepper

deutsch

Joshua Bloch

Effective Java

englisch 1.
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❙✉❝❤♠❛s❝❤✐♥❡✿ ❙♦rt✐❡r❡♥ ❞❡r ❊r❣❡❜♥✐ss❡

◮ ❙♦rt✐❡r❡♥ ❞❡r ❊r❣❡❜♥✐ss❡ ♥❛❝❤ ❘❡❧❡✈❛♥③
Thinking in Java

Bruce Eckel

englisch

Joshua Bloch

Effective Java

englisch

Programmieren Lernen

Peter Pepper

deutsch

Thinking in Java

Bruce Eckel

englisch

Joshua Bloch

Effective Java

englisch

2.

1.
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❙✉❝❤♠❛s❝❤✐♥❡✿ ❙♦rt✐❡r❡♥ ❞❡r ❊r❣❡❜♥✐ss❡

◮ ❙♦rt✐❡r❡♥ ❞❡r ❊r❣❡❜♥✐ss❡ ♥❛❝❤ ❘❡❧❡✈❛♥③
Thinking in Java

Bruce Eckel

englisch

Joshua Bloch

Effective Java

englisch

Programmieren Lernen

Peter Pepper

deutsch

Thinking in Java

Bruce Eckel

englisch

Joshua Bloch

Effective Java

englisch

Programmieren Lernen

Peter Pepper

deutsch

2.

1.

3.
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Ü❜❡r❜❧✐❝❦
❚❡✐❧ ✶✿ ❊✐♥❢ü❤r✉♥❣
❚❡✐❧ ✷✿ ❖❜❥❡❦t❜❛s✐❡rt❡ Pr♦❣r❛♠♠✐❡r✉♥❣
❚❡✐❧ ✸✿ ❑♦♥tr♦❧❧str✉❦t✉r❡♥
❚❡✐❧ ✹✿ ❋❡❧❞❡r
❚❡✐❧ ✺✿ ❊✐♥✐❣❡ ❆❜str❛❦t❡ ❉❛t❡♥t②♣❡♥
❚❡✐❧ ✻✿ ❖❜❥❡❦t♦r✐❡♥t✐❡r✉♥❣
❚❡✐❧ ✼✿ ❘❡❦✉rs✐♦♥
❚❡✐❧ ✽✿ ❋♦rt❣❡s❝❤r✐tt❡♥❡ Pr♦❣r❛♠♠✐❡r❦♦♥str✉❦t❡
❚❡✐❧ ✾✿ ❊✐♥ ✇❡✐t❡r❡s ❣röÿ❡r❡s ❇❡✐s♣✐❡❧
❚❡✐❧ ✶✵✿ ◆❡❜❡♥❧ä✉✜❣❦❡✐t
❚❡✐❧ ✶✶✿ ❆♣♣❧❡ts ✉♥❞ ●❯■s
❚❡✐❧ ✶✷✿ ❇❡②♦♥❞ ❏❛✈❛
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Ü❜❡rs✐❝❤t

✺✳ ❊✐♥✐❣❡ ❆❜str❛❦t❡ ❉❛t❡♥t②♣❡♥

▲✐st❡♥
❇❡✐s♣✐❡❧ ❙✉❝❤♠❛s❝❤✐♥❡
▼❡r❣❡s♦rt
❆❜str❛❦t❡ ❉❛t❡♥t②♣❡♥
❑❡❧❧❡r ✭❙t❛❝❦s✮
❙❝❤❧❛♥❣❡♥ ✭◗✉❡✉❡s✮
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❋❡❧❞❡r ❤❛❜❡♥ ◆❛❝❤t❡✐❧❡

• ❋❡st❡ ●röÿ❡❀

• ❊✐♥❢ü❣❡♥ ♥❡✉❡r ❊❧❡♠❡♥t❡ ♥✐❝❤t ♠ö❣❧✐❝❤❀

• ❙tr❡✐❝❤❡♥ ❡❜❡♥❢❛❧❧s ♥✐❝❤t✳

■❞❡❡✿ ▲✐st❡♥

7

next

info

next

info 0

next

info −3

next

info 13 null
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▼❡♠❜❡rs

• info == ❲❡rt ❞❡s ▲✐st❡♥❡❧❡♠❡♥ts❀

• next == ❱❡r✇❡✐s ❛✉❢ ❞❛s ♥ä❝❤st❡ ❊❧❡♠❡♥t❀

null ❜❡③❡✐❝❤♥❡t ❞❛s ❧❡❡r❡ ❖❜❥❡❦t✖✉♥❞ ❞❛s ▲✐st❡♥❡♥❞❡✳

❖♣❡r❛t✐♦♥❡♥✿

void insert(int x) ✿ ❢ü❣t ♥❡✉❡s ① ❤✐♥t❡r ❞❡♠ ❛❦t✉❡❧❧❡♥ ❊❧❡♠❡♥t ❡✐♥❀
void delete() ✿ ❡♥t❢❡r♥t ❑♥♦t❡♥ ❤✐♥t❡r ❞❡♠ ❛❦t✉❡❧❧❡♥ ❊❧❡♠❡♥t❀
String toString() ✿ ❧✐❡❢❡rt ❡✐♥❡ ❙tr✐♥❣✲❉❛rst❡❧❧✉♥❣✳
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▼♦❞❡❧❧✐❡r✉♥❣

next

insert+

() : StringtoString+

() : voiddelete +

info+ :   int

List

+

(x: int) : void

❉✐❡ ❘❛✉t❡♥✲❱❡r❜✐♥❞✉♥❣ ❤❡✐ÿt ❛✉❝❤ ❆❣❣r❡❣❛t✐♦♥✳
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❇❡✐s♣✐❡❧ ❊✐♥❢ü❣❡♥

t.insert(4);

7

next

info

next

info 0

next

info −3

next

info 13 null

list

t

t ✐st ❡✐♥ ❩❡✐❣❡r ❛✉❢ ❞❛s ✏❛❦t✉❡❧❧❡✑ ▲✐st❡♥❡❧❡♠❡♥t✳ ❑❛♥♥ ✭③✉s❛♠♠❡♥
♠✐t ❞❡♠ ❩❡✐❣❡r ❛✉❢ ❞❡♥ ❇❡❣✐♥♥ ❡✐♥❡r ▲✐st❡✮ ✐♥ ❡✐♥❡r ❞❡❞✐③✐❡rt❡♥
❲r❛♣♣❡r✲❑❧❛ss❡ ❣❡s♣❡✐❝❤❡rt ✇❡r❞❡♥✦
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❇❡✐s♣✐❡❧ ❊✐♥❢ü❣❡♥

info

7

next

info

next

info 0

next

info −3

next

info 13 null

list

t
next

4

t ✐st ❡✐♥ ❩❡✐❣❡r ❛✉❢ ❞❛s ✏❛❦t✉❡❧❧❡✑ ▲✐st❡♥❡❧❡♠❡♥t✳ ❑❛♥♥ ✭③✉s❛♠♠❡♥
♠✐t ❞❡♠ ❩❡✐❣❡r ❛✉❢ ❞❡♥ ❇❡❣✐♥♥ ❡✐♥❡r ▲✐st❡✮ ✐♥ ❡✐♥❡r ❞❡❞✐③✐❡rt❡♥
❲r❛♣♣❡r✲❑❧❛ss❡ ❣❡s♣❡✐❝❤❡rt ✇❡r❞❡♥✦
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❇❡✐s♣✐❡❧ ▲ös❝❤❡♥

t.delete();

7

next

info

next

info 0

next

info −3

next

info 13 null

list

t

t ✐st ❡✐♥ ❩❡✐❣❡r ❛✉❢ ❞❛s ✏❛❦t✉❡❧❧❡✑ ▲✐st❡♥❡❧❡♠❡♥t✳ ❑❛♥♥ ✐♥♥❡r❤❛❧❜
♦❞❡r ❛✉ÿ❡r❤❛❧❜ ✈♦♥ ▲✐st❡♥♦❜❥❡❦t❡♥ ❣❡s♣❡✐❝❤❡rt ✇❡r❞❡♥✦
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❇❡✐s♣✐❡❧ ▲ös❝❤❡♥

7

next

info

next

info 0

next

info −3

next

info 13 null

list

t

t ✐st ❡✐♥ ❩❡✐❣❡r ❛✉❢ ❞❛s ✏❛❦t✉❡❧❧❡✑ ▲✐st❡♥❡❧❡♠❡♥t✳ ❑❛♥♥ ✐♥♥❡r❤❛❧❜
♦❞❡r ❛✉ÿ❡r❤❛❧❜ ✈♦♥ ▲✐st❡♥♦❜❥❡❦t❡♥ ❣❡s♣❡✐❝❤❡rt ✇❡r❞❡♥✦
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❲❡✐t❡r❡ ❖♣❡r❛t✐♦♥❡♥

❲❡✐t❡r❤✐♥ s♦❧❧t❡ ♠❛♥

• ✳✳✳ ❡✐♥❡ ▲✐st❡ ❛✉❢ ▲❡❡r❤❡✐t t❡st❡♥ ❦ö♥♥❡♥❀

❆❝❤t✉♥❣✿
❞❛s ✲❖❜❥❡❦t ✈❡rst❡❤t ❦❡✐♥❡r❧❡✐ ❖❜❥❡❦t✲▼❡t❤♦❞❡♥✦✦✦

✳✳✳ ♥❡✉❡ ▲✐st❡♥ ❜❛✉❡♥ ❦ö♥♥❡♥✱ ❞✳❤✳ ❡t✇❛✿

✳✳✳ ❡✐♥❡ ❡✐♥✲❡❧❡♠❡♥t✐❣❡ ▲✐st❡ ❛♥❧❡❣❡♥ ❦ö♥♥❡♥❀

✳✳✳ ❡✐♥❡ ▲✐st❡ ✉♠ ❡✐♥ ❊❧❡♠❡♥t ✈❡r❧ä♥❣❡r♥ ❦ö♥♥❡♥❀

✳✳✳ ▲✐st❡♥ ✐♥ ❋❡❧❞❡r ✉♥❞ ❋❡❧❞❡r ✐♥ ▲✐st❡♥ ✉♠✇❛♥❞❡❧♥ ❦ö♥♥❡♥✳
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❲❡✐t❡r❡ ❖♣❡r❛t✐♦♥❡♥

❲❡✐t❡r❤✐♥ s♦❧❧t❡ ♠❛♥

• ✳✳✳ ❡✐♥❡ ▲✐st❡ ❛✉❢ ▲❡❡r❤❡✐t t❡st❡♥ ❦ö♥♥❡♥❀

❆❝❤t✉♥❣✿
❞❛s null✲❖❜❥❡❦t ✈❡rst❡❤t ❦❡✐♥❡r❧❡✐ ❖❜❥❡❦t✲▼❡t❤♦❞❡♥✦✦✦

✳✳✳ ♥❡✉❡ ▲✐st❡♥ ❜❛✉❡♥ ❦ö♥♥❡♥✱ ❞✳❤✳ ❡t✇❛✿

✳✳✳ ❡✐♥❡ ❡✐♥✲❡❧❡♠❡♥t✐❣❡ ▲✐st❡ ❛♥❧❡❣❡♥ ❦ö♥♥❡♥❀

✳✳✳ ❡✐♥❡ ▲✐st❡ ✉♠ ❡✐♥ ❊❧❡♠❡♥t ✈❡r❧ä♥❣❡r♥ ❦ö♥♥❡♥❀

✳✳✳ ▲✐st❡♥ ✐♥ ❋❡❧❞❡r ✉♥❞ ❋❡❧❞❡r ✐♥ ▲✐st❡♥ ✉♠✇❛♥❞❡❧♥ ❦ö♥♥❡♥✳
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❲❡✐t❡r❡ ❖♣❡r❛t✐♦♥❡♥

❲❡✐t❡r❤✐♥ s♦❧❧t❡ ♠❛♥

• ✳✳✳ ❡✐♥❡ ▲✐st❡ ❛✉❢ ▲❡❡r❤❡✐t t❡st❡♥ ❦ö♥♥❡♥❀

❆❝❤t✉♥❣✿
❞❛s null✲❖❜❥❡❦t ✈❡rst❡❤t ❦❡✐♥❡r❧❡✐ ❖❜❥❡❦t✲▼❡t❤♦❞❡♥✦✦✦

• ✳✳✳ ♥❡✉❡ ▲✐st❡♥ ❜❛✉❡♥ ❦ö♥♥❡♥✱ ❞✳❤✳ ❡t✇❛✿

• ✳✳✳ ❡✐♥❡ ❡✐♥✲❡❧❡♠❡♥t✐❣❡ ▲✐st❡ ❛♥❧❡❣❡♥ ❦ö♥♥❡♥❀

• ✳✳✳ ❡✐♥❡ ▲✐st❡ ✉♠ ❡✐♥ ❊❧❡♠❡♥t ✈❡r❧ä♥❣❡r♥ ❦ö♥♥❡♥❀

✳✳✳ ▲✐st❡♥ ✐♥ ❋❡❧❞❡r ✉♥❞ ❋❡❧❞❡r ✐♥ ▲✐st❡♥ ✉♠✇❛♥❞❡❧♥ ❦ö♥♥❡♥✳
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❲❡✐t❡r❡ ❖♣❡r❛t✐♦♥❡♥

❲❡✐t❡r❤✐♥ s♦❧❧t❡ ♠❛♥

• ✳✳✳ ❡✐♥❡ ▲✐st❡ ❛✉❢ ▲❡❡r❤❡✐t t❡st❡♥ ❦ö♥♥❡♥❀

❆❝❤t✉♥❣✿
❞❛s null✲❖❜❥❡❦t ✈❡rst❡❤t ❦❡✐♥❡r❧❡✐ ❖❜❥❡❦t✲▼❡t❤♦❞❡♥✦✦✦

• ✳✳✳ ♥❡✉❡ ▲✐st❡♥ ❜❛✉❡♥ ❦ö♥♥❡♥✱ ❞✳❤✳ ❡t✇❛✿

• ✳✳✳ ❡✐♥❡ ❡✐♥✲❡❧❡♠❡♥t✐❣❡ ▲✐st❡ ❛♥❧❡❣❡♥ ❦ö♥♥❡♥❀

• ✳✳✳ ❡✐♥❡ ▲✐st❡ ✉♠ ❡✐♥ ❊❧❡♠❡♥t ✈❡r❧ä♥❣❡r♥ ❦ö♥♥❡♥❀

• ✳✳✳ ▲✐st❡♥ ✐♥ ❋❡❧❞❡r ✉♥❞ ❋❡❧❞❡r ✐♥ ▲✐st❡♥ ✉♠✇❛♥❞❡❧♥ ❦ö♥♥❡♥✳
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❑♦♥str✉❦t♦r❡♥

public class List {

public int info;

public List next;

✴✴ ❑♦♥str✉❦t♦r❡♥ ✿
public List (int x, List l) {

info = x;

next = l;

}

public List (int x) {

info = x;

next = null;

}

...

}
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❖❜❥❡❦t♠❡t❤♦❞❡♥

✴✴ ❖❜❥❡❦t−▼❡t❤♦❞❡♥ ✿
public void insert(int x) {

next = new List(x,next);

}

public void delete() {

✴✴ ❧ös❝❤ t ❞❛s ♥ä❝❤st❡ ✭ ✦ ✮ ❊❧❡♠❡♥t
if (next != null)

next = next.next;

}

public String toString() {

String result = "["+info;

for(List t=next; t!=null; t=t.next)

result = result+", "+t.info;

return result+"]";

}

...
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❇❡♠❡r❦✉♥❣❡♥ ■

• ❉✐❡ ❆ttr✐❜✉t❡ s✐♥❞ public ✉♥❞ ❞❛❤❡r ❜❡❧✐❡❜✐❣ ❡✐♥s❡❤❜❛r ✉♥❞
♠♦❞✐✜③✐❡r❜❛r ==⇒ s❡❤r ✢❡①✐❜❡❧✱ s❡❤r ❢❡❤❧❡r❛♥❢ä❧❧✐❣✳

• insert() ❧❡❣t ❡✐♥❡♥ ♥❡✉❡♥ ▲✐st❡♥❦♥♦t❡♥ ❛♥ ❢ü❣t ✐❤♥ ❤✐♥t❡r
❞❡♠ ❛❦t✉❡❧❧❡♥ ❑♥♦t❡♥ ❡✐♥✳

• delete() s❡t③t ❞❡♥ ❛❦t✉❡❧❧❡♥ next✲❱❡r✇❡✐s ❛✉❢ ❞❛s
ü❜❡r♥ä❝❤st❡ ❊❧❡♠❡♥t ✉♠✳

❆❝❤t✉♥❣✿

❲❡♥♥ delete() ♠✐t ❞❡♠ ❧❡t③t❡♥ ❊❧❡♠❡♥t ❞❡r ▲✐st❡
❛✉❢❣❡r✉❢❡♥ ✇✐r❞✱ ③❡✐❣t next ❛✉❢ null✳

==⇒ ❲✐r t✉♥ ❞❛♥♥ ♥✐❝❤ts✳
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▲ös❝❤❡♥ ❦✉r③ ✈♦r ▲✐st❡♥❡♥❞❡

t.delete();

7

next

info

next

info 0

next

info −3

next

info 13 null

list

t
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▲ös❝❤❡♥ ❦✉r③ ✈♦r ▲✐st❡♥❡♥❞❡

7

next

info

next

info 0

next

info −3

next

info 13 null

list

t
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❇❡♠❡r❦✉♥❣❡♥ ■■✿ null

• ❲❡✐❧ ❖❜❥❡❦t✲▼❡t❤♦❞❡♥ ♥✉r ❢ür ✈♦♥ null ✈❡rs❝❤✐❡❞❡♥❡
❖❜❥❡❦t❡ ❛✉❢❣❡r✉❢❡♥ ✇❡r❞❡♥ ❦ö♥♥❡♥✱ ❦❛♥♥ ❞✐❡ ❧❡❡r❡ ▲✐st❡ ♥✐❝❤t
♠✐tt❡❧s toString() ❛❧s String ❞❛r❣❡st❡❧❧t ✇❡r❞❡♥✳

• ❉❡r ❑♦♥❦❛t❡♥❛t✐♦♥s✲❖♣❡r❛t♦r ✏+✑ ✐st s♦ s❝❤❧❛✉✱ ✈♦r ❆✉❢r✉❢
✈♦♥ toString() ③✉ ü❜❡r♣rü❢❡♥✱ ♦❜ ❡✐♥ null✲❖❜❥❡❦t
✈♦r❧✐❡❣t✳ ■st ❞❛s ❞❡r ❋❛❧❧✱ ✇✐r❞ ✏♥✉❧❧✑ ❛✉s❣❡❣❡❜❡♥✳

• ❲♦❧❧❡♥ ✇✐r ❡✐♥❡ ❛♥❞❡r❡ ❉❛rst❡❧❧✉♥❣✱ ❜❡♥öt✐❣❡♥ ✇✐r ❡✐♥❡
❑❧❛ss❡♥✲▼❡t❤♦❞❡ String toString(List l)✳
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❑♦♥✈❡rt✐❡r✉♥❣ ✐♥ ❙tr✐♥❣s

write(""+list);

7

next

info

next

info 0

next

info 13 null

next

info −3

list
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❑♦♥✈❡rt✐❡r✉♥❣ ✐♥ ❙tr✐♥❣s

"[7, 0, −3, 13]"

7

next

info

next

info 0

next

info −3

next

info 13 null

list
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❑♦♥✈❡rt✐❡r✉♥❣ ✐♥ ❙tr✐♥❣s

write(""+list);

nulllist
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❑♦♥✈❡rt✐❡r✉♥❣ ✐♥ ❙tr✐♥❣s

nulllist

"null"
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❑❧❛ss❡♥♠❡t❤♦❞❡♥

✴✴ ❑❧❛ss❡♥−▼❡t❤♦❞❡♥ ✿
public static boolean isEmpty(List l) {

if (l == null)

return true;

else

return false;

}

public static String toString(List l) {

if (l == null)

return "[]";

else

return l.toString();

}

...
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❑♦♥✈❡rt✐❡r✉♥❣s♠❡t❤♦❞❡♥✿ ❈♦❞❡

public static List arrayToList(int[] a) {

List result = null;

for(int i = a.length-1; i>=0; i--)

result = new List(a[i],result);

return result;

}

public int[] listToArray() {

List t = this;

int n = length();

int[] a = new int[n];

for(int i = 0; i < n; i++) {

a[i] = t.info;

t = t.next;

}

return a;

}

...
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❑♦♥✈❡rt✐❡r✉♥❣s♠❡t❤♦❞❡♥

• ❉❛♠✐t ❞❛s ❡rst❡ ❊❧❡♠❡♥t ❞❡r ❊r❣❡❜♥✐s✲▲✐st❡ a[0] ❡♥t❤ä❧t✱
❜❡❣✐♥♥t ❞✐❡ ■t❡r❛t✐♦♥ ✐♥ arrayToList() ❜❡✐♠ ❣röÿt❡♥
❊❧❡♠❡♥t✳

• listToArray() ✐st ❛❧s ❖❜❥❡❦t✲▼❡t❤♦❞❡ r❡❛❧✐s✐❡rt ✉♥❞
❢✉♥❦t✐♦♥✐❡rt ❞❛r✉♠ ♥✉r ❢ür ♥✐❝❤t✲❧❡❡r❡ ▲✐st❡♥✳

• ❯♠ ❡✐♥❡ ▲✐st❡ ✐♥ ❡✐♥ ❋❡❧❞ ✉♠③✉✇❛♥❞❡❧♥✱ ❜❡♥öt✐❣❡♥ ✇✐r s❡✐♥❡
▲ä♥❣❡✳

private int length() {

int result = 1;

for(List t = next; t!=null; t=t.next)

result++;

return result;

}

} ✴✴ ❡♥❞ ♦❢ ❝ ❧❛s s ▲✐s t

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✷✹✸



❇❡♠❡r❦✉♥❣❡♥

• ❲❡✐❧ length() ❛❧s private ❞❡❦❧❛r✐❡rt ✐st✱ ❦❛♥♥ ❡s ♥✉r ✈♦♥
❞❡♥ ▼❡t❤♦❞❡♥ ❞❡r ❑❧❛ss❡ List ❜❡♥✉t③t ✇❡r❞❡♥✳

• ❉❛♠✐t length() ❛✉❝❤ ❢ür null ❢✉♥❦t✐♦♥✐❡rt✱ ❤ätt❡♥ ✇✐r
❛♥❛❧♦❣ ③✉ t♦❙tr✐♥❣✭✮ ❛✉❝❤ ♥♦❝❤ ❡✐♥❡ ❑❧❛ss❡♥✲▼❡t❤♦❞❡ int
length(List l) ❞❡✜♥✐❡r❡♥ ❦ö♥♥❡♥✳

• ❉✐❡s❡ ❑❧❛ss❡♥✲▼❡t❤♦❞❡ ✇ür❞❡ ✉♥s ❡r♠ö❣❧✐❝❤❡♥✱ ❛✉❝❤ ❡✐♥❡
❑❧❛ss❡♥✲▼❡t❤♦❞❡ static int [] listToArray

(List l) ③✉ ❞❡✜♥✐❡r❡♥✱ ❞✐❡ ❛✉❝❤ ❢ür ❧❡❡r❡ ▲✐st❡♥ ❞❡✜♥✐❡rt
✐st✳
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Ü❜❡rs✐❝❤t

▲✐st❡♥

❇❡✐s♣✐❡❧ ❙✉❝❤♠❛s❝❤✐♥❡

▼❡r❣❡s♦rt

❆❜str❛❦t❡ ❉❛t❡♥t②♣❡♥

❑❡❧❧❡r ✭❙t❛❝❦s✮

❙❝❤❧❛♥❣❡♥ ✭◗✉❡✉❡s✮
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❙✉❝❤♠❛s❝❤✐♥❡✿ ❱❡r✇❡✐s❡

◮ ❱❡r✇❡✐s❡ ❛✉❢ ♠❡❤r❡r❡ ❛♥❞❡r❡ ❉♦❦✉♠❡♥t❡

Programmieren Lernen

Peter Pepper

deutsch

David Flanagan

Java in a Nutshell

englischrefe
renc

es
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❙✉❝❤♠❛s❝❤✐♥❡✿ ❱❡r✇❡✐s❡

◮ ❱❡r✇❡✐s❡ ❛✉❢ ♠❡❤r❡r❡ ❛♥❞❡r❡ ❉♦❦✉♠❡♥t❡

Programmieren Lernen

Peter Pepper

deutsch

David Flanagan

Java in a Nutshell

englischrefe
renc

es
DocumentCollection
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Ü❜❡rs✐❝❤t

▲✐st❡♥

❇❡✐s♣✐❡❧ ❙✉❝❤♠❛s❝❤✐♥❡

▼❡r❣❡s♦rt

❆❜str❛❦t❡ ❉❛t❡♥t②♣❡♥

❑❡❧❧❡r ✭❙t❛❝❦s✮

❙❝❤❧❛♥❣❡♥ ✭◗✉❡✉❡s✮
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◆♦❝❤♠❛❧s ❙♦rt✐❡r❡♥

❆♥✇❡♥❞✉♥❣✿ ▼❡r❣❡s♦rt ✕ ❙♦rt✐❡r❡♥ ❞✉r❝❤ ▼✐s❝❤❡♥

❏♦❤♥ ✈♦♥ ◆❡✉♠❛♥♥ ✭✶✾✹✺✮
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◆♦❝❤♠❛❧s ❙♦rt✐❡r❡♥✿ ▼❡r❣❡s♦rt

❊✐♥❣❛❜❡✿ ③✇❡✐ s♦rt✐❡rt❡ ▲✐st❡♥❀
❆✉s❣❛❜❡✿ ❡✐♥❡ ❣❡♠❡✐♥s❛♠❡ s♦rt✐❡rt❡ ▲✐st❡✳

❚❛tsä❝❤❧✐❝❤ ❢✉♥❦t✐♦♥✐❡rt ♠❡r❣❡s♦rt ✭❛✉❝❤✮ ❢ür ❡✐♥❡ ✉♥s♦rt✐❡rt❡ ▲✐st❡✳
❉❛s ❱♦r❣❡❤❡♥ ✐st ❞❛♥♥✿

• ❍❛❧❜✐❡r❡ ❞✐❡ ▲✐st❡

• ❙♦rt✐❡r❡ ❜❡✐❞❡ ❍ä❧❢t❡♥ s❡♣❛r❛t

• ▼✐s❝❤❡ ✭♠❡r❣❡✮ ❞✐❡ ❜❡✐❞❡♥ s♦rt✐❡rt❡♥ ❍ä❧❢t❡♥

❲✐r ❜❡tr❛❝❤t❡♥ ❤✐❡r ③✉♥ä❝❤st ♥✉r ❞❡♥ ❧❡t③t❡♥ ❙❝❤r✐tt✦ ❙♦rt✐❡r❡♥ ❞❡r
❜❡✐❞❡♥ ❍ä❧❢t❡♥ ❜❡❤❛♥❞❡❧♥ ✇✐r ✐♠ ❑❛♣✐t❡❧ ü❜❡r ❘❡❦✉rs✐♦♥✦
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❋✉♥❦t✐♦♥s✇❡✐s❡ ▼❡r❣❡s♦rt ❙❝❤r✐tt ✸

150 16

−3 7 13 42
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❋✉♥❦t✐♦♥s✇❡✐s❡ ▼❡r❣❡s♦rt ❙❝❤r✐tt ✸

150 16

−3 7 13 42
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❋✉♥❦t✐♦♥s✇❡✐s❡ ▼❡r❣❡s♦rt ❙❝❤r✐tt ✸

−3 0 7 13 15 16 42
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■❞❡❡

• ❑♦♥str✉✐❡r❡ s✉❦③❡ss✐✈❡ ❞✐❡ ❆✉s❣❛❜❡✲▲✐st❡ ❛✉s ❞❡♥
❆r❣✉♠❡♥t✲▲✐st❡♥✳

• ❯♠ ❞❛s ♥ä❝❤st❡ ❊❧❡♠❡♥t ❢ür ❞✐❡ ❆✉s❣❛❜❡ ③✉ ✜♥❞❡♥✱
✈❡r❣❧❡✐❝❤❡♥ ✇✐r ❞✐❡ ❜❡✐❞❡♥ ❦❧❡✐♥st❡♥ ❊❧❡♠❡♥t❡ ❞❡r ♥♦❝❤
✈❡r❜❧✐❡❜❡♥❡♥ ■♥♣✉t✲▲✐st❡♥✳

• ❋❛❧❧s ♠ ✉♥❞ ♥ ❞✐❡ ▲ä♥❣❡♥ ❞❡r ❆r❣✉♠❡♥t❧✐st❡♥ s✐♥❞✱ s✐♥❞
♦✛❡♥❜❛r ♠❛①✐♠❛❧ ♥✉r ♠ + ♥ − ✶ ❱❡r❣❧❡✐❝❤❡ ♥öt✐❣✳
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❇❡✐s♣✐❡❧ ▼❡r❣❡s♦rt ❙❝❤r✐tt ✸

150 16

−3 7 13 42
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❇❡✐s♣✐❡❧ ▼❡r❣❡s♦rt ❙❝❤r✐tt ✸

no!

15

−3 7 13 42

0 16

(0<−3)?
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❇❡✐s♣✐❡❧ ▼❡r❣❡s♦rt ❙❝❤r✐tt ✸

(0<7)?

150 16

−3

7 13 42 yes!
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❇❡✐s♣✐❡❧ ▼❡r❣❡s♦rt ❙❝❤r✐tt ✸

(15<7)?

7 13 42 no!

0−3

1615
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❇❡✐s♣✐❡❧ ▼❡r❣❡s♦rt ❙❝❤r✐tt ✸

(15<13)?

no!

1615

0−3 7

13 42
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❇❡✐s♣✐❡❧ ▼❡r❣❡s♦rt ❙❝❤r✐tt ✸

yes!

1615

0−3 7 13

42

(15<42)?
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❇❡✐s♣✐❡❧ ▼❡r❣❡s♦rt ❙❝❤r✐tt ✸

(16<42)?

42

0 15−3 7 13

yes!

16
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❇❡✐s♣✐❡❧ ▼❡r❣❡s♦rt ❙❝❤r✐tt ✸

−3 0 7 13 15 16 42
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■♠♣❧❡♠❡♥t✐❡r✉♥❣

• ▲❡❣❡ ❡✐♥❡♥ ❉✉♠♠②✲▲✐st❡♥❦♥♦t❡♥ ❛♥❀

• ❚r❛✈❡rs✐❡r❡ ❞✐❡ ▲✐st❡♥ a ✉♥❞ b❀

• ❱❡r❣❧❡✐❝❤❡ ❥❡✇❡✐❧s ❞✐❡ ❜❡✐❞❡♥ ❛❦t✉❡❧❧❡♥ ❑♥♦t❡♥❀

• ❉❡r❥❡♥✐❣❡✱ ❞❡r ❞❛s ❦❧❡✐♥❡r❡ ❊❧❡♠❡♥t ❡♥t❤ä❧t✱ ✇✐r❞ ❛♥ ❞✐❡
❆✉s❣❛❜❡✲▲✐st❡ ❛♥❣❡❤ä♥❣t❀

• ✇✐r❞ ❡♥t✇❡❞❡r ✐♥ a ♦❞❡r ✐♥ b ❞❛s ❊♥❞❡ ❡rr❡✐❝❤t✱ ❤ä♥❣❡♥ ✇✐r
❞❡♥ ❘❡st ❞❡r ❛♥❞❡r❡♥ ▲✐st❡ ❡❜❡♥❢❛❧❧s ❛♥ ❞✐❡ ❆✉s❣❛❜❡❀

• ❙❝❤❧✐❡ÿ❧✐❝❤ ✇❡r❢❡♥ ✇✐r ❞❡♥ ❉✉♠♠②✲❑♥♦t❡♥ ❛♠ ❆♥❢❛♥❣ ❞❡r
❆✉s❣❛❜❡ ✇❡❣✳

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✷✺✹



❈♦❞❡ ▼❡r❣❡s♦rt

public static List merge(List a, List b) {

List result = new List(0);

List t = result;

while (true) {

if (a == null) {

t.next = b;

break;

}

if (b == null) {

t.next = a;

break;

}

if (b.info > a.info) {

t = t.next = a;

a = a.next;

} else {

t = t.next = b;

b = b.next;

}

} ✴✴ ❡♥❞ ♦❢ ✇❤✐❧❡
return result.next;

} ✴✴ ❡♥❞ ♦❢ ♠❡r❣❡
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◆❛❝❤t❡✐❧

• ❋ür ❥❡❞❡s ❊❧❡♠❡♥t ✐♥ b ✇✐r❞ ❡✐♥ ♥❡✉❡r ▲✐st❡♥✲❑♥♦t❡♥ ❛♥❣❡❧❡❣t✳

❱❡r❜❡ss❡r✉♥❣✿

• ❱❡r✇❡♥❞❡ ❞✐❡ ❣❡s❛♠t❡♥ ▲✐st❡♥✲❖❜❥❡❦t❡ ✇✐❡❞❡r✱ ❞✳❤✳
♠♦❞✐✜③✐❡r❡ ❛❧❧❡✐♥ ❞✐❡ next✲❱❡r✇❡✐s❡✦

• ❇❡♥✉t③❡ ❘❡❦✉rs✐♦♥ ✭❦✉r③ ✈♦r ❲❡✐❤♥❛❝❤t❡♥✦✮
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❉✐s❦✉ss✐♦♥

• ❙❡✐ ❱ (♥) ❞✐❡ ❆♥③❛❤❧ ❞❡r ♥♦t✇❡♥❞✐❣❡♥ ❱❡r❣❧❡✐❝❤❡✱ ❞✐❡
▼❡r❣❡s♦rt ♠❛①✐♠❛❧ ③✉♠ ❙♦rt✐❡r❡♥ ❡✐♥❡r ▲✐st❡ ❞❡r ▲ä♥❣❡ ♥
❜❡♥öt✐❣t✳

❉❛♥♥ ❣✐❧t✿

❱ (✶) = ✵

❱ (✷♥) ≤ ✷ · ❱ (♥) + ✷ · ♥

• ❉❛❜❡✐ ✐st ❱ (♥) ❞❡r ❙♦rt✐❡r❛✉❢✇❛♥❞ ❢ür ❡✐♥❡ ▲✐st❡ ❞❡r ▲ä♥❣❡ ♥
✭❤✐❡r ♥♦❝❤ ♥✐❝❤t ❜❡tr❛❝❤t❡t✱ ❦♦♠♠t ❜❡✐ ❘❡❦✉rs✐♦♥✦✮ ✉♥❞ ✷ · ♥
❞✐❡ ❆♥③❛❤❧ ❞❡r ❱❡r❣❧❡✐❝❤❡✳

• ❋ür ♥ = ✷❦ s✐♥❞ ❞❛s ❞❛♥♥ ♥✉r ❦ · ♥ ❱❡r❣❧❡✐❝❤❡ ✦✦✦
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❆❝❤t✉♥❣

• ❯♥s❡r❡ ❋✉♥❦t✐♦♥ sort() ③❡rstört ✐❤r ❆r❣✉♠❡♥t ❄✦

• ❆❧❧❡ ▲✐st❡♥✲❑♥♦t❡♥ ❞❡r ❊✐♥❣❛❜❡ ✇❡r❞❡♥ ✇❡✐t❡r✈❡r✇❡♥❞❡t✳

• ❉✐❡ ■❞❡❡ ❞❡s ❙♦rt✐❡r❡♥s ❞✉r❝❤ ▼✐s❝❤❡♥ ❦ö♥♥t❡ ❛✉❝❤ ♠✐t❤✐❧❢❡
✈♦♥ ❋❡❧❞❡r♥ r❡❛❧✐s✐❡rt ✇❡r❞❡♥ ✭✇✐❡❄✮
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Ü❜❡rs✐❝❤t

▲✐st❡♥

❇❡✐s♣✐❡❧ ❙✉❝❤♠❛s❝❤✐♥❡

▼❡r❣❡s♦rt

❆❜str❛❦t❡ ❉❛t❡♥t②♣❡♥

❑❡❧❧❡r ✭❙t❛❝❦s✮

❙❝❤❧❛♥❣❡♥ ✭◗✉❡✉❡s✮
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❆❜str❛❦t❡ ❉❛t❡♥t②♣❡♥

• ❙♣❡③✐✜③✐❡r❡ ♥✉r ❞✐❡ ❖♣❡r❛t✐♦♥❡♥✦

• ❱❡r❜✐r❣ ❉❡t❛✐❧s

• ❞❡r ❉❛t❡♥str✉❦t✉r❀

• ❞❡r ■♠♣❧❡♠❡♥t✐❡r✉♥❣ ❞❡r ❖♣❡r❛t✐♦♥❡♥✳

• List ✐st ✉♥s❡r ❡rst❡r ❆❜str❛❦t❡r ❉❛t❡♥t②♣✦

==⇒ ■♥❢♦r♠❛t✐♦♥ ❍✐❞✐♥❣
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❲♦③✉❄

• ❱❡r❤✐♥❞❡r♥ ✐❧❧❡❣❛❧❡r ❩✉❣r✐✛❡ ❛✉❢ ❞✐❡ ❉❛t❡♥str✉❦t✉r❀

• ❊♥t❦♦♣♣❧✉♥❣ ✈♦♥ ❚❡✐❧♣r♦❜❧❡♠❡♥ ❢ür

• ■♠♣❧❡♠❡♥t✐❡r✉♥❣✱ ❛❜❡r ❛✉❝❤

• ❋❡❤❧❡rs✉❝❤❡ ✉♥❞

• ❲❛rt✉♥❣❀

• ❧❡✐❝❤t❡r ❆✉st❛✉s❝❤ ✈♦♥ ■♠♣❧❡♠❡♥t✐❡r✉♥❣❡♥ ✭↑r❛♣✐❞
♣r♦t♦t②♣✐♥❣✮✳
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Ü❜❡rs✐❝❤t

▲✐st❡♥

❇❡✐s♣✐❡❧ ❙✉❝❤♠❛s❝❤✐♥❡

▼❡r❣❡s♦rt

❆❜str❛❦t❡ ❉❛t❡♥t②♣❡♥

❑❡❧❧❡r ✭❙t❛❝❦s✮

❙❝❤❧❛♥❣❡♥ ✭◗✉❡✉❡s✮
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❑❡❧❧❡r ✭❙t❛❝❦s✮

❖♣❡r❛t✐♦♥❡♥✿
boolean isEmpty() ✿ t❡st❡t ❛✉❢ ▲❡❡r❤❡✐t❀
int pop() ✿ ❧✐❡❢❡rt ♦❜❡rst❡s ❊❧❡♠❡♥t❀
void push(int x) ✿ ❧❡❣t ① ♦❜❡♥ ❛✉❢ ❞❡♠ ❑❡❧❧❡r ❛❜❀
String toString() ✿ ❧✐❡❢❡rt ❡✐♥❡ ❙tr✐♥❣✲❉❛rst❡❧❧✉♥❣✳

❲❡✐t❡r❤✐♥ ♠üss❡♥ ✇✐r ❡✐♥❡♥ ❧❡❡r❡♥ ❑❡❧❧❡r ❛♥❧❡❣❡♥ ❦ö♥♥❡♥✳
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❋r✐❡❞r✐❝❤ ▲✉❞✇✐❣ ❇❛✉❡r✱ ❚❯▼

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✷✻✹



▼♦❞❡❧❧✐❡r✉♥❣

Stack

isEmpty+

(x: int) : voidpush+

() : intpop+

()Stack+

() : boolean
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❊rst❡ ■❞❡❡

• ❘❡❛❧✐s✐❡r❡ ❑❡❧❧❡r ♠✐t❤✐❧❢❡ ❡✐♥❡r ▲✐st❡✦

l

1 2 3 4

• ❉❛s ❆ttr✐❜✉t l ③❡✐❣t ❛✉❢ ❞❛s ♦❜❡rst❡ ❊❧❡♠❡♥t✳
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▼♦❞❡❧❧✐❡r✉♥❣

+
isEmpty+

(x: int) : voidpush+

() : intpop+

()Stack+ next

− l

info :   int

ListStack

+

List+ (int x, List l)

() : boolean

❉✐❡ ❣❡❢ü❧❧t❡ ❘❛✉t❡ ❜❡s❛❣t✱ ❞❛ss ❞✐❡ ▲✐st❡ ♥✉r ❚❡✐❧ ❡✐♥❡s Stacks s❡✐♥
❞❛r❢ ✉♥❞ ♥✉r s♦❧❛♥❣❡ ❡①✐st✐❡rt✱ ✇✐❡ ❛✉❝❤ ❞❡r ❙t❛❝❦ ❡①✐st✐❡rt✳
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■♠♣❧❡♠❡♥t✐❡r✉♥❣ ■

public class Stack {

private List l;

✴✴ ❑♦♥str✉❦t♦r ✿
public Stack() {

l = null;

}

✴✴ ❖❜❥❡❦t−▼❡t❤♦❞❡♥ ✿
public boolean isEmpty() {

return l == null;

}

...
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■♠♣❧❡♠❡♥t✐❡r✉♥❣ ■■

public int pop() {

int result = l.info;

l = l.next;

return result;

}

public void push(int a) {

l = new List(a,l);

}

public String toString() {

return List.toString(l);

}

} ✴✴ ❡♥❞ ♦❢ ❝ ❧❛s s ❙t❛❝❦
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❇❡♠❡r❦✉♥❣❡♥

• ❉✐❡ ■♠♣❧❡♠❡♥t✐❡r✉♥❣ ✐st s❡❤r ❡✐♥❢❛❝❤❀

• ✳✳✳ ♥✉t③t ❣❛r ♥✐❝❤t ❛❧❧❡ ❋❡❛t✉r❡s ✈♦♥ List ❛✉s❀

• ✳✳✳ ❞✐❡ ▲✐st❡♥✲❊❧❡♠❡♥t❡ s✐♥❞ ❡✈t✳ ü❜❡r ❞❡♥ ❣❡s❛♠t❡♥ ❙♣❡✐❝❤❡r
✈❡rstr❡✉t❀

==⇒ ❢ü❤rt ③✉ s❝❤❧❡❝❤t❡♠ ↑❈❛❝❤❡✲❱❡r❤❛❧t❡♥ ❞❡s
Pr♦❣r❛♠♠s✦

❩✇❡✐t❡ ■❞❡❡✿

❘❡❛❧✐s✐❡r❡ ❞❡♥ ❑❡❧❧❡r ♠✐t❤✐❧❢❡ ❡✐♥❡s ❋❡❧❞s ✉♥❞ ❡✐♥❡s
❙t❛❝❦♣♦✐♥t❡rs✱ ❞❡r ❛✉❢ ❞✐❡ ♦❜❡rst❡ ❜❡❧❡❣t❡ ❩❡❧❧❡ ③❡✐❣t✳

▲ä✉❢t ❞❛s ❋❡❧❞ ü❜❡r✱ ❡rs❡t③❡♥ ✇✐r ❡s ❞✉r❝❤ ❡✐♥ ❣röÿ❡r❡s✳
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❇❡♠❡r❦✉♥❣❡♥

• ❉✐❡ ■♠♣❧❡♠❡♥t✐❡r✉♥❣ ✐st s❡❤r ❡✐♥❢❛❝❤❀

• ✳✳✳ ♥✉t③t ❣❛r ♥✐❝❤t ❛❧❧❡ ❋❡❛t✉r❡s ✈♦♥ List ❛✉s❀

• ✳✳✳ ❞✐❡ ▲✐st❡♥✲❊❧❡♠❡♥t❡ s✐♥❞ ❡✈t✳ ü❜❡r ❞❡♥ ❣❡s❛♠t❡♥ ❙♣❡✐❝❤❡r
✈❡rstr❡✉t❀

==⇒ ❢ü❤rt ③✉ s❝❤❧❡❝❤t❡♠ ↑❈❛❝❤❡✲❱❡r❤❛❧t❡♥ ❞❡s
Pr♦❣r❛♠♠s✦

❩✇❡✐t❡ ■❞❡❡✿

• ❘❡❛❧✐s✐❡r❡ ❞❡♥ ❑❡❧❧❡r ♠✐t❤✐❧❢❡ ❡✐♥❡s ❋❡❧❞s ✉♥❞ ❡✐♥❡s
❙t❛❝❦♣♦✐♥t❡rs✱ ❞❡r ❛✉❢ ❞✐❡ ♦❜❡rst❡ ❜❡❧❡❣t❡ ❩❡❧❧❡ ③❡✐❣t✳

• ▲ä✉❢t ❞❛s ❋❡❧❞ ü❜❡r✱ ❡rs❡t③❡♥ ✇✐r ❡s ❞✉r❝❤ ❡✐♥ ❣röÿ❡r❡s✳

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✷✼✵



❇❡✐s♣✐❡❧❛❜❧❛✉❢

s.push(4);

1 2 3a

s sp
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❇❡✐s♣✐❡❧❛❜❧❛✉❢

s.push(5);

1 2 3 4

sp

a

s
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❇❡✐s♣✐❡❧❛❜❧❛✉❢

sp

1 2 3 4

s

a
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❇❡✐s♣✐❡❧❛❜❧❛✉❢

s

1 2 3 4

sp

a
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❇❡✐s♣✐❡❧❛❜❧❛✉❢

a 1 2 3 4 5

s sp
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▼♦❞❡❧❧✐❡r✉♥❣

−

length+ :   int

Array

() : booleanisEmpty+

(x: int) : voidpush+

() : intpop+

()Stack+

a−

Stack

sp :   int
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■♠♣❧❡♠❡♥t✐❡r✉♥❣ ■

public class Stack {

private int sp;

private int[] a;

✴✴ ❑♦♥str✉❦t♦r❡♥ ✿
public Stack() {

sp = -1; a = new int[4];

}

✴✴ ❖❜❥❡❦t−▼❡t❤♦❞❡♥ ✿
public boolean isEmpty() {

return (sp<0);

}

...
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■♠♣❧❡♠❡♥t✐❡r✉♥❣ ■■

public int pop() {

return a[sp--];

}

public void push(int x) {

sp++;

if (sp == a.length) {

int[] b = new int[2*sp];

for(int i=0; i<sp; i++) b[i] = a[i];

a = b;

}

a[sp] = x;

}

public toString() {...}

} ✴✴ ❡♥❞ ♦❢ ❝ ❧❛s s ❙t❛❝❦
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◆❛❝❤t❡✐❧

• ❊s ✇✐r❞ ③✇❛r ♥❡✉❡r P❧❛t③ ❛❧❧♦③✐❡rt✱ ❛❜❡r ♥✐❡ ✇❡❧❝❤❡r
❢r❡✐❣❡❣❡❜❡♥✳

❊rst❡ ■❞❡❡✿

• ❙✐♥❦t ❞❡r P❡❣❡❧ ✇✐❡❞❡r ❛✉❢ ❞✐❡ ❍ä❧❢t❡✱ ❣❡❜❡♥ ✇✐r ❞✐❡s❡ ❢r❡✐ ✳✳✳
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❇❡✐s♣✐❡❧❛❜❧❛✉❢

x=s.pop();

1 2 3 4

x

5

s sp

a

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✷✼✻



❇❡✐s♣✐❡❧❛❜❧❛✉❢

s.push(6);

x

1 2 3 4

5

a

sp
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❇❡✐s♣✐❡❧❛❜❧❛✉❢

x = s.pop();

5

41 2 3

x

6

s

a

sp
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❇❡✐s♣✐❡❧❛❜❧❛✉❢

s.push(7);

41 2 3

x 6

s sp

a
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❇❡✐s♣✐❡❧❛❜❧❛✉❢

x = s.pop();

41 2 3

x 6

7

s

a

sp
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❇❡♦❜❛❝❤t✉♥❣

• ■♠ s❝❤❧✐♠♠st❡♥ ❋❛❧❧ ♠üss❡♥ ❜❡✐ ❥❡❞❡r ❖♣❡r❛t✐♦♥ sä♠t❧✐❝❤❡
❊❧❡♠❡♥t❡ ❦♦♣✐❡rt ✇❡r❞❡♥✳

❩✇❡✐t❡ ■❞❡❡✿

• ❲✐r ❣❡❜❡♥ ❡rst ❢r❡✐✱ ✇❡♥♥ ❞❡r P❡❣❡❧ ❛✉❢ ❡✐♥ ❱✐❡rt❡❧ ❢ä❧❧t ✕ ✉♥❞
❞❛♥♥ ❛✉❝❤ ♥✉r ❞✐❡ ❍ä❧❢t❡ ✦
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❇❡✐s♣✐❡❧❛❜❧❛✉❢

x = s.pop();

1 2

x

3

s sp

a
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❇❡✐s♣✐❡❧❛❜❧❛✉❢

s.push(4);

1 2

x 3

s

a

sp
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❇❡✐s♣✐❡❧❛❜❧❛✉❢

s.push(5);

1 2 4

s sp

a
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❇❡✐s♣✐❡❧❛❜❧❛✉❢

sp

1 2 4 5

s

a
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❆♥❛❧②s❡

• ❱♦r ❥❡❞❡♠ ❑♦♣✐❡r❡♥ ✇❡r❞❡♥ ♠✐♥❞❡st❡♥s ❤❛❧❜ s♦ ✈✐❡❧❡
❖♣❡r❛t✐♦♥❡♥ ❛✉s❣❡❢ü❤rt✱ ✇✐❡ ❊❧❡♠❡♥t❡ ❦♦♣✐❡rt ✇❡r❞❡♥✳

• ●❡♠✐tt❡❧t ü❜❡r ❞✐❡ ❣❡s❛♠t❡ ❋♦❧❣❡ ✈♦♥ ❖♣❡r❛t✐♦♥❡♥ ✇❡r❞❡♥ ♣r♦
❖♣❡r❛t✐♦♥ ♠❛①✐♠❛❧ ③✇❡✐ ❩❛❤❧❡♥ ❦♦♣✐❡rt ↑❛♠♦rt✐s✐❡rt❡
❆✉❢✇❛♥❞s❛♥❛❧②s❡✳

public int pop() {

int result = a[sp];

if (sp == a.length/4 && sp>=2) {

int[] b = new int[2*sp];

for(int i=0; i < sp; i++)

b[i] = a[i];

a = b;

}

sp--;

return result;

}
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Ü❜❡rs✐❝❤t

▲✐st❡♥

❇❡✐s♣✐❡❧ ❙✉❝❤♠❛s❝❤✐♥❡

▼❡r❣❡s♦rt

❆❜str❛❦t❡ ❉❛t❡♥t②♣❡♥

❑❡❧❧❡r ✭❙t❛❝❦s✮

❙❝❤❧❛♥❣❡♥ ✭◗✉❡✉❡s✮
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❖♣❡r❛t✐♦♥❡♥

✭❲❛rt❡✲✮ ❙❝❤❧❛♥❣❡♥ ✈❡r✇❛❧t❡♥ ✐❤r❡ ❊❧❡♠❡♥t❡ ♥❛❝❤ ❞❡♠
❋■❋❖✲Pr✐♥③✐♣ ✭❋✐rst✲■♥✲❋✐rst✲❖✉t✮ ✭❙t❛❝❦s✿ ▲■❋❖✮✳

❖♣❡r❛t✐♦♥❡♥✿
boolean isEmpty() ✿ t❡st❡t ❛✉❢ ▲❡❡r❤❡✐t❀
int dequeue() ✿ ❧✐❡❢❡rt ❡rst❡s ❊❧❡♠❡♥t❀
void enqueue(int x) ✿ r❡✐❤t ① ✐♥ ❞✐❡ ❙❝❤❧❛♥❣❡ ❡✐♥❀
String toString() ✿ ❧✐❡❢❡rt ❡✐♥❡ ❙tr✐♥❣✲❉❛rst❡❧❧✉♥❣✳

❲❡✐t❡r❤✐♥ ♠üss❡♥ ✇✐r ❡✐♥❡ ❧❡❡r❡ ❙❝❤❧❛♥❣❡ ❛♥❧❡❣❡♥ ❦ö♥♥❡♥✳
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▼♦❞❡❧❧✐❡r✉♥❣

Queue

isEmpty+

(x: int) : voidenqueue+

() : intdequeue+

()Queue+

() : boolean
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❊rst❡ ■❞❡❡

• ❘❡❛❧✐s✐❡r❡ ❙❝❤❧❛♥❣❡ ♠✐t❤✐❧❢❡ ❡✐♥❡r ▲✐st❡ ✿

1 2 3 4

first

last

• first ③❡✐❣t ❛✉❢ ❞❛s ♥ä❝❤st❡ ③✉ ❡♥t♥❡❤♠❡♥❞❡ ❊❧❡♠❡♥t❀

• last ③❡✐❣t ❛✉❢ ❞❛s ❊❧❡♠❡♥t✱ ❤✐♥t❡r ❞❡♠ ❡✐♥❣❡❢ü❣t ✇✐r❞✳
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▼♦❞❡❧❧✐❡r✉♥❣

+
isEmpty+

(x: int) : voidenqueue+

() : intdequeue+

()Queue+ next

first, last−

info :   int

List

+

Queue

List+ (x: int) 

() : boolean

❖❜❥❡❦t❡ ❞❡r ❑❧❛ss❡ Queue ❡♥t❤❛❧t❡♥ ③✇❡✐ ❱❡r✇❡✐s❡ ❛✉❢ ❖❜❥❡❦t❡ ❞❡r
❑❧❛ss❡ List✳
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■♠♣❧❡♠❡♥t✐❡r✉♥❣ ■

public class Queue {

private List first, last;

✴✴ ❑♦♥str✉❦t♦r ✿
public Queue () {

first = last = null;

}

✴✴ ❖❜❥❡❦t−▼❡t❤♦❞❡♥ ✿
public boolean isEmpty() {

return first==null;

}

...
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■♠♣❧❡♠❡♥t✐❡r✉♥❣ ■■

public int dequeue () {

int result = first.info;

if (last == first) last = null;

first = first.next;

return result;

}

public void enqueue (int x) {

if (first == null) first = last = new List(x);

else { last.next = new List(x); last = last.next; }

}

public String toString() {

return List.toString(first);

}

} ✴✴ ❡♥❞ ♦❢ ❝ ❧❛s s ◗✉❡✉❡
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❆♥❛❧②s❡

• ❉✐❡ ■♠♣❧❡♠❡♥t✐❡r✉♥❣ ✐st ✇✐❡❞❡r s❡❤r ❡✐♥❢❛❝❤✳

• ✳✳✳ ♥✉t③t ❡❜❡♥❢❛❧❧s ❦❛✉♠ ❋❡❛t✉r❡s ✈♦♥ List ❛✉s❀

• ✳✳✳ ❞✐❡ ▲✐st❡♥✲❊❧❡♠❡♥t❡ s✐♥❞ ❡✈t✳ ü❜❡r ❞❡♥ ❣❡s❛♠t❡♥ ❙♣❡✐❝❤❡r
✈❡rstr❡✉t

==⇒ ❢ü❤rt ③✉ s❝❤❧❡❝❤t❡♠ ↑❈❛❝❤❡✲❱❡r❤❛❧t❡♥ ❞❡s
Pr♦❣r❛♠♠s✳

❩✇❡✐t❡ ■❞❡❡✿

❘❡❛❧✐s✐❡r❡ ❞✐❡ ❙❝❤❧❛♥❣❡ ♠✐t❤✐❧❢❡ ❡✐♥❡s ❋❡❧❞s ✉♥❞ ③✇❡✐❡r
P♦✐♥t❡r✱ ❞✐❡ ❛✉❢ ❞❛s ❡rst❡ ❜③✇✳ ❧❡t③t❡ ❊❧❡♠❡♥t ❞❡r ❙❝❤❧❛♥❣❡
③❡✐❣❡♥✳

▲ä✉❢t ❞❛s ❋❡❧❞ ü❜❡r✱ ❡rs❡t③❡♥ ✇✐r ❡s ❞✉r❝❤ ❡✐♥ ❣röÿ❡r❡s✳
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❆♥❛❧②s❡

• ❉✐❡ ■♠♣❧❡♠❡♥t✐❡r✉♥❣ ✐st ✇✐❡❞❡r s❡❤r ❡✐♥❢❛❝❤✳

• ✳✳✳ ♥✉t③t ❡❜❡♥❢❛❧❧s ❦❛✉♠ ❋❡❛t✉r❡s ✈♦♥ List ❛✉s❀

• ✳✳✳ ❞✐❡ ▲✐st❡♥✲❊❧❡♠❡♥t❡ s✐♥❞ ❡✈t✳ ü❜❡r ❞❡♥ ❣❡s❛♠t❡♥ ❙♣❡✐❝❤❡r
✈❡rstr❡✉t

==⇒ ❢ü❤rt ③✉ s❝❤❧❡❝❤t❡♠ ↑❈❛❝❤❡✲❱❡r❤❛❧t❡♥ ❞❡s
Pr♦❣r❛♠♠s✳

❩✇❡✐t❡ ■❞❡❡✿

• ❘❡❛❧✐s✐❡r❡ ❞✐❡ ❙❝❤❧❛♥❣❡ ♠✐t❤✐❧❢❡ ❡✐♥❡s ❋❡❧❞s ✉♥❞ ③✇❡✐❡r
P♦✐♥t❡r✱ ❞✐❡ ❛✉❢ ❞❛s ❡rst❡ ❜③✇✳ ❧❡t③t❡ ❊❧❡♠❡♥t ❞❡r ❙❝❤❧❛♥❣❡
③❡✐❣❡♥✳

• ▲ä✉❢t ❞❛s ❋❡❧❞ ü❜❡r✱ ❡rs❡t③❡♥ ✇✐r ❡s ❞✉r❝❤ ❡✐♥ ❣röÿ❡r❡s✳
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▼♦❞❡❧❧✐❡r✉♥❣

Queue

:   int−

first :   int−

Queue+

dequeue+

enqueue+

isEmpty+

()

() : int

(x: int) : void

() : boolean

length+ :   int

Array
a−last
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❇❡✐s♣✐❡❧❛❜❧❛✉❢ dequeue()

x

first

last

a 1

q

x = q.dequeue();

❇❡✐♠ ❊♥t❢❡r♥❡♥ ❡✐♥❡s ❊❧❡♠❡♥ts ✇✐r❞ ❛❧s♦ ❞❛s ✲❊❧❡♠❡♥t ♥❛❝❤
r❡❝❤ts ✈❡rs❝❤♦❜❡♥✳
❋❛❧❧s ❣✐❧t✱ ✐st ♥❛❝❤ ❞✐❡ ❙❝❤❧❛♥❣❡ ❧❡❡r✱
✉♥❞ ✇✐r s❡t③❡♥ ✳
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❇❡✐s♣✐❡❧❛❜❧❛✉❢ dequeue()

q

first

last

a

q.enqueue(5);

❇❡✐♠ ❊♥t❢❡r♥❡♥ ❡✐♥❡s ❊❧❡♠❡♥ts ✇✐r❞ ❛❧s♦ ❞❛s first✲❊❧❡♠❡♥t ♥❛❝❤
r❡❝❤ts ✈❡rs❝❤♦❜❡♥✳
❋❛❧❧s first==last ❣✐❧t✱ ✐st ♥❛❝❤ dequeue() ❞✐❡ ❙❝❤❧❛♥❣❡ ❧❡❡r✱
✉♥❞ ✇✐r s❡t③❡♥ first=last=-1✳

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✷✽✾



❇❡✐s♣✐❡❧❛❜❧❛✉❢ enqueue()

q

first

last

a

q.enqueue(5);

❇❡✐♠ ❍✐♥③✉❢ü❣❡♥ ❡✐♥❡s ❊❧❡♠❡♥ts ✇✐r❞ ❛❧s♦ ❞❡r ❲❡rt ❛♥
❡✐♥❣❡❢ü❣t✳
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❇❡✐s♣✐❡❧❛❜❧❛✉❢ enqueue()

5

q

first

last

x

a

❇❡✐♠ ❍✐♥③✉❢ü❣❡♥ ❡✐♥❡s ❊❧❡♠❡♥ts ✇✐r❞ ❛❧s♦ ❞❡r ❲❡rt ❛♥
a[++last] ❡✐♥❣❡❢ü❣t✳
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❋❡❧❞❣r❡♥③❡♥ ❜❡✐ enqueue()

❲❛s ♣❛ss✐❡rt✱ ✇❡♥♥ first ♦❞❡r last ❞❛s ❊♥❞❡ ❞❡s ❋❡❧❞❡s
❡rr❡✐❝❤❡♥✱ ❛❧s♦ first==a.length ♦❞❡r last==a.length ❣✐❧t❄

• ❊rst❡ ■❞❡❡✿ ❋❡❧❞❣röÿ❡ ✈❡r❞♦♣♣❡❧♥✦

▼❛❝❤❡♥ ✇✐r ❛✉❝❤✱ ✇❡♥♥ ❞❛s ❋❡❧❞ ✇✐r❦❧✐❝❤ ✈♦❧❧ ✐st✦
◆❛❝❤t❡✐❧✿ ❆❧❧❡ ❊❧❡♠❡♥t❡ ✐♥ ❧✐♥❦s ✈♦♥ ✭s♦❢❡r♥ ❡s
s♦❧❝❤❡ ❣✐❜t✮ ✇❡r❞❡♥ ♥✐❡ ✇✐❡❞❡r ❜❡❢ü❧❧t ✇❡r❞❡♥ ❦ö♥♥❡♥✦

❉❡s❤❛❧❜ ③✉♥ä❝❤st ❊❧❡♠❡♥t❡ ✐♥ ❧✐♥❦s ✈♦♥
✇✐❡❞❡r✈❡r✇❡♥❞❡♥✦

❲❡♥♥ ❛❧s♦ ❛♠ ❆♥❢❛♥❣ ❞❡s ❋❡❧❞s ✭❛❧s♦ ❛❜ ■♥❞❡① ✵✮ ♥♦❝❤ P❧❛t③
✐st✱ ③✉♥ä❝❤st ❞✐❡s❡ ❩❡❧❧❡♥ ✈❡r✇❡♥❞❡♥✳
❆❧s♦ ❙♣r✐♥❣❡♥ ✈♦♥ ❛✉❢ ✖ ♠✐t ❞❡♠
♠♦❞✉❧♦✲❖♣❡r❛t♦r ✳

➘❤♥❧✐❝❤❡s P❤ä♥♦♠❡♥ ❜❡✐ ✿ ❘❡❝❤ts✈❡rs❝❤✐❡❜✉♥❣
✈♦♥ ✱ ✇❡♥♥ ❞✐❡ ❋❡❧❞❣r❡♥③❡ ❜❡r❡✐ts ❡rr❡✐❝❤t ✐st✳
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❋❡❧❞❣r❡♥③❡♥ ❜❡✐ enqueue()

❲❛s ♣❛ss✐❡rt✱ ✇❡♥♥ first ♦❞❡r last ❞❛s ❊♥❞❡ ❞❡s ❋❡❧❞❡s
❡rr❡✐❝❤❡♥✱ ❛❧s♦ first==a.length ♦❞❡r last==a.length ❣✐❧t❄

• ❊rst❡ ■❞❡❡✿ ❋❡❧❞❣röÿ❡ ✈❡r❞♦♣♣❡❧♥✦
▼❛❝❤❡♥ ✇✐r ❛✉❝❤✱ ✇❡♥♥ ❞❛s ❋❡❧❞ ✇✐r❦❧✐❝❤ ✈♦❧❧ ✐st✦
◆❛❝❤t❡✐❧✿ ❆❧❧❡ ❊❧❡♠❡♥t❡ ✐♥ a ❧✐♥❦s ✈♦♥ first ✭s♦❢❡r♥ ❡s
s♦❧❝❤❡ ❣✐❜t✮ ✇❡r❞❡♥ ♥✐❡ ✇✐❡❞❡r ❜❡❢ü❧❧t ✇❡r❞❡♥ ❦ö♥♥❡♥✦

❉❡s❤❛❧❜ ③✉♥ä❝❤st ❊❧❡♠❡♥t❡ ✐♥ ❧✐♥❦s ✈♦♥
✇✐❡❞❡r✈❡r✇❡♥❞❡♥✦

❲❡♥♥ ❛❧s♦ ❛♠ ❆♥❢❛♥❣ ❞❡s ❋❡❧❞s ✭❛❧s♦ ❛❜ ■♥❞❡① ✵✮ ♥♦❝❤ P❧❛t③
✐st✱ ③✉♥ä❝❤st ❞✐❡s❡ ❩❡❧❧❡♥ ✈❡r✇❡♥❞❡♥✳
❆❧s♦ ❙♣r✐♥❣❡♥ ✈♦♥ ❛✉❢ ✖ ♠✐t ❞❡♠
♠♦❞✉❧♦✲❖♣❡r❛t♦r ✳

➘❤♥❧✐❝❤❡s P❤ä♥♦♠❡♥ ❜❡✐ ✿ ❘❡❝❤ts✈❡rs❝❤✐❡❜✉♥❣
✈♦♥ ✱ ✇❡♥♥ ❞✐❡ ❋❡❧❞❣r❡♥③❡ ❜❡r❡✐ts ❡rr❡✐❝❤t ✐st✳
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❋❡❧❞❣r❡♥③❡♥ ❜❡✐ enqueue()

❲❛s ♣❛ss✐❡rt✱ ✇❡♥♥ first ♦❞❡r last ❞❛s ❊♥❞❡ ❞❡s ❋❡❧❞❡s
❡rr❡✐❝❤❡♥✱ ❛❧s♦ first==a.length ♦❞❡r last==a.length ❣✐❧t❄

• ❊rst❡ ■❞❡❡✿ ❋❡❧❞❣röÿ❡ ✈❡r❞♦♣♣❡❧♥✦
▼❛❝❤❡♥ ✇✐r ❛✉❝❤✱ ✇❡♥♥ ❞❛s ❋❡❧❞ ✇✐r❦❧✐❝❤ ✈♦❧❧ ✐st✦
◆❛❝❤t❡✐❧✿ ❆❧❧❡ ❊❧❡♠❡♥t❡ ✐♥ a ❧✐♥❦s ✈♦♥ first ✭s♦❢❡r♥ ❡s
s♦❧❝❤❡ ❣✐❜t✮ ✇❡r❞❡♥ ♥✐❡ ✇✐❡❞❡r ❜❡❢ü❧❧t ✇❡r❞❡♥ ❦ö♥♥❡♥✦

• ❉❡s❤❛❧❜ ③✉♥ä❝❤st ❊❧❡♠❡♥t❡ ✐♥ a ❧✐♥❦s ✈♦♥ first
✇✐❡❞❡r✈❡r✇❡♥❞❡♥✦

❲❡♥♥ ❛❧s♦ ❛♠ ❆♥❢❛♥❣ ❞❡s ❋❡❧❞s ✭❛❧s♦ ❛❜ ■♥❞❡① ✵✮ ♥♦❝❤ P❧❛t③
✐st✱ ③✉♥ä❝❤st ❞✐❡s❡ ❩❡❧❧❡♥ ✈❡r✇❡♥❞❡♥✳
❆❧s♦ ❙♣r✐♥❣❡♥ ✈♦♥ ❛✉❢ ✖ ♠✐t ❞❡♠
♠♦❞✉❧♦✲❖♣❡r❛t♦r ✳

➘❤♥❧✐❝❤❡s P❤ä♥♦♠❡♥ ❜❡✐ ✿ ❘❡❝❤ts✈❡rs❝❤✐❡❜✉♥❣
✈♦♥ ✱ ✇❡♥♥ ❞✐❡ ❋❡❧❞❣r❡♥③❡ ❜❡r❡✐ts ❡rr❡✐❝❤t ✐st✳
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❋❡❧❞❣r❡♥③❡♥ ❜❡✐ enqueue()

❲❛s ♣❛ss✐❡rt✱ ✇❡♥♥ first ♦❞❡r last ❞❛s ❊♥❞❡ ❞❡s ❋❡❧❞❡s
❡rr❡✐❝❤❡♥✱ ❛❧s♦ first==a.length ♦❞❡r last==a.length ❣✐❧t❄

• ❊rst❡ ■❞❡❡✿ ❋❡❧❞❣röÿ❡ ✈❡r❞♦♣♣❡❧♥✦
▼❛❝❤❡♥ ✇✐r ❛✉❝❤✱ ✇❡♥♥ ❞❛s ❋❡❧❞ ✇✐r❦❧✐❝❤ ✈♦❧❧ ✐st✦
◆❛❝❤t❡✐❧✿ ❆❧❧❡ ❊❧❡♠❡♥t❡ ✐♥ a ❧✐♥❦s ✈♦♥ first ✭s♦❢❡r♥ ❡s
s♦❧❝❤❡ ❣✐❜t✮ ✇❡r❞❡♥ ♥✐❡ ✇✐❡❞❡r ❜❡❢ü❧❧t ✇❡r❞❡♥ ❦ö♥♥❡♥✦

• ❉❡s❤❛❧❜ ③✉♥ä❝❤st ❊❧❡♠❡♥t❡ ✐♥ a ❧✐♥❦s ✈♦♥ first
✇✐❡❞❡r✈❡r✇❡♥❞❡♥✦

• ❲❡♥♥ ❛❧s♦ ❛♠ ❆♥❢❛♥❣ ❞❡s ❋❡❧❞s ✭❛❧s♦ ❛❜ ■♥❞❡① ✵✮ ♥♦❝❤ P❧❛t③
✐st✱ ③✉♥ä❝❤st ❞✐❡s❡ ❩❡❧❧❡♥ ✈❡r✇❡♥❞❡♥✳
❆❧s♦ ❙♣r✐♥❣❡♥ ✈♦♥ a.length-1 ❛✉❢ 0 ✖ ♠✐t ❞❡♠
♠♦❞✉❧♦✲❖♣❡r❛t♦r %✳

➘❤♥❧✐❝❤❡s P❤ä♥♦♠❡♥ ❜❡✐ ✿ ❘❡❝❤ts✈❡rs❝❤✐❡❜✉♥❣
✈♦♥ ✱ ✇❡♥♥ ❞✐❡ ❋❡❧❞❣r❡♥③❡ ❜❡r❡✐ts ❡rr❡✐❝❤t ✐st✳
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❋❡❧❞❣r❡♥③❡♥ ❜❡✐ enqueue()

❲❛s ♣❛ss✐❡rt✱ ✇❡♥♥ first ♦❞❡r last ❞❛s ❊♥❞❡ ❞❡s ❋❡❧❞❡s
❡rr❡✐❝❤❡♥✱ ❛❧s♦ first==a.length ♦❞❡r last==a.length ❣✐❧t❄

• ❊rst❡ ■❞❡❡✿ ❋❡❧❞❣röÿ❡ ✈❡r❞♦♣♣❡❧♥✦
▼❛❝❤❡♥ ✇✐r ❛✉❝❤✱ ✇❡♥♥ ❞❛s ❋❡❧❞ ✇✐r❦❧✐❝❤ ✈♦❧❧ ✐st✦
◆❛❝❤t❡✐❧✿ ❆❧❧❡ ❊❧❡♠❡♥t❡ ✐♥ a ❧✐♥❦s ✈♦♥ first ✭s♦❢❡r♥ ❡s
s♦❧❝❤❡ ❣✐❜t✮ ✇❡r❞❡♥ ♥✐❡ ✇✐❡❞❡r ❜❡❢ü❧❧t ✇❡r❞❡♥ ❦ö♥♥❡♥✦

• ❉❡s❤❛❧❜ ③✉♥ä❝❤st ❊❧❡♠❡♥t❡ ✐♥ a ❧✐♥❦s ✈♦♥ first
✇✐❡❞❡r✈❡r✇❡♥❞❡♥✦

• ❲❡♥♥ ❛❧s♦ ❛♠ ❆♥❢❛♥❣ ❞❡s ❋❡❧❞s ✭❛❧s♦ ❛❜ ■♥❞❡① ✵✮ ♥♦❝❤ P❧❛t③
✐st✱ ③✉♥ä❝❤st ❞✐❡s❡ ❩❡❧❧❡♥ ✈❡r✇❡♥❞❡♥✳
❆❧s♦ ❙♣r✐♥❣❡♥ ✈♦♥ a.length-1 ❛✉❢ 0 ✖ ♠✐t ❞❡♠
♠♦❞✉❧♦✲❖♣❡r❛t♦r %✳

• ➘❤♥❧✐❝❤❡s P❤ä♥♦♠❡♥ ❜❡✐ dequeue()✿ ❘❡❝❤ts✈❡rs❝❤✐❡❜✉♥❣
✈♦♥ first✱ ✇❡♥♥ ❞✐❡ ❋❡❧❞❣r❡♥③❡ ❜❡r❡✐ts ❡rr❡✐❝❤t ✐st✳
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enqueue()✿ ❊rr❡✐❝❤❡♥ ❞❡s ❋❡❧❞❡♥❞❡s

❯♥t❡r ❞❡r ❆♥♥❛❤♠❡ ✉♥❜❡♥✉t③t❡r ❊❧❡♠❡♥t❡ ❛♠ ❋❡❧❞❛♥❢❛♥❣✿

q

first

last

a

q.enqueue(5);
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enqueue()✿ ❊rr❡✐❝❤❡♥ ❞❡s ❋❡❧❞❡♥❞❡s

❯♥t❡r ❞❡r ❆♥♥❛❤♠❡ ✉♥❜❡♥✉t③t❡r ❊❧❡♠❡♥t❡ ❛♠ ❋❡❧❞❛♥❢❛♥❣✿

a

q

first

last

5
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dequeue()✿ ❊rr❡✐❝❤❡♥ ❞❡s ❋❡❧❞❡♥❞❡s

a

q

first

last

1

x = q.dequeue();

x
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dequeue()✿ ❊rr❡✐❝❤❡♥ ❞❡s ❋❡❧❞❡♥❞❡s

1

first

last

a

q

x
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■♠♣❧❡♠❡♥t✐❡r✉♥❣

public class Queue {

private int first, last;

private int[] a;

✴✴ ❑♦♥str✉❦t♦r ✿
public Queue () {

first = last = -1;

a = new int[4];

}

✴✴ ❖❜❥❡❦t−▼❡t❤♦❞❡♥ ✿
public boolean isEmpty() { return first==-1; }

public String toString() {...}

...
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■♠♣❧❡♠❡♥t✐❡r✉♥❣ ✈♦♥ enqueue()

• ❋❛❧❧s ❞✐❡ ❙❝❤❧❛♥❣❡ ❧❡❡r ✇❛r✱ ♠üss❡♥ first ✉♥❞ last ❛✉❢ 0
❣❡s❡t③t ✇❡r❞❡♥✳

• ❆♥❞❡r♥❢❛❧❧s ✐st ❞❛s ❋❡❧❞ a ❣❡♥❛✉ ❞❛♥♥ ✈♦❧❧✱ ✇❡♥♥ ❞❛s ❊❧❡♠❡♥t
x ❛♥ ❞❡r ❙t❡❧❧❡ first ❡✐♥❣❡tr❛❣❡♥ ✇❡r❞❡♥ s♦❧❧t❡✳
✭❆❝❤t✉♥❣✿ ❊s ❣✐❧t ♥✐❝❤t ♥♦t✇❡♥❞✐❣❡r✇❡✐s❡ first==0✦✮

• ■♥ ❞✐❡s❡♠ ❋❛❧❧ ❧❡❣❡♥ ✇✐r ❡✐♥ ❋❡❧❞ ❞♦♣♣❡❧t❡r ●röÿ❡ ❛♥✳

❉✐❡ ❊❧❡♠❡♥t❡ a[first], a[first+1],...,

a[a.length-1]✱ a[0], a[1],..., a[first-1]

❦♦♣✐❡r❡♥ ✇✐r ♥❛❝❤ b[0],..., b[a.length-1]✳

• ❉❛♥♥ s❡t③❡♥ ✇✐r first = 0;✱ last = a.length ✉♥❞
a = b;

• ◆✉♥ ❦❛♥♥ x ❛♥ ❞❡r ❙t❡❧❧❡ a[last] ❛❜❣❡❧❡❣t ✇❡r❞❡♥✳
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■♠♣❧❡♠❡♥t✐❡r✉♥❣ ✈♦♥ enqueue()

public void enqueue (int x) {

if (first==-1)

first = last = 0;

else {

int n = a.length;

last = (last+1)%n;

if (last == first) { ✴✴ ❙❝❤❧❛♥❣❡ ✈ ♦ ❧ ❧
int[] b = new int[2*n];

for (int i=0; i<n; i++)

b[i] = a[(first+i)%n];

first = 0; last = n; a = b;

}

}✴✴ ❡♥❞ ❡ ❧ s ❡
a[last] = x;

}

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✷✾✻



■♠♣❧❡♠❡♥t✐❡r✉♥❣ ✈♦♥ ❞❡q✉❡✉❡✭✮

• ❋❛❧❧s ♥❛❝❤ ❊♥t❢❡r♥❡♥ ✈♦♥ a[first] ❞✐❡ ❙❝❤❧❛♥❣❡ ❧❡❡r ✐st✱
✇❡r❞❡♥ first ✉♥❞ last ❛✉❢ -1 ❣❡s❡t③t✳

• ❆♥❞❡r♥❢❛❧❧s ✇✐r❞ first ✉♠ ✶ ✭♠♦❞✉❧♦ ❞❡r ▲ä♥❣❡ ✈♦♥ a✮
✐♥❦r❡♠❡♥t✐❡rt ✳✳✳

public int dequeue () {

int result = a[first];

if (first == last) first = last = -1;

else first = (first+1) % a.length;

return result;

}
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❉✐s❦✉ss✐♦♥

• ■♥ ❞✐❡s❡r ■♠♣❧❡♠❡♥t✐❡r✉♥❣ ✈♦♥ dequeue() ✇✐r❞ ❞❡r P❧❛t③ ❢ür
❞✐❡ ❙❝❤❧❛♥❣❡ ♥✐❡ ✈❡r❦❧❡✐♥❡rt ✳✳✳

• ❋ä❧❧t ❞✐❡ ❆♥③❛❤❧ ❞❡r ❊❧❡♠❡♥t❡ ✐♥ ❞❡r ❙❝❤❧❛♥❣❡ ✉♥t❡r ❡✐♥
❱✐❡rt❡❧ ❞❡r ▲ä♥❣❡ ❞❡s ❋❡❧❞s a✱ ❦ö♥♥❡♥ ✇✐r ❛❜❡r ✭✇✐❡ ❜❡✐
❑❡❧❧❡r♥✮ ❞❛s ❋❡❧❞ ❞✉r❝❤ ❡✐♥ ❤❛❧❜ s♦ ❣r♦ÿ❡s ❡rs❡t③❡♥✳

❆❝❤t✉♥❣✿

❉✐❡ ❊❧❡♠❡♥t❡ ✐♥ ❞❡r ❙❝❤❧❛♥❣❡ ♠üss❡♥ ❛❜❡r ❥❡t③t ♥✐❝❤t ♠❡❤r
♥✉r ❛♠ ❆♥❢❛♥❣ ✈♦♥ a ❧✐❡❣❡♥ ✦✦✦
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❩✉s❛♠♠❡♥❢❛ss✉♥❣

• ❉❡r ❉❛t❡♥t②♣ List ✐st ♥✐❝❤t s❡❤r ❛❜str❛❦t✱ ❞❛❢ür ❡①tr❡♠
✢❡①✐❜❡❧

==⇒ ❣✉t ❣❡❡✐❣♥❡t ❢ür r❛♣✐❞ ♣r♦t♦t②♣✐♥❣✳

• ❋ür ❞✐❡ ♥üt③❧✐❝❤❡♥ ✭❡❤❡r✮ ❛❜str❛❦t❡♥ ❉❛t❡♥t②♣❡♥ Stack ✉♥❞
Queue ❧✐❡❢❡rt❡♥ ✇✐r ③✇❡✐ ■♠♣❧❡♠❡♥t✐❡r✉♥❣❡♥✿

❚❡❝❤♥✐❦ ❱♦rt❡✐❧ ◆❛❝❤t❡✐❧
List ❡✐♥❢❛❝❤ ♥✐❝❤t✲❧♦❦❛❧
✐♥t❬❪ ❧♦❦❛❧ ❡t✇❛s ❦♦♠♣❧❡①❡r

• ❆❝❤t✉♥❣✿ ♦❢t ✇❡r❞❡♥ ❜❡✐ ❞✐❡s❡♥ ❉❛t❡♥t②♣❡♥ ♥♦❝❤ ✇❡✐t❡r❡
❖♣❡r❛t✐♦♥❡♥ ③✉r ❱❡r❢ü❣✉♥❣ ❣❡st❡❧❧t✳
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Ü❜❡r❜❧✐❝❦
❚❡✐❧ ✶✿ ❊✐♥❢ü❤r✉♥❣
❚❡✐❧ ✷✿ ❖❜❥❡❦t❜❛s✐❡rt❡ Pr♦❣r❛♠♠✐❡r✉♥❣
❚❡✐❧ ✸✿ ❑♦♥tr♦❧❧str✉❦t✉r❡♥
❚❡✐❧ ✹✿ ❋❡❧❞❡r
❚❡✐❧ ✺✿ ❊✐♥✐❣❡ ❆❜str❛❦t❡ ❉❛t❡♥t②♣❡♥
❚❡✐❧ ✻✿ ❖❜❥❡❦t♦r✐❡♥t✐❡r✉♥❣
❚❡✐❧ ✼✿ ❘❡❦✉rs✐♦♥
❚❡✐❧ ✽✿ ❋♦rt❣❡s❝❤r✐tt❡♥❡ Pr♦❣r❛♠♠✐❡r❦♦♥str✉❦t❡
❚❡✐❧ ✾✿ ❊✐♥ ✇❡✐t❡r❡s ❣röÿ❡r❡s ❇❡✐s♣✐❡❧
❚❡✐❧ ✶✵✿ ◆❡❜❡♥❧ä✉✜❣❦❡✐t
❚❡✐❧ ✶✶✿ ❆♣♣❧❡ts ✉♥❞ ●❯■s
❚❡✐❧ ✶✷✿ ❇❡②♦♥❞ ❏❛✈❛
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Ü❜❡rs✐❝❤t

✻✳ ❖❜❥❡❦t♦r✐❡♥t✐❡r✉♥❣

❱❡r❡r❜✉♥❣
Pr✐✈❛t❡ ❱❛r✐❛❜❧❡♥ ✉♥❞ ▼❡t❤♦❞❡♥
❉❛s ❙❝❤❧üss❡❧✇♦rt super
Ü❜❡rs❝❤r❡✐❜❡♥ ✈♦♥ ❆ttr✐❜✉t❡♥ ✉♥❞ ▼❡t❤♦❞❡♥

P♦❧②♠♦r♣❤✐❡
❯♥t❡r❦❧❛ss❡♥✲P♦❧②♠♦r♣❤✐❡
●❡♥❡r✐s❝❤❡ ❑❧❛ss❡♥
❲r❛♣♣❡r✲❑❧❛ss❡♥

❆❜str❛❦t❡ ❑❧❛ss❡♥✱ ✜♥❛❧❡ ❑❧❛ss❡♥ ✉♥❞ ■♥t❡r❢❛❝❡s
❇❡✐s♣✐❡❧ ❙✉❝❤♠❛s❝❤✐♥❡
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❇❡♦❜❛❝❤t✉♥❣

❖❢t ✇❡r❞❡♥ ♠❡❤r❡r❡ ❑❧❛ss❡♥ ✈♦♥ ❖❜❥❡❦t❡♥ ❜❡♥öt✐❣t✱ ❞✐❡ ③✇❛r
ä❤♥❧✐❝❤✱ ❛❜❡r ❞♦❝❤ ✈❡rs❝❤✐❡❞❡♥ s✐♥❞✳

Saeugetiere

Hominiden

Menschen Affen

Woelfe
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■❞❡❡

• ❋✐♥❞❡ ●❡♠❡✐♥s❛♠❦❡✐t❡♥ ❤❡r❛✉s ✉♥❞ ♦r❣❛♥✐s✐❡r❡ s✐❡ ✐♥ ❡✐♥❡r
❍✐❡r❛r❝❤✐❡✦

• ■♠♣❧❡♠❡♥t✐❡r❡ ③✉❡rst ❞❛s✱ ✇❛s ❛❧❧❡♥ ❣❡♠❡✐♥s❛♠ ✐st✦

• ■♠♣❧❡♠❡♥t✐❡r❡ ❞❛♥♥ ♥✉r ♥♦❝❤ ❞❡♥ ❯♥t❡rs❝❤✐❡❞✦

==⇒ ✐♥❦r❡♠❡♥t❡❧❧❡s Pr♦❣r❛♠♠✐❡r❡♥

==⇒ ❙♦❢t✇❛r❡ ❘❡✉s❡

Saeugetiere

Hominiden

Menschen Affen

Woelfe
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Pr✐♥③✐♣

• ❉✐❡ ❯♥t❡r❦❧❛ss❡ ✈❡r❢ü❣t ü❜❡r ❞✐❡ ▼❡♠❜❡rs ❞❡r ❖❜❡r❦❧❛ss❡ ✉♥❞
❡✈❡♥t✉❡❧❧ ❛✉❝❤ ♥♦❝❤ ü❜❡r ✇❡✐t❡r❡✳

• ❉❛s Ü❜❡r♥❡❤♠❡♥ ✈♦♥ ▼❡♠❜❡rs ❞❡r ❖❜❡r❦❧❛ss❡ ✐♥ ❞✐❡
❯♥t❡r❦❧❛ss❡ ♥❡♥♥t ♠❛♥ ❱❡r❡r❜✉♥❣ ✭♦❞❡r ✐♥❤❡r✐t❛♥❝❡✮✳

❇❡✐s♣✐❡❧✿

Dictionary

Book
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■♠♣❧❡♠❡♥t✐❡r✉♥❣ ■

public class Book {

protected int pages;

public Book() {

pages = 150;

}

public void page_message() {

System.out.print("Number of pages:\t"+pages+"\n");

}

} ✴✴ ❡♥❞ ♦❢ ❝ ❧❛s s ❇♦♦❦
...
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■♠♣❧❡♠❡♥t✐❡r✉♥❣ ■■

public class Dictionary extends Book {

private int defs;

public Dictionary(int x) {

pages = 2*pages;

defs = x;

}

public void defs_message() {

System.out.print("Number of defs:\t\t"+defs+"\n");

System.out.print("Defs per page:\t\t"+defs/pages+"\n");

}

} ✴✴ ❡♥❞ ♦❢ ❝ ❧❛s s ❉✐❝t✐♦♥❛r②
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❇❡♠❡r❦✉♥❣❡♥

• class ❆ extends ❇ { ... } ❞❡❦❧❛r✐❡rt ❞✐❡ ❑❧❛ss❡ ❆ ❛❧s
❯♥t❡r❦❧❛ss❡ ❞❡r ❑❧❛ss❡ ❇✳

• ❆❧❧❡ ▼❡♠❜❡rs ✈♦♥ ❇ st❡❤❡♥ ❞❛♠✐t ❛✉t♦♠❛t✐s❝❤ ❛✉❝❤ ❞❡r
❑❧❛ss❡ ❆ ③✉r ❱❡r❢ü❣✉♥❣✳

• ❆❧s protected ❦❧❛ss✐✜③✐❡rt❡ ▼❡♠❜❡rs s✐♥❞ ❛✉❝❤ ✐♥ ❞❡r
❯♥t❡r❦❧❛ss❡ s✐❝❤t❜❛r✳

• ❆❧s private ❞❡❦❧❛r✐❡rt❡ ▼❡♠❜❡rs ❦ö♥♥❡♥ ❞❛❣❡❣❡♥ ✐♥ ❞❡r
❯♥t❡r❦❧❛ss❡ ♥✐❝❤t ❞✐r❡❦t ❛✉❢❣❡r✉❢❡♥ ✇❡r❞❡♥✱ ❞❛ s✐❡ ❞♦rt ♥✐❝❤t
s✐❝❤t❜❛r s✐♥❞✳

• ❲❡♥♥ ❡✐♥ ❑♦♥str✉❦t♦r ❞❡r ❯♥t❡r❦❧❛ss❡ ❆ ❛✉❢❣❡r✉❢❡♥ ✇✐r❞✱ ✇✐r❞
✐♠♣❧✐③✐t ③✉❡rst ❞❡r ❑♦♥str✉❦t♦r ❇() ❞❡r ❖❜❡r❦❧❛ss❡
❛✉❢❣❡r✉❢❡♥✳

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✸✵✼



new Dictionary(12400)

Dictionary webster = new Dictionary(12400);

❧✐❡❢❡rt✿

webster
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new Dictionary(12400)

Dictionary webster = new Dictionary(12400);

❧✐❡❢❡rt✿

pages
webster

defs
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new Dictionary(12400)

Dictionary webster = new Dictionary(12400);

❧✐❡❢❡rt✿

150
webster

defs

pages
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new Dictionary(12400)

Dictionary webster = new Dictionary(12400);

❧✐❡❢❡rt✿

300
webster

defs

pages
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new Dictionary(12400)

Dictionary webster = new Dictionary(12400);

❧✐❡❢❡rt✿

webster
12400defs

pages 300
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▼❡t❤♦❞❡♥✈❡r✇❡♥❞✉♥❣

public class Words {

public static void main(String[] args) {

Dictionary webster = new Dictionary(12400);

webster.page_message();

webster.defs_message();

} ✴✴ ❡♥❞ ♦❢ ♠❛✐♥
} ✴✴ ❡♥❞ ♦❢ ❝❧❛ss ❲♦r❞s

• ❉❛s ♥❡✉❡ ❖❜❥❡❦t webster ❡♥t❤ä❧t ❞✐❡ ❆ttr✐❜✉t❡ pages ✉♥❞
defs✱ s♦✇✐❡ ❞✐❡ ❖❜❥❡❦t✲▼❡t❤♦❞❡♥ page_message() ✉♥❞
defs_message()✳

• ❑♦♠♠❡♥ ✐♥ ❞❡r ❯♥t❡r❦❧❛ss❡ ♥✉r ✇❡✐t❡r❡ ▼❡♠❜❡rs ❤✐♥③✉✱
s♣r✐❝❤t ♠❛♥ ✈♦♥ ❡✐♥❡r ✐s❴❛✲❇❡③✐❡❤✉♥❣✳ ✭❖❢t ♠üss❡♥ ❛❜❡r
❖❜❥❡❦t✲▼❡t❤♦❞❡♥ ❞❡r ❖❜❡r❦❧❛ss❡ ✐♥ ❞❡r ❯♥t❡r❦❧❛ss❡
✉♠❞❡✜♥✐❡rt ✇❡r❞❡♥✳✮

• ❉✐❡ Pr♦❣r❛♠♠✲❆✉s❢ü❤r✉♥❣ ❧✐❡❢❡rt✿
Number of pages: 300

Number of defs: 12400

Defs per page: 41
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❙✐❝❤t❜❛r❦❡✐t ✉♥❞ ▼♦❞✐✜❡r

❉✐❡ ❙✐❝❤t❜❛r❦❡✐t ✈♦♥ ❆ttr✐❜✉t❡♥ ✉♥❞ ▼❡t❤♦❞❡♥ ✇✐r❞ ❞✉r❝❤
▼♦❞✐✜❡rs ❜❡st✐♠♠t✿

❑❧❛ss❡ P❛❝❦❛❣❡ ❯♥t❡r❦❧❛ss❡ ❲❡❧t

private ✰ ✕ ✕ ✕
❉❡❢❛✉❧t✶ ✰ ✰ ✕✷ ✕
protected ✰ ✰ ✰ ✕
public ✰ ✰ ✰ ✰

✶✿ ♦❤♥❡ ❙❝❤❧üss❡❧✇♦rt
✷✿ ❛✉ÿ❡r✱ ✇❡♥♥ ❯♥t❡r❦❧❛ss❡♥ ✐♠ ❣❧❡✐❝❤❡♥ P❛❝❦❛❣❡

=⇒ ▼✐tt❡❧ ③✉r ❘❡❛❧✐s✐❡r✉♥❣ ❞❡s ●❡❤❡✐♠♥✐s♣r✐♥③✐♣s
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❙✐❝❤t❜❛r❦❡✐t ✉♥❞ ▼♦❞✐✜❡r ✕ ❇❡✐s♣✐❡❧

class Shape {

public double area() { ...

✴✴ ❛✉❢✇❛❡♥❞✐❣❡ ❇❡r❡❝❤♥✉♥❣ ❞❡r ❋❧❛❡❝❤❡ ✭ ■ ♥ t ❡ ❣ r ❛ ❧ ✮
}

}

class Circle extends Shape {

private double radius;

public Circle(double r) {

radius = r;

}

@Override

public double area() {

return Math.PI * radius * radius;

}

}
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Pr✐✈❛t❡ ❱❛r✐❛❜❧❡♥ ✉♥❞ ▼❡t❤♦❞❡♥

Food

Pizza

❉❛s Pr♦❣r❛♠♠ Eating s♦❧❧ ❞✐❡ ❆♥③❛❤❧ ❞❡r ❑❛❧♦r✐❡♥ ♣r♦
▼❛❤❧③❡✐t ❛✉s❣❡❜❡♥✳
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❈♦❞❡ ✶

public class Eating {

public static void main (String[] args) {

Pizza special = new Pizza(275);

System.out.print("Calories per serving: " +

special.calories_per_serving());

} ✴✴ ❡♥❞ ♦❢ ♠❛✐♥
} ✴✴ ❡♥❞ ♦❢ ❝ ❧❛s s ❊❛t✐♥❣
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❈♦❞❡ ✷

public class Food {

private int CALORIES_PER_GRAM = 9;

private int fat, servings;

public Food (int num_fat_grams, int num_servings) {

fat = num_fat_grams;

servings = num_servings;

}

private int calories() {

return fat * CALORIES_PER_GRAM;

}

public int calories_per_serving() {

return (calories() / servings);

}

} ✴✴ ❡♥❞ ♦❢ ❝ ❧❛s s ❋♦♦❞
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❈♦❞❡ ✸ ✉♥❞ ❙✐❝❤t❜❛r❦❡✐t❡♥

public class Pizza extends Food {

public Pizza (int amount_fat) {

super(amount_fat,8); ✴✴ ❦♦♠♠t ❣ ❧ ❡ ✐ ❝❤ ✦ ●❡❞✉❧❞ ✦
}

} ✴✴ ❡♥❞ ♦❢ ❝ ❧❛s s P✐③③❛

• ❉✐❡ ❯♥t❡r❦❧❛ss❡ Pizza ✈❡r❢ü❣t ü❜❡r ❛❧❧❡ ▼❡♠❜❡rs ❞❡r
❖❜❡r❦❧❛ss❡ Food ✕ ✇❡♥♥ ❛✉❝❤ ♥✐❝❤t ❛❧❧❡ ❞✐r❡❦t ③✉❣ä♥❣❧✐❝❤
s✐♥❞✳

• ❉✐❡ ❆ttr✐❜✉t❡ ✉♥❞ ❞✐❡ ❖❜❥❡❦t✲▼❡t❤♦❞❡ calories() ❞❡r
❑❧❛ss❡ Food s✐♥❞ ♣r✐✈❛t ✉♥❞ ❞❛♠✐t ❢ür ❖❜❥❡❦t❡ ❞❡r ❑❧❛ss❡
Pizza ✈❡r❜♦r❣❡♥✳

• ❚r♦t③❞❡♠ ❦ö♥♥❡♥ s✐❡ ✈♦♥ ❞❡r public ❖❜❥❡❦t✲▼❡t❤♦❞❡
calories_per_serving ❜❡♥✉t③t ✇❡r❞❡♥ ✭✇✐❡s♦❄✮

❆✉s❣❛❜❡ ❞❡s Pr♦❣r❛♠♠s✿
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❈♦❞❡ ✸ ✉♥❞ ❙✐❝❤t❜❛r❦❡✐t❡♥

public class Pizza extends Food {

public Pizza (int amount_fat) {

super(amount_fat,8); ✴✴ ❦♦♠♠t ❣ ❧ ❡ ✐ ❝❤ ✦ ●❡❞✉❧❞ ✦
}

} ✴✴ ❡♥❞ ♦❢ ❝ ❧❛s s P✐③③❛

• ❉✐❡ ❯♥t❡r❦❧❛ss❡ Pizza ✈❡r❢ü❣t ü❜❡r ❛❧❧❡ ▼❡♠❜❡rs ❞❡r
❖❜❡r❦❧❛ss❡ Food ✕ ✇❡♥♥ ❛✉❝❤ ♥✐❝❤t ❛❧❧❡ ❞✐r❡❦t ③✉❣ä♥❣❧✐❝❤
s✐♥❞✳

• ❉✐❡ ❆ttr✐❜✉t❡ ✉♥❞ ❞✐❡ ❖❜❥❡❦t✲▼❡t❤♦❞❡ calories() ❞❡r
❑❧❛ss❡ Food s✐♥❞ ♣r✐✈❛t ✉♥❞ ❞❛♠✐t ❢ür ❖❜❥❡❦t❡ ❞❡r ❑❧❛ss❡
Pizza ✈❡r❜♦r❣❡♥✳

• ❚r♦t③❞❡♠ ❦ö♥♥❡♥ s✐❡ ✈♦♥ ❞❡r public ❖❜❥❡❦t✲▼❡t❤♦❞❡
calories_per_serving ❜❡♥✉t③t ✇❡r❞❡♥ ✭✇✐❡s♦❄✮

❆✉s❣❛❜❡ ❞❡s Pr♦❣r❛♠♠s✿ Calories per serving: 309
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s✉♣❡r

• ▼❛♥❝❤♠❛❧ ✐st ❡s ❡r❢♦r❞❡r❧✐❝❤✱ ✐♥ ❞❡r ❯♥t❡r❦❧❛ss❡ ❡①♣❧✐③✐t ❞✐❡
❑♦♥str✉❦t♦r❡♥ ♦❞❡r ❖❜❥❡❦t✲▼❡t❤♦❞❡♥ ❞❡r ❖❜❡r❦❧❛ss❡
❛✉❢③✉r✉❢❡♥✳ ❉❛s ✐st ❞❡r ❋❛❧❧✱ ✇❡♥♥

• ❑♦♥str✉❦t♦r❡♥ ❞❡r ❖❜❡r❦❧❛ss❡ ❛✉❢❣❡r✉❢❡♥ ✇❡r❞❡♥ s♦❧❧❡♥✱
❞✐❡ P❛r❛♠❡t❡r ❜❡s✐t③❡♥❀

• ❖❜❥❡❦t✲▼❡t❤♦❞❡♥ ♦❞❡r ❆ttr✐❜✉t❡ ❞❡r ❖❜❡r❦❧❛ss❡ ✉♥❞
❯♥t❡r❦❧❛ss❡ ❣❧❡✐❝❤❡ ◆❛♠❡♥ ❤❛❜❡♥✳

• ❩✉r ❯♥t❡rs❝❤❡✐❞✉♥❣ ❞❡r ❛❦t✉❡❧❧❡♥ ❑❧❛ss❡ ✈♦♥ ❞❡r ❖❜❡r❦❧❛ss❡
❞✐❡♥t ❡r♥❡✉t ❞❛s ❙❝❤❧üss❡❧✇♦rt super✳
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✳✳✳ ✐♠ Dictionary✲❇❡✐s♣✐❡❧

public class Book {

protected int pages;

public Book(int x) {

pages = x;

}

public void message() {

System.out.print("Number of pages:\t"+pages+"\n");

}

} ✴✴ ❡♥❞ ♦❢ ❝ ❧❛s s ❇♦♦❦

public class Dictionary extends Book {

private int defs;

public Dictionary(int p, int d) {

super(p);

defs = d;

}

public void message() {

super.message();

System.out.print("Number of defs:\t\t"+defs+"\n");

System.out.print("Defs per page:\t\t"+defs/pages+"\n");

}

} ✴✴ ❡♥❞ ♦❢ ❝ ❧❛s s ❉✐❝t✐♦♥❛r②
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super ■✿ ❍❛❜❡♥ ✇✐r s❝❤♦♥ ❣❡s❡❤❡♥ ✳✳✳

• super(...); r✉❢t ❞❡♥ ❡♥ts♣r❡❝❤❡♥❞❡♥ ❑♦♥str✉❦t♦r ❞❡r
❖❜❡r❦❧❛ss❡ ❛✉❢✳

• ❆♥❛❧♦❣ ❣❡st❛tt❡t this(...); ❡s✱ ❞❡♥ ❡♥ts♣r❡❝❤❡♥❞❡♥
❑♦♥str✉❦t♦r ❞❡r ❡✐❣❡♥❡♥ ❑❧❛ss❡ ❛✉❢③✉r✉❢❡♥✳

• ❊✐♥ s♦❧❝❤❡r ❡①♣❧✐③✐t❡r ❆✉❢r✉❢ ♠✉ss st❡ts ❣❛♥③ ❛♠ ❆♥❢❛♥❣ ❡✐♥❡s
❑♦♥str✉❦t♦rs st❡❤❡♥✳
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super ■■

❆♥❣❡♥♦♠♠❡♥✱ ❡✐♥❡ ❑❧❛ss❡ ❆ ❞❡❦❧❛r✐❡rt ❡✐♥❡♥ ♠❡♠❜❡r ♠❡♠❜
❞❡ss❡❧❜❡♥ ◆❛♠❡♥s ✇✐❡ ✐♥ ❡✐♥❡r ❖❜❡r❦❧❛ss❡ ✈♦♥ ❆✿

• ❋❛❧❧s ♠❡♠❜ ❡✐♥❡ ▼❡t❤♦❞❡ ♠✐t ❞❡♠s❡❧❜❡♥ ❘ü❝❦❣❛❜❡t②♣❡♥ ✉♥❞
❞❡♥s❡❧❜❡♥ ❆r❣✉♠❡♥tt②♣❡♥ ✐♥ ❞❡rs❡❧❜❡♥ ❘❡✐❤❡♥❢♦❧❣❡ ✐st✱ s♦ ✐st
✐♥ ❆ ③✉♥ä❝❤st ♥✉r ♠❡♠❜ ❛✉s ❆ s✐❝❤t❜❛r ✭Ü❜❡rs❝❤r❡✐❜❡♥✮✳

• ❋❛❧❧s ♠❡♠❜ ❡✐♥❡ ▼❡t❤♦❞❡ ♠✐t ✉♥t❡rs❝❤✐❡❞❧✐❝❤❡♥
❆r❣✉♠❡♥tt②♣❡♥ ♦❞❡r ✲❛♥③❛❤❧ ✐st✱ s♦ s✐♥❞ ✐♥ ❆ s♦✇♦❤❧ ♠❡♠❜
❞❡r ❖❜❡r❦❧❛ss❡ ❛❧s ❛✉❝❤ ♠❡♠❜ ❛✉s ❆ s✐❝❤t❜❛r ✭Ü❜❡r❧❛❞❡♥✮✳

• ✭❲❡✐t❡r❡ ❋ä❧❧❡ ❢♦❧❣❡♥✦✮

• ❲✐❡s♦ ✏③✉♥ä❝❤st✑ ✐♠ ❡rst❡♥ ❋❛❧❧❄
super.♠❡♠❜ ❣r❡✐❢t ❢ür ❞❛s ❛❦t✉❡❧❧❡ ❖❜❥❡❦t this ❛✉❢
❆ttr✐❜✉t❡ ♦❞❡r ❖❜❥❡❦t✲▼❡t❤♦❞❡♥ ♠❡♠❜ ❞❡r ❖❜❡r❦❧❛ss❡ ③✉✳

• ❊✐♥❡ ❛♥❞❡r❡ ❱❡r✇❡♥❞✉♥❣ ✈♦♥ super. ✐st ♥✐❝❤t ❣❡st❛tt❡t✳
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❆♥✇❡♥❞✉♥❣ ✈♦♥ super ✐♠ ❇❡✐s♣✐❡❧

public class Words {

public static void main(String[] args) {

Dictionary webster = new Dictionary(540,36600);

webster.message();

} ✴✴ ❡♥❞ ♦❢ ♠❛✐♥
} ✴✴ ❡♥❞ ♦❢ ❝ ❧❛s s ❲♦r❞s

• ❉❛s ♥❡✉❡ ❖❜❥❡❦t webster ❡♥t❤ä❧t ❞✐❡ ❆ttr✐❜✉t❡ pages ✉♥❞
defs✳

• ❉❡r ❆✉❢r✉❢ webster.message() r✉❢t ❞✐❡ ❖❜❥❡❦t✲▼❡t❤♦❞❡
❞❡r ❑❧❛ss❡ Dictionary ❛✉❢✳

• ❉✐❡ Pr♦❣r❛♠♠✲❆✉s❢ü❤r✉♥❣ ❧✐❡❢❡rt✿

Number of pages: 540

Number of defs: 36600

Defs per page: 67
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Ü❜❡rs❝❤r❡✐❜❡♥ ✉♥❞ Ü❜❡r❧❛❞❡♥

• ❋❛❧❧s ♠❡♠❜ ❡✐♥ ❆ttr✐❜✉t ✐st✱ s♦ ✐st ✐♥ ❆ ③✉♥ä❝❤st ♥✉r ♥♦❝❤ ❞❡r
▼❡♠❜❡r ♠❡♠❜ ❛✉s ❆ s✐❝❤t❜❛r✳

• ❋❛❧❧s ♠❡♠❜ ❡✐♥❡ ▼❡t❤♦❞❡ ♠✐t ❞❡♠s❡❧❜❡♥ ❘ü❝❦❣❛❜❡t②♣❡♥ ✉♥❞
❞❡♥s❡❧❜❡♥ ❆r❣✉♠❡♥tt②♣❡♥ ✐♥ ❞❡rs❡❧❜❡♥ ❘❡✐❤❡♥❢♦❧❣❡ ✐st✱ s♦ ✐st
✐♥ ❆ ③✉♥ä❝❤st ❡❜❡♥❢❛❧❧s ♥✉r ♠❡♠❜ ❛✉s ❆ s✐❝❤t❜❛r
✭Ü❜❡rs❝❤r❡✐❜❡♥✮✳

• ❋❛❧❧s ♠❡♠❜ ❡✐♥❡ ▼❡t❤♦❞❡ ♠✐t ✉♥t❡rs❝❤✐❡❞❧✐❝❤❡♥
❆r❣✉♠❡♥tt②♣❡♥ ♦❞❡r ✲❛♥③❛❤❧ ✐st✱ s♦ s✐♥❞ ✐♥ ❆ s♦✇♦❤❧ ♠❡♠❜
❞❡r ❖❜❡r❦❧❛ss❡ ❛❧s ❛✉❝❤ ♠❡♠❜ ❛✉s ❆ s✐❝❤t❜❛r ✭Ü❜❡r❧❛❞❡♥❀
❦❡♥♥❡♥ ✇✐r s❝❤♦♥ ✈♦♥ ❑♦♥str✉❦t♦r❡♥ ✉♥❞ ✈♦♥ ▼❡t❤♦❞❡♥
✐♥♥❡r❤❛❧❜ ❡✐♥❡r ❑❧❛ss❡✮✳

• ❋❛❧❧s ♠❡♠❜ ❡✐♥❡ ▼❡t❤♦❞❡ ♠✐t ✉♥t❡rs❝❤✐❡❞❧✐❝❤❡♠
❘ü❝❦❣❛❜❡t②♣❡♥✱ ❛❜❡r ❞❡♥s❡❧❜❡♥ ❆r❣✉♠❡♥tt②♣❡♥ ✐♥ ❞❡rs❡❧❜❡♥
❘❡✐❤❡♥❢♦❧❣❡ ✐st✱ s♦ ❣✐❜t ❡s ❡✐♥❡♥ ❈♦♠♣✐❧❡r❢❡❤❧❡r✳

• ▼✐t super ❦❛♥♥ ❛✉❢ ♠❡♠❜❡rs ❞❡r ❖❜❡r❦❧❛ss❡ ③✉❣❡❣r✐✛❡♥
✇❡r❞❡♥✳

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✸✷✶



❱❡rs❝❤❛tt❡♥ ✈♦♥ ❆ttr✐❜✉t❡♥ ■

❲❡♥♥ ❆ttr✐❜✉t❡ ❞❡ss❡❧❜❡♥ ◆❛♠❡♥s ✉♥❞ ❚②♣❡s ✐♥ ❡✐♥❡r ❑✐♥❞❦❧❛ss❡
r❡❞❡✜♥✐❡rt ✇❡r❞❡♥✱ ✈❡rs❝❤❛tt❡♥ s✐❡ ❞❛s ❆ttr✐❜✉t ❞❡r ❊❧t❡r♥❦❧❛ss❡✱ s♦
✇✐❡ ❞❛s ❢ür ▼❡t❤♦❞❡♥ ❡❜❡♥❢❛❧❧s ♣❛ss✐❡rt✿
public class Parent {

protected int a;

public int getA() {

return a; ✴✴❞✐❡s❡ ❑❧❛ss❡✦
}

}

public class Child extends Parent {

protected int a;

public void setA(int arg) {

a=arg; ✴✴ ❜❡③✐❡❤t s✐❝❤ ❛✉❢ ❞✐❡s❡ ❑❧❛ss❡
}

public void setParentA(int arg) {

super.a=arg;

}

}

public class TestClass {

public static void main(String[] argv) {

Child c = new Child();

c.setA(2);

c.setParentA(3);

System.out.println(c.getA()+"--"+c.a);

}

}

✳✳✳ ❧✐❡❢❡rt ❛❧s ❆✉s❣❛❜❡ ✦✦✦
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❱❡rs❝❤❛tt❡♥ ✈♦♥ ❆ttr✐❜✉t❡♥ ■

❲❡♥♥ ❆ttr✐❜✉t❡ ❞❡ss❡❧❜❡♥ ◆❛♠❡♥s ✉♥❞ ❚②♣❡s ✐♥ ❡✐♥❡r ❑✐♥❞❦❧❛ss❡
r❡❞❡✜♥✐❡rt ✇❡r❞❡♥✱ ✈❡rs❝❤❛tt❡♥ s✐❡ ❞❛s ❆ttr✐❜✉t ❞❡r ❊❧t❡r♥❦❧❛ss❡✱ s♦
✇✐❡ ❞❛s ❢ür ▼❡t❤♦❞❡♥ ❡❜❡♥❢❛❧❧s ♣❛ss✐❡rt✿
public class Parent {

protected int a;

public int getA() {

return a; ✴✴❞✐❡s❡ ❑❧❛ss❡✦
}

}

public class Child extends Parent {

protected int a;

public void setA(int arg) {

a=arg; ✴✴ ❜❡③✐❡❤t s✐❝❤ ❛✉❢ ❞✐❡s❡ ❑❧❛ss❡
}

public void setParentA(int arg) {

super.a=arg;

}

}

public class TestClass {

public static void main(String[] argv) {

Child c = new Child();

c.setA(2);

c.setParentA(3);

System.out.println(c.getA()+"--"+c.a);

}

}

✳✳✳ ❧✐❡❢❡rt 3--2 ❛❧s ❆✉s❣❛❜❡ ✦✦✦
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❱❡rs❝❤❛tt❡♥ ✈♦♥ ❆ttr✐❜✉t❡♥ ■■✿ ❣❡t❆✭✮ ✐♥ ❈❤✐❧❞

public class Parent {

protected int a;

public int getA() {

return a; ✴✴❞✐❡s❡ P❛r❡♥t−❑❧❛ss❡✦
}

}

public class Child extends Parent {

protected int a;

public void setA(int arg) {

a=arg; ✴✴ ❜❡③✐❡❤t s✐❝❤ ❛✉❢ ❞✐❡s❡ ❑❧❛ss❡
}

✴✴ ◆❊❯❊▼❊❚❍❖❉❊✦
public int getA() {

return a; ✴✴❛ ❞✐❡s❡r ❈❤✐❧❞−❑❧❛ss❡✦
}

public void setParentA(int arg) {

super.a=arg;

}

}

public class TestClass {

public static void main(String[] argv) {

Child c = new Child();

c.setA(2);

c.setParentA(3);

System.out.println(c.getA()+"--"+c.a);

}

}

✳✳✳ ❧✐❡❢❡rt ♠✐t ❞❡r ♥❡✉❡♥ ✲▼❡t❤♦❞❡ ✐♥ ❥❡t③t ❛❧s
❆✉s❣❛❜❡✦
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❱❡rs❝❤❛tt❡♥ ✈♦♥ ❆ttr✐❜✉t❡♥ ■■✿ ❣❡t❆✭✮ ✐♥ ❈❤✐❧❞

public class Parent {

protected int a;

public int getA() {

return a; ✴✴❞✐❡s❡ P❛r❡♥t−❑❧❛ss❡✦
}

}

public class Child extends Parent {

protected int a;

public void setA(int arg) {

a=arg; ✴✴ ❜❡③✐❡❤t s✐❝❤ ❛✉❢ ❞✐❡s❡ ❑❧❛ss❡
}

✴✴ ◆❊❯❊▼❊❚❍❖❉❊✦
public int getA() {

return a; ✴✴❛ ❞✐❡s❡r ❈❤✐❧❞−❑❧❛ss❡✦
}

public void setParentA(int arg) {

super.a=arg;

}

}

public class TestClass {

public static void main(String[] argv) {

Child c = new Child();

c.setA(2);

c.setParentA(3);

System.out.println(c.getA()+"--"+c.a);

}

}

✳✳✳ ❧✐❡❢❡rt ♠✐t ❞❡r ♥❡✉❡♥ getA()✲▼❡t❤♦❞❡ ✐♥ Child ❥❡t③t 2--2 ❛❧s
❆✉s❣❛❜❡✦

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✸✷✸



❱❡rs❝❤❛tt❡♥ ✈♦♥ ❆ttr✐❜✉t❡♥✿ ❯♥t❡rs❝❤✐❡❞❧✐❝❤❡ ❚②♣❡♥

public class one {

public static void main(String[] argv) {

H h = new H();

h.setA(17.3f);

float a_in_H = h.getA();

System.out.println("a in H: "+a_in_H);

}

}

class G {

int a;

}

class H extends G {

float a;

void setA(float arg) {

a=arg; ✴✴ ❛ ✐s t❤✐s ✳❛
super.a=(int) arg*2;

}

float getA() {

System.out.println("a in G: "+super.a);

return a;

}

}

✳✳✳ ❧✐❡❢❡rt✱ ❣❛♥③ ä❤♥❧✐❝❤✱ ❛❧s ❆✉s❣❛❜❡
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❱❡rs❝❤❛tt❡♥ ✈♦♥ ❆ttr✐❜✉t❡♥✿ ❯♥t❡rs❝❤✐❡❞❧✐❝❤❡ ❚②♣❡♥

public class one {

public static void main(String[] argv) {

H h = new H();

h.setA(17.3f);

float a_in_H = h.getA();

System.out.println("a in H: "+a_in_H);

}

}

class G {

int a;

}

class H extends G {

float a;

void setA(float arg) {

a=arg; ✴✴ ❛ ✐s t❤✐s ✳❛
super.a=(int) arg*2;

}

float getA() {

System.out.println("a in G: "+super.a);

return a;

}

}

✳✳✳ ❧✐❡❢❡rt✱ ❣❛♥③ ä❤♥❧✐❝❤✱ ❛❧s ❆✉s❣❛❜❡
a in G: 34

a in H: 17.3
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Ü❜❡rs❝❤r❡✐❜❡♥ ✈♦♥ ▼❡t❤♦❞❡♥

❇❡✐s♣✐❡❧

SavingsAccountCheckingAccount

BonusSaverAccount

BankAccount
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❆✉❢❣❛❜❡

• ■♠♣❧❡♠❡♥t✐❡r✉♥❣ ✈♦♥ ❡✐♥❛♥❞❡r ❛❜❣❡❧❡✐t❡t❡r ❋♦r♠❡♥ ✈♦♥
❇❛♥❦✲❑♦♥t❡♥✳

• ❏❡❞❡s ❑♦♥t♦ ❦❛♥♥ ❡✐♥❣❡r✐❝❤t❡t ✇❡r❞❡♥✱ ❡r❧❛✉❜t ❊✐♥③❛❤❧✉♥❣❡♥
✉♥❞ ❆✉s③❛❤❧✉♥❣❡♥✳

• ❱❡rs❝❤✐❡❞❡♥❡ ❑♦♥t❡♥ ✈❡r❤❛❧t❡♥ s✐❝❤ ✉♥t❡rs❝❤✐❡❞❧✐❝❤ ✐♥ ❇❡③✉❣
❛✉❢ ❩✐♥s❡♥ ✉♥❞ ❑♦st❡♥ ✈♦♥ ❑♦♥t♦✲❇❡✇❡❣✉♥❣❡♥✳

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✸✷✻



❊✐♥✐❣❡ ❑♦♥t❡♥

public class Bank {

public static void main(String[] args) {

✴✴ ■❉ ✹✸✷✶ ✱ ✐ ♥ ✐ t ✐ ❛ ❧ ❡ ❙✉♠♠❡ ✺✵✷✽✳✹✺ ✱ ✷✪ ❩✐♥s❡♥
Savings_Account savings =

new Savings_Account (4321, 5028.45, 0.02);

✴✴ ■❉ ✻✺✹✸ ✱ ✐ ♥ ✐ t ✐ ❛ ❧ ❡ ❙✉♠♠❡ ✶✹✼✺✳✽✺ ✱ ✷✪ ❩✐♥s❡♥
Bonus_Saver_Account big_savings =

new Bonus_Saver_Account (6543, 1475.85, 0.02);

✴✴ ■❉ ✾✽✼✻ ✱ ✐ ♥ ✐ t ✐ ❛ ❧ ❡ ❙✉♠♠❡ ✷✻✾✳✾✸ ✱ ❣❡❤ört ③✉ s❛✈✐♥❣s
Checking_Account checking =

new Checking_Account (9876, 269.93, savings);

...

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✸✷✼



❊✐♥✐❣❡ ❑♦♥t♦✲❇❡✇❡❣✉♥❣❡♥

savings.deposit (148.04);

big_savings.deposit (41.52);

savings.withdraw (725.55);

big_savings.withdraw (120.38);

checking.withdraw (320.18);

} ✴✴ ❡♥❞ ♦❢ ♠❛✐♥
} ✴✴ ❡♥❞ ♦❢ ❝ ❧❛s s ❇❛♥❦

❋❡❤❧t ♥✉r ♥♦❝❤ ❞✐❡ ■♠♣❧❡♠❡♥t✐❡r✉♥❣ ❞❡r ❑♦♥t❡♥ s❡❧❜st✳
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❊✐♥✐❣❡ ❑♦♥t♦✲❇❡✇❡❣✉♥❣❡♥

savings.deposit (148.04);

big_savings.deposit (41.52);

savings.withdraw (725.55);

big_savings.withdraw (120.38);

checking.withdraw (320.18);

} ✴✴ ❡♥❞ ♦❢ ♠❛✐♥
} ✴✴ ❡♥❞ ♦❢ ❝ ❧❛s s ❇❛♥❦

❋❡❤❧t ♥✉r ♥♦❝❤ ❞✐❡ ■♠♣❧❡♠❡♥t✐❡r✉♥❣ ❞❡r ❑♦♥t❡♥ s❡❧❜st✳
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❈♦❞❡

public class Bank_Account {

✴✴ ❆ttr ✐❜✉t❡ ❛ ❧ ❧ ❡ r ❑♦♥t❡♥−❑❧❛ss❡♥ ✿
protected int account;

protected double balance;

✴✴ ❑♦♥str✉❦t♦r ✿
public Bank_Account (int id, double initial) {

account = id; balance = initial;

}

✴✴ ❖❜❥❡❦t−▼❡t❤♦❞❡♥ ✿
public void deposit(double amount) {

balance = balance+amount;

System.out.print("Deposit into account "+account+"\n"

+"Amount:\t\t"+amount+"\n"

+"New balance:\t"+balance+"\n\n");

}

...
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❊r❧ä✉t❡r✉♥❣❡♥

• ❆♥❧❡❣❡♥ ❡✐♥❡s ❑♦♥t♦s Bank_Account s♣❡✐❝❤❡rt ❡✐♥❡
✭❤♦✛❡♥t❧✐❝❤ ♥❡✉❡✮ ❑♦♥t♦✲◆✉♠♠❡r s♦✇✐❡ ❡✐♥❡ ❆♥❢❛♥❣s✲❊✐♥❧❛❣❡✳

• ❉✐❡ ③✉❣❡❤ör✐❣❡♥ ❆ttr✐❜✉t❡ s✐♥❞ protected✱ ❞✳❤✳ ❦ö♥♥❡♥ ♥✉r
✈♦♥ ❖❜❥❡❦t✲▼❡t❤♦❞❡♥ ❞❡r ❑❧❛ss❡ ❜③✇✳ ✐❤r❡r ❯♥t❡r❦❧❛ss❡♥
♠♦❞✐✜③✐❡rt ✇❡r❞❡♥✳

• ❉✐❡ ❖❜❥❡❦t✲▼❡t❤♦❞❡ deposit ❧❡❣t ●❡❧❞ ❛✉❢s ❑♦♥t♦✱ ❞✳❤✳
♠♦❞✐✜③✐❡rt ❞❡♥ ❲❡rt ✈♦♥ balance ✉♥❞ t❡✐❧t ❞✐❡
❑♦♥t♦✲❇❡✇❡❣✉♥❣ ♠✐t✳

✭❋✐♥❞❡♥ ❙✐❡ ❞❛s ❙✐❝❤❡r❤❡✐ts♣r♦❜❧❡♠❄✮
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❊r❧ä✉t❡r✉♥❣❡♥

• ❆♥❧❡❣❡♥ ❡✐♥❡s ❑♦♥t♦s Bank_Account s♣❡✐❝❤❡rt ❡✐♥❡
✭❤♦✛❡♥t❧✐❝❤ ♥❡✉❡✮ ❑♦♥t♦✲◆✉♠♠❡r s♦✇✐❡ ❡✐♥❡ ❆♥❢❛♥❣s✲❊✐♥❧❛❣❡✳

• ❉✐❡ ③✉❣❡❤ör✐❣❡♥ ❆ttr✐❜✉t❡ s✐♥❞ protected✱ ❞✳❤✳ ❦ö♥♥❡♥ ♥✉r
✈♦♥ ❖❜❥❡❦t✲▼❡t❤♦❞❡♥ ❞❡r ❑❧❛ss❡ ❜③✇✳ ✐❤r❡r ❯♥t❡r❦❧❛ss❡♥
♠♦❞✐✜③✐❡rt ✇❡r❞❡♥✳

• ❉✐❡ ❖❜❥❡❦t✲▼❡t❤♦❞❡ deposit ❧❡❣t ●❡❧❞ ❛✉❢s ❑♦♥t♦✱ ❞✳❤✳
♠♦❞✐✜③✐❡rt ❞❡♥ ❲❡rt ✈♦♥ balance ✉♥❞ t❡✐❧t ❞✐❡
❑♦♥t♦✲❇❡✇❡❣✉♥❣ ♠✐t✳

✭❋✐♥❞❡♥ ❙✐❡ ❞❛s ❙✐❝❤❡r❤❡✐ts♣r♦❜❧❡♠❄✮

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✸✸✵



❆❜❤❡❜❡♥✿ ❈♦❞❡

public boolean withdraw(double amount) {

System.out.print("Withdrawal from account "+ account +"\n"

+"Amount:\t\t"+ amount +"\n");

if (amount > balance) {

System.out.print("Sorry, insufficient funds...\n\n");

return false;

}

balance = balance-amount;

System.out.print("New balance:\t"+ balance +"\n\n");

return true;

}

} ✴✴ ❡♥❞ ♦❢ ❝ ❧❛s s ❇❛♥❦❴❆❝❝♦✉♥t
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❆❜❤❡❜❡♥

• ❉✐❡ ❖❜❥❡❦t✲▼❡t❤♦❞❡ withdraw() ♥✐♠♠t ❡✐♥❡ ❆✉s③❛❤❧✉♥❣
✈♦r✳

• ❋❛❧❧s ❞✐❡ ❆✉s③❛❤❧✉♥❣ s❝❤❡✐t❡rt✱ ✇✐r❞ ❡✐♥❡ ▼✐tt❡✐❧✉♥❣ ❣❡♠❛❝❤t✳

• ❖❜ ❞✐❡ ❆✉s③❛❤❧✉♥❣ ❡r❢♦❧❣r❡✐❝❤ ✇❛r✱ t❡✐❧t ❞❡r ❘ü❝❦❣❛❜❡✇❡rt
♠✐t✳

• ❊✐♥ Checking_Account ✈❡r❜❡ss❡rt ❡✐♥ ♥♦r♠❛❧❡s ❑♦♥t♦✱
✐♥❞❡♠ ✐♠ ❩✇❡✐❢❡❧s❢❛❧❧ ❛✉❢ ❞✐❡ ❘ü❝❦❧❛❣❡ ❡✐♥❡s ❙♣❛r❦♦♥t♦s
③✉rü❝❦❣❡❣r✐✛❡♥ ✇✐r❞✳
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❊✐♥ ●✐r♦✲❑♦♥t♦

public class Checking_Account extends Bank_Account {

private Savings_Account overdraft;

✴✴ ❑♦♥str✉❦t♦r ✿
public Checking_Account(int id, double initial,

Savings_Account savings) {

super (id, initial);

overdraft = savings;

}

...
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▼♦❞✐✜③✐❡rt❡ ❆❜❤❡❜✉♥❣
✴✴ ♠♦❞✐❢✐③✐❡rt❡s ✇✐t❤❞r❛✇✭✮✿

public boolean withdraw(double amount) {

if (!super.withdraw(amount)) {

System.out.print("Using overdraft...\n");

if (!overdraft.withdraw(amount-balance)) {

System.out.print("Overdraft source insufficient.\n\n");

return false;

} else {

balance = 0;

System.out.print("New balance on account "+ account +": 0\n\n");

}

}

return true;

}

} ✴✴ ❡♥❞ ♦❢ ❝❧❛ss ❈❤❡❝❦✐♥❣❴❆❝❝♦✉♥t
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❊r❧ä✉t❡r✉♥❣❡♥

• ❉✐❡ ❖❜❥❡❦t✲▼❡t❤♦❞❡ withdraw ✇✐r❞ ♥❡✉ ❞❡✜♥✐❡rt✱ ❞✐❡
❖❜❥❡❦t✲▼❡t❤♦❞❡ deposit ✇✐r❞ ü❜❡r♥♦♠♠❡♥✳

• ❉❡r ◆♦r♠❛❧❢❛❧❧ ❞❡s ❆❜❤❡❜❡♥s ❡r❢♦❧❣t ✭❛❧s ❙❡✐t❡♥❡✛❡❦t✮ ❜❡✐♠
❚❡st❡♥ ❞❡r ❡rst❡♥ if✲❇❡❞✐♥❣✉♥❣✳

• ❉❛③✉ ✇✐r❞ ❞✐❡ withdraw✲▼❡t❤♦❞❡ ❞❡r ❖❜❡r❦❧❛ss❡
❛✉❢❣❡r✉❢❡♥✳

• ❙❝❤❡✐t❡rt ❞❛s ❆❜❤❡❜❡♥ ♠❛♥❣❡❧s ●❡❧❞❡s✱ ✇✐r❞ ❞❡r ❋❡❤❧❜❡tr❛❣
✈♦♠ ❘ü❝❦❧❛❣❡♥✲❑♦♥t♦ ❛❜❣❡❤♦❜❡♥✳

• ❙❝❤❡✐t❡rt ❛✉❝❤ ❞❛s✱ ❡r❢♦❧❣t ❦❡✐♥❡ ❑♦♥t♦✲❇❡✇❡❣✉♥❣✱ ❞❛❢ür ❡✐♥❡
❋❡❤❧❡r♠❡❧❞✉♥❣✳

• ❆♥❞❡r♥❢❛❧❧s s✐♥❦t ❞❡r ❛❦t✉❡❧❧❡ ❑♦♥t♦st❛♥❞ ❛✉❢ ✵ ✉♥❞ ❞✐❡
❘ü❝❦❧❛❣❡ ✇✐r❞ ✈❡rr✐♥❣❡rt✳
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❊✐♥ ❙♣❛r❜✉❝❤

public class Savings_Account extends Bank_Account {

protected double interest_rate;

✴✴ ❑♦♥str✉❦t♦r ✿
public Savings_Account (int id, double init, double rate) {

super(id,init); interest_rate = rate;

}

✴✴ ③✉s❛❡ t ③ ❧ ✐ ❝❤❡ ❖❜❥❡❦t−▼❡t❤♦❞❡ ✿
public void add_interest() {

balance = balance * (1+interest_rate);

System.out.print("Interest added to account: "+ account

+"\nNew balance:\t"+ balance +"\n\n");

}

} ✴✴ ❡♥❞ ♦❢ ❝ ❧❛s s ❙❛✈✐♥❣s❴❆❝❝♦✉♥t
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❊r❧ä✉t❡r✉♥❣❡♥

• ❉✐❡ ❑❧❛ss❡ Savings_Account ❡r✇❡✐t❡rt ❞✐❡ ❑❧❛ss❡
Bank_Account ✉♠ ❞❛s ③✉sät③❧✐❝❤❡ ❆ttr✐❜✉t double
interest_rate ✭❩✐♥ss❛t③✮ ✉♥❞ ❡✐♥❡ ❖❜❥❡❦t✲▼❡t❤♦❞❡✱ ❞✐❡
❞✐❡ ❩✐♥s❡♥ ❣✉ts❝❤r❡✐❜t✳

• ❆❧❧❡ s♦♥st✐❣❡♥ ❆ttr✐❜✉t❡ ✉♥❞ ❖❜❥❡❦t✲▼❡t❤♦❞❡♥ ✇❡r❞❡♥ ✈♦♥ ❞❡r
❖❜❡r❦❧❛ss❡ ❣❡❡r❜t✳

• ❉✐❡ ❑❧❛ss❡ Bonus_Saver_Account ❡r❤ö❤t ③✉sät③❧✐❝❤ ❞❡♥
❩✐♥ss❛t③✱ ❢ü❤rt ❛❜❡r ❙tr❛❢❦♦st❡♥ ❢ürs ❆❜❤❡❜❡♥ ❡✐♥✳
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❊✐♥ ❇♦♥✉s✲❙♣❛r❜✉❝❤

public class Bonus_Saver_Account extends Savings_Account {

private int penalty;

private double bonus;

✴✴ ❑♦♥str✉❦t♦r ✿
public Bonus_Saver_Account(int id, double init, double rate) {

super(id, init, rate); penalty = 25; bonus = 0.03;

}

✴✴ ▼♦❞✐❢✐③✐❡r✉♥❣ ❞❡r ❖❜❥❡❦t−▼❡t❤♦❞❡♥ ✿
public boolean withdraw(double amount) {

System.out.print("Penalty incurred:\t"+ penalty +"\n");

return super.withdraw(amount+penalty);

}

✴✴ ❩✐♥s❡♥
public void add_interest() {

balance = balance * (1+interest_rate+bonus);

System.out.print("Interest added to account: "+ account

+"\nNew balance:\t" + balance +"\n\n");

}

} ✴✴ ❡♥❞ ♦❢ ❝ ❧❛s s ❇♦♥✉s❴❙❛❢❡r❴❆❝❝♦✉♥t
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❇❡❦❛♥♥t❡ ❑♦♥t❡♥ ✉♥❞ ❇❡✇❡❣✉♥❣❡♥

public class Bank {

public static void main(String[] args) {

✴✴ ■❉ ✹✸✷✶ ✱ ✐ ♥ ✐ t ✐ ❛ ❧ ❡ ❙✉♠♠❡ ✺✵✷✽✳✹✺ ✱ ✷✪ ❩✐♥s❡♥
Savings_Account savings =

new Savings_Account (4321, 5028.45, 0.02);

✴✴ ■❉ ✻✺✹✸ ✱ ✐ ♥ ✐ t ✐ ❛ ❧ ❡ ❙✉♠♠❡ ✶✹✼✺✳✽✺ ✱ ✷✪ ❩✐♥s❡♥
Bonus_Saver_Account big_savings =

new Bonus_Saver_Account (6543, 1475.85, 0.02);

✴✴ ■❉ ✾✽✼✻ ✱ ✐ ♥ ✐ t ✐ ❛ ❧ ❡ ❙✉♠♠❡ ✷✻✾✳✾✸ ✱ ❣❡❤ört ③✉ s❛✈✐♥❣s
Checking_Account checking =

new Checking_Account (9876, 269.93, savings);

...

savings.deposit (148.04);

big_savings.deposit (41.52);

savings.withdraw (725.55);

big_savings.withdraw (120.38);

checking.withdraw (320.18);

} ✴✴ ❡♥❞ ♦❢ ♠❛✐♥
} ✴✴ ❡♥❞ ♦❢ ❝ ❧❛s s ❇❛♥❦
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❇❡✐s♣✐❡❧❛✉s❣❛❜❡

Deposit into account 4321

Amount: 148.04

New balance: 5176.49

Deposit into account 6543

Amount: 41.52

New balance: 1517.37

Withdrawal from account 4321

Amount: 725.55

New balance: 4450.94

Penalty incurred: 25

Withdrawal from account 6543

Amount: 145.38

New balance: 1371.9899999999998

Withdrawal from account 9876

Amount: 320.18

Sorry, insufficient funds...

Using overdraft...

Withdrawal from account 4321

Amount: 50.25

New balance: 4400.69

New balance on account 9876: 0
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Ü❜❡rs✐❝❤t

❱❡r❡r❜✉♥❣

P♦❧②♠♦r♣❤✐❡
❯♥t❡r❦❧❛ss❡♥✲P♦❧②♠♦r♣❤✐❡
●❡♥❡r✐s❝❤❡ ❑❧❛ss❡♥
❲r❛♣♣❡r✲❑❧❛ss❡♥

❆❜str❛❦t❡ ❑❧❛ss❡♥✱ ✜♥❛❧❡ ❑❧❛ss❡♥ ✉♥❞ ■♥t❡r❢❛❝❡s

❇❡✐s♣✐❡❧ ❙✉❝❤♠❛s❝❤✐♥❡
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P♦❧②♠♦r♣❤✐❡

Pr♦❜❧❡♠

• ❯♥s❡r❡ ❉❛t❡♥str✉❦t✉r❡♥ List✱ Stack ✉♥❞ Queue ❦ö♥♥❡♥
❡✐♥③✐❣ ✉♥❞ ❛❧❧❡✐♥ int✲❲❡rt❡ ❛✉❢♥❡❤♠❡♥✳

• ❲♦❧❧❡♥ ✇✐r String✲❖❜❥❡❦t❡ ♦❞❡r ❛♥❞❡r❡ ❆rt❡♥ ✈♦♥ ❩❛❤❧❡♥
❛❜❧❡❣❡♥✱ ♠üss❡♥ ✇✐r ❞✐❡ ❥❡✇❡✐❧✐❣❡ ❉❛t❡♥str✉❦t✉r ❡r♥❡✉t
❞❡✜♥✐❡r❡♥✳
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■❞❡❡

• ❊✐♥❡ ❖♣❡r❛t✐♦♥ ♠❡t❤ ( ❆ x) ❧ässt s✐❝❤ ❛✉❝❤ ♠✐t ❡✐♥❡♠
❖❜❥❡❦t ❛✉s ❡✐♥❡r ❯♥t❡r❦❧❛ss❡ ✈♦♥ ❆ ❛✉❢r✉❢❡♥ ✦✦✦

• ❑❡♥♥❡♥ ✇✐r ❡✐♥❡ ❣❡♠❡✐♥s❛♠❡ ❖❜❡r❦❧❛ss❡ ❇❛s❡ ❢ür ❛❧❧❡
♠ö❣❧✐❝❤❡♥ ❛❦t✉❡❧❧❡♥ P❛r❛♠❡t❡r ✉♥s❡r❡r ❖♣❡r❛t✐♦♥✱ ❞❛♥♥
❞❡✜♥✐❡r❡♥ ✇✐r ♠❡t❤ ❡✐♥❢❛❝❤ ❢ür ❇❛s❡ ✳✳✳

• ❊✐♥❡ ❋✉♥❦t✐♦♥✱ ❞✐❡ ❢ür ♠❡❤r❡r❡ ❆r❣✉♠❡♥t✲❚②♣❡♥ ❞❡✜♥✐❡rt ✐st✱
❤❡✐ÿt ❛✉❝❤ ♣♦❧②♠♦r♣❤✳
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■❞❡❡
Statt:

B2f(B2 x) B3f(B3 x)B1f(B1 x)

f(A x) A

B1 B2 B3

... besser:
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❊r♠✐tt❧✉♥❣ ❞❡r ❛✉❢❣❡r✉❢❡♥❡♥ ▼❡t❤♦❞❡

❇❡tr❛❝❤t❡ ❡✐♥❡♥ ❆✉❢r✉❢ ❡✵.❢ (❡✶, . . . , ❡❦)✳

• ❇❡st✐♠♠❡ ❞✐❡ st❛t✐s❝❤❡♥ ❚②♣❡♥ ❚✵, . . . ,❚❦ ❞❡r ❆✉s❞rü❝❦❡
❡✵, . . . , ❡❦ ✳

• ❙✉❝❤❡ ✐♥ ❡✐♥❡r ❖❜❡r❦❧❛ss❡ ✈♦♥ ❚✵ ♥❛❝❤ ❡✐♥❡r ▼❡t❤♦❞❡ ♠✐t
◆❛♠❡♥ ❢ ✱ ❞❡r❡♥ ▲✐st❡ ✈♦♥ ❆r❣✉♠❡♥tt②♣❡♥ ❜❡st♠ö❣❧✐❝❤ ③✉ ❞❡r
▲✐st❡ ❚✶, . . . ,❚❦ ♣❛sst✳

❉❡r ❚②♣ ■ ❞✐❡s❡r r❡✐♥ st❛t✐s❝❤ ❣❡❢✉♥❞❡♥❡♥ ▼❡t❤♦❞❡ ✐st ❞✐❡
❙✐❣♥❛t✉r ❞❡r ▼❡t❤♦❞❡ ❢ ❛♥ ❞✐❡s❡r ❆✉❢r✉❢st❡❧❧❡ ✐♠ Pr♦❣r❛♠♠✳

• ❉❡r ❞②♥❛♠✐s❝❤❡ ❚②♣ ❉ ❞❡s ❖❜❥❡❦ts✱ ③✉ ❞❡♠ s✐❝❤ ❡✵
❛✉s✇❡rt❡t✱ ❣❡❤ört ③✉ ❡✐♥❡r ❯♥t❡r❦❧❛ss❡ ✈♦♥ ❚✵✳

• ❉✐❡ ▼❡t❤♦❞❡ ❢ ✇✐r❞ ♥✉♥ ❛✉❢❣❡r✉❢❡♥✱ ❞❡r❡♥ ❚②♣ ■ ✐st ✉♥❞ ❞✐❡
✐♥ ❞❡r ♥ä❝❤st❡♥ ❖❜❡r❦❧❛ss❡ ✈♦♥ ❉ ✐♠♣❧❡♠❡♥t✐❡rt ✇✐r❞✳
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❉✐❡ ❑❧❛ss❡ Object

• ❉✐❡ ❑❧❛ss❡ Object ✐st ❡✐♥❡ ❣❡♠❡✐♥s❛♠❡ ❖❜❡r❦❧❛ss❡ ❢ür ❛❧❧❡
❑❧❛ss❡♥✳

• ❊✐♥❡ ❑❧❛ss❡ ♦❤♥❡ ❛♥❣❡❣❡❜❡♥❡ ❖❜❡r❦❧❛ss❡ ✐st ❡✐♥❡ ❞✐r❡❦t❡
❯♥t❡r❦❧❛ss❡ ✈♦♥ Object✳

• ❊✐♥✐❣❡ ♥üt③❧✐❝❤❡ ▼❡t❤♦❞❡♥ ❞❡r ❑❧❛ss❡ Object ✿

• String toString() ❧✐❡❢❡rt ✭✐r❣❡♥❞❡✐♥❡✮
❉❛rst❡❧❧✉♥❣ ❛❧s String❀

• boolean equals(Object obj) t❡st❡t ❛✉❢
❖❜❥❡❦t✲■❞❡♥t✐tät ♦❞❡r ❘❡❢❡r❡♥③✲●❧❡✐❝❤❤❡✐t✿

public boolean equals(Object obj) {

return this==obj;

}

✳✳✳
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❉✐❡ ❑❧❛ss❡ Object ■■

• • int hashCode() ❧✐❡❢❡rt ❡✐♥❡ ❡✐♥❞❡✉t✐❣❡ ◆✉♠♠❡r ❢ür
❞❛s ❖❜❥❡❦t✳

• ✳✳✳ ✈✐❡❧❡ ✇❡✐t❡r❡ ❣❡❤❡✐♠♥✐s✈♦❧❧❡ ▼❡t❤♦❞❡♥✱ ❞✐❡ ✉✳❛✳ ♠✐t
↑♣❛r❛❧❧❡❧❡r Pr♦❣r❛♠♠✲❆✉s❢ü❤r✉♥❣ ③✉ t✉♥ ❤❛❜❡♥✳

❆❝❤t✉♥❣✿

Object✲▼❡t❤♦❞❡♥ ❦ö♥♥❡♥ ❛❜❡r ✭✉♥❞ s♦❧❧t❡♥ ❡✈t✳✮ ✐♥ ❯♥t❡r❦❧❛ss❡♥
❞✉r❝❤ ❣❡❡✐❣♥❡t❡r❡ ▼❡t❤♦❞❡♥ ü❜❡rs❝❤r✐❡❜❡♥ ✇❡r❞❡♥✳
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❇❡✐s♣✐❡❧

public class Poly {

public String toString() { return "Hello"; }

}

public class PolyTest {

public static String addWorld(Object x) {

return x.toString()+" World!";

}

public static void main(String[] args) {

Object x = new Poly();

System.out.print(addWorld(x)+"\n");

}

}

✳✳✳ ❧✐❡❢❡rt
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❇❡✐s♣✐❡❧

public class Poly {

public String toString() { return "Hello"; }

}

public class PolyTest {

public static String addWorld(Object x) {

return x.toString()+" World!";

}

public static void main(String[] args) {

Object x = new Poly();

System.out.print(addWorld(x)+"\n");

}

}

✳✳✳ ❧✐❡❢❡rt Hello World!
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❇❡♠❡r❦✉♥❣❡♥

• ❉✐❡ ❑❧❛ss❡♥✲▼❡t❤♦❞❡ addWorld() ❦❛♥♥ ❛✉❢ ❥❡❞❡s ❖❜❥❡❦t
❛♥❣❡✇❡♥❞❡t ✇❡r❞❡♥✳

• ❉✐❡ ❑❧❛ss❡ Poly ✐st ❡✐♥❡ ❯♥t❡r❦❧❛ss❡ ✈♦♥ Object✳

• ❊✐♥❡r ❱❛r✐❛❜❧❡ ❞❡r ❑❧❛ss❡ ❆ ❦❛♥♥ ❡✐♥ ❖❜❥❡❦t ❥❡❞❡r ❯♥t❡r❦❧❛ss❡
✈♦♥ ❆ ③✉❣❡✇✐❡s❡♥ ✇❡r❞❡♥✳

• ❉❛r✉♠ ❦❛♥♥ x ❞❛s ♥❡✉❡ Poly✲❖❜❥❡❦t ❛✉❢♥❡❤♠❡♥✳

❩✉r ❊r✐♥♥❡r✉♥❣✿

• ❉✐❡ ❑❧❛ss❡ Poly ❡♥t❤ä❧t ❦❡✐♥❡♥ ❡①♣❧✐③✐t ❞❡✜♥✐❡rt❡♥
❑♦♥str✉❦t♦r✳

• ❊✐♥❡ ❑❧❛ss❡ ❆✱ ❞✐❡ ❦❡✐♥❡♥ ❛♥❞❡r❡♥ ❑♦♥str✉❦t♦r ❜❡s✐t③t✱ ❡♥t❤ä❧t
✐♠♣❧✐③✐t ❞❡♥ tr✐✈✐❛❧❡♥ ❑♦♥str✉❦t♦r public ❆ () {}✳
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❆❝❤t✉♥❣

public class Poly {

public String greeting() {

return "Hello";

}

}

public class PolyTest {

public static void main(String[] args) {

Object x = new Poly();

System.out.print(x.greeting()+" World!\n");

}

}

✳✳✳ ❧✐❡❢❡rt ✳✳✳
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✳✳✳ ❡✐♥❡♥ ❈♦♠♣✐❧❡r✲❋❡❤❧❡r✦

Method greeting() not found in class java.lang.Object.

System.out.print(x.greeting()+" World!\n");

^

1 error

• ❉✐❡ ❱❛r✐❛❜❧❡ x ✐st ❛❧s Object ❞❡❦❧❛r✐❡rt✳

• ❉❡r ❈♦♠♣✐❧❡r ✇❡✐ss ♥✐❝❤t✱ ♦❜ ❞❡r ❛❦t✉❡❧❧❡ ❲❡rt ✈♦♥ x ❡✐♥
❖❜❥❡❦t ❛✉s ❡✐♥❡r ❯♥t❡r❦❧❛ss❡ ✐st✱ ✐♥ ✇❡❧❝❤❡r ❞✐❡
❖❜❥❡❦t✲▼❡t❤♦❞❡ greeting() ❞❡✜♥✐❡rt ✐st✳

• ❉❛r✉♠ ❧❡❤♥t ❡r ❞✐❡s❡s Pr♦❣r❛♠♠ ❛❜✳
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❆✉s✇❡❣

❇❡♥✉t③❡ ❡✐♥❡♥ ❡①♣❧✐③✐t❡♥ ❝❛st ✐♥ ❞✐❡ ❡♥ts♣r❡❝❤❡♥❞❡ ❯♥t❡r❦❧❛ss❡✦

public class Poly {

public String greeting() { return "Hello"; }

}

public class PolyTest {

public void main(String[] args) {

Object x = new Poly();

if (x instanceof Poly)

System.out.print(((Poly) x).greeting()+" World!\n");

else

System.out.print("Sorry: no cast possible!\n");

}

}
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❋❛③✐t

• ❊✐♥❡ ❱❛r✐❛❜❧❡ x ❡✐♥❡r ❑❧❛ss❡ ❆ ❦❛♥♥ ❖❜❥❡❦t❡ b ❛✉s sä♠t❧✐❝❤❡♥
❯♥t❡r❦❧❛ss❡♥ ❇ ✈♦♥ ❆ ❛✉❢♥❡❤♠❡♥✳

• ❉✉r❝❤ ❞✐❡s❡ ❩✉✇❡✐s✉♥❣ ✈❡r❣✐sst ❏❛✈❛ ❞✐❡ ❩✉❣❡❤ör✐❣❦❡✐t ③✉ ❇✱
❞❛ ❏❛✈❛ ❛❧❧❡ ❲❡rt❡ ✈♦♥ x ❛❧s ❖❜❥❡❦t❡ ❞❡r ❑❧❛ss❡ A ❜❡❤❛♥❞❡❧t✳

• ▼✐t ❞❡♠ ❆✉s❞r✉❝❦ x instanceof ❇ ❦ö♥♥❡♥ ✇✐r ③✉r
▲❛✉❢③❡✐t ❞✐❡ ❑❧❛ss❡♥③✉❣❡❤ör✐❣❦❡✐t ✈♦♥ x t❡st❡♥

• ❙✐♥❞ ✇✐r ✉♥s s✐❝❤❡r✱ ❞❛ss x ❛✉s ❞❡r ❑❧❛ss❡ ❇ ✐st✱ ❦ö♥♥❡♥ ✇✐r ✐♥
❞✐❡s❡♥ ❚②♣ ❝❛st❡♥✳

• ■st ❞❡r ❛❦t✉❡❧❧❡ ❲❡rt ❞❡r ❱❛r✐❛❜❧❡♥ x ❜❡✐ ❞❡r Ü❜❡r♣rü❢✉♥❣
t❛tsä❝❤❧✐❝❤ ❡✐♥ ❖❜❥❡❦t ✭❡✐♥❡r ❯♥t❡r❦❧❛ss❡✮ ❞❡r ❑❧❛ss❡ ❇✱ ❧✐❡❢❡rt
❞❡r ❆✉s❞r✉❝❦ ❣❡♥❛✉ ❞✐❡s❡s ❖❜❥❡❦t ③✉rü❝❦✳ ❆♥❞❡r♥❢❛❧❧s ✇✐r❞
❡✐♥❡ ↑❊①❝❡♣t✐♦♥ ❛✉s❣❡❧öst✳
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❇❡✐s♣✐❡❧✿ ❯♥s❡r❡ ▲✐st❡♥

public class List {

public Object info;

public List next;

public List(Object x, List l) {

info = x; next = l;

}

public List(Object x) {

info = x; next = null;

}

public void insert(Object x) {

next = new List(x,next);

}

public void delete() {

if (next!=null) next=next.next;

}

...
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public String toString() {

String result = "["+info;

for (List t=next; t!=null; t=t.next)

result=result+", "+t.info;

return result+"]";

}

...

} ✴✴ ❡♥❞ ♦❢ ❝ ❧❛s s ▲✐s t

• ❉✐❡ ■♠♣❧❡♠❡♥t✐❡r✉♥❣ ❢✉♥❦t✐♦♥✐❡rt ❣❛♥③ ❛♥❛❧♦❣ ③✉r
■♠♣❧❡♠❡♥t✐❡r✉♥❣ ❢ür int✳

• ❉✐❡ toString()✲▼❡t❤♦❞❡ r✉❢t ✐♠♣❧✐③✐t ❞✐❡ ✭st❡ts
✈♦r❤❛♥❞❡♥❡✮ toString()✲▼❡t❤♦❞❡ ❢ür ❞✐❡ ▲✐st❡♥✲❊❧❡♠❡♥t❡
❛✉❢✳
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✳✳✳ ❛❜❡r ❆❝❤t✉♥❣✦

...

Poly x = new Poly();

List list = new List (x);

x = list.info;

System.out.print(x+"\n");

...

❧✐❡❢❡rt ✳✳✳
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❈♦♠♣✐❧❡r❢❡❤❧❡r

✳✳✳ ❡✐♥❡♥ ❈♦♠♣✐❧❡r✲❋❡❤❧❡r✱ ❞❛ ❞❡r ❱❛r✐❛❜❧❡♥ x ♥✉r ❖❜❥❡❦t❡ ✭❣❣❢✳
❡✐♥❡r ❯♥t❡r❦❧❛ss❡✮ ✈♦♥ Poly ③✉❣❡✇✐❡s❡♥ ✇❡r❞❡♥ ❞ür❢❡♥✳
❙t❛tt❞❡ss❡♥ ♠üss❡♥ ✇✐r s❝❤r❡✐❜❡♥✿

...

Poly x = new Poly();

List list = new List (x);

x = (Poly) list.info;

System.out.print(x+"\n");

...

❉❛s ✐st ❤äss❧✐❝❤ ✦✦✦ ●❡❤t ❞❛s ♥✐❝❤t ❜❡ss❡r ❄❄❄
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●❡♥❡r✐s❝❤❡ ❑❧❛ss❡♥

• ❙❡✐t ❱❡rs✐♦♥ ✶✳✺ ✈❡r❢ü❣t ❏❛✈❛ ü❜❡r ❣❡♥❡r✐s❝❤❡ ❑❧❛ss❡♥ ✳✳✳

• ❆♥st❛tt ❞❛s ❆ttr✐❜✉t info ❛❧s Object ③✉ ❞❡❦❧❛r✐❡r❡♥✱ ❣❡❜❡♥
✇✐r ❞❡r ❑❧❛ss❡ ❡✐♥❡♥ ❚②♣✲P❛r❛♠❡t❡r T ❢ür info ♠✐t ✦✦✦

• ❇❡✐ ❆♥❧❡❣❡♥ ❡✐♥❡s ❖❜❥❡❦ts ❞❡r ❑❧❛ss❡ List ❜❡st✐♠♠❡♥ ✇✐r✱
✇❡❧❝❤❡♥ ❚②♣ T ✉♥❞ ❞❛♠✐t info ❤❛❜❡♥ s♦❧❧ ✳✳✳
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❇❡✐s♣✐❡❧✿ ❯♥s❡r❡ ▲✐st❡♥

public class List<T> {

public T info;

public List<T> next;

public List (T x, List<T> l) {

info=x; next=l;

}

public void insert(T x) {

next = new List<T> (x,next);

}

public void delete() {

if (next!=null) next=next.next;

}

...
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❱❡r✇❡♥❞✉♥❣

public static void main (String [] args) {

List<Poly> list = new List<Poly> (new Poly(),null);

System.out.print (list.info.greeting()+"\n");

}

} ✴✴ ❡♥❞ ♦❢ ❝ ❧❛s s ▲✐s t

❉✐❡ ■♠♣❧❡♠❡♥t✐❡r✉♥❣ ❢✉♥❦t✐♦♥✐❡rt ❣❛♥③ ❛♥❛❧♦❣ ③✉r
■♠♣❧❡♠❡♥t✐❡r✉♥❣ ❢ür ✳

❉❡r ❈♦♠♣✐❧❡r ✇❡✐ÿ ❛❜❡r ♥✉♥ ✐♥ ✱ ❞❛ss ✈♦♠ ❚②♣
✐st ♠✐t ❚②♣✲P❛r❛♠❡t❡r ❂ ✳

❉❡s❤❛❧❜ ✐st ✈♦♠ ❚②♣ ✳

❋♦❧❣❧✐❝❤ r✉❢t ❞✐❡ ❡♥ts♣r❡❝❤❡♥❞❡
▼❡t❤♦❞❡ ❞❡r ❑❧❛ss❡ ❛✉❢✳
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❱❡r✇❡♥❞✉♥❣

public static void main (String [] args) {

List<Poly> list = new List<Poly> (new Poly(),null);

System.out.print (list.info.greeting()+"\n");

}

} ✴✴ ❡♥❞ ♦❢ ❝ ❧❛s s ▲✐s t

• ❉✐❡ ■♠♣❧❡♠❡♥t✐❡r✉♥❣ ❢✉♥❦t✐♦♥✐❡rt ❣❛♥③ ❛♥❛❧♦❣ ③✉r
■♠♣❧❡♠❡♥t✐❡r✉♥❣ ❢ür Object✳

• ❉❡r ❈♦♠♣✐❧❡r ✇❡✐ÿ ❛❜❡r ♥✉♥ ✐♥ main✱ ❞❛ss list ✈♦♠ ❚②♣
List ✐st ♠✐t ❚②♣✲P❛r❛♠❡t❡r T ❂ Poly✳

• ❉❡s❤❛❧❜ ✐st list.info ✈♦♠ ❚②♣ Poly✳

• ❋♦❧❣❧✐❝❤ r✉❢t list.info.greeting() ❞✐❡ ❡♥ts♣r❡❝❤❡♥❞❡
▼❡t❤♦❞❡ ❞❡r ❑❧❛ss❡ Poly ❛✉❢✳
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❇❡♠❡r❦✉♥❣❡♥

• ❚②♣✲P❛r❛♠❡t❡r ❞ür❢❡♥ ♥✉r ✐♥ ❞❡♥ ❚②♣❡♥ ✈♦♥
❖❜❥❡❦t✲❆ttr✐❜✉t❡♥ ✉♥❞ ❖❜❥❡❦t✲▼❡t❤♦❞❡♥ ✈❡r✇❡♥❞❡t ✇❡r❞❡♥ ✦✦✦

• ❏❡❞❡ ❯♥t❡r❦❧❛ss❡ ❡✐♥❡r ♣❛r❛♠❡tr✐s✐❡rt❡♥ ❑❧❛ss❡ ♠✉ss
♠✐♥❞❡st❡♥s ❞✐❡ ❣❧❡✐❝❤❡♥ P❛r❛♠❡t❡r ❜❡s✐t③❡♥✿

A<S,T> extends B<T> ✐st ❡r❧❛✉❜t✳

A<S> extends B<S,T> ✐st ✈❡r❜♦t❡♥✳

• Poly ✐st ❡✐♥❡ ❯♥t❡r❦❧❛ss❡ ✈♦♥ Object ❀ ❛❜❡r
List<Poly> ✐st ❦❡✐♥❡ ❯♥t❡r❦❧❛ss❡ ✈♦♥ List<Object>

✦✦✦
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❲r❛♣♣❡r✲❑❧❛ss❡♥

✳✳✳ ❜❧❡✐❜t ❡✐♥ Pr♦❜❧❡♠✿

• ❉❡r ❉❛t❡♥t②♣ String ✐st ❡✐♥❡ ❑❧❛ss❡❀

• ❋❡❧❞❡r s✐♥❞ ❑❧❛ss❡♥❀ ❛❜❡r

• ❇❛s✐st②♣❡♥ ✇✐❡ int✱ boolean✱ double s✐♥❞ ❦❡✐♥❡ ❑❧❛ss❡♥✦

✭❊✐♥❡ ❩❛❤❧ ✐st ❡✐♥❡ ❩❛❤❧ ✉♥❞ ❦❡✐♥ ❱❡r✇❡✐s ❛✉❢ ❡✐♥❡ ❩❛❤❧✳

●✐❜t ❡s ❛❧s♦ ❇❛s✐st②♣❡♥ ❛❧s ❚②♣♣❛r❛♠❡t❡r❄

❆✉s✇❡❣✿

❲✐❝❦❧❡ ❞✐❡ ❲❡rt❡ ❡✐♥❡s ❇❛s✐s✲❚②♣s ✐♥ ❡✐♥ ❖❜❥❡❦t ❡✐♥✦

❲r❛♣♣❡r✲❖❜❥❡❦t❡ ❛✉s ❲r❛♣♣❡r✲❑❧❛ss❡♥✳
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❲r❛♣♣❡r✲❑❧❛ss❡♥

✳✳✳ ❜❧❡✐❜t ❡✐♥ Pr♦❜❧❡♠✿

• ❉❡r ❉❛t❡♥t②♣ String ✐st ❡✐♥❡ ❑❧❛ss❡❀

• ❋❡❧❞❡r s✐♥❞ ❑❧❛ss❡♥❀ ❛❜❡r

• ❇❛s✐st②♣❡♥ ✇✐❡ int✱ boolean✱ double s✐♥❞ ❦❡✐♥❡ ❑❧❛ss❡♥✦

✭❊✐♥❡ ❩❛❤❧ ✐st ❡✐♥❡ ❩❛❤❧ ✉♥❞ ❦❡✐♥ ❱❡r✇❡✐s ❛✉❢ ❡✐♥❡ ❩❛❤❧✳

●✐❜t ❡s ❛❧s♦ ❇❛s✐st②♣❡♥ ❛❧s ❚②♣♣❛r❛♠❡t❡r❄

❆✉s✇❡❣✿

❲✐❝❦❧❡ ❞✐❡ ❲❡rt❡ ❡✐♥❡s ❇❛s✐s✲❚②♣s ✐♥ ❡✐♥ ❖❜❥❡❦t ❡✐♥✦

❲r❛♣♣❡r✲❖❜❥❡❦t❡ ❛✉s ❲r❛♣♣❡r✲❑❧❛ss❡♥✳
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❲r❛♣♣❡r✲❑❧❛ss❡♥

✳✳✳ ❜❧❡✐❜t ❡✐♥ Pr♦❜❧❡♠✿

• ❉❡r ❉❛t❡♥t②♣ String ✐st ❡✐♥❡ ❑❧❛ss❡❀

• ❋❡❧❞❡r s✐♥❞ ❑❧❛ss❡♥❀ ❛❜❡r

• ❇❛s✐st②♣❡♥ ✇✐❡ int✱ boolean✱ double s✐♥❞ ❦❡✐♥❡ ❑❧❛ss❡♥✦

✭❊✐♥❡ ❩❛❤❧ ✐st ❡✐♥❡ ❩❛❤❧ ✉♥❞ ❦❡✐♥ ❱❡r✇❡✐s ❛✉❢ ❡✐♥❡ ❩❛❤❧✳

●✐❜t ❡s ❛❧s♦ ❇❛s✐st②♣❡♥ ❛❧s ❚②♣♣❛r❛♠❡t❡r❄

❆✉s✇❡❣✿

• ❲✐❝❦❧❡ ❞✐❡ ❲❡rt❡ ❡✐♥❡s ❇❛s✐s✲❚②♣s ✐♥ ❡✐♥ ❖❜❥❡❦t ❡✐♥✦

==⇒ ❲r❛♣♣❡r✲❖❜❥❡❦t❡ ❛✉s ❲r❛♣♣❡r✲❑❧❛ss❡♥✳
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❇❡✐s♣✐❡❧

❉✐❡ ❩✉✇❡✐s✉♥❣ Integer x = new Integer(42);

❜❡✇✐r❦t✿

x
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❇❡✐s♣✐❡❧

❉✐❡ ❩✉✇❡✐s✉♥❣ Integer x = new Integer(42);

❜❡✇✐r❦t✿

x
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❇❡✐s♣✐❡❧

❉✐❡ ❩✉✇❡✐s✉♥❣ Integer x = new Integer(42);

❜❡✇✐r❦t✿

x 42
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❯♥✇r❛♣♣✐♥❣

❊✐♥❣❡✇✐❝❦❡❧t❡ ❲❡rt❡ ❦ö♥♥❡♥ ❛✉❝❤ ✇✐❡❞❡r ❛✉s❣❡✇✐❝❦❡❧t ✇❡r❞❡♥✳
❙❡✐t ❏❛✈❛ ✶✳✺ ❡r❢♦❧❣t ❜❡✐ ❡✐♥❡r ❩✉✇❡✐s✉♥❣ int y = x;

❡✐♥❡ ❛✉t♦♠❛t✐s❝❤❡ ❑♦♥✈❡rt✐❡r✉♥❣✿

42

y

x
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❯♥✇r❛♣♣✐♥❣

❊✐♥❣❡✇✐❝❦❡❧t❡ ❲❡rt❡ ❦ö♥♥❡♥ ❛✉❝❤ ✇✐❡❞❡r ❛✉s❣❡✇✐❝❦❡❧t ✇❡r❞❡♥✳
❙❡✐t ❏❛✈❛ ✶✳✺ ❡r❢♦❧❣t ❜❡✐ ❡✐♥❡r ❩✉✇❡✐s✉♥❣ int y = x;

❡✐♥❡ ❛✉t♦♠❛t✐s❝❤❡ ❑♦♥✈❡rt✐❡r✉♥❣✿

42

y 42

x
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❲r❛♣♣✐♥❣

❯♠❣❡❦❡❤rt ✇✐r❞ ❜❡✐ ❩✉✇❡✐s✉♥❣ ❡✐♥❡s int✲❲❡rts ❛♥ ❡✐♥❡
Integer✲❱❛r✐❛❜❧❡✿ Integer x = 42; ❛✉t♦♠❛t✐s❝❤ ❞❡r
❑♦♥str✉❦t♦r ❛✉❢❣❡r✉❢❡♥✿

x
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❲r❛♣♣✐♥❣

❯♠❣❡❦❡❤rt ✇✐r❞ ❜❡✐ ❩✉✇❡✐s✉♥❣ ❡✐♥❡s int✲❲❡rts ❛♥ ❡✐♥❡
Integer✲❱❛r✐❛❜❧❡✿ Integer x = 42; ❛✉t♦♠❛t✐s❝❤ ❞❡r
❑♦♥str✉❦t♦r ❛✉❢❣❡r✉❢❡♥✿

x
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❲r❛♣♣✐♥❣

❯♠❣❡❦❡❤rt ✇✐r❞ ❜❡✐ ❩✉✇❡✐s✉♥❣ ❡✐♥❡s int✲❲❡rts ❛♥ ❡✐♥❡
Integer✲❱❛r✐❛❜❧❡✿ Integer x = 42; ❛✉t♦♠❛t✐s❝❤ ❞❡r
❑♦♥str✉❦t♦r ❛✉❢❣❡r✉❢❡♥✿

x 42
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◆✉t③❡♥

●✐❜t ❡s ❡rst ❡✐♥♠❛❧ ❞✐❡ ❑❧❛ss❡ Integer✱ ❧❛ss❡♥ s✐❝❤ ❞♦rt ❛✉❝❤ ✈✐❡❧❡
❛♥❞❡r❡ ♥üt③❧✐❝❤❡ ❉✐♥❣❡ ❛❜❧❡❣❡♥✳

❩✉♠ ❇❡✐s♣✐❡❧

• public static int MIN_VALUE = -2147483648;

❧✐❡❢❡rt ❞❡♥ ❦❧❡✐♥st❡♥ int✲❲❡rt❀

• public static int MAX_VALUE ❂ ✷✶✹✼✹✽✸✻✹✼❀
❧✐❡❢❡rt ❞❡♥ ❣röÿt❡♥ int✲❲❡rt❀

• public static int parseInt(String s) throws

NumberFormatException; ❜❡r❡❝❤♥❡t ❛✉s ❞❡♠
String✲❖❜❥❡❦t s ❞✐❡ ❞❛r❣❡st❡❧❧t❡ ❩❛❤❧ ✖ s♦❢❡r♥ s ❡✐♥❡♥
int✲❲❡rt ❞❛rst❡❧❧t✳

❆♥❞❡r♥❢❛❧❧s ✇✐r❞ ❡✐♥❡ ↑❡①❝❡♣t✐♦♥ ❣❡✇♦r❢❡♥✳
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❇❡♠❡r❦✉♥❣❡♥

• ❆✉ÿ❡r ❞❡♠ ❑♦♥str✉❦t♦r✿ public Integer(int

value); ❣✐❜t ❡s ✉✳❛✳ public Integer(String s)

throws NumberFormatException;

• ❉✐❡s❡r ❑♦♥str✉❦t♦r ❧✐❡❢❡rt ③✉ ❡✐♥❡♠ String✲❖❜❥❡❦t s ❡✐♥
Integer✲❖❜❥❡❦t✱ ❞❡ss❡♥ ❲❡rt s ❞❛rst❡❧❧t✳

• public boolean equals(Object obj); ❧✐❡❢❡rt
true ❣❡♥❛✉ ❞❛♥♥ ✇❡♥♥ obj ❞❡♥ ❣❧❡✐❝❤❡♥ int✲❲❡rt ❡♥t❤ä❧t✳

➘❤♥❧✐❝❤❡ ❲r❛♣♣❡r✲❑❧❛ss❡♥ ❣✐❜t ❡s ❛✉❝❤ ❢ür ❞✐❡ ü❜r✐❣❡♥ ❇❛s✐st②♣❡♥✳
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❇❡♠❡r❦✉♥❣❡♥

• ❆✉ÿ❡r ❞❡♠ ❑♦♥str✉❦t♦r✿ public Integer(int

value); ❣✐❜t ❡s ✉✳❛✳ public Integer(String s)

throws NumberFormatException;

• ❉✐❡s❡r ❑♦♥str✉❦t♦r ❧✐❡❢❡rt ③✉ ❡✐♥❡♠ String✲❖❜❥❡❦t s ❡✐♥
Integer✲❖❜❥❡❦t✱ ❞❡ss❡♥ ❲❡rt s ❞❛rst❡❧❧t✳

• public boolean equals(Object obj); ❧✐❡❢❡rt
true ❣❡♥❛✉ ❞❛♥♥ ✇❡♥♥ obj ❞❡♥ ❣❧❡✐❝❤❡♥ int✲❲❡rt ❡♥t❤ä❧t✳

➘❤♥❧✐❝❤❡ ❲r❛♣♣❡r✲❑❧❛ss❡♥ ❣✐❜t ❡s ❛✉❝❤ ❢ür ❞✐❡ ü❜r✐❣❡♥ ❇❛s✐st②♣❡♥✳
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❲r❛♣♣❡r✲❑❧❛ss❡♥

Number

Object

java.lang

Float

Long

Integer

Short

Double

Character

Boolean

Byte
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❊✐❣❡♥s❝❤❛❢t❡♥

• ❙ä♠t❧✐❝❤❡ ❲r❛♣♣❡r✲❑❧❛ss❡♥ ❢ür ❚②♣❡♥ t②♣❡ ✭❛✉ÿ❡r char✮
✈❡r❢ü❣❡♥ ü❜❡r

• ❑♦♥str✉❦t♦r❡♥ ❛✉s ❇❛s✐s✇❡rt❡♥ ❜③✇✳ String✲❖❜❥❡❦t❡♥❀

• ❡✐♥❡ st❛t✐s❝❤❡ ▼❡t❤♦❞❡ type parseType(String

s)❀

• ❡✐♥❡ ▼❡t❤♦❞❡ boolean equals(Object obj)

✭❛✉❝❤ Character✮✳

• ❇✐s ❛✉❢ Boolean ✈❡r❢ü❣❡♥ ❛❧❧❡ ü❜❡r ❑♦♥st❛♥t❡♥ MIN_VALUE
✉♥❞ MAX_VALUE✳

• Character ❡♥t❤ä❧t ✇❡✐t❡r❡ ❍✐❧❢s❢✉♥❦t✐♦♥❡♥✱ ③✳❇✳ ✉♠ ❩✐✛❡r♥
③✉ ❡r❦❡♥♥❡♥✱ ❑❧❡✐♥✲ ✐♥ ●r♦ÿ❜✉❝❤st❛❜❡♥ ✉♠③✉✇❛♥❞❡❧♥ ✳✳✳

• ❉✐❡ ♥✉♠❡r✐s❝❤❡♥ ❲r❛♣♣❡r✲❑❧❛ss❡♥ s✐♥❞ ✐♥ ❞❡r ❣❡♠❡✐♥s❛♠❡♥
❖❜❡r❦❧❛ss❡ Number ③✉s❛♠♠❡♥❣❡❢❛sst✳

• ❉✐❡s❡ ❑❧❛ss❡ ✐st ↑❛❜str❛❦t ❞✳❤✳ ♠❛♥ ❦❛♥♥ ❦❡✐♥❡
Number✲❖❜❥❡❦t❡ ❛♥❧❡❣❡♥✳ ❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✸✻✾



❙♣❡③✐❛❧✐tät❡♥

• Double ✉♥❞ Float ❡♥t❤❛❧t❡♥ ③✉sät③❧✐❝❤ ❞✐❡ ❑♦♥st❛♥t❡♥

NEGATIVE_INFINITY ❂ ✲✶✳✵✴✵
POSITIVE_INFINITY ❂ ✰✶✳✵✴✵
NaN ❂ ✵✳✵✴✵

• ❩✉sät③❧✐❝❤ ❣✐❜t ❡s ❞✐❡ ❚❡sts

• public static boolean isInfinite(double

v);

public static boolean isNaN(double v);

✭❛♥❛❧♦❣ ❢ür float✮

• public boolean isInfinite();

public boolean isNaN();

♠✐tt❡❧s ❞❡r❡r ♠❛♥ ❛✉❢ ✭❯♥✮❊♥❞❧✐❝❤❦❡✐t ❞❡r ❲❡rt❡ t❡st❡♥ ❦❛♥♥✳
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■♥t❡❣❡r ✈s✳ ✐♥t

Integer []

0

1

2

3

0

1

2

3

int []

+ Integers ❦ö♥♥❡♥ ✐♥ ♣♦❧②♠♦r♣❤❡♥ ❉❛t❡♥str✉❦t✉r❡♥ ❤❛✉s❡♥✳

− ❙✐❡ ❜❡♥öt✐❣❡♥ ♠❡❤r ❛❧s ❞♦♣♣❡❧t s♦ ✈✐❡❧ P❧❛t③✳

− ❙✐❡ ❢ü❤r❡♥ ③✉ ✈✐❡❧❡♥ ❦❧❡✐♥❡♥ ✭❡✈t✳✮ ü❜❡r ❞❡♥ ❣❡s❛♠t❡♥ ❙♣❡✐❝❤❡r
✈❡rt❡✐❧t❡♥ ❖❜❥❡❦t❡♥ ==⇒ s❝❤❧❡❝❤t❡r❡s ❈❛❝❤❡✲❱❡r❤❛❧t❡♥✳
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Ü❜❡rs✐❝❤t

❱❡r❡r❜✉♥❣

P♦❧②♠♦r♣❤✐❡

❆❜str❛❦t❡ ❑❧❛ss❡♥✱ ✜♥❛❧❡ ❑❧❛ss❡♥ ✉♥❞ ■♥t❡r❢❛❝❡s

❇❡✐s♣✐❡❧ ❙✉❝❤♠❛s❝❤✐♥❡
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❆❜str❛❦t❡ ▼❡t❤♦❞❡♥ ✉♥❞ ❑❧❛ss❡♥

• ❊✐♥❡ ❛❜str❛❦t❡ ❖❜❥❡❦t✲▼❡t❤♦❞❡ ✐st ❡✐♥❡ ▼❡t❤♦❞❡✱ ❢ür ❞✐❡
❦❡✐♥❡ ■♠♣❧❡♠❡♥t✐❡r✉♥❣ ❜❡r❡✐t❣❡st❡❧❧t ✇✐r❞✳

• ❊✐♥❡ ❑❧❛ss❡✱ ❞✐❡ ❛❜str❛❦t❡ ❖❜❥❡❦t✲▼❡t❤♦❞❡♥ ❡♥t❤ä❧t✱ ❤❡✐ÿt
❡❜❡♥❢❛❧❧s ❛❜str❛❦t✳

• ❋ür ❡✐♥❡ ❛❜str❛❦t❡ ❑❧❛ss❡ ❦ö♥♥❡♥ ♦✛❡♥❜❛r ❦❡✐♥❡ ❖❜❥❡❦t❡
❛♥❣❡❧❡❣t ✇❡r❞❡♥✳

• ▼✐t ❛❜str❛❦t❡♥ ❦ö♥♥❡♥ ✇✐r ❯♥t❡r❦❧❛ss❡♥ ♠✐t ✈❡rs❝❤✐❡❞❡♥❡♥
■♠♣❧❡♠❡♥t✐❡r✉♥❣❡♥ ❞❡r ❣❧❡✐❝❤❡♥ ❖❜❥❡❦t✲▼❡t❤♦❞❡♥
③✉s❛♠♠❡♥❢❛ss❡♥✳
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❆❜str❛❦t❡ ▼❡t❤♦❞❡♥ ✉♥❞ ❑❧❛ss❡♥

❇❡✐s♣✐❡❧✿ ❆✉s✇❡rt✉♥❣ ✈♦♥ ❆✉s❞rü❝❦❡♥

public abstract class Expression {

private int value;

private boolean evaluated = false;

public int getValue() {

if (evaluated) return value;

else {

value = evaluate();

evaluated = true;

return value;

}

}

abstract protected int evaluate();

} ✴✴ ❡♥❞ ♦❢ ❝ ❧❛s s ❊①♣r❡ss✐♦♥

• ❉✐❡ ❯♥t❡r❦❧❛ss❡♥ ✈♦♥ Expression r❡♣räs❡♥t✐❡r❡♥ ❞✐❡
✈❡rs❝❤✐❡❞❡♥❡♥ ❆rt❡♥ ✈♦♥ ❆✉s❞rü❝❦❡♥✳

• ❆❧❧❡♥ ❯♥t❡r❦❧❛ss❡♥ ❣❡♠❡✐♥s❛♠ ✐st ❡✐♥❡ ❖❜❥❡❦t✲▼❡t❤♦❞❡
evaluate() ✕ ✐♠♠❡r ♠✐t ❡✐♥❡r ❛♥❞❡r❡♥ ■♠♣❧❡♠❡♥t✐❡r✉♥❣✳
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❆❜str❛❦t❡ ▼❡t❤♦❞❡♥ ✉♥❞ ❑❧❛ss❡♥

• ❊✐♥❡ ❛❜str❛❦t❡ ❖❜❥❡❦t✲▼❡t❤♦❞❡ ✇✐r❞ ❞✉r❝❤ ❞❛s ❙❝❤❧üss❡❧✇♦rt
abstract ❣❡❦❡♥♥③❡✐❝❤♥❡t✳

• ❊✐♥❡ ❑❧❛ss❡✱ ❞✐❡ ❡✐♥❡ ❛❜str❛❦t❡ ▼❡t❤♦❞❡ ❡♥t❤ä❧t✱ ♠✉ss s❡❧❜st
❡❜❡♥❢❛❧❧s ❛❧s abstract ❣❡❦❡♥♥③❡✐❝❤♥❡t s❡✐♥✳

• ❋ür ❞✐❡ ❛❜str❛❦t❡ ▼❡t❤♦❞❡ ♠✉ss ❞❡r ✈♦❧❧stä♥❞✐❣❡ ❑♦♣❢
❛♥❣❡❣❡❜❡♥ ✇❡r❞❡♥ ✕ ✐♥❦❧✉s✐✈❡ ❞❡♥ P❛r❛♠❡t❡r✲❚②♣❡♥ ✉♥❞ ❞❡♥
✭♠ö❣❧✐❝❤❡r✇❡✐s❡✮ ❣❡✇♦r❢❡♥❡♥ ❊①❝❡♣t✐♦♥s ✭s♣ät❡r✦✮

• ❊✐♥❡ ❛❜str❛❦t❡ ❑❧❛ss❡ ❦❛♥♥ ❦♦♥❦r❡t❡ ▼❡t❤♦❞❡♥ ❡♥t❤❛❧t❡♥✱ ❤✐❡r✿
int getValue()✳
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■♠ ❇❡✐s♣✐❡❧ ✳✳✳

• ❉✐❡ ▼❡t❤♦❞❡ evaluate() s♦❧❧ ❞❡♥ ❆✉s❞r✉❝❦ ❛✉s✇❡rt❡♥✳

• ❉✐❡ ▼❡t❤♦❞❡ getValue() s♣❡✐❝❤❡rt ❞❛s ❊r❣❡❜♥✐s ✐♥ ❞❡♠
❆ttr✐❜✉t value ❛❜ ✉♥❞ ✈❡r♠❡r❦t✱ ❞❛ss ❞❡r ❆✉s❞r✉❝❦ ❜❡r❡✐ts
❛✉s❣❡✇❡rt❡t ✇✉r❞❡✳

❇❡✐s♣✐❡❧ ❢ür ❡✐♥❡♥ ❆✉s❞r✉❝❦✿

public final class Const extends Expression {

private int n;

public Const(int x) { n=x; }

protected int evaluate() {

return n;

} ✴✴ ❡♥❞ ♦❢ ❡✈❛❧✉❛t❡ ✭✮
} ✴✴ ❡♥❞ ♦❢ ❝ ❧❛s s ❈♦♥st
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✜♥❛❧

• ❉❡r ❆✉s❞r✉❝❦ ❈♦♥st ❜❡♥öt✐❣t ❡✐♥ ❆r❣✉♠❡♥t✳ ❉✐❡s❡s ✇✐r❞ ❞❡♠
❑♦♥str✉❦t♦r ♠✐t❣❡❣❡❜❡♥ ✉♥❞ ✐♥ ❡✐♥❡r ♣r✐✈❛t❡♥ ❱❛r✐❛❜❧❡
❣❡s♣❡✐❝❤❡rt✳

• ❉✐❡ ❑❧❛ss❡ ✐st ❛❧s final ❞❡❦❧❛r✐❡rt✳

• ❩✉ ❛❧s ✜♥❛❧ ❞❡❦❧❛r✐❡rt❡♥ ❑❧❛ss❡♥ ❞ür❢❡♥ ❦❡✐♥❡ ❯♥t❡r❦❧❛ss❡♥
❞❡❦❧❛r✐❡rt ✇❡r❞❡♥ ✦✦✦

• ❆✉s ❙✐❝❤❡r❤❡✐ts✲ ✇✐❡ ❊✣③✐❡♥③✲●rü♥❞❡♥ s♦❧❧t❡♥ s♦ ✈✐❡❧❡ ❑❧❛ss❡♥
✇✐❡ ♠ö❣❧✐❝❤ ❛❧s ✜♥❛❧ ❞❡❦❧❛r✐❡rt ✇❡r❞❡♥ ✳✳✳

• ❙t❛tt ❣❛♥③❡r ❑❧❛ss❡♥ ❦ö♥♥❡♥ ❛✉❝❤ ❡✐♥③❡❧♥❡ ❱❛r✐❛❜❧❡♥ ♦❞❡r
▼❡t❤♦❞❡♥ ❛❧s final ❞❡❦❧❛r✐❡rt ✇❡r❞❡♥✳

• ❋✐♥❛❧❡ ▼❡♠❜❡rs ❞ür❢❡♥ ♥✐❝❤t ✐♥ ❯♥t❡r❦❧❛ss❡♥ ✉♠❞❡✜♥✐❡rt
✇❡r❞❡♥✳

• ❋✐♥❛❧❡ ❱❛r✐❛❜❧❡♥ ❞ür❢❡♥ ③✉sät③❧✐❝❤ ♥✉r ✐♥✐t✐❛❧✐s✐❡rt✱ ❛❜❡r ♥✐❝❤t
♠♦❞✐✜③✐❡rt ✇❡r❞❡♥ ==⇒ ❑♦♥st❛♥t❡♥✳
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❆♥❞❡r❡ ❆✉s❞rü❝❦❡

public final class Add extends Expression {

private Expression left, right;

public Add(Expression l, Expression r) {

left = l; right = r;

}

protected int evaluate() {

return left.getValue() + right.getValue();

} ✴✴ ❡♥❞ ♦❢ ❡✈❛❧✉❛t❡ ✭✮
} ✴✴ ❡♥❞ ♦❢ ❝ ❧❛s s ❆❞❞

public final class Neg extends Expression {

private Expression arg;

public Neg(Expression a) { arg = a; }

protected int evaluate() { return -arg.getValue(); }

} ✴✴ ❡♥❞ ♦❢ ❝ ❧❛s s ◆❡❣
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♠❛✐♥✭✮ ✐♥ ❑❧❛ss❡ TestExp✿

public static void main(String[] args) {

Expression e = new Add (

new Neg (new Const(8)),

new Const(16));

System.out.println(e.getValue())

}

• ❉✐❡ ▼❡t❤♦❞❡ getValue() r✉❢t ❡✐♥❡ ▼❡t❤♦❞❡ evaluate()
s✉❦③❡ss✐✈❡ ❢ür ❥❡❞❡♥ ❚❡✐❧❛✉s❞r✉❝❦ ✈♦♥ e ❛✉❢✳

• ❲❡❧❝❤❡ ❦♦♥❦r❡t❡ ■♠♣❧❡♠❡♥t✐❡r✉♥❣ ❞✐❡s❡r ▼❡t❤♦❞❡ ❞❛❜❡✐
❥❡✇❡✐❧s ❣❡✇ä❤❧t ✇✐r❞✱ ❤ä♥❣t ✈♦♥ ❞❡r ❦♦♥❦r❡t❡♥ ❑❧❛ss❡ ❞❡s
❥❡✇❡✐❧✐❣❡♥ ❚❡✐❧❛✉s❞r✉❝❦s ❛❜✱ ❞✳❤✳ ❡♥ts❝❤❡✐❞❡t s✐❝❤ ❡rst ③✉r
▲❛✉❢③❡✐t✳

• ❉❛s ♥❡♥♥t ♠❛♥ ❛✉❝❤ ❞②♥❛♠✐s❝❤❡ ❇✐♥❞✉♥❣✳
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❍✐❡r❛r❝❤✐❡

❉✐❡ ❛❜str❛❦t❡ ❑❧❛ss❡ ❊①♣r❡ss✐♦♥✿

Const

Expression

Add Neg

abstract evaluate()
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❍✐❡r❛r❝❤✐❡

❉✐❡ ❛❜str❛❦t❡ ❑❧❛ss❡ ❊①♣r❡ss✐♦♥✿

Const

Expression

Add Neg

abstract evaluate()

▲❡✐❞❡r ✭③✉♠ ●❧ü❝❦❄✮ ❧ässt s✐❝❤ ♥✐❝❤t ❞✐❡ ❣❛♥③❡ ❲❡❧t ❤✐❡r❛r❝❤✐s❝❤
♦r❣❛♥✐s✐❡r❡♥ ✳✳✳
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❇❡✐s♣✐❡❧

ComplexRational

Comparable AddSubMulDiv

❆❞❞❙✉❜▼✉❧❉✐✈ ❂ ❖❜❥❡❦t❡ ♠✐t ❖♣❡r❛t✐♦♥❡♥ add(), sub(),

mul(), ✉♥❞ div()
❈♦♠♣❛r❛❜❧❡ ❂ ❖❜❥❡❦t❡✱ ❞✐❡ ❡✐♥❡ compareTo()✲❖♣❡r❛t✐♦♥

❜❡s✐t③❡♥✳
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▼❡❤r❡r❡ ❖❜❡r❦❧❛ss❡♥

• ▼❡❤r❡r❡ ❞✐r❡❦t❡ ❖❜❡r❦❧❛ss❡♥ ❡✐♥❡r ❑❧❛ss❡ ❢ü❤r❡♥ ③✉
❦♦♥③❡♣t✉❡❧❧❡♥ Pr♦❜❧❡♠❡♥✿

• ❆✉❢ ✇❡❧❝❤❡ ❑❧❛ss❡ ❜❡③✐❡❤t s✐❝❤ super ❄

• ❲❡❧❝❤❡ ❖❜❥❡❦t✲▼❡t❤♦❞❡ meth() ✐st ❣❡♠❡✐♥t✱ ✇❡♥♥
✇❡♥♥ ♠❡❤r❡r❡ ❖❜❡r❦❧❛ss❡♥ meth() ✐♠♣❧❡♠❡♥t✐❡r❡♥ ❄

C

Ameth() Bmeth()
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■♥t❡r❢❛❝❡s

• ❑❡✐♥ Pr♦❜❧❡♠ ❡♥tst❡❤t✱ ✇❡♥♥ ❞✐❡ ❖❜❥❡❦t✲▼❡t❤♦❞❡ meth() ✐♥
❛❧❧❡♥ ❖❜❡r❦❧❛ss❡♥ ❛❜str❛❦t ✐st ✳✳✳

• ✳✳✳ ♦❞❡r ③✉♠✐♥❞❡st ♥✉r ✐♥ ♠❛①✐♠❛❧ ❡✐♥❡r ❖❜❡r❦❧❛ss❡ ❡✐♥❡
■♠♣❧❡♠❡♥t✐❡r✉♥❣ ❜❡s✐t③t✳

❊✐♥ ■♥t❡r❢❛❝❡ ❦❛♥♥ ❛✉❢❣❡❢❛sst ✇❡r❞❡♥ ❛❧s ❡✐♥❡ ❛❜str❛❦t❡ ❑❧❛ss❡✱
✇♦❜❡✐✿

❛❧❧❡ ❖❜❥❡❦t✲▼❡t❤♦❞❡♥ ❛❜str❛❦t s✐♥❞❀

❡s ❦❡✐♥❡ ❑❧❛ss❡♥✲▼❡t❤♦❞❡♥ ❣✐❜t❀

❛❧❧❡ ❱❛r✐❛❜❧❡♥ ❑♦♥st❛♥t❡♥ s✐♥❞✳
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■♥t❡r❢❛❝❡s

• ❑❡✐♥ Pr♦❜❧❡♠ ❡♥tst❡❤t✱ ✇❡♥♥ ❞✐❡ ❖❜❥❡❦t✲▼❡t❤♦❞❡ meth() ✐♥
❛❧❧❡♥ ❖❜❡r❦❧❛ss❡♥ ❛❜str❛❦t ✐st ✳✳✳

• ✳✳✳ ♦❞❡r ③✉♠✐♥❞❡st ♥✉r ✐♥ ♠❛①✐♠❛❧ ❡✐♥❡r ❖❜❡r❦❧❛ss❡ ❡✐♥❡
■♠♣❧❡♠❡♥t✐❡r✉♥❣ ❜❡s✐t③t✳

❊✐♥ ■♥t❡r❢❛❝❡ ❦❛♥♥ ❛✉❢❣❡❢❛sst ✇❡r❞❡♥ ❛❧s ❡✐♥❡ ❛❜str❛❦t❡ ❑❧❛ss❡✱
✇♦❜❡✐✿

• ❛❧❧❡ ❖❜❥❡❦t✲▼❡t❤♦❞❡♥ ❛❜str❛❦t s✐♥❞❀

• ❡s ❦❡✐♥❡ ❑❧❛ss❡♥✲▼❡t❤♦❞❡♥ ❣✐❜t❀

• ❛❧❧❡ ❱❛r✐❛❜❧❡♥ ❑♦♥st❛♥t❡♥ s✐♥❞✳
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❇❡✐s♣✐❡❧

public interface Comparable {

int compareTo(Object x);

}

• ❖❜❥❡❝t ✐st ❞✐❡ ❣❡♠❡✐♥s❛♠❡ ❖❜❡r❦❧❛ss❡ ❛❧❧❡r ❑❧❛ss❡♥✳

• ▼❡t❤♦❞❡♥ ✐♥ ■♥t❡r❢❛❝❡s s✐♥❞ ❛✉t♦♠❛t✐s❝❤ ❖❜❥❡❦t✲▼❡t❤♦❞❡♥
✉♥❞ public✳

• ❊s ♠✉ss ❡✐♥❡ ❖❜❡r♠❡♥❣❡ ❞❡r ✐♥ ■♠♣❧❡♠❡♥t✐❡r✉♥❣❡♥
❣❡✇♦r❢❡♥❡♥ ❊①❝❡♣t✐♦♥s ❛♥❣❡❣❡❜❡♥ ✇❡r❞❡♥ ✭❦♦♠♠t s♣ät❡r✦✮✳

• ❊✈t✳ ✈♦r❦♦♠♠❡♥❞❡ ❑♦♥st❛♥t❡♥ s✐♥❞ ❛✉t♦♠❛t✐s❝❤ public
static✳
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❇❡✐s♣✐❡❧ ✭❋♦rts✳✮

public class Rational extends AddSubMulDiv

implements Comparable {

private int zaehler, nenner;

public int compareTo(Object cmp) {

Rational fraction = (Rational) cmp;

long left = (long)zaehler * (long)fraction.nenner;

long right = (long)nenner * (long)fraction.zaehler;

if (left == right) return 0;

else if (left < right) return -1;

else return 1;

} ✴✴ ❡♥❞ ♦❢ ❝♦♠♣❛r❡❚♦
...

} ✴✴ ❡♥❞ ♦❢ ❝ ❧❛s s ❘❛t✐♦♥❛❧
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❊r❧ä✉t❡r✉♥❣❡♥

• class ❆ extends ❇ implements ❇✶✱ ❇✷✱✳✳✳✱❇❦ {...}
❣✐❜t ❛♥✱ ❞❛ss ❞✐❡ ❑❧❛ss❡ ❆ ❛❧s ❖❜❡r❦❧❛ss❡ ❇ ❤❛t ✉♥❞ ③✉sät③❧✐❝❤
❞✐❡ ■♥t❡r❢❛❝❡s ❇✶✱ ❇✷✱✳✳✳✱❇❦ ✉♥t❡rstüt③t✱ ❞✳❤✳ ♣❛ss❡♥❞❡
❖❜❥❡❦t✲▼❡t❤♦❞❡♥ ③✉r ❱❡r❢ü❣✉♥❣ st❡❧❧t✳

• ❏❛✈❛ ❣❡st❛tt❡t ♠❛①✐♠❛❧ ❡✐♥❡ ❖❜❡r❦❧❛ss❡✱ ❛❜❡r ❜❡❧✐❡❜✐❣ ✈✐❡❧❡
✐♠♣❧❡♠❡♥t✐❡rt❡ ■♥t❡r❢❛❝❡s✳

• ❉✐❡ ❑♦♥st❛♥t❡♥ ❞❡s ■♥t❡r❢❛❝❡ ❦ö♥♥❡♥ ✐♥ ✐♠♣❧❡♠❡♥t✐❡r❡♥❞❡♥
❑❧❛ss❡♥ ❞✐r❡❦t ❜❡♥✉t③t ✇❡r❞❡♥✳

• ■♥t❡r❢❛❝❡s ❦ö♥♥❡♥ ❛❧s ❚②♣❡♥ ❢ür ❢♦r♠❛❧❡ P❛r❛♠❡t❡r✱ ❱❛r✐❛❜❧❡♥
♦❞❡r ❘ü❝❦❣❛❜❡✇❡rt❡ ❜❡♥✉t③t ✇❡r❞❡♥✳

• ❉❛r✐♥ ❛❜❣❡❧❡❣t❡ ❖❜❥❡❦t❡ s✐♥❞ ❞❛♥♥ st❡ts ❛✉s ❡✐♥❡r
✐♠♣❧❡♠❡♥t✐❡r❡♥❞❡♥ ❑❧❛ss❡✳

• ❊①♣❧✐③✐t❡r ❈❛st ✐♥ ❡✐♥❡ s♦❧❝❤❡ ❑❧❛ss❡ ✐st ♠ö❣❧✐❝❤ ✭✉♥❞ ❧❡✐❞❡r
❛✉❝❤ ♦❢t ♥öt✐❣✮✳
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■♥t❡r❢❛❝❡s ✉♥t❡r❡✐♥❛♥❞❡r

• ■♥t❡r❢❛❝❡s ❦ö♥♥❡♥ ❛♥❞❡r❡ ■♥t❡r❢❛❝❡s ❡r✇❡✐t❡r♥ ♦❞❡r ❣❛r
♠❡❤r❡r❡ ❛♥❞❡r❡ ■♥t❡r❢❛❝❡s ③✉s❛♠♠❡♥❢❛ss❡♥✳

• ❊r✇❡✐t❡r♥❞❡ ■♥t❡r❢❛❝❡s ❦ö♥♥❡♥ ❑♦♥st❛♥t❡♥ ✉♠❞❡✜♥✐❡r❡♥✳✳✳

• ❑♦♠♠t ❡✐♥❡ ❑♦♥st❛♥t❡ ❣❧❡✐❝❤❡♥ ◆❛♠❡♥s ❝♦♥st ✐♥
✈❡rs❝❤✐❡❞❡♥❡♥ ✐♠♣❧❡♠❡♥t✐❡rt❡♥ ■♥t❡r❢❛❝❡s ❆ ✉♥❞ ❇ ✈♦r✱ ❦❛♥♥
♠❛♥ s✐❡ ❞✉r❝❤ ❆.❝♦♥st ✉♥❞ ❇ .❝♦♥st ✉♥t❡rs❝❤❡✐❞❡♥✳

❇❡✐s♣✐❡❧ ✭❋♦rts✳✮✿

public interface Countable extends Comparable, Cloneable {

Countable next();

Countable prev();

int number();

}
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❇❡✐s♣✐❡❧

• ❉❛s ■♥t❡r❢❛❝❡ Countable ✉♠❢❛sst ❞✐❡ ✭❜❡✐❞❡ ✈♦r❞❡✜♥✐❡rt❡♥✮
■♥t❡r❢❛❝❡s Comparable ✉♥❞ Cloneable✳

• ❉❛s ✈♦r❞❡✜♥✐❡rt❡ ■♥t❡r❢❛❝❡ Cloneable ✈❡r❧❛♥❣t ❡✐♥❡
❖❜❥❡❦t✲▼❡t❤♦❞❡ public Object clone() ❞✐❡ ❡✐♥❡
❑♦♣✐❡ ❞❡s ❖❜❥❡❦ts ❛♥❧❡❣t✳

• ❊✐♥❡ ❑❧❛ss❡✱ ❞✐❡ Countable ✐♠♣❧❡♠❡♥t✐❡rt✱ ♠✉ss ü❜❡r ❞✐❡
❖❜❥❡❦t✲▼❡t❤♦❞❡♥ compareTo(), clone(), next(),

prev() ✉♥❞ number() ✈❡r❢ü❣❡♥✳
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Ü❜❡rs✐❝❤t

Object

Klassen−Hierarchie

Interfaces

Cloneable

Countable

Comparable AddSubMulDiv

Rational Complex
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●❡♥❡r✐❝s ❘❡✈✐s✐t❡❞

• ❋ür ❡✐♥❡♥ ❚②♣✲P❛r❛♠❡t❡r ❚ ❦❛♥♥ ♠❛♥ ❛✉❝❤ ❡✐♥❡ ❖❜❡r❦❧❛ss❡
♦❞❡r ❡✐♥ ■♥t❡r❢❛❝❡ ❛♥❣❡❜❡♥✱ ❞❛s ❚ ❛✉❢ ❥❡❞❡♥ ❋❛❧❧
✐♠♣❧❡♠❡♥t✐❡r❡♥ s♦❧❧ ✳✳✳

public interface Executable {

void execute ();

}

public class ExecutableList<E extends Executable> {

E element;

ExecutableList<E> next;

void executeAll () {

element.execute ();

if (next == null) return;

else next.executeAll ();

}

}
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●❡♥❡r✐❝s ❘❡✈✐s✐t❡❞ ■■

• ❇❡❛❝❤t❡♥ ❙✐❡✱ ❞❛ss ❤✐❡r ❡❜❡♥❢❛❧❧s ❞❛s ❙❝❤❧üss❡❧✇♦rt ❡①t❡♥❞s
❜❡♥✉t③t ✇✐r❞✦

• ❆✉❝❤ ❣❡❧t❡♥ ❤✐❡r ✇❡✐t❡r❡ ❇❡s❝❤rä♥❦✉♥❣❡♥✱ ✇✐❡ ❡✐♥❡
♣❛r❛♠❡tr✐s✐❡rt❡ ❑❧❛ss❡ ❡✐♥❡ ❖❜❡r❦❧❛ss❡ s❡✐♥ ❦❛♥♥✳

• ❆✉❝❤ ■♥t❡r❢❛❝❡s ❦ö♥♥❡♥ ♣❛r❛♠❡tr✐s✐❡rt ✇❡r❞❡♥✳

• ■♥s❜❡s♦♥❞❡r❡ ❦❛♥♥ ❈♦♠♣❛r❛❜❧❡ ♣❛r❛♠❡tr✐s✐❡rt ✇❡r❞❡♥ ✕ ✉♥❞
③✇❛r ♠✐t ❞❡r ❑❧❛ss❡✱ ♠✐t ❞❡r❡♥ ❖❜❥❡❦t❡♥ ♠❛♥ ✈❡r❣❧❡✐❝❤❡♥
♠ö❝❤t❡ ✳✳✳

public class Test implements Comparable<Test> {

public int compareTo (Test x) { return 0; }

}
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Ü❜❡rs✐❝❤t

❱❡r❡r❜✉♥❣

P♦❧②♠♦r♣❤✐❡

❆❜str❛❦t❡ ❑❧❛ss❡♥✱ ✜♥❛❧❡ ❑❧❛ss❡♥ ✉♥❞ ■♥t❡r❢❛❝❡s

❇❡✐s♣✐❡❧ ❙✉❝❤♠❛s❝❤✐♥❡
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❙✉❝❤♠❛s❝❤✐♥❡ Programmieren Lernen

Peter Pepper

deutsch

Sep 2007

Objekte identifizieren

Programmieren Lernen

Peter Pepper

deutsch

Document
title
author
language
releaseDate
...

Thinking in Java

Bruce Eckel

englisch

Klassenentwurf

Thinking in Java

Bruce Eckel

englisch

Document
title
author
language
releaseDate
...
Document()

Programmieren Lernen

Peter Pepper

deutsch

new

new

Objekterzeugung

P. Pepper

Programmieren Lernen

Peter Pepper

deutsch

getAg
e()

getAuthor()

986

getC
onta

ct()

Objektmethoden

Thinking in Java

Bruce Eckel

englisch

object 98
oriented 26
class 62
java 62
method
instance 3
compile 15

30

Worthäufigkeiten
Peter Pepper

deutsch

Dokumentensammlung

Java in a Nutshell

David Flanagan

englisch
Peter Pepper

deutsch

Programmieren lernen

object 146
oriented 0
class 126
java 24
method
instance 81
compile 6

112

object 1
oriented 1
class 0
java 0
method
instance 0
compile 0

0

Query

Vektorähnlichkeit

Thinking in Java

Bruce Eckel

englisch

Joshua Bloch

Effective Java

englisch

2.

1.Sortieren nach
Vektorähnlichkeit

Thinking in Java

Bruce Eckel

englisch

Joshua Bloch

Effective Java

englisch

2.

1.

Komplexe
Vektorähnlichkeit

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✸✾✹



Ü❜❡r❜❧✐❝❦
❚❡✐❧ ✶✿ ❊✐♥❢ü❤r✉♥❣
❚❡✐❧ ✷✿ ❖❜❥❡❦t❜❛s✐❡rt❡ Pr♦❣r❛♠♠✐❡r✉♥❣
❚❡✐❧ ✸✿ ❑♦♥tr♦❧❧str✉❦t✉r❡♥
❚❡✐❧ ✹✿ ❋❡❧❞❡r
❚❡✐❧ ✺✿ ❊✐♥✐❣❡ ❆❜str❛❦t❡ ❉❛t❡♥t②♣❡♥
❚❡✐❧ ✻✿ ❖❜❥❡❦t♦r✐❡♥t✐❡r✉♥❣
❚❡✐❧ ✼✿ ❘❡❦✉rs✐♦♥
❚❡✐❧ ✽✿ ❋♦rt❣❡s❝❤r✐tt❡♥❡ Pr♦❣r❛♠♠✐❡r❦♦♥str✉❦t❡
❚❡✐❧ ✾✿ ❊✐♥ ✇❡✐t❡r❡s ❣röÿ❡r❡s ❇❡✐s♣✐❡❧
❚❡✐❧ ✶✵✿ ◆❡❜❡♥❧ä✉✜❣❦❡✐t
❚❡✐❧ ✶✶✿ ❆♣♣❧❡ts ✉♥❞ ●❯■s
❚❡✐❧ ✶✷✿ ❇❡②♦♥❞ ❏❛✈❛
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Ü❜❡rs✐❝❤t

✼✳ ❘❡❦✉rs✐♦♥

Pr✐♥③✐♣
❇❡✐s♣✐❡❧ ✶✿ ❉✐❡ ❚ür♠❡ ✈♦♥ ❍❛♥♦✐
❇❡✐s♣✐❡❧ ✷✿ ❉✐❡ ❑♦❝❤s❝❤❡ ❙❝❤♥❡❡✢♦❝❦❡
❇❡✐s♣✐❡❧ ✸✿ ❇✐♥är❡ ❙✉❝❤❡
❇❡✐s♣✐❡❧ ✹✿ ▼❡r❣❡s♦rt r❡❦✉rs✐✈
❇❡✐s♣✐❡❧ ❙✉❝❤♠❛s❝❤✐♥❡
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❉✐✈✐❞❡ ❛♥❞ ❈♦♥q✉❡r

❚❡✐❧❡ ✉♥❞ ❍❡rrs❝❤❡ ✐st ❡✐♥ ♥üt③❧✐❝❤❡s ●r✉♥❞♣r✐♥③✐♣ ❞❡r ❆❧❣♦r✐t❤♠✐❦✿

◮ ❯♠ ❡✐♥ Pr♦❜❧❡♠ ③✉ ❧ös❡♥✱ t❡✐❧❡ ❡s ✐♥ ♠❡❤r❡r❡ ❚❡✐❧♣r♦❜❧❡♠❡

◮ ▲ös❡ ❞✐❡ ❡✐♥③❡❧♥❡♥ ❚❡✐❧♣r♦❜❧❡♠❡

◮ ❱❡r❡✐♥❡ ❞✐❡ ❚❡✐❧❧ös✉♥❣❡♥ ③✉ ❡✐♥❡r ●❡s❛♠t❧ös✉♥❣
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❘❡❦✉rs✐♦♥

Pr✐♥③✐♣ ❞❡r ❘❡❦✉rs✐♦♥

▼❛♥ ❢ü❤r❡ ❞❛s ❣❧❡✐❝❤❡ ❇❡r❡❝❤♥✉♥❣s♠✉st❡r ✐♠♠❡r ✇✐❡❞❡r

♠✐t ❡✐♥❢❛❝❤❡r❡♥ ❜③✇✳ ❦❧❡✐♥❡r❡♥ ❊✐♥❣❛❜❡❞❛t❡♥ ❛✉s✱ ❜✐s ♠❛♥

③✉ ❡✐♥❡r tr✐✈✐❛❧❡♥ ❊✐♥❣❛❜❡ ❣❡❧❛♥❣t✳

❘❡❛❧✐s✐❡r✉♥❣✿

▼❡t❤♦❞❡♥✱ ❞✐❡ s✐❝❤ ❞✐r❡❦t ♦❞❡r ✐♥❞✐r❡❦t s❡❧❜st ❛✉❢r✉❢❡♥

❘❡❦✉rs✐♦♥ ✐st ❞✐❡ ❙t❛♥❞❛r❞✲■♠♣❧❡♠❡♥t✐❡r✉♥❣ ✈♦♥ ❉✐✈✐❞❡ ❛♥❞
❈♦♥q✉❡r
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❘❡❦✉rs✐✈❡ ▼❡t❤♦❞❡♥

❉❡✜♥✐t✐♦♥

◮ ❊✐♥❡ ▼❡t❤♦❞❡ f ❤❡✐ÿt ✭❞✐r❡❦t✮ r❡❦✉rs✐✈✱ ✇❡♥♥ ✐♠ ❘✉♠♣❢ ✈♦♥
f ❆✉❢r✉❢❡ ✈♦♥ f ✈♦r❦♦♠♠❡♥✳

◮ ❉✐❡ ▼❡t❤♦❞❡ f ❤❡✐ÿt ✐♥❞✐r❡❦t r❡❦✉rs✐✈✱ ✇❡♥♥ ✐♠ ❘✉♠♣❢ ✈♦♥ f
❡✐♥❡ ▼❡t❤♦❞❡ g ❛✉❢❣❡r✉❢❡♥ ✇✐r❞✱ ❞✐❡ ✐❤r❡rs❡✐ts ❞✐r❡❦t ♦❞❡r
✐♥❞✐r❡❦t ③✉ ❆✉❢r✉❢❡♥ ✈♦♥ f ❢ü❤rt✳

❇❡✐ ❥❡❞❡♠ r❡❦✉rs✐✈❡♥ ❆✉❢r✉❢ ✇✐r❞ ❡✐♥❡ ♥❡✉❡ ■♥st❛♥③ ❞❡r ❥❡✇❡✐❧✐❣❡♥
▼❡t❤♦❞❡ ❣❡st❛rt❡t✳

=⇒ ❏❡❞❡ ■♥st❛♥③ ❤❛t ✐❤r❡ ❡✐❣❡♥❡♥ ❧♦❦❛❧❡♥ ❱❛r✐❛❜❧❡♥ ✉♥❞ P❛r❛♠❡t❡r✱
✇❡❧❝❤❡ ✒✈♦♥ ❛✉ÿ❡♥✏ ♥✐❝❤t s✐❝❤t❜❛r s✐♥❞✳
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❇❡✐s♣✐❡❧ ✕ ❋❛❦✉❧täts❢✉♥❦t✐♦♥ ✭■✮

❉✐❡ ❋❛❦✉❧täts❢✉♥❦t✐♦♥ ♥! ❜❡r❡❝❤♥❡t ❞❛s Pr♦❞✉❦t ❞❡r ❩❛❤❧❡♥
✶, ✷, ..., ♥
❘❡❦✉rs✐✈ ❧ässt s✐❝❤ ♥! ❞❛❤❡r s♦ ❜❡r❡❝❤♥❡♥

✵! = ✶, ♥! = ♥ · (♥ − ✶)! ❢ür ♥ ≥ ✶

public static int fac(int n) {

if (n > 0)

return n * fac(n - 1);

else

return 1;

}
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❇❡✐s♣✐❡❧ ✕ ❋❛❦✉❧täts❢✉♥❦t✐♦♥ ✭■■✮

❲❛s ♣❛ss✐❡rt ♥✉♥ ❜❡✐♠ ❆✉❢r✉❢ ✈♦♥ fac❄

fac(4)
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❇❡✐s♣✐❡❧ ✕ ❋❛❦✉❧täts❢✉♥❦t✐♦♥ ✭■■✮

❲❛s ♣❛ss✐❡rt ♥✉♥ ❜❡✐♠ ❆✉❢r✉❢ ✈♦♥ fac❄

fac(4)

= ( if (4>0) { 4*fac(4-1) } else { 1 } ) // Einsetzen
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❇❡✐s♣✐❡❧ ✕ ❋❛❦✉❧täts❢✉♥❦t✐♦♥ ✭■■✮

❲❛s ♣❛ss✐❡rt ♥✉♥ ❜❡✐♠ ❆✉❢r✉❢ ✈♦♥ fac❄

fac(4)

= ( if (4>0) { 4*fac(4-1) } else { 1 } ) // Einsetzen

= 4*fac(3) // Auswerten
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❇❡✐s♣✐❡❧ ✕ ❋❛❦✉❧täts❢✉♥❦t✐♦♥ ✭■■✮

❲❛s ♣❛ss✐❡rt ♥✉♥ ❜❡✐♠ ❆✉❢r✉❢ ✈♦♥ fac❄

fac(4)

= ( if (4>0) { 4*fac(4-1) } else { 1 } ) // Einsetzen

= 4*fac(3) // Auswerten

= 4*( if (3>0) { 3*fac(3-1) } else { 1 } ) // Einsetzen
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❇❡✐s♣✐❡❧ ✕ ❋❛❦✉❧täts❢✉♥❦t✐♦♥ ✭■■✮

❲❛s ♣❛ss✐❡rt ♥✉♥ ❜❡✐♠ ❆✉❢r✉❢ ✈♦♥ fac❄

fac(4)

= ( if (4>0) { 4*fac(4-1) } else { 1 } ) // Einsetzen

= 4*fac(3) // Auswerten

= 4*( if (3>0) { 3*fac(3-1) } else { 1 } ) // Einsetzen

= 4*3*fac(2) // Auswerten
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❇❡✐s♣✐❡❧ ✕ ❋❛❦✉❧täts❢✉♥❦t✐♦♥ ✭■■✮

❲❛s ♣❛ss✐❡rt ♥✉♥ ❜❡✐♠ ❆✉❢r✉❢ ✈♦♥ fac❄

fac(4)

= ( if (4>0) { 4*fac(4-1) } else { 1 } ) // Einsetzen

= 4*fac(3) // Auswerten

= 4*( if (3>0) { 3*fac(3-1) } else { 1 } ) // Einsetzen

= 4*3*fac(2) // Auswerten

= 4*3*( if (2>0) { 2*fac(2-1) } else { 1 } ) // Einsetzen
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❇❡✐s♣✐❡❧ ✕ ❋❛❦✉❧täts❢✉♥❦t✐♦♥ ✭■■✮

❲❛s ♣❛ss✐❡rt ♥✉♥ ❜❡✐♠ ❆✉❢r✉❢ ✈♦♥ fac❄

fac(4)

= ( if (4>0) { 4*fac(4-1) } else { 1 } ) // Einsetzen

= 4*fac(3) // Auswerten

= 4*( if (3>0) { 3*fac(3-1) } else { 1 } ) // Einsetzen

= 4*3*fac(2) // Auswerten

= 4*3*( if (2>0) { 2*fac(2-1) } else { 1 } ) // Einsetzen

= 4*3*2*fac(1) // Auswerten
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❇❡✐s♣✐❡❧ ✕ ❋❛❦✉❧täts❢✉♥❦t✐♦♥ ✭■■✮

❲❛s ♣❛ss✐❡rt ♥✉♥ ❜❡✐♠ ❆✉❢r✉❢ ✈♦♥ fac❄

fac(4)

= ( if (4>0) { 4*fac(4-1) } else { 1 } ) // Einsetzen

= 4*fac(3) // Auswerten

= 4*( if (3>0) { 3*fac(3-1) } else { 1 } ) // Einsetzen

= 4*3*fac(2) // Auswerten

= 4*3*( if (2>0) { 2*fac(2-1) } else { 1 } ) // Einsetzen

= 4*3*2*fac(1) // Auswerten

= 4*3*2*( if (1>0) { 1*fac(1-1) } else { 1 } ) // Einsetzen
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❲❛s ♣❛ss✐❡rt ♥✉♥ ❜❡✐♠ ❆✉❢r✉❢ ✈♦♥ fac❄

fac(4)

= ( if (4>0) { 4*fac(4-1) } else { 1 } ) // Einsetzen

= 4*fac(3) // Auswerten

= 4*( if (3>0) { 3*fac(3-1) } else { 1 } ) // Einsetzen

= 4*3*fac(2) // Auswerten

= 4*3*( if (2>0) { 2*fac(2-1) } else { 1 } ) // Einsetzen

= 4*3*2*fac(1) // Auswerten

= 4*3*2*( if (1>0) { 1*fac(1-1) } else { 1 } ) // Einsetzen

= 4*3*2*1*fac(0) // Auswerten
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❲❛s ♣❛ss✐❡rt ♥✉♥ ❜❡✐♠ ❆✉❢r✉❢ ✈♦♥ fac❄

fac(4)

= ( if (4>0) { 4*fac(4-1) } else { 1 } ) // Einsetzen

= 4*fac(3) // Auswerten

= 4*( if (3>0) { 3*fac(3-1) } else { 1 } ) // Einsetzen

= 4*3*fac(2) // Auswerten

= 4*3*( if (2>0) { 2*fac(2-1) } else { 1 } ) // Einsetzen

= 4*3*2*fac(1) // Auswerten

= 4*3*2*( if (1>0) { 1*fac(1-1) } else { 1 } ) // Einsetzen

= 4*3*2*1*fac(0) // Auswerten

= 4*3*2*1*( if (0>0) { 0*fac(0-1) } else { 1 } ) // Einsetzen
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❲❛s ♣❛ss✐❡rt ♥✉♥ ❜❡✐♠ ❆✉❢r✉❢ ✈♦♥ fac❄

fac(4)

= ( if (4>0) { 4*fac(4-1) } else { 1 } ) // Einsetzen

= 4*fac(3) // Auswerten

= 4*( if (3>0) { 3*fac(3-1) } else { 1 } ) // Einsetzen

= 4*3*fac(2) // Auswerten

= 4*3*( if (2>0) { 2*fac(2-1) } else { 1 } ) // Einsetzen

= 4*3*2*fac(1) // Auswerten

= 4*3*2*( if (1>0) { 1*fac(1-1) } else { 1 } ) // Einsetzen

= 4*3*2*1*fac(0) // Auswerten

= 4*3*2*1*( if (0>0) { 0*fac(0-1) } else { 1 } ) // Einsetzen

= 4*3*2*1*1 // Auswerten
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❲❛s ♣❛ss✐❡rt ♥✉♥ ❜❡✐♠ ❆✉❢r✉❢ ✈♦♥ fac❄

fac(4)

= ( if (4>0) { 4*fac(4-1) } else { 1 } ) // Einsetzen

= 4*fac(3) // Auswerten

= 4*( if (3>0) { 3*fac(3-1) } else { 1 } ) // Einsetzen

= 4*3*fac(2) // Auswerten

= 4*3*( if (2>0) { 2*fac(2-1) } else { 1 } ) // Einsetzen

= 4*3*2*fac(1) // Auswerten

= 4*3*2*( if (1>0) { 1*fac(1-1) } else { 1 } ) // Einsetzen

= 4*3*2*1*fac(0) // Auswerten

= 4*3*2*1*( if (0>0) { 0*fac(0-1) } else { 1 } ) // Einsetzen

= 4*3*2*1*1 // Auswerten

= 24
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❆✉s❜❧✐❝❦✿ ❘❡❦✉rs✐✈❡ ❍❡r❛✉s❢♦r❞❡r✉♥❣❡♥

• ❊✐♥ ❑r❡t❡r s❛❣t✿ ❆❧❧❡ ❑r❡t❡r ❧ü❣❡♥ ✭❊♣✐♠❡♥✐❞❡s✮

• Pr♦❜❧❡♠❛t✐s❝❤❡r✿ ■❝❤ s♣r❡❝❤❡ ❥❡t③t ♥✐❝❤t ❞✐❡ ❲❛❤r❤❡✐t ✭❘✉ss❡❧❧✮

• ❉❡r ❍✐❧❜❡rts❝❤❡ ❇❛r❜✐❡r r❛s✐❡rt ❛❧❧❡ ▼ä♥♥❡r ❞❡s ❉♦r❢❡s✱ ❞✐❡
s✐❝❤ ♥✐❝❤t s❡❧❜st r❛s✐❡r❡♥ ❦ö♥♥❡♥✳

∀① . r❛s✐❡rt(❜❛r❜✐❡r , ①) ⇐⇒ ¬r❛s✐❡rt(① , ①)

❘❛s✐❡rt ❞❡r ❇❛r❜✐❡r s✐❝❤ s❡❧❜st❄

boolean rasiert(Mann x, Mann y) {

if (barbier.equals(x)) {

return !rasiert(y, y);

} else {

return x.equals(y) && !rasiert(barbier, x);

}

}

❲❛s ♣❛ss✐❡rt ❜❡✐ rasiert(barbier, barbier)❄
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Ü❜❡rs✐❝❤t

Pr✐♥③✐♣

❇❡✐s♣✐❡❧ ✶✿ ❉✐❡ ❚ür♠❡ ✈♦♥ ❍❛♥♦✐

❇❡✐s♣✐❡❧ ✷✿ ❉✐❡ ❑♦❝❤s❝❤❡ ❙❝❤♥❡❡✢♦❝❦❡

❇❡✐s♣✐❡❧ ✸✿ ❇✐♥är❡ ❙✉❝❤❡

❇❡✐s♣✐❡❧ ✹✿ ▼❡r❣❡s♦rt r❡❦✉rs✐✈

❇❡✐s♣✐❡❧ ❙✉❝❤♠❛s❝❤✐♥❡
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Pr♦❜❧❡♠

• ❇❡✇❡❣❡ ❞❡♥ ❙t❛♣❡❧ ✈♦♥ ❧✐♥❦s ♥❛❝❤ r❡❝❤ts✦

• ■♥ ❥❡❞❡♠ ❩✉❣ ❞❛r❢ ❣❡♥❛✉ ❡✐♥ ❘✐♥❣ ❜❡✇❡❣t ✇❡r❞❡♥✳

• ❊s ❞❛r❢ ♥✐❡ ❡✐♥ ❣röÿ❡r❡r ❘✐♥❣ ❛✉❢ ❡✐♥❡♥ ❦❧❡✐♥❡r❡♥ ❣❡❧❡❣t
✇❡r❞❡♥✳
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■❞❡❡

• ❱❡rs❡t③❡♥ ❡✐♥❡s ❚✉r♠s ❞❡r ❍ö❤❡ ❤ = ✵ ✐st ❡✐♥❢❛❝❤✿ ✇✐r t✉♥
♥✐❝❤ts✳

• ❱❡rs❡t③❡♥ ❡✐♥❡s ❚✉r♠s ❞❡r ❍ö❤❡ ❤ > ✵ ✈♦♥ P♦s✐t✐♦♥ ❛ ♥❛❝❤
P♦s✐t✐♦♥ ❜ ③❡r❧❡❣❡♥ ✇✐r ✐♥ ❞r❡✐ ❚❡✐❧❛✉❢❣❛❜❡♥✿

✶ ❱❡rs❡t③❡♥ ❞❡r ♦❜❡r❡♥ ❤− ✶ ❙❝❤❡✐❜❡♥ ❛✉❢ ❞❡♥ ❢r❡✐❡♥ P❧❛t③❀
✷ ❱❡rs❡t③❡♥ ❞❡r ✉♥t❡rst❡♥ ❙❝❤❡✐❜❡ ❛✉❢ ❞✐❡ ❩✐❡❧♣♦s✐t✐♦♥❀
✸ ❱❡rs❡t③❡♥ ❞❡r ③✇✐s❝❤❡♥❣❡❧❛❣❡rt❡♥ ❙❝❤❡✐❜❡♥ ❛✉❢ ❞✐❡

❩✐❡❧♣♦s✐t✐♦♥✳

• ❱❡rs❡t③❡♥ ❡✐♥❡s ❚✉r♠s ❞❡r ❍ö❤❡ ❤ > ✵ ❡r❢♦r❞❡rt ❛❧s♦
③✇❡✐♠❛❧✐❣❡s ❱❡rs❡t③❡♥ ❡✐♥❡s ❚✉r♠s ❞❡r ❍ö❤❡ ❤ − ✶✳
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❈♦❞❡

public static void move (int h, byte a, byte b) {

✴✴ ❤ ❙❝❤❡✐❜❡♥ ✈♦♥ ❙t❛♣❡❧ ❛ ♥❛❝❤ ❙t❛♣❡❧ ❜
if (h > 0) {

byte c = free (a,b); ✴✴❝ ✐ s t ❞❡r ❢ r ❡ ✐ ❡ P❧❛t③
move (h-1,a,c); ✴✴❤−✶ ❙❝❤❡✐❜❡♥ ✈♦♥ ❛ ♥❛❝❤ ❝
✴✴ ❞❛♥♥ ❞✐❡ ✈❡r❜ ❧❡ ✐❜❡♥❞❡ ❙❝❤❡✐❜❡ ✈♦♥ ❛ ♥❛❝❤ ❜
System.out.print ("\tmove "+a+" to "+b+"\n");

move (h-1,c,b); ✴✴✉♥❞ ❤−✶ ❙❝❤❡✐❜❡♥ ✈♦♥ ❝ ♥❛❝❤ ❜
}

}

❇❧❡✐❜t ❞✐❡ ❊r♠✐tt❧✉♥❣ ❞❡s ❢r❡✐❡♥ P❧❛t③❡s ✳✳✳
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❈♦❞❡

public static void move (int h, byte a, byte b) {

✴✴ ❤ ❙❝❤❡✐❜❡♥ ✈♦♥ ❙t❛♣❡❧ ❛ ♥❛❝❤ ❙t❛♣❡❧ ❜
if (h > 0) {

byte c = free (a,b); ✴✴❝ ✐ s t ❞❡r ❢ r ❡ ✐ ❡ P❧❛t③
move (h-1,a,c); ✴✴❤−✶ ❙❝❤❡✐❜❡♥ ✈♦♥ ❛ ♥❛❝❤ ❝
✴✴ ❞❛♥♥ ❞✐❡ ✈❡r❜ ❧❡ ✐❜❡♥❞❡ ❙❝❤❡✐❜❡ ✈♦♥ ❛ ♥❛❝❤ ❜
System.out.print ("\tmove "+a+" to "+b+"\n");

move (h-1,c,b); ✴✴✉♥❞ ❤−✶ ❙❝❤❡✐❜❡♥ ✈♦♥ ❝ ♥❛❝❤ ❜
}

}

❇❧❡✐❜t ❞✐❡ ❊r♠✐tt❧✉♥❣ ❞❡s ❢r❡✐❡♥ P❧❛t③❡s ✳✳✳
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❋r❡✐❡r ❙t❛♣❡❧❄

✵ ✶ ✷

✵ ✷ ✶
✶ ✷ ✵
✷ ✶ ✵

✭❧✐❡s✿ ▼✭①✱②✮ ✐st ❢r❡✐✱ ✇❡♥♥ ① ✉♥❞ ② ❜❡❧❡❣t s✐♥❞✳✮

❖✛❡♥❜❛r ❤ä♥❣t ❞❛s ❊r❣❡❜♥✐s ♥✉r ✈♦♥ ❞❡r ❙✉♠♠❡ ❞❡r ❜❡✐❞❡♥
❆r❣✉♠❡♥t❡ ❛❜ ✳✳✳

✵ ✶ ✷

✵ ✶ ✷
✶ ✶ ✸
✷ ✷ ✸
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■♠♣❧❡♠❡♥t✐❡r✉♥❣

❉✐❡s❡ ❚❛❜❡❧❧❡♥ ✐♠♣❧❡♠❡♥t✐❡r❡♥ ✇✐r ❡❧❡❣❛♥t ♠✐t switch✿

public static byte free(byte a, byte b) {

switch (a+b) {

case 1: return 2;

case 2: return 1;

case 3: return 0;

default: return -1;

}

}
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✳✳✳ ♦❞❡r ♥♦❝❤ ❡❧❡❣❛♥t❡r

public static byte free(byte a, byte b) {

return (byte) (3-(a+b));

}

❉❛♠✐t ❡r❤❛❧t❡♥ ✇✐r ✐♥s❣❡s❛♠t✿
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✳✳✳ ♦❞❡r ♥♦❝❤ ❡❧❡❣❛♥t❡r

public static byte free(byte a, byte b) {

return (byte) (3-(a+b));

}

❉❛♠✐t ❡r❤❛❧t❡♥ ✇✐r ✐♥s❣❡s❛♠t✿
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❚ür♠❡ ✈♦♥ ❍❛♥♦✐

class Hanoi {

public static byte free (byte a, byte b) {

return (byte) (3-(a+b));

}

public static void move (int h, byte a, byte b) {

if (h > 0) {

byte c = free (a,b);

move (h-1,a,c);

System.out.print("\tmove "+a+" to "+b+"\n");

move (h-1,c,b);

}

}

static void main (String[] args) {

int h = Terminal.askInt("Höhe des Turms: ");

System.out.print("\n\n");

move (h,(byte) 0,(byte) 2);

System.out.print("\n\n");

} ✴✴ ❡♥❞ ♦❢ ♠❛✐♥✭✮
} ✴✴ ❡♥❞ ♦❢ ❝❧❛ss ❍❛♥♦✐
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Ü❜❡rs✐❝❤t

Pr✐♥③✐♣

❇❡✐s♣✐❡❧ ✶✿ ❉✐❡ ❚ür♠❡ ✈♦♥ ❍❛♥♦✐

❇❡✐s♣✐❡❧ ✷✿ ❉✐❡ ❑♦❝❤s❝❤❡ ❙❝❤♥❡❡✢♦❝❦❡

❇❡✐s♣✐❡❧ ✸✿ ❇✐♥är❡ ❙✉❝❤❡

❇❡✐s♣✐❡❧ ✹✿ ▼❡r❣❡s♦rt r❡❦✉rs✐✈

❇❡✐s♣✐❡❧ ❙✉❝❤♠❛s❝❤✐♥❡
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❉✐❡ ❑♦❝❤s❝❤❡ ❙❝❤♥❡❡✢♦❝❦❡♥❦✉r✈❡

❉✐❡ ❑♦❝❤✲❑✉r✈❡ ✐st ❡✐♥ ❋r❛❦t❛❧✳

❙✐❡ ✇✐r❞ ✕ ❜❡❣✐♥♥❡♥❞ ♠✐t ❡✐♥❡r ❣❡r❛❞❡♥ ▲✐♥✐❡ ✕ ✐t❡r❛t✐✈ ❣❡❜✐❧❞❡t✱
✐♥❞❡♠ ❛✉s ❥❡❞❡♠ ❣❡r❛❞❡♥ ▲✐♥✐❡♥stü❝❦ ❞❛s ♠✐tt❧❡r❡ ❉r✐tt❡❧ ❡♥t❢❡r♥t
✉♥❞ ❞❛❢ür ❡✐♥ ❣❧❡✐❝❤s❡✐t✐❣❡s ❉r❡✐❡❝❦ ❛✉❢❣❡s❡t③t ✇✐r❞✳

✶✿ ✷✿

✸✿ ✹✿
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❋❧♦❝❦❡♥♠❛t❤❡ ✷

❇✐❧❞❡t ♠❛♥ ❛✉s ❞❡♥ ❞r❡✐ ❙❡✐t❡♥ ❡✐♥❡s ❣❧❡✐❝❤s❡✐t✐❣❡♥ ❉r❡✐❡❝❦s ❥❡ ❡✐♥❡
❑♦❝❤✲❑✉r✈❡✱ ❡♥tst❡❤t ❞✐❡ ❑♦❝❤s❝❤❡ ❙❝❤♥❡❡✢♦❝❦❡✳

❉❊▼❖
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❋❧♦❝❦❡♥❜✐❧❞✉♥❣✿ ❍♦r✐③♦♥t❛❧❡ ●r✉♥❞❧✐♥✐❡

❆✉s ❥❡❞❡♠ ❣❡r❛❞❡♥ ▲✐♥✐❡♥stü❝❦ ✇✐r❞ ❞❛s ♠✐tt❧❡r❡ ❉r✐tt❡❧ ❡♥t❢❡r♥t
✉♥❞ ❞❛❢ür ❡✐♥ ❣❧❡✐❝❤s❡✐t✐❣❡s ❉r❡✐❡❝❦ ❛✉❢❣❡s❡t③t✳

D

x/3 x/3 x/3
x/3x/3

x/3 x/3

x^2/36 + h^2 = x^2/9 

h=x*sqrt(3)/6

q2=(x/2,x*sqrt(3)/6)

p1=(0,0) p2=(x,0)

q3=(2x/3,0)q1=(x/3,0)

h

x/3 x/3

x/3x/3

x/6

A B

C
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❋❧♦❝❦❡♥❜✐❧❞✉♥❣✿ ❇❡❧✐❡❜✐❣❡ ●r✉♥❞❧✐♥✐❡

❱❡r❢❛❤r❡♥ ✇✐r❞ r❡❦✉rs✐✈ ❛♥❣❡✇❡♥❞❡t✱ ❛❧s♦ ✐st

✶✳ ❞✐❡ ●r✉♥❞❧✐♥✐❡ ❣❣❢✳ ♥✐❝❤t ❤♦r✐③♦♥t❛❧ ✉♥❞

✷✳ ❞❡r ❆✉s❣❛♥❣s♣✉♥❦t ♠❡✐st❡♥s ♥✐❝❤t ✭✵✱✵✮✳

q2=(x/2,x*sqrt(3)/6)

p1=(0,0) p2=(x,0)

q3=(2x/3,0)q1=(x/3,0)
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▲ös✉♥❣✿ ❚r❛♥s❧❛t✐♦♥ ✉♥❞ ❘♦t❛t✐♦♥

❯♠ tr♦t③❞❡♠ ❞✐❡ ❡✐♥❢❛❝❤❡ ❇❡r❡❝❤♥✉♥❣ ❞❡r P✉♥❦t❦♦♦r❞✐♥❛t❡♥
✈❡r✇❡♥❞❡♥ ③✉ ❦ö♥♥❡♥✱
✶✳ ✈❡rs❝❤✐❡❜❡♥ ✇✐r ❞✐❡ ❙tr❡❝❦❡ ✐♥ ❞❡♥ ❯rs♣r✉♥❣ ❞✉r❝❤ ❆❞❞✐t✐♦♥ ❞❡r

♥❡❣❛t✐✈❡♥ ❑♦♦r❞✐♥❛t❡♥ ❞❡s ❡rst❡♥ P✉♥❦ts✱ ❛❧s♦ ✈♦♥ ✭−①✶,−②✶✮✱
✷✳ r♦t✐❡r❡♥ ✇✐r ❞✐❡ ✈❡rs❝❤♦❜❡♥❡ ❙tr❡❝❦❡ ✉♠ ❡✐♥❡♥ ❲✐♥❦❡❧ φ s♦✱ ❞❛ss

s✐❡ ❤♦r✐③♦♥t❛❧ ❧✐❡❣t✱
✸✳ ♥❡❤♠❡♥ ✇✐r ❞✐❡ ❡✐♥❢❛❝❤❡ ❇❡r❡❝❤♥✉♥❣ ✈♦r ✉♥❞
✹✳ r♦t✐❡r❡♥ ❞❡♥ ♥❡✉ ❡r③❡✉❣t❡♥ ❚❡✐❧ ❞❡r ❋❧♦❝❦❡ ✐♥ ✉♠❣❡❦❡❤rt❡r

❘✐❝❤t✉♥❣ ✉♠ −φ ✉♥❞ ✈❡rs❝❤✐❡❜❡♥ ✐❤♥ ③✉rü❝❦ ❞✉r❝❤ ❆❞❞✐t✐♦♥ ✈♦♥
✭①✶, ②✶✮✳

q2=(x/2,x*sqrt(3)/6)

p1=(0,0) p2=(x,0)

q3=(2x/3,0)q1=(x/3,0)
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❋❧♦❝❦❡♥♠❛t❤❡✿ ❘♦t❛t✐♦♥

h

α

(x,y)
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❋❧♦❝❦❡♥♠❛t❤❡✿ ❘♦t❛t✐♦♥

α

α

(x,y)

h
y=sin(  )*hα

x=cos(  )*h
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❋❧♦❝❦❡♥♠❛t❤❡✿ ❘♦t❛t✐♦♥

α

α

(x,y)

φ

h

h

y=sin(  )*hα

x=cos(  )*h
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❋❧♦❝❦❡♥♠❛t❤❡✿ ❘♦t❛t✐♦♥

α

x=cos(  )*hα+φx’=cos(      )*h

α+φy’=sin(      )*h

α

(x,y)

φ

h

h

y=sin(  )*h

α
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❋❧♦❝❦❡♥♠❛t❤❡✿ ❘♦t❛t✐♦♥ ✹

❆❞❞✐t✐♦♥st❤❡♦r❡♠ ✶✿ s✐♥(α+ φ) = s✐♥(α) · ❝♦s(φ) + s✐♥(φ) · ❝♦s(α)
❆❞❞✐t✐♦♥st❤❡♦r❡♠ ✷✿ ❝♦s(α+ φ) = ❝♦s(α) · ❝♦s(φ)− s✐♥(φ) · s✐♥(α)

α

x=cos(  )*hα+φx’=cos(      )*h

α+φy’=sin(      )*h

α

(x,y)

φ

h

h

y=sin(  )*h

α
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❋❧♦❝❦❡♥♠❛t❤❡✿ ❘♦t❛t✐♦♥ ✺

❆❞❞✐t✐♦♥st❤❡♦r❡♠ ✶✿ s✐♥(α+ φ) = s✐♥(α) · ❝♦s(φ) + s✐♥(φ) · ❝♦s(α)
❆❞❞✐t✐♦♥st❤❡♦r❡♠ ✷✿ ❝♦s(α+ φ) = ❝♦s(α) · ❝♦s(φ)− s✐♥(φ) · s✐♥(α)

α

x=cos(  )*hα+φx’=cos(      )*h

α+φy’=sin(      )*h

α

(x,y)

φ

h

h

y=sin(  )*h

α

❊✐♥s❡t③❡♥✿ ① ′ = ① · ❝♦s(φ)− ② · s✐♥(φ) ✉♥❞
② ′ = ② · ❝♦s(φ) + ① · s✐♥(φ)
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❘❡❛❧✐s✐❡r✉♥❣ ✐♥ ❏❛✈❛

◮ ❱❡r✇❡♥❞❡ ❞✐❡ Point✲❑❧❛ss❡

◮ ❘❡❛❧✐s✐❡r✉♥❣ ❞❡r ■t❡r❛t✐♦♥ ❞✉r❝❤ ❘❡❦✉rs✐♦♥ ü❜❡r ❞✐❡ ❡✐♥③❡❧♥❡♥
❚❡✐❧str❡❝❦❡♥

❇❛s✐s❢❛❧❧✿ ❩❡✐❝❤♥❡ ❞✐❡ ❛❦t✉❡❧❧❡ ❙tr❡❝❦❡
❘❡❦✉rs✐♦♥s❢❛❧❧✿ ❇❡r❡❝❤♥❡ ❞✐❡ ❩✇✐s❝❤❡♥♣✉♥❦t❡ ❞❡r ❛❦t✉❡❧❧❡♥

❙tr❡❝❦❡ ✉♥❞ ✐t❡r✐❡r❡ ü❜❡r ❛❧❧❡ s♦ ❡♥tst❛♥❞❡♥❡♥
❚❡✐❧str❡❝❦❡♥

◮ ❇❡r❡❝❤♥✉♥❣ ❞❡r ❩✇✐s❝❤❡♥♣✉♥❦t❡ ♠✐t ❍✐❧❢❡ ❞❡r ❖♣❡r❛t✐♦♥❡♥ ❛✉s
❞❡r ❑❧❛ss❡ Point
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❊❧❡♠❡♥t❛r❡ ❣r❛✜s❝❤❡ ❖♣❡r❛t✐♦♥❡♥ ✐♥ ❏❛✈❛

❩✉r ❣r❛✜s❝❤❡♥ ❆✉s❣❛❜❡ ✈❡r✇❡♥❞❡♥ ✇✐r ❞✐❡ ❑❧❛ss❡ Pad
✭P❡♣♣❡r✲❇✉❝❤ ❙✳ ✼✸ ✛✳✮

• Pad p = new Pad() ❡r③❡✉❣t ❡✐♥ ♥❡✉❡s ✭♥♦❝❤ ♥✐❝❤t
s✐❝❤t❜❛r❡s✮ ❋❡♥st❡r

• p.setPadSize(width, height) s❡t③t ❞✐❡ ●röÿ❡
❡♥ts♣r❡❝❤❡♥❞

• p.setVisible(true) ♠❛❝❤t ❞❛s ❋❡♥st❡r s✐❝❤t❜❛r

• p.drawLine(p1, p2) ③❡✐❝❤♥❡t ❡✐♥❡ ▲✐♥✐❡ ✈♦♥ P✉♥❦t p1
♥❛❝❤ p2

• ❉❡r ❯rs♣r✉♥❣ ❞❡s ❑♦♦r❞✐♥❛t❡♥s②st❡♠s ❜❡✜♥❞❡t s✐❝❤ ✐♥ ❞❡r
❧✐♥❦❡♥ ♦❜❡r❡♥ ❊❝❦❡

• ❆❧❧❡ ❑♦♦r❞✐♥❛t❡♥ s✐♥❞ ✐♥ P✐①❡❧

❆❈❍❚❯◆●✿

❉✐❡ ❑❧❛ss❡ Pad ❡r❢ü❧❧t ♥✐❝❤t ✉♥s❡r❡ ❱♦r❣❛❜❡♥
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■♠♣❧❡♠❡♥t✐❡r✉♥❣✿ ❍❛✉♣t❦❧❛ss❡

import Terminal;

class Koch {

public static void main(String[] args) {

Point2 p1,p2;

Flocke f;

PointListElement pointer;

Pad p=new Pad();

p.setPadSize(1000, 450);

p.setBackground(Pad.white);

p.setTitle("Kochsche Schneeflockenkurve");

p.setVisible(true);

p.setColor(Pad.black);

p1=new Point2(0.0,0.0);

p2=new Point2(1000.0,0.0);

f=new Flocke(p1,p2);

✴✴ ❢ ✳ s❝❤♥❡✐❡♥ ✭ ■♥t❡❣❡r ✳ ✈❛❧✉❡❖❢ ✭ ❛r❣s ❬ ✵ ❪ ✮ ✮ ❀
f.rekursivSchneien(f.first,f.last,Integer.valueOf(args[0]));
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■♠♣❧❡♠❡♥t✐❡r✉♥❣✿ ❍❛✉♣t❦❧❛ss❡ ✷

✴✴ ③❡✐❝❤♥❡♥ ✦
pointer=f.first;

while(pointer!=null && pointer.getNext()!=null) {

p.drawLine((int)pointer.getPoint().getX(),

400-(int)pointer.getPoint().getY(),

(int)pointer.getNext().getPoint().getX(),

400-(int)pointer.getNext().getPoint().getY());

pointer=pointer.getNext();

}

}

}
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■♠♣❧❡♠❡♥t✐❡r✉♥❣✿ P✉♥❦t❡

class Point2 {

private double x,y;

Point2(double x, double y) { ... }

void set ...

double get ...

✴✴ ❝❤❛♥❣❡s ♦❜❥❡❝t ♦♥ ✇❤✐❝❤ ♠❡t❤♦❞ ✐s ❡①❡❝✉t❡❞ ❆◆❉ r❡t✉r♥s t❤✐s ❛❧t❡r❡❞ ♦❜❥❡❝t
Point2 rotate(double phi){

set(x*Math.cos(phi)-y*Math.sin(phi), y*Math.cos(phi)+x*Math.sin(phi));

return this;

}

✴✴ ❝❤❛♥❣❡s ♦❜❥❡❝t ♦♥ ✇❤✐❝❤ ♠❡t❤♦❞ ✐s ❡①❡❝✉t❡❞ ❆◆❉ r❡t✉r♥s t❤✐s ❛❧t❡r❡❞ ♦❜❥❡❝t
Point2 translate(double x, double y) {

set(this.x+x, this.y+y);

return this;

}

Point2 rotateThenTranslate(double angle, double x, double y) {

return this.rotate(angle).translate(x,y);

}

}
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❊r✐♥♥❡r✉♥❣✿ ❘♦t❛t✐♦♥

❆❞❞✐t✐♦♥st❤❡♦r❡♠ ✶✿ s✐♥(α+ φ) = s✐♥(α) · ❝♦s(φ) + s✐♥(φ) · ❝♦s(α)
❆❞❞✐t✐♦♥st❤❡♦r❡♠ ✷✿ ❝♦s(α+ φ) = ❝♦s(α) · ❝♦s(φ)− s✐♥(φ) · s✐♥(α)

α

x=cos(  )*hα+φx’=cos(      )*h

α+φy’=sin(      )*h

α

(x,y)

φ

h

h

y=sin(  )*h

α

❊✐♥s❡t③❡♥✿ ① ′ = ① · ❝♦s(φ)− ② · s✐♥(φ) ✉♥❞
② ′ = ② · ❝♦s(φ) + ① · s✐♥(φ)
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■♠♣❧❡♠❡♥t✐❡r✉♥❣✿ P✉♥❦t❧✐st❡

class PointListElement {

private Point2 p;

private PointListElement next;

PointListElement(Point2 p) {

setPoint(p);

setNext(null);

}

void setPoint(Point2 p) {

this.p=p;

}

void setNext(PointListElement p) {

this.next=p;

}

Point2 getPoint() {

return p;

}

PointListElement getNext() {

return next;

}

}
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■♠♣❧❡♠❡♥t✐❡r✉♥❣✿ ❋❧♦❝❦❡ ✶

class Flocke {

PointListElement first,last;

Flocke(Point2 p1, Point2 p2) {

first=new PointListElement(p1); last=new PointListElement(p2);

first.setNext(last);

}

void rekursivSchneien(PointListElement p1, PointListElement p2, int depth) {

double angle, shiftx, shifty;

Point2 hp; ✴✴ ❤❡❧♣❡r
PointListElement q1,q2,q3; ✴✴ t✉r♥ ♣✶−♣✷ ✐♥t♦ ♣✶−q✶−q✷−q✸−♣✷

if(depth>0) {

✴✴ ♠♦✈❡ ♣♦✐♥ts t♦ ♦r✐❣✐♥
shiftx=p1.getPoint().getX();

shifty=p1.getPoint().getY();

p1.getPoint().set(0.0,0.0);

p2.getPoint().translate(-shiftx, -shifty);

✴✴ r♦t❛t❡ t♦ ❤♦r✐③♦♥t❛❧
angle=Math.atan(p2.getPoint().getY()/p2.getPoint().getX());

p2.getPoint().rotate(-angle); ✴✴ ♣✶ ✐s ✭✵✱✵✮
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■♠♣❧❡♠❡♥t✐❡r✉♥❣✿ ❋❧♦❝❦❡ ✷

✴✴ ❝♦♠♣✉t❡ ♥❡✇ ♣♦✐♥ts❀ t❤❡♥ r♦t❛t❡❀ t❤❡♥ tr❛♥s❧❛t❡
hp=new Point2(p2.getPoint().getX()/3.0,0.0);

q1=new PointListElement(hp.rotateThenTranslate(angle,shiftx,shifty));

hp=new Point2(p2.getPoint().getX()/2.0,

p2.getPoint().getX()/6.0*Math.sqrt(3.0));

q2=new PointListElement(hp.rotateThenTranslate(angle,shiftx,shifty));

hp=new Point2(2.0*p2.getPoint().getX()/3.0,0.0);

q3=new PointListElement(hp.rotateThenTranslate(angle,shiftx,shifty));

✴✴ ❝r❡❛t❡ ♥❡✇ ♣♦❧②❣♦♥
p1.setNext(q1);

q1.setNext(q2);

q2.setNext(q3);

q3.setNext(p2);

✴✴ ✉♥❞♦ tr❛♥s❧❛t✐♦♥ ❛♥❞ r♦t❛t✐♦♥
p2.getPoint().rotateThenTranslate(angle,shiftx,shifty);

p1.getPoint().translate(shiftx,shifty);
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❊r✐♥♥❡r✉♥❣ ❋❧♦❝❦❡♥❜✐❧❞✉♥❣✿ ❍♦r✐③♦♥t❛❧❡ ●r✉♥❞❧✐♥✐❡

❆✉s ❥❡❞❡♠ ❣❡r❛❞❡♥ ▲✐♥✐❡♥stü❝❦ ✇✐r❞ ❞❛s ♠✐tt❧❡r❡ ❉r✐tt❡❧ ❡♥t❢❡r♥t
✉♥❞ ❞❛❢ür ❡✐♥ ❣❧❡✐❝❤s❡✐t✐❣❡s ❉r❡✐❡❝❦ ❛✉❢❣❡s❡t③t✳

D

x/3 x/3 x/3
x/3x/3

x/3 x/3

x^2/36 + h^2 = x^2/9 

h=x*sqrt(3)/6

q2=(x/2,x*sqrt(3)/6)

p1=(0,0) p2=(x,0)

q3=(2x/3,0)q1=(x/3,0)

h

x/3 x/3

x/3x/3

x/6

A B

C
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■♠♣❧❡♠❡♥t✐❡r✉♥❣✿ ❋❧♦❝❦❡ ✸

✴✴ ❝r❡❛t❡ ♥❡✇ ❢ ❧ ❛❦❡ ❢♦r ❡❛❝❤ s❡❣♠❡♥t
rekursivSchneien(p1,q1,depth-1);

rekursivSchneien(q1,q2,depth-1);

rekursivSchneien(q2,q3,depth-1);

rekursivSchneien(q3,p2,depth-1);

} ✴✴ ✐ ❢ ❞❡♣t❤❃✵
}
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❆❧t❡r♥❛t✐✈❡ ■♠♣❧❡♠❡♥t✐❡r✉♥❣✿ ❋❧♦❝❦❡ ✐t❡r❛t✐✈

void schneien(int depth) {

double angle, shiftx, shifty;

PointListElement p1, p2, q1,q2,q3, h;

for (int i=0; i<depth; i++) {

p1=first;

while(p1.getNext()!=null) {

p2=p1.getNext();

✴✴ ♠♦✈❡ ♣♦✐♥ts t♦ ♦r✐❣ ✐♥
...

✴✴ r♦t❛t❡ t♦ ❤♦r✐③♦♥t❛ ❧
...

✴✴ ❝♦♠♣✉t❡ ♥❡✇ ♣♦✐♥ts ❀ t❤❡♥ r♦t❛t❡ ❀ t❤❡♥ tr❛♥s ❧❛ t❡
...

✴✴ ❝r❡❛t❡ ♥❡✇ ♣♦❧②❣♦♥
...

✴✴ ✉♥❞♦ tr❛♥s ❧❛ t ✐♦♥ ❛♥❞ r♦t❛t ✐♦♥
...

p1=p2;

}

}

}
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Ü❜❡rs✐❝❤t

Pr✐♥③✐♣

❇❡✐s♣✐❡❧ ✶✿ ❉✐❡ ❚ür♠❡ ✈♦♥ ❍❛♥♦✐

❇❡✐s♣✐❡❧ ✷✿ ❉✐❡ ❑♦❝❤s❝❤❡ ❙❝❤♥❡❡✢♦❝❦❡

❇❡✐s♣✐❡❧ ✸✿ ❇✐♥är❡ ❙✉❝❤❡

❇❡✐s♣✐❡❧ ✹✿ ▼❡r❣❡s♦rt r❡❦✉rs✐✈

❇❡✐s♣✐❡❧ ❙✉❝❤♠❛s❝❤✐♥❡
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❇❡✐s♣✐❡❧ ✸✿ ❇✐♥är❡ ❙✉❝❤❡

◆❡❤♠❡♥ ✇✐r ❛♥✱ ✇✐r ✇♦❧❧❡♥ ❤❡r❛✉s✜♥❞❡♥✱ ♦❜ ❞❛s ❊❧❡♠❡♥t ✼ ✐♥
✉♥s❡r❡♠ ❋❡❧❞ a ❡♥t❤❛❧t❡♥ ✐st✳

◆❛✐✈❡s ❱♦r❣❡❤❡♥✿

• ❲✐r ✈❡r❣❧❡✐❝❤❡♥ ✼ ❞❡r ❘❡✐❤❡ ♥❛❝❤ ♠✐t ❞❡♥ ❊❧❡♠❡♥t❡♥ a[0]✱
a[1]✱ ✉s✇✳

• ❋✐♥❞❡♥ ✇✐r ❡✐♥ i ♠✐t a[i] == ✼✱ ❣❡❜❡♥ ✇✐r i ❛✉s✳

• ❆♥❞❡r♥❢❛❧❧s ❣❡❜❡♥ ✇✐r -1 ❛✉s✿ ✏❙♦rr②✱ ❣✐❜t✬s ❧❡✐❞❡r ♥✐❝❤t ✦✑

• ❍❛❜❡♥ ✇✐r s❝❤♦♥ ❣❡s❡❤❡♥✦
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◆❛✐✈❡ ■♠♣❧❡♠❡♥t✐❡r✉♥❣

public static int find (int[] a, int x) {

int i = 0;

while (i < a.length && a[i] != x)

i++;

if (i == a.length)

return -1;

else

return i;

}
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❙✉❝❤❡♥

No!

17 3 −2 9 0 1 7 42 5

7

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✹✸✻



❙✉❝❤❡♥

No!

17 3 −2 9 0 1 7 42 5

7
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❙✉❝❤❡♥

No!

17 3 −2 9 0 1 7 42 5

7

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✹✸✻



❙✉❝❤❡♥

No!

17 3 −2 9 0 1 7 42 5

7
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❙✉❝❤❡♥

No!

17 3 −2 9 0 1 7 42 5

7
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❙✉❝❤❡♥

No!

17 3 −2 9 0 1 7 42 5

7

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✹✸✻



❙✉❝❤❡♥

Yes!

17 3 −2 9 0 1 7 42 5

7
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❆♥❛❧②s❡

• ■♠ ❇❡✐s♣✐❡❧ ❜❡♥öt✐❣❡♥ ✇✐r ✼ ❱❡r❣❧❡✐❝❤❡✳

• ■♠ s❝❤❧✐♠♠st❡♥ ❋❛❧❧ ❜❡♥öt✐❣❡♥ ✇✐r ❜❡✐ ❡✐♥❡♠ ❋❡❧❞ ❞❡r ▲ä♥❣❡
♥ s♦❣❛r ♥ ❱❡r❣❧❡✐❝❤❡ ❄❄

• ❑♦♠♠t ✼ t❛tsä❝❤❧✐❝❤ ✐♠ ❋❡❧❞ ✈♦r✱ ❜❡♥öt✐❣❡♥ ✇✐r s❡❧❜st ✐♠
❉✉r❝❤s❝❤♥✐tt (♥ + ✶)/✷ ✈✐❡❧❡ ❱❡r❣❧❡✐❝❤❡ ❄❄

●❡❤t ❞❛s ♥✐❝❤t ❜❡ss❡r ❄❄❄
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■❞❡❡

• ❙♦rt✐❡r❡ ❞❛s ❋❡❧❞✳

• ❱❡r❣❧❡✐❝❤❡ ✼ ♠✐t ❞❡♠ ❲❡rt✱ ❞❡r ✐♥ ❞❡r ▼✐tt❡ st❡❤t✳

• ▲✐❡❣t ●❧❡✐❝❤❤❡✐t ✈♦r✱ s✐♥❞ ✇✐r ❢❡rt✐❣✳

• ■st ✼ ❦❧❡✐♥❡r✱ ❜r❛✉❝❤❡♥ ✇✐r ♥✉r ♥♦❝❤ ❧✐♥❦s ✇❡✐t❡rs✉❝❤❡♥✳

• ■st ✼ ❣röÿ❡r✱ ❜r❛✉❝❤❡♥ ✇✐r ♥✉r ♥♦❝❤ r❡❝❤ts ✇❡✐t❡r s✉❝❤❡♥✳

==⇒ ❜✐♥är❡ ❙✉❝❤❡ ✳✳✳
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❇✐♥är❡ ❙✉❝❤❡

No!7

0 1 3 5 7 9 4217−2
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❇✐♥är❡ ❙✉❝❤❡

7

0 1 3 5 7 9 4217−2
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❇✐♥är❡ ❙✉❝❤❡

No!7

0 1 3 5 7 9 4217−2
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❇✐♥är❡ ❙✉❝❤❡

7

0 1 3 5 7−2 42179
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❇✐♥är❡ ❙✉❝❤❡

Yes!7

0 1 3 5 7 9 4217−2
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❆♥❛❧②s❡

• ❉✳❤✳ ✇✐r ❜❡♥öt✐❣❡♥ ♥✉r ❞r❡✐ ❱❡r❣❧❡✐❝❤❡✳

• ❍❛t ❞❛s s♦rt✐❡rt❡ ❋❡❧❞ ✷♥ − ✶ ❊❧❡♠❡♥t❡✱ ❜❡♥öt✐❣❡♥ ✇✐r
♠❛①✐♠❛❧ ♥ ❱❡r❣❧❡✐❝❤❡✳

■❞❡❡✿

❲✐r ❢ü❤r❡♥ ❡✐♥❡ ❍✐❧❢s❢✉♥❦t✐♦♥

public static int find0 (int[] a, int x, int

n1, int n2)

❡✐♥✱ ❞✐❡ ✐♠ ■♥t❡r✈❛❧❧ [n1,n2] s✉❝❤t✳ ❉❛♠✐t✿

public static int find (int[] a, int x) {

return find0 (a, x, 0, a.length-1);

}
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■♠♣❧❡♠❡♥t✐❡r✉♥❣ ✜♥❞✵

public static int find0 (int[] a, int x, int n1, int n2) {

int t = (n1+n2)/2;

if (a[t] == x)

return t;

else if (n1 == n2)

return -1;

else if (x > a[t])

return find0 (a,x,t+1,n2);

else if (n1 < t)

return find0 (a,x,n1,t-1);

else return -1;

}
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❑♦♥tr♦❧❧✢✉ss✲❉✐❛❣r❛♠♠ ❢ür ✜♥❞✵✭✮

n1 < t

no yes
a[t]==x

return t;no yes
n1==n2

return find0(a,x,t+1,n2);

return find0(a,x,n1,t−1);

return −1;

return −1;

find0(a,x,n1,n2)

t = (n1+n2)/2;

no yes
x > a[t]

no yes
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❆❝❤t✉♥❣

• ❩✇❡✐ ❞❡r return✲❙t❛t❡♠❡♥ts ❡♥t❤❛❧t❡♥ ❡✐♥❡♥ ❋✉♥❦t✐♦♥s❛✉❢r✉❢
✕ ❞❡s❤❛❧❜ ❞✐❡ ▼❛r❦✐❡r✉♥❣❡♥ ❛♥ ❞❡♥ ❡♥ts♣r❡❝❤❡♥❞❡♥ ❑♥♦t❡♥✳

• ✭❲✐r ❤ätt❡♥ st❛tt❞❡ss❡♥ ❛✉❝❤ ③✇❡✐ ❑♥♦t❡♥ ✉♥❞ ❡✐♥❡
❍✐❧❢s✈❛r✐❛❜❧❡ result ❡✐♥❢ü❤r❡♥ ❦ö♥♥❡♥✮

• find0() r✉❢t s✐❝❤ s❡❧❜st ❛✉❢✳
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❆✉s❢ü❤r✉♥❣

find(a,7)
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❆✉s❢ü❤r✉♥❣

Aufruf

find(a,7)

find0(a,7,0,8)
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❆✉s❢ü❤r✉♥❣

find0(a,7,5,8)
Aufruf

find(a,7)

find0(a,7,0,8)
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❆✉s❢ü❤r✉♥❣

find0(a,7,5,8)

find(a,7)

find0(a,7,5,5)

Aufruf

find0(a,7,0,8)
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❆✉s❢ü❤r✉♥❣

Ergebnis 5

find(a,7)

find0(a,7,5,5)

find0(a,7,0,8)

find0(a,7,5,8)
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❆✉s❢ü❤r✉♥❣

Ergebnis 5

find(a,7)

find0(a,7,0,8)

find0(a,7,5,8)
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❆✉s❢ü❤r✉♥❣

Ergebnis 5

find(a,7)

find0(a,7,0,8)
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❆✉s❢ü❤r✉♥❣

find(a,7) Ergebnis 5
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❇❡♦❜❛❝❤t✉♥❣

• ❉✐❡ ❱❡r✇❛❧t✉♥❣ ❞❡r ❋✉♥❦t✐♦♥s❛✉❢r✉❢❡ ❡r❢♦❧❣t ♥❛❝❤ ❞❡♠
▲■❋❖✲Pr✐♥③✐♣ ✭▲❛st✲■♥✲❋✐rst✲❖✉t✮✳

• ❊✐♥❡ ❉❛t❡♥str✉❦t✉r✱ ❞✐❡ ♥❛❝❤ ❞✐❡s❡♠ ❙t❛♣❡❧✲Pr✐♥③✐♣ ✈❡r✇❛❧t❡t
✇✐r❞✱ ❤❡✐ÿt ❛✉❝❤ ❑❡❧❧❡r ♦❞❡r ❙t❛❝❦✳

• ✳✳✳ ❯♥❞ ❞✐❡ ❦❡♥♥❡♥ ✇✐r ❜❡r❡✐ts✦

• ❆❦t✐✈ ✐st ❥❡✇❡✐❧s ♥✉r ❞❡r ♦❜❡rst❡✴❧❡t③t❡ ❆✉❢r✉❢✳

• ❆❝❤t✉♥❣✿ ❡s ❦❛♥♥ ③✉ ❡✐♥❡♠ ❩❡✐t♣✉♥❦t ♠❡❤r❡r❡ ✇❡✐t❡r❡
✐♥❛❦t✐✈❡ ❆✉❢r✉❢❡ ❞❡r s❡❧❜❡♥ ❋✉♥❦t✐♦♥ ❣❡❜❡♥ ✦✦✦
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❚❡r♠✐♥✐❡r✉♥❣

❯♠ ③✉ ❜❡✇❡✐s❡♥✱ ❞❛ss find0() t❡r♠✐♥✐❡rt✱ ❜❡♦❜❛❝❤t❡♥ ✇✐r✿
✶ ❲✐r❞ find0() ❢ür ❡✐♥ ❡✐♥✲❡❧❡♠❡♥t✐❣❡s ■♥t❡r✈❛❧❧ [n,n]

❛✉❢❣❡r✉❢❡♥✱ ❞❛♥♥ t❡r♠✐♥✐❡rt ❞❡r ❋✉♥❦t✐♦♥s❛✉❢r✉❢ ❞✐r❡❦t✳
✷ ❲✐r❞ find0() ❢ür ❡✐♥ ■♥t❡r✈❛❧❧ [n1,n2] ❛✉❢❣❡r✉❢❡♥

♠✐t ♠❡❤r ❛❧s ❡✐♥❡♠ ❊❧❡♠❡♥t✱ ❞❛♥♥ t❡r♠✐♥✐❡rt ❞❡r ❆✉❢r✉❢
❡♥t✇❡❞❡r ❞✐r❡❦t ✭✇❡✐❧ x ❣❡❢✉♥❞❡♥ ✇✉r❞❡✮✱ ♦❞❡r
find0() ✇✐r❞ ♠✐t ❡✐♥❡♠ ■♥t❡r✈❛❧❧ ❛✉❢❣❡r✉❢❡♥✱ ❞❛s ❡❝❤t ✐♥
[n1,n2] ❡♥t❤❛❧t❡♥ ✐st✱ ❣❡♥❛✉❡r✿ s♦❣❛r ♠❛①✐♠❛❧ ❞✐❡ ❍ä❧❢t❡
❞❡r ❊❧❡♠❡♥t❡ ✈♦♥ [n1,n2] ❡♥t❤ä❧t✳

==⇒ ä❤♥❧✐❝❤❡ ❚❡❝❤♥✐❦ ✇✐r❞ ❛✉❝❤ ❢ür ❛♥❞❡r❡ r❡❦✉rs✐✈❡
❋✉♥❦t✐♦♥❡♥ ❛♥❣❡✇❛♥❞t✳
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❇❡♦❜❛❝❤t✉♥❣

• ❉❛s ❊r❣❡❜♥✐s ❡✐♥❡s ❆✉❢r✉❢s ✈♦♥ find0() ❧✐❡❢❡rt ❞✐r❡❦t
❞❛s ❊r❣❡❜♥✐s ❛✉❝❤ ❢ür ❞✐❡ ❛✉❢r✉❢❡♥❞❡ ❋✉♥❦t✐♦♥✦

• ❙♦❧❝❤❡ ❘❡❦✉rs✐♦♥ ❤❡✐ÿt ❊♥❞✲ ♦❞❡r ❚❛✐❧✲❘❡❦✉rs✐♦♥✳

• ❊♥❞✲❘❡❦✉rs✐♦♥ ❦❛♥♥ ❛✉❝❤ ♦❤♥❡ ❆✉❢r✉❢❦❡❧❧❡r ✐♠♣❧❡♠❡♥t✐❡rt
✇❡r❞❡♥ ✳✳✳

• ■❞❡❡✿ ❧❡❣❡ ❞❡♥ ♥❡✉❡♥ ❆✉❢r✉❢ ✈♦♥ find0() ♥✐❝❤t ♦❜❡♥
❛✉❢ ❞❡♥ ❙t❛♣❡❧✱ s♦♥❞❡r♥ ❡rs❡t③❡ ❞❡♥ ❜❡r❡✐ts ❞♦rt ❧✐❡❣❡♥❞❡♥
❆✉❢r✉❢ ✦
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❊♥❞✲❘❡❦✉rs✐♦♥

find(a,7)
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❊♥❞✲❘❡❦✉rs✐♦♥

find0(a,7,0,8)
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❊♥❞✲❘❡❦✉rs✐♦♥

find0(a,7,5,8)
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❊♥❞✲❘❡❦✉rs✐♦♥

find0(a,7,5,5)
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❊♥❞✲❘❡❦✉rs✐♦♥

find0(a,7,5,5) Ergebnis: 5
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❊♥❞✲❘❡❦✉rs✐♦♥

==⇒ ❡♥❞✲❘❡❦✉rs✐♦♥ ❦❛♥♥ ❞✉r❝❤ ■t❡r❛t✐♦♥ ✭❞✳❤✳ ❡✐♥❡ ♥♦r♠❛❧❡
❙❝❤❧❡✐❢❡✮ ❡rs❡t③t ✇❡r❞❡♥ ✳✳✳

public static int find (int[] a, int x) {

int n1 = 0;

int n2 = a.length-1;

while (true) {

int t = (n2+n1)/2;

if (x == a[t]) return t;

else if (n1 == n2) return -1;

else if (x > a[t]) n1 = t+1;

else if (n1 < t) n2 = t-1;

else return -1;

} ✴✴ ❡♥❞ ♦❢ ✇❤✐❧❡
} ✴✴ ❡♥❞ ♦❢ ❢ ✐♥❞
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❑♦♥tr♦❧❧✢✉ss

n1 < t

return t;no yes
n1==n2

no

return −1;

return −1; n2 = t−1;

yes
true

t = (n1+n2)/2;

no yes

yes
a[t]==x

find(a,x)

n1 = 0;

n2 = a.length−1;

x > a[t] 

n1 = t+1;
no yes
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❙❝❤❧❡✐❢❡♥ ✈❡r❧❛ss❡♥

• ❉✐❡ ❙❝❤❧❡✐❢❡ ✇✐r❞ ❤✐❡r ❛❧❧❡✐♥❡ ❞✉r❝❤ ❞✐❡ return✲❆♥✇❡✐s✉♥❣❡♥
✈❡r❧❛ss❡♥✳

• ❖✛❡♥❜❛r ❦ö♥♥❡♥ ❙❝❤❧❡✐❢❡♥ ♠✐t ♠❡❤r❡r❡♥ ❆✉s❣ä♥❣❡♥ ❙✐♥♥
❡r❣❡❜❡♥✳

• ❯♠ ❡✐♥❡ ❙❝❤❧❡✐❢❡ ③✉ ✈❡r❧❛ss❡♥✱ ♦❤♥❡ ❣❧❡✐❝❤ ❛♥s ❊♥❞❡ ❞❡r
❋✉♥❦t✐♦♥ ③✉ s♣r✐♥❣❡♥✱ ❦❛♥♥ ♠❛♥ ❞❛s break✲❙t❛t❡♠❡♥t
❜❡♥✉t③❡♥✳

• ❉❡r ❆✉❢r✉❢ ❞❡r ❡♥❞✲r❡❦✉rs✐✈❡♥ ❋✉♥❦t✐♦♥ ✇✐r❞ ❡rs❡t③t ❞✉r❝❤✿
◮ ❈♦❞❡ ③✉r P❛r❛♠❡t❡r✲Ü❜❡r❣❛❜❡❀
◮ ❡✐♥❡♥ ❙♣r✉♥❣ ❛♥ ❞❡♥ ❆♥❢❛♥❣ ❞❡s ❘✉♠♣❢s✳

• ❆❜❡r ❆❝❤t✉♥❣✱ ✇❡♥♥ ❞✐❡ ❋✉♥❦t✐♦♥ ❛♥ ♠❡❤r❡r❡♥ ❙t❡❧❧❡♥
❜❡♥✉t③t ✇✐r❞ ✦✦✦
✭❲❛s ✐st ❞❛s Pr♦❜❧❡♠ ❄✮

• ◆✐❝❤t ✉♥❜❡❞✐♥❣t ❞❡r s❛✉❜❡rst❡ Pr♦❣r❛♠♠✐❡rst✐❧✦

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✹✺✶



Rumpfs

find(a,x)

n1 = t+1;

yes

no yes
n1==n2

n2 = t−1;

return −1; return −1; return t;

t = (n1+n2)/2;

no

yes
a[t]==x

no

n1 = 0;

n2 = a.length−1;

x > a[t]

yes

no yes
n1 < t

Parameteruebergabe

an find0()

Weiterverwenden der Ergebnisse

Anfang des
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❇❡♠❡r❦✉♥❣

• ❏❡❞❡ ❘❡❦✉rs✐♦♥ ❧ässt s✐❝❤ ❜❡s❡✐t✐❣❡♥✱ ✐♥❞❡♠ ♠❛♥ ❞❡♥
❆✉❢r✉❢✲❑❡❧❧❡r ❡①♣❧✐③✐t ✈❡r✇❛❧t❡t✳

• ◆✉r ✐♠ ❋❛❧❧ ✈♦♥ ❊♥❞✲❘❡❦✉rs✐♦♥ ❦❛♥♥ ♠❛♥ ❛✉❢ ❞❡♥ ❑❡❧❧❡r
✈❡r③✐❝❤t❡♥✳

• ❘❡❦✉rs✐♦♥ ✐st tr♦t③❞❡♠ ♥üt③❧✐❝❤✱ ✇❡✐❧ r❡❦✉rs✐✈❡ Pr♦❣r❛♠♠❡ ♦❢t
❧❡✐❝❤t❡r ③✉ ✈❡rst❡❤❡♥ s✐♥❞ ❛❧s äq✉✐✈❛❧❡♥t❡ Pr♦❣r❛♠♠❡ ♦❤♥❡
❘❡❦✉rs✐♦♥ ✳✳✳
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Ü❜❡rs✐❝❤t

Pr✐♥③✐♣

❇❡✐s♣✐❡❧ ✶✿ ❉✐❡ ❚ür♠❡ ✈♦♥ ❍❛♥♦✐

❇❡✐s♣✐❡❧ ✷✿ ❉✐❡ ❑♦❝❤s❝❤❡ ❙❝❤♥❡❡✢♦❝❦❡

❇❡✐s♣✐❡❧ ✸✿ ❇✐♥är❡ ❙✉❝❤❡

❇❡✐s♣✐❡❧ ✹✿ ▼❡r❣❡s♦rt r❡❦✉rs✐✈

❇❡✐s♣✐❡❧ ❙✉❝❤♠❛s❝❤✐♥❡
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❇❡✐s♣✐❡❧ ✹✿ ▼❡r❣❡s♦rt r❡❦✉rs✐✈

• ❩✉r ❊r✐♥♥❡r✉♥❣✿ ❊✐♥❣❛❜❡ ③✇❡✐ ✭❜✐s❤❡r✿ s♦rt✐❡rt❡✮ ▲✐st❡♥✱
❆✉s❣❛❜❡✿ ❡✐♥❡ s♦rt✐❡rt❡ ▲✐st❡ ♠✐t ❡①❛❦t ❞❡♥ ❊❧❡♠❡♥t❡♥ ❞❡r
❊✐♥❣❛❜❡❧✐st❡♥

• ❘❡❦✉rs✐✈❡ ■♠♣❧❡♠❡♥t✐❡r✉♥❣ ♠✐t ▲✐st❡♥

public class List {

public int info;

public List next;

✴✴ ❑♦♥str✉❦t♦r❡♥ ✿
public List (int x, List l) {

info = x;

next = l;

}

public List (int x) {

info = x;

next = null;

}

...
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❇❡✐s♣✐❡❧ ✹✿ ▼❡r❣❡s♦rt r❡❦✉rs✐✈

• ❋❛❧❧s ❡✐♥❡ ❞❡r ❜❡✐❞❡♥ ▲✐st❡♥ a ✉♥❞ b ❧❡❡r ✐st✱ ❣❡❜❡♥ ✇✐r ❞✐❡
❛♥❞❡r❡ ❛✉s✳

• ❆♥❞❡r♥❢❛❧❧s ❣✐❜t ❡s ✐♥ ❥❡❞❡r ❞❡r ❜❡✐❞❡♥ ▲✐st❡♥ ❡✐♥ ❡rst❡s
✭❦❧❡✐♥st❡s✮ ❊❧❡♠❡♥t✳

• ❱♦♥ ❞✐❡s❡♥ ❜❡✐❞❡♥ ❊❧❡♠❡♥t❡♥ ♥❡❤♠❡♥ ✇✐r ❡✐♥ ❦❧❡✐♥st❡s✳

• ❉❛❤✐♥t❡r ❤ä♥❣❡♥ ✇✐r ❞✐❡ ▲✐st❡✱ ❞✐❡ ✇✐r ❞✉r❝❤ ▼✐s❝❤❡♥ ❞❡r
✈❡r❜❧❡✐❜❡♥❞❡♥ ❊❧❡♠❡♥t❡ ❡r❤❛❧t❡♥ ✳✳✳
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❈♦❞❡ merge()

public static List merge(List a, List b) {

if (b == null)

return a;

if (a == null)

return b;

if (b.info > a.info) {

a.next = merge(a.next, b);

return a;

} else {

b.next = merge(a, b.next);

return b;

}

}
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❑♦♥tr♦❧❧✢✉ss

merge(a,b)

a == null

yes

yesno

b == null

yes

no

b.info>a.info
no

return b;

return a;

merge(a.next,b);

a.next = 

return b; return a;

b.next = 

merge(a,b.next);
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❙♦rt✐❡r❡♥ ❞✉r❝❤ ▼✐s❝❤❡♥

• ❚❡✐❧❡ ③✉ s♦rt✐❡r❡♥❞❡ ▲✐st❡ ✐♥ ③✇❡✐ ❚❡✐❧✲▲✐st❡♥❀

• ❙♦rt✐❡r❡ ❥❡❞❡ ❍ä❧❢t❡ ❢ür s✐❝❤❀

• ▼✐s❝❤❡ ❞✐❡ ❊r❣❡❜♥✐ss❡✦
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❇❡✐s♣✐❡❧

Mische!

17 0 −3 7 9 1

1 7 90−3 17

7 9 117 0 −3

0−3 1 7 9 17

Halbiere!

Sortiere!
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❈♦❞❡ s♦rt

public static List sort(List a) {

if (a == null || a.next == null)

return a;

List b = a.half(); ✴✴ ❍❛❧❜✐❡r❡ ✦
a = sort(a);

b = sort(b);

return merge(a,b);

}
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❈♦❞❡ ❤❛❧❢

public List half() {

int n = length();

List t = this;

for(int i=0; i<n/2-1; i++)

t = t.next;

List result = t.next;

t.next = null;

return result;

}
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▲✐st❡♥ ❤❛❧❜✐❡r❡♥

a

b

b = a.half();

17 0 −3 7 9 1
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▲✐st❡♥ ❤❛❧❜✐❡r❡♥

a

b

17 0 −3 7 9 1

t
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▲✐st❡♥ ❤❛❧❜✐❡r❡♥

1b

17 0 −3

t

a

7 9
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▲✐st❡♥ ❤❛❧❜✐❡r❡♥

a

b 7 9 1

17 0 −3
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Ü❜❡rs✐❝❤t

Pr✐♥③✐♣

❇❡✐s♣✐❡❧ ✶✿ ❉✐❡ ❚ür♠❡ ✈♦♥ ❍❛♥♦✐

❇❡✐s♣✐❡❧ ✷✿ ❉✐❡ ❑♦❝❤s❝❤❡ ❙❝❤♥❡❡✢♦❝❦❡

❇❡✐s♣✐❡❧ ✸✿ ❇✐♥är❡ ❙✉❝❤❡

❇❡✐s♣✐❡❧ ✹✿ ▼❡r❣❡s♦rt r❡❦✉rs✐✈

❇❡✐s♣✐❡❧ ❙✉❝❤♠❛s❝❤✐♥❡
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❙✉❝❤♠❛s❝❤✐♥❡✿
❙♣✐❞❡r♥✴❈r❛✇❧❡♥ ❞❡r ❉♦❦✉♠❡♥t❡♥str✉❦t✉r

◮ ❙✉❝❤❡♥ ♥❛❝❤ ♥❡✉❡♥ ❉♦❦✉♠❡♥t❡♥ ❞✉r❝❤ ❉♦❦✉♠❡♥t❡♥✈❡r✇❡✐s❡

Programmieren Lernen

Peter Pepper

deutsch

David Flanagan

Java in a Nutshell

englischrefe
renc

es
DocumentCollection
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❙✉❝❤♠❛s❝❤✐♥❡✿ P❛❣❡❘❛♥❦

◮ ❇❡✇❡rt✉♥❣ ❞❡r ❉♦❦✉♠❡♥t❡ ❛♥ ❍❛♥❞ ❞❡r ❉♦❦✉♠❡♥t❡♥str✉❦t✉r
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Ü❜❡r❜❧✐❝❦
❚❡✐❧ ✶✿ ❊✐♥❢ü❤r✉♥❣
❚❡✐❧ ✷✿ ❖❜❥❡❦t❜❛s✐❡rt❡ Pr♦❣r❛♠♠✐❡r✉♥❣
❚❡✐❧ ✸✿ ❑♦♥tr♦❧❧str✉❦t✉r❡♥
❚❡✐❧ ✹✿ ❋❡❧❞❡r
❚❡✐❧ ✺✿ ❊✐♥✐❣❡ ❆❜str❛❦t❡ ❉❛t❡♥t②♣❡♥
❚❡✐❧ ✻✿ ❖❜❥❡❦t♦r✐❡♥t✐❡r✉♥❣
❚❡✐❧ ✼✿ ❘❡❦✉rs✐♦♥
❚❡✐❧ ✽✿ ❋♦rt❣❡s❝❤r✐tt❡♥❡ Pr♦❣r❛♠♠✐❡r❦♦♥str✉❦t❡
❚❡✐❧ ✾✿ ❊✐♥ ✇❡✐t❡r❡s ❣röÿ❡r❡s ❇❡✐s♣✐❡❧
❚❡✐❧ ✶✵✿ ◆❡❜❡♥❧ä✉✜❣❦❡✐t
❚❡✐❧ ✶✶✿ ❆♣♣❧❡ts ✉♥❞ ●❯■s
❚❡✐❧ ✶✷✿ ❇❡②♦♥❞ ❏❛✈❛
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Ü❜❡rs✐❝❤t

✽✳ ❋♦rt❣❡s❝❤r✐tt❡♥❡ Pr♦❣r❛♠♠✐❡r❦♦♥str✉❦t❡

❋❡❤❧❡r✲❖❜❥❡❦t❡✿ ❲❡r❢❡♥✱ ❋❛♥❣❡♥✱ ❇❡❤❛♥❞❡❧♥
❙tr✐♥❣s
■t❡r❛t♦r❡♥
❑♦❧❧❡❦t✐♦♥❡♥

❇❡✐s♣✐❡❧ ❋✉ÿ❜❛❧❧
❊✐♥✲ ✉♥❞ ❆✉s❣❛❜❡

❇②t❡✇❡✐s❡ ❊✐♥✲ ✉♥❞ ❆✉s❣❛❜❡
❚❡①t✉❡❧❧❡ ❊✐♥✲ ✉♥❞ ❆✉s❣❛❜❡

❚❡st❡♥
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Ü❜❡rs✐❝❤t

❋❡❤❧❡r✲❖❜❥❡❦t❡✿ ❲❡r❢❡♥✱ ❋❛♥❣❡♥✱ ❇❡❤❛♥❞❡❧♥

❙tr✐♥❣s

■t❡r❛t♦r❡♥

❑♦❧❧❡❦t✐♦♥❡♥

❊✐♥✲ ✉♥❞ ❆✉s❣❛❜❡

❚❡st❡♥
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▲❛✉❢③❡✐t❢❡❤❧❡r

• ❚r✐tt ✇ä❤r❡♥❞ ❞❡r Pr♦❣r❛♠♠❛✉s❢ü❤r✉♥❣ ❡✐♥ ❋❡❤❧❡r ❛✉❢✱ ✇✐r❞
❞✐❡ ♥♦r♠❛❧❡ ❆✉s❢ü❤r✉♥❣ ❛❜❣❡❜r♦❝❤❡♥ ✉♥❞ ❡✐♥ ❋❡❤❧❡r♦❜❥❡❦t
❡r③❡✉❣t ✭❣❡✇♦r❢❡♥✮✳

• ❉✐❡ ❑❧❛ss❡ Throwable ❢❛sst ❛❧❧❡ ❆rt❡♥ ✈♦♥ ▲❛✉❢③❡✐t❢❡❤❧❡r♥
③✉s❛♠♠❡♥✳

• ❊✐♥ ❋❡❤❧❡r✲❖❜❥❡❦t ❦❛♥♥ ❣❡❢❛♥❣❡♥ ✉♥❞ ❣❡❡✐❣♥❡t ❜❡❤❛♥❞❡❧t
✇❡r❞❡♥✳
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■❞❡❡

❊①♣❧✐③✐t❡ ❚r❡♥♥✉♥❣ ✈♦♥

• ◆♦r♠❛❧❡♠ Pr♦❣r❛♠♠✲❆❜❧❛✉❢ ✭❞❡r ❡✣③✐❡♥t ✉♥❞ ü❜❡rs✐❝❤t❧✐❝❤
s❡✐♥ s♦❧❧t❡✮❀ ✉♥❞

• ❇❡❤❛♥❞❧✉♥❣ ✈♦♥ ❙♦♥❞❡r❢ä❧❧❡♥ ✭✇✐❡ ✐❧❧❡❣❛❧❡♥ ❊✐♥❣❛❜❡♥✱ ❢❛❧s❝❤❡r
❇❡♥✉t③✉♥❣✱ ❙✐❝❤❡r❤❡✐ts❛tt❛❝❦❡♥✱ ✳✳✳✮
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❊✐♥✐❣❡ ✈♦r❞❡✜♥✐❡rt❡ ❋❡❤❧❡r✲❑❧❛ss❡♥

Exception

Error

AWTException

NumberFormatException

IOException

EOFException

Throwable
RuntimeException IndexOutOfBoundsException

ClassCastException

NullPointerException

NegativeArraySizeException

ArithmeticException

FileNotFoundException

java.lang

Object
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❚❤r♦✇❛❜❧❡

❉✐❡ ❞✐r❡❦t❡♥ ❯♥t❡r❦❧❛ss❡♥ ✈♦♥ Throwable s✐♥❞✿

• Error ✕ ❢ür ❢❛t❛❧❡ ❋❡❤❧❡r✱ ❞✐❡ ③✉r ❇❡❡♥❞✐❣✉♥❣ ❞❡s ❣❡s❛♠t❡♥
Pr♦❣r❛♠♠s ❢ü❤r❡♥✱ ✉♥❞

• Exception ✕ ❢ür ❜❡✇ä❧t✐❣❜❛r❡ ❋❡❤❧❡r ♦❞❡r ❆✉s♥❛❤♠❡♥✳

❆✉s♥❛❤♠❡♥ ❞❡r ❑❧❛ss❡ Exception✱ ❞✐❡ ✐♥ ❡✐♥❡r ▼❡t❤♦❞❡
❛✉❢tr❡t❡♥ ❦ö♥♥❡♥ ✉♥❞ ❞♦rt ♥✐❝❤t s❡❧❜st ❛❜❣❡❢❛♥❣❡♥ ✇❡r❞❡♥✱ ♠üss❡♥
❡①♣❧✐③✐t ✐♠ ❑♦♣❢ ❞❡r ▼❡t❤♦❞❡ ❛✉❢❣❡❧✐st❡t ✇❡r❞❡♥ ✦✦✦
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❆❝❤t✉♥❣

• ❉✐❡ ❯♥t❡r❦❧❛ss❡ RuntimeException ❞❡r ❑❧❛ss❡
Exception ❢❛sst ❞✐❡ ❜❡✐ ♥♦r♠❛❧❡r Pr♦❣r❛♠♠✲❆✉s❢ü❤r✉♥❣
❡✈t✳ ❛✉❢tr❡t❡♥❞❡♥ ❆✉s♥❛❤♠❡♥ ③✉s❛♠♠❡♥✳

• ❊✐♥❡ RuntimeException ❦❛♥♥ ❥❡❞❡r③❡✐t ❛✉❢tr❡t❡♥ ✳✳✳

• ❙✐❡ ❜r❛✉❝❤t ❞❛r✉♠ ♥✐❝❤t ✐♠ ❑♦♣❢ ✈♦♥ ▼❡t❤♦❞❡♥ ❞❡❦❧❛r✐❡rt ③✉
✇❡r❞❡♥✳

• ❙✐❡ ❦❛♥♥✱ ♠✉ss ❛❜❡r ♥✐❝❤t ❛❜❣❡❢❛♥❣❡♥ ✇❡r❞❡♥✳

❆rt❡♥ ❞❡r ❋❡❤❧❡r✲❇❡❤❛♥❞❧✉♥❣✿

■❣♥♦r✐❡r❡♥❀

❆❜❢❛♥❣❡♥ ✉♥❞ ❞♦rt ❜❡❤❛♥❞❡❧♥✱ ✇♦ s✐❡ ❡♥tst❡❤❡♥❀

❆❜❢❛♥❣❡♥ ✉♥❞ ❜❡❤❛♥❞❡❧♥ ❛♥ ❡✐♥❡r ❛♥❞❡r❡♥ ❙t❡❧❧❡✳

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✹✼✺



❆❝❤t✉♥❣

• ❉✐❡ ❯♥t❡r❦❧❛ss❡ RuntimeException ❞❡r ❑❧❛ss❡
Exception ❢❛sst ❞✐❡ ❜❡✐ ♥♦r♠❛❧❡r Pr♦❣r❛♠♠✲❆✉s❢ü❤r✉♥❣
❡✈t✳ ❛✉❢tr❡t❡♥❞❡♥ ❆✉s♥❛❤♠❡♥ ③✉s❛♠♠❡♥✳

• ❊✐♥❡ RuntimeException ❦❛♥♥ ❥❡❞❡r③❡✐t ❛✉❢tr❡t❡♥ ✳✳✳

• ❙✐❡ ❜r❛✉❝❤t ❞❛r✉♠ ♥✐❝❤t ✐♠ ❑♦♣❢ ✈♦♥ ▼❡t❤♦❞❡♥ ❞❡❦❧❛r✐❡rt ③✉
✇❡r❞❡♥✳

• ❙✐❡ ❦❛♥♥✱ ♠✉ss ❛❜❡r ♥✐❝❤t ❛❜❣❡❢❛♥❣❡♥ ✇❡r❞❡♥✳

❆rt❡♥ ❞❡r ❋❡❤❧❡r✲❇❡❤❛♥❞❧✉♥❣✿

• ■❣♥♦r✐❡r❡♥❀

• ❆❜❢❛♥❣❡♥ ✉♥❞ ❞♦rt ❜❡❤❛♥❞❡❧♥✱ ✇♦ s✐❡ ❡♥tst❡❤❡♥❀

• ❆❜❢❛♥❣❡♥ ✉♥❞ ❜❡❤❛♥❞❡❧♥ ❛♥ ❡✐♥❡r ❛♥❞❡r❡♥ ❙t❡❧❧❡✳
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❑❡✐♥❡ ❋❡❤❧❡r❜❡❤❛♥❞❧✉♥❣❄

❚r✐tt ❡✐♥ ❋❡❤❧❡r ❛✉❢ ✉♥❞ ✇✐r❞ ♥✐❝❤t ❜❡❤❛♥❞❡❧t✱ ❜r✐❝❤t ❞✐❡
Pr♦❣r❛♠♠❛✉s❢ü❤r✉♥❣ ❛❜✳

❇❡✐s♣✐❡❧✿

public class Zero {

public static main(String[] args) {

int x = 10;

int y = 0;

System.out.println(x/y);

} ✴✴ ❡♥❞ ♦❢ ♠❛✐♥✭✮
} ✴✴ ❡♥❞ ♦❢ ❝ ❧❛s s ❩❡r♦

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✹✼✻



❋❡❤❧❡r♠❡❧❞✉♥❣

❉❛s Pr♦❣r❛♠♠ ❜r✐❝❤t ✇❡❣❡♥ ❉✐✈✐s✐♦♥ ❞✉r❝❤ (int)0 ❛❜ ✉♥❞ ❧✐❡❢❡rt
❞✐❡ ❋❡❤❧❡r✲▼❡❧❞✉♥❣✿

Exception in thread "main" java.lang.ArithmeticException: / by zero

at Zero.main(Compiled Code)

❉✐❡ ❋❡❤❧❡r♠❡❧❞✉♥❣ ❜❡st❡❤t ❛✉s ❞r❡✐ ❚❡✐❧❡♥✿

✶ ❞❡r ↑❚❤r❡❛❞✱ ✐♥ ❞❡♠ ❞❡r ❋❡❤❧❡r ❛✉❢tr❛t❀
✷ System.err.println(toString()); ❞✳❤✳ ❞❡♠

◆❛♠❡♥ ❞❡r ❋❡❤❧❡r❦❧❛ss❡✱ ❣❡❢♦❧❣t ✈♦♥ ❡✐♥❡r ❋❡❤❧❡r♠❡❧❞✉♥❣✱ ❞✐❡
❞✐❡ ❖❜❥❡❦t✲▼❡t❤♦❞❡ getMessage() ❧✐❡❢❡rt✱ ❤✐❡r✿ ✏/ by

zero✑✳
✸ printStackTrace(System.err); ❞✳❤✳ ❞❡r

❋✉♥❦t✐♦♥✱ ✐♥ ❞❡r ❞❡r ❋❡❤❧❡r ❛✉❢tr❛t✱ ❣❡♥❛✉❡r✿ ❞❡r ❆♥❣❛❜❡
sä♠t❧✐❝❤❡r ❆✉❢r✉❢❡ ✐♠ ❘❡❦✉rs✐♦♥s✲❙t❛❝❦✳
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❋❡❤❧❡r❜❡❤❛♥❞❧✉♥❣ ■

❙♦❧❧ ❞✐❡ Pr♦❣r❛♠♠❛✉s❢ü❤r✉♥❣ ♥✐❝❤t ❜❡❡♥❞❡t ✇❡r❞❡♥✱ ♠✉ss ❞❡r
❋❡❤❧❡r ❛❜❣❡❢❛♥❣❡♥ ✇❡r❞❡♥✳

❇❡✐s♣✐❡❧✿ NumberFormatException

public class Adding {

public static void main(String[] args) {

int x = getInt("1. Zahl:\t");

int y = getInt("2. Zahl:\t");

write("Summe:\t\t"+ (x+y));

} ✴✴ ❡♥❞ ♦❢ ♠❛✐♥✭✮
public static int getInt(String str) {

...
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❋❡❤❧❡r❜❡❤❛♥❞❧✉♥❣ ■■

• ❉❛s Pr♦❣r❛♠♠ ❧✐❡st ③✇❡✐ int✲❲❡rt❡ ❡✐♥ ✉♥❞ ❛❞❞✐❡rt s✐❡✳

• ❇❡✐ ❞❡r ❊✐♥❣❛❜❡ ❦ö♥♥❡♥ ♠ö❣❧✐❝❤❡r✇❡✐s❡ ❋❡❤❧❡r ❛✉❢tr❡t❡♥✿

• ✳✳✳ ✇❡✐❧ ❦❡✐♥❡ s②♥t❛❦t✐s❝❤ ❦♦rr❡❦t❡ ❩❛❤❧ ❡✐♥❣❡❣❡❜❡♥ ✇✐r❞❀

• ✳✳✳ ✇❡✐❧ s♦♥st✐❣❡ ✉♥✈♦r❤❡rs❡❤❜❛r❡ ❊r❡✐❣♥✐ss❡ ❡✐♥tr❡✛❡♥✳

• ❉✐❡ ❇❡❤❛♥❞❧✉♥❣ ❞✐❡s❡r ❋❡❤❧❡r ✐st ✐♥ ❞❡r ❋✉♥❦t✐♦♥ getInt()
✈❡r❜♦r❣❡♥ ✳✳✳
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❋❡❤❧❡r❜❡❤❛♥❞❧✉♥❣ ■■■✿ ❈♦❞❡

String s;

while (true) {

try {

s = Terminal.readString(str);

return Integer.parseInt(s);

} catch (NumberFormatException e) {

System.out.println("Falsche Eingabe! ...");

} catch (IOException e) {

System.out.println("Eingabeproblem: Ende ...");

System.exit(0);

}

} ✴✴ ❡♥❞ ♦❢ ✇❤✐❧❡
} ✴✴ ❡♥❞ ♦❢ ❣❡ t ■♥t ✭✮

} ✴✴ ❡♥❞ ♦❢ ❝ ❧❛s s ❆❞❞✐♥❣
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❇❡✐s♣✐❡❧❛❜❧❛✉❢

> java Adding

1. Zahl: abc

Falsche Eingabe! ...

1. Zahl: 0.3

Falsche Eingabe! ...

1. Zahl: 17

2. Zahl: 25

Summe: 42
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❆✉s♥❛❤♠❡❜❡❤❛♥❞❧✉♥❣ ■

• ❊✐♥ ❊①❝❡♣t✐♦♥✲❍❛♥❞❧❡r ❜❡st❡❤t ❛✉s ❡✐♥❡♠ try✲❇❧♦❝❦ try {

ss } ✱ ✐♥ ❞❡♠ ❞❡r ❋❡❤❧❡r ♠ö❣❧✐❝❤❡r✇❡✐s❡ ❛✉❢tr✐tt❀ ❣❡❢♦❧❣t ✈♦♥
❡✐♥❡r ♦❞❡r ♠❡❤r❡r❡♥ catch✲❘❡❣❡❧♥✳

• ❲✐r❞ ❜❡✐ ❞❡r ❆✉s❢ü❤r✉♥❣ ❞❡r ❙t❛t❡♠❡♥t✲❋♦❧❣❡ ss ❦❡✐♥
❋❡❤❧❡r✲❖❜❥❡❦t ❡r③❡✉❣t✱ ❢ä❤rt ❞✐❡ Pr♦❣r❛♠♠❛✉s❢ü❤r✉♥❣ ❞✐r❡❦t
❤✐♥t❡r ❞❡♠ ❍❛♥❞❧❡r ❢♦rt✳

• ❲✐r❞ ❡✐♥❡ ❊①❝❡♣t✐♦♥ ❛✉s❣❡❧öst✱ ❞✉r❝❤s✉❝❤t ❞❡r ❍❛♥❞❧❡r
♠✐t❤✐❧❢❡ ❞❡s ❣❡✇♦r❢❡♥❡♥ ❋❡❤❧❡r✲❖❜❥❡❦ts s❡q✉❡♥t✐❡❧❧ ❞✐❡
catch✲❘❡❣❡❧♥✳
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❆✉s♥❛❤♠❡❜❡❤❛♥❞❧✉♥❣ ■■

• ❏❡❞❡ catch✲❘❡❣❡❧ ✐st ✈♦♥ ❞❡r ❋♦r♠✿ catch (❊①❝
e) {...} ✇♦❜❡✐ ❊①❝ ❡✐♥❡ ❑❧❛ss❡ ✈♦♥ ❋❡❤❧❡r♥ ❛♥❣✐❜t ✉♥❞ e
❡✐♥ ❢♦r♠❛❧❡r P❛r❛♠❡t❡r ✐st✱ ❛♥ ❞❡♥ ❞❛s ❋❡❤❧❡r✲❖❜❥❡❦t
❣❡❜✉♥❞❡♥ ✇✐r❞✳

• ❊✐♥❡ ❘❡❣❡❧ ✐st ❛♥✇❡♥❞❜❛r✱ s♦❢❡r♥ ❞❛s ❋❡❤❧❡r✲❖❜❥❡❦t ❛✉s ✭❡✐♥❡r
❯♥t❡r❦❧❛ss❡✮ ✈♦♥ ❊①❝ st❛♠♠t✳

• ❉✐❡ ❡rst❡ catch✲❘❡❣❡❧✱ ❞✐❡ ❛♥✇❡♥❞❜❛r ✐st✱ ✇✐r❞ ❛♥❣❡✇❡♥❞❡t✳
❉❛♥♥ ✇✐r❞ ❞❡r ❍❛♥❞❧❡r ✈❡r❧❛ss❡♥✳

• ■st ❦❡✐♥❡ catch✲❘❡❣❡❧ ❛♥✇❡♥❞❜❛r✱ ✇✐r❞ ❞❡r ❋❡❤❧❡r ♣r♦♣❛❣✐❡rt✳

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✹✽✸



❩✉r ▲❛✉❢③❡✐t

h()

g()

g()

f()

try...

try...
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❩✉r ▲❛✉❢③❡✐t

g()

g()

f() Exception

h()

try...

try...
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❩✉r ▲❛✉❢③❡✐t

Exception

h()

catch...

try...
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❩✉r ▲❛✉❢③❡✐t

Exception

catch...
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❩✉r ▲❛✉❢③❡✐t

• ❆✉s❧ös❡♥ ❡✐♥❡s ❋❡❤❧❡rs ✈❡r❧ässt ❛❜r✉♣t ❞✐❡ ❛❦t✉❡❧❧❡ ❇❡r❡❝❤♥✉♥❣

• ❉❛♠✐t ❞❛s Pr♦❣r❛♠♠ tr♦t③ ❆✉❢tr❡t❡♥s ❞❡s ❋❡❤❧❡rs ✐♥ ❡✐♥❡♠
❣❡♦r❞♥❡t❡♥ ❩✉st❛♥❞ ❜❧❡✐❜t✱ ✐st ♦❢t ❆✉❢rä✉♠❛r❜❡✐t ❡r❢♦r❞❡r❧✐❝❤ ✕
③✳❇✳ ❞❛s ❙❝❤❧✐❡ÿ❡♥ ✈♦♥ ■✴❖✲❙trö♠❡♥ ✭❦♦♠♠t✦✮

• ❉❛③✉ ❞✐❡♥t finally { ❢ss } ♥❛❝❤ ❡✐♥❡♠ try✲❙t❛t❡♠❡♥t
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❆❝❤t✉♥❣

• ❉✐❡ ❋♦❧❣❡ ❢ss ✈♦♥ ❙t❛t❡♠❡♥ts ✇✐r❞ ❛✉❢ ❥❡❞❡♥ ❋❛❧❧ ❛✉s❣❡❢ü❤rt✳

• ❲✐r❞ ❦❡✐♥ ❋❡❤❧❡r ✐♠ try✲❇❧♦❝❦ ❣❡✇♦r❢❡♥✱ ✇✐r❞ s✐❡ ✐♠
❆♥s❝❤❧✉ss ❛♥ ❞❡♥ try✲❇❧♦❝❦ ❛✉s❣❡❢ü❤rt✳

• ❲✐r❞ ❡✐♥ ❋❡❤❧❡r ❣❡✇♦r❢❡♥ ✉♥❞ ♠✐t ❡✐♥❡r catch✲❘❡❣❡❧
❜❡❤❛♥❞❡❧t✱ ✇✐r❞ s✐❡ ♥❛❝❤ ❞❡♠ ❇❧♦❝❦ ❞❡r catch✲❘❡❣❡❧
❛✉s❣❡❢ü❤rt✳

• ❲✐r❞ ❞❡r ❋❡❤❧❡r ✈♦♥ ❦❡✐♥❡r catch✲❘❡❣❡❧ ❜❡❤❛♥❞❡❧t✱ ✇✐r❞ ❢ss
❛✉s❣❡❢ü❤rt ✉♥❞ ❞❛♥♥ ❞❡r ❋❡❤❧❡r ✇❡✐t❡r❣❡r❡✐❝❤t✳
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❇❡✐s♣✐❡❧ ◆✉❧❧P♦✐♥t❡r❊①❝❡♣t✐♦♥

public class Kill {

public static void kill() {

Object x = null; x.hashCode ();

}

public static void main(String[] args) {

try {

kill();

} catch (ClassCastException b) {

System.out.println("Falsche Klasse!!!");

} finally {

System.out.println("Leider nix gefangen ...");

}

} ✴✴ ❡♥❞ ♦❢ ♠❛✐♥✭✮
} ✴✴ ❡♥❞ ♦❢ ❝ ❧❛s s ❑✐ ❧ ❧
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✳✳✳ ❧✐❡❢❡rt

> java Kill

Leider nix gefangen ...

Exception in thread "main" java.lang.NullPointerException

at Kill.kill(Compiled Code)

at Kill.main(Compiled Code)

❊①❝❡♣t✐♦♥s ❦ö♥♥❡♥ ❛✉❝❤

• ❙❡❧❜st ❞❡✜♥✐❡rt ✉♥❞

• ❙❡❧❜st ❣❡✇♦r❢❡♥ ✇❡r❞❡♥✳
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❇❡✐s♣✐❡❧

public class Killed extends Exception {

Killed() {}

Killed(String s) {super(s);}

} ✴✴ ❡♥❞ ♦❢ ❝ ❧❛s s ❑✐ ❧ ❧ ❡❞
public class Kill {

public static void kill() throws Killed {

throw new Killed();

}

...

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✹✽✾



❇❡✐s♣✐❡❧

public static void main(String[] args) {

try {

kill();

} catch (RuntimeException r) {

System.out.println("RunTimeException "+ r +"\n");

} catch (Killed b) {

System.out.println("Killed It!");

System.out.println(b);

System.out.println(b.getMessage());

}

} ✴✴ ❡♥❞ ♦❢ ♠❛✐♥
} ✴✴ ❡♥❞ ♦❢ ❝ ❧❛s s ❑✐ ❧ ❧
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❙♣❡③✐❛❧✐s✐❡rt❡ ❋❡❤❧❡r

• ❊✐♥ s❡❧❜st❞❡✜♥✐❡rt❡r ❋❡❤❧❡r s♦❧❧t❡ ❛❧s ❯♥t❡r❦❧❛ss❡ ✈♦♥
Exception ❞❡❦❧❛r✐❡rt ✇❡r❞❡♥ ✦

• ❉✐❡ ❑❧❛ss❡ Exception ✈❡r❢ü❣t ü❜❡r ❞✐❡ ❑♦♥str✉❦t♦r❡♥
public Exception(); public

Exception(String str);

✭str ✐st ❞✐❡ ❡✈t✳ ❛✉s③✉❣❡❜❡♥❞❡ ❋❡❤❧❡r♠❡❧❞✉♥❣✮✳

• throw ❡①❝ ❧öst ❞❡♥ ❋❡❤❧❡r ❡①❝ ❛✉s ✕ s♦❢❡r♥ s✐❝❤ ❞❡r
❆✉s❞r✉❝❦ ❡①❝ ③✉ ❡✐♥❡♠ ❖❜❥❡❦t ❡✐♥❡r ❯♥t❡r❦❧❛ss❡ ✈♦♥
Throwable ❛✉s✇❡rt❡t✳

• ❲❡✐❧ Killed ❦❡✐♥❡ ❯♥t❡r❦❧❛ss❡ ✈♦♥ RuntimeException
✐st✱ ✇✐r❞ ❞✐❡ ❣❡✇♦r❢❡♥❡ ❊①❝❡♣t✐♦♥ ❡rst ✈♦♥ ❞❡r ③✇❡✐t❡♥
catch✲❘❡❣❡❧ ❣❡❢❛♥❣❡♥✳

• ❆✉s❣❛❜❡✿ Killed It!

Killed

Null
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❋❛③✐t

• ❋❡❤❧❡r ✐♥ ❏❛✈❛ s✐♥❞ ❖❜❥❡❦t❡ ✉♥❞ ❦ö♥♥❡♥ ✈♦♠ Pr♦❣r❛♠♠ s❡❧❜st
❜❡❤❛♥❞❡❧t ✇❡r❞❡♥✳

• try ... catch ... finally ❣❡st❛tt❡t✱ ❞✐❡
❋❡❤❧❡r❜❡❤❛♥❞❧✉♥❣ ❞❡✉t❧✐❝❤ ✈♦♥ ❞❡r ♥♦r♠❛❧❡♥
Pr♦❣r❛♠♠❛✉s❢ü❤r✉♥❣ ③✉ tr❡♥♥❡♥✳

• ❉✐❡ ✈♦r❞❡✜♥✐❡rt❡♥ ❋❡❤❧❡r❛rt❡♥ r❡✐❝❤❡♥ ♦❢t ❛✉s✳

• ❲❡r❞❡♥ s♣❡③✐❡❧❧❡ ♥❡✉❡ ❋❡❤❧❡r✴❆✉s♥❛❤♠❡♥ ❜❡♥öt✐❣t✱ ❦ö♥♥❡♥
❞✐❡s❡ ✐♥ ❡✐♥❡r ❱❡r❡r❜✉♥❣s❤✐❡r❛r❝❤✐❡ ♦r❣❛♥✐s✐❡rt ✇❡r❞❡♥✳

• ❊①❝❡♣t✐♦♥s ❞ür❢❡♥ ♥✐❝❤t ❡✐♥❣❡s❡t③t ✇❡r❞❡♥✱ ✉♠
Pr♦❣r❛♠♠✐❡r❢❡❤❧❡r ③✉ ❜❡❤❡❜❡♥✦
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❲❛r♥✉♥❣

• ❉❡r ❋❡❤❧❡r✲▼❡❝❤❛♥✐s♠✉s ✈♦♥ ❏❛✈❛ s♦❧❧t❡ ❛✉❝❤ ♥✉r ③✉r
❋❡❤❧❡r✲❇❡❤❛♥❞❧✉♥❣ ❡✐♥❣❡s❡t③t ✇❡r❞❡♥✿

• ■♥st❛❧❧✐❡r❡♥ ❡✐♥❡s ❍❛♥❞❧❡rs ✐st ❜✐❧❧✐❣❀ ❢❛♥❣❡♥ ❡✐♥❡r
Exception ❞❛❣❡❣❡♥ t❡✉❡r✳

• ❊✐♥ ♥♦r♠❛❧❡r Pr♦❣r❛♠♠✲❆❜❧❛✉❢ ❦❛♥♥ ❞✉r❝❤ ❡✐♥❣❡s❡t③t❡
Exceptions ❜✐s ③✉r ❯♥❞✉r❝❤s✐❝❤t✐❣❦❡✐t ✈❡rs❝❤❧❡✐❡rt
✇❡r❞❡♥✳

• ❲❛s ♣❛ss✐❡rt✱ ✇❡♥♥ catch✲ ✉♥❞ finally✲❘❡❣❡❧♥
s❡❧❜st ✇✐❡❞❡r ❋❡❤❧❡r ✇❡r❢❡♥❄

• ❋❡❤❧❡r s♦❧❧t❡♥ ❞♦rt ❜❡❤❛♥❞❡❧t ✇❡r❞❡♥✱ ✇♦ s✐❡ ❛✉❢tr❡t❡♥✳

• ❊s ✐st ❜❡ss❡r✱ s♣❡③✐✜s❝❤❡r❡ ❋❡❤❧❡r ③✉ ❢❛♥❣❡♥ ❛❧s ❛❧❧❣❡♠❡✐♥❡ ✕
③✳❇✳ ♠✐t catch (Exception e) { }

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✹✾✸



Ü❜❡rs✐❝❤t

❋❡❤❧❡r✲❖❜❥❡❦t❡✿ ❲❡r❢❡♥✱ ❋❛♥❣❡♥✱ ❇❡❤❛♥❞❡❧♥

❙tr✐♥❣s

■t❡r❛t♦r❡♥

❑♦❧❧❡❦t✐♦♥❡♥

❊✐♥✲ ✉♥❞ ❆✉s❣❛❜❡

❚❡st❡♥
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❙tr✐♥❣s

• ❉✐❡ ❑❧❛ss❡ String st❡❧❧t ❲ört❡r ✈♦♥ ✭❯♥✐❝♦❞❡✲✮ ❩❡✐❝❤❡♥ ❞❛r✳

• ❖❜❥❡❦t❡ ❞✐❡s❡r ❑❧❛ss❡ s✐♥❞ st❡ts ❦♦♥st❛♥t✱ ❞✳❤✳ ❦ö♥♥❡♥ ♥✐❝❤t
✈❡rä♥❞❡rt ✇❡r❞❡♥✳

• ❱❡rä♥❞❡r❜❛r❡ ❲ört❡r st❡❧❧t ❞✐❡ ❑❧❛ss❡ ↑StringBuffer
③✉r ❱❡r❢ü❣✉♥❣✳
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❙tr✐♥❣s

❇❡✐s♣✐❡❧

String str = "abc";

✳✳✳ ✐st äq✉✐✈❛❧❡♥t ③✉✿

char[] data = new char[] {’a’, ’b’, ’c’};

String str = new String(data);

❲❡✐t❡r❡ ❇❡✐s♣✐❡❧❡✿

System.out.println("abc");

String cde = "cde";

System.out.println("abc"+cde);

String c = "abc".substring(2,3);

String d = cde.substring(1,2);
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❙tr✐♥❣s

• ❉✐❡ ❑❧❛ss❡ String st❡❧❧t ▼❡t❤♦❞❡♥ ③✉r ❱❡r❢ü❣✉♥❣✱ ✉♠

• ❊✐♥③❡❧♥❡ ❩❡✐❝❤❡♥ ♦❞❡r ❚❡✐❧❢♦❧❣❡♥ ③✉ ✉♥t❡rs✉❝❤❡♥✱

• ❲ört❡r ③✉ ✈❡r❣❧❡✐❝❤❡♥✱

• ◆❡✉❡ ❑♦♣✐❡♥ ✈♦♥ ❲ört❡r♥ ③✉ ❡r③❡✉❣❡♥✱ ❞✐❡ ❡t✇❛ ♥✉r ❛✉s
❑❧❡✐♥✲ ✭♦❞❡r ●r♦ÿ✲✮ ❇✉❝❤st❛❜❡♥ ❜❡st❡❤❡♥✳

• ❋ür ❥❡❞❡ ❑❧❛ss❡ ❣✐❜t ❡s ❡✐♥❡ ▼❡t❤♦❞❡ String
toString()✱ ❞✐❡ ❡✐♥❡ String✲❉❛rst❡❧❧✉♥❣ ❧✐❡❢❡rt✳

• ❉❡r ❑♦♥❦❛t❡♥❛t✐♦♥s✲❖♣❡r❛t♦r ✏+✑ ✐st ♠✐t❤✐❧❢❡ ❞❡r ▼❡t❤♦❞❡
append() ❞❡r ❑❧❛ss❡ StringBuffer ✐♠♣❧❡♠❡♥t✐❡rt✳
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❊✐♥✐❣❡ ❑♦♥str✉❦t♦r❡♥

• String();

• String(char[] value);

• String(String s);

• String(StringBuffer buffer);
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❊✐♥✐❣❡ ❖❜❥❡❦t✲▼❡t❤♦❞❡♥

• char charAt(int index);

• int compareTo(String anotherString);

• boolean equals(Object obj);

• String intern();

• int indexOf(int chr);

• int indexOf(int chr, int fromIndex);

• int lastIndexOf(int chr);

• int lastIndexOf(int chr, int fromIndex);
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✳✳✳ ✉♥❞ ✇❡✐t❡r❡ ❖❜❥❡❦t✲▼❡t❤♦❞❡♥

• int length();

• String replace(char oldChar, char newChar);

• String substring(int beginIndex);

• String substring(int beginIndex, int

endIndex);

• char[] toCharArray();

• String toLowerCase();

• String toUpperCase();

• String trim(); ✿ ❜❡s❡✐t✐❣t ❲❤✐t❡ ❙♣❛❝❡ ❛♠ ❆♥❢❛♥❣
✉♥❞ ❊♥❞❡ ❞❡s ❲♦rts✳

✳✳✳ s♦✇✐❡ ✈✐❡❧❡ ✇❡✐t❡r❡✳
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❩✉r ❖❜❥❡❦t✲▼❡t❤♦❞❡ intern():

• ❉✐❡ ❏❛✈❛✲❑❧❛ss❡ String ✈❡r✇❛❧t❡t ❡✐♥❡♥ ♣r✐✈❛t❡♥ ❙tr✐♥❣✲P♦♦❧✿

"Hello"

"abc"

" World!"

"Quatsch..."
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❙tr✐♥❣✲P♦♦❧

• ❆❧❧❡ String✲❑♦♥st❛♥t❡♥ ❞❡s Pr♦❣r❛♠♠s ✇❡r❞❡♥ ❛✉t♦♠❛t✐s❝❤
✐♥ ❞❡♥ P♦♦❧ ❡✐♥❣❡tr❛❣❡♥✳

• s.intern(); ü❜❡r♣rü❢t✱ ♦❜ ❞✐❡ ❣❧❡✐❝❤❡ ❩❡✐❝❤❡♥❢♦❧❣❡ ✇✐❡
s ❜❡r❡✐ts ✐♠ P♦♦❧ ✐st✳

• ■st ❞✐❡s ❞❡r ❋❛❧❧✱ ✇✐r❞ ❡✐♥ ❱❡r✇❡✐s ❛✉❢ ❞❛s P♦♦❧✲❖❜❥❡❦t ③✉rü❝❦
❣❡❣❡❜❡♥✳

• ❆♥❞❡r♥❢❛❧❧s ✇✐r❞ s ✐♥ ❞❡♥ P♦♦❧ ❡✐♥❣❡tr❛❣❡♥ ✉♥❞ s

③✉rü❝❦ ❣❡❧✐❡❢❡rt✳
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❙tr✐♥❣✲P♦♦❧

"Hello"

"abc"

"Hello World!"

" World!"

str

str = str.intern();

"Quatsch..."
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❙tr✐♥❣✲P♦♦❧

"abc"

"Quatsch..."

"Hello World!"

" World!"

str

"Hello"
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❙tr✐♥❣✲P♦♦❧

"Hello"

"abc"

"Quatsch..."

" World!"

str

str = str.intern();

"Quatsch..."
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❙tr✐♥❣✲P♦♦❧

"Hello"

"abc"

" World!"

str

"Quatsch..."
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❱♦rt❡✐❧

• ■♥t❡r♥❛❧✐s✐❡rt❡ ❲ört❡r ❡①✐st✐❡r❡♥ ♥✉r ❡✐♥♠❛❧✳

• ❚❡st ❛✉❢ ●❧❡✐❝❤❤❡✐t r❡❞✉③✐❡rt s✐❝❤ ③✉ ❚❡st ❛✉❢
❘❡❢❡r❡♥③✲●❧❡✐❝❤❤❡✐t✱ ❞✳❤✳ ✏==✑
==⇒ ❡r❤❡❜❧✐❝❤ ❡✣③✐❡♥t❡r ❛❧s ③❡✐❝❤❡♥✇❡✐s❡r ❱❡r❣❧❡✐❝❤ ✦✦✦

✳✳✳ ❜❧❡✐❜t ♥✉r ❡✐♥ Pr♦❜❧❡♠✿

• ❲✐❡ ✜♥❞❡t ♠❛♥ ❤❡r❛✉s✱ ♦❜ ❡✐♥ ❣❧❡✐❝❤❡s ❲♦rt ✐♠ P♦♦❧ ✐st ❄❄
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✶✳ ■❞❡❡

• ❱❡r✇❛❧t❡ ❡✐♥❡ ▲✐st❡ ❞❡r ✭❱❡r✇❡✐s❡ ❛✉❢ ❞✐❡✮ ❲ört❡r ✐♠ P♦♦❧❀

• ✐♠♣❧❡♠❡♥t✐❡r❡ intern() ❛❧s ❡✐♥❡ List✲▼❡t❤♦❞❡✱ ❞✐❡ ❞✐❡
▲✐st❡ ♥❛❝❤ ❞❡♠ ❣❡s✉❝❤t❡♥ ❲♦rt ❞✉r❝❤s✉❝❤t✳

• ■st ❞❛s ❲♦rt ✈♦r❤❛♥❞❡♥✱ ✇✐r❞ ❡✐♥ ❱❡r✇❡✐s ❞❛r❛✉❢
③✉rü❝❦❣❡❣❡❜❡♥✳

• ❆♥❞❡r♥❢❛❧❧s ✇✐r❞ ❞❛s ❲♦rt ✭③✳❇✳ ✈♦r♥❡✮ ✐♥ ❞✐❡ ▲✐st❡ ❡✐♥❣❡❢ü❣t✳
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✶✳ ■❞❡❡

"Hello"

"abc"

" World!"

poolList

"Quatsch..."

✰ ❉✐❡ ■♠♣❧❡♠❡♥t✐❡r✉♥❣ ✐st ❡✐♥❢❛❝❤✳

✲ ❞✐❡ ❖♣❡r❛t✐♦♥ ♠✉ss ❞❛s ❡✐♥③✉❢ü❣❡♥❞❡ ❲♦rt ♠✐t
❥❡❞❡♠ ❲♦rt ✐♠ P♦♦❧ ✈❡r❣❧❡✐❝❤❡♥ ✐♠♠❡♥s t❡✉❡r ✦✦✦
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✶✳ ■❞❡❡

"Hello"

"abc"

" World!"

poolList

"Quatsch..."

✰ ❉✐❡ ■♠♣❧❡♠❡♥t✐❡r✉♥❣ ✐st ❡✐♥❢❛❝❤✳

✲ ❞✐❡ ❖♣❡r❛t✐♦♥ intern() ♠✉ss ❞❛s ❡✐♥③✉❢ü❣❡♥❞❡ ❲♦rt ♠✐t
❥❡❞❡♠ ❲♦rt ✐♠ P♦♦❧ ✈❡r❣❧❡✐❝❤❡♥ ==⇒ ✐♠♠❡♥s t❡✉❡r ✦✦✦
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✷✳ ■❞❡❡

• ❱❡r✇❛❧t❡ ❡✐♥ s♦rt✐❡rt❡s ❋❡❧❞ ✈♦♥ ✭❱❡r✇❡✐s❡♥ ❛✉❢✮
String✲❖❜❥❡❦t❡✳

• ❍❡r❛✉s✜♥❞❡♥✱ ♦❜ ❡✐♥ ❲♦rt ❜❡r❡✐ts ✐♠ P♦♦❧ ✐st✱ ✐st ❞❛♥♥ ❣❛♥③
❡✐♥❢❛❝❤ ✳✳✳
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✷✳ ■❞❡❡

"abc"

"Hello"
" World!"

"Quatsch..."

poolArray
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✷✳ ■❞❡❡

✰ ❆✉✣♥❞❡♥ ❡✐♥❡s ❲♦rts ✐♠ P♦♦❧ ✐st ❡✐♥❢❛❝❤❡r ✭❧♦❣❛r✐t❤♠✐s❝❤ ♠✐t
❜✐♥är❡r ❙✉❝❤❡✮✳

✲ ❊✐♥❢ü❣❡♥ ❡✐♥❡s ♥❡✉❡♥ ❲♦rts ❡r❢♦r❞❡rt ❛❜❡r ❡✈t✳ ❑♦♣✐❡r❡♥ ❛❧❧❡r
❜❡r❡✐ts ✈♦r❤❛♥❞❡♥❡♥ ❱❡r✇❡✐s❡ ✳✳✳

==⇒ ✐♠♠❡r ♥♦❝❤ s❡❤r t❡✉❡r ✦✦✦
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✸✳ ■❞❡❡✿ ❍❛s❤✐♥❣

• ❱❡r✇❛❧t❡ ♥✐❝❤t ❡✐♥❡✱ s♦♥❞❡r♥ ✈✐❡❧❡ ▲✐st❡♥✦

• ❱❡rt❡✐❧❡ ❞✐❡ ❲ört❡r ✭✉♥❣❡❢ä❤r✮ ❣❧❡✐❝❤♠äÿ✐❣ ü❜❡r ❞✐❡ ▲✐st❡♥✳

• ❆✉✣♥❞❡♥ ❞❡r r✐❝❤t✐❣❡♥ ▲✐st❡ ♠✉ss s❝❤♥❡❧❧ ♠ö❣❧✐❝❤ s❡✐♥✳

• ■♥ ❞❡r r✐❝❤t✐❣❡♥ ▲✐st❡ ✇✐r❞ ❞❛♥♥ s❡q✉❡♥t✐❡❧❧ ❣❡s✉❝❤t✳
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✸✳ ■❞❡❡

"Hello"

"Quatsch..."

"abc"

" World!"

hashSet
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❆✉✣♥❞❡♥ ❞❡r r✐❝❤t✐❣❡♥ ▲✐st❡

• ❇❡♥✉t③❡ ❡✐♥❡ ✭❧❡✐❝❤t ③✉ ❜❡r❡❝❤♥❡♥❞❡✮ ❋✉♥❦t✐♦♥ hash:
String -> int❀

• ❊✐♥❡ s♦❧❝❤❡ ❋✉♥❦t✐♦♥ ❤❡✐ÿt ❍❛s❤✲❋✉♥❦t✐♦♥✳

• ❊✐♥❡ ❍❛s❤✲❋✉♥❦t✐♦♥ ✐st ❣✉t✱ ✇❡♥♥ s✐❡ ❞✐❡ ❲ört❡r
✭❡✐♥✐❣❡r♠❛ÿ❡♥✮ ❣❧❡✐❝❤♠äÿ✐❣ ✈❡rt❡✐❧t✳

• ❍❛t ❞❛s ❋❡❧❞ hashSet ❞✐❡ ●röÿ❡ ♠✱ ✉♥❞ ❣✐❜t ❡s ♥ ❲ört❡r ✐♠
P♦♦❧✱ ❞❛♥♥ ♠üss❡♥ ♣r♦ ❆✉❢r✉❢ ✈♦♥ intern(); ♥✉r ▲✐st❡♥
❡✐♥❡r ▲ä♥❣❡ ❝❛✳ ♥/♠ ❞✉r❝❤s✉❝❤t ✇❡r❞❡♥ ✦✦✦
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❇❡✐s♣✐❡❧❡

❙❡✐ s ❞❛s ❲♦rt s✵s✶ . . . s❦−✶✳

❇❡✐s♣✐❡❧❡ ❢ür ❍❛s❤✲❋✉♥❦t✐♦♥❡♥✿

• ❤✵(s) = s✵ + s❦−✶❀

• ❤✶(s) = s✵ + s✶ + . . .+ s❦−✶❀

• ❤✷(s) = (. . . ((s✵ ∗ ♣) + s✶) ∗ ♣ + . . .) ∗ ♣ + s❦−✶ ❢ür ❡✐♥❡
❦r✉♠♠❡ ❩❛❤❧ ♣✳

✭❉✐❡ String✲❖❜❥❡❦t✲▼❡t❤♦❞❡ hashCode() ❡♥ts♣r✐❝❤t ❞❡r
❋✉♥❦t✐♦♥ ❤✷ ♠✐t ♣ = ✸✶✳✮
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❇❡✐s♣✐❡❧❡

String ❤✵ ❤✶ ❤✷ ✭♣ = ✼✮
❛❧❧♦❝ ✶✾✻ ✺✷✸ ✷✼✻✶✵✾
❛❞❞ ✶✾✼ ✷✾✼ ✺✺✺✸
❛♥❞ ✶✾✼ ✸✵✼ ✺✻✷✸
❝♦♥st ✷✶✺ ✺✺✶ ✷✽✷✵✽✸
❞✐✈ ✷✶✽ ✸✷✸ ✺✼✺✸
❡q ✷✶✹ ✷✶✹ ✽✷✵
❢❥✉♠♣ ✷✶✹ ✺✹✻ ✷✽✼✽✻✽
❢❛❧s❡ ✷✵✸ ✺✷✸ ✷✽✹✸✼✶
❤❛❧t ✷✷✵ ✹✷✺ ✹✶✷✾✼
❥✉♠♣ ✷✶✽ ✹✹✹ ✹✷✾✻✻
❧❡ss ✷✷✸ ✹✸✾ ✹✷✾✶✸
❧❡q ✷✷✶ ✸✷✷ ✻✶✶✷
✳✳✳ ✳✳✳
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❇❡✐s♣✐❡❧❡

String ❤✵ ❤✶ ❤✷
✳✳✳ ✳✳✳
❧♦❛❞ ✷✵✽ ✹✶✻ ✹✸✷✻✷
♠♦❞ ✷✵✾ ✸✷✵ ✻✷✶✽
♠✉❧ ✷✶✼ ✸✸✹ ✻✷✻✽
♥❡q ✷✷✸ ✸✷✹ ✻✷✶✵
♥❡❣ ✷✶✸ ✸✶✹ ✻✷✵✵
♥♦t ✷✷✻ ✸✸✼ ✻✷✽✸
♦r ✷✷✺ ✷✷✺ ✽✾✶
r❡❛❞ ✷✶✹ ✹✶✷ ✹✹✽✸✵
st♦r❡ ✷✶✻ ✺✺✼ ✸✷✷✷✹✶
s✉❜ ✷✶✸ ✸✸✵ ✻✺✺✷
tr✉❡ ✷✶✼ ✹✹✽ ✹✻✷✾✹
✇r✐t❡ ✷✷✵ ✺✺✺ ✸✸✵✽✼✾
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▼ö❣❧✐❝❤❡ ■♠♣❧❡♠❡♥t✐❡r✉♥❣ ✈♦♥ ✐♥t❡r♥✭✮

public class String {

private static int n = 1024;

private static List<String>[] hashSet = new List<String>[n];

public String intern() {

int i = (Math.abs(hashCode()%n);

for (List<String> t=hashSet[i]; t!=null; t=t.next)

if (equals(t.info)) return t.info;

hashSet[i] = new List<String>(this, hashSet[i]);

return this;

} ✴✴ ❡♥❞ ♦❢ ✐♥t❡r♥ ✭✮
...

} ✴✴ ❡♥❞ ♦❢ ❝ ❧❛s s ❙tr✐♥❣
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❊r❧ä✉t❡r✉♥❣❡♥

• ❉✐❡ ▼❡t❤♦❞❡ hashCode() ❡①✐st✐❡rt ❢ür sä♠t❧✐❝❤❡ ❖❜❥❡❦t❡✳

• ❋♦❧❣❧✐❝❤ ❦ö♥♥❡♥ ✇✐r ✭✇❡♥♥ ✇✐r ▲✉st ❤❛❜❡♥✮ ä❤♥❧✐❝❤❡ P♦♦❧s
❛✉❝❤ ❢ür ❛♥❞❡r❡ ❑❧❛ss❡♥ ✐♠♣❧❡♠❡♥t✐❡r❡♥✳

• ❱♦rs✐❝❤t✦ ■♥ ❞❡♥ P♦♦❧ ❡✐♥❣❡tr❛❣❡♥❡ ❖❜❥❡❦t❡ ❦ö♥♥❡♥ ✈♦♠
●❛r❜❛❣❡✲❈♦❧❧❡❝t♦r ♥✐❝❤t ❡✐♥❣❡s❛♠♠❡❧t ✇❡r❞❡♥ ✳✳✳

• ❙t❛tt ♥✉r ♥❛❝❤③✉s❡❤❡♥✱ ♦❜ ❡✐♥ ❲♦rt str ✭❜③✇✳ ❡✐♥ ❖❜❥❡❦t
obj✮ ✐♠ P♦♦❧ ❡♥t❤❛❧t❡♥ ✐st✱ ❦ö♥♥t❡♥ ✇✐r ✐♠ P♦♦❧ ❛✉❝❤ ♥♦❝❤
❡✐♥❡♥ ❲❡rt ❤✐♥t❡r❧❡❣❡♥
==⇒ ■♠♣❧❡♠❡♥t✐❡r✉♥❣ ✈♦♥ ❜❡❧✐❡❜✐❣❡♥ ❋✉♥❦t✐♦♥❡♥

String -> t②♣❡ ✭❜③✇✳ Object -> t②♣❡✮
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❙tr✐♥❣♣♦♦❧ ♠✐t ❍❛s❤❡s

"Quatsch..."

0"abc"

1

"Hello" 2

3" World!"

hashTable
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❲❡✐t❡r❡ ❑❧❛ss❡♥ ③✉r ▼❛♥✐♣✉❧❛t✐♦♥ ✈♦♥ ❩❡✐❝❤❡♥❦❡tt❡♥

• StringBuffer ✕ ❡r❧❛✉❜t ❛✉❝❤ ❞❡str✉❦t✐✈❡
❖♣❡r❛t✐♦♥❡♥✱ ③✳❇✳ ▼♦❞✐✜❦❛t✐♦♥ ❡✐♥③❡❧♥❡r ❩❡✐❝❤❡♥✱ ❊✐♥❢ü❣❡♥✱
▲ös❝❤❡♥✱ ❆♥❤ä♥❣❡♥ ✳✳✳

• java.util.StringTokenizer ✕ ❡r❧❛✉❜t ❞✐❡
❆✉❢t❡✐❧✉♥❣ ❡✐♥❡s String✲❖❜❥❡❦ts ✐♥ ❚♦❦❡♥s✱ ❞✳❤✳ ❞✉r❝❤
❙❡♣❛r❛t♦r❡♥ ✭t②♣✐s❝❤❡r✇❡✐s❡ ❲❤✐t❡✲❙♣❛❝❡✮ ❣❡tr❡♥♥t❡
❩❡✐❝❤❡♥✲❚❡✐❧❢♦❧❣❡♥✳
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Ü❜❡rs✐❝❤t

❋❡❤❧❡r✲❖❜❥❡❦t❡✿ ❲❡r❢❡♥✱ ❋❛♥❣❡♥✱ ❇❡❤❛♥❞❡❧♥

❙tr✐♥❣s

■t❡r❛t♦r❡♥

❑♦❧❧❡❦t✐♦♥❡♥

❊✐♥✲ ✉♥❞ ❆✉s❣❛❜❡

❚❡st❡♥
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▼♦t✐✈❛t✐♦♥

❊s ❣✐❜t ✈✐❡❧❡ ▼ö❣❧✐❝❤❦❡✐t❡♥✱ ❣❡♦r❞♥❡t❡ ❙❛♠♠❧✉♥❣❡♥ ✈♦♥ ❖❜❥❡❦t❡♥
✭♦❞❡r ❇❛s✐s✇❡rt❡♥✮ ③✉ ✐♠♣❧❡♠❡♥t✐❡r❡♥✿

• ❙tr✐♥❣s s✐♥❞ ❙❛♠♠❧✉♥❣❡♥ ✈♦♥ ❈❤❛r❛❝t❡rs

• ▲✐st❡♥ ✉♥❞ ❆rr❛②s s✐♥❞ ❣❡♦r❞♥❡t❡ ❙❛♠♠❧✉♥❣❡♥ ✈♦♥ ❖❜❥❡❦t❡♥
❡✐♥❡s ❞❡✜♥✐❡rt❡♥ ❚②♣s

• ✉s✇✳

❲❡♥♥ ♠❛♥ ❛✉❢ ❞✐❡ ❡✐♥③❡❧♥❡♥ ❊❧❡♠❡♥t❡ ③✉❣r❡✐❢t✱ ♠ö❝❤t❡ ♠❛♥ ♦❢t

• ❲✐ss❡♥✱ ♦❜ ❡s ♥♦❝❤ ❡✐♥ ✇❡✐t❡r❡s ❊❧❡♠❡♥t ❣✐❜t

• ❩✉♠ ♥ä❝❤st❡♥ ❊❧❡♠❡♥t s♣r✐♥❣❡♥

• ❊✐♥ ❊❧❡♠❡♥t ♥❛❝❤ ❆❜❛r❜❡✐t✉♥❣ ❡♥t❢❡r♥❡♥

❉❛s ✇✐r❞ ❞✉r❝❤ ❞❛s ■♥t❡r❢❛❝❡ Iterable<T> ♠✐t ❡♥ts♣r❡❝❤❡♥❞❡♥
❑♦♥str✉❦t♦r❡♥ s♦✇✐❡ ▼❡t❤♦❞❡♥ hasNext()✱ next() ✉♥❞
remove() ❞❡✜♥✐❡rt✳
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❉❛s ■♥t❡r❢❛❝❡ Iterable<T>

❉❛s ■♥t❡r❢❛❝❡ Iterable<T> ❞❡✜♥✐❡rt ❞✐❡ ▼❡t❤♦❞❡
public Iterator<T> iterator()✳

❉✐❡ ✐♠♣❧❡♠❡♥t✐❡r❡♥❞❡ ❑❧❛ss❡ ♠✉ss s♦♠✐t ❞✐❡ ▼❡t❤♦❞❡
iterator() ③✉r ❱❡r❢ü❣✉♥❣ st❡❧❧❡♥✱ ❞✐❡ ❡✐♥❡♥ Iterator<T> ❛❧s
❊r❣❡❜♥✐s ❤❛t✳

❇❡✐s♣✐❡❧✿ ❊✐♥❡ ❑❧❛ss❡ IterableString✱ ❜❡✐ ❞❡r ü❜❡r ❞✐❡
❡✐♥③❡❧♥❡♥ Character ❞❡s String ✐t❡r✐❡rt ✇❡r❞❡♥ ❦❛♥♥✳

class IterableString implements Iterable<Character> {

private String str;

public IterableString(String str) {

this.str = str;

}

public Iterator<Character> iterator() {

return new IterableStringIterator(str);

}

}
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Iterable<T> ✉♥❞ Iterator<T> ✭■✮

◮ ❉✐❡ ③✉❣❡❤ör✐❣❡ ❑❧❛ss❡ IterableStringIterator✿
class IterableStringIterator implements Iterator<Character> {

private String str;

private int count = 0;

public IterableStringIterator(String str) { this.str = str; }

public boolean hasNext() { return count < str.length(); }

public Character next() {

if (count == str.length()) {

throw new NoSuchElementException();

}

return str.charAt(count++);

}

public void remove() {

throw new UnsupportedOperationException();

}

}
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Iterable<T> ✉♥❞ Iterator<T> ✭■■✮

◮ ❱❡r✇❡♥❞✉♥❣ ✶✿
IterableString s = new IterableString("super duper Iteratoren");

Iterator<Character> it = s.iterator();

while (it.hasNext()) {

System.out.print(it.next());

}

System.out.println();

◮ ❱❡r✇❡♥❞✉♥❣ ✷✿
IterableString s = new IterableString("super duper Iteratoren");

for (Character c : s) {

System.out.print(c);

}

System.out.println();
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Ü❜❡rs✐❝❤t

❋❡❤❧❡r✲❖❜❥❡❦t❡✿ ❲❡r❢❡♥✱ ❋❛♥❣❡♥✱ ❇❡❤❛♥❞❡❧♥

❙tr✐♥❣s

■t❡r❛t♦r❡♥

❑♦❧❧❡❦t✐♦♥❡♥
❇❡✐s♣✐❡❧ ❋✉ÿ❜❛❧❧

❊✐♥✲ ✉♥❞ ❆✉s❣❛❜❡

❚❡st❡♥
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❉❛s ❏❛✈❛ ❈♦❧❧❡❝t✐♦♥s ❋r❛♠❡✇♦r❦ ✐♥ ❥❛✈❛✳✉t✐❧

◮ ❈♦❧❧❡❝t✐♦♥ ❂ ❙❛♠♠❧✉♥❣ ✈♦♥ ❖❜❥❡❦t❡♥

◮ ❊✐♥❤❡✐t❧✐❝❤❡ ❆r❝❤✐t❡❦t✉r ③✉r ❘❡♣räs❡♥t❛t✐♦♥ ✉♥❞ ▼❛♥✐♣✉❧❛t✐♦♥
✈♦♥ ❈♦❧❧❡❝t✐♦♥s

◮ ❆❜str❛❦t✐♦♥ ✈♦♥ ❞❡r ■♠♣❧❡♠❡♥t✐❡r✉♥❣ ❞❡r ❈♦❧❧❡❝t✐♦♥s

◮ ❱❡rr✐♥❣❡r✉♥❣ ❞❡s Pr♦❣r❛♠♠✐❡r❛✉❢✇❛♥❞❡s

◮ ❊r❤ö❤✉♥❣ ❞❡r P❡r❢♦r♠❛♥③ ✈♦♥ ❖♣❡r❛t✐♦♥❡♥ ❛✉❢ ❈♦❧❧❡❝t✐♦♥s

◮ ■♥t❡r♦♣❡r❛❜✐❧✐tät ✈♦♥❡✐♥❛♥❞❡r ✉♥❛❜❤ä♥❣✐❣❡r ❈♦❧❧❡❝t✐♦♥s

❤tt♣✿✴✴❞♦✇♥❧♦❛❞✳♦r❛❝❧❡✳❝♦♠✴❥❛✈❛s❡✴t✉t♦r✐❛❧✴❝♦❧❧❡❝t✐♦♥s✴✐♥❞❡①✳❤t♠❧
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http://download.oracle.com/javase/tutorial/collections/index.html


❏❛✈❛ ❈♦❧❧❡❝t✐♦♥s ❋r❛♠❡✇♦r❦ ✕ ■♥t❡r❢❛❝❡s

◮ ❍❛✉♣t✲■♥t❡r❢❛❝❡s ❞❡s ❈♦❧❧❡❝t✐♦♥✲❋r❛♠❡✇♦r❦s✿

ListSet

Collection Map

Queue SortedMap

SortedSet

◮ ❉✐❡ ❍❛✉♣t✲■♥t❡r❢❛❝❡s ❦❛♣s❡❧♥ ✈❡rs❝❤✐❡❞❡♥❡ ❆rt❡♥ ✈♦♥
❈♦❧❧❡❝t✐♦♥s

◮ ❊r♠ö❣❧✐❝❤❡♥ ❞✐❡ ✐♠♣❧❡♠❡♥t✐❡r✉♥❣s✉♥❛❜❤ä♥❣✐❣❡ ▼❛♥✐♣✉❧❛t✐♦♥
❞❡r ❈♦❧❧❡❝t✐♦♥s

◮ ❍❛✉♣t✲■♥t❡r❢❛❝❡s ❜✐❧❞❡♥ ❡✐♥❡ ❍✐❡r❛r❝❤✐❡
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❉❛s ■♥t❡r❢❛❝❡ Collection<E> ✭■✮

◮ ❆❧❧❡ ❈♦❧❧❡❝t✐♦♥✲■♥t❡r❢❛❝❡s s✐♥❞ ❣❡♥❡r✐s❝❤✿
public interface Collection<E> { ...

◮ ❇❡✐ ❉❡❦❧❛r❛t✐♦♥ ❡✐♥❡r ❈♦❧❧❡❝t✐♦♥ ❦❛♥♥ ✉♥❞ s♦❧❧t❡ ❛♥❣❡❣❡❜❡♥
✇❡r❞❡♥✱ ✇❡❧❝❤❡ ❊❧❡♠❡♥t❡ ❡♥t❤❛❧t❡♥ s✐♥❞✿

Collection<Point> c;

=⇒ ❈♦♠♣✐❧❡r ❦❛♥♥ ♣rü❢❡♥✱ ♦❜ ❞✐❡ ❞❡r ❈♦❧❧❡❝t✐♦♥ ❤✐♥③✉❣❡❢ü❣t❡♥
❊❧❡♠❡♥t❡ ✈♦♠ ❚②♣ Point s✐♥❞✳

◮ Collection<E> tr✐✛t ❜❡✐s♣✐❡❧s✇❡✐s❡ ❦❡✐♥❡ ❆✉ss❛❣❡ ❞❛rü❜❡r✱
♦❜

◮ ❞✐❡ ❊❧❡♠❡♥t❡ ❞❡r ❈♦❧❧❡❝t✐♦♥ ❣❡♦r❞♥❡t s✐♥❞

◮ ❞✐❡ ❈♦❧❧❡❝t✐♦♥ ❉✉♣❧✐❦❛t❡ ❡♥t❤ä❧t

◮ Collection<E> ✇✐r❞ ✈❡r✇❡♥❞❡t✱ ✇❡♥♥ ♠ö❣❧✐❝❤st ✇❡♥✐❣
❊✐♥s❝❤rä♥❦✉♥❣❡♥ ❣❡❧t❡♥ s♦❧❧❡♥ ❜③✇✳ ❜❡❦❛♥♥t s✐♥❞✳

◮ Set✱ List ✉♥❞ Queue s✐♥❞ s♣❡③✐✜s❝❤❡r❡ ❈♦❧❧❡❝t✐♦♥s
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❉❛s ■♥t❡r❢❛❝❡ Collection<E> ✭■■✮

public interface Collection<E> extends Iterable<E> {

int size();

boolean isEmpty();

boolean contains(Object element);

boolean add(E element); ✴✴ ♦♣ t ✐♦♥❛ ❧
boolean remove(Object element); ✴✴ ♦♣ t ✐♦♥❛ ❧
Iterator<E> iterator();

boolean containsAll(Collection<?> c);

boolean addAll(Collection<? extends E> c); ✴✴ ♦♣ t ✐♦♥❛ ❧
boolean removeAll(Collection<?> c); ✴✴ ♦♣ t ✐♦♥❛ ❧
void clear(); ✴✴ ♦♣ t ✐♦♥❛ ❧

Object[] toArray();

<T> T[] toArray(T[] a);

}
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❉❛s ■♥t❡r❢❛❝❡ List<E> ✭■✮

◮ ❊✐♥❡ List<E> ✐st ❡✐♥❡ ❣❡♦r❞♥❡t❡ Collection<E>✳

◮ ❊✐♥❡ List<E> ❦❛♥♥ ❉✉♣❧✐❦❛t❡ ❡♥t❤❛❧t❡♥✳

◮ ❩✉❣r✐✛ ❛✉❢ ❡✐♥③❡❧♥❡ ❊❧❡♠❡♥t❡ ♠✐tt❡❧s ✐♥❞❡①✲P♦s✐t✐♦♥✳

◮ List<E> ❞❡✜♥✐❡rt✱ ✉♥t❡r ❛♥❞❡r❡♠✱ ❢♦❧❣❡♥❞❡ ③✉sät③❧✐❝❤❡
▼❡t❤♦❞❡♥✿

public interface List<E> extends Collection<E> {

E get(int index);

E set(int index, E element); ✴✴ ♦♣ t ✐♦♥❛ ❧
boolean add(E element); ✴✴ ♦♣ t ✐♦♥❛ ❧
void add(int index, E element); ✴✴ ♦♣ t ✐♦♥❛ ❧
E remove(int index); ✴✴ ♦♣ t ✐♦♥❛ ❧
boolean addAll(int index,

Collection<? extends E> c); ✴✴ ♦♣ t ✐♦♥❛ ❧

int indexOf(Object o);

int lastIndexOf(Object o);

}
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❉❛s ■♥t❡r❢❛❝❡ List<E> ✭■■✮

◮ ❉✐❡ ❏❛✈❛✲❆P■ st❡❧❧t ✉♥t❡r ❛♥❞❡r❡♠ ❞✐❡
List<E>✲■♠♣❧❡♠❡♥t✐❡r✉♥❣❡♥ ArrayList ✉♥❞
LinkedList ③✉r ❱❡r❢ü❣✉♥❣✳

❇❡✐s♣✐❡❧✿

Collection<Point> c = new ArrayList<Point>();

c.add(new Point(3.0, 5.0));

c.add(new Point(-1.2, 3.1));

c.add(new Point(3.0, 5.0));

System.out.println(c.size()); ✴✴ ❆✉s❣❛❜❡ ✿ ✸

List<Point> l = new LinkedList<Point>(c);

l.addAll(c);

System.out.println(c.size()); ✴✴ ❆✉s❣❛❜❡ ✿ ✸
System.out.println(l.size()); ✴✴ ❆✉s❣❛❜❡ ✿ ✻

c.addAll(l);

System.out.println(c.size()); ✴✴ ❆✉s❣❛❜❡ ✿ ✾
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❉❛s ■♥t❡r❢❛❝❡ Map<K,V>

◮ ❊✐♥❡ Map<K,V> ❜✐❧❞❡t ❙❝❤❧üss❡❧ ✈♦♠ ❚②♣ K ❛✉❢ ❲❡rt❡ ✈♦♠
❚②♣ V ❛❜✳

◮ ❊✐♥❡ Map<K,V> ♠♦❞❡❧❧✐❡rt ❞❛❤❡r ❡✐♥❡ ♠❛t❤❡♠❛t✐s❝❤❡
❋✉♥❦t✐♦♥✳

◮ ❊✐♥❡ Map<K,V> ❡♥t❤ä❧t ❦❡✐♥❡♥ ❙❝❤❧üss❡❧ ♠❡❤r♠❛❧s✳

◮ ❏❡❞❡r ❙❝❤❧üss❡❧ ❜✐❧❞❡t ❛✉❢ ❤ö❝❤st❡♥s ❡✐♥❡♥ ❲❡rt ❛❜✳
public interface Map<K,V> {

V put(K key, V value);

V get(Object key);

V remove(Object key);

boolean containsKey(Object key);

boolean containsValue(Object value);

int size();

boolean isEmpty();

void putAll(Map<? extends K, ? extends V> m);

void clear();

public Set<K> keySet();

public Collection<V> values();

}

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✺✸✷



❉✐❡ ❑❧❛ss❡ Collections✿ ❆❧❣♦r✐t❤♠❡♥ ✭■✮

public static boolean disjoint(Collection<?> c1, Collection<?> c2)

✴✴ tr✉❡✱ ❢❛❧❧s ❦❡✐♥ ❊❧❡♠❡♥t s♦✇♦❤❧ ✐♥ ❝✶ ❛❧s ❛✉❝❤ ✐♥ ❝✷ ❡♥t❤❛❧t❡♥ ✐st

public static int frequency(Collection<?> c, Object o)

✴✴ ❆♥③❛❤❧ ❞❡r ❊❧❡♠❡♥t❡ ✐♥ ❝✱ ❞✐❡✱ ❣❡♠❛❡ss ❡q✉❛❧s✱ ✐❞❡♥t✐s❝❤ ③✉ ♦ s✐♥❞

public static void reverse(List<?> l)

✴✴ ❑❡❤rt ❞✐❡ ❘❡✐❤❡♥❢♦❧❣❡ ❞❡r ❊❧❡♠❡♥t❡ ✐♥ ❧ ✉♠

public static <T> boolean replaceAll(List<T> l, T oldV, T newV)

✴✴ ❊rs❡t③t ❥❡❞❡s ③✉ ♦❧❞❱ ✐❞❡♥t✐s❝❤❡ ❊❧❡♠❡♥t ✐♥ ❧ ♠✐t ♥❡✇❱

public static <T extends Comparable<? super T>> void sort(List<T> l)

✴✴ ❙♦rt✐❡rt ❧ ❣❡♠❛❡ss ❞❡r ▼❡t❤♦❞❡ ❝♦♠♣❛r❡❚♦ ❞❡s ❚②♣s ❚

public static <T> void sort(List<T> list, Comparator<? super T> c)

✴✴ ❙♦rt✐❡rt ❧ ❣❡♠❛❡ss ❞❡♠ ❈♦♠♣❛r❛t♦r ❝
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❉✐❡ ❑❧❛ss❡ Collections✿ ❆❧❣♦r✐t❤♠❡♥ ✭■■✮

❇❡✐s♣✐❡❧✿

List<Integer> l = new ArrayList<Integer>();

l.add(18); l.add(46); l.add(18); l.add(12);

Set<Integer> s = new TreeSet<Integer>();

s.addAll(l);

System.out.println(l); ✴✴ ❬✶✽✱ ✹✻✱ ✶✽✱ ✶✷❪
Collections.reverse(l);

System.out.println(l); ✴✴ ❬✶✷✱ ✶✽✱ ✹✻✱ ✶✽❪
Collections.sort(l);

System.out.println(l); ✴✴ ❬✶✷✱ ✶✽✱ ✶✽✱ ✹✻❪

System.out.println(s); ✴✴ ❬✶✷✱ ✶✽✱ ✹✻❪
System.out.println(Collections.disjoint(l, s)); ✴✴ ❢❛❧s❡
System.out.println(Collections.frequency(l, 18)); ✴✴ ✷
System.out.println(Collections.frequency(s, 18)); ✴✴ ✶

Collections.replaceAll(l, 18, 22);

System.out.println(l); ✴✴ ❬✶✷✱ ✷✷✱ ✷✷✱ ✹✻❪
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❉❛s ■♥t❡r❢❛❝❡ Comparator<T> ✭■✮

◮ ❉❛s ■♥t❡r❢❛❝❡ Comparator<T> ❞❡✜♥✐❡rt ❞✐❡ ▼❡t❤♦❞❡
public int compare(T o1, T o2)

✉♥❞ ❞❛♠✐t ❡✐♥❡ t♦t❛❧❡ ❖r❞♥✉♥❣ ❛✉❢ ❖❜❥❡❦t❡♥ ✈♦♠ ❚②♣ T✳
◮ ❘ü❝❦❣❛❜❡✇❡rt ❛♥❛❧♦❣ ③✉ compareTo ❞❡s ■♥t❡r❢❛❝❡s
Comparable✿

◮ < 0✱ ❢❛❧❧s o1 ❦❧❡✐♥❡r ✐st ❛❧s o2
◮ == 0✱ ❢❛❧❧s o1 ❣❧❡✐❝❤ ❣r♦ÿ ✐st ✇✐❡ o2
◮ > 0✱ ❢❛❧❧s o1 ❣röÿ❡r ✐st ❛❧s o2

❇❡✐s♣✐❡❧✿ ■♥✈❡rs❡ ❙♦rt✐❡r✉♥❣ ✈♦♥ Integer✳
class ReverseIntegerOrdering implements Comparator<Integer> {

public int compare(Integer i1, Integer i2) { return i2 - i1; }

}

List<Integer> l = new ArrayList<Integer>();

l.add(18); l.add(46); l.add(18); l.add(12);

Collections.sort(l, new ReverseIntegerOrdering());

System.out.println(l); ✴✴ ❬✹✻✱ ✶✽✱ ✶✽✱ ✶✷❪
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❉❛s ■♥t❡r❢❛❝❡ Comparator<T> ✭■■✮

◮ Ü❜❧✐❝❤❡r✇❡✐s❡ ❱❡r✇❡♥❞✉♥❣ ♠✐tt❡❧s ❡✐♥❡r ❛♥♦♥②♠❡♥ ❑❧❛ss❡✿
List<Integer> l = new ArrayList<Integer>();

l.add(18); l.add(46); l.add(18); l.add(12);

Collections.sort(l, new Comparator<Integer>() {

public int compare(Integer i1,

Integer i2) {

return i2 - i1;

}

});

System.out.println(l); ✴✴ ❬✹✻✱ ✶✽✱ ✶✽✱ ✶✷❪

◮ ❊r③❡✉❣t ❡✐♥❡ ❛♥♦♥②♠❡ ❑❧❛ss❡✱ ❞✐❡ Comparator<Integer>
✐♠♣❧❡♠❡♥t✐❡rt ✉♥❞ ✐♥st❛♥③✐❡rt ❞✐❡s❡ ❑❧❛ss❡ ❡✐♥♠❛❧✐❣✳
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❆❧❧❡s ③✉s❛♠♠❡♥ ■✿ ❇❡✐s♣✐❡❧ ❋✉ÿ❜❛❧❧

Spieler
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❆❧❧❡s ③✉s❛♠♠❡♥ ■✿ ❇❡✐s♣✐❡❧ ❋✉ÿ❜❛❧❧

Spieler

- vorname: String
- nachname: String
- position: Position
- staerke: int
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❆❧❧❡s ③✉s❛♠♠❡♥ ■✿ ❇❡✐s♣✐❡❧ ❋✉ÿ❜❛❧❧

Spieler

- vorname: String
- nachname: String
- position: Position
- staerke: int

<<enum>>
Position

TOR
ABWEHR
MITTELFELD
STURM
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❉❡r ❚②♣ Enum ✭■✮

❉❡r ❚②♣ Enum ✐st ❡✐♥ ❆✉❢③ä❤❧✉♥❣st②♣ ♠✐t ❡✐♥❡♠ ❡♥❞❧✐❝❤❡♥
❲❡rt❡❜❡r❡✐❝❤✿

❇❡✐s♣✐❡❧✿ enum Position {

TOR, ABWEHR, MITTELFELD, STURM, RECHTSAUSSEN

}

Position pos1 = Position.STURM;

System.out.println(pos1); // Ausgabe: STURM

❙❝❤❡♠❛✿ enum EnumName {

Wert1, Wert2, Wert3, Wert4 , ...

}

EnumName variable = EnumName.EnumWert;

◮ enum✲❲❡rt❡ s✐♥❞ ❑♦♥st❛♥t❡♥

◮ ❊✐♥s❛t③ ✈♦♥ Enums✱ ✇❡♥♥ ❡✐♥❡ ❢❡st❡ ❆♥③❛❤❧ ❛♥ ❑♦♥st❛♥t❡♥
♥öt✐❣ ✐st ✭❲♦❝❤❡♥t❛❣❡✱ ❍✐♠♠❡❧sr✐❝❤t✉♥❣❡♥✱ P♦s✐t✐♦♥❡♥✱ ✳ ✳ ✳ ✮
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❉❡r ❚②♣ Enum ✭■■✮

❉❡r Enum ❚②♣ Position ✇✐r❞ ✈♦♠ ❈♦♠♣✐❧❡r ✐♥ ❡✐♥❡ ❑❧❛ss❡
ü❜❡rs❡t③t✱ ❞✐❡ ✐♥ ❡t✇❛ s♦ ❛✉ss✐❡❤t✿
class Position extends Enum {

✴✴ ❊♥✉♠−❲❡rt❡ ❛❧s st❛t✐s❝❤❡ ❱❛r✐❛❜❧❡♥
public static final Position TOR = new Position("TOR", 0);

public static final Position ABWEHR = new Position("ABWEHR", 1);

public static final Position MITTELFELD = new Position("MITTELFELD", 2);

public static final Position STURM = new Position("STURM", 3);

public static final Position RECHTSAUSSEN = new Position("RECHTSAUSSEN", 4);

✴✴ ❑♦♥str✉❦t♦r
private Position(String s, int i) {

super(s, i);

}

✴✴ ▼❡t❤♦❞❡♥ ✳✳ ✳
}
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❆❧❧❡s ③✉s❛♠♠❡♥ ■■✿ ❇❡✐s♣✐❡❧ ❋✉ÿ❜❛❧❧

Spieler

- vorname: String
- nachname: String
- position: Position
- staerke: int

<<enum>>
Position

TOR
ABWEHR
MITTELFELD
STURM
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❆❧❧❡s ③✉s❛♠♠❡♥ ■■✿ ❇❡✐s♣✐❡❧ ❋✉ÿ❜❛❧❧

Spieler

- vorname: String
- nachname: String
- position: Position
- staerke: int

Mannschaft

<<enum>>
Position

TOR
ABWEHR
MITTELFELD
STURM
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❆❧❧❡s ③✉s❛♠♠❡♥ ■■✿ ❇❡✐s♣✐❡❧ ❋✉ÿ❜❛❧❧

Spieler

- vorname: String
- nachname: String
- position: Position
- staerke: int

Mannschaft

- name: String
- spieler: Map<Position,Set<Spieler>>

<<enum>>
Position

TOR
ABWEHR
MITTELFELD
STURM
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▼❛♣s✿ ❲❡r s♣✐❡❧t ✇♦❄

Map<Position, Set<Spieler>>

TOR
ABWEHR
MITTELFELD
STURM
....

.

..

Map<Position, ...>

Abwehrspieler1
Abwehrspieler2
Abwehrspieler3

.

..

.

..

Mittelfeldspieler2
Mittelfeldspieler3
Mittelfeldspieler4

Mittelfeldspieler1

Stürmer1
Stürmer2
Stürmer3

.

..

Torwart1
Torwart2

.

..

Set<Spieler> Set<Spieler>

Set<Spieler>

Set<Spieler>
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❆❧❧❡s ③✉s❛♠♠❡♥ ■■■✿ ❇❡✐s♣✐❡❧ ❋✉ÿ❜❛❧❧

Spieler

- vorname: String
- nachname: String
- position: Position
- staerke: int

Mannschaft

- name: String
- spieler: Map<Position,Set<Spieler>>

<<enum>>
Position

TOR
ABWEHR
MITTELFELD
STURM
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❆❧❧❡s ③✉s❛♠♠❡♥ ■■■✿ ❇❡✐s♣✐❡❧ ❋✉ÿ❜❛❧❧

Spieler

- vorname: String

- nachname: String

- position: Position

- staerke: int

+ compareTo(Spieler s): int

+ equals(Object o): boolean

+ toString(): String

Mannschaft

- name: String

- spieler: Map<Position,Set<Spieler>>

<<enum>>

Position

TOR

ABWEHR

MITTELFELD

STURM

Comparable
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❆❧❧❡s ③✉s❛♠♠❡♥ ■■■✿ ❇❡✐s♣✐❡❧ ❋✉ÿ❜❛❧❧

Spieler

- vorname: String

- nachname: String

- position: Position

- staerke: int

+ compareTo(Spieler s): int

+ equals(Object o): boolean

+ toString(): String

Mannschaft

- name: String

- spieler: Map<Position,Set<Spieler>>

+ add(Spieler s): void

+ contains(Spieler s): boolean

+ compareTo(Mannschaft m): int

+ iterator(): Iterator<Spieler>

+ staerke(): int

+ transfer (Mannschaft from, Mannschaft to, 

                 Spieler s): boolean

<<enum>>

Position

TOR

ABWEHR

MITTELFELD

STURM

Comparable

Comparable

Iterable
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❆❧❧❡s ③✉s❛♠♠❡♥ ■■■✿ ❇❡✐s♣✐❡❧ ❋✉ÿ❜❛❧❧

Spieler

- vorname: String
- nachname: String
- position: Position
- staerke: int
+ compareTo(Spieler s): int
+ equals(Object o): boolean
+ toString(): String

Mannschaft

- name: String
- spieler: Map<Position,Set<Spieler>>

+ add(Spieler s): void
+ contains(Spieler s): boolean
+ compareTo(Mannschaft m): int
+ iterator(): Iterator<Spieler>
+ staerke(): int
+ transfer (Mannschaft from, Mannschaft to, 
                 Spieler s): boolean

<<enum>>
Position

TOR
ABWEHR
MITTELFELD
STURM

+ main()

Liga

Comparable

Iterable

Comparable
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Ü❜❡rs✐❝❤t

❋❡❤❧❡r✲❖❜❥❡❦t❡✿ ❲❡r❢❡♥✱ ❋❛♥❣❡♥✱ ❇❡❤❛♥❞❡❧♥

❙tr✐♥❣s

■t❡r❛t♦r❡♥

❑♦❧❧❡❦t✐♦♥❡♥

❊✐♥✲ ✉♥❞ ❆✉s❣❛❜❡
❇②t❡✇❡✐s❡ ❊✐♥✲ ✉♥❞ ❆✉s❣❛❜❡
❚❡①t✉❡❧❧❡ ❊✐♥✲ ✉♥❞ ❆✉s❣❛❜❡

❚❡st❡♥
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❊✐♥✲ ✉♥❞ ❆✉s❣❛❜❡

• ❊✐♥✲ ✉♥❞ ❆✉s❣❛❜❡ ✐st ♥✐❝❤t ❇❡st❛♥❞t❡✐❧ ✈♦♥ ❏❛✈❛✳

• ❙t❛tt❞❡ss❡♥ ✇❡r❞❡♥ ✭ä✉ÿ❡rst ✉♠❢❛♥❣r❡✐❝❤❡✮ ❇✐❜❧✐♦t❤❡❦❡♥ ✈♦♥
♥üt③❧✐❝❤❡♥ ❋✉♥❦t✐♦♥❡♥ ③✉r ❱❡r❢ü❣✉♥❣ ❣❡st❡❧❧t✳

• ❇✐s❤❡r ❤❛❜❡♥ ✇✐r ❞✐❡ ❡✐♥❢❛❝❤❡ Terminal✲❑❧❛ss❡ ✈❡r✇❡♥❞❡t✳

❱♦rt❡✐❧✿

❲❡✐t❡r❡ ❋✉♥❦t✐♦♥❛❧✐tät✱ ♥❡✉❡ ■❖✲▼❡❞✐❡♥ ❦ö♥♥❡♥ ❜❡r❡✐t ❣❡st❡❧❧t
✇❡r❞❡♥✱ ♦❤♥❡ ❣❧❡✐❝❤ ❞✐❡ ❙♣r❛❝❤❡ ä♥❞❡r♥ ③✉ ♠üss❡♥✳

Pr♦❣r❛♠♠❡✱ ❞✐❡ ♥✉r ❡✐♥❡♥ ✇✐♥③✐❣❡♥ ❆✉ss❝❤♥✐tt ❞❡r
▼ö❣❧✐❝❤❦❡✐t❡♥ ♥✉t③❡♥✱ s♦❧❧❡♥ ♥✐❝❤t ♠✐t ❡✐♥❡♠ ❦♦♠♣❧❡①❡♥
▲❛✉❢③❡✐t✲❙②st❡♠ ❜❡❧❛st❡t ✇❡r❞❡♥✳
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❊✐♥✲ ✉♥❞ ❆✉s❣❛❜❡

• ❊✐♥✲ ✉♥❞ ❆✉s❣❛❜❡ ✐st ♥✐❝❤t ❇❡st❛♥❞t❡✐❧ ✈♦♥ ❏❛✈❛✳

• ❙t❛tt❞❡ss❡♥ ✇❡r❞❡♥ ✭ä✉ÿ❡rst ✉♠❢❛♥❣r❡✐❝❤❡✮ ❇✐❜❧✐♦t❤❡❦❡♥ ✈♦♥
♥üt③❧✐❝❤❡♥ ❋✉♥❦t✐♦♥❡♥ ③✉r ❱❡r❢ü❣✉♥❣ ❣❡st❡❧❧t✳

• ❇✐s❤❡r ❤❛❜❡♥ ✇✐r ❞✐❡ ❡✐♥❢❛❝❤❡ Terminal✲❑❧❛ss❡ ✈❡r✇❡♥❞❡t✳

❱♦rt❡✐❧✿

• ❲❡✐t❡r❡ ❋✉♥❦t✐♦♥❛❧✐tät✱ ♥❡✉❡ ■❖✲▼❡❞✐❡♥ ❦ö♥♥❡♥ ❜❡r❡✐t ❣❡st❡❧❧t
✇❡r❞❡♥✱ ♦❤♥❡ ❣❧❡✐❝❤ ❞✐❡ ❙♣r❛❝❤❡ ä♥❞❡r♥ ③✉ ♠üss❡♥✳

• Pr♦❣r❛♠♠❡✱ ❞✐❡ ♥✉r ❡✐♥❡♥ ✇✐♥③✐❣❡♥ ❆✉ss❝❤♥✐tt ❞❡r
▼ö❣❧✐❝❤❦❡✐t❡♥ ♥✉t③❡♥✱ s♦❧❧❡♥ ♥✐❝❤t ♠✐t ❡✐♥❡♠ ❦♦♠♣❧❡①❡♥
▲❛✉❢③❡✐t✲❙②st❡♠ ❜❡❧❛st❡t ✇❡r❞❡♥✳
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❱♦rst❡❧❧✉♥❣

Elemente

• ❊✐♥✲ ✉♥❞ ❆✉s❣❛❜❡ ✈♦♠ ❚❡r♠✐♥❛❧ ♦❞❡r ❛✉s ❡✐♥❡r ❉❛t❡✐ ✇❡r❞❡♥
❛❧s ❙trö♠❡ ❛✉❢❣❡❢❛sst✳

• ❊✐♥ ❙tr♦♠ ✭❙tr❡❛♠✮ ✐st ❡✐♥❡ ✭♣♦t❡♥t✐❡❧❧ ✉♥❡♥❞❧✐❝❤❡✮ ❋♦❧❣❡ ✈♦♥
❊❧❡♠❡♥t❡♥✳

• ❊✐♥ ❙tr♦♠ ✇✐r❞ ❣❡❧❡s❡♥✱ ✐♥❞❡♠ ❧✐♥❦s ❊❧❡♠❡♥t❡ ❡♥t❢❡r♥t ✇❡r❞❡♥✳

• ❊✐♥ ❙tr♦♠ ✇✐r❞ ❣❡s❝❤r✐❡❜❡♥✱ ✐♥❞❡♠ r❡❝❤ts ❊❧❡♠❡♥t❡ ❛♥❣❡❢ü❣t
✇❡r❞❡♥✳
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❯♥t❡rstüt③t❡ ❊❧❡♠❡♥t✲❚②♣❡♥

• ❇②t❡s❀

• ❯♥✐❝♦❞❡✲❩❡✐❝❤❡♥✳

❆❝❤t✉♥❣✿

• ❆❧❧❡ ❇②t❡s ❡♥t❤❛❧t❡♥ ✽ ❇✐t✳

• ■♥t❡r♥ st❡❧❧t ❏❛✈❛ ✶✻ ❇✐t ♣r♦ ❯♥✐❝♦❞❡✲❩❡✐❝❤❡♥ ❜❡r❡✐t ✳✳✳

• st❛♥❞❛r❞♠äÿ✐❣ ❜❡♥✉t③t ❏❛✈❛ ✭③✉♠ ▲❡s❡♥ ✉♥❞ ❙❝❤r❡✐❜❡♥✮ ❞❡♥
❩❡✐❝❤❡♥s❛t③ ▲❛t✐♥✲✶ ❜③✇✳ ■❙❖✽✽✺✾❴✶✳

• ❉✐❡s❡ ❡①t❡r♥❡♥ ❩❡✐❝❤❡♥sät③❡ ❜❡♥öt✐❣❡♥ ❡✐♥ ❇②t❡ ♣r♦ ❩❡✐❝❤❡♥✳

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✺✹✻



❖r✐❡♥t✐❡r✉♥❣

Zeichen

chinesische
UnicodeASCII Latin−1

• ❲✐❧❧ ♠❛♥ ♠❡❤r ♦❞❡r ❛♥❞❡r❡ ❩❡✐❝❤❡♥ ✭③✳❇✳ ❝❤✐♥❡s✐s❝❤❡✮✱ ❦❛♥♥
♠❛♥ ❞❡♥ ❣❡s❛♠t❡♥ ❯♥✐❝♦❞❡✲❩❡✐❝❤❡♥s❛t③ ❜❡♥✉t③❡♥✳

• ❲✐❡✈✐❡❧❡ ❇②t❡s ❞❛♥♥ ❡①t❡r♥ ❢ür ❡✐♥③❡❧♥❡ ❯♥✐❝♦❞❡✲❩❡✐❝❤❡♥
❜❡♥öt✐❣t ✇❡r❞❡♥✱ ❤ä♥❣t ✈♦♥ ❞❡r ❜❡♥✉t③t❡♥ ❈♦❞✐❡r✉♥❣ ❛❜ ✳✳✳

• ❏❛✈❛ ✉♥t❡rstüt③t ✭✐♥ ❞❡♥ ❑❧❛ss❡♥ InputStreamReader✱
OutputStreamReader✮ ❞✐❡ ❯❚❋✲✽✲❈♦❞✐❡r✉♥❣✳

• ■♥ ❞✐❡s❡r ❈♦❞✐❡r✉♥❣ ❜❡♥öt✐❣❡♥ ❯♥✐❝♦❞❡✲❩❡✐❝❤❡♥ ✶ ❜✐s ✸ ❇②t❡s✳
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Pr♦❜❧❡♠ ✶✿ ❲✐❡ r❡♣räs❡♥t✐❡rt ♠❛♥ ❉❛t❡♥✱ ③✳❇✳ ❩❛❤❧❡♥❄

• ❜✐♥är ❝♦❞✐❡rt✱ ❞✳❤✳ ✇✐❡ ✐♥ ❞❡r ■♥t❡r♥✲❉❛rst❡❧❧✉♥❣
==⇒ ✈✐❡r ❇②t❡ ♣r♦ int❀

• t❡①t✉❡❧❧✱ ❞✳❤✳ ✇✐❡ ✐♥ ❏❛✈❛✲Pr♦❣r❛♠♠❡♥ ❛❧s ❩✐✛❡r♥❢♦❧❣❡ ✐♠
❩❡❤♥❡r✲❙②st❡♠ ✭♠✐t❤✐❧❢❡ ✈♦♥ ▲❛t✐♥✲✶✲❩❡✐❝❤❡♥ ❢ür ❞✐❡ ❩✐✛❡r♥✮

==⇒ ❜✐s ③✉ ❡❧❢ ❇②t❡s ♣r♦ int✳

❱♦rt❡✐❧ ◆❛❝❤t❡✐❧

❜✐♥är ♣❧❛t③s♣❛r❡♥❞ ♥✐❝❤t ♠❡♥s❝❤❡♥❧❡s❜❛r
t❡①t✉❡❧❧ ♠❡♥s❝❤❡♥❧❡s❜❛r ♣❧❛t③✲❛✉❢✇❡♥❞✐❣
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Pr♦❜❧❡♠ ✷

❲✐❡ s❝❤r❡✐❜t ❜③✇✳ ✇✐❡ ❧✐❡st ♠❛♥ ❞✐❡ ❜❡✐❞❡♥ ✉♥t❡rs❝❤✐❡❞❧✐❝❤❡♥
❉❛rst❡❧❧✉♥❣❡♥❄

❉❛③✉ st❡❧❧t ❏❛✈❛ ✐♠ P❛❦❡t java.io ❡✐♥❡ ❱✐❡❧③❛❤❧ ✈♦♥ ❑❧❛ss❡♥ ③✉r
❱❡r❢ü❣✉♥❣ ✳✳✳
❩✉❡rst ❡✐♥❡ ✭✉♥✈♦❧❧stä♥❞✐❣❡✮ Ü❜❡rs✐❝❤t ✳✳✳
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Ü❜❡rs✐❝❤t

OutputStream

FilterInputStream

FileInputStream

FileOutputStream

FilterOutputStream

PrintStream

DataOutputStream

Object

Java.lang

System.in :

System.err : System.out :

DataInputStream

InputStream
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■♥♣✉t❙tr❡❛♠

• ❉✐❡ ❣r✉♥❞❧❡❣❡♥❞❡ ❑❧❛ss❡ ❢ür byte✲❊✐♥❣❛❜❡ ❤❡✐ÿt
InputStream✳

• ❉✐❡s❡ ❑❧❛ss❡ ✐st ❛❜str❛❦t✳

• ❚r♦t③❞❡♠ ✐st System.in ❡✐♥ ❖❜❥❡❦t ❞✐❡s❡r ❑❧❛ss❡✳

◆üt③❧✐❝❤❡ ❖♣❡r❛t✐♦♥❡♥✿

• public int available() ✿
❣✐❜t ❞✐❡ ❆♥③❛❤❧ ❞❡r ✈♦r❤❛♥❞❡♥❡♥ ❇②t❡s ❛♥❀

• public int read() throws IOException ✿
❧✐❡st ❡✐♥ ❇②t❡ ✈♦♠ ■♥♣✉t ❛❧s int✲❲❡rt❀ ✐st ❞❛s ❊♥❞❡ ❞❡s
❙tr♦♠s ❡rr❡✐❝❤t✱ ✇✐r❞ ✲✶ ❣❡❧✐❡❢❡rt❀

• void close() throws IOException ✿
s❝❤❧✐❡ÿt ❞❡♥ ❊✐♥❣❛❜❡✲❙tr♦♠✳

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✺✺✶



❆❝❤t✉♥❣

• System.in.available() ❧✐❡❢❡rt st❡ts 0✳

• ❆✉ÿ❡r System.in ❣✐❜t ❡s ❦❡✐♥❡ ❖❜❥❡❦t❡ ❞❡r ❑❧❛ss❡
InputStream

• ✳✳✳ ❛✉ÿ❡r ♥❛tür❧✐❝❤ ❖❜❥❡❦t❡ ✈♦♥ ❯♥t❡r❦❧❛ss❡♥✳

❑♦♥str✉❦t♦r❡♥ ✈♦♥ ❯♥t❡r❦❧❛ss❡♥✿

• public FileInputStream(String path) throws

IOException

ö✛♥❡t ❞✐❡ ❉❛t❡✐ path❀

• public DataInputStream(InputStream in)

❧✐❡❢❡rt ❢ür ❡✐♥❡♥ ■♥♣✉t❙tr❡❛♠ in ❡✐♥❡♥ DataInputStream✳
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❇❡✐s♣✐❡❧

import java.io.*;

public class FileCopy {

public static void main(String[] args) throws IOException {

FileInputStream file = new FileInputStream(args[0]);

int t; ✴✴ ✐♥t ❜r❛✉❝❤❡♥ ✇✐r ❢ür −✶
while(-1 != (t = file.read()))

System.out.print((char)t);

System.out.print("\n");

} ✴✴ ❡♥❞ ♦❢ ♠❛✐♥
} ✴✴ ❡♥❞ ♦❢ ❋✐❧❡❈♦♣②
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❊r❧ä✉t❡r✉♥❣❡♥

• ❉❛s Pr♦❣r❛♠♠ ✐♥t❡r♣r❡t✐❡rt ❞❛s ❡rst❡ ❆r❣✉♠❡♥t ✐♥ ❞❡r
❑♦♠♠❛♥❞♦✲❩❡✐❧❡ ❛❧s ❩✉❣r✐✛s♣❢❛❞ ❛✉❢ ❡✐♥❡ ❉❛t❡✐✳

• ❙✉❦③❡ss✐✈❡ ✇❡r❞❡♥ ❇②t❡s ❣❡❧❡s❡♥ ✉♥❞ ❛❧s char✲❲❡rt❡
✐♥t❡r♣r❡t✐❡rt ✇✐❡❞❡r ❛✉s❣❡❣❡❜❡♥✳

• ❉❛s Pr♦❣r❛♠♠ t❡r♠✐♥✐❡rt✱ s♦❜❛❧❞ ❞❛s ❊♥❞❡ ❞❡r ❉❛t❡✐ ❡rr❡✐❝❤t
✐st✳

❆❝❤t✉♥❣✿
• char✲❲❡rt❡ s✐♥❞ ✐♥t❡r♥ ✶✻ ❇✐t ❧❛♥❣ ✳✳✳

• ❊✐♥ ▲❛t✐♥✲✶✲❚❡①t ✇✐r❞ ❛✉s ❞❡♠ ■♥♣✉t✲❋✐❧❡ ❛✉❢ ❞✐❡ ❆✉s❣❛❜❡
❣❡s❝❤r✐❡❜❡♥✱ ✇❡✐❧ ❡✐♥ ❇②t❡✴▲❛t✐♥✲✶✲❩❡✐❝❤❡♥ xxxx xxxx

• ✐♥t❡r♥ ❛❧s 0000 0000 xxxx xxxx ❛❜❣❡s♣❡✐❝❤❡rt
✉♥❞ ❞❛♥♥

• ❡①t❡r♥ ❛❧s xxxx xxxx ❛✉s❣❡❣❡❜❡♥ ✇✐r❞✳
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❊r✇❡✐t❡r✉♥❣ ❞❡r ❋✉♥❦t✐♦♥❛❧✐tät

• ■♥ ❞❡r ❑❧❛ss❡ DataInputStream ❣✐❜t ❡s s♣❡③✐❡❧❧❡
▲❡s❡✲▼❡t❤♦❞❡♥ ❢ür ❥❡❞❡♥ ❇❛s✐s✲❚②♣✳

❯♥t❡r ❛♥❞❡r❡♠ ❣✐❜t ❡s✿

• public byte readByte() throws

IOException❀

• public char readChar() throws

IOException❀

• public int readInt() throws

IOException❀

• public double readDouble() throws

IOException✳
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❇❡✐s♣✐❡❧

import java.io.*;

public class FileCopy {

public static void main(String[] args) throws IOException {

FileInputStream file = new FileInputStream(args[0]);

DataInputStream data = new DataInputStream(file);

int n = file.available();

char x;

for(int i=0; i<n/2; ++i) {

x = data.readChar();

System.out.print(x);

}

System.out.print("\n");

} ✴✴ ❡♥❞ ♦❢ ♠❛✐♥
} ✴✴ ❡♥❞ ♦❢ ❡rr♦♥❡♦✉s ❋✐❧❡❈♦♣②
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❇❡✐s♣✐❡❧

✳✳✳ ❢ü❤rt ✐✳❛✳ ③✉r ❆✉s❣❛❜❡✿ ❄❄❄❄❄❄❄❄❄

❉❡r ●r✉♥❞✿

• readChar() ❧✐❡st ♥✐❝❤t ❡✐♥ ▲❛t✐♥✲✶✲❩❡✐❝❤❡♥ ✭✐✳❡✳ ✶ ❇②t❡✮✱
s♦♥❞❡r♥ ❞✐❡ ✶✻✲❇✐t✲❘❡♣räs❡♥t❛t✐♦♥ ❡✐♥❡s ❯♥✐❝♦❞❡✲❩❡✐❝❤❡♥s ❡✐♥✳

• ❉❛s ❯♥✐❝♦❞❡✲❩❡✐❝❤❡♥✱ ❞❛s ③✇❡✐ ▲❛t✐♥✲✶✲❩❡✐❝❤❡♥ ❤✐♥t❡r❡✐♥❛♥❞❡r
❡♥ts♣r✐❝❤t✱ ✐st ✭✐✳❛✳✮ ❛✉❢ ✉♥s❡r❡♥ ❇✐❧❞s❝❤✐r♠❡♥ ♥✐❝❤t
❞❛rst❡❧❧❜❛r✳ ❉❡s❤❛❧❜ ❞✐❡ ❋r❛❣❡③❡✐❝❤❡♥ ✳✳✳
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❆✉s❣❛❜❡

• ❆♥❛❧♦❣❡ ❑❧❛ss❡♥ st❡❤❡♥ ❢ür ❞✐❡ ❆✉s❣❛❜❡ ③✉r ❱❡r❢ü❣✉♥❣✳

• ❉✐❡ ❣r✉♥❞❧❡❣❡♥❞❡ ❑❧❛ss❡ ❢ür byte✲❆✉s❣❛❜❡ ❤❡✐ÿt
OutputStream✳

• ❆✉❝❤ OutputStream ✐st ❛❜str❛❦t✳

◆üt③❧✐❝❤❡ ❖♣❡r❛t✐♦♥❡♥✿

• public void write(int b) throws

IOException✿
s❝❤r❡✐❜t ❞❛s ✉♥t❡rst❡ ❇②t❡ ✈♦♥ b ✐♥ ❞✐❡ ❆✉s❣❛❜❡❀

• void flush() throws IOException ✿ ❢❛❧❧s ❞✐❡
❆✉s❣❛❜❡ ❣❡♣✉✛❡rt ✇✉r❞❡✱ s♦❧❧ s✐❡ ♥✉♥ ❛✉s❣❡❣❡❜❡♥ ✇❡r❞❡♥❀

• void close() throws IOException ✿
s❝❤❧✐❡ÿt ❞❡♥ ❆✉s❣❛❜❡✲❙tr♦♠✳
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❆✉s❣❛❜❡

• ❲❡✐❧ OutputStream ❛❜str❛❦t ✐st✱ ❣✐❜t ❡s ❦❡✐♥❡ ❖❜❥❡❦t❡ ❞❡r
❑❧❛ss❡ OutputStream✱ ♥✉r ❖❜❥❡❦t❡ ✈♦♥ ❯♥t❡r❦❧❛ss❡♥✳

❑♦♥str✉❦t♦r❡♥ ✈♦♥ ❯♥t❡r❦❧❛ss❡♥✿

• public FileOutputStream(String path) throws

IOException❀

• public FileOutputStream(String path,

boolean append) throws IOException❀

• public DataOutputStream(OutputStream out);

• public PrintStream(OutputStream out) ✖
❞❡r ❘ü❝❦✇ärts✲❑♦♠♣❛t✐❜✐❧✐tät ✇❡❣❡♥✱ ❞✳❤✳ ✉♠ ❆✉s❣❛❜❡ ❛✉❢
System.out ✉♥❞ System.err ③✉ ♠❛❝❤❡♥ ✳✳✳
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❇❡✐s♣✐❡❧

import java.io.*;

public class File2FileCopy {

public static void main(String[] args) throws IOException {

FileInputStream fileIn = new FileInputStream(args[0]);

FileOutputStream fileOut = new FileOutputStream(args[1]);

int n = fileIn.available();

for(int i=0; i<n; ++i)

fileOut.write(fileIn.read());

fileIn.close(); fileOut.close();

System.out.print("\t\tDone!!!\n");

} ✴✴ ❡♥❞ ♦❢ ♠❛✐♥
} ✴✴ ❡♥❞ ♦❢ ❋✐❧❡✷❋✐❧❡❈♦♣②
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❊r❧ä✉t❡r✉♥❣❡♥

• ❉❛s Pr♦❣r❛♠♠ ✐♥t❡r♣r❡t✐❡rt ❞✐❡ ✶✳ ✉♥❞ ✷✳
❑♦♠♠❛♥❞♦✲❩❡✐❧❡♥✲❆r❣✉♠❡♥t❡ ❛❧s ❩✉❣r✐✛s♣❢❛❞❡ ❛✉❢ ❡✐♥❡ ❊✐♥✲
❜③✇✳ ❆✉s❣❛❜❡✲❉❛t❡✐✳

• ❉✐❡ ❆♥③❛❤❧ ❞❡r ✐♥ ❞❡r ❊✐♥❣❛❜❡ ❡♥t❤❛❧t❡♥❡♥ ❇②t❡s ✇✐r❞
❜❡st✐♠♠t✳

• ❉❛♥♥ ✇❡r❞❡♥ s✉❦③❡ss✐✈❡ ❞✐❡ ❇②t❡s ❣❡❧❡s❡♥ ✉♥❞ ✐♥ ❞✐❡
❆✉s❣❛❜❡✲❉❛t❡✐ ❣❡s❝❤r✐❡❜❡♥✳

❊r✇❡✐t❡r✉♥❣ ❞❡r ❋✉♥❦t✐♦♥❛❧✐tät✿

❉✐❡ ❑❧❛ss❡ DataOutputStream ❜✐❡t❡t s♣❡③✐❡❧❧❡
❙❝❤r❡✐❜✲▼❡t❤♦❞❡♥ ❢ür ✈❡rs❝❤✐❡❞❡♥❡ ❇❛s✐s✲❚②♣❡♥ ❛♥✳
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❇❡✐s♣✐❡❧s✇❡✐s❡ ❣✐❜t ❡s

• void writeByte(int x) throws IOException❀

• void writeChar(int x) throws IOException❀

• void writeInt(int x) throws IOException❀

• void writeDouble(double x) throws

IOException✳

❇❡❛❝❤t❡✿

• writeChar() s❝❤r❡✐❜t ❣❡♥❛✉ ❞✐❡ ❘❡♣räs❡♥t❛t✐♦♥ ❡✐♥❡s
❩❡✐❝❤❡♥s✱ ❞✐❡ ✈♦♥ readChar() ✈❡rst❛♥❞❡♥ ✇✐r❞✱ ❞✳❤✳ ✷ ❇②t❡✳
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❇❡✐s♣✐❡❧

import java.io.*;

public class Numbers {

public static void main(String[] args) throws IOException {

FileOutputStream file = new FileOutputStream(args[0]);

DataOutputStream data = new DataOutputStream(file);

int n = Integer.parseInt(args[1]);

for(int i=0; i<n; ++i)

data.writeInt(i);

data.close();

System.out.print("\t\tDone!\n");

} ✴✴ ❡♥❞ ♦❢ ♠❛✐♥
} ✴✴ ❡♥❞ ♦❢ ◆✉♠❜❡rs
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❊r❧ä✉t❡r✉♥❣❡♥ ■

• ❉❛s Pr♦❣r❛♠♠ ❡♥t♥✐♠♠t ❞❡r ❑♦♠♠❛♥❞♦✲❩❡✐❧❡ ❞❡♥
❉❛t❡✐✲P❢❛❞ s♦✇✐❡ ❡✐♥❡ ❩❛❤❧ n✳

• ❊s ✇✐r❞ ❡✐♥ DataOutputStream ❢ür ❞✐❡ ❉❛t❡✐ ❡rö✛♥❡t✳

• ■♥ ❞✐❡ ❉❛t❡✐ ✇❡r❞❡♥ ❞✐❡ ❩❛❤❧❡♥ ✵✱✳✳✳✱n-1 ❜✐♥är ❣❡s❝❤r✐❡❜❡♥✳

• ❉❛s s✐♥❞ ❛❧s♦ ✹n ❇②t❡s✳

❆❝❤t✉♥❣✿
• ■♥ ❞❡r ❑❧❛ss❡ System s✐♥❞ ❞✐❡ ③✇❡✐ ✈♦r❞❡✜♥✐❡rt❡♥

❆✉s❣❛❜❡✲❙trö♠❡ out ✉♥❞ err ❡♥t❤❛❧t❡♥✳

• out r❡♣räs❡♥t✐❡rt ❞✐❡ ❆✉s❣❛❜❡ ❛✉❢ ❞❡♠ ❚❡r♠✐♥❛❧✳

• err r❡♣räs❡♥t✐❡rt ❞✐❡ ❋❡❤❧❡r✲❆✉s❣❛❜❡ ❢ür ❡✐♥ Pr♦❣r❛♠♠ ✭✐✳❛✳
❡❜❡♥❢❛❧❧s ❛✉❢ ❞❡♠ ❚❡r♠✐♥❛❧✮✳

• ❉✐❡s❡ s♦❧❧❡♥ ❥❡❞❡s ❖❜❥❡❦t ❛❧s ❚❡①t ❛✉s③✉❣❡❜❡♥ ❦ö♥♥❡♥✳

• ❉❛③✉ ❞✐❡♥t ❞✐❡ ❑❧❛ss❡ PrintStream✳
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❊r❧ä✉t❡r✉♥❣❡♥ ■■

• ❉✐❡ public✲❖❜❥❡❦t✲▼❡t❤♦❞❡♥ print() ✉♥❞ println()
❣✐❜t ❡s ❢ür ❥❡❞❡♥ ♠ö❣❧✐❝❤❡♥ ❆r❣✉♠❡♥t✲❚②♣✳

• ❋ür ✭Pr♦❣r❛♠♠✐❡r❡r✲❞❡✜♥✐❡rt❡✮ ❑❧❛ss❡♥ ✇✐r❞ ❞❛❜❡✐ ❛✉❢ ❞✐❡
toString()✲▼❡t❤♦❞❡ ③✉rü❝❦❣❡❣r✐✛❡♥✳

• println() ✉♥t❡rs❝❤❡✐❞❡t s✐❝❤ ✈♦♥ print✱ ✐♥❞❡♠ ♥❛❝❤
❆✉s❣❛❜❡ ❞❡s ❆r❣✉♠❡♥ts ❡✐♥❡ ♥❡✉❡ ❩❡✐❧❡ ❜❡❣♦♥♥❡♥ ✇✐r❞✳

❆❝❤t✉♥❣✿
• PrintStream ❜❡♥✉t③t ✭♥❡✉❡r❞✐♥❣s✮ ❞✐❡ ❙t❛♥❞❛r❞✲❈♦❞✐❡r✉♥❣

❞❡s ❙②st❡♠s✱ ❞✳❤✳ ❜❡✐ ✉♥s ▲❛t✐♥✲✶✳

• ❯♠ ❛✉s ❡✐♥❡♠ ✭❯♥✐❝♦❞❡✲✮❙tr✐♥❣ ❡✐♥❡ ❋♦❧❣❡ ✈♦♥ s✐❝❤t❜❛r❡♥
✭▲❛t✐♥✲✶✲✮❩❡✐❝❤❡♥ ③✉ ❣❡✇✐♥♥❡♥✱ ✇✐r❞ ❜❡✐ ❥❡❞❡♠ ❩❡✐❝❤❡♥✱ ❞❛s
❦❡✐♥ ▲❛t✐♥✲✶✲❩❡✐❝❤❡♥ ❞❛rst❡❧❧t✱ ❡✐♥ ✬❄✬ ❣❡❞r✉❝❦t ✳✳✳

==⇒ ❢ür ❡❝❤t❡ ✭❯♥✐❝♦❞❡✲✮ ❚❡①t✲▼❛♥✐♣✉❧❛t✐♦♥ s❝❤❧❡❝❤t ❣❡❡✐❣♥❡t
✳✳✳
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◆üt③❧✐❝❤❡ ❑❧❛ss❡♥

FileReader

Object

Java.lang

FileWriterOutputStreamWriter

PrintWriter

InputStreamReader

BufferedReader

Reader

Writer
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❘❡❛❞❡r

• ❉✐❡ ❑❧❛ss❡ Reader ✐st ❛❜str❛❦t✳

❲✐❝❤t✐❣❡ ❖♣❡r❛t✐♦♥❡♥✿

• public boolean ready() throws IOException✿
❧✐❡❢❡rt true✱ s♦❢❡r♥ ❡✐♥ ❩❡✐❝❤❡♥ ❣❡❧❡s❡♥ ✇❡r❞❡♥ ❦❛♥♥❀

• public int read() throws IOException ✿
❧✐❡st ❡✐♥ ✭❯♥✐❝♦❞❡✲✮❩❡✐❝❤❡♥ ✈♦♠ ■♥♣✉t ❛❧s int✲❲❡rt❀ ✐st ❞❛s
❊♥❞❡ ❞❡s ❙tr♦♠s ❡rr❡✐❝❤t✱ ✇✐r❞ ✲✶ ❣❡❧✐❡❢❡rt❀

• void close() throws IOException ✿ s❝❤❧✐❡ÿt
❞❡♥ ❊✐♥❣❛❜❡✲❙tr♦♠✳
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❯♥t❡r❦❧❛ss❡♥

• ❊✐♥ InputStreamReader ✐st ❡✐♥ s♣❡③✐❡❧❧❡r ❚❡①t❧❡s❡r ❢ür
❊✐♥❣❛❜❡✲❙trö♠❡✳

• ❊✐♥ FileReader ❣❡st❛tt❡t✱ ❛✉s ❡✐♥❡r ❉❛t❡✐ ❚❡①t ③✉ ❧❡s❡♥✳

• ❊✐♥ BufferedReader ✐st ❡✐♥ Reader✱ ❞❡r ❚❡①t ③❡✐❧❡♥✇❡✐s❡
❧❡s❡♥ ❦❛♥♥✱ ❞✳❤✳ ❡✐♥❡ ③✉sät③❧✐❝❤❡ ▼❡t❤♦❞❡ public

String readLine() throws IOException; ③✉r
❱❡r❢ü❣✉♥❣ st❡❧❧t✳

❑♦♥str✉❦t♦r❡♥✿
• public InputStreamReader(InputStream in);

• public InputStreamReader(InputStream in,

String encoding) throws IOException;

• public FileReader(String path) throws

IOException;

• public BufferedReader(Reader in);
❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✺✻✽



❇❡✐s♣✐❡❧

import java.io.*;

public class CountLines {

public static void main(String[] args) throws IOException {

FileReader file = new FileReader(args[0]);

BufferedReader buff = new BufferedReader(file);

int n=0; while(null != buff.readLine()) n++;

buff.close();

System.out.print("Number of Lines:\t\t"+ n);

} ✴✴ ❡♥❞ ♦❢ ♠❛✐♥
} ✴✴ ❡♥❞ ♦❢ ❈♦✉♥t▲✐♥❡s

• ❉✐❡ ❖❜❥❡❦t✲▼❡t❤♦❞❡ readLine() ❧✐❡❢❡rt null✱ ✇❡♥♥ ❜❡✐♠
▲❡s❡♥ ❞❛s ❊♥❞❡ ❞❡r ❉❛t❡✐ ❡rr❡✐❝❤t ✇✉r❞❡✳

• ❉❛s Pr♦❣r❛♠♠ ③ä❤❧t ❞✐❡ ❆♥③❛❤❧ ❞❡r ❩❡✐❧❡♥ ❡✐♥❡r ❉❛t❡✐✳
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❆✉s❣❛❜❡

• ❲✐❡❞❡r st❡❤❡♥ ❛♥❛❧♦❣❡ ❑❧❛ss❡♥ ❢ür ❞✐❡ ❆✉s❣❛❜❡ ③✉r ❱❡r❢ü❣✉♥❣✳

• ❉✐❡ ❣r✉♥❞❧❡❣❡♥❞❡ ❑❧❛ss❡ ❢ür t❡①t✉❡❧❧❡ ❆✉s❣❛❜❡ ❤❡✐ÿt Writer✳

◆üt③❧✐❝❤❡ ❖♣❡r❛t✐♦♥❡♥✿

• public void write( t②♣❡ x) throws

IOException✿
❣✐❜t ❡s ❢ür ❞✐❡ ❚②♣❡♥ int ✭❞❛♥♥ ✇✐r❞ ❡✐♥ ❡✐♥③❡❧♥❡s ❩❡✐❝❤❡♥
❣❡s❝❤r✐❡❜❡♥✮✱ char[] s♦✇✐❡ String✳

• void flush() throws IOException ✿
❢❛❧❧s ❞✐❡ ❆✉s❣❛❜❡ ❣❡♣✉✛❡rt ✇✉r❞❡✱ s♦❧❧ s✐❡ ♥✉♥ t❛tsä❝❤❧✐❝❤
❛✉s❣❡❣❡❜❡♥ ✇❡r❞❡♥❀

• void close() throws IOException ✿ s❝❤❧✐❡ÿt ❞❡♥
❆✉s❣❛❜❡✲❙tr♦♠✳
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❆✉s❣❛❜❡

• ❲❡✐❧ Writer ❛❜str❛❦t ✐st✱ ❣✐❜t ❦❡✐♥❡ ❖❜❥❡❦t❡ ❞❡r ❑❧❛ss❡
Writer✱ ♥✉r ❖❜❥❡❦t❡ ✈♦♥ ❯♥t❡r❦❧❛ss❡♥✳

❑♦♥str✉❦t♦r❡♥✿

• public OutputStreamWriter(OutputStream

str)❀

• public OutputStreamWriter(OutputStream str,

String encoding)❀

• public FileWriter(String path) throws

IOException❀

• public FileWriter(String path, boolean

append) throws IOException❀

• public PrintWriter(OutputStream out);

• public PrintWriter(Writer out);
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❇❡✐s♣✐❡❧

import java.io.*;

public class Text2TextCopy {

public static void main(String[] args) throws IOException {

FileReader fileIn = new FileReader(args[0]);

FileWriter fileOut = new FileWriter(args[1]);

int c = fileIn.read();

for(; c!=-1; c=fileIn.read())

fileOut.write(c);

fileIn.close(); fileOut.close();

System.out.print("\t\tDone!!!\n");

} ✴✴ ❡♥❞ ♦❢ ♠❛✐♥
} ✴✴ ❡♥❞ ♦❢ ❚❡①t✷❚❡①t❈♦♣②
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❲✐❝❤t✐❣✦

• ❖❤♥❡ ❡✐♥❡♥ ❆✉❢r✉❢ ✈♦♥ flush() ♦❞❡r close() ❦❛♥♥ ❡s
♣❛ss✐❡r❡♥✱ ❞❛ss ❞❛s Pr♦❣r❛♠♠ ❜❡❡♥❞❡t ✇✐r❞✱ ❜❡✈♦r ❞✐❡
❆✉s❣❛❜❡ ✐♥ ❞✐❡ ❉❛t❡✐ ❣❡s❝❤r✐❡❜❡♥ ✇✉r❞❡

• ❩✉♠ ❱❡r❣❧❡✐❝❤✿ ✐♥ ❞❡r ❑❧❛ss❡ OutputStream ✇✐r❞
flush() ❛✉t♦♠❛t✐s❝❤ ♥❛❝❤ ❥❡❞❡♠ ❩❡✐❝❤❡♥ ❛✉❢❣❡r✉❢❡♥✱ ❞❛s
❡✐♥ ❩❡✐❧❡♥❡♥❞❡ ♠❛r❦✐❡rt✳

❇❧❡✐❜t ♥✉♥ ♥♦❝❤✱ ❞✐❡ ③✉sät③❧✐❝❤❡♥ ❖❜❥❡❦t✲▼❡t❤♦❞❡♥ ❢ür ❡✐♥❡♥
PrintWriter ❛✉❢③✉❧✐st❡♥✳✳✳

• ❆♥❛❧♦❣ ③✉♠ PrintStream s✐♥❞ ❞✐❡s
public void print( t②♣❡ x); ✉♥❞
public void println( t②♣❡ x);

• ✳✳✳ ❞✐❡ ❡s ❣❡st❛tt❡♥✱ ❲❡rt❡ ❥❡❣❧✐❝❤❡♥ ❚②♣s ✭❛❜❡r ♥✉♥ ❡✈t✳ ✐♥
❣❡❡✐❣♥❡t❡r ❈♦❞✐❡r✉♥❣✮ ❛✉s③✉❞r✉❝❦❡♥✳
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❩✉s❛♠♠❡♥❢❛ss✉♥❣

• ❊✐♥✲ ✉♥❞ ❆✉s❣❛❜❡ ✇✐r❞ ✐♥ ❏❛✈❛ ❞✉r❝❤ ❞✐✈❡rs❡ ❱❛r✐❛♥t❡♥ ✈♦♥
❊✐♥✲ ✉♥❞ ❆✉s❣❛❜❡strö♠❡♥ r❡❛❧✐s✐❡rt

• ❱♦♥ ❞✐❡s❡♥ InputStreams ✉♥❞ ❛✉❢ ❞✐❡s❡ OutputStreams
❦❛♥♥ ❞✐r❡❦t ❣❡❧❡s❡♥✴❣❡s❝❤r✐❡❜❡♥ ✇❡r❞❡♥✳ ❉❛s ❣❡s❝❤✐❡❤t
❜②t❡✇❡✐s❡✦ ✭❯♥❞ ❥❛✱ ✇✐r ❤❛❜❡♥ ❣❡s❡❤❡♥✱ ❞❛ss ♠❛♥ ❜②t❡✇❡✐s❡
❜②t❡s✱ ❝❤❛rs✱ ✐♥ts✱ ❡t❝✳ ❧❡s❡♥✴s❝❤r❡✐❜❡♥ ❦❛♥♥✳✮

• Readers ✉♥❞ Writers ❛r❜❡✐t❡♥ ❝❤❛r❛❝t❡r✲❜❛s✐❡rt✳ ❉❡r
❯♥t❡rs❝❤✐❡❞ ❧✐❡❣t ❛❧s♦ ✐♥ ❞❡r ✉♥t❡rstüt③t❡♥ ❈♦❞✐❡r✉♥❣✿ ❘❡❛❞❡rs
✉♥❞ ❲r✐t❡rs ❦ö♥♥❡♥ ❞✐r❡❦t ③✳❇✳ ❯♥✐❝♦❞❡ ✈❡rst❡❤❡♥✳
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Ü❜❡rs✐❝❤t

❋❡❤❧❡r✲❖❜❥❡❦t❡✿ ❲❡r❢❡♥✱ ❋❛♥❣❡♥✱ ❇❡❤❛♥❞❡❧♥

❙tr✐♥❣s

■t❡r❛t♦r❡♥

❑♦❧❧❡❦t✐♦♥❡♥

❊✐♥✲ ✉♥❞ ❆✉s❣❛❜❡

❚❡st❡♥
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❚❡st❡♥

❏❡❞❡s Pr♦❣r❛♠♠ ♠✉ss ❣❡t❡st❡t ✇❡r❞❡♥

❲✐❝❤t✐❣ ❞❛❜❡✐✿

◮ ❆✉s✇❛❤❧ ❞❡r ❚❡st❢ä❧❧❡
◮ ❑❧❛ss✐✜③✐❡r✉♥❣ ❞❡r ♠ö❣❧✐❝❤❡♥ ❊✐♥❣❛❜❡❞❛t❡♥
◮ =⇒ ❙t❛♥❞❛r❞s✐t✉❛t✐♦♥❡♥ ✉♥❞ ❘❛♥❞❢ä❧❧❡ ❜❡❛❝❤t❡♥

◮ ❆✉s✇❛❤❧ ❞❡r ❚❡st❞❛t❡♥
◮ ❘❡♣räs❡♥t❛t✐✈❡ ❉❛t❡♥ ③✉ ❥❡❞❡♠ ❚❡st❢❛❧❧

=⇒ ▼❛♥ ♠✉ss ✈❡rs✉❝❤❡♥✱ ❛❧❧❡ ✇✐❝❤t✐❣❡♥ ❙✐t✉❛t✐♦♥❡♥ ❛❜③✉❞❡❝❦❡♥✱ ✐♥
❞❡♥❡♥ ❞❛s Pr♦❣r❛♠♠ ♣♦t❡♥③✐❡❧❧ s❝❤✐❡❢❣❡❤❡♥ ❦❛♥♥
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❊✐♥ ❦❧❛ss✐s❝❤❡s ◗✉✐③

◮ ❉❡r ❇❡♥✉t③❡r ❣✐❜t ❞r❡✐ ❣❛♥③❡ ❩❛❤❧❡♥ ❡✐♥✳ ❉✐❡s❡ ❩❛❤❧❡♥
r❡♣räs❡♥t✐❡r❡♥ ❞✐❡ ▲ä♥❣❡ ❞❡r ❙❡✐t❡♥ ❡✐♥❡s ❉r❡✐❡❝❦s✳ ❉❛s
Pr♦❣r❛♠♠ ❦❧❛ss✐✜③✐❡rt ❞❛s ❉r❡✐❡❝❦ ❛❧s ❣❧❡✐❝❤s❡✐t✐❣✱
❣❧❡✐❝❤s❝❤❡♥❦❧✐❣✱ ♦❞❡r ✇❡❞❡r✲♥♦❝❤✳

◮ ❲❛s s✐♥❞ ❣✉t❡ ❚❡st❢ä❧❧❡❄

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✺✼✼



❚❡st❢ä❧❧❡ ✭❉✉r❝❤s❝❤♥✐tt✿ ✼✳✽✴✶✹✮

◮ ●ü❧t✐❣❡s ✇❡❞❡r✲♥♦❝❤✲❉r❡✐❡❝❦
◮ ●ü❧t✐❣❡s ❣❧❡✐❝❤s❡✐t✐❣❡s ❉r❡✐❡❝❦
◮ ●ü❧t✐❣❡s ❣❧❡✐❝❤s❝❤❡♥❦❧✐❣❡s ❉r❡✐❡❝❦ ✭♣❧✉s P❡r♠✉t❛t✐♦♥❡♥✱ ③✳❇✳

✹✱✸✱✸❀ ✸✱✹✱✸❀ ✸✱✸✱✹✮
◮ ●❡♥❛✉ ❡✐♥❡ ❙❡✐t❡ ▲ä♥❣❡ ◆✉❧❧
◮ ❊✐♥❡ ❙❡✐t❡ ♥❡❣❛t✐✈❡ ▲ä♥❣❡
◮ ❙✉♠♠❡ ③✇❡✐❡r ♥✐❝❤t♥❡❣❛t✐✈❡r ❙❡✐t❡♥ ❡r❣✐❜t ❞r✐tt❡ ❙❡✐t❡ ✭♣❧✉s

P❡r♠✉t❛t✐♦♥❡♥✮
◮ ❙✉♠♠❡ ③✇❡✐❡r ♥✐❝❤t♥❡❣❛t✐✈❡r ❙❡✐t❡♥ ✐st ❦❧❡✐♥❡r ❛❧s ❞r✐tt❡ ❙❡✐t❡

✭♣❧✉s P❡r♠✉t❛t✐♦♥❡♥✮
◮ ❆❧❧❡ ❙❡✐t❡♥ ▲ä♥❣❡ ◆✉❧❧
◮ ◆✐❝❤t✲❣❛♥③③❛❤❧✐❣❡ ❲❡rt❡
◮ 6= ✸ P❛r❛♠❡t❡r
◮ ❊r✇❛rt❡t❡ ❆✉s❣❛❜❡❄

✶✻ ❚❡st❢ä❧❧❡✦
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❲❛s ❚❡st❡♥ ✐st ✳✳✳

◮ ❉②♥❛♠✐s❝❤❡r ❱❡r❣❧❡✐❝❤ ✈♦♥ t❛tsä❝❤❧✐❝❤❡♠ ✉♥❞ ❡r✇ü♥s❝❤t❡♠
✭❂s♣❡③✐✜③✐❡rt❡♠✮ Pr♦❣r❛♠♠✈❡r❤❛❧t❡♥

◮ ❩✐❡❧❡
✶ ◆❛❝❤✇❡✐s✱ ❞❛ss ❋✉♥❦t✐♦♥❛❧✐tät ❡r❢ü❧❧t ✐st
✷ ❋❡❤❧❡r❞❡t❡❦t✐♦♥

◮ ❯♥t❡rs❝❤✐❡❞ ♣s②❝❤♦❧♦❣✐s❝❤ ✇❡s❡♥t❧✐❝❤
◮ ❙♦❧❧t❡♥ Pr♦❣r❛♠♠✐❡r❡r ✐❤r❡ ❡✐❣❡♥❡♥ Pr♦❣r❛♠♠❡ t❡st❡♥❄
◮ ■♠ ❆❧❧❣❡♠❡✐♥❡♥ ♥❡✐♥❀ ❛❜❡r ❞❛s ❡r❣✐❜t ♦r❣❛♥✐s❛t♦r✐s❝❤❡ ✉♥❞

❑♦st❡♥♣r♦❜❧❡♠❡

❊✐♥ ❚❡st❢❛❧❧ ❜❡st❡❤t ✐♠♠❡r ❛✉s ❊✐♥✲ ✉♥❞ ❡r✇❛rt❡t❡r ❆✉s❣❛❜❡ ✭♣❧✉s
❣❣❢✳ ❆✉s❢ü❤r✉♥❣s❜❡❞✐♥❣✉♥❣❡♥✮✳ ❋ür ❥❡❞❡♥ ❚❡st❢❛❧❧ s♦❧❧t❡ ❛✉❝❤ ❡✐♥❡
❇❡❣rü♥❞✉♥❣ ❡①✐st✐❡r❡♥✱ ✇❛r✉♠ ❡r ❛✉s❣❡✇ä❤❧t ✇✉r❞❡✳

■♥ ❳P s✐♥❞ ❚❡st❢ä❧❧❡ ❞✐❡ ✭❡✐♥③✐❣❡✮ ❙♣❡③✐✜❦❛t✐♦♥✦
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❉r❡✐ ❆rt❡♥ ✈♦♥ ❋❡❤❧❡r♥
✶ ❋❛✐❧✉r❡

◮ ❯♥t❡rs❝❤✐❡❞ ③✇✐s❝❤❡♥ ❙♣❡③✐✜❦❛t✐♦♥ ✉♥❞ ❜❡♦❜❛❝❤t❜❛r❡♠
❱❡r❤❛❧t❡♥

◮ ▼❛♥✐❢❡st❛t✐♦♥ ③✉r ▲❛✉❢③❡✐t
◮ ❲❡♥♥ ❚❡st❢ä❧❧❡ ❛❧s ❡✐❣❡♥stä♥❞✐❣❡s Pr♦❣r❛♠♠ ✐♠♣❧❡♠❡♥t✐❡rt

✇❡r❞❡♥✱ ❦❛♥♥ ❞❡r ❱❡r❣❧❡✐❝❤ ✈♦♥ ❡r✇❛rt❡t❡r ✉♥❞ t❛tsä❝❤❧✐❝❤❡r
❆✉s❣❛❜❡ ❛❧s ❆ss❡rt✐♦♥ ❢♦r♠✉❧✐❡rt ✇❡r❞❡♥✳ ●✐❧t ❛✉❝❤ ❢ür ❡✐♥③❡❧♥❡
❋✉♥❦t✐♦♥❡♥✳

◮ ●✉t❡ ❋r❛♠❡✇♦r❦s✱ ❡t✇❛ ❥✉♥✐t✱ ✈❡r❢ü❣❜❛r✳
✷ ❊rr♦r

◮ ❯♥t❡rs❝❤✐❡❞ ③✇✐s❝❤❡♥ t❛tsä❝❤❧✐❝❤❡♠ ✉♥❞ ❡r✇ü♥s❝❤t❡♠ ✐♥t❡r♥❡♥
Pr♦❣r❛♠♠③✉st❛♥❞

◮ ❑❛♥♥✱ ♠✉ss ❛❜❡r ♥✐❝❤t ③✉ ❡✐♥❡r ❋❛✐❧✉r❡ ❢ü❤r❡♥
◮ ❑❛♥♥ ③✉r ▲❛✉❢③❡✐t ✒r❡♣❛r✐❡rt✏ ✇❡r❞❡♥ ✭③✳❇✳ ❞✉r❝❤ ❘❡❞✉♥❞❛♥③✮
◮ ❑❛♥♥ ♠✐t ❆ss❡rt✐♦♥s ü❜❡r♣rü❢t ✇❡r❞❡♥

✸ ❋❛✉❧t
◮ ❚❛tsä❝❤❧✐❝❤❡r ♦❞❡r ✈❡r♠✉t❡t❡r ●r✉♥❞ ❢ür ❞✐❡ ❆❜✇❡✐❝❤✉♥❣ ✈♦♥

t❛tsä❝❤❧✐❝❤❡♠ ✉♥❞ ❡r✇ü♥s❝❤t❡♠ ❜❡♦❜❛❝❤t❜❛r❡♥ ❱❡r❤❛❧t❡♥ ♦❞❡r
❞❡♠ Pr♦❣r❛♠♠③✉st❛♥❞
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❲❛s ❚❡st❡♥ ♥✐❝❤t ✐st ✳✳✳
◮ ◗✉❛❧✐täts✈❡r❜❡ss❡r✉♥❣

◮ ❉❛s ✇✐r❞ ❞✉r❝❤ ❉❡❜✉❣❣✐♥❣ ❡rr❡✐❝❤t

◮ ❋❡❤❧❡r❧♦❦❛❧✐s✐❡r✉♥❣ ✭❢❛✉❧t ❧♦❝❛❧✐③❛t✐♦♥✮
◮ ❙t❛t✐s❝❤❡ ❈♦❞❡❛♥❛❧②s❡✱ ♦❜ ♠❛♥✉❡❧❧ ♦❞❡r ❛✉t♦♠❛t✐s✐❡rt

◮ ▼❛t❤❡♠❛t✐s❝❤❡ ❇❡✇❡✐s❡
◮ ▼❛♥❝❤❡ ♥❡♥♥❡♥ ✈❡rs❝❤✐❡❞❡♥❡ ▲❡s❡t❡❝❤♥✐❦❡♥ ✭r❡✈✐❡✇s✱

✐♥s♣❡❝t✐♦♥s✱ ✇❛❧❦t❤r♦✉❣❤s✮ ✒st❛t✐s❝❤❡s ❚❡st❡♥✏✳ ❲✐r ♥✐❝❤t✳
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❲❛r✉♠ ❚❡st❡♥ s♦ s❝❤✇✐❡r✐❣ ✐st

❲❛s ♠❛❝❤t ❡✐♥❡♥ ❚❡st❢❛❧❧ ③✉ ❡✐♥❡♠ ❣✉t❡♥ ❚❡st❢❛❧❧❄

✶ ❋ä❤✐❣❦❡✐t✱ ❋❡❤❧❡r ③✉ ✜♥❞❡♥ ✭❋❡❤❧❡r ♥✉r ♠✐t ❙♣❡③✐✜❦❛t✐♦♥❡♥✦✮
◮ ❉❛♥♥ ❛❜❡r ❦❡✐♥ ❣✉t❡r ❚❡st❢❛❧❧ ❢ür ❡✐♥ ❢❡❤❧❡r❢r❡✐❡s Pr♦❣r❛♠♠

✷ ❋ä❤✐❣❦❡✐t✱ ♣♦t❡♥t✐❡❧❧❡ ❋❡❤❧❡r ③✉ ✜♥❞❡♥
◮ ❘✐❝❤t✐❣✳ ❆❜❡r ✇❛s ✐st ❡✐♥ ♣♦t❡♥t✐❡❧❧❡r ❋❡❤❧❡r❄ ❯♥❞ ✇❛s ✐st ♠✐t

❞❡♠ ❆✉❢✇❛♥❞❄

✸ ❋ä❤✐❣❦❡✐t✱ ✇❛❤rs❝❤❡✐♥❧✐❝❤❡ ❋❡❤❧❡r ♠✐t ❛♥❣❡♠❡ss❡♥❡♠ ❆✉❢✇❛♥❞
③✉ ✜♥❞❡♥

◮ ❑♦st❡♥✱ ❚❡sts ③✉ s❝❤r❡✐❜❡♥✴❛✉s③✉❢ü❤r❡♥✴❛✉s③✉✇❡rt❡♥
◮ ❑♦st❡♥ ✈❡r❜❧❡✐❜❡♥❞❡r ❋❡❤❧❡r✱ ❥❡ ♥❛❝❤ ❙❝❤✇❡r❡
◮ ❚❡sts✉✐t❡♥ s♦❧❧❡♥ ❛✉s ▼❛♥❛❣❡♠❡♥t❣rü♥❞❡♥ s♦ ❦❧❡✐♥ ✇✐❡ ♠ö❣❧✐❝❤

✭s♦ ❣r♦ss ✇✐❡ ♥öt✐❣✮ s❡✐♥ ✉♥❞ s♦ ❦✉r③❡ ❚❡st❢ä❧❧❡ ✇✐❡ ♠ö❣❧✐❝❤ ✭s♦
❧❛♥❣ ✇✐❡ ♥öt✐❣✮ ❡♥t❤❛❧t❡♥

◮ ▲❡✐❝❤t❡ ❋❛✉❧t✲▲♦❦❛❧✐s✐❡r✉♥❣

❆✉s❣❡③❡✐❝❤♥❡t✦ ❯♥❞ ✈✐❡❧ ③✉ ❛❜str❛❦t✦
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❚❡sts❡❧❡❦t✐♦♥

◮ ❆♣♣r♦①✐♠❛t✐♦♥ ✒❣✉t❡r✏ ❚❡st❢ä❧❧❡
◮ ❩❡♥tr❛❧❡s Pr♦❜❧❡♠

◮ ▼ö❣❧✐❝❤❡ ❊✐♥❣❛❜❡❞❛t❡♥ ✐♥ ❇❧ö❝❦❡ ❣r✉♣♣✐❡r❡♥✱ s♦ ❞❛ss
✭♠ö❣❧✐❝❤st✮ ❥❡❞❡s ❊❧❡♠❡♥t ❡✐♥❡s ❇❧♦❝❦s ❞❡♥s❡❧❜❡♥ ❋❡❤❧❡r
♣r♦✈♦③✐❡rt

◮ ✭❊r❢♦r❞❡rt ♥❛tür❧✐❝❤ ❛ ♣r✐♦r✐✕❲✐ss❡♥ ✉♠ ❋❡❤❧❡r✮

◮ ▲ös✉♥❣
◮ ❆✉❢ ❞❡r ❇❛s✐s ✈♦♥ ❆♥❢♦r❞❡r✉♥❣❡♥
◮ ❆✉❢ ❞❡r ❇❛s✐s ✈♦♥ ❲✐ss❡♥ ✉♠ t②♣✐s❝❤❡ ❋❡❤❧❡r
◮ ❩✉❢ä❧❧✐❣ ✭❣❧❡✐❝❤✈❡rt❡✐❧t ♦❞❡r ❣❡♠äss ◆✉t③❡r♣r♦✜❧❡♥✮
◮ ❙tr✉❦t✉r❜❛s✐❡rt ✭✒ ❥❡❞❡ ❩❡✐❧❡ ❡✐♥♠❛❧ ❛✉s❢ü❤r❡♥✏✱ ✒ ❥❡❞❡

❇❡❞✐♥❣✉♥❣ ❡✐♥♠❛❧ ③✉ ✇❛❤r ✉♥❞ ❡✐♥♠❛❧ ③✉ ❢❛❧s❝❤ ❛✉s✇❡rt❡♥✏
✉s✇✳✮
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❲❛♥♥ s✐♥❞ ✇✐r ❢❡rt✐❣❄
◮ ❲❡♥♥ ❞✐❡ ❩❡✐t ✉♠ ✐st

◮ ◆✉t③❧♦s✿ ❊✐♥❢❛❝❤ ❣❛r ♥✐❝❤ts t✉♥✳ ■♥ ❞❡r Pr❛①✐s ❑r✐t❡r✐✉♠ ★ ✶✳

◮ ❲❡♥♥ ❦❡✐♥❡ ✇❡✐t❡r❡♥ ❋❡❤❧❡r ♠✐t ❡①✐st✐❡r❡♥❞❡♥ ❚❡sts ❣❡❢✉♥❞❡♥
✇❡r❞❡♥

◮ ◆✉t③❧♦s✳ ❲ä❤❧❡ ✐rr❡❧❡✈❛♥t❡ ❚❡sts

◮ ❲❡♥♥ ❡✐♥ str✉❦t✉r❡❧❧❡s ❑r✐t❡r✐✉♠ ❡r❢ü❧❧t ✐st
◮ ❊t✇❛✿ ❏❡❞❡ ❩❡✐❧❡ ❡✐♥♠❛❧ ❛✉s❣❡❢ü❤rt
◮ ◆üt③❧✐❝❤✱ ✇❡♥♥ ❡s ❡✐♥❡♥ ❩✉s❛♠♠❡♥❤❛♥❣ ③✇✐s❝❤❡♥ ❞✐❡s❡♥

str✉❦t✉r❡❧❧❡♥ ❑r✐t❡r✐❡♥ ✉♥❞ ❋❡❤❧❡r❞❡t❡❦t✐♦♥ ❣✐❜t✳ ✭❉❛❢ür ❣✐❜t ❡s
❛❜❡r ❦❡✐♥❡ ❡♠♣✐r✐s❝❤❡ ❊✈✐❞❡♥③ ✉♥❞ ❣✉t❡ ●rü♥❞❡✱ ❞❛ss ❡s ❞❛❢ür
❦❡✐♥❡ ❊✈✐❞❡♥③ ❣✐❜t✮

◮ ❲❡♥♥ ❡✐♥❡ ✈♦r❤❡r s♣❡③✐✜③✐❡rt❡ ❆♥③❛❤❧ ❋❡❤❧❡r ❣❡❢✉♥❞❡♥ ✇✉r❞❡
◮ ●r♦ss❛rt✐❣✳ ❊r❢♦r❞❡rt ❛❜❡r ❣✉t❡ ❆❜s❝❤ät③✉♥❣❡♥
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❲❛r✉♠ ❚❡st❡♥ s♦ s❝❤✇✐❡r✐❣ ✐st ■■
◮ ❊r✇❛rt❡t❡ ❆✉s❣❛❜❡ ✐st ❡ss❡♥t✐❡❧❧✳ ❆❧s♦ ❜❡♥öt✐❣❡♥ ✇✐r ❡✐♥❡

❙♣❡③✐✜❦❛t✐♦♥
◮ ▼ö❣❧✐❝❤❡r✇❡✐s❡ ♥✉r ✒❦❡✐♥❡ ❊①❝❡♣t✐♦♥✏✿ r♦❜✉st♥❡ss t❡st✐♥❣✳ ❉❛♥♥

❛❜❡r ♥✉r ❡✐♥ s❡❤r ♦❜❡r✢ä❝❤❧✐❝❤❡r ❚❡st ❞❡r ❋✉♥❦t✐♦♥❛❧✐tät

◮ ❲✐r ✇✐ss❡♥ ♥❛❝❤ ✇✐❡ ✈♦r ♥✐❝❤t✱ ✇❛s ❣✉t❡ ❚❡sts❡❧❡❦t✐♦♥s❦r✐t❡r✐❡♥
s✐♥❞

◮ ❆✉s ❣✉t❡♠ ●r✉♥❞✳ ❯✳❛✳ ❞❛s ❡♠♣✐r✐s❝❤ ♥❛❝❤③✉✇❡✐s❡♥✱ ✐st s❡❤r
s❝❤✇✐❡r✐❣
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❆♥✇❡♥❞✉♥❣s❜❛s✐❡rt❡s ❚❡st❡♥

◮ ❉❛t❡♥❜❛s✐❡rt✱ ❛✉❢ ❇❛s✐s ❞❡r ❊✐♥❣❛❜❡♣❛r❛♠❡t❡r
◮ ❑♦♥tr♦❧❧✢✉ss❜❛s✐❡rt✱ ❛✉❢ ❇❛s✐s ❛♥❣❡♥♦♠♠❡♥❡r ✒t②♣✐s❝❤❡r✏ ♦❞❡r

✒r❡❧❡✈❛♥t❡r✏ ■♥t❡r❛❦t✐♦♥❡♥ ♠✐t ❞❡♠ Pr♦❣r❛♠♠ ✭❛❧s♦
Pr♦❣r❛♠♠❛❜❧ä✉❢❡✮✳

◮ ❇❡tr❛❝❤t❡♥ ✇✐r ♥✐❝❤t✳

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✺✽✻



❉❛t❡♥❜❛s✐❡rt❡s ❚❡st❡♥✿ ❇❡✐s♣✐❡❧

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✺✽✼



❉❛t❡♥❜❛s✐❡rt❡s ❚❡st❡♥✿ ❇❡✐s♣✐❡❧

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✺✽✽



❉❛t❡♥❜❛s✐❡rt❡s ❚❡st❡♥✿ ❇❡✐s♣✐❡❧

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✺✽✾



❈❛t❡❣♦r② P❛rt✐t✐♦♥ ▼❡t❤♦❞
✶ ■❞❡♥t✐✜③✐❡r❡ ✐♥❞✐✈✐❞✉❡❧❧❡ ❢✉♥❦t✐♦♥❛❧❡ ❊✐♥❤❡✐t❡♥✱ ❞✐❡ s❡♣❛r❛t

❣❡t❡st❡t ✇❡r❞❡♥ ❦ö♥♥❡♥✳ ❇❡st✐♠♠❡ ❢ür ❥❡❞❡ ❊✐♥❤❡✐t ❞✐❡ ❞❛s
❱❡r❤❛❧t❡♥ ❞❡r ❊✐♥❤❡✐t ❜❡❡✐♥✢✉ss❡♥❞❡♥ P❛r❛♠❡t❡r ✉♥❞ r❡❧❡✈❛♥t❡
❯♠❣❡❜✉♥❣s✈❛r✐❛❜❧❡♥✳

◮ ❉✐❡s❡ P❛r❛♠❡t❡r ✉♥❞ ❯♠❣❡❜✉♥❣s✈❛r✐❛❜❧❡♥ ❞❡✜♥✐❡r❡♥ ❞✐❡
✒❑❛t❡❣♦r✐❡♥✏✳

✷ ❇❡st✐♠♠❡ ❞✐❡ ✐♥❞✐✈✐❞✉❡❧❡♥ ❲❛❤❧♠ö❣❧✐❝❤❦❡✐t❡♥ ❢ür ❥❡❞❡♥
P❛r❛♠❡t❡r ✉♥❞ ❥❡❞❡ ❯♠✇❡❧t✈❛r✐❛❜❧❡✳

◮ ❉❛s ✒♣❛rt✐t✐♦♥✐❡rt✏ ❞✐❡ ✒❑❛t❡❣♦r✐❡♥✏✳

✸ ❇❡st✐♠♠❡ ❆❜❤ä♥❣✐❣❦❡✐t❡♥ ✉♥❞ ❈♦♥str❛✐♥ts ③✇✐s❝❤❡♥ ❞❡♥
❲❛❤❧♠ö❣❧✐❝❤❦❡✐t❡♥✳

✹ ❊r③❡✉❣❡ ❛❧❧❡ r❡❧❡✈❛♥t❡♥✱ ❞✐❡ ❈♦♥str❛✐♥ts ❡r❢ü❧❧❡♥❞❡♥✱
❑♦♠❜✐♥❛t✐♦♥❡♥ ✈♦♥ ❲❡rt❡♥ ❢ür ❞✐❡ ❑❛t❡❣♦r✐❡♥✳

✺ ❚r❛♥s❢♦r♠✐❡r❡ ❞✐❡s❡ ❲❡rt❡ ✐♥ ❛✉s❢ü❤r❜❛r❡ ❚❡st❢ä❧❧❡ ✐♥❝❧✳ ❞❡r
❡r✇❛rt❡t❡♥ ❆✉s❣❛❜❡♥✳

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✺✾✵



●r❡♥③✇❡rtt❡st❡♥

❲❡♥♥ ❞✐❡ ❉❛t❡♥t②♣❡♥ ❞❡r ❑❛t❡❣♦r✐❡♥ ❡✐♥❡ ♥❛tür❧✐❝❤❡ ❖r❞♥✉♥❣ ♠✐t
●r❡♥③❡♥ ❛✉❢✇❡✐s❡♥✱ ❞❛♥♥ ❡r❣❡❜❡♥ ❞✐❡s❡ ●r❡♥③❡♥ ✭✉♥❞ ❲❡rt❡ ✒❧❡✐❝❤t
❧✐♥❦s✏ ✉♥❞ ✒r❡❝❤ts ❞❛✈♦♥✏✮ ③✉sät③❧✐❝❤❡ ♥❛tür❧✐❝❤❡ ❑❛♥❞✐❞❛t❡♥ ❢ür
❇❧ö❝❦❡ ❞❡r ♣❛rt✐t✐♦♥✐❡rt❡♥ ❑❛t❡❣♦r✐❡✳

◮ ❇❡✐s♣✐❡❧ ♥❛tür❧✐❝❤❡ ❩❛❤❧❡♥✿ ✲✶✱ ✵✱ ✶ ✭✉♥❞ ✐r❣❡♥❞✇❡❧❝❤❡ ♣♦s✐t✐✈❡♥
❲❡rt❡✮

◮ ❇❡✐s♣✐❡❧ ▲✐st❡✿ ❧❡❡r❡ ▲✐st❡ ✭♥✉❧❧✮✱ ❡✐♥❡❧❡♠❡♥t✐❣❡ ▲✐st❡ ✭✉♥❞
❞✐✈❡rs❡ ♥✐❝❤t✲❧❡❡r❡ ▲✐st❡♥✮

◮ ❇❡✐s♣✐❡❧ ❆rr❛②✿ ▲ä♥❣❡ ◆✉❧❧✱ ▲ä♥❣❡ ✶ ✭✉♥❞ ❞✐✈❡rs❡ ❣röÿ❡r❡
❆rr❛②s✮

◮ ❇❡✐s♣✐❡❧ ❙tr✐♥❣✿ ♥✉❧❧✱ ▲ä♥❣❡ ◆✉❧❧✱ ▲ä♥❣❡ ✶ ✭✉♥❞ ❣röÿ❡r❡ ▲ä♥❣❡♥✮

◮ ❇❡✐s♣✐❡❧ ❉r❡✐❡❝❦❡✿ s✳ ❢rü❤❡r❡ ❋♦❧✐❡

◮ ✳✳✳

❉✐❡s❡ ❆rt ❞❡s ❚❡st❡♥s ❜❡r✉❤t ❛✉❢ ❡✐♥❡♠ ✐♥t✉✐t✐✈❡♥ ❋❡❤❧❡r♠♦❞❡❧❧✿ ❆♥
❞❡♥ ●r❡♥③❢ä❧❧❡♥ ♠❛❝❤❡♥ Pr♦❣r❛♠♠✐❡r❡r ❋❡❤❧❡r✳

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✺✾✶



❇❡✐s♣✐❡❧

❑❛t❡❣♦r✐❡♥ ❢ür ❞❛s ❚❡st❡♥ ❡✐♥❡s ❙♦rt✐❡r❛❧❣♦r✐t❤♠✉s

◮ ▲ä♥❣❡ ✭♥✉❧❧✱ ✵✱ ✶✱ > ✶✮

◮ ❙♦rt✐❡rt❤❡✐t ✭❛✉❢st❡✐❣❡♥❞✱ ❛❜st❡✐❣❡♥❞✱ ✐❞❡♥t✐s❝❤❡ ❲❡rt❡✱ ♥❡✐♥✮

◮ ❊✐♥s❝❤❧✉ss ♥❡❣❛t✐✈❡r ❊❧❡♠❡♥t❡ ✭❡✐♥✐❣❡ ♥❡❣❛t✐✈❡✱ ❛❧❧❡ ♥❡❣❛t✐✈✱
❛❧❧❡ ♣♦s✐t✐✈✮

❍❛✉s❛✉❢❣❛❜❡✿ ❲❛s s✐♥❞ ❣✉t❡ ❚❡st❢ä❧❧❡ ❢ür ✉♥s❡r❡ ❙✉❝❤♠❛s❝❤✐♥❡❄

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✺✾✷



Ü❜❡r❜❧✐❝❦
❚❡✐❧ ✶✿ ❊✐♥❢ü❤r✉♥❣
❚❡✐❧ ✷✿ ❖❜❥❡❦t❜❛s✐❡rt❡ Pr♦❣r❛♠♠✐❡r✉♥❣
❚❡✐❧ ✸✿ ❑♦♥tr♦❧❧str✉❦t✉r❡♥
❚❡✐❧ ✹✿ ❋❡❧❞❡r
❚❡✐❧ ✺✿ ❊✐♥✐❣❡ ❆❜str❛❦t❡ ❉❛t❡♥t②♣❡♥
❚❡✐❧ ✻✿ ❖❜❥❡❦t♦r✐❡♥t✐❡r✉♥❣
❚❡✐❧ ✼✿ ❘❡❦✉rs✐♦♥
❚❡✐❧ ✽✿ ❋♦rt❣❡s❝❤r✐tt❡♥❡ Pr♦❣r❛♠♠✐❡r❦♦♥str✉❦t❡
❚❡✐❧ ✾✿ ❊✐♥ ✇❡✐t❡r❡s ❣röÿ❡r❡s ❇❡✐s♣✐❡❧
❚❡✐❧ ✶✵✿ ◆❡❜❡♥❧ä✉✜❣❦❡✐t
❚❡✐❧ ✶✶✿ ❆♣♣❧❡ts ✉♥❞ ●❯■s
❚❡✐❧ ✶✷✿ ❇❡②♦♥❞ ❏❛✈❛

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✺✾✸



❚✐❝✲❚❛❝✲❚♦❡✿ ❘❡❣❡❧♥

• ❩✇❡✐ P❡rs♦♥❡♥ s❡t③❡♥ ❛❜✇❡❝❤s❡❧♥❞ ❙t❡✐♥❡ ❛✉❢ ❡✐♥
(✸× ✸)✲❙♣✐❡❧❢❡❧❞✳

• ❲❡r ③✉❡rst ❞r❡✐ ❙t❡✐♥❡ ✐♥ ❡✐♥❡r ❘❡✐❤❡ ❡rr❡✐❝❤t✱ ❣❡✇✐♥♥t✳

• ❩❡✐❧❡♥✱ ❙♣❛❧t❡♥ ✉♥❞ ❍❛✉♣t✲❉✐❛❣♦♥❛❧❡♥ s✐♥❞ ❘❡✐❤❡♥✳

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✺✾✹



❇❡✐s♣✐❡❧

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✺✾✺



❇❡✐s♣✐❡❧

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✺✾✺



❇❡✐s♣✐❡❧

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✺✾✺



❇❡✐s♣✐❡❧

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✺✾✺



❇❡✐s♣✐❡❧

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✺✾✺



❇❡✐s♣✐❡❧

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✺✾✺



❇❡✐s♣✐❡❧

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✺✾✺



❇❡✐s♣✐❡❧

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✺✾✺



❆♥❛❧②s❡

✳✳✳ ♦✛❡♥❜❛r ❤❛t ❞✐❡ ❛♥③✐❡❤❡♥❞❡ P❛rt❡✐ ❣❡✇♦♥♥❡♥✳

❋r❛❣❡♥✿

• ■st ❞❛s ✐♠♠❡r s♦❄ ❉✳❤✳ ❦❛♥♥ ❞✐❡ ❛♥③✐❡❤❡♥❞❡ P❛rt❡✐ ✐♠♠❡r
❣❡✇✐♥♥❡♥❄

• ❲✐❡ ✐♠♣❧❡♠❡♥t✐❡rt ♠❛♥ ❡✐♥ ❚✐❝✲❚❛❝✲❚♦❡✲Pr♦❣r❛♠♠✱ ❞❛s

• ✳✳✳ ♠ö❣❧✐❝❤st ♦❢t ❣❡✇✐♥♥t❄

• ✳✳✳ ❡✐♥❡ ❛♥s♣r❡❝❤❡♥❞❡ ❖❜❡r✢ä❝❤❡ ❜✐❡t❡t❄

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✺✾✻



❍✐♥t❡r❣r✉♥❞

❲❛r✉♠ ✐st ❚✐❝✲❚❛❝✲❚♦❡ ✐♥t❡r❡ss❛♥t❄

• ❆♥❛❧②s❡ ♥✐❝❤ttr✐✈✐❛❧

• ❊✐♥s ❞❡r ❡rst❡♥ ❱✐❞❡♦✲❙♣✐❡❧❡ ❞❡r ❲❡❧t✦ ✭✶✾✺✷✮

❈♦♣②r✐❣❤t ❈♦♠♣✉t❡r ▲❛❜♦r❛t♦r②✱ ❯♥✐✈❡rs✐t② ♦❢ ❈❛♠❜r✐❞❣❡

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✺✾✼



❍✐♥t❡r❣r✉♥❞

❚✐❝✲❚❛❝✲❚♦❡ ✐st ❡✐♥ ❡♥❞❧✐❝❤❡s ❩✇❡✐✲P❡rs♦♥❡♥✲◆✉❧❧s✉♠♠❡♥✲❙♣✐❡❧✳
❉❛s ❤❡✐ÿt✿

• ❩✇❡✐ P❡rs♦♥❡♥ s♣✐❡❧❡♥ ❣❡❣❡♥❡✐♥❛♥❞❡r✳

• ❲❛s ❞❡r ❡✐♥❡ ❣❡✇✐♥♥t✱ ✈❡r❧✐❡rt ❞❡r ❛♥❞❡r❡✳

• ❊s ❣✐❜t ❡✐♥❡ ❡♥❞❧✐❝❤❡ ▼❡♥❣❡ ✈♦♥ ❙♣✐❡❧✲❑♦♥✜❣✉r❛t✐♦♥❡♥✳

• ❉✐❡ ❙♣✐❡❧❡r ③✐❡❤❡♥ ❛❜✇❡❝❤s❡❧♥❞✳ ❊✐♥ ❩✉❣ ✇❡❝❤s❡❧t ❞✐❡
❑♦♥✜❣✉r❛t✐♦♥✱ ❜✐s ❡✐♥❡ ❊♥❞✲❑♦♥✜❣✉r❛t✐♦♥ ❡rr❡✐❝❤t ✐st✳

• ❏❡❞❡ ❊♥❞✲❑♦♥✜❣✉r❛t✐♦♥ ✐st ♠✐t ❡✐♥❡♠ ●❡✇✐♥♥ ❛✉s R ❜❡✇❡rt❡t✳

• P❡rs♦♥ ✵ ❤❛t ❣❡✇♦♥♥❡♥✱ ✇❡♥♥ ❡✐♥❡ ❊♥❞✲❑♦♥✜❣✉r❛t✐♦♥ ❡rr❡✐❝❤t
✇✐r❞✱ ❞❡r❡♥ ●❡✇✐♥♥ ♥❡❣❛t✐✈ ✐st✱ P❡rs♦♥ ✶✱ ✇❡♥♥ ❡r ♣♦s✐t✐✈ ✐st✳

• ◆✉❧❧s✉♠♠❡✿ ❙✉♠♠❡ ●❡✇✐♥♥❡ ✉♥❞ ❱❡r❧✉st❡ ✐st ◆✉❧❧✳
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✳✳✳ ✐♠ ❇❡✐s♣✐❡❧

Konfiguration:

End−Konfigurationen:

Gewinn +2

Gewinn 0

Gewinn −1

❉✐❡ ❑♦♥✜❣✉r❛t✐♦♥s❜❡✇❡rt✉♥❣❡♥ ✵✱ ✲✶ ✉♥❞ ✰✷ s✐♥❞ r❡✐♥ ③✉❢ä❧❧✐❣
❣❡✇ä❤❧t ✭❞❛♠✐t s✐♥❞ ❞✐❡ ❇❡tr❛❝❤t✉♥❣❡♥ ❛❧❧❣❡♠❡✐♥❣ü❧t✐❣ ❢ür ✈✐❡❧❡
❛♥❞❡r❡ ❙♣✐❡❧❡✮✦
❉✐❡s❡ ❩❛❤❧❡♥ s✐♥❞ ♥✐❝❤t ●❡✇✐♥♥❡ ♦❞❡r ❱❡r❧✉st❡✦
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❑♦♥✜❣✉r❛t✐♦♥s✇❡❝❤s❡❧

Spiel−Zug:
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❆❧❧❣❡♠❡✐♥✿ ❙♣✐❡❧✈❡r❧ä✉❢❡ ❛❧s ❇❛✉♠

2

−3 −4

0

−5 1

2

−3

❲✐❡❞❡r✉♠ s✐♥❞ ❞✐❡ ❩❛❤❧❡♥ ✐♥ ❞❡♥ ❇❧ätt❡r♥ ❛❜❤ä♥❣✐❣ ✈♦♠ ❦♦♥❦r❡t❡♥
❙♣✐❡❧✦ ❇❡✐ ❚✐❝❚❛❝❚♦❡ ✇ür❞❡♥ ✲✶✱ ✵✱ ✰✶ r❡✐❝❤❡♥ ✖
✉♥❞ ❞❡r ❇❛✉♠ ✇är❡ ✈✐❡❧ ❣röÿ❡r✦
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■♥t❡r♣r❡t❛t✐♦♥

❑♥♦t❡♥ ❞❡s ❙♣✐❡❧❜❛✉♠s == ❑♦♥✜❣✉r❛t✐♦♥❡♥
❑❛♥t❡♥ == ❙♣✐❡❧✲❩ü❣❡
❇❧ätt❡r == ❊♥❞✲❑♦♥✜❣✉r❛t✐♦♥❡♥

❋r❛❣❡✿

❲✐❡ ✜♥❞❡♥ ✇✐r ✭③✳❇✳ ❛❧s ❜❧❛✉❡ P❡rs♦♥✮ ✉♥s ✐♠ ❙♣✐❡❧✲❇❛✉♠ ③✉r❡❝❤t❄
❲❛s ♠üss❡♥ ✇✐r t✉♥✱ ✉♠ s✐❝❤❡r ❡✐♥ ♥❡❣❛t✐✈❡s ❇❧❛tt ③✉ ❡rr❡✐❝❤❡♥❄
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■❞❡❡

• ❲✐r ❡r♠✐tt❡❧♥ ❢ür ❥❡❞❡ ❑♦♥✜❣✉r❛t✐♦♥ ❞❡♥ ❥❡✇❡✐❧s ❜❡st❡♥ ③✉
❡r③✐❡❧❡♥❞❡♥ ●❡✇✐♥♥✳

• ❙❡✐❡♥ ❞✐❡ ●❡✇✐♥♥❡ ❢ür sä♠t❧✐❝❤❡ ◆❛❝❤❢♦❧❣❡r ❡✐♥❡r
❑♦♥✜❣✉r❛t✐♦♥ ❜❡r❡✐ts ❡r♠✐tt❡❧t✳

❋❛❧❧ ✶✿ ❉✐❡ ❑♦♥✜❣✉r❛t✐♦♥ ✐st ❜❧❛✉✿ ✇✐r s✐♥❞ ❛♠ ❩✉❣ ✉♥❞
✇♦❧❧❡♥ ❡✐♥❡♥ ♠ö❣❧✐❝❤st ❦❧❡✐♥❡♥ ✭♥❡❣❛t✐✈❡♥✮ ❲❡rt ❡r③✐❡❧❡♥✳
❲✐r ❦ö♥♥❡♥ ❣❛r❛♥t✐❡rt ❞❛s ▼✐♥✐♠✉♠ ❞❡r ●❡✇✐♥♥❡ ❞❡r
❙ö❤♥❡ ❡r③✐❡❧❡♥✳

❋❛❧❧ ✷✿ ❉✐❡ ❑♦♥✜❣✉r❛t✐♦♥ ✐st r♦t✿ ❞❡r ●❡❣♥❡r ✐st ❛♠ ❩✉❣ ✉♥❞
✇✐❧❧ ❡✐♥❡♥ ♠ö❣❧✐❝❤st ❣r♦ÿ❡♥ ✭♣♦s✐t✐✈❡♥✮ ❲❡rt ❡r③✐❡❧❡♥✳ ❊r
❦❛♥♥ ❣❛r❛♥t✐❡rt ❞❛s ▼❛①✐♠✉♠ ❞❡r ●❡✇✐♥♥❡ ❞❡r ❙ö❤♥❡
❡r③✐❡❧❡♥✳
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Pr♦♣❛❣❛t✐♦♥ ❞❡r ●❡✇✐♥♥❡

Maximum!!!
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0

−5 1

2

−3

2

−4
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Pr♦♣❛❣❛t✐♦♥ ❞❡r ●❡✇✐♥♥❡

Minimum!!!

−4

−5 1

2

−3

−30−3 1 2

−3 −4
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Pr♦♣❛❣❛t✐♦♥ ❞❡r ●❡✇✐♥♥❡

Maximum!!!

1

0

0

1

−4

2

−3

−3

−3

2−3

−4

−4

1

−3 2

−5
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Pr♦♣❛❣❛t✐♦♥ ❞❡r ●❡✇✐♥♥❡

Minimum!!!

1−5

2

0

−3

−4

−4

−3 −3

−4

−32−4

1

−3 21

2

0 1
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Pr♦♣❛❣❛t✐♦♥ ❞❡r ●❡✇✐♥♥❡

Blau gewinnt!!!

1 2

−5

−3

0

−4

−4

−4

−3−3

−3

1

−4 2−3

2

1 2

0

−4

1
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❙tr❛t❡❣✐❡♥

❊✐♥❡ ❙tr❛t❡❣✐❡ ✐st ❡✐♥❡ ❱♦rs❝❤r✐❢t✱ ❞✐❡ ✉♥s ✐♥ ❥❡❞❡r ✭❡rr❡✐❝❤❜❛r❡♥✮
❑♦♥✜❣✉r❛t✐♦♥ ♠✐tt❡✐❧t✱ ✇❡❧❝❤❡♥ ◆❛❝❤❢♦❧❣❡r ✇✐r ❛✉s✇ä❤❧❡♥ s♦❧❧❡♥✳
❊✐♥❡ ♦♣t✐♠❛❧❡ ❙tr❛t❡❣✐❡ ✐st ❡✐♥❡✱ ❞❡r❡♥ ❆♥✇❡♥❞✉♥❣ ❣❛r❛♥t✐❡rt ③✉
❡✐♥❡r ❊♥❞✲❑♦♥✜❣✉r❛t✐♦♥ ❢ü❤rt✱ ❞❡r❡♥ ❲❡rt ♠✐♥❞❡st❡♥s s♦ ❣r♦ÿ ✐st
✇✐❡ ❞❡r ❜❡r❡❝❤♥❡t❡ ❣❛r❛♥t✐❡rt❡ ●❡✇✐♥♥✳
❊✐♥❡ ❛❦③❡♣t❛❜❧❡ ❙tr❛t❡❣✐❡ ✐st ❡✐♥❡✱ ❞❡r❡♥ ❆♥✇❡♥❞✉♥❣ ❡✐♥❡♥ ❱❡r❧✉st
❞❡s ❙♣✐❡❧s ✈❡r❤✐♥❞❡rt✱ ✇❛♥♥ ✐♠♠❡r ❞❛s ♠ö❣❧✐❝❤ ✐st ✳✳✳
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❙♣✐❡❧✈❡r❧❛✉❢

Blau gewinnt!!!

1 2
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−3−3
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−4 2−3
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❙tr❛t❡❣✐❡♥

blaue Strategie ...

2
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−5 1
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❙tr❛t❡❣✐❡♥

rote Strategie ...

−3 −4
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−5 1
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−3−4−3 1

0 1 2 −3−4
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❙tr❛t❡❣✐❡♥

❑♦♥❦r❡t❡r ❢ür ❚✐❝✲❚❛❝✲❚♦❡✿

• ✰✶✱ ✵✱ ✲✶ r❡✐❝❤❡♥✦

• ❉❛s ▼❛①✐♠✉♠ ✭❜③✇✳ ▼✐♥✐♠✉♠✮ ❢ür ❜❡✐❞❡ ❙♣✐❡❧❡r ✐st ✵

• ❉✳❤✳ ❡s ✐st ❢ür ❦❡✐♥❡♥ ❙♣✐❡❧❡r ♠ö❣❧✐❝❤✱ ❣❛r❛♥t✐❡rt ③✉ ❣❡✇✐♥♥❡♥

• ❉❡r ❇❛✉♠ ✐st r✐❡s✐❣✦
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❇❛✉♠ ❚✐❝✲❚❛❝✲❚♦❡

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . . . . .

. . .

. . . . . .

. . .

Anzahl Knoten = 9! +
9!

2!
+

9!

3!
+ · · ·+ 9 + 1 ∼ 6, 3 · 105 ∼ 219
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❑♦❞✐❡r✉♥❣ ❚✐❝✲❚❛❝✲❚♦❡

0 1 2

3 4 5

6 7 8

Koordinaten

0 -1 1

1

Mögliche Spielkonfiguration
1

-1

0

0

0

0

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✻✶✶



❇❡r❡❝❤♥✉♥❣ ❡✐♥❡r ❙tr❛t❡❣✐❡

• ❉✐❡ ❑♥♦t❡♥ ❞❡s ❙♣✐❡❧✲❇❛✉♠s s✐♥❞ ❛✉s ❞❡♥ ❑❧❛ss❡♥
YourChoice ✉♥❞ MyChoice✳

• MyChoice ✐♠♣❧❡♠❡♥t✐❡rt ❑♥♦t❡♥✱ ✐♥ ❞❡♥❡♥ ❞❛s Pr♦❣r❛♠♠
③✐❡❤t✳

• YourChoice ✐♠♣❧❡♠❡♥t✐❡rt ❑♥♦t❡♥ ❞❡r ❙♣✐❡❧❡r✐♥✳

• ❏❡❞❡r ❑♥♦t❡♥ ❡♥t❤ä❧t✿
❞❛s ❛❦t✉❡❧❧❡ ❙♣✐❡❧❜r❡tt ground✱
❡✐♥❡♥ ❣❛r❛♥t✐❡rt❡♥ ●❡✇✐♥♥ value

s♦✇✐❡ ✭❱❡r✇❡✐s❡ ❛✉❢✮ ❞✐❡ ◆❛❝❤❢♦❧❣❡r✲❑♥♦t❡♥✳

• MyChoice✲❑♥♦t❡♥ ❡♥t❤❛❧t❡♥ ③✉sät③❧✐❝❤ ❞❡♥ ❡♠♣❢♦❤❧❡♥❡♥
❩✉❣ acceptableChoice✳
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■❞❡❡ ❞❡r ■♠♣❧❡♠❡♥t✐❡r✉♥❣

• ❆❧t❡r♥✐❡r❡♥❞ ✇❡r❞❡♥ MyChoice✲ ✉♥❞ YourChoice✲❑♥♦t❡♥
❡r③❡✉❣t✱ ❞✳❤✳ ❞✐❡ ❙♣✐❡❧❡r✐♥ ❜❡❣✐♥♥t✳ ❉❛s ❣❡s❝❤✐❡❤t ❞✉r❝❤
✇❡❝❤s❡❧s❡✐t✐❣❡ ❆✉❢r✉❢❡ ❞❡r ❑♦♥str✉❦t♦r❡♥ ✭❜✐s ♠❛①✐♠❛❧ ❚✐❡❢❡
✾✮

• new MyChoice(new PlayGround(), x) ❧✐❡❢❡rt ❞✐❡
▼❡♥❣❡ ❞❡r ❣❡✇✐♥♥❡♥❞❡♥ ♦❞❡r ✉♥❡♥ts❝❤✐❡❞❡♥❡♥ ❚❡✐❧❜ä✉♠❡
✭❲✉r③❡❧✿ ❑♦♥✜❣✉r❛t✐♦♥❡♥ ❞❡s Pr♦❣r❛♠♠s✱ ❞❛s ❥❡t③t ❛♠ ❩✉❣
✐st✮✱ ❢❛❧❧s ❞✐❡ ❙♣✐❡❧❡r✐♥ ♠✐t ❋❡❧❞ ① ❜❡❣♦♥♥❡♥ ❤❛t

• new YourChoice(new PlayGround(), y) ❧✐❡❢❡rt ❞✐❡
❚❡✐❧❜ä✉♠❡ ✭❲✉r③❡❧✿ ❑♦♥✜❣✉r❛t✐♦♥ ❞❡r ❙♣✐❡❧❡r✐♥✱ ❞✐❡ ❥❡t③t ❛♠
❩✉❣ ✐st✮✱ ❢❛❧❧s ❞❛s Pr♦❣r❛♠♠ ♠✐t ❋❡❧❞ ② ❜❡❣♦♥♥❡♥ ❤❛t
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■♠♣❧❡♠❡♥t✐❡r✉♥❣ YourChoice

public class YourChoice implements PlayConstants {

✴✴ ✐♠♣❧❡♠❡♥t✐❡rt ❛❧❧❡ ♠ö❣❧✐❝❤❡♥ ❘❡❛❦t✐♦♥❡♥ ❞❡r ❙♣✐❡❧❡r✐♥ ✭❜❧❛✉✮
✴✴ ❛♥ ❞❡♥ ❑♦♥str✉❦t♦r ✇✐r❞ ❡✐♥ ❇r❡tt ü❜❡r❣❡❜❡♥ s♦✇✐❡ ❞✐❡ ❙t❡❧❧❡ ✱ ❛✉❢
✴✴ ❞✐❡ ❞❛s Pr♦❣r❛♠♠ ✭▼❊✮ ❣❡s❡t③t ❤❛t
✴✴ ❞❛r❛✉❢ ❛✉❢❜❛✉❡♥❞ ✇❡r❞❡♥ ❛❧❧❡ ❑✐♥❞❦♦♥❢✐❣✉r❛t✐♦♥❡♥ ❜❡r❡❝❤♥❡t ✉♥❞ ❜❡✇❡rt❡t
✴✴ ❞✐❡s❡ ❑✐♥❞❦♦♥❢✐❣✉r❛t✐♦♥❡♥ s✐♥❞ ♣❡r ❛♥s✇❡r✭✐♥t ❴✮ ❛❜❢r❛❣❜❛r
private PlayGround ground; ✴✴❛❦t✉❡❧❧❡ ❑♦♥❢✐❣✉r❛t✐♦♥ ♠✐t ❧❡t③t❡♠ ❩✉❣ ❞❡s Pr♦❣r❛♠♠s ✭▼❊✮
private int value; ✴✴❜❡st♠ö❣❧✐❝❤❡s ✭♥❡❣❛t✐✈❡s✮ ❊r❣❡❜♥✐s
private MyChoice[] answer; ✴✴❱❡r✇❡✐s❡ ❛✉❢ ❋♦❧❣❡❦♦♥❢✐❣✉r❛t✐♦♥❡♥ ❞❡r ❙♣✐❡❧❡r✐♥ ✭❨❖❯✮
public YourChoice(PlayGround g, int place) {

ground = new PlayGround(g,place,ME); ✴✴Pr♦❣r❛♠♠ ✭▼❊✮ ❜❡s❡t③t❡ ③✉❧❡t③t ❋❡❧❞ ♣❧❛❝❡
answer = new MyChoice[9];

value = ME; ✴✴s❝❤❧✐♠♠st❡♥❢❛❧❧s ❣❡✇✐♥♥t ❞❛s Pr♦❣r❛♠♠✦
PossibleMoves moves = new PossibleMoves(ground); ✴✴ ♠ö❣❧✐❝❤❡ ❩ü❣❡ ❞❡r ❙♣✐❡❧❡r✐♥ ✭❨❖❯✮
for(int choice = moves.next(); choice!=-1; choice = moves.next()) {

if (ground.won(choice,YOU)) { ✴✴s♦❢♦rt✐❣❡r ❙✐❡❣✦
value = YOU;

continue; ✴✴ ✈❡r❧❛ss❡ ❛❦t✉❡❧❧❡♥ ❙❝❤❧❡✐❢❡♥❞✉r❝❤❧❛✉❢
}

answer[choice] = new MyChoice(ground,choice); ✴✴ ✐♥❞✐r❡❦t❡ ❘❡❦✉rs✐♦♥✦
int win = answer[choice].value();

if (win < value) value = win; ✴✴ ❲❡rt ❞✐❡s❡s ❑♥♦t❡♥s ✭t❤✐s✮ ✐st ❞❛s ▼✐♥✐♠✉♠
✴✴ ❞❡r ❲❡rt❡ ❞❡r ❑✐♥❞❡r

}

}

public int value() { return value;}

public MyChoice answer(int place) {

return answer[place];

}

} ✴✴ ❡♥❞ ♦❢ ❝❧❛ss ❨♦✉r❈❤♦✐❝❡
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❊r❧ä✉t❡r✉♥❣❡♥ ■

• ❉❛s ■♥t❡r❢❛❝❡ PlayConstants ❢❛sst ❞✉r❝❤❣ä♥❣✐❣ ❜❡♥✉t③t❡
❑♦♥st❛♥t❡♥ ③✉s❛♠♠❡♥✳

• YOU < NONE < ME r❡♣räs❡♥t✐❡r❡♥ ❞✐❡ ❞r❡✐ ♠ö❣❧✐❝❤❡♥
❆✉s❣ä♥❣❡ ❡✐♥❡s ❙♣✐❡❧s ❜③✇✳ ❇❡❧❡❣✉♥❣❡♥ ❡✐♥❡s ❋❡❧❞s ❞❡s
❙♣✐❡❧❜r❡tts ✭✲✶✱ ✵ ✉♥❞ ✶✮✳

• ❉✐❡ ❑❧❛ss❡ PlayGround r❡♣räs❡♥t✐❡rt ❙♣✐❡❧❜r❡tt❡r✳

• ❉❛s ❛❦t✉❡❧❧❡ ❙♣✐❡❧❜r❡tt ✇✐r❞ ❛✉s ❞❡♠❥❡♥✐❣❡♥ ❞❡s
❱❛t❡r✲❑♥♦t❡♥s ✉♥❞ ❞❡♠ ✈♦♥ ME ❣❡✇ä❤❧t❡♥ ❩✉❣ ❣❡st✐♠♠t✳
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❊r❧ä✉t❡r✉♥❣❡♥ ■■

• MyChoice answers[choice] ❡♥t❤ä❧t ❞❡♥ ❚❡✐❧❜❛✉♠ ❢ür
❞❡♥ ♠ö❣❧✐❝❤❡♥ ❩✉❣ choice✳

• ❉❛s ❖❜❥❡❦t PossibleMoves moves ❡♥✉♠❡r✐❡rt ❛❧❧❡
❛❦t✉❡❧❧ ❢r❡✐❡♥ P♦s✐t✐♦♥❡♥ ❢ür ❙t❡✐♥❡ ✭♠✐♥❞❡st❡♥s ❡✐♥❡✮✳

●❡✇✐♥♥t ❞❡r ❩✉❣ choice✱ ✇✐r❞ value = YOU ❣❡s❡t③t✳
❆♥❞❡r♥❢❛❧❧s ✇✐r❞ value ❛✉❢ ❞❛s ▼✐♥✐♠✉♠ ❞❡s ❲❡rts ❞❡s
❯♥t❡r❜❛✉♠s answers[choice] ✉♥❞ ❞❡s ❛❧t❡♥ ❲❡rts
❣❡s❡t③t✳

• public int value(); ❧✐❡❢❡rt ❞❡♥ ❙♣✐❡❧✇❡rt ❞❡s
❛❦t✉❡❧❧❡♥ ❙♣✐❡❧❜❛✉♠s✳

• public MyChoice answer(int place); ❧✐❡❢❡rt ❞❡♥
❙♣✐❡❧✲❚❡✐❧❜❛✉♠ ❢ür ❞❡♥ ❩✉❣ place✳
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■♠♣❧❡♠❡♥t✐❡r✉♥❣ MyChoice

public class MyChoice implements PlayConstants {

✴✴ ✈❡rs✉❝❤t✱ ❡✐♥❡ ✉♥❡♥ts❝❤✐❡❞❡♥❡ ♦❞❡r ❣❡✇✐♥♥❡♥❞❡ ✈♦♠ Pr♦❣r❛♠♠ ✭▼❊✮ ❡rr❡✐❝❤❜❛r❡
✴✴ ❋♦❧❣❡❦♦♥❢✐❣✉r❛t✐♦♥❡♥ ③✉ ❜❡r❡❝❤♥❡♥✳ ❋❛❧❧s ❞✐❡ ❡①✐st✐❡rt ✱ ✇✐r❞ s✐❡ ✐♥ ②♦✉rs ❣❡s♣❡✐❝❤❡rt
✴✴ Ü❜❡r❣❛❜❡ ❡✐♥❡s ❙♣✐❡❧❢❡❧❞s ✉♥❞ ❞❡s ❧❡t③t❡♥ ❩✉❣s ❞❡r ❙♣✐❡❧❡r✐♥ ✭❨❖❯✮
private PlayGround ground;

private YourChoice yours; ✴✴ ♥ä❝❤st❡ ❑♦♥❢✐❣✉r❛t✐♦♥ ❞❡r ❙♣✐❡❧❡r✐♥❣ ✭❨❖❯✮
private int acceptableChoice, value;

✴✴ ❧❡t③t❡r ❩✉❣ ❞❡r ❙♣✐❡❧❡r✐♥ ✭❨❖❯✮ ❢❛♥❞ st❛tt ❛♥ P♦s✐t✐♦♥ ♣❧❛❝❡ ✐♥ ❙♣✐❡❧❢❡❧❞ ❣
public MyChoice(PlayGround g, int place) {

ground = new PlayGround(g,place,YOU); ✴✴ s❡t③❡ ❙t❡✐♥ ❞❡r ❙♣✐❡❧❡r✐♥
if (ground.won(place,YOU)) { ✴✴ ❙♣✐❡❧❡r✐♥ ❤❛t ❣❡✇♦♥♥❡♥
value = YOU;

return; ✴✴ ❦❡✐♥❡ ✐♥❞✐r❡❦t❡ ❘❡❦✉rs✐♦♥
}

acceptableChoice = ground.force(ME);

if (acceptableChoice != -1) { ✴✴ ❦❛♥♥ Pr♦❣r❛♠♠ ✐♥ ❡✐♥❡♠ ❩✉❣ ❣❡✇✐♥♥❡♥❄
value = ME;

return; ✴✴ ❦❡✐♥❡ ✐♥❞✐r❡❦t❡ ❘❡❦✉rs✐♦♥
}

acceptableChoice = ground.force(YOU);

if (acceptableChoice != -1) { ✴✴ ❦ö♥♥t❡ ❙♣✐❡❧❡r✐♥ ✐♥ ❡✐♥❡♠ ❩✉❣ ❣❡✇✐♥♥❡♥❄
✴✴ ❞❛♥♥ ❞❛s ❡♥ts♣r❡❝❤❡♥❞❡ ❋❡❧❞ ❜❡s❡t③❡♥
yours = new YourChoice(ground,acceptableChoice); ✴✴ ✐♥❞✐r❡❦t❡ ❘❡❦✉rs✐♦♥
value = yours.value();

return;

}

...
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■♠♣❧❡♠❡♥t✐❡r✉♥❣ MyChoice ■■

✴✴ ❙♣✐❡❧❡r✐♥ ❤❛t ♥✐❝❤t ❣❡✇♦♥♥❡♥❀ ❦❛♥♥ ♥✐❝❤t ❞✐r❡❦t ✐♠ ♥ä❝❤st❡♥ ❙❝❤r✐tt ❣❡✇✐♥♥❡♥
✴✴ ✉♥❞ ❞❛s Pr♦❣r❛♠♠ ❦❛♥♥ ❡❜❡♥❢❛❧❧s ♥✐❝❤t ✐♥ ❞✐❡s❡♠ ❙❝❤r✐tt ❣❡✇✐♥♥❡♥
✴✴ ❉❛♥♥ ❛❧❧❡ ▼ö❣❧✐❝❤❦❡✐t❡♥ ❛✉s♣r♦❜✐❡r❡♥
PossibleMoves moves = new PossibleMoves(ground);

int tmp = moves.next();

if (tmp == -1) {

value = NONE; ✴✴ ❦❡✐♥❡ ✇❡✐t❡r❡♥ ❩ü❣❡✿ ✉♥❡♥ts❝❤✐❡❞❡♥
return; ✴✴ ❦❡✐♥❡ ✐♥❞✐r❡❦t❡ ❘❡❦✉rs✐♦♥

}

value = YOU; ✴✴ s❝❤❧✐♠♠st❡r ❛♥③✉♥❡❤♠❡♥❞❡r ❋❛❧❧ ✿ ❙♣✐❡❧❡r✐♥ ❣❡✇✐♥♥t
do {

acceptableChoice = tmp;

✴✴ ✐♥❞✐r❡❦t❡ ❘❡❦✉rs✐♦♥✿ ❆✉❢r✉❢ ✈♦♥ ❨♦✉r❈❤♦✐❝❡✱ ❞❛s ▼②❈❤♦✐❝❡ ❛✉❢r✉❢❡♥ ✇✐r❞
yours = new YourChoice(ground,acceptableChoice);

if (yours.value() > YOU) { ✴✴ ❢❛❧❧s ✉♥❡♥ts❝❤✐❡❞❡♥ ♦❞❡r Pr♦❣r❛♠♠ ❣❡✇✐♥♥t
value = yours.value();

return; ✴✴ ❦❡✐♥❡ ✇❡✐t❡r❡ ✐♥❞✐r❡❦t❡ ❘❡❦✉rs✐♦♥
}

tmp=moves.next();

} while (tmp != -1);

}

public int value() { return value;}

public int acceptableChoice() { return acceptableChoice; }

public MyChoice select(int place) {

return yours.answer(place);

}

} ✴✴ ❡♥❞ ♦❢ ❝❧❛ss ▼②❈❤♦✐❝❡
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❊r❧ä✉t❡r✉♥❣❡♥

• ❉✐❡ ❖❜❥❡❦t✲▼❡t❤♦❞❡ int force(int who); ❧✐❡❢❡rt
❡✐♥❡♥ ❩✉❣✱ ♠✐t ❞❡♠ who ✉♥♠✐tt❡❧❜❛r ❣❡✇✐♥♥t ✕ s♦❢❡r♥ ❡✐♥
s♦❧❝❤❡r ❡①✐st✐❡rt✱ ❛♥❞❡r♥❢❛❧❧s -1✳

• ❉❡r ❆✉❢r✉❢ ground.force(ME) ❡r♠✐tt❡❧t ❡✐♥❡♥ s♦❧❝❤❡♥
●❡✇✐♥♥③✉❣ ❢ür ❞❛s Pr♦❣r❛♠♠✳

• ❋❛❧❧s ❦❡✐♥ ●❡✇✐♥♥③✉❣ ❡①✐st✐❡rt✱ ❧✐❡❢❡rt ❞❡r ❆✉❢r✉❢
ground.force(YOU) ❡✐♥❡ P♦s✐t✐♦♥✱ ♠✐t ❞❡r ❞❡r ●❡❣♥❡r
✐♥ ❡✐♥❡♠ ❩✉❣ ❣❡✇✐♥♥❡♥ ❦ö♥♥t❡ ✭✇❛s ✈❡r❤✐♥❞❡rt ✇❡r❞❡♥ ♠✉ss✮

• ◆✉r ✇❡♥♥ ❦❡✐♥❡r ❞✐❡s❡r ❋ä❧❧❡ ❛✉❢tr✐tt✱ ü❜❡r♣rü❢❡♥ ✇✐r sä♠t❧✐❝❤❡
❩✉❣✲▼ö❣❧✐❝❤❦❡✐t❡♥ ✳✳✳
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❆❦③❡♣t❛❜❧❡ ❙tr❛t❡❣✐❡♥

• ❇❡✐ ❞❡r ■t❡r❛t✐♦♥ ü❜❡r ❛❧❧❡ ❩✉❣✲▼ö❣❧✐❝❤❦❡✐t❡♥ ❣❡❜❡♥ ✇✐r ✉♥s
❜❡r❡✐ts ♠✐t ❡✐♥❡♠ ❛❦③❡♣t❛❜❧❡♥ ❩✉❣ ③✉❢r✐❡❞❡♥✱ ❣❡♥❛✉❡r ❣❡s❛❣t✿
❞❡♠ ❡rst❡♥✱ ❞❡r ♠✐♥❞❡st❡♥s ✉♥❡♥ts❝❤✐❡❞❡♥ ❧✐❡❢❡rt✳

❉❡r ●r✉♥❞✿
❆❧s ◆❛❝❤③✐❡❤❡♥❞❡r ❦ö♥♥❡♥ ✇✐r ✭❜❡✐ ❚✐❝✲❚❛❝✲❚♦❡ ✉♥❞ ❣❡❣❡♥
❡✐♥❡♥ ♦♣t✐♠❛❧❡♥ ●❡❣♥❡r✮ ♥✐❝❤ts ❜❡ss❡r❡s ❡rr❡✐❝❤❡♥✳

• public int value(); ❧✐❡❢❡rt ✇✐❡❞❡r ❞❡♥ ❙♣✐❡❧✲❲❡rt ❞❡s
❙♣✐❡❧❜❛✉♠s✳

• public int acceptableChoice() ❧✐❡❢❡rt ❡✐♥❡♥
❛❦③❡♣t❛❜❧❡♥ ❩✉❣ ✉♥❞

• public MyChoice select(int place) ❧✐❡❢❡rt ❜❡✐
❣❡❣❡❜❡♥❡♠ ❙♣✐❡❧③✉❣ ❢ür ❞❡♥ ❛❦③❡♣t❛❜❧❡♥ ❩✉❣ ✉♥❞ ❞✐❡ ❆♥t✇♦rt
place ❞❡s ●❡❣♥❡rs ❞❡♥ ♥ä❝❤st❡♥ ❚❡✐❧❜❛✉♠✳
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❉✐❡ ❑❧❛ss❡ ●❛♠❡

❉✐❡ ❑❧❛ss❡ Game s❛♠♠❡❧t ♥♦t✇❡♥❞✐❣❡ ❉❛t❡♥str✉❦t✉r❡♥ ✉♥❞
▼❡t❤♦❞❡♥ ③✉r ❉✉r❝❤❢ü❤r✉♥❣ ❡✐♥❡s ❙♣✐❡❧s✳

public class Game implements PlayConstants {

public PlayGround ground = new PlayGround();

private int count = 0;

private MyChoice gameTree;

public int nextMove(int place) {

if (count == 1)

gameTree = new MyChoice(ground,place);

else gameTree = gameTree.select(place);

return gameTree.acceptableChoice();

}

public boolean possibleMove(int place) {

if (count%2 == 1) return false;

return (ground.free(place));

}

public boolean finished() { return (count == 9);}

public void move(int place,int who) {

count++;

ground.move(place,who);

}

} ✴✴ ❡♥❞ ♦❢ ❝❧❛ss ●❛♠❡
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❉✐❡ ❑❧❛ss❡ ●❛♠❡ ■

• PlayGround ground ❡♥t❤ä❧t ❞✐❡ ❥❡✇❡✐❧s ❛❦t✉❡❧❧❡
❙♣✐❡❧✲❑♦♥✜❣✉r❛t✐♦♥✳

• int count ③ä❤❧t ❞✐❡ ❆♥③❛❤❧ ❞❡r ❜❡r❡✐ts ❛✉s❣❡❢ü❤rt❡♥ ❩ü❣❡✳

• MyChoice gameTree ❡♥t❤ä❧t ❡✐♥❡ ❘❡♣räs❡♥t❛t✐♦♥ ❞❡r
ME✲❙tr❛t❡❣✐❡✳

• public int nextMove(int place) ❧✐❡❢❡rt ❞❡♥
❆♥t✇♦rt✲❩✉❣ ❛✉❢ ❞❡♥ YOU✲❩✉❣ place✿

• ❲❛r place ❞❡r ❡rst❡ YOU✲❩✉❣✱ ✇✐r❞ ❡✐♥
MyChoice✲❖❜❥❡❦t gameTree ❢ür ❞❛s ✈❡r❜❧❡✐❜❡♥❞❡
❙♣✐❡❧ ❛♥❣❡❧❡❣t✳

• ❇❡✐ ❥❡❞❡♠ ✇❡✐t❡r❡♥ ❩✉❣ ✇✐r❞ gameTree ❛✉❢ ❞✐❡ ❣❡♠äÿ
place ❛✉s❣❡✇ä❤❧t❡ ❚❡✐❧✲❙tr❛t❡❣✐❡ ❣❡s❡t③t✳

• ❉❡♥ ♥ä❝❤st❡♥ ME✲❩✉❣ ❧✐❡❢❡rt ❥❡✇❡✐❧s
acceptableChoice ✐♥ gameTree✳
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❉✐❡ ❑❧❛ss❡ ●❛♠❡ ■■

• boolean possibleMove(int place) ü❜❡r♣rü❢t✱ ♦❜
❞❡r ❩✉❣ place ü❜❡r❤❛✉♣t ♠ö❣❧✐❝❤ ✐st❀

• public boolean finished() ü❜❡r♣rü❢t✱ ♦❜ ❜❡r❡✐ts ✾
❩ü❣❡ ❣❡s♣✐❡❧t ✇✉r❞❡♥❀

• public void move(int place,int who) ❡r❤ö❤t
❞❡♥ ❩✉❣✲❩ä❤❧❡r ✉♥❞ ❢ü❤rt ❞❡♥ ❩✉❣ ❛✉❢ ❞❡♠ ❙♣✐❡❧❢❡❧❞ ground
❛✉s✳
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❯♥❞ ♥♦❝❤ ❞✐❡ ❑❧❛ss❡ P❧❛②●r♦✉♥❞ ■

public class PlayGround implements PlayConstants {

private int[] arena;

public PlayGround() {

arena = new int[9];

}

public PlayGround(PlayGround ground, int place, int who) {

arena = (int[]) ground.arena.clone();

arena[place] = who;

}

public boolean free(int place) {

return (arena[place] == NONE);

}

public void clear() {

for(int i=0; i<9; i++)

arena[i] = NONE;

}

public void move(int place, int who) {

arena[place] = who;

}

✴✴ ❡r❢♦❧❣t ❞✉r❝❤ ❝❧❡✈❡r❡ ❇❡r❡❝❤♥✉♥❣ ✐♠ ❋❡❧❞ ❞❡r ▲ä♥❣❡ ✾
private boolean winning(int l, int place, int who) {...}

public boolean won(int place, int who) {...}

public int force(int who) {...}

...
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❯♥❞ ♥♦❝❤ ❞✐❡ ❑❧❛ss❡ P❧❛②●r♦✉♥❞ ■■

...

public static void main(String[] args) {

✴✴ ❙♣✐❡❧✿ ✇✐r ✈❡r❧✐❡r❡♥ ❛✉s ❇❧ö❞❤❡✐t
PlayGround ground = new PlayGround();

ground.move(1,YOU);

System.out.println((new MyChoice(ground,1)).acceptableChoice()); ✴✴✵
ground.move(0,ME);

ground.move(4,YOU);

System.out.println((new MyChoice(ground,4)).acceptableChoice()); ✴✴✼
ground.move(7,ME);

ground.move(2,YOU); ✴✴❜❧ö❞❡ ❜❧ö❞❡
System.out.println((new MyChoice(ground,2)).acceptableChoice()); ✴✴✻
ground.move(6,ME);

ground.move(3,YOU);

System.out.println((new MyChoice(ground,3)).acceptableChoice()); ✴✴✽
ground.move(8,ME);

System.out.println(ground.won(8,ME)); ✴✴ ❣❡✇♦♥♥❡♥✦
} ✴✴ ❡♥❞ ♦❢ ❝❧❛ss P❧❛②●r♦✉♥❞
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❊✣③✐❡♥③

Pr♦❜❧❡♠✿

❙♣✐❡❧❜ä✉♠❡ ❦ö♥♥❡♥ ❘■❊❙■● ✇❡r❞❡♥✦✦
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❯♥s❡r❡ ▲ös✉♥❣

• ❲✐r ❡r③❡✉❣❡♥ ❞✐❡ ME✲❙tr❛t❡❣✐❡ ♥✐❝❤t ❢ür ❛❧❧❡ ♠ö❣❧✐❝❤❡♥
❙♣✐❡❧✲❱❡r❧ä✉❢❡✱ s♦♥❞❡r♥ ❡rst ♥❛❝❤ ❞❡♠ ❡rst❡♥ ❩✉❣ ❞❡r
●❡❣♥❡r✐♥✳ ❙♣❛rt ✳✳✳ ❋❛❦t♦r ✾

• ❲✐r ❜❡rü❝❦s✐❝❤t✐❣❡♥ ❩✉❣✲❩✇❛♥❣✳ ❙♣❛rt ✳✳✳ ❄❄✦✦✳✳✳

• ❲✐r s✐♥❞ ♠✐t ❛❦③❡♣t❛❜❧❡♥ ME✲❩ü❣❡♥ ③✉❢r✐❡❞❡♥✳ ❙♣❛rt ✉♥❣❡❢ä❤r
✳✳✳ ❋❛❦t♦r ✷

• ❋ür ❚✐❝✲❚❛❝✲❚♦❡ r❡✐❝❤t ❞❛s ✈♦❧❧❦♦♠♠❡♥ ❛✉s✿ ♣r♦ ❙♣✐❡❧✈❡r❧❛✉❢
✇❡r❞❡♥ ③✇✐s❝❤❡♥ ✶✷✻ ✉♥❞ ✶✶✹✷ MyChoice✲❑♥♦t❡♥
❛♥❣❡❧❡❣t ✳✳✳

• ❋ür ❦♦♠♣❧❡①❡r❡ ❙♣✐❡❧❡ ✇✐❡ ❉❛♠❡✱ ❙❝❤❛❝❤ ♦❞❡r ❣❛r ●♦
❜❡♥öt✐❣❡♥ ✇✐r ✇❡✐t❡r❡ ■❞❡❡♥ ✳✳✳
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❑♦♠♣❧❡①✐tät

❩✉♠ ❇❡✐s♣✐❡❧✿

• ❙♣✐❡❧❡♥ ✇✐r ❚✐❝✲❚❛❝✲❚♦❡ ❛✉❢ ❡✐♥❡♠ ✹①✹ ❇r❡tt✱ ❣✐❜t ❡s ❝❛✳
✶✻! ∼ ✶✵✶✸ ♠ö❣❧✐❝❤❡ ❙♣✐❡❧❡✳

• ❆✉❢ ❡✐♥❡♠ ✺①✺ ❇r❡tt ❣✐❜t ❡s ❝❛✳ ✷✺! ∼ ✶✵✷✺ ♠ö❣❧✐❝❤❡ ❙♣✐❡❧❡✳

• ❊s ✐st ♥✐❝❤t s♦ ❡✐♥❢❛❝❤✱ ❞✐❡ ❆♥③❛❤❧ ✐♥t❡r❡ss❛♥t❡r ❙♣✐❡❧❡ ③✉
❛♣♣r♦①✐♠✐❡r❡♥✱ s❡❤❡ ③✳❇✳
❤tt♣✿✴✴✇✇✇✳♠❛t❤r❡❝✳♦r❣✴♦❧❞✴✷✵✵✷❥❛♥✴s♦❧✉t✐♦♥s✳❤t♠❧

• ❊s ❣✐❜t ♠✐♥❞❡st❡♥s ✶✵✶✷✵ ♠ö❣❧✐❝❤❡ ❙❝❤❛❝❤s♣✐❡❧❡✦ ✭❙❤❛♥♥♦♥✬s
♥✉♠❜❡r✮

• ❩✉♠ ❱❡r❣❧❡✐❝❤✿ ❊s ❣✐❜t ❝❛✳ ✶✵✽✶ ❆t♦♠❡ ✐♠ ❜❡♦❜❛❝❤t❜❛r❡♥
❯♥✐✈❡rs✉♠✳
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✶✳ ■❞❡❡✿ ❊rö✛♥✉♥❣❡♥

• ❚❛❜❡❧❧✐❡r❡ ❆♥❢❛♥❣s✲❙tü❝❦❡ ♦♣t✐♠❛❧❡r ❙♣✐❡❧✲❱❡r❧ä✉❢❡✳

• ❑♦♥str✉✐❡r❡ ❞✐❡ ❙tr❛t❡❣✐❡ ❡rst ❛❜ ❞❡r ❡rst❡♥ ❑♦♥✜❣✉r❛t✐♦♥✱ ❞✐❡
✈♦♥ ❞❡♥ t❛❜❡❧❧✐❡rt❡♥ ❊rö✛♥✉♥❣❡♥ ❛❜✇❡✐❝❤t ✳✳✳
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❇❡✐s♣✐❡❧ ❚✐❝✲❚❛❝✲❚♦❡

❲✐r ❦ö♥♥t❡♥ ③✳❇✳ ❜❡st❡ ❆♥t✇♦rt❡♥ ❛✉❢ ❥❡❞❡♥ ♠ö❣❧✐❝❤❡♥
❊rö✛♥✉♥❣s✲❩✉❣ t❛❜❡❧❧✐❡r❡♥✿

public interface Opening {

int[] OPENING = {

4, 4, 4, 4, 2, 4, 4, 4, 4

};

}

• ❉✐❡ ❋✉♥❦t✐♦♥ int nextMove(int place); s❝❤❧ä❣t
❞❛♥♥ ❞❡♥ ❡rst❡♥ ❆♥t✇♦rt✲❩✉❣ ✐♥ OPENING ♥❛❝❤✳

• ❊rst ❜❡✐ ❞❡r ③✇❡✐t❡♥ ❆♥t✇♦rt ✭❞✳❤✳ ❢ür ❞❡♥ ✈✐❡rt❡♥ ❙t❡✐♥ ❛✉❢
❞❡♠ ❇r❡tt✮ ✇✐r❞ ❞✐❡ ME✲❙tr❛t❡❣✐❡ ❦♦♥str✉✐❡rt✳

• ❉❛♥♥ ❜❧❡✐❜❡♥ ❣r❛❞❡ ♠❛❧ ❤ö❝❤st❡♥s ✻! = ✼✷✵
❙♣✐❡❧✲❋♦rts❡t③✉♥❣❡♥ ü❜r✐❣ ✳✳✳ ❞✐❡ ❆♥③❛❤❧ ❞❡r t❛tsä❝❤❧✐❝❤
❜❡♥öt✐❣t❡♥ MyChoice✲❑♥♦t❡♥ s❝❤❡✐♥t ❛❜❡r ♥✉r ♥♦❝❤
③✇✐s❝❤❡♥ ✾ ✉♥❞ ✺✸ ③✉ s❝❤✇❛♥❦❡♥ ✭✦✦✦✮
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✷✳ ■❞❡❡✿ ❇❡✇❡rt✉♥❣❡♥

❋✐♥❞❡ ❡✐♥❡ ❣❡❡✐❣♥❡t❡ ❋✉♥❦t✐♦♥ advice✱ ❞✐❡ ❞✐❡ ❊r❢♦❧❣s❛✉ss✐❝❤t❡♥
❡✐♥❡r ❑♦♥✜❣✉r❛t✐♦♥ ❞✐r❡❦t ❛❜s❝❤ät③t✱ ❞✳❤✳ ♦❤♥❡ ❆✉❢❜❛✉ ❡✐♥❡s
❙♣✐❡❧❜❛✉♠s✳

❆❜❡r✿

• ■✳❛✳ ✐st ❡✐♥❡ s♦❧❝❤❡ ❋✉♥❦t✐♦♥ ♥✐❝❤t ❜❡❦❛♥♥t ✦

• ▼❛♥ ♠✉ss ♠✐t ✉♥♣rä③✐s❡♥ ❜✐s ❢❡❤❧❡r❤❛❢t❡♥
❇❡✇❡rt✉♥❣s✲❋✉♥❦t✐♦♥❡♥ ③✉r❡❝❤t❦♦♠♠❡♥ ✳✳✳

• ✳✳✳ ❛❜❡r ❞✐❡ ❜❡tr❛❝❤t❡♥ ✇✐r ❤✐❡r ♥✐❝❤t✦
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✸✳ ■❞❡❡✿ ①❦❝❞

◗✉❡❧❧❡✿ ❤tt♣✿✴✴①❦❝❞✳❝♦♠✴✽✸✷✴
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❆✉s❜❧✐❝❦

• ◆✐❝❤t ❛❧❧❡ ✷✲P❡rs♦♥❡♥✲❙♣✐❡❧❡ s✐♥❞ ❡♥❞❧✐❝❤✳

• ●❡❧❡❣❡♥t❧✐❝❤ ❤ä♥❣t ❞❡r ❊✛❡❦t ❡✐♥❡s ❩✉❣s ③✉sät③❧✐❝❤ ✈♦♠ ❩✉❢❛❧❧
❛❜✳

• ❊✈❡♥t✉❡❧❧ ✐st ❞✐❡ ❛❦t✉❡❧❧❡ ❑♦♥✜❣✉r❛t✐♦♥ ♥✉r ♣❛rt✐❡❧❧ ❜❡❦❛♥♥t✳

==⇒ ❙♣✐❡❧t❤❡♦r✐❡
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●r❛♣❤✐❝❛❧ ❯s❡r ■♥t❡r❢❛❝❡s

✳✳✳ ✉♥❞ ✇❡♥♥ ❛♠ ❊♥❞❡ ❞❡s ❙❡♠❡st❡rs ♥♦❝❤ ❩❡✐t ✐st✱ ❦♦♠♠❡♥ ✇✐r
③✉♠ ❚✐❝❚❛❝❚♦❡✲❇❡✐s♣✐❡❧ ③✉rü❝❦ ✉♥❞ ✐♠♣❧❡♠❡♥t✐❡r❡♥ ●❯■s✦
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Ü❜❡r❜❧✐❝❦
❚❡✐❧ ✶✿ ❊✐♥❢ü❤r✉♥❣
❚❡✐❧ ✷✿ ❖❜❥❡❦t❜❛s✐❡rt❡ Pr♦❣r❛♠♠✐❡r✉♥❣
❚❡✐❧ ✸✿ ❑♦♥tr♦❧❧str✉❦t✉r❡♥
❚❡✐❧ ✹✿ ❋❡❧❞❡r
❚❡✐❧ ✺✿ ❊✐♥✐❣❡ ❆❜str❛❦t❡ ❉❛t❡♥t②♣❡♥
❚❡✐❧ ✻✿ ❖❜❥❡❦t♦r✐❡♥t✐❡r✉♥❣
❚❡✐❧ ✼✿ ❘❡❦✉rs✐♦♥
❚❡✐❧ ✽✿ ❋♦rt❣❡s❝❤r✐tt❡♥❡ Pr♦❣r❛♠♠✐❡r❦♦♥str✉❦t❡
❚❡✐❧ ✾✿ ❊✐♥ ✇❡✐t❡r❡s ❣röÿ❡r❡s ❇❡✐s♣✐❡❧
❚❡✐❧ ✶✵✿ ◆❡❜❡♥❧ä✉✜❣❦❡✐t
❚❡✐❧ ✶✶✿ ❆♣♣❧❡ts ✉♥❞ ●❯■s
❚❡✐❧ ✶✷✿ ❇❡②♦♥❞ ❏❛✈❛
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Ü❜❡rs✐❝❤t

✶✵✳ ◆❡❜❡♥❧ä✉✜❣❦❡✐t

❚❤r❡❛❞s
▼♦♥✐t♦r❡
❙❡♠❛♣❤♦r❡ ✉♥❞ ❞❛s Pr♦❞✉❝❡r✲❈♦♥s✉♠❡r✲Pr♦❜❧❡♠
❚❤r❡❛❞✲s✐❝❤❡r❡ ❉❛t❡♥str✉❦t✉r❡♥ ✉♥❞ ❘❲✲▲♦❝❦s
■♥t❡rr✉♣ts
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❚❤r❡❛❞s

• ❉✐❡ ❆✉s❢ü❤r✉♥❣ ❡✐♥❡s ❏❛✈❛✲Pr♦❣r❛♠♠s ❜❡st❡❤t ✐♥ ❲❛❤r❤❡✐t
♥✐❝❤t ❛✉s ❡✐♥❡♠✱ s♦♥❞❡r♥ ♠❡❤r❡r❡♥ ♣❛r❛❧❧❡❧ ❧❛✉❢❡♥❞❡♥ ❚❤r❡❛❞s✳

• ❊✐♥ ❚❤r❡❛❞ ✐st ❡✐♥ s❡q✉❡♥t✐❡❧❧❡r ❆✉s❢ü❤r✉♥❣s✲❙tr❛♥❣✳

• ❉❡r ❆✉❢r✉❢ ❡✐♥❡s Pr♦❣r❛♠♠s st❛rt❡t ❡✐♥❡♥ ❚❤r❡❛❞ main✱ ❞❡r
❞✐❡ ▼❡t❤♦❞❡ main() ❞❡s Pr♦❣r❛♠♠s ❛✉s❢ü❤rt✳

• ❊✐♥ ✇❡✐t❡r❡r ❚❤r❡❛❞✱ ❞❡♥ ❞❛s ▲❛✉❢③❡✐ts②st❡♠ ♣❛r❛❧❧❡❧ st❛rt❡t✱
✐st ❞✐❡ ●❛r❜❛❣❡ ❈♦❧❧❡❝t✐♦♥✳

• ❉✐❡ ●❛r❜❛❣❡ ❈♦❧❧❡❝t✐♦♥ s♦❧❧ ♠✐tt❧❡r✇❡✐❧❡ ♥✐❝❤t ♠❡❤r ❡rr❡✐❝❤❜❛r❡
❖❜❥❡❦t❡ ❜❡s❡✐t✐❣❡♥ ✉♥❞ ❞❡♥ ✈♦♥ ✐❤♥❡♥ ❜❡❧❡❣t❡♥ ❙♣❡✐❝❤❡r♣❧❛t③
❞❡r ✇❡✐t❡r❡♥ Pr♦❣r❛♠♠✲❆✉s❢ü❤r✉♥❣ ③✉r ❱❡r❢ü❣✉♥❣ st❡❧❧❡♥✳
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❇❡✐s♣✐❡❧✿ ●❛r❜❛❣❡ ❈♦❧❧❡❝t✐♦♥

main

main() main()

main

f()

main()

main

f()

main()

main
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❇❡✐s♣✐❡❧✿ ●❛r❜❛❣❡ ❈♦❧❧❡❝t✐♦♥

gc gc

main()

main

f()

main()

main

f()

main()

mainmain

main()
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❚❤r❡❛❞s

• ▼❡❤r❡r❡ ❚❤r❡❛❞s s✐♥❞ ❛✉❝❤ ♥üt③❧✐❝❤✱ ✉♠

• ✳✳✳ ♠❡❤r❡r❡ ❊✐♥❣❛❜❡✲◗✉❡❧❧❡♥ ③✉ ü❜❡r✇❛❝❤❡♥ ✭③✳❇✳
▼♦✉s❡✲❑❧✐❝❦s ✉♥❞ ❚❛st❛t✉r✲❊✐♥❣❛❜❡♥✮ ↑●r❛♣❤✐❦❀

• ✳✳✳ ✇ä❤r❡♥❞ ❞❡r ❇❧♦❝❦✐❡r✉♥❣ ❡✐♥❡r ❆✉❢❣❛❜❡ ❡t✇❛s ❛♥❞❡r❡s
❙✐♥♥✈♦❧❧❡s ❡r❧❡❞✐❣❡♥ ③✉ ❦ö♥♥❡♥❀

• ✳✳✳ ❞✐❡ ❘❡❝❤❡♥❦r❛❢t ♠❡❤r❡r❡r Pr♦③❡ss♦r❡♥ ❛✉s③✉♥✉t③❡♥✳

• ◆❡✉❡ ❚❤r❡❛❞s ❦ö♥♥❡♥ ❞❡s❤❛❧❜ ✈♦♠ Pr♦❣r❛♠♠ s❡❧❜st ❡r③❡✉❣t
✉♥❞ ❣❡st❛rt❡t ✇❡r❞❡♥✳

• ❉❛③✉ st❡❧❧t ❏❛✈❛ ❞✐❡ ❑❧❛ss❡ Thread ✉♥❞ ❞❛s ■♥t❡r❢❛❝❡
Runnable ❜❡r❡✐t✳
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❊r③❡✉❣✉♥❣

main

Th−0 Th−0

Th−1

main main
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❱❛r✐❛♥t❡ ✶

public class MyThread extends Thread {

public void hello(String s) {

System.out.println(s);

}

public void run() {

hello("I’m running ...");

} ✴✴ ❡♥❞ ♦❢ r✉♥✭✮
public static void main(String[] args) {

MyThread t = new MyThread();

t.start();

System.out.println("Thread has been started ...");

} ✴✴ ❡♥❞ ♦❢ ♠❛✐♥✭✮
} ✴✴ ❡♥❞ ♦❢ ❝ ❧❛s s ▼②❚❤r❡❛❞
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❊r❧ä✉t❡r✉♥❣❡♥

• ◆❡✉❡ ❚❤r❡❛❞s ✇❡r❞❡♥ ❢ür ❖❜❥❡❦t❡ ❛✉s ✭❯♥t❡r✲✮ ❑❧❛ss❡♥ ❞❡r
❑❧❛ss❡ Thread ❛♥❣❡❧❡❣t✳

• ❏❡❞❡ ❯♥t❡r❦❧❛ss❡ ✈♦♥ Thread s♦❧❧t❡ ❞✐❡ ❖❜❥❡❦t✲▼❡t❤♦❞❡
public void run(); ✐♠♣❧❡♠❡♥t✐❡r❡♥✳

• ■st t ❡✐♥ Thread✲❖❜❥❡❦t✱ ❞❛♥♥ ❜❡✇✐r❦t ❞❡r ❆✉❢r✉❢
t.start(); ❞❛s ❢♦❧❣❡♥❞❡✿

✶ ❊✐♥ ♥❡✉❡r ❚❤r❡❛❞ ✇✐r❞ ✐♥✐t✐❛❧✐s✐❡rt❀
✷ ❉✐❡ ✭♣❛r❛❧❧❡❧❡✮ ❆✉s❢ü❤r✉♥❣ ❞❡r ❖❜❥❡❦t✲▼❡t❤♦❞❡ run()

❢ür t ✇✐r❞ ❛♥❣❡st♦ÿ❡♥❀
✸ ❉✐❡ ❡✐❣❡♥❡ Pr♦❣r❛♠♠✲❆✉s❢ü❤r✉♥❣ ✇✐r❞ ❤✐♥t❡r ❞❡♠ ❆✉❢r✉❢

❢♦rt❣❡s❡t③t✳
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❱❛r✐❛♥t❡ ✷

public class MyRunnable implements Runnable {

public void hello(String s) {

System.out.println(s);

}

public void run() {

hello("I’m running ...");

} ✴✴ ❡♥❞ ♦❢ r✉♥✭✮
public static void main(String[] args) {

Thread t = new Thread(new MyRunnable());

t.start();

System.out.println("Thread has been started ...");

} ✴✴ ❡♥❞ ♦❢ ♠❛✐♥✭✮
} ✴✴ ❡♥❞ ♦❢ ❝ ❧❛s s ▼②❘✉♥♥❛❜❧❡
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❊r❧ä✉t❡r✉♥❣❡♥

• ❆✉❝❤ ❞❛s ■♥t❡r❢❛❝❡ Runnable ✈❡r❧❛♥❣t ❞✐❡ ■♠♣❧❡♠❡♥t✐❡r✉♥❣
❡✐♥❡r ❖❜❥❡❦t✲▼❡t❤♦❞❡ public void run();

• public Thread(Runnable ♦❜❥); ❧❡❣t ❢ür ❡✐♥
Runnable✲❖❜❥❡❦t ♦❜❥ ❡✐♥ Thread✲❖❜❥❡❦t ❛♥✳

• ■st t ❞❛s Thread✲❖❜❥❡❦t ❢ür ❞❛s Runnable ♦❜❥✱ ❞❛♥♥
❜❡✇✐r❦t ❞❡r ❆✉❢r✉❢ t.start(); ❞❛s ❢♦❧❣❡♥❞❡✿

✶ ❊✐♥ ♥❡✉❡r ❚❤r❡❛❞ ✇✐r❞ ✐♥✐t✐❛❧✐s✐❡rt❀
✷ ❉✐❡ ✭♣❛r❛❧❧❡❧❡✮ ❆✉s❢ü❤r✉♥❣ ❞❡r ❖❜❥❡❦t✲▼❡t❤♦❞❡ run()

❢ür ♦❜❥ ✇✐r❞ ❛♥❣❡st♦ÿ❡♥❀
✸ ❉✐❡ ❡✐❣❡♥❡ Pr♦❣r❛♠♠✲❆✉s❢ü❤r✉♥❣ ✇✐r❞ ❤✐♥t❡r ❞❡♠ ❆✉❢r✉❢

❢♦rt❣❡s❡t③t✳

• ❯♥t❡rs❝❤✐❡❞✿ ❆❜❣❡❧❡✐t❡t❡ ❑❧❛ss❡ ❡t✇❛s ❡✐♥❢❛❝❤❡r ③✉ ✈❡r✇❡♥❞❡♥❀
❱❡r✇❡♥❞✉♥❣ ❞❡r ■♥t❡r❢❛❝❡✲❱❛r✐❛♥t❡ ❡r❧❛✉❜t ❊r❜❡♥ ✈♦♥ ❡✐♥❡r
❛♥❞❡r❡♥ ❑❧❛ss❡
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▼ö❣❧✐❝❤❡ ❆✉s❢ü❤r✉♥❣❡♥

Thread has been started ...

I’m running ...

✳✳✳ ♦❞❡r✿

I’m running ...

Thread has been started ...
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❙❝❤❡❞✉❧✐♥❣

• ❊✐♥ ❚❤r❡❛❞ ❦❛♥♥ ♥✉r ❡✐♥❡ ❖♣❡r❛t✐♦♥ ❛✉s❢ü❤r❡♥✱ ✇❡♥♥ ✐❤♠ ❡✐♥
Pr♦③❡ss♦r ✭❈P❯✮ ♦❞❡r ❑❡r♥ ③✉r ❆✉s❢ü❤r✉♥❣ ③✉❣❡t❡✐❧t ✇♦r❞❡♥
✐st✳

• ■♠ ❆❧❧❣❡♠❡✐♥❡♥ ❣✐❜t ❡s ♠❡❤r ❚❤r❡❛❞s ❛❧s ❈P❯s✳

• ❉❡r ❙❝❤❡❞✉❧❡r ✈❡r✇❛❧t❡t ❞✐❡ ✈❡r❢ü❣❜❛r❡♥ ❈P❯s ✉♥❞ t❡✐❧t s✐❡
❞❡♥ ❚❤r❡❛❞s ③✉✳

• ❇❡✐ ✈❡rs❝❤✐❡❞❡♥❡♥ Pr♦❣r❛♠♠✲▲ä✉❢❡♥ ❦❛♥♥ ❞✐❡s❡ ❩✉t❡✐❧✉♥❣
✈❡rs❝❤✐❡❞❡♥ ❛✉ss❡❤❡♥✦✦✦

• ❊s ❣✐❜t ✈❡rs❝❤✐❡❞❡♥❡ P♦❧✐t✐❦❡♥✱ ♥❛❝❤ ❞❡♥❡♥ s✐❝❤ ❙❝❤❡❞✉❧❡r
r✐❝❤t❡♥ ❦ö♥♥❡♥ ✭↑❇❡tr✐❡❜ss②st❡♠❡✮✳ ❯✳❛✳✿

• ❩❡✐ts❝❤❡✐❜❡♥✲❱❡r❢❛❤r❡♥

• ◆❛✐✈❡s ❱❡r❢❛❤r❡♥
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❙❝❤❡❞✉❧✐♥❣str❛t❡❣✐❡ ✶✿ ❩❡✐ts❝❤❡✐❜❡♥✲❱❡r❢❛❤r❡♥

❙tr❛t❡❣✐❡✿

• ❊✐♥ ❚❤r❡❛❞ ❡r❤ä❧t ❡✐♥❡ ❈P❯ ♥✉r ❢ür ❡✐♥❡ ❜❡st✐♠♠t❡
❩❡✐ts♣❛♥♥❡ ✭❚✐♠❡ ❙❧✐❝❡✮✱ ✐♥ ❞❡r ❡r r❡❝❤♥❡♥ ❞❛r❢✳

• ❉❛♥❛❝❤ ✇✐r❞ ❡r ✉♥t❡r❜r♦❝❤❡♥✳ ❉❛♥♥ ❞❛r❢ ❡✐♥ ❛♥❞❡r❡r✳
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▼ö❣❧✐❝❤❡r ❙❝❤❡❞✉❧❡

Thread−1:

Thread−2:

Thread−3:

Scheduler
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▼ö❣❧✐❝❤❡r ❙❝❤❡❞✉❧❡

Thread−1:

Thread−2:

Thread−3:

Scheduler
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▼ö❣❧✐❝❤❡r ❙❝❤❡❞✉❧❡

Thread−1:

Thread−2:

Thread−3:

Scheduler
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▼ö❣❧✐❝❤❡r ❙❝❤❡❞✉❧❡

Thread−1:

Thread−2:

Thread−3:

Scheduler

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✻✹✽



▼ö❣❧✐❝❤❡r ❙❝❤❡❞✉❧❡

Thread−1:

Thread−2:

Thread−3:

Scheduler
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▼ö❣❧✐❝❤❡r ❙❝❤❡❞✉❧❡

Thread−1:

Thread−2:

Thread−3:

Scheduler
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▼ö❣❧✐❝❤❡r ❙❝❤❡❞✉❧❡

Thread−1:

Thread−2:

Thread−3:

Scheduler
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▼ö❣❧✐❝❤❡r ❙❝❤❡❞✉❧❡

Thread−1:

Thread−2:

Thread−3:

Scheduler
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▼ö❣❧✐❝❤❡r ❙❝❤❡❞✉❧❡

Thread−1:

Thread−2:

Thread−3:

Scheduler
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▼ö❣❧✐❝❤❡r ❙❝❤❡❞✉❧❡

Thread−1:

Thread−2:

Thread−3:

Scheduler
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▼ö❣❧✐❝❤❡r ❙❝❤❡❞✉❧❡

Thread−1:

Thread−2:

Thread−3:

Scheduler
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▼ö❣❧✐❝❤❡r ❙❝❤❡❞✉❧❡

Thread−1:

Thread−2:

Thread−3:

Scheduler
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▼ö❣❧✐❝❤❡r ❙❝❤❡❞✉❧❡

Thread−1:

Thread−2:

Thread−3:

Scheduler
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❊✐♥ ♠ö❣❧✐❝❤❡r ❛♥❞❡r❡r ❙❝❤❡❞✉❧❡

❊✐♥❡ ❛♥❞❡r❡ Pr♦❣r❛♠♠✲❆✉s❢ü❤r✉♥❣ ♠❛❣ ❞❛❣❡❣❡♥ ❧✐❡❢❡r♥✿

Thread−1:

Thread−2:

Thread−3:

Scheduler
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❊✐♥ ♠ö❣❧✐❝❤❡r ❛♥❞❡r❡r ❙❝❤❡❞✉❧❡

❊✐♥❡ ❛♥❞❡r❡ Pr♦❣r❛♠♠✲❆✉s❢ü❤r✉♥❣ ♠❛❣ ❞❛❣❡❣❡♥ ❧✐❡❢❡r♥✿

Thread−1:

Thread−2:

Thread−3:

Scheduler
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❊r❧ä✉t❡r✉♥❣❡♥

• ❊✐♥ ❩❡✐ts❝❤❡✐❜❡♥✲❙❝❤❡❞✉❧❡r ✈❡rs✉❝❤t✱ ❥❡❞❡♥ ❚❤r❡❛❞ ❢❛✐r ③✉
❜❡❤❛♥❞❡❧♥✱ ❞✳❤✳ ❛❜ ✉♥❞ ③✉ ❘❡❝❤❡♥③❡✐t ③✉③✉♦r❞♥❡♥ ✕ ❡❣❛❧✱
✇❡❧❝❤❡ ❚❤r❡❛❞s s♦♥st ♥♦❝❤ ❘❡❝❤❡♥③❡✐t ❜❡❛♥s♣r✉❝❤❡♥✳

• ❑❡✐♥ ❚❤r❡❛❞ ❤❛t ❥❡❞♦❝❤ ❆♥s♣r✉❝❤ ❛✉❢ ❡✐♥❡♥ ❜❡st✐♠♠t❡♥
❚✐♠❡✲❙❧✐❝❡✳

• ❋ür ❞❡♥ Pr♦❣r❛♠♠✐❡r❡r s✐❡❤t ❡s s♦ ❛✉s✱ ❛❧s ♦❜ sä♠t❧✐❝❤❡
❚❤r❡❛❞s ✏❡❝❤t✑ ♣❛r❛❧❧❡❧ ❛✉s❣❡❢ü❤rt ✇❡r❞❡♥✱ ❞✳❤✳ ❥❡❞❡r ü❜❡r ❡✐♥❡
❡✐❣❡♥❡ ❈P❯ ✈❡r❢ü❣t✳

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✻✺✵



❙❝❤❡❞✉❧✐♥❣str❛t❡❣✐❡ ✷✿ ◆❛✐✈❡s ❱❡r❢❛❤r❡♥

• ❊r❤ä❧t ❡✐♥ ❚❤r❡❛❞ ❡✐♥❡ ❈P❯✱ ❞❛r❢ ❡r ❧❛✉❢❡♥✱ s♦ ❧❛♥❣❡ ❡r ✇✐❧❧ ✳✳✳

• ●✐❜t ❡r ❞✐❡ ❈P❯ ✇✐❡❞❡r ❢r❡✐✱ ❞❛r❢ ❡✐♥ ❛♥❞❡r❡r ❚❤r❡❛❞ ❛r❜❡✐t❡♥
✳✳✳
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❲❡✐t❡r❡ ♠ö❣❧✐❝❤❡ ❙❝❤❡❞✉❧❡s

Thread−1:

Thread−2:

Thread−3:

Scheduler
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❲❡✐t❡r❡ ♠ö❣❧✐❝❤❡ ❙❝❤❡❞✉❧❡s

Thread−1:

Thread−2:

Thread−3:

Scheduler
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❲❡✐t❡r❡ ♠ö❣❧✐❝❤❡ ❙❝❤❡❞✉❧❡s

Thread−1:

Thread−2:

Thread−3:

Scheduler
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❲❡✐t❡r❡ ♠ö❣❧✐❝❤❡ ❙❝❤❡❞✉❧❡s

Thread−1:

Thread−2:

Thread−3:

Scheduler
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❇❡✐s♣✐❡❧

public class Start extends Thread {

public void run() {

System.out.println("I’m running ...");

while(true) ;

}

public static void main(String[] args) {

(new Start()).start();

(new Start()).start();

(new Start()).start();

System.out.println("main is running ...");

while(true) ;

}

} ✴✴ ❡♥❞ ♦❢ ❝ ❧❛s s ❙t❛rt
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❇❡✐s♣✐❡❧

✳✳✳ ❧✐❡❢❡rt ❛❧s ❆✉s❣❛❜❡ ✭❜❡✐ ♥❛✐✈❡♠ ❙❝❤❡❞✉❧✐♥❣ ✉♥❞ ❡✐♥❡r ❈P❯✮ ✿

main is running ...

• ❲❡✐❧ main ♥✐❡ ❢❡rt✐❣ ✇✐r❞✱ ❡r❤❛❧t❡♥ ❞✐❡ ❛♥❞❡r❡♥ ❚❤r❡❛❞s ❦❡✐♥❡
❈❤❛♥❝❡✱ s✐❡ ✈❡r❤✉♥❣❡r♥✳

• ❋❛✐r❡s ❙❝❤❡❞✉❧✐♥❣ ♠✐t ❡✐♥❡♠ ❩❡✐ts❝❤❡✐❜❡♥✲❱❡r❢❛❤r❡♥ ✇ür❞❡
③✳❇✳ ❧✐❡❢❡r♥✿

I’m running ...

main is running ...

I’m running ...

I’m running ...
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■♠♣❧❡♠❡♥t✐❡r✉♥❣❡♥

• ❏❛✈❛ ❧❡❣t ♥✐❝❤t ❢❡st✱ ✇✐❡ ✐♥t❡❧❧✐❣❡♥t ❞❡r ❙❝❤❡❞✉❧❡r ✐st✳

• ❉✐❡ ❛❦t✉❡❧❧❡ ■♠♣❧❡♠❡♥t✐❡r✉♥❣ ✉♥t❡rstüt③t ❢❛✐r❡s ❙❝❤❡❞✉❧✐♥❣✳

• Pr♦❣r❛♠♠❡ s♦❧❧t❡♥ ❛❜❡r ❢ür ❥❡❞❡♥ ❙❝❤❡❞✉❧❡r ❞❛s ❣❧❡✐❝❤❡
❱❡r❤❛❧t❡♥ ③❡✐❣❡♥✳ ❉❛s ❤❡✐ÿt✿

• ✳✳✳ ❚❤r❡❛❞s✱ ❞✐❡ ❛❦t✉❡❧❧ ♥✐❝❤ts ❙✐♥♥✈♦❧❧❡s ③✉ t✉♥ ❤❛❜❡♥✱ ③✳❇✳
✇❡✐❧ s✐❡ ❛✉❢ ❱❡rstr❡✐❝❤❡♥ ❞❡r ❩❡✐t ♦❞❡r ❜❡ss❡r❡s ❲❡tt❡r ✇❛rt❡♥✱
s♦❧❧t❡♥ st❡ts ✐❤r❡ ❈P❯ ❛♥❞❡r❡♥ ❚❤r❡❛❞s ③✉r ❱❡r❢ü❣✉♥❣ st❡❧❧❡♥✳

• ✳✳✳ ❙❡❧❜st ✇❡♥♥ ❚❤r❡❛❞s ❡t✇❛s ❱❡r♥ü♥❢t✐❣❡s t✉♥✱ s♦❧❧t❡♥ s✐❡ ❛❜
✉♥❞ ③✉ ❛♥❞❡r❡ ❚❤r❡❛❞s ❧❛✉❢❡♥ ❧❛ss❡♥✳

✭❆❝❤t✉♥❣✿ ❲❡❝❤s❡❧ ❞❡s ❚❤r❡❛❞s ✐st t❡✉❡r✦✦✦✮

• ❉❛③✉ ✈❡r❢ü❣t ❥❡❞❡r ❚❤r❡❛❞ ü❜❡r ❡✐♥❡♥ ❩✉st❛♥❞✱ ❞❡r ❜❡✐ ❞❡r
❱❡r❣❛❜❡ ✈♦♥ ❘❡❝❤❡♥③❡✐t ❜❡rü❝❦s✐❝❤t✐❣t ✇✐r❞✳
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❊✐♥✐❣❡ ❚❤r❡❛❞✲❩✉stä♥❞❡

ready

running

dead

start

yield

sleeping

sleep

// ... time over

// ... completed
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❊✐♥✐❣❡ ❚❤r❡❛❞✲❩✉stä♥❞❡

• public void start(); ❧❡❣t ❡✐♥❡♥ ♥❡✉❡♥ ❚❤r❡❛❞ ❛♥✱
s❡t③t ❞❡♥ ❩✉st❛♥❞ ❛✉❢ r❡❛❞② ✉♥❞ ü❜❡r❣✐❜t ❞❛♠✐t ❞❡♥ ❚❤r❡❛❞
❞❡♠ ❙❝❤❡❞✉❧❡r ③✉r ❆✉s❢ü❤r✉♥❣✳

• ❉❡r ❙❝❤❡❞✉❧❡r ♦r❞♥❡t ❞❡♥ ❚❤r❡❛❞s✱ ❞✐❡ ✐♠ ❩✉st❛♥❞ r❡❛❞② s✐♥❞✱
Pr♦③❡ss♦r❡♥ ③✉ ✭✏❞✐s♣❛t❝❤✐♥❣✑✮✳ ❆❦t✉❡❧❧ ❧❛✉❢❡♥❞❡ ❚❤r❡❛❞s
❤❛❜❡♥ ❞❡♥ ❩✉st❛♥❞ r✉♥♥✐♥❣✳

• public static void yield(); s❡t③t ❞❡♥ ❛❦t✉❡❧❧❡♥
❩✉st❛♥❞ ③✉rü❝❦ ❛✉❢ r❡❛❞② ✉♥❞ ✉♥t❡r❜r✐❝❤t ❞❛♠✐t ❞✐❡ ❛❦t✉❡❧❧❡
Pr♦❣r❛♠♠✲❆✉s❢ü❤r✉♥❣✳ ❆♥❞❡r❡ ❛✉s❢ü❤r❜❛r❡ ❚❤r❡❛❞s ❡r❤❛❧t❡♥
❞✐❡ ●❡❧❡❣❡♥❤❡✐t ③✉r ❆✉s❢ü❤r✉♥❣✳

• public static void sleep(int msec) throws

InterruptedException; ❧❡❣t ❞❡♥ ❛❦t✉❡❧❧❡♥ ❚❤r❡❛❞ ❢ür
msec ▼✐❧❧✐s❡❦✉♥❞❡♥ s❝❤❧❛❢❡♥✱ ✐♥❞❡♠ ❞❡r ❚❤r❡❛❞ ✐♥ ❞❡♥
❩✉st❛♥❞ s❧❡❡♣✐♥❣ ✇❡❝❤s❡❧t✳
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▼ö❣❧✐❝❤❡r ❆❜❧❛✉❢

ready

Prozessoren

start()
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▼ö❣❧✐❝❤❡r ❆❜❧❛✉❢

ready

Prozessoren
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▼ö❣❧✐❝❤❡r ❆❜❧❛✉❢

ready

Prozessoren

dispatch
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▼ö❣❧✐❝❤❡r ❆❜❧❛✉❢

ready

Prozessoren
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▼ö❣❧✐❝❤❡r ❆❜❧❛✉❢

ready

Prozessoren

yield()
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▼ö❣❧✐❝❤❡r ❆❜❧❛✉❢

ready

Prozessoren
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▼ö❣❧✐❝❤❡r ❆❜❧❛✉❢

ready

Prozessoren

complete
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▼ö❣❧✐❝❤❡r ❆❜❧❛✉❢

ready

Prozessoren
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❇❡❛❝❤t❡

• ❋ür ❥❡❞❡s ❚❤r❡❛❞♦❜❥❡❦t t ❣✐❜t ❡s ❡✐♥❡ ❙❝❤❧❛♥❣❡
ThreadQueue joiningThreads✳

• ❚❤r❡❛❞s✱ ❞✐❡ ❛✉❢ ❇❡❡♥❞✐❣✉♥❣ ❞❡s ❚❤r❡❛❞s t ✇❛rt❡♥✱ ✇❡r❞❡♥ ✐♥
❞✐❡s❡ ❙❝❤❧❛♥❣❡ ❡✐♥❣❡❢ü❣t✳

• ❉❛❜❡✐ ❣❡❤❡♥ s✐❡ ❦♦♥③❡♣t✉❡❧❧ ✐♥ ❡✐♥❡♥ ❩✉st❛♥❞ ❥♦✐♥✐♥❣ ü❜❡r ✉♥❞
✇❡r❞❡♥ ❛✉s ❞❡r ▼❡♥❣❡ ❞❡r ❛✉s❢ü❤r❜❛r❡♥ ❚❤r❡❛❞s ❡♥t❢❡r♥t✳

• ❇❡❡♥❞❡t ❡✐♥ ❚❤r❡❛❞ s❡✐♥❡ ❆✉s❢ü❤r✉♥❣✱ ✇❡r❞❡♥ ❛❧❧❡ ❚❤r❡❛❞s✱
❞✐❡ ❛✉❢ ✐❤♥ ✇❛rt❡t❡♥✱ ✇✐❡❞❡r ❛❦t✐✈✐❡rt✳

• ❲❡♥♥ ✐♥♥❡r❤❛❧❜ ✈♦♥ ❚❤r❡❛❞ t1 ❞✐❡ ▼❡t❤♦❞❡ join() ❡✐♥❡s
❚❤r❡❛❞s t2 ❛✉s❣❡❢ü❤rt ✇✐r❞✱ ❛❧s♦ t2.join() ✐♥ t1✱ ❞❛♥♥
✉♥t❡r❜r✐❝❤t t1 s❡✐♥❡ ❆✉s❢ü❤r✉♥❣ ✉♥❞ ✇❛rt❡t ❛✉❢ ❞✐❡
❇❡❡♥❞✐❣✉♥❣ ✈♦♥ t2✳
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❊r✇❡✐t❡rt❡s ❩✉st❛♥❞s❞✐❛❣r❛♠♠

ready

running

dead

start

yield

sleeping

sleep

// ... time over

// ... completed
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❊r✇❡✐t❡rt❡s ❩✉st❛♥❞s❞✐❛❣r❛♠♠

ready

running

dead

joining

start

yield

sleeping

sleep

// ... time over

// ... completed

join
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❇❡✐s♣✐❡❧ ✭✶✮

public class Join implements Runnable {

private static int count = 0;

private int n = count++;

private static Thread[] task = new Thread[3];

public void run() {

try {

if (n>0) {

task[n-1].join();

System.out.println("Thread-"+n+" joined Thread-"+(n-1));

}

} catch (InterruptedException e) {

System.err.println(e.toString());

}

} ...

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✻✻✶



❇❡✐s♣✐❡❧ ✭✷✮

...

public static void main(String[] args) {

for(int i=0; i<3; i++)

task[i] = new Thread(new Join());

for(int i=0; i<3; i++)

task[i].start();

}

} ✴✴ ❡♥❞ ♦❢ ❝ ❧❛s s ❏♦✐♥

✳✳✳ ❧✐❡❢❡rt✿

> java Join

Thread-1 joined Thread-0

Thread-2 joined Thread-1
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❱❛r✐❛t✐♦♥

❙♣❛ÿ❡s❤❛❧❜❡r ❜❡tr❛❝❤t❡♥ ✇✐r ♥♦❝❤ ❡✐♥❡ ❦❧❡✐♥❡ ❱❛r✐❛t✐♦♥ ❞❡s ❧❡t③t❡♥
Pr♦❣r❛♠♠s✿

public class CW implements Runnable {

private static int count = 0;

private int n = count++;

private static Thread[] task = new Thread[3];

public void run() {

try { task[(n+1)%3].join(); }

catch (InterruptedException e) {

System.err.println(e.toString());

}

}

public static void main(String[] args) {

for(int i=0; i<3; i++)

task[i] = new Thread(new CW());

for(int i=0; i<3; i++) task[i].start();

}

} ✴✴ ❡♥❞ ♦❢ ❝ ❧❛s s ❈❲
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❆✉s❢ü❤r✉♥❣

• ❉❛s Pr♦❣r❛♠♠ t❡r♠✐♥✐❡rt ♠ö❣❧✐❝❤❡r✇❡✐s❡ ♥✐❝❤t✦

• task[0] ✇❛rt❡t ❛✉❢ task[1]✱ task[1] ✇❛rt❡t ❛✉❢
task[2]✱ task[2] ✇❛rt❡t ✳✳✳ ❛✉❢ task[0]
✐st ❡✐♥ ♠ö❣❧✐❝❤❡r ❆❜❧❛✉❢✦

• ❆❜❡r ♥✐❝❤t ❣❡③✇✉♥❣❡♥❡r♠❛ÿ❡♥✿ ❲❡♥♥ ❞❡r ❙❝❤❡❞✉❧❡ ③✉❢ä❧❧✐❣

[main] t[0].start();

[t[0]] t[1].join();

[main] t[1].start();

...

❧✐❡❢❡rt✱ ❞❛♥♥ t❡r♠✐♥✐❡rt ❞❛s Pr♦❣r❛♠♠✱ ✇❡✐❧ t[1].join()
❢ür ❡✐♥❡♥ ♥♦❝❤ ♥✐❝❤t ❣❡st❛rt❡t❡♥ t[1] ❦❡✐♥❡♥ ❊✛❡❦t ❛✉❢
t[0] ❤❛t✦
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❉❡❛❞❧♦❝❦s

◗✉❡❧❧❡✿ ❤tt♣✿✴✴✇✇✇✳❝s✳❣♠✉✳❡❞✉✴❝♥❡✴✐t❝♦r❡✴♣r♦❝❡ss❡s✴❉❡❛❞✳❤t♠❧

• ❏❡❞❡r ❚❤r❡❛❞ ❣❡❤t ✐♥ ❡✐♥❡♥ ❲❛rt❡③✉st❛♥❞ ✭❤✐❡r✿ ❥♦✐♥✐♥❣✮ ü❜❡r
✉♥❞ ✇❛rt❡t ❛✉❢ ❡✐♥❡♥ ❛♥❞❡r❡♥ ❚❤r❡❛❞✳

• ❉✐❡s❡s P❤ä♥♦♠❡♥ ❤❡✐ÿt ❛✉❝❤ ❈✐r❝✉❧❛r ❲❛✐t ♦❞❡r ❉❡❛❞❧♦❝❦
♦❞❡r ❱❡r❦❧❡♠♠✉♥❣ ✭↑❈♦♠♣✐❧❡r❜❛✉✮ ✕ ❡✐♥❡ ✉♥❛♥❣❡♥❡❤♠❡
❙✐t✉❛t✐♦♥✱ ❞✐❡ ♠❛♥ t✉♥❧✐❝❤st ✈❡r♠❡✐❞❡♥ s♦❧❧t❡✳
❆❜❡r ❞❛s ✐st r✐❝❤t✐❣ s❝❤✇✐❡r✐❣✦
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▼♦♥✐t♦r❡✿ ❇❡✐s♣✐❡❧ ✶

• ❉❛♠✐t ❚❤r❡❛❞s s✐♥♥✈♦❧❧ ♠✐t❡✐♥❛♥❞❡r ❦♦♦♣❡r✐❡r❡♥ ❦ö♥♥❡♥✱
♠üss❡♥ s✐❡ ♠✐t❡✐♥❛♥❞❡r ❉❛t❡♥ ❛✉st❛✉s❝❤❡♥✳

• ❩✉❣r✐✛ ♠❡❤r❡r❡r ❚❤r❡❛❞s ❛✉❢ ❡✐♥❡ ❣❡♠❡✐♥s❛♠❡ ❱❛r✐❛❜❧❡ ✐st
♣r♦❜❧❡♠❛t✐s❝❤✱ ✇❡✐❧ ♥✐❝❤t ❢❡stst❡❤t✱ ✐♥ ✇❡❧❝❤❡r ❘❡✐❤❡♥❢♦❧❣❡ ❞✐❡
❚❤r❡❛❞s ❛✉❢ ❞✐❡ ❱❛r✐❛❜❧❡ ③✉❣r❡✐❢❡♥✳

• ❇❡✐s♣✐❡❧ ❋❧✉❣❜✉❝❤✉♥❣✿ ❆❜❢r❛❣❡ ✈♦♥ P❡rs♦♥ P✶ ❧✐❡❢❡rt ✒❋❧✉❣
✈❡r❢ü❣❜❛r✏✳ ❲❡♥♥ P✶ ❞✐❡s❡♥ ❋❧✉❣ ❜✉❝❤❡♥ ✇✐❧❧✱ ❦❛♥♥ ❡s ❛❜❡r
s❡✐♥✱ ❞❛ss ✐♥ ❞❡r ❩✇✐s❝❤❡♥③❡✐t P✷ ❜❡r❡✐ts ❞✐❡s❡♥ s❡❧❜❡♥
✭❧❡t③t❡♥✮ ❋❧✉❣ ❣❡❜✉❝❤t ❤❛t✳ ❲❡♥♥ ❞❛♥♥ P✶ ❞❡♥ ❋❧✉❣ ❡r♥❡✉t
❜✉❝❤t✱ ❣✐❜t ❡s ❡✐♥❡ ■♥❦♦♥s✐st❡♥③✳
❙✐t✉❛t✐♦♥❡♥ ❞✐❡s❡r ❆rt ❤❡✐ss❡♥ ❘❛❝❡ ❈♦♥❞✐t✐♦♥s✳
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▼♦♥✐t♦r❡✿ ❇❡✐s♣✐❡❧ ✷

• ❇❡✐s♣✐❡❧ ❉✐♥✐♥❣ P❤✐❧♦s♦♣❤❡rs✿ P❤✐❧♦s♦♣❤❡♥ s✐t③❡♥ ❛♥ ❡✐♥❡♠
r✉♥❞❡♥ ❚✐s❝❤✳ ❏❡❞❡r ❤❛t ❡✐♥❡♥ ❚❡❧❧❡r ✈♦r s✐❝❤❀ ❥❡✇❡✐❧s ③✇✐s❝❤❡♥
③✇❡✐ ❚❡❧❧❡r♥ ❧✐❡❣t ❡✐♥❡ ●❛❜❡❧✳ P❤✐❧♦s♦♣❤❡♥ ❦ö♥♥❡♥ ❞❡♥❦❡♥ ♦❞❡r
❡ss❡♥✳ ❲❡♥♥ s✐❡ ❡ss❡♥✱ ♠üss❡♥ s✐❡ ❞❛s ♠✐t ③✇❡✐ ●❛❜❡❧♥ t✉♥✳
❉❛③✉ ♥❡❤♠❡♥ s✐❡ ✐♠♠❡r ❡rst ❞✐❡ ❧✐♥❦❡✱ ❞❛♥♥ ❞✐❡ r❡❝❤t❡ ●❛❜❡❧✳
❲❡♥♥ ❛❧❧❡ P❤✐❧♦s♦♣❤❡♥ ❣❧❡✐❝❤③❡✐t✐❣ ✐❤r❡ ❧✐♥❦❡ ●❛❜❡❧ ❡r❣r❡✐❢❡♥
✉♥❞ ❛✉❢ ✐❤r❡ r❡❝❤t❡ ●❛❜❡❧ ✇❛rt❡♥ ✉♥❞ ✐❤r❡ ❧✐♥❦❡ ●❛❜❡❧ ♥✐❝❤t
❛❜❣❡❜❡♥✱ ❜❡✈♦r s✐❡ ❣❡❣❡ss❡♥ ❤❛❜❡♥✱ ❣✐❜t ❡s ❡✐♥❡♥ ❉❡❛❞❧♦❝❦✳

◗✉❡❧❧❡✿ ❤tt♣✿✴✴✉♣❧♦❛❞✳✇✐❦✐♠❡❞✐❛✳♦r❣✴✇✐❦✐♣❡❞✐❛✴❝♦♠♠♦♥s✴t❤✉♠❜✴✻✴✻❛✴❉✐♥✐♥❣❴♣❤✐❧♦s♦♣❤❡rs✳♣♥❣✴✺✶✷♣①✲
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▼♦♥✐t♦r❡

• ❊✐♥ ❍✐❧❢s♠✐tt❡❧✱ ✉♠ ❣❡♦r❞♥❡t❡ ❩✉❣r✐✛❡ ③✉ ❣❛r❛♥t✐❡r❡♥✱ s✐♥❞
▼♦♥✐t♦r❡✳

✳✳✳ ❡✐♥ ❇❡✐s♣✐❡❧✿
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❇❡✐s♣✐❡❧

❉r❡✐ ❚❤r❡❛❞s s♦❧❧❡♥ ❡✐♥❡ ❣❡♠❡✐♥s❛♠ ❣❡♥✉t③t❡ ❱❛r✐❛❜❧❡ x ✐♥❞✐✈✐❞✉❡❧❧
❥❡✇❡✐❧s ✉♠ ✶ ❡r❤ö❤❡♥✿

public class Inc implements Runnable {

private static int x = 0; ✴✴ ❣❡♠❡✐♥s❛♠❡ ❘❡ss♦✉r❝❡
private static void pause(int t) {

try {

Thread.sleep((int) (Math.random()*t*1000));

} catch (InterruptedException e) {

System.err.println(e.toString());

}

}

public void run() {

String s = Thread.currentThread().getName();

pause(3); ✴✴ s ✐♠✉❧ ✐❡r t ③ ✉ ❢ ä ❧ ❧ ✐ ❣ ❡ s ❙❝❤❡❞✉❧❡r−❱❡r❤❛❧t❡♥
int y = x;

System.out.println(s+ " read "+y);

pause(4); ✴✴ s ✐♠✉❧ ✐❡r t ③ ✉ ❢ ä ❧ ❧ ✐ ❣ ❡ s ❙❝❤❡❞✉❧❡r−❱❡r❤❛❧t❡♥
x = y+1;

System.out.println(s+ " wrote "+(y+1));

}
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❇❡✐s♣✐❡❧

...

public static void main(String[] args) {

(new Thread(new Inc())).start();

pause(2); ✴✴ s ✐♠✉❧ ✐❡r t ③✉ ❢ ä ❧ ❧ ✐ ❣ ❡♥ ❙❝❤❡❞✉❧❡r
(new Thread(new Inc())).start();

pause(2); ✴✴ s ✐♠✉❧ ✐❡r t ③✉ ❢ ä ❧ ❧ ✐ ❣ ❡♥ ❙❝❤❡❞✉❧❡r
(new Thread(new Inc())).start();

}

} ✴✴ ❡♥❞ ♦❢ ❝ ❧❛s s ■♥❝

• public static Thread currentThread(); ❧✐❡❢❡rt
✭❡✐♥❡ ❘❡❢❡r❡♥③ ❛✉❢✮ ❞❛s ❛✉s❢ü❤r❡♥❞❡ ❚❤r❡❛❞✲❖❜❥❡❦t✳

• public final String getName(); ❧✐❡❢❡rt ❞❡♥
◆❛♠❡♥ ❞❡s ❚❤r❡❛❞✲❖❜❥❡❦ts✳

• ❉❛s Pr♦❣r❛♠♠ ❧❡❣t ❢ür ❞r❡✐ ❖❜❥❡❦t❡ ❞❡r ❑❧❛ss❡ Inc ❚❤r❡❛❞s
❛♥✳

• ❉✐❡ ▼❡t❤♦❞❡ run() ✐♥❦r❡♠❡♥t✐❡rt ❞✐❡ ❑❧❛ss❡♥✲❱❛r✐❛❜❧❡ x✳
❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✻✼✵



▼ö❣❧✐❝❤❡ ❆✉s❢ü❤r✉♥❣

> java Inc

Thread-0 read 0

Thread-0 wrote 1

Thread-1 read 1

Thread-2 read 1

Thread-1 wrote 2

Thread-2 wrote 2

❉❛s ❤❡✐ÿt✿ ❊s ✇✉r❞❡♥ ❞r❡✐ ■♥❦r❡♠❡♥t♦♣❡r❛t✐♦♥❡♥ ❛✉s❣❡❢ü❤rt✱ ❛❜❡r
❛♠ ❊♥❞❡ ❞❡s Pr♦❣r❛♠♠s ✐st ❞❡r ❲❡rt ✈♦♥ x tr♦t③❞❡♠ ✷✱ ♥✐❝❤t ✸✦
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■❞❡❡

• ■♥❦r❡♠❡♥t✐❡r❡♥ ❞❡r ❱❛r✐❛❜❧❡ x s♦❧❧t❡ ❡✐♥ ❛t♦♠❛r❡r ❙❝❤r✐tt s❡✐♥✱
❞✳❤✳ ♥✐❝❤t ✈♦♥ ♣❛r❛❧❧❡❧ ❧❛✉❢❡♥❞❡♥ ❚❤r❡❛❞s ✉♥t❡r❜r♦❝❤❡♥ ✇❡r❞❡♥
❦ö♥♥❡♥✳

• ▼✐t❤✐❧❢❡ ❞❡s ❙❝❤❧üss❡❧✇♦rts synchronized ❦❡♥♥③❡✐❝❤♥❡♥
✇✐r ❖❜❥❡❦t✲▼❡t❤♦❞❡♥ ❡✐♥❡r ❑❧❛ss❡ ▲ ❛❧s ✉♥✉♥t❡r❜r❡❝❤❜❛r✳

• ❋ür ❥❡❞❡s ❖❜❥❡❦t ♦❜❥ ❞❡r ❑❧❛ss❡ ▲ ❦❛♥♥ ③✉ ❥❡❞❡♠ ❩❡✐t♣✉♥❦t
♥✉r ❡✐♥ ❆✉❢r✉❢ ♦❜❥.synchMeth(...) ❡✐♥❡r
synchronized✲▼❡t❤♦❞❡ synchMeth() ❛✉s❣❡❢ü❤rt
✇❡r❞❡♥✳ ❉✐❡ ❆✉s❢ü❤r✉♥❣ ❡✐♥❡r s♦❧❝❤❡♥ ▼❡t❤♦❞❡ ♥❡♥♥t ♠❛♥
❦r✐t✐s❝❤❡♥ ❆❜s❝❤♥✐tt ✭✏❝r✐t✐❝❛❧ s❡❝t✐♦♥✑✮ ❢ür ❞✐❡ ❣❡♠❡✐♥s❛♠❡
❘❡s♦✉r❝❡ ♦❜❥✳

• ❲♦❧❧❡♥ ♠❡❤r❡r❡ ❚❤r❡❛❞s ❣❧❡✐❝❤③❡✐t✐❣ ✐♥ ✐❤r❡♥ ❦r✐t✐s❝❤❡♥
❆❜s❝❤♥✐tt ❢ür ❞❛s ❖❜❥❡❦t ♦❜❥ ❡✐♥tr❡t❡♥✱ ✇❡r❞❡♥ ❛❧❧❡ ❜✐s ❛✉❢
❡✐♥❡♥ ❜❧♦❝❦✐❡rt✳
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❊✐♥ ✇❡✐t❡r❡r ❩✉st❛♥❞

ready

running

dead

joining

start

yield

sleeping

sleep

// ... time over

// ... completed

join

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✻✼✹



❊✐♥ ✇❡✐t❡r❡r ❩✉st❛♥❞

ready

running

deadblocked

joining

join

start

yield

sleeping

sleep

// ... time over

// ... completed
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▲♦❝❦s✿ lock()

• ❏❡❞❡s ❖❜❥❡❦t ♦❜❥ ♠✐t synchronized✲▼❡t❤♦❞❡♥ ✈❡r❢ü❣t
✶ Ü❜❡r ❡✐♥ ❜♦♦❧❡s❝❤❡s ❋❧❛❣ boolean locked❀ s♦✇✐❡
✷ Ü❜❡r ❡✐♥❡ ❲❛rt❡s❝❤❧❛♥❣❡
ThreadQueue blockedThreads✳

• ❱♦r ❇❡tr❡t❡♥ s❡✐♥❡s ❦r✐t✐s❝❤❡♥ ❆❜s❝❤♥✐tts ❢ü❤rt ❡✐♥ ❚❤r❡❛❞
✭✐♠♣❧✐③✐t✮ ❞✐❡ ❛t♦♠❛r❡ ❖♣❡r❛t✐♦♥ ♦❜❥.lock() ❛✉s✿

private void lock() {

if (!locked) locked = true; ✴✴ ❜ ❡ t r ✐ t t ❦ r ✐ t ✳ ❆❜s❝❤♥✐tt
else { ✴✴ ▲♦❝❦ ❜❡ r❡ ✐ t s ✈❡r❣❡❜❡♥

Thread t = Thread.currentThread();

blockedThreads.enqueue(t);

t.state = blocked; ✴✴ ❜ ❧♦❝❦ ✐❡r❡
}

} ✴✴ ❡♥❞ ♦❢ ❧♦❝❦ ✭✮
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✳✳✳ ✉♥❞ unlock()

• ❱❡r❧ässt ❡✐♥ ❚❤r❡❛❞ s❡✐♥❡♥ ❦r✐t✐s❝❤❡♥ ❆❜s❝❤♥✐tt ❢ür ♦❜❥ ✭❡✈t✳
❛✉❝❤ ♠✐tt❡❧s ❡✐♥❡r ❊①❝❡♣t✐♦♥✮✱ ❢ü❤rt ❡r ✭✐♠♣❧✐③✐t✮ ❞✐❡ ❛t♦♠❛r❡
❖♣❡r❛t✐♦♥ ♦❜❥.unlock() ❛✉s✿

private void unlock() {

if (blockedThreads.empty())

locked = false; ✴✴ ▲♦❝❦ ❢ r ❡ ✐ ❣❡❜❡♥
else { ✴✴ ▲♦❝❦ ✇❡✐t❡rr❡✐❝❤❡♥

Thread t = blockedThreads.dequeue();

t.state = ready;

}

} ✴✴ ❡♥❞ ♦❢ ✉♥❧♦❝❦ ✭✮

• ❉✐❡s❡s ❑♦♥③❡♣t ♥❡♥♥t ♠❛♥ ▼♦♥✐t♦r✳
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❇❡✐s♣✐❡❧

Th−0
x 1

falselocked

count

blockedTh−1

Th−2
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❇❡✐s♣✐❡❧

x.lock();

Th−0
x 1

falselocked

count

blockedTh−1

Th−2
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❇❡✐s♣✐❡❧

x.inc();

Th−0
x 1

locked

count

blocked
true

Th−1

Th−2
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❇❡✐s♣✐❡❧

x.lock();

x.inc();

Th−0
x 1

locked

count

blocked
true

Th−1

Th−2
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❇❡✐s♣✐❡❧

x.inc(); true
Th−1

Th−0
x 1

locked

count

blocked
Th−2
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❇❡✐s♣✐❡❧

x.unlock();
Th−1

2
Th−0

x

locked

count

blocked
true Th−2
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❇❡✐s♣✐❡❧

Th−2

x.inc();

Th−0
x

locked

count

blocked
true

Th−1

2
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❇❡✐s♣✐❡❧

Th−2

x.unlock();

Th−0
x

locked

count

blocked
true

Th−1

3
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❇❡✐s♣✐❡❧

false

Th−0

blockedTh−1

3x

locked

count

Th−2
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synchronized

public class Count {

private int count = 0;

public synchronized void inc() {

String s = Thread.currentThread().getName();

int y = count; System.out.println(s+ " read "+y);

count = y+1; System.out.println(s+ " wrote "+(y+1));

}

} ✴✴ ❡♥❞ ♦❢ ❝ ❧❛s s ❈♦✉♥t
public class IncSync implements Runnable {

private static Count x = new Count();

public void run() { x.inc(); }

public static void main(String[] args) {

(new Thread(new IncSynch())).start();

(new Thread(new IncSynch())).start();

(new Thread(new IncSynch())).start();

}

} ✴✴ ❡♥❞ ♦❢ ❝ ❧❛s s ■♥❝❙②♥❝
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❧✐❡❢❡rt

> java IncSync

Thread-0 read 0

Thread-0 wrote 1

Thread-1 read 1

Thread-1 wrote 2

Thread-2 read 2

Thread-2 wrote 3

❆❝❤t✉♥❣✿

• ❉✐❡ ❖♣❡r❛t✐♦♥❡♥ lock() ✉♥❞ unlock() ❡r❢♦❧❣❡♥ ♥✉r✱ ✇❡♥♥
❞❡r ❚❤r❡❛❞ ♥✐❝❤t ❜❡r❡✐ts ✈♦r❤❡r ❞❛s ▲♦❝❦ ❞❡s ❖❜❥❡❦ts
❡r✇♦r❜❡♥ ❤❛t✳

• ❊✐♥ ❚❤r❡❛❞✱ ❞❡r ❞❛s ▲♦❝❦ ❡✐♥❡s ❖❜❥❡❦ts ♦❜❥ ❜❡s✐t③t✱ ❦❛♥♥
✇❡✐t❡r❡ ▼❡t❤♦❞❡♥ ❢ür ♦❜❥ ❛✉❢r✉❢❡♥✱ ♦❤♥❡ s✐❝❤ s❡❧❜st ③✉
❜❧♦❝❦✐❡r❡♥✳
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Pr♦❞✉❝❡r✴❈♦♥s✉♠❡r

• ❩✇❡✐ ❚❤r❡❛❞s ♠ö❝❤t❡♥ ♠❡❤r❡r❡✴✈✐❡❧❡ ❉❛t❡♥✲❖❜❥❡❦t❡
❛✉st❛✉s❝❤❡♥✳

• ❉❡r ❡✐♥❡ ❚❤r❡❛❞ ❡r③❡✉❣t ❞✐❡ ❖❜❥❡❦t❡ ❡✐♥❡r ❑❧❛ss❡ Data
✭Pr♦❞✉❝❡r✮✳

• ❉❡r ❛♥❞❡r❡ ❦♦♥s✉♠✐❡rt s✐❡ ✭❈♦♥s✉♠❡r✮✳

• ❩✉r Ü❜❡r❣❛❜❡ ❞✐❡♥t ❡✐♥ P✉✛❡r✱ ❞❡r ❡✐♥❡ ❢❡st❡ ❩❛❤❧ N ✈♦♥
Data✲❖❜❥❡❦t❡♥ ❛✉❢♥❡❤♠❡♥ ❦❛♥♥✳
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❇❡✐s♣✐❡❧

ConsumerProducer
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❇❡✐s♣✐❡❧

Producer Consumer
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❇❡✐s♣✐❡❧

ConsumerProducer
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❇❡✐s♣✐❡❧

ConsumerProducer
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❇❡✐s♣✐❡❧

ConsumerProducer
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❇❡✐s♣✐❡❧

ConsumerProducer
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✶✳ ■❞❡❡

• ❲✐r ❞❡✜♥✐❡r❡♥ ❡✐♥❡ ❑❧❛ss❡ Buffer2✱ ❞✐❡ ✭✐♠ ✇❡s❡♥t❧✐❝❤❡♥✮
❛✉s ❡✐♥❡♠ ❋❡❧❞ ❞❡r r✐❝❤t✐❣❡♥ ●röÿ❡✱ s♦✇✐❡ ③✇❡✐ ❱❡r✇❡✐s❡♥ int
first, last ③✉♠ ❊✐♥❢ü❣❡♥ ✉♥❞ ❊♥t❢❡r♥❡♥ ✈❡r❢ü❣t✿

public class Buffer2 {

private int cap, free, first, last;

private Data[] a;

public Buffer2(int n) {

free = cap = n; first = last = 0;

a = new Data[n];

}

...

• ❊✐♥❢ü❣❡♥ ✉♥❞ ❊♥t♥❡❤♠❡♥ s♦❧❧❡♥ s②♥❝❤r♦♥❡ ❖♣❡r❛t✐♦♥❡♥ s❡✐♥ ✳✳✳
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Pr♦❜❧❡♠❡

• ❲❛s ♠❛❝❤t ❞❡r ❈♦♥s✉♠❡r✱ ✇❡♥♥ ❞❡r Pr♦❞✉❝❡r ♠✐t ❞❡r
Pr♦❞✉❦t✐♦♥ ♥✐❝❤t ♥❛❝❤❦♦♠♠t✱ ❞✳❤✳ ❞❡r P✉✛❡r ❧❡❡r ✐st❄

• ❲❛s ♠❛❝❤t ❞❡r Pr♦❞✉❝❡r✱ ✇❡♥♥ ❞❡r ❈♦♥s✉♠❡r ♠✐t ❞❡r
❲❡✐t❡r✈❡r❛r❜❡✐t✉♥❣ ♥✐❝❤t ♥❛❝❤ ❦♦♠♠t✱ ❞✳❤✳ ❞❡r P✉✛❡r ✈♦❧❧ ✐st❄

❏❛✈❛✬s ▲ös✉♥❣s✈♦rs❝❤❧❛❣✿ ❲❛rt❡♥ ✳✳✳
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Pr♦❜❧❡♠❡

• ❲❛s ♠❛❝❤t ❞❡r ❈♦♥s✉♠❡r✱ ✇❡♥♥ ❞❡r Pr♦❞✉❝❡r ♠✐t ❞❡r
Pr♦❞✉❦t✐♦♥ ♥✐❝❤t ♥❛❝❤❦♦♠♠t✱ ❞✳❤✳ ❞❡r P✉✛❡r ❧❡❡r ✐st❄

• ❲❛s ♠❛❝❤t ❞❡r Pr♦❞✉❝❡r✱ ✇❡♥♥ ❞❡r ❈♦♥s✉♠❡r ♠✐t ❞❡r
❲❡✐t❡r✈❡r❛r❜❡✐t✉♥❣ ♥✐❝❤t ♥❛❝❤ ❦♦♠♠t✱ ❞✳❤✳ ❞❡r P✉✛❡r ✈♦❧❧ ✐st❄

❏❛✈❛✬s ▲ös✉♥❣s✈♦rs❝❤❧❛❣✿ ❲❛rt❡♥ ✳✳✳
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❲❛rt❡♥

ConsumerProducer
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❲❛rt❡♥

ConsumerProducer
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❲❛rt❡♥

ConsumerProducer
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❲❛rt❡♥

waiting

ConsumerProducer
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❲❛rt❡♥

waiting

ConsumerProducer
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❲❛rt❡♥

waiting

ConsumerProducer
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❲❛rt❡♥

ConsumerProducer
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❲❛rt❡♥

ConsumerProducer
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❘❡❛❧✐s✐❡r✉♥❣

• ❏❡❞❡s ❖❜❥❡❦t ✭♠✐t synchronized✲▼❡t❤♦❞❡♥✮ ✈❡r❢ü❣t ü❜❡r
❡✐♥❡ ✇❡✐t❡r❡ ❙❝❤❧❛♥❣❡ ThreadQueue waitingThreads

❛♠ ❖❜❥❡❦t ✇❛rt❡♥❞❡r ❚❤r❡❛❞s s♦✇✐❡ ❞✐❡ ❖❜❥❡❦t✲▼❡t❤♦❞❡♥✿

public final void wait() throws

InterruptedException;

public final void notify();

public final void notifyAll();

• ❉✐❡s❡ ▼❡t❤♦❞❡♥ ❞ür❢❡♥ ♥✉r ❢ür ❖❜❥❡❦t❡ ❛✉❢❣❡r✉❢❡♥ ✇❡r❞❡♥✱
ü❜❡r ❞❡r❡♥ ▲♦❝❦ ❞❡r ❚❤r❡❛❞ ✈❡r❢ü❣t ✦✦✦

• ❆✉s❢ü❤r❡♥ ✈♦♥ wait(); s❡t③t ❞❡♥ ❩✉st❛♥❞ ❞❡s ❚❤r❡❛❞s ❛✉❢
✇❛✐t✐♥❣✱ r❡✐❤t ✐❤♥ ✐♥ ❡✐♥❡ ❣❡❡✐❣♥❡t❡ ❲❛rt❡s❝❤❧❛♥❣❡ ❡✐♥✱ ✉♥❞
❣✐❜t ❞❛s ❛❦t✉❡❧❧❡ ▲♦❝❦ ❢r❡✐✿

public void wait() throws InterruptedException {

Thread t = Thread.currentThread();

t.state = waiting;

waitingThreads.enqueue(t);

unlock();

} ❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✻✽✺



❇❡✐s♣✐❡❧

wait()

true

x 1

locked

count

Th−1

Th−2

Th−0

waiting

blocked

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✻✽✻



❇❡✐s♣✐❡❧

Th−2

true

x 1

locked

count

Th−1

Th−0

waiting

blocked
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❇❡✐s♣✐❡❧

false

Th−2

x 1

locked

count

Th−1

Th−0

waiting

blocked
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notify()

• ❆✉s❢ü❤r❡♥ ✈♦♥ notify(); ✇❡❝❦t ❞❡♥ ❡rst❡♥ ❚❤r❡❛❞ ✐♥ ❞❡r
❲❛rt❡s❝❤❧❛♥❣❡ ❛✉❢✱ ❞✳❤✳ ✈❡rs❡t③t ✐❤♥ ✐♥ ❞❡♥ ❩✉st❛♥❞ ❜❧♦❝❦❡❞
✉♥❞ ❢ü❣t ✐❤♥ ✐♥ blockedThreads ❡✐♥✿

public void notify() {

if (!waitingThreads.isEmpty()) {

Thread t = waitingThreads.dequeue();

t.state = blocked;

blockedThreads.enqueue(t);

}

}

• notifyAll(); ✇❡❝❦t ❛❧❧❡ ✇❛rt❡♥❞❡♥ ❚❤r❡❛❞s ❛✉❢✿

public void notifyAll() {

while (!waitingThreads.isEmpty()) notify();

}
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❇❡✐s♣✐❡❧

notify()
Th−1

Th−0

waiting
Th−2

true

x

blocked

1

locked

count
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❇❡✐s♣✐❡❧

locked Th−2
blockedTh−1

Th−0

waiting

true

x 1count

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✻✽✽



❩✉st❛♥❞s❞✐❛❣r❛♠♠

ready

running

deadblocked

joining

join

start

yield

sleeping

sleep

// ... time over

// ... completed
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❩✉st❛♥❞s❞✐❛❣r❛♠♠

ready

running

deadblocked

joining

join

start

yield

sleepingwaiting

sleep

// ... time over

// ... completed

notify

notifyAll

wait
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❆♥✇❡♥❞✉♥❣
...

public synchronized void produce(Data d) throws InterruptedException {

if (free==0) wait();

free--;

a[last] = d;

last = (last+1)%cap;

notify();

}

public synchronized Data consume() throws InterruptedException {

if (free==cap) wait();

free++;

Data result = a[first];

first = (first+1)%cap;

notify();

return result;

}

} ✴✴ ❡♥❞ ♦❢ ❝❧❛ss ❇✉❢❢❡r✷
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❊r❧ä✉t❡r✉♥❣

• ■st ❞❡r P✉✛❡r ✈♦❧❧✱ ❞✳❤✳ ❦❡✐♥❡ ❩❡❧❧❡ ❢r❡✐✱ ❧❡❣t s✐❝❤ ❞❡r Pr♦❞✉❝❡r
s❝❤❧❛❢❡♥✳

• ■st ❞❡r P✉✛❡r ❧❡❡r✱ ❞✳❤✳ ❛❧❧❡ ❩❡❧❧❡♥ ❢r❡✐✱ ❧❡❣t s✐❝❤ ❞❡r ❈♦♥s✉♠❡r
s❝❤❧❛❢❡♥✳

• ●✐❜t ❡s ❢ür ❡✐♥❡♥ P✉✛❡r ❣❡♥❛✉ ❡✐♥❡♥ Pr♦❞✉❝❡r ✉♥❞ ❡✐♥❡♥
❈♦♥s✉♠❡r✱ ✇❡❝❦t ❞❛s notify() ❞❡s ❈♦♥s✉♠❡rs ✭✇❡♥♥
ü❜❡r❤❛✉♣t✱ ❞❛♥♥✮ st❡ts ❞❡♥ Pr♦❞✉❝❡r ✳✳✳

✳✳✳ ✉♥❞ ✉♠❣❡❦❡❤rt✳

• ❲❛s ❛❜❡r✱ ✇❡♥♥ ❡s ♠❡❤r❡r❡ Pr♦❞✉❝❡rs ❣✐❜t❄ ❖❞❡r ♠❡❤r❡r❡
❈♦♥s✉♠❡rs ❄❄❄
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✷✳ ■❞❡❡✿ ❲✐❡❞❡r❤♦❧✉♥❣ ❞❡r ❚❡sts

• ❚❡st❡ ♥❛❝❤ ❞❡♠ ❆✉❢✇❡❝❦❡♥ ❡r♥❡✉t✱ ♦❜ ❩❡❧❧❡♥ ❢r❡✐ s✐♥❞✳

• ❲❡❝❦❡ ♥✐❝❤t ❡✐♥❡♥✱ s♦♥❞❡r♥ ❛❧❧❡ ✇❛rt❡♥❞❡♥ ❚❤r❡❛❞s ❛✉❢ ✳✳✳

...

public synchronized void produce(Data d)

throws InterruptedException {

while (free==0) wait();

free--;

a[last] = d;

last = (last+1)%cap;

notifyAll();

}

...
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✷✳ ■❞❡❡ ✭✷✮

...

public synchronized Data consume() throws InterruptedException {

while (free==cap) wait();

free++;

Data result = a[first];

first = (first+1)%cap;

notifyAll();

return result;

}

} ✴✴ ❡♥❞ ♦❢ ❝ ❧❛s s ❇✉❢❢❡r✷

• ❲❡♥♥ ❡✐♥ P❧❛t③ ✐♠ P✉✛❡r ❢r❡✐ ✇✐r❞✱ ✇❡r❞❡♥ sä♠t❧✐❝❤❡ ❚❤r❡❛❞s
❛✉❢❣❡✇❡❝❦t ✕ ♦❜✇♦❤❧ ❡✈t✳ ♥✉r ❡✐♥❡r ❞❡r Pr♦❞✉❝❡r ❜③✇✳ ♥✉r
❡✐♥❡r ❞❡r ❈♦♥s✉♠❡r ❛❦t✐✈ ✇❡r❞❡♥ ❦❛♥♥✳

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✻✾✸



✸✳ ■❞❡❡✿ ❙❡♠❛♣❤♦r❡

• Pr♦❞✉❝❡rs ✉♥❞ ❈♦♥s✉♠❡rs ✇❛rt❡♥ ✐♥ ✈❡rs❝❤✐❡❞❡♥❡♥ ❙❝❤❧❛♥❣❡♥✳

• ❉✐❡ Pr♦❞✉❝❡rs ✇❛rt❡♥ ❞❛r❛✉❢✱ ❞❛ss free > 0 ✐st✳

• ❉✐❡ ❈♦♥s✉♠❡rs ✇❛rt❡♥ ❞❛r❛✉❢✱ ❞❛ss cap-free > 0 ✐st✳

public class Sema {

private int x;

public Sema(int n) {

x = n;

}

public synchronized void up() {

x++;

if (x<=0) this.notify();

}

public synchronized void down() throws InterruptedException {

x--;

if (x<0) this.wait();

}

} ✴✴ ❡♥❞ ♦❢ ❝ ❧❛s s ❙❡♠❛
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up ✉♥❞ down

• ❊✐♥ ❙❡♠❛♣❤♦r ❡♥t❤ä❧t ❡✐♥❡ ♣r✐✈❛t❡ int✲❖❜❥❡❦t✲❱❛r✐❛❜❧❡ ✉♥❞
❜✐❡t❡t ❞✐❡ synchronized✲▼❡t❤♦❞❡♥ up() ✉♥❞ down() ❛♥✳

• up() ❡r❤ö❤t ❞✐❡ ❱❛r✐❛❜❧❡✱ down() ❡r♥✐❡❞r✐❣t s✐❡✳

• ■st ❞✐❡ ❱❛r✐❛❜❧❡ ♣♦s✐t✐✈✱ ❣✐❜t s✐❡ ❞✐❡ ❆♥③❛❤❧ ❞❡r ✈❡r❢ü❣❜❛r❡♥
❘❡s♦✉r❝❡♥ ❛♥✳

■st s✐❡ ♥❡❣❛t✐✈✱ ③ä❤❧t s✐❡ ❞✐❡ ❆♥③❛❤❧ ❞❡r ✇❛rt❡♥❞❡♥ ❚❤r❡❛❞s✳

• ❊✐♥❡ up()✲❖♣❡r❛t✐♦♥ ✇❡❝❦t ❣❡♥❛✉ ❡✐♥❡♥ ✇❛rt❡♥❞❡♥ ❚❤r❡❛❞
❛✉❢✳
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❆♥✇❡♥❞✉♥❣ ✭✶✳ ❱❡rs✉❝❤✮

✴✴ ❢ ❡❤ ❧ ❡ r❤❛ ❢ t ✦
public class Buffer {

private int cap, first, last;

private Sema free, occupied;

private Data[] a;

public Buffer(int n) {

cap = n;

first = last = 0;

a = new Data[n];

free = new Sema(n);

occupied = new Sema(0);

}

...
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❆♥✇❡♥❞✉♥❣ ✭✶✳ ❱❡rs✉❝❤✮

...

public synchronized void produce(Data d) throws InterruptedException {

free.down();

a[last] = d;

last = (last+1)%cap;

occupied.up();

}

public synchronized Data consume() throws InterruptedException {

occupied.down();

Data result = a[first];

first = (first+1)%cap;

free.up();

return result;

}

✴✴ ❡♥❞ ♦❢ ❢ ❛✉ ❧ t ② ❝ ❧❛s s ❇✉❢❢❡r
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❋✉♥❦t✐♦♥✐❡rt ♥✐❝❤t✦

• ●✉t ❣❡♠❡✐♥t ✕ ❛❜❡r ❧❡✐❞❡r ❢❡❤❧❡r❤❛❢t ✳✳✳

• ❏❡❞❡r Pr♦❞✉❝❡r ❜❡♥öt✐❣t ③✇❡✐ ▲♦❝❦s ❣❧❡✐❝❤③❡✐t✐❣✱ ✉♠ ③✉
♣r♦❞✉③✐❡r❡♥✿

✶ ❉❛s❥❡♥✐❣❡ ❢ür ❞❡♥ P✉✛❡r❀
✷ ❉❛s❥❡♥✐❣❡ ❢ür ❡✐♥❡♥ ❙❡♠❛♣❤♦r✳

• ▼✉ss ❡r ❢ür ❞❡♥ ❙❡♠❛♣❤♦r ❡✐♥ wait() ❛✉s❢ü❤r❡♥✱ ❣✐❜t ❡r ❞❛s
▲♦❝❦ ❢ür ❞❡♥ ❙❡♠❛♣❤♦r ✇✐❡❞❡r ③✉rü❝❦ ✳✳✳ ♥✐❝❤t ❛❜❡r ❞❛s❥❡♥✐❣❡
❢ür ❞❡♥ P✉✛❡r ✦✦✦

• ❉✐❡ ❋♦❧❣❡ ✐st✱ ❞❛ss ♥✐❡♠❛♥❞ ♠❡❤r ❡✐♥❡ P✉✛❡r✲❖♣❡r❛t✐♦♥
❛✉s❢ü❤r❡♥ ❦❛♥♥✱ ✐♥s❜❡s♦♥❞❡r❡ ❛✉❝❤ ❦❡✐♥ up() ♠❡❤r ❢ür ❞❡♥
❙❡♠❛♣❤♦r ==⇒ ❉❡❛❞❧♦❝❦

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✻✾✽



❆♥✇❡♥❞✉♥❣ ✭✷✳ ❱❡rs✉❝❤✮✿ ❊♥t❦♦♣♣❧✉♥❣ ❞❡r ▲♦❝❦s

...

✴✴♥♦♥−s②♥❝❤r♦♥✐③❡❞ ♠❡t❤♦❞s ✦
public void produce(Data d) throws InterruptedException {

free.down();

synchronized (this) {

a[last] = d;

last = (last+1)%cap;

}

occupied.up();

}

public Data consume() throws InterruptedException {

Data result;

occupied.down();

synchronized (this) {

result = a[first];

first = (first+1)%cap;

}

free.up();

return result;

}

} ✴✴ ❡♥❞ ♦❢ ❝♦rr❡❝t❡❞ ❝ ❧❛s s ❇✉❢❢❡r

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✻✾✾



synchronized

• ❉❛s ❙t❛t❡♠❡♥t synchronized ( ♦❜❥ ) { st♠ts }
❞❡✜♥✐❡rt ❡✐♥❡♥ ❦r✐t✐s❝❤❡♥ ❇❡r❡✐❝❤ ❢ür ❞❛s ❖❜❥❡❦t ♦❜❥✱ ✐♥ ❞❡♠
❞✐❡ ❙t❛t❡♠❡♥t✲❋♦❧❣❡ st♠ts ❛✉s❣❡❢ü❤rt ✇❡r❞❡♥ s♦❧❧✳

• ❚❤r❡❛❞s✱ ❞✐❡ ❞✐❡ ♥❡✉❡♥ ❖❜❥❡❦t✲▼❡t❤♦❞❡♥ void
produce(Data d) ❜③✇✳ Data consume() ❛✉s❢ü❤r❡♥✱
❜❡♥öt✐❣❡♥ ③✉ ❥❡❞❡♠ ❩❡✐t♣✉♥❦t ♥✉r ❣❡♥❛✉ ❡✐♥ ▲♦❝❦✳
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❲❛r♥✉♥❣

❚❤r❡❛❞s s✐♥❞ ♥üt③❧✐❝❤✱ s♦❧❧t❡♥ ❛❜❡r ♥✉r ♠✐t ❱♦rs✐❝❤t ❡✐♥❣❡s❡t③t
✇❡r❞❡♥✳ ❊s ✐st ❜❡ss❡r✱

• ✳✳✳ ✇❡♥✐❣❡ ❚❤r❡❛❞s ③✉ ❡r③❡✉❣❡♥ ❛❧s ♠❡❤r❀

• ✳✳✳ ✉♥❛❜❤ä♥❣✐❣❡ ❚❤r❡❛❞s ③✉ ❡r③❡✉❣❡♥ ❛❧s s✐❝❤ ✇❡❝❤s❡❧s❡✐t✐❣
❜❡❡✐♥✢✉ss❡♥❞❡❀

• ✳✳✳ ❦r✐t✐s❝❤❡ ❆❜s❝❤♥✐tt❡ ③✉ s❝❤üt③❡♥✱ ❛❧s ♥✐❝❤t s②♥❝❤r♦♥✐s✐❡rt❡
❖♣❡r❛t✐♦♥❡♥ ③✉ ❡r❧❛✉❜❡♥❀
❆❜❡r ❆❝❤t✉♥❣✿ ❩✉✈✐❡❧ ü❜❡r✢üss✐❣❡ ❙②♥❝❤r♦♥✐s✐❡r✉♥❣ ❦❛♥♥ ❞✐❡
♣♦s✐t✐✈❡♥ ❘❡s✉❧t❛t❡ ❞❡r P❛r❛❧❧❡❧✐s✐❡r✉♥❣ ❜❡❡✐♥trä❝❤t✐❣❡♥ ♦❞❡r
s♦❣❛r ❡❧✐♠✐♥✐❡r❡♥✦

• ✳✳✳ ❦r✐ts❝❤❡ ❆❜s❝❤♥✐tt❡ ③✉ ❡♥t❦♦♣♣❡❧♥✱ ❛❧s s✐❡ ③✉ s❝❤❛❝❤t❡❧♥✳
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❲❛r♥✉♥❣ ✭❋♦rts✳✮

❋✐♥❞❡♥ ❞❡r ❋❡❤❧❡r ❜③✇✳ Ü❜❡r♣rü❢✉♥❣ ❞❡r ❑♦rr❡❦t❤❡✐t ✐st ✉♥❣❧❡✐❝❤
s❝❤✇✐❡r✐❣❡r ❛❧s ❢ür s❡q✉❡♥t✐❡❧❧❡ Pr♦❣r❛♠♠❡✿

• ❋❡❤❧❡r❤❛❢t❡s ❱❡r❤❛❧t❡♥ tr✐tt ❡✈❡♥t✉❡❧❧ ♥✉r ❣❡❧❡❣❡♥t❧✐❝❤ ❛✉❢✳✳✳

• ❇③✇✳ ♥✉r ❢ür ❜❡st✐♠♠t❡ ❙❝❤❡❞✉❧❡r✳

• ❉✐❡ ❆♥③❛❤❧ ♠ö❣❧✐❝❤❡r Pr♦❣r❛♠♠✲❆✉s❢ü❤r✉♥❣s❢♦❧❣❡♥ ♠✐t
♣♦t❡♥t✐❡❧❧ ✉♥t❡rs❝❤✐❡❞❧✐❝❤❡♠ ❱❡r❤❛❧t❡♥ ✐st ❣✐❣❛♥t✐s❝❤✳

• ❍❡✐s❡♥❜✉❣s✦
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❊✐♥ ✇❡✐t❡r❡s t②♣✐s❝❤❡s ❩✐❡❧

• ❊✐♥❡ ❉❛t❡♥str✉❦t✉r s♦❧❧ ❣❡♠❡✐♥s❛♠ ✈♦♥ ♠❡❤r❡r❡♥ ❚❤r❡❛❞s
❜❡♥✉t③t ✇❡r❞❡♥✳

• ❏❡❞❡r ❚❤r❡❛❞ s♦❧❧ ✭❣❡❢ü❤❧t✮ ❛t♦♠❛r ❛✉❢ ❞✐❡ ❉❛t❡♥str✉❦t✉r
③✉❣r❡✐❢❡♥✳

• ▲❡s❡♥❞❡ ❩✉❣r✐✛❡ s♦❧❧❡♥ ❞✐❡ ❉❛t❡♥str✉❦t✉r ♥✐❝❤t ✈❡rä♥❞❡r♥✱
s❝❤r❡✐❜❡♥❞❡ ❩✉❣r✐✛❡ ❞❛❣❡❣❡♥ ❦ö♥♥❡♥ ❞✐❡ ❉❛t❡♥str✉❦t✉r
♠♦❞✐✜③✐❡r❡♥✳

❇❡✐s♣✐❡❧✿ ❊✐♥❡ ❍❛s❤✲❚❛❜❡❧❧❡ ♠✐t ❙❝❤❧üss❡❧♥ ✉♥❞ ❲❡rt❡♥ ✈♦♠ ❚②♣❡♥
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❊✐♥ ✇❡✐t❡r❡s t②♣✐s❝❤❡s ❩✐❡❧

• ❊✐♥❡ ❉❛t❡♥str✉❦t✉r s♦❧❧ ❣❡♠❡✐♥s❛♠ ✈♦♥ ♠❡❤r❡r❡♥ ❚❤r❡❛❞s
❜❡♥✉t③t ✇❡r❞❡♥✳

• ❏❡❞❡r ❚❤r❡❛❞ s♦❧❧ ✭❣❡❢ü❤❧t✮ ❛t♦♠❛r ❛✉❢ ❞✐❡ ❉❛t❡♥str✉❦t✉r
③✉❣r❡✐❢❡♥✳

• ▲❡s❡♥❞❡ ❩✉❣r✐✛❡ s♦❧❧❡♥ ❞✐❡ ❉❛t❡♥str✉❦t✉r ♥✐❝❤t ✈❡rä♥❞❡r♥✱
s❝❤r❡✐❜❡♥❞❡ ❩✉❣r✐✛❡ ❞❛❣❡❣❡♥ ❦ö♥♥❡♥ ❞✐❡ ❉❛t❡♥str✉❦t✉r
♠♦❞✐✜③✐❡r❡♥✳

❇❡✐s♣✐❡❧✿ ❊✐♥❡ ❍❛s❤✲❚❛❜❡❧❧❡ ♠✐t ❙❝❤❧üss❡❧♥ ✉♥❞ ❲❡rt❡♥ ✈♦♠ ❚②♣❡♥
String
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❍❛s❤❚❛❜❧❡

0 1 n

key1

value1

key1'

value1'

key_n

value_n

...
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❊rst❡ ■❞❡❡

❙②♥❝❤r♦♥✐s✐❡r❡ ❞✐❡ ▼❡t❤♦❞❡♥❛✉❢r✉❢❡ ✳✳✳

✴✴ ❍❛s❤t❛❜❡❧ ❧❡ ✳ ❙❝❤ ❧üss❡ ❧ ❙tr✐♥❣s ✱ ❲❡rt❡ ❙tr✐♥❣s ✳
public class HashTable {

private StringList[] a;

private int n;

public HashTable (int n) {

a = new StringList[n];

this.n = n;

}

public synchronized String lookup (String key) {...}

public synchronized void update (String key, String value) {...}

}
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❉✐s❦✉ss✐♦♥

• ❩✉ ❥❡❞❡♠ ❩❡✐t♣✉♥❦t ❞❛r❢ ♥✉r ❡✐♥ ❚❤r❡❛❞ ❛✉❢ ❞✐❡ ❍❛s❤❚❛❜❧❡
③✉❣r❡✐❢❡♥✳

• ❋ür s❝❤r❡✐❜❡♥❞❡ ❚❤r❡❛❞s ✐st ❞❛s ❡✈t✳ s✐♥♥✈♦❧❧✳

• ❚❤r❡❛❞s✱ ❞✐❡ ♥✉r ❧❡s❡♥✱ stör❡♥ s✐❝❤ ❣❡❣❡♥s❡✐t✐❣ ❛❜❡r ü❜❡r❤❛✉♣t
♥✐❝❤t ✦

❘❡❛❞❡r❲r✐t❡r▲♦❝❦

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✼✵✻



❉✐s❦✉ss✐♦♥

• ❩✉ ❥❡❞❡♠ ❩❡✐t♣✉♥❦t ❞❛r❢ ♥✉r ❡✐♥ ❚❤r❡❛❞ ❛✉❢ ❞✐❡ ❍❛s❤❚❛❜❧❡
③✉❣r❡✐❢❡♥✳

• ❋ür s❝❤r❡✐❜❡♥❞❡ ❚❤r❡❛❞s ✐st ❞❛s ❡✈t✳ s✐♥♥✈♦❧❧✳

• ❚❤r❡❛❞s✱ ❞✐❡ ♥✉r ❧❡s❡♥✱ stör❡♥ s✐❝❤ ❣❡❣❡♥s❡✐t✐❣ ❛❜❡r ü❜❡r❤❛✉♣t
♥✐❝❤t ✦

==⇒ ❘❡❛❞❡r❲r✐t❡r▲♦❝❦
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❘❲✲▲♦❝❦

• ■st ❡♥t✇❡❞❡r ✐♠ ▲❡s❡✲▼♦❞✉s✱ ✐♠ ❙❝❤r❡✐❜♠♦❞✉s ♦❞❡r ❢r❡✐✳

• ■♠ ▲❡s❡✲▼♦❞✉s ❞ür❢❡♥ ❜❡❧✐❡❜✐❣ ✈✐❡❧❡ ▲❡s❡r ❡✐♥tr❡t❡♥✱ ✇ä❤r❡♥❞
sä♠t❧✐❝❤❡ ❙❝❤r❡✐❜❡r ✇❛rt❡♥ ♠üss❡♥✳

• ❍❛❜❡♥ ❦❡✐♥❡ ▲❡s❡r ♠❡❤r ■♥t❡r❡ss❡✱ ✐st ❞❛s ▲♦❝❦ ✇✐❡❞❡r ❢r❡✐✳

• ■st ❞❛s ▲♦❝❦ ❢r❡✐✱ ❞❛r❢ ❡✐♥ ❙❝❤r❡✐❜❡r ❡✐♥tr❡t❡♥✳ ❉❛s ❘❲✲▲♦❝❦
✇❡❝❤s❡❧t ♥✉♥ ✐♥ ❞❡♥ ❙❝❤r❡✐❜✲▼♦❞✉s✳

• ■♠ ❙❝❤r❡✐❜✲▼♦❞✉s ♠üss❡♥ s♦✇♦❤❧ ▲❡s❡r ❛❧s ❛✉❝❤ ✇❡✐t❡r❡
❙❝❤r❡✐❜❡r ✇❛rt❡♥✳

• ■st ❡✐♥ ❙❝❤r❡✐❜❡r ❢❡rt✐❣✱ ✇✐r❞ ❞❛s ▲♦❝❦ ✇✐❡❞❡r ❢r❡✐❣❡❣❡❜❡♥ ✳✳✳
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❘❡❛❧✐s✐❡r✉♥❣

public class RW {

✴✴ ♥❡❣❛t✐✈ ✿ ❙❝❤r❡✐❜♠♦❞✉s ✭ ❡✐♥ ❙❝❤r❡✐❜❡r ✮
✴✴ ♣♦s ✐ t ✐ ✈ ✿ ▲❡s❡♠♦❞✉s ✭❆♥③❛❤❧ ❞❡r ▲❡s❡r ✮
✴✴ ✵✿ ❢ r ❡ ✐
private int countReaders = 0;

public synchronized void startRead ()

throws InterruptedException {

while (countReaders < 0) wait ();

countReaders++;

}

public synchronized void endRead () {

countReaders--;

if (countReaders == 0)

notifyAll ();

}

...
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❘❡❛❧✐s✐❡r✉♥❣

...

public synchronized void startWrite ()

throws InterruptedException {

while (countReaders != 0) wait ();

countReaders = -1;

}

public synchronized void endWrite () {

countReaders = 0;

notifyAll ();

}

}
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❉✐s❦✉ss✐♦♥

• ❉✐❡ ▼❡t❤♦❞❡♥ startRead()✱ ✉♥❞ endRead() s♦❧❧❡♥ ❡✐♥❡
▲❡s❡♦♣❡r❛t✐♦♥ ❡rö✛♥❡♥ ❜③✇✳ ❜❡❡♥❞❡♥✳

• ❉✐❡ ▼❡t❤♦❞❡♥ startWrite()✱ ✉♥❞ endWrite() s♦❧❧❡♥
❡✐♥❡ ❙❝❤r❡✐❜♦♣❡r❛t✐♦♥ ❡rö✛♥❡♥ ❜③✇✳ ❜❡❡♥❞❡♥✳

• ❉✐❡ ▼❡t❤♦❞❡♥ s✐♥❞ synchronized✱ ❞❛♠✐t s✐❡ s❡❧❜st ❛t♦♠❛r
❛✉s❣❡❢ü❤rt ✇❡r❞❡♥✳

• ❉✐❡ ✉♥t❡rs❝❤✐❡❞❧✐❝❤❡♥ ▼♦❞✐ ❡✐♥❡s ❘❲✲▲♦❝❦s s✐♥❞ ♠✐t ❍✐❧❢❡ ❞❡s
❩ä❤❧❡rs countReaders ✐♠♣❧❡♠❡♥t✐❡rt✳

• ❊✐♥ ♥❡❣❛t✐✈❡r ❩ä❤❧❡rst❛♥❞ ❡♥ts♣r✐❝❤t ❞❡♠ ❙❝❤r❡✐❜✲▼♦❞✉s✱
✇ä❤r❡♥❞ ❡✐♥ ♣♦s✐t✐✈❡r ❩ä❤❧❡rst❛♥❞ ❞✐❡ ❆♥③❛❤❧ ❞❡r ❛❦t✐✈❡♥
▲❡s❡r ❜❡③❡✐❝❤♥❡t ✳✳✳
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❉✐s❦✉ss✐♦♥ ■■

• startRead() ❢ü❤rt ❡rst ❞❛♥♥ ❦❡✐♥ wait() ❛✉s✱ ✇❡♥♥ ❞❛s
❘❲✲▲♦❝❦ ❡♥t✇❡❞❡r ❢r❡✐ ♦❞❡r ✐♠ ▲❡s❡✲▼♦❞✉s ✐st✳

❉❛♥♥ ✇✐r❞ ❞❡r ❩ä❤❧❡r ✐♥❦r❡♠❡♥t✐❡rt✳

• endRead() ❞❡❦r❡♠❡♥t✐❡rt ❞❡♥ ❩ä❤❧❡r ✇✐❡❞❡r✳

■st ❞❛♥❛❝❤ ❞❛s ❘❲✲▲♦❝❦ ❢r❡✐✱ ✇❡r❞❡♥ ❛❧❧❡ ✇❛rt❡♥❞❡♥ ❚❤r❡❛❞s
❜❡♥❛❝❤r✐❝❤t✐❣t✳

❢ü❤rt ❡rst ❞❛♥♥ ❦❡✐♥ ❛✉s✱ ✇❡♥♥ ❞❛s
❘❲✲▲♦❝❦ ❞❡✜♥✐t✐✈ ❢r❡✐ ✐st✳

❉❛♥♥ ✇✐r❞ ❞❡r ❩ä❤❧❡r ❛✉❢ ✲✶ ❣❡s❡t③t✳

s❡t③t ❞❡♥ ❩ä❤❧❡r ✇✐❡❞❡r ❛✉❢ ✵ ③✉rü❝❦ ✉♥❞
❜❡♥❛❝❤r✐❝❤t✐❣t ❞❛♥♥ ❛❧❧❡ ✇❛rt❡♥❞❡♥ ❚❤r❡❛❞s✳
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❉✐s❦✉ss✐♦♥ ■■

• startRead() ❢ü❤rt ❡rst ❞❛♥♥ ❦❡✐♥ wait() ❛✉s✱ ✇❡♥♥ ❞❛s
❘❲✲▲♦❝❦ ❡♥t✇❡❞❡r ❢r❡✐ ♦❞❡r ✐♠ ▲❡s❡✲▼♦❞✉s ✐st✳

❉❛♥♥ ✇✐r❞ ❞❡r ❩ä❤❧❡r ✐♥❦r❡♠❡♥t✐❡rt✳

• endRead() ❞❡❦r❡♠❡♥t✐❡rt ❞❡♥ ❩ä❤❧❡r ✇✐❡❞❡r✳

■st ❞❛♥❛❝❤ ❞❛s ❘❲✲▲♦❝❦ ❢r❡✐✱ ✇❡r❞❡♥ ❛❧❧❡ ✇❛rt❡♥❞❡♥ ❚❤r❡❛❞s
❜❡♥❛❝❤r✐❝❤t✐❣t✳

• startWrite() ❢ü❤rt ❡rst ❞❛♥♥ ❦❡✐♥ wait() ❛✉s✱ ✇❡♥♥ ❞❛s
❘❲✲▲♦❝❦ ❞❡✜♥✐t✐✈ ❢r❡✐ ✐st✳

❉❛♥♥ ✇✐r❞ ❞❡r ❩ä❤❧❡r ❛✉❢ ✲✶ ❣❡s❡t③t✳

• endWrite() s❡t③t ❞❡♥ ❩ä❤❧❡r ✇✐❡❞❡r ❛✉❢ ✵ ③✉rü❝❦ ✉♥❞
❜❡♥❛❝❤r✐❝❤t✐❣t ❞❛♥♥ ❛❧❧❡ ✇❛rt❡♥❞❡♥ ❚❤r❡❛❞s✳
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❉✐❡ ❍❛s❤❚❛❜❧❡ ♠✐t ❘❲✲▲♦❝❦

public class HashTable {

private RW rw;

private StringList[] a;

private int n;

public HashTable (int n) {

rw = new RW();

a = new StringList[n];

this.n = n;

}

...
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❘❡❛❧✐s✐❡r✉♥❣

public String lookup (String key) throws

InterruptedException {

String result;

rw.startRead();

int i = Math.abs(key.hashCode())%n;

if(!a[i]) ✴✴❦❡② ❡ ① ✐ s t ✐ ❡ r t ♥✐❝❤t
result = null;

else

result = a[i].lookup(key);

synchronized (rw) {

rw.endRead();

return result;

}

}

...

❉❛ ❛✉❝❤ ♥✐❝❤t ✇❡✐ÿ✱ ✇✐❡ ♠✐t ❡✐♥❡♠ ✐♥t❡rr✉♣t
✉♠❣❡❣❛♥❣❡♥ ✇❡r❞❡♥ s♦❧❧✱ ✇✐r❞ ❞✐❡s❡ ❊①❝❡♣t✐♦♥ ✇❡✐t❡r❣❡✇♦r❢❡♥✳

❉❛♠✐t ③✇✐s❝❤❡♥ ❋r❡✐❣❛❜❡ ❞❡s ❘❲✲▲♦❝❦s ✉♥❞ ❞❡r ❘ü❝❦❣❛❜❡
❞❡s ❊r❣❡❜♥✐ss❡s ❦❡✐♥ ❙❝❤r❡✐❜✈♦r❣❛♥❣ ♠ö❣❧✐❝❤ ✐st✱ ✇✐r❞ ❞✐❡
❘ü❝❦❣❛❜❡ ❞❡s ❘❲✲▲♦❝❦s ♠✐t ❞❡♠ ❣❡❦♦♣♣❡❧t✳
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❘❡❛❧✐s✐❡r✉♥❣

public String lookup (String key) throws

InterruptedException {

String result;

rw.startRead();

int i = Math.abs(key.hashCode())%n;

if(!a[i]) ✴✴❦❡② ❡ ① ✐ s t ✐ ❡ r t ♥✐❝❤t
result = null;

else

result = a[i].lookup(key);

synchronized (rw) {

rw.endRead();

return result;

}

}

...

• ❉❛ lookup() ❛✉❝❤ ♥✐❝❤t ✇❡✐ÿ✱ ✇✐❡ ♠✐t ❡✐♥❡♠ ✐♥t❡rr✉♣t
✉♠❣❡❣❛♥❣❡♥ ✇❡r❞❡♥ s♦❧❧✱ ✇✐r❞ ❞✐❡s❡ ❊①❝❡♣t✐♦♥ ✇❡✐t❡r❣❡✇♦r❢❡♥✳

• ❉❛♠✐t ③✇✐s❝❤❡♥ ❋r❡✐❣❛❜❡ ❞❡s ❘❲✲▲♦❝❦s ✉♥❞ ❞❡r ❘ü❝❦❣❛❜❡
❞❡s ❊r❣❡❜♥✐ss❡s ❦❡✐♥ ❙❝❤r❡✐❜✈♦r❣❛♥❣ ♠ö❣❧✐❝❤ ✐st✱ ✇✐r❞ ❞✐❡
❘ü❝❦❣❛❜❡ ❞❡s ❘❲✲▲♦❝❦s ♠✐t ❞❡♠ return ❣❡❦♦♣♣❡❧t✳
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❘❡❛❧✐s✐❡r✉♥❣

public void update(String key, String value) throws

InterruptedException {

rw.startWrite();

int i = Math.abs(key.hashCode())%n;

if (!a[i]) a[i] = new StringList(key,value);

else a[i].update(key,value);

rw.endWrite();

}

}

❉✐❡ ▼❡t❤♦❞❡
❞❡r ❑❧❛ss❡ s✉❝❤t ♥❛❝❤ ❡✐♥❡♠ ❊✐♥tr❛❣ ❢ür ✳
❲✐r❞ ❡✐♥ s♦❧❝❤❡r ❣❡❢✉♥❞❡♥✱ ✇✐r❞ ❞♦rt ❞❛s ❲❡rt✲❆ttr✐❜✉t ❛✉❢

❣❡s❡t③t✳

❆♥❞❡r♥❢❛❧❧s ✇✐r❞ ❡✐♥ ♥❡✉❡s ▲✐st❡♥♦❜❥❡❦t ❢ür ❞❛s P❛❛r
❛♥❣❡❢ü❣t✳
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❘❡❛❧✐s✐❡r✉♥❣

public void update(String key, String value) throws

InterruptedException {

rw.startWrite();

int i = Math.abs(key.hashCode())%n;

if (!a[i]) a[i] = new StringList(key,value);

else a[i].update(key,value);

rw.endWrite();

}

}

• ❉✐❡ ▼❡t❤♦❞❡ update(String key, String value)

❞❡r ❑❧❛ss❡ StringList s✉❝❤t ♥❛❝❤ ❡✐♥❡♠ ❊✐♥tr❛❣ ❢ür key✳
❲✐r❞ ❡✐♥ s♦❧❝❤❡r ❣❡❢✉♥❞❡♥✱ ✇✐r❞ ❞♦rt ❞❛s ❲❡rt✲❆ttr✐❜✉t ❛✉❢
value ❣❡s❡t③t✳

❆♥❞❡r♥❢❛❧❧s ✇✐r❞ ❡✐♥ ♥❡✉❡s ▲✐st❡♥♦❜❥❡❦t ❢ür ❞❛s P❛❛r
(key,value) ❛♥❣❡❢ü❣t✳
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❉✐s❦✉ss✐♦♥

• ❉✐❡ ♥❡✉❡ ■♠♣❧❡♠❡♥t✐❡r✉♥❣ ✉♥t❡rstüt③t ♥❡❜❡♥❧ä✉✜❣❡
▲❡s❡✲❩✉❣r✐✛❡ ❛✉❢ ❞✐❡ ❍❛s❤❚❛❜❧❡✳

• ❊✐♥ ❡✐♥③✐❣❡r ▲❡s❡③✉❣r✐✛ ❜❧♦❝❦✐❡rt ❛❜❡r ❙❝❤r❡✐❜③✉❣r✐✛❡ ✖
s❡❧❜st✱ ✇❡♥♥ s✐❡ s✐❝❤ ❧❡t③t❡♥❞❧✐❝❤ ❛✉❢ ❛♥❞❡r❡ ❚❡✐❧❧✐st❡♥ ❜❡③✐❡❤❡♥
✉♥❞ ❞❛♠✐t ✉♥❛❜❤ä♥❣✐❣ s✐♥❞ ❄❄

• ●❡♥❛✉s♦ ❜❧♦❝❦✐❡rt ❡✐♥ ❡✐♥③❡❧♥❡r ❙❝❤r❡✐❜③✉❣r✐✛ sä♠t❧✐❝❤❡
▲❡s❡③✉❣r✐✛❡✱ s❡❧❜st ✇❡♥♥ s✐❡ s✐❝❤ ❛✉❢ ❛♥❞❡r❡ ❚❡✐❧❧✐st❡♥
❜❡③✐❡❤❡♥ ❄❄

❊✐♥❣r❡♥③✉♥❣ ❞❡r ❦r✐t✐s❝❤❡♥ ❆❜s❝❤♥✐tt❡✿
❯♥s②♥❝❤r♦♥✐s✐❡rt❡s ❋✐♥❞❡♥ ❞❡r r✐❝❤t✐❣❡♥ ▲✐st❡❀
❉❛♥♥ s②♥❝❤r♦♥✐s✐❡rt❡s ▲❡s❡♥✴❙❝❤r❡✐❜❡♥ ✐♥ ❞✐❡s❡r ▲✐st❡
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❉✐s❦✉ss✐♦♥

• ❉✐❡ ♥❡✉❡ ■♠♣❧❡♠❡♥t✐❡r✉♥❣ ✉♥t❡rstüt③t ♥❡❜❡♥❧ä✉✜❣❡
▲❡s❡✲❩✉❣r✐✛❡ ❛✉❢ ❞✐❡ ❍❛s❤❚❛❜❧❡✳

• ❊✐♥ ❡✐♥③✐❣❡r ▲❡s❡③✉❣r✐✛ ❜❧♦❝❦✐❡rt ❛❜❡r ❙❝❤r❡✐❜③✉❣r✐✛❡ ✖
s❡❧❜st✱ ✇❡♥♥ s✐❡ s✐❝❤ ❧❡t③t❡♥❞❧✐❝❤ ❛✉❢ ❛♥❞❡r❡ ❚❡✐❧❧✐st❡♥ ❜❡③✐❡❤❡♥
✉♥❞ ❞❛♠✐t ✉♥❛❜❤ä♥❣✐❣ s✐♥❞ ❄❄

• ●❡♥❛✉s♦ ❜❧♦❝❦✐❡rt ❡✐♥ ❡✐♥③❡❧♥❡r ❙❝❤r❡✐❜③✉❣r✐✛ sä♠t❧✐❝❤❡
▲❡s❡③✉❣r✐✛❡✱ s❡❧❜st ✇❡♥♥ s✐❡ s✐❝❤ ❛✉❢ ❛♥❞❡r❡ ❚❡✐❧❧✐st❡♥
❜❡③✐❡❤❡♥ ❄❄

==⇒ ❊✐♥❣r❡♥③✉♥❣ ❞❡r ❦r✐t✐s❝❤❡♥ ❆❜s❝❤♥✐tt❡✿
❯♥s②♥❝❤r♦♥✐s✐❡rt❡s ❋✐♥❞❡♥ ❞❡r r✐❝❤t✐❣❡♥ ▲✐st❡❀
❉❛♥♥ s②♥❝❤r♦♥✐s✐❡rt❡s ▲❡s❡♥✴❙❝❤r❡✐❜❡♥ ✐♥ ❞✐❡s❡r ▲✐st❡
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❘❡❛❧✐s✐❡r✉♥❣✿ StringList[] a ✇✐r❞ ListHead[] a

class ListHead {

private StringList list = null;

private RW rw = new RW();

public String lookup(String key) throws

InterruptedException {

rw.startRead();

if(!list) result = null;

else result = list.lookup(key);

synchronized (rw) {

rw.endRead();

return result;

}

}

public void update(String key, String value) throws

InterruptedException {

rw.startWrite();

if (!list) list = new StringList(key,value);

else list.update(key,value);

rw.endWrite();

}

}
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❉✐s❦✉ss✐♦♥

• ❏❡❞❡s ❖❜❥❡❦t ❞❡r ❑❧❛ss❡ ListHead ❡♥t❤ä❧t ❡✐♥ ❡✐❣❡♥❡s
❘❲✲▲♦❝❦ ③✉s❛♠♠❡♥ ♠✐t ❡✐♥❡r ▲✐st❡ ✭❞✐❡ null s❡✐♥ ❦❛♥♥✮✳

• ❉✐❡ ▼❡t❤♦❞❡♥ lookup() ✉♥❞ update ✇ä❤❧❡♥ ❡rst
✭✉♥s②♥❝❤r♦♥✐s✐❡rt✮ ❞✐❡ r✐❝❤t✐❣❡ ▲✐st❡ ❛✉s✱ ✉♠ ❞❛♥♥ ❣❡♦r❞♥❡t
❛✉❢ ❞✐❡ ❛✉s❣❡✇ä❤❧t❡ ▲✐st❡ ③✉③✉❣r❡✐❢❡♥ ✳✳✳

✴✴ ✐♥ ❞❡r ❑❧❛ss❡ ❍❛s❤❚❛❜❧❡ ❯◆❙❨◆❈❍❘❖◆■❙■❊❘❚❊❘ ❩✉❣r ✐ ❢ ❢ ✿

public String lookup (String key) throws InterruptedException {

int i = Math.abs(key.hashCode())%n;

return a[i].lookup(key); ✴✴ ❞❛r✐♥ s②♥❝❤r♦♥✐s ✐❡r t❡r ❩✉❣r ✐ ❢ ❢
}

public void update (String key, String value)

throws InterruptedException {

int i = Math.abs(key.hashCode())%n;

a[i].update(key, value); ✴✴ ❞❛r✐♥ s②♥❝❤r♦♥✐s ✐❡r t❡r ❩✉❣r ✐ ❢ ❢
}
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■♥t❡rr✉♣ts

Pr♦❜❧❡♠✿

• ❩❡✐t ✐st ❦♦st❜❛r✳

• ●❡r♥❡ ♠ö❝❤t❡ ♠❛♥ ♥❛❝❤ ❡✐♥✐❣❡r ❩❡✐t ❞❛s ❲❛rt❡♥ ❛❜❜r❡❝❤❡♥ ✳✳✳

• ❖❞❡r ❡✐♥❡♠ ❚❤r❡❛❞ ♠✐tt❡✐❧❡♥✱ ❞❛ss ❡r ♥✐❝❤t ❧ä♥❣❡r ✇❛rt❡♥ s♦❧❧✳
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■♥t❡rr✉♣ts ■

• ❆♥❛❧♦❣ ③✉r ❑❧❛ss❡♥✲▼❡t❤♦❞❡ public void sleep(int

msec) ❞❡r ❑❧❛ss❡ Thread ❣✐❜t ❡s ❞✐❡ ❖❜❥❡❦t✲▼❡t❤♦❞❡♥
public void wait(int msec)❀
public void wait(int msec, int nsec)❀

❞❡r ❑❧❛ss❡ Object✱ ❞✐❡ ❞❛s ❲❛rt❡♥ ❛✉❢ msec ▼✐❧❧✐s❡❦✉♥❞❡♥
❜③✇✳ msec ▼✐❧❧✐s❡❦✉♥❞❡♥ ✉♥❞ nsec ◆❛♥♦s❡❦✉♥❞❡♥
❜❡❣r❡♥③❡♥✳

• ❏❡❞❡♠ ❚❤r❡❛❞ ❦❛♥♥ ❡✐♥ ■♥t❡rr✉♣t✲❙✐❣♥❛❧ ❣❡s❡♥❞❡t ✇❡r❞❡♥✳

• ❏❡❞❡r ❚❤r❡❛❞ ✈❡r❢ü❣t ü❜❡r ❡✐♥ ❋❧❛❣ boolean
interrupted✱ ❞❛s ❛♥③❡✐❣t✱ ♦❜ ❡r ❡✐♥ ■♥t❡rr✉♣t✲❙✐❣♥❛❧ ❡r❤✐❡❧t✳
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■♥t❡rr✉♣ts ■■

❉✐❡ ❖❜❥❡❦t✲▼❡t❤♦❞❡ public void interrupt(); ❞❡r
❑❧❛ss❡ Thread s❡♥❞❡t ❡✐♥❡♠ Thread✲❖❜❥❡❦t ❡✐♥ ■♥t❡rr✉♣t✲❙✐❣♥❛❧
♠✐t ❞❡♥ ❢♦❧❣❡♥❞❡♥ ❊✛❡❦t✿

✶ ❉❛s ❋❧❛❣ interrupted ✇✐r❞ ❣❡s❡t③t❀
✷ ❉❡r ❩✉st❛♥❞ ❞❡s ❚❤r❡❛❞s ✇✐r❞ ❛✉❢ r❡❛❞② ❣❡s❡t③t ✕ s♦❢❡r♥ ❡r

♥✐❝❤t r✉♥♥✐♥❣ ♦❞❡r ❜❧♦❝❦❡❞ ✐st❀
✸ ❲❛rt❡t❡ ❞❡r ❚❤r❡❛❞ ✈♦r❤❡r ✭③✳❇✳ ❛✉❢ ❞✐❡ ❇❡❡♥❞✐❣✉♥❣ ❡✐♥❡s

❛♥❞❡r❡♥ ❚❤r❡❛❞ ♦❞❡r ❡✐♥ notify()✮✱ ✇✐r❞ ❡r ❛✉s ❞❡r
❲❛rt❡s❝❤❧❛♥❣❡ ❡♥t❢❡r♥t✳
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■♥t❡rr✉♣ts ■■■

■♥ ❆❜❤ä♥❣✐❣❦❡✐t ✈♦♠ ✈♦r❤❡r✐❣❡♥ ❩✉st❛♥❞ oldState ❢ü❤rt ❞❡r
r❡❛❦t✐✈✐❡rt❡ ❚❤r❡❛❞ ❞✐❡ ❢♦❧❣❡♥❞❡♥ ❆❦t✐♦♥❡♥ ❛✉s✿

switch(oldState) {

case waiting: lock();

break;

case sleeping:

case joining: throw (new

InterruptedException ("operation interrupted"));

break;

case joiningIO: throw (new InterruptedIOException ());

break;

}
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■♥t❡rr✉♣ts

interrupt()
Th−1

Th−0

waiting
Th−2

false

x

blocked

1

locked

count
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■♥t❡rr✉♣ts

lock()

Th−0

waiting

false

Th−2

blocked

x 1

locked

count

Th−1
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■♥t❡rr✉♣ts

throw (...);

Th−0

waiting

Th−2

true
blocked

x 1

locked

count

Th−1
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❇❡✐s♣✐❡❧
public class Simple implements Runnable {

public void run() {

synchronized(this) {

try { wait();}

catch (InterruptedException e) { System.out.println(e);}

}

}

public static void main(String[] args) throws InterruptedException {

Thread t = new Thread(new Simple());

t.start(); System.out.println("Simple thread started.");

t.interrupt(); System.out.println("Interrupt sent ...");

t.join(); System.out.println("Joining simple thread.");

}

} ✴✴ ❡♥❞ ❝❧❛ss ❙✐♠♣❧❡
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❆✉s❣❛❜❡

Simple thread started.

Interrupt sent ...

java.lang.InterruptedException: operation interrupted

Joining simple thread.

• ❋ür ❡✐♥ Runnable ❞❡r ❑❧❛ss❡ Simple ✇✐r❞ ❡✐♥ ❚❤r❡❛❞
❣❡st❛rt❡t✳

• ❉❡r ♥❡✉❡ ❚❤r❡❛❞ r❡✐❤t s✐❝❤ ✐♥ ❞✐❡ ❲❛rt❡s❝❤❧❛♥❣❡ ❢ür ❞❛s
Simple✲❖❜❥❡❦t ❡✐♥ ✉♥❞ ❣❡❤t ✐♥ ❞❡♥ ❩✉st❛♥❞ ✇❛✐t✐♥❣✳

• ❇❡✐ ❆♥❦✉♥❢t ❞❡s ■♥t❡rr✉♣t ✇✐r❞ ❞❡r ❚❤r❡❛❞ ❛✉❢❣❡✇❡❝❦t✳

• ▼✐t ❡✐♥❡♠ lock() ❜❡tr✐tt ❡r s❡✐♥❡♥ ❦r✐t✐s❝❤❡♥ ❆❜s❝❤♥✐tt✱ ✉♠
❞♦rt ❡✐♥❡ InterruptedException ③✉ ✇❡r❢❡♥✳

• ❉❡r ❚❤r❡❛❞ ❜❡❡♥❞❡t s✐❝❤✱ ✉♥❞ ✇❡❝❦t sä♠t❧✐❝❤❡ ❚❤r❡❛❞s s❡✐♥❡r
❙❝❤❧❛♥❣❡ joiningThreads✱ ❞✳❤✳ ❞❡♥ ❚❤r❡❛❞ main✱ ❛✉❢✳
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❇❡♠❡r❦✉♥❣❡♥

• ❊✐♥ ❧❛✉❢❡♥❞❡r ❚❤r❡❛❞ ❦❛♥♥ ■♥t❡rr✉♣ts ✐❣♥♦r✐❡r❡♥

• ❊✐♥ ✇❛rt❡♥❞❡r ❚❤r❡❛❞ ❦❛♥♥ ❞✐❡ InterruptedException
❡rst ✇❡r❢❡♥✱ ✇❡♥♥ ❡r ✇✐❡❞❡r ❞❛s ▲♦❝❦ ❡r❤✐❡❧t

• ❲❛rt❡t ❡✐♥ ❚❤r❡❛❞ ✭✐♠ ❩✉st❛♥❞ ❥♦✐♥✐♥❣■❖✮ ❛✉❢ ❇❡❡♥❞✐❣✉♥❣
❡✐♥❡r ■❖✲❖♣❡r❛t✐♦♥ ✭③✳❇✳ ❛✉❢ ❊✐♥❣❛❜❡ ✈♦♠ ❚❡r♠✐♥❛❧✮ ✉♥❞
❡r❤ä❧t ❡✐♥ ■♥t❡rr✉♣t✱ ❞❛♥♥ ✇✐r❢t ❡r ❡✐♥❡
InterruptedIOException✳

• ❑❡✐♥❡ ❊①❝❡♣t✐♦♥ ❡♥t❦♦♠♠t ❛✉s ❡✐♥❡♠ ❚❤r❡❛❞✳

• ❉✐❡ ❖❜❥❡❦t✲▼❡t❤♦❞❡♥ run() ❞❡r ❑❧❛ss❡ Thread ✇✐❡ ❞❡s
■♥t❡r❢❛❝❡ Runnable ❞❡❦❧❛r✐❡r❡♥ ❦❡✐♥❡r❧❡✐ ❊①❝❡♣t✐♦♥s✳

• InterruptedExceptions ✉♥❞
InterruptedIOExceptions ♠üss❡♥ ❞❛r✉♠ ✇✐❡ ❛❧❧❡
❛♥❞❡r❡♥ ❊①❝❡♣t✐♦♥s ✐♥♥❡r❤❛❧❜ ❞❡s ❚❤r❡❛❞ ❛❜❣❡❢❛♥❣❡♥ ✇❡r❞❡♥✳
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❆♥✇❡♥❞✉♥❣✿ ❚✐♠❡♦✉t ❢ür ❚❡r♠✐♥❛❧✲■♥♣✉t

• ❊✐♥❣❛❜❡ ❛✉❢ System.in ❜❧♦❝❦✐❡rt ❞✐❡ Pr♦❣r❛♠♠❛✉s❢ü❤r✉♥❣✳

• ❯♠ ❲❛rt❡♥ ❛✉❢ ❊✐♥❣❛❜❡ ③❡✐t❧✐❝❤ ③✉ ❜❡❣r❡♥③❡♥✱ st❛rt❡♥ ✇✐r
❡✐♥❡♥ ❚❤r❡❛❞ ❞❡r ❑❧❛ss❡ TimeOut✳

• ❉✐❡s❡r s♦❧❧ ♥❛❝❤ ❡✐♥❡r ❣❡✇✐ss❡♥ ❩❡✐t ❞❛s ❲❛rt❡♥ ✉♥t❡r❜r❡❝❤❡♥✳

• ❲✉r❞❡ ❞✐❡ ❊✐♥❣❛❜❡✲❖♣❡r❛t✐♦♥ ❛❧❧❡r❞✐♥❣s ✈♦r❤❡r ❡r❢♦❧❣r❡✐❝❤
❜❡❡♥❞❡t✱ s♦❧❧ ❞❡r TimeOut✲❚❤r❡❛❞ s❡❧❜st ❜❡❡♥❞❡t ✇❡r❞❡♥✳

• ◆üt③❧✐❝❤❡ ▼❡t❤♦❞❡♥ ❞❡r ❑❧❛ss❡ Thread✿

• public static boolean interrupted() ✖
t❡st❡t✱ ♦❜ ❞❛s interrupted✲❋❧❛❣ ❣❡s❡t③t ✐st✱ ✉♥❞ s❡t③t
❡s ❛✉❢ ❢❛❧s❡✳

• public boolean isInterrupted() ✖ ❛♥❛❧♦❣✱
♥✉r ✇✐r❞ ❞❛s ❋❧❛❣ ♥✐❝❤t ❣❡ä♥❞❡rt
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❈♦❞❡

import java.io.*;

public class TimeOut extends Thread {

private Thread m;

private int msec;

public TimeOut(int n) {

m = Thread.currentThread();

msec = n;

}

public synchronized void run() {

try {

wait(msec);

✴✴ ■ ❢ t ❤ ✐ s ❤❛s ♥♦t ❜❡❡♥ ✐♥t❡rr✉♣t❡❞ ✱ ✐♥t❡rr✉♣t ♠
if(!Thread.interrupted()) m.interrupt();

} catch (InterruptedException e) { }

}

public synchronized void kill() {

✴✴ ■ ❢ t❤❡ ❝❛ ❧ ❧ ✐ ♥ ❣ t❤r❡❛❞ ❤❛s ♥♦t ❜❡❡♥ ✐♥t❡rr✉♣t❡❞ ✱ ✐♥t❡rr✉♣t t ❤ ✐ s
if (!Thread.interrupted()) interrupt();

}

...
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❲❛s ♣❛ss✐❡rt❄

✶✳ ❋❛❧❧✿
❉✐❡ ■♥♣✉t✲❖♣❡r❛t✐♦♥ ✇✉r❞❡ ♥✐❝❤t ✉♥t❡r❜r♦❝❤❡♥✳ ❉❛♥♥ ✇✐r❞ ❞✐❡
synchronized✲▼❡t❤♦❞❡ kill() ❛✉❢❣❡r✉❢❡♥✳
❙t❡❧❧t ❞✐❡s❡ ❞♦❝❤ ♥♦❝❤ ❡✐♥❡♥ ■♥t❡rr✉♣t ❢❡st✱ ✐st ♦✛❡♥❜❛r TimeOut
❜❡❡♥❞❡t✳ ◆✐❝❤ts ♠✉ss ♣❛ss✐❡r❡♥✳
❙t❡❧❧t ❞✐❡s❡ ❦❡✐♥❡♥ ■♥t❡rr✉♣t ❢❡st✱ ✇❛rt❡t ❞❡r TimeOut✲❚❤r❡❛❞
✭❡♥t✇❡❞❡r ✐♥ ❞❡r ❙❝❤❧❛♥❣❡ waitingThreads ♦❞❡r ❤✐♥t❡r ❞❡♠
wait() ❛✉❢ ❞✐❡ ❋♦rts❡t③✉♥❣ ❞❡s ❦r✐ts❝❤❡♥ ❆❜s❝❤♥✐tts✮✳ ❉❛♥♥ ❡r❤ä❧t
❡r ❡✐♥❡♥ ■♥t❡rr✉♣t✳ ❑♦♠♠t ❞❛r❛✉❢❤✐♥ ❞❡r TimeOut✲❚❤r❡❛❞ ✐♥
s❡✐♥❡♥ ❦r✐t✐s❝❤❡♥ ❆❜s❝❤♥✐tt✱ ✇✐r❞ ❡r s✐❝❤ ❡✐♥❢❛❝❤ ❜❡❡♥❞❡♥✳
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❲❛s ♣❛ss✐❡rt❄

✷✳ ❋❛❧❧✿
❉❡r timeOut✲❚❤r❡❛❞ ❜❡❡♥❞❡t ✉♥❣❡stört s❡✐♥ ❲❛rt❡♥ ✉♥❞ ❡r✇✐r❜t
❡r♥❡✉t ❞❛s ▲♦❝❦✳
❉❛♥♥ s❡♥❞❡t ❡r ❡✐♥❡♥ ■♥t❡rr✉♣t ✉♥❞ ❜❡❡♥❞❡t s✐❝❤✳ ❉✐❡ ❖♣❡r❛t✐♦♥
kill() t❡st❡t ❞❛s ■♥t❡rr✉♣t✲❋❧❛❣ ♠✐t❤✐❧❢❡ ❞❡r ❑❧❛ss❡♥✲▼❡t❤♦❞❡
❜♦♦❧❡❛♥ ❚❤r❡❛❞✳✐♥t❡rr✉♣t❡❞✭✮ ✕ ✉♥❞ s❡t③t ❡s ❞❛❞✉r❝❤ ③✉rü❝❦✳
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❈♦❞❡

public static void echo(BufferedReader bu) {

try { System.out.println(bu.readLine()); }

catch (InterruptedIOException e) {

System.err.println("Sorry, timeout!"); }

catch (IOException e) {

System.err.println("Sorry, general IO exception!"); }

}

public static void main(String[] args) {

BufferedReader stdin = new BufferedReader

(new InputStreamReader(System.in));

TimeOut t = new TimeOut(5000);

t.start();

System.out.println("TimeOut thread started.");

echo(stdin);

t.kill();

System.out.println("Timed input completed.");

}

} ✴✴ ❡♥❞ ❝ ❧❛ss ❚✐♠❡❖✉t
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✳✳✳ ❧✐❡❢❡rt ③✳❇✳

> java TimeOut

TimeOut thread started.

abc

abc

Timed input completed.

✳✳✳ ♦❞❡r✿

> java TimeOut

TimeOut thread started.

Sorry, timeout!

Timed input completed.
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◆♦❝❤♠❛❧s ❲❛r♥✉♥❣

❚❤r❡❛❞s s✐♥❞ ♥üt③❧✐❝❤✱ s♦❧❧t❡♥ ❛❜❡r ♥✉r ♠✐t ❱♦rs✐❝❤t ❡✐♥❣❡s❡t③t
✇❡r❞❡♥✳ ❊s ✐st ❜❡ss❡r✱

• ✳✳✳ ✇❡♥✐❣❡ ❚❤r❡❛❞s ③✉ ❡r③❡✉❣❡♥ ❛❧s ♠❡❤r✳

• ✳✳✳ ✉♥❛❜❤ä♥❣✐❣❡ ❚❤r❡❛❞s ③✉ ❡r③❡✉❣❡♥ ❛❧s s✐❝❤ ✇❡❝❤s❡❧s❡✐t✐❣
❜❡❡✐♥✢✉ss❡♥❞❡✳

• ✳✳✳ ❦r✐t✐s❝❤❡ ❆❜s❝❤♥✐tt❡ ③✉ s❝❤üt③❡♥✱ ❛❧s ♥✐❝❤t s②♥❝❤r♦♥✐s✐❡rt❡
❖♣❡r❛t✐♦♥❡♥ ③✉ ❡r❧❛✉❜❡♥ ✭❛❜❡r ♥✐❝❤t ü❜❡rtr❡✐❜❡♥✦✮✳

• ✳✳✳ ❦r✐ts❝❤❡ ❆❜s❝❤♥✐tt❡ ③✉ ❡♥t❦♦♣♣❡❧♥✱ ❛❧s s✐❡ ③✉ s❝❤❛❝❤t❡❧♥✳
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❲❛r♥✉♥❣ ✭❋♦rts✳✮✿

❋✐♥❞❡♥ ❞❡r ❋❡❤❧❡r ❜③✇✳ Ü❜❡r♣rü❢✉♥❣ ❞❡r ❑♦rr❡❦t❤❡✐t ✐st ✉♥❣❧❡✐❝❤
s❝❤✇✐❡r✐❣❡r ❛❧s ❢ür s❡q✉❡♥t✐❡❧❧❡ Pr♦❣r❛♠♠❡✿

• ❋❡❤❧❡r❤❛❢t❡s ❱❡r❤❛❧t❡♥ tr✐tt ❡✈❡♥t✉❡❧❧ ♥✉r ❣❡❧❡❣❡♥t❧✐❝❤ ❛✉❢✳✳✳

• ❜③✇✳ ♥✉r ❢ür ❜❡st✐♠♠t❡ ❙❝❤❡❞✉❧❡r

• ❉✐❡ ❆♥③❛❤❧ ♠ö❣❧✐❝❤❡r Pr♦❣r❛♠♠✲❆✉s❢ü❤r✉♥❣s❢♦❧❣❡♥ ♠✐t
♣♦t❡♥t✐❡❧❧ ✉♥t❡rs❝❤✐❡❞❧✐❝❤❡♠ ❱❡r❤❛❧t❡♥ ✐st ❣✐❣❛♥t✐s❝❤✳
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❯♥❞ ✇✐❡ t❡st❡t ♠❛♥ s♦ ❡t✇❛s❄

✳✳✳ ❦♦♠♠❡♥ ❙✐❡ ✐♥ ♠❡✐♥❡ ❱♦r❧❡s✉♥❣ ✐♠ ❍❛✉♣tst✉❞✐✉♠✦
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Ü❜❡r❜❧✐❝❦
❚❡✐❧ ✶✿ ❊✐♥❢ü❤r✉♥❣
❚❡✐❧ ✷✿ ❖❜❥❡❦t❜❛s✐❡rt❡ Pr♦❣r❛♠♠✐❡r✉♥❣
❚❡✐❧ ✸✿ ❑♦♥tr♦❧❧str✉❦t✉r❡♥
❚❡✐❧ ✹✿ ❋❡❧❞❡r
❚❡✐❧ ✺✿ ❊✐♥✐❣❡ ❆❜str❛❦t❡ ❉❛t❡♥t②♣❡♥
❚❡✐❧ ✻✿ ❖❜❥❡❦t♦r✐❡♥t✐❡r✉♥❣
❚❡✐❧ ✼✿ ❘❡❦✉rs✐♦♥
❚❡✐❧ ✽✿ ❋♦rt❣❡s❝❤r✐tt❡♥❡ Pr♦❣r❛♠♠✐❡r❦♦♥str✉❦t❡
❚❡✐❧ ✾✿ ❊✐♥ ✇❡✐t❡r❡s ❣röÿ❡r❡s ❇❡✐s♣✐❡❧
❚❡✐❧ ✶✵✿ ◆❡❜❡♥❧ä✉✜❣❦❡✐t
❚❡✐❧ ✶✶✿ ❆♣♣❧❡ts ✉♥❞ ●❯■s
❚❡✐❧ ✶✷✿ ❇❡②♦♥❞ ❏❛✈❛
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Ü❜❡rs✐❝❤t

✶✶✳ ❆♣♣❧❡ts ✉♥❞ ●❯■s

❆♣♣❧❡ts
▼❛❧❡♥ ♠✐t ❞❡r ❑❧❛ss❡ ●r❛♣❤✐❝s
❙❝❤r❡✐❜❡♥ ♠✐t ●r❛♣❤✐❝s
❆♥✐♠❛t✐♦♥

●r❛♣❤✐s❝❤❡ ❇❡♥✉t③❡r✲❖❜❡r✢ä❝❤❡♥
❊✐♥❢❛❝❤❡ ❆❲❚✲❑♦♠♣♦♥❡♥t❡♥
❊r❡✐❣♥✐ss❡
❙❝❤❛❝❤t❡❧✉♥❣ ✈♦♥ ❑♦♠♣♦♥❡♥t❡♥

❆♥✇❡♥❞✉♥❣ ●❯■s ♠✐t ◆❡t③✇❡r❦♣r♦❣r❛♠♠✐❡r✉♥❣
◆❡t③✇❡r❦

❚❡r♠✐♥♦❧♦❣✐❡
❏❛✈❛✲❑❧❛ss❡♥ ❢ür ◆❡t③✇❡r❦♣r♦❣r❛♠♠✐❡r✉♥❣

❆♥✇❡♥❞✉♥❣✿ ❈❤❛t
●❯■ ♠✐t ❏❛✈❛✲❙✇✐♥❣

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✼✸✻



❆♣♣❧❡ts

❆♣♣❧❡ts s✐♥❞ ❏❛✈❛✲Pr♦❣r❛♠♠❡ ✐♥ ❡✐♥❡r ❍❚▼▲✲❙❡✐t❡✳

❩✐❡❧❡

• ❆✉❞✐♦✲✈✐s✉❡❧❧❡ ●❡st❛❧t✉♥❣ ❡✐♥❡r ❙❡✐t❡

• ❆♥✐♠❛t✐♦♥✱ ❞✳❤✳ ❉❛rst❡❧❧❡♥ ✈♦♥ ❆❜❢♦❧❣❡♥ ✈♦♥ ❇✐❧❞❡r♥ ✭❡✈t✳
♣❛r❛❧❧❡❧ ③✉r ❲✐❡❞❡r❣❛❜❡ ✈♦♥ ❚♦♥✮

• ■♥t❡r❛❦t✐♦♥
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❚❡❝❤♥✐❦✱ ➘st❤❡t✐❦✱ ❙✐❝❤❡r❤❡✐t

• ❱❡r❢ü❣❜❛r❦❡✐t t♦❧❧❡r t❡❝❤♥✐s❝❤❡r ▼ö❣❧✐❝❤❦❡✐t❡♥ ❜❡❞❡✉t❡t ♥♦❝❤
❧❛♥❣❡ ♥✐❝❤t✱ ❞❛ss ❞❛s ❊r❣❡❜♥✐s ❜❡❡✐♥❞r✉❝❦❡♥❞ ✐st ✳✳✳
↑❑r❡❛t✐✈✐tät

• ❆♣♣❧❡ts ✇❡r❞❡♥ ❛✉s ❞❡♠ ■♥t❡r♥❡t ❣❡③♦❣❡♥✿

• ❊s ❣✐❜t ❦❡✐♥❡ ●❛r❛♥t✐❡✱ ❞❛ss s✐❡ ♥✐❝❤t ❜ös❛rt✐❣ s✐♥❞✱ ❞✳❤✳
✈❡rs✉❝❤❡♥✱ ✉♥❡r✇ü♥s❝❤t❡ ❊✛❡❦t❡ ❤❡r✈♦r③✉r✉❢❡♥ ✳✳✳

• ❆♣♣❧❡ts ✇❡r❞❡♥ ❞❛r✉♠ ✐♥♥❡r❤❛❧❜ ❞❡s ❇r♦✇s❡rs
❛✉s❣❡❢ü❤rt ✉♥❞ ❤❛❜❡♥ ♥✉r ❜❡❣r❡♥③t❡♥ ❩✉❣❛♥❣ ③✉
❙②st❡♠✲❘❡s♦✉r❝❡♥✳ ↑❙✐❝❤❡r❤❡✐t

• ●❣❢✳ ♠üss❡♥ ✐♠ ❏❛✈❛ ❈♦♥tr♦❧ P❛♥❡❧ ✭❥❛✈❛❝♣❧✮
❙✐❝❤❡r❤❡✐ts❡✐♥st❡❧❧✉♥❣❡♥ ❣❡ä♥❞❡rt ✇❡r❞❡♥✳

• ❙t❛tt ✐♠ ❇r♦✇s❡r ❦ö♥♥❡♥ ❆♣♣❧❡ts ❛✉❝❤ ♠✐t❤✐❧❢❡ ❞❡s
Pr♦❣r❛♠♠s appletviewer ❜❡tr❛❝❤t❡t ✇❡r❞❡♥✳
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❇❡✐s♣✐❡❧
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❍❚▼▲✲❈♦❞❡

<html><head><title>The Basic Applet </title>

<!-- Created by: Helmut Seidl -->

</head>

<body><h1>The Basic Applet</h1>

<applet codebase="."

documentbase="pictures"

code=Basic.class

width=500

height=300>

Your browser is completely ignoring the &lt;APPLET&gt; tag!

</applet>

<hr />

<a href="Basic.java">The source.</a>

<hr />

</body>

</html>
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❍②♣❡rt❡①t ▼❛r❦✉♣ ▲❛♥❣✉❛❣❡ ✭❍❚▼▲✮

• ❍❚▼▲✲❙❡✐t❡♥ ❜❡st❡❤❡♥ ❛✉s ✭♠ö❣❧✐❝❤❡r✇❡✐s❡ ❣❡s❝❤❛❝❤t❡❧t❡♥✮
❊❧❡♠❡♥t❡♥✱ ❑♦♠♠❡♥t❛r❡♥ ✉♥❞ ❚❡①t✳

• ❊✐♥ ❑♦♠♠❡♥t❛r ❜❡❣✐♥♥t ♠✐t <!-- ✉♥❞ ❡♥❞❡t ♠✐t -->✳

• ◆✐❝❤t✲❧❡❡r❡ ❊❧❡♠❡♥t❡ ❜ ❜❡❣✐♥♥❡♥ ♠✐t ❡✐♥❡♠ ❙t❛rt✲❚❛❣
<❜> ✉♥❞ ❡♥❞❡♥ ♠✐t ❡✐♥❡♠ ❊♥❞✲❚❛❣ </❜>✳
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❚❛❣s ✕ ❇❡✐s♣✐❡❧❡
html ✖ ❞✐❡ ❣❡s❛♠t❡ ❙❡✐t❡❀
head ✖ ❞❡r ❑♦♣❢ ❞❡r ❙❡✐t❡❀
title ✖ ❞❡r ❚✐t❡❧ ❞❡r ❙❡✐t❡❀
body ✖ ❞❡r ❘✉♠♣❢ ❞❡r ❙❡✐t❡❀
a ✖ ❡✐♥ ▲✐♥❦❀
h1 ✖ ❡✐♥❡ Ü❜❡rs❝❤r✐❢t❀
applet ✖ ❡✐♥ ❆♣♣❧❡t✳
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❍❚▼▲✿ ❆❜❦ür③✉♥❣❡♥ ✉♥❞ ❙♦♥❞❡r③❡✐❝❤❡♥

• ❇❡✐ ❧❡❡r❡♥ ❊❧❡♠❡♥t❡♥ ❦❛♥♥ ❞❛s ❊♥❞✲❚❛❣ ✈❡r❦ür③t ✇❡r❞❡♥✿

<br /> ✖ ❩❡✐❧❡♥✲❯♠❜r✉❝❤❀
<hr /> ✖ ❤♦r✐③♦♥t❛❧❡ ▲✐♥✐❡✳

• ❙♦♥❞❡r③❡✐❝❤❡♥ ❜❡❣✐♥♥❡♥ ♠✐t & ✉♥❞ ❡♥❞❡♥ ♠✐t ;

✭❈❤❛r❛❝t❡r r❡❢❡r❡♥❝❡s✮✿

&lt; ✖ ✏<✑
&gt; ✖ ✏>✑
&auml; ✖ ✏ä✑
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❆ttr✐❜✉t❡

• ❙t❛rt✲❚❛❣s ✈♦♥ ❊❧❡♠❡♥t❡♥ ❦ö♥♥❡♥ ❆ttr✐❜✉t❡ ❡♥t❤❛❧t❡♥✱ ❞✐❡
❩✉s❛t③✲■♥❢♦r♠❛t✐♦♥❡♥ ❢ür ❞✐❡ ✏❉❛rst❡❧❧✉♥❣✑ ❞❡s ❊❧❡♠❡♥ts
❡♥t❤❛❧t❡♥✳

• ❉❡r ❲❡rt ❡✐♥❡s ❆ttr✐❜✉ts ❦❛♥♥ ✭✉✳❛✳✮ ❡✐♥ ❙tr✐♥❣ s❡✐♥✳

• ❉❛s ❆ttr✐❜✉t href ❞❡s ❊❧❡♠❡♥ts a ❣✐❜t ❡✐♥❡
■♥t❡r♥❡t✲❆❞r❡ss❡ ❛♥✿

<a href="Basic.java">The source.</a>
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❊✐♥✐❣❡ ❆ttr✐❜✉t❡ ❞❡s ❊❧❡♠❡♥ts applet

• codebase ✖ ❣✐❜t ❞❛s ❱❡r③❡✐❝❤♥✐s ❛♥✱ ✐♥ ❞❡♠ ❞❛s
❆♣♣❧❡t ❧✐❡❣t❀

• documentbase ✖ ❣✐❜t ❡✐♥ ✇❡✐t❡r❡s ❱❡r③❡✐❝❤♥✐s ❛♥❀

• code ✖ ❣✐❜t ❞✐❡ ❉❛t❡✐ ❛♥✱ ✐♥ ❞❡r ❛✉s❢ü❤r❜❛r❡r
❏❛✈❛✲❈♦❞❡ ❛❜❣❡s♣❡✐❝❤❡rt ✐st❀

• width ✖ ❣✐❜t ❞✐❡ ❇r❡✐t❡ ❞❡r ✈❡r❢ü❣❜❛r❡♥ ❋❧ä❝❤❡ ❛♥❀

• height ✖ ❣✐❜t ❞✐❡ ❍ö❤❡ ❞❡r ✈❡r❢ü❣❜❛r❡♥ ❋❧ä❝❤❡ ❛♥✳

✳✳✳ ✉♥❞ ❥❡t③t ❞❛s ❆♣♣❧❡t s❡❧❜❡r✿
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❏❛✈❛✲❈♦❞❡ ❞❡s ❆♣♣❧❡ts

import java.applet.Applet;

import java.awt.*;

public class Basic extends Applet {

public void init() {

showStatus("... no variables to initialize!");

}

public void start() {

setBackground(Color.orange);

}

public void stop() {

showStatus("... stopping the Basic Applet!");

}

public void destroy() {

showStatus("... destroying the Basic Applet!");

}

...
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❊r❧ä✉t❡r✉♥❣❡♥

• ❊✐♥ ♥❡✉❡s ❆♣♣❧❡t ❡r✇❡✐t❡rt ❞✐❡ ❑❧❛ss❡
java.applet.Applet✳

• ❊✐♥ ❆♣♣❧❡t ❜❡♥öt✐❣t ❦❡✐♥❡ ❑❧❛ss❡♥✲▼❡t❤♦❞❡ main()✳

• ❆✉❢r✉❢❡♥ ❞❡s ❆♣♣❧❡ts ❞✉r❝❤ ❞❛s ❊❧❡♠❡♥t applet ❡✐♥❡r
❍❚▼▲✲❙❡✐t❡ ❢ü❤rt ❞✐❡ ❢♦❧❣❡♥❞❡♥ ❆❦t✐♦♥❡♥ ❛✉s✿

✶ ❆✉❢ ❞❡r ❙❡✐t❡ ✇✐r❞ ❞❡♠ ❆♣♣❧❡t ❡✐♥❡ ❋❧ä❝❤❡ ③✉r ❱❡r❢ü❣✉♥❣
❣❡st❡❧❧t✱ ❞✐❡ ❡♥ts♣r❡❝❤❡♥❞ ❞❡♥ ❆ttr✐❜✉t✲❲❡rt❡♥ width

✉♥❞ height ❞✐♠❡♥s✐♦♥✐❡rt ✐st✳
✷ ❊✐♥ ❖❜❥❡❦t ❞❡r ❆♣♣❧❡t✲❑❧❛ss❡ ✭❤✐❡r ❞❡r ❑❧❛ss❡✿ Basic✮

✇✐r❞ ❛♥❣❡❧❡❣t✳
✸ ❩✉r ■♥✐t✐❛❧✐s✐❡r✉♥❣ ❞❡s ❖❜❥❡❦ts ✇✐r❞ ❜❡✐ ❙t❛rt ❞❡s ❆♣♣❧❡ts

❞✐❡ ❖❜❥❡❦t✲▼❡t❤♦❞❡ init() ❛✉❢❣❡r✉❢❡♥✳
✹ ❉❛♥♥ ✇✐r❞ ❞✐❡ ❖❜❥❡❦t✲▼❡t❤♦❞❡ start()

❛✉❢❣❡r✉❢❡♥✳
✺ ✳✳✳
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❆♣♣❧❡t✲❈♦❞❡✿ paint

...

public void paint(Graphics g) {

✴✴ ❣ ♠✉ss ♠❛♥ ♥✐❝❤t s ❡ ❧ ❜ s t ❡r③❡✉❣❡♥ ✦
g.setColor(Color.red);

g.fillRect(50,50,200,100);

g.setColor(Color.blue);

g.fillRect(100,100,200,100);

g.setColor(Color.green);

g.fillRect(150,150,200,100);

showStatus("... painting the Basic Applet!");

}

} ✴✴ ❡♥❞ ♦❢ ❆♣♣❧❡t ❇❛s✐❝
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❊r❧ä✉t❡r✉♥❣❡♥ ■■

• ❉✐❡ ❑❧❛ss❡ java.awt.Graphics ✐st ❡✐♥❡ ❛❜str❛❦t❡ ❑❧❛ss❡✱
✉♠ ❇✐❧❞❡r ③✉ ❡r③❡✉❣❡♥✳

• ❏❡❞❡ ■♠♣❧❡♠❡♥t✐❡r✉♥❣ ❛✉❢ ❡✐♥❡♠ ❦♦♥❦r❡t❡♥ ❙②st❡♠ ♠✉ss ❢ür
❞✐❡s❡ ❑❧❛ss❡ ❡✐♥❡ ❦♦♥❦r❡t❡ ❯♥t❡r❦❧❛ss❡ ❜❡r❡✐tst❡❧❧❡♥
↑P♦rt✐❡r❜❛r❦❡✐t✳

• ▼✐t ❞❡♠ ❆♣♣❧❡t ✈❡r❦♥ü♣❢t ✐st ❡✐♥ ❖❜❥❡❦t ✭❞❡r ❦♦♥❦r❡t❡♥
❯♥t❡r❦❧❛ss❡✮ ❞❡r ❑❧❛ss❡ Graphics✳ ❉❛s ♠✉ss ♠❛♥ ♥✐❝❤t
s❡❧❜st ❡r③❡✉❣❡♥✦

• ❆✉❢ ❞❡♠ s✐❝❤t❜❛r❡♥ ✭❯♥t❡r❦❧❛ss❡ ✈♦♥✮ Graphics✲❖❜❥❡❦t
❦❛♥♥ ♥✉♥ ❣❡♠❛❧t ✇❡r❞❡♥ ✳✳✳
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❊✈❡♥ts

• ❲❡♥♥ ❞✐❡ ❆♣♣❧❡t✲❋❧ä❝❤❡ ✈❡r❞❡❝❦t ✇✉r❞❡ ✉♥❞ ❡r♥❡✉t s✐❝❤t❜❛r
✇✐r❞✱ ♠✉ss ❞✐❡ ❆♣♣❧❡t✲❋❧ä❝❤❡ ♥❡✉ ❣❡♠❛❧t ✇❡r❞❡♥✳ ❉❛③✉
✈❡r✇❛❧t❡t ❏❛✈❛ ❡✐♥❡ ❊r❡✐❣♥✐s✲❙❝❤❧❛♥❣❡ ✭❡✈❡♥t q✉❡✉❡✮✳

• ❱❡rä♥❞❡r♥ ❞❡r ❙✐❝❤t❜❛r❦❡✐t ❞❡r ❋❧ä❝❤❡ ❡r③❡✉❣t ❡✐♥
AWTEvent✲❖❜❥❡❦t✱ ❞❛s ✐♥ ❞✐❡ ❊r❡✐❣♥✐s✲❙❝❤❧❛♥❣❡ ❡✐♥❣❡❢ü❣t
✇✐r❞✳

• ❉❛s ❡rst❡ ❊r❡✐❣♥✐s ✐st ❞✐❡ ❇❡❡♥❞✐❣✉♥❣ ❞❡r start()✲▼❡t❤♦❞❡✳

• ❲❡✐t❡r❡ ❊r❡✐❣♥✐ss❡ ❜❡③✐❡❤❡♥ s✐❝❤ ❛✉❢ ❞✐❡ ▼❛✉s ♦❞❡r ❞✐❡
❚❛st❛t✉r✳

• ❉❛s ❆♣♣❧❡t ❢✉♥❣✐❡rt ❛❧s ❈♦♥s✉♠❡r ❞❡r ❊r❡✐❣♥✐ss❡✳

• ❊s ❦♦♥s✉♠✐❡rt ❡✐♥ ❊r❡✐❣♥✐s ✏❋❡♥st❡r ✇✉r❞❡ s✐❝❤t❜❛r✭❡r✮✑✱ ✐♥❞❡♠
❡s ❞❡♥ ❆✉❢r✉❢ paint(page) ✭❢ür ❞❛s ❛❦t✉❡❧❧❡ ❆♣♣❧❡t✮
❛✉s❢ü❤rt✳

❉❛❞✉r❝❤ ✇✐r❞ ❞❛s ❇✐❧❞ ✇✐❡❞❡r❤❡r❣❡st❡❧❧t✳
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◆üt③❧✐❝❤❡ ❖❜❥❡❦t✲▼❡t❤♦❞❡♥ ❞❡r ❑❧❛ss❡ applet

• public void showStatus(String status)

s❝❤r❡✐❜t ❞❡♥ ❙tr✐♥❣ status ✐♥ ❞✐❡ ❙t❛t✉s✲❩❡✐❧❡ ❞❡s ❇r♦✇s❡rs✳

• public void setBackground(Color color) s❡t③t
❞✐❡ ❍✐♥t❡r❣r✉♥❞s❢❛r❜❡✳

• public Color getBackground() ❧✐❡❢❡rt ❞✐❡ ❛❦t✉❡❧❧❡
❍✐♥t❡r❣r✉♥❞s❢❛r❜❡✳

• public void setVisible(boolean b) ♠❛❝❤t ❞❛s
Graphics✲❖❜❥❡❦t s✐❝❤t❜❛r ❜③✇✳ ✉♥s✐❝❤t❜❛r✳

• public boolean isVisible() t❡✐❧t ♠✐t✱ ♦❜
❙✐❝❤t❜❛r❦❡✐t ✈♦r❧✐❡❣t✳
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▼❛❧❡♥ ♠✐t Graphics

• ❉✐❡ ❑❧❛ss❡ Graphics st❡❧❧t ▼❡t❤♦❞❡♥ ③✉r ❱❡r❢ü❣✉♥❣✱ ✉♠
❡✐♥❢❛❝❤❡ ❣r❛♣❤✐s❝❤❡ ❊❧❡♠❡♥t❡ ③✉ ③❡✐❝❤♥❡♥✱ ③✳❇✳✿

• public void drawLine(int xsrc, int

ysrc, int xdst, int ydst) ✖ ③❡✐❝❤♥❡t ❡✐♥❡
▲✐♥✐❡ ✈♦♥ (xsrc, ysrc) ♥❛❝❤ (xdst, ydst)❀

• public void drawRect(int x, int y, int

width, int height) ✖ ③❡✐❝❤♥❡t ❡✐♥ ❘❡❝❤t❡❝❦
♠✐t ❧✐♥❦❡r ♦❜❡r❡r ❊❝❦❡ (x,y) ✉♥❞ ❣❡❣❡❜❡♥❡r ❇r❡✐t❡ ✉♥❞
❍ö❤❡❀

• public void drawPolygon(int[] x, int[]

y, int n) ✖ ③❡✐❝❤♥❡t ❡✐♥ P♦❧②❣♦♥✱ ✇♦❜❡✐ ❞✐❡
❊❝❦♣✉♥❦t❡ ❣❡❣❡❜❡♥ s✐♥❞ ❞✉r❝❤ (x[0],y[0])✱✳✳✳✱
(x[n-1],y[n-1])✳
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▼❛❧❡♥ ■■

• ❉✐❡s❡ ❖♣❡r❛t✐♦♥❡♥ ③❡✐❝❤♥❡♥ ♥✉r ❞✐❡ ❯♠r✐ss❡✳

• ❙♦❧❧ ❛✉❝❤ ❞❛s ■♥♥❡r❡ ❣❡③❡✐❝❤♥❡t ✇❡r❞❡♥✱ ♠✉ss ♠❛♥ st❛tt
drawXX(...) ❞✐❡ ❡♥ts♣r❡❝❤❡♥❞❡ ▼❡t❤♦❞❡
fillXX(...) ❜❡♥✉t③❡♥✳

❆❝❤t✉♥❣✿

• ❉✐❡ ❣❡♠❛❧t❡♥ ❊❧❡♠❡♥t❡ ✇❡r❞❡♥ s❡q✉❡♥t✐❡❧❧ ✈♦r ❞❡♠
❍✐♥t❡r❣r✉♥❞ ❞❡s ❆♣♣❧❡ts ❛❜❣❡❧❡❣t✳

• ❉✐❡ ❋❛r❜❡✱ ✐♥ ❞❡r ❛❦t✉❡❧❧ ❣❡♠❛❧t ✇✐r❞✱ ♠✉ss ♠✐t ❞❡r
Graphics✲❖❜❥❡❦t✲▼❡t❤♦❞❡ public void

setColor(Color color) ❣❡s❡t③t ✇❡r❞❡♥✳
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❇❡✐s♣✐❡❧✿ ❘❡❝❤t❡❝❦ ♠✐t ❘❛♥❞

...

public void paint(Graphics g) {

✴✴ ❡ r s ❡ t ③ t ❢rü❤❡r❡ ▼❡t❤♦❞❡
g.setPaintMode();

AuxGraphics g1=new AuxGraphics(g);

g1.drawRect(50,50,200,100,25);

showStatus("... painting the Basic Applet!");

}

✴✴ ✐♥♥❡r ❝ ❧❛s s ❢ür ❜ r❡ ✐ t ❡ ❘ä♥❞❡r
private class AuxGraphics {

private Graphics page;

public AuxGraphics (Graphics g) { page = g;}

public void drawRect(int x, int y,

int w, int h, int border) {

page.fillRect(x,y,border,h);

page.fillRect(x+border,y,w-2*border,border);

page.fillRect(x+border,y+h-border,w-2*border,border);

page.fillRect(x+w-border,y,border,h);

}

}

} ✴✴ ❡♥❞ ♦❢ ❆♣♣❧❡t ❇❛s✐❝

❉❡r ❘❛♥❞ ✇✐r❞ ❛✉s ✈✐❡r ❦❧❡✐♥❡r❡♥ ❘❡❝❤t❡❝❦❡♥ ③✉s❛♠♠❡♥❣❡s❡t③t✳
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■♠ ❇r♦✇s❡r
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❏❛✈❛✷❉

• ❙❡✐t ❞❡r ❏❛✈❛✲❱❡rs✐♦♥ ✶✳✷ ✐st ❞❛s Graphics✲❖❜❥❡❦t✱ ❛✉❢ ❞❡♠
❞❛s ❆♣♣❧❡t ♠❛❧t✱ ❛✉s ❞❡r ❯♥t❡r❦❧❛ss❡ Graphics2D✳

• ❉✐❡s❡ ❑❧❛ss❡ ❜✐❡t❡t ✇❡✐t❡r❡ ▼❛❧✲❋✉♥❦t✐♦♥❡♥✳

• ■♥s❜❡s♦♥❞❡r❡ ♠❛❝❤t s✐❡ ❞❡♥ ❜❡✐♠ ▼❛❧❡♥ ✈❡r✇❡♥❞❡t❡♥ ❙tr✐❝❤
✭❙tr♦❦❡✮ ❞❡r Pr♦❣r❛♠♠✐❡r❡r✐♥ ③✉❣ä♥❣❧✐❝❤✳

• ❙t❛tt ❞❡♠ ❑♦♥③❡♣t ✏❋❛r❜❡✑ ❣✐❜t ❡s ♥✉♥ ❞❛s ■♥t❡r❢❛❝❡ Paint✱
❞❛s ❡s ③✳❇✳ ❣❡st❛tt❡t✱ ❛✉❝❤ ❢❛r❜❧✐❝❤❡ ❆❜st✉❢✉♥❣❡♥ ✉♥❞
❚❡①t✉r❡♥ ③✉ ♠❛❧❡♥
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❚❡①t

❯♠ ✭③✳❇✳ ❛✉❢ ❞❡♠ ❇✐❧❞s❝❤✐r♠✮ s❝❤r❡✐❜❡♥ ③✉ ❦ö♥♥❡♥✱ ❜❡♥öt✐❣t ♠❛♥
❡✐♥❡ ❙❝❤r✐❢t ✭❋♦♥t✮✳
❊✐♥❡ ❙❝❤r✐❢t

• ●❡❤ört ③✉ ❡✐♥❡r ❙❝❤r✐❢t✲❋❛♠✐❧✐❡❀

• ❇❡s✐t③t ❡✐♥❡ ❆✉s♣rä❣✉♥❣

• ❯♥❞ ❡✐♥❡ ●röÿ❡✳

❇❡tr❛❝❤t❡♥ ✇✐r ③✉♥ä❝❤st ❡✐♥ ❆♣♣❧❡t✱ ❞❛s ❩❡✐❝❤❡♥ ♠✐t ❞❡♠
✈♦r❡✐♥❣❡st❡❧❧t❡♥ ❋♦♥t ❞❛rst❡❧❧t✳
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❉❛s ❈♦♥❢✉❝✐✉s✲❆♣♣❧❡t

import java.applet.Applet;

import java.awt.*;

public class Confucius extends Applet {

public void paint (Graphics page) {

setBackground(Color.orange);

page.setColor(Color.red);

page.drawString ("Forget injuries, never forget kindness.",

50, 50);

page.setColor(Color.blue);

page.drawString ("-- Confucius", 70, 70);

} ✴✴ ♠❡t❤♦❞ ♣❛✐♥t ✭✮
} ✴✴ ❡♥❞ ♦❢ ❝ ❧❛s s ❈♦♥❢✉❝✐✉s
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❊r❧ä✉t❡r✉♥❣❡♥

• public void drawString(String str, int x,

int y); ✐st ❡✐♥❡ ❖❜❥❡❦t✲▼❡t❤♦❞❡ ❞❡r ❑❧❛ss❡ Graphics✱
❞✐❡ ❞❡♥ ❙tr✐♥❣ str ❛❜ ❞❡r P♦s✐t✐♦♥ (x, y) ✐♥ ❞❡r ❛❦t✉❡❧❧❡♥
❋❛r❜❡ ❛✉❢ ❞❡♥ ❇✐❧❞s❝❤✐r♠ ♠❛❧t✳

• ❊✛❡❦t✿
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❙❝❤r✐❢tq✉❛❧✐tät

• ❉✐❡ ◗✉❛❧✐tät ❞❡r ❲✐❡❞❡r❣❛❜❡ ✐st s♦ s❝❤❧❡❝❤t✱ ✇❡✐❧ ❞✐❡ ❩❡✐❝❤❡♥
❦❧❡✐♥ s✐♥❞ ✐♠ ❱❡r❤ä❧t♥✐s ③✉r ●röÿ❡ ❞❡r P✐①❡❧ ✭✉♥❞ ❞❡r
❙❝r❡❡♥s❤♦t ❢ür ❞✐❡ ❋♦❧✐❡ s❦❛❧✐❡rt ✇✉r❞❡✮✳

• ❲♦❧❧❡♥ ✇✐r ❡✐♥ ❛♥❞❡r❡s ❊rs❝❤❡✐♥✉♥❣s❜✐❧❞ ❢ür ❞✐❡ ❩❡✐❝❤❡♥ ❞❡s
❚❡①ts✱ ♠üss❡♥ ✇✐r ❡✐♥❡ ❛♥❞❡r❡ ❙❝❤r✐❢t ✭❋♦♥t✮ ✇ä❤❧❡♥✳
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❙❝❤r✐❢t❛rt ✇ä❤❧❡♥

import java.applet.Applet;

import java.awt.*;

public class Confucius extends Applet {

private Font font = new Font("SansSerif",Font.ITALIC,24);

public void init() {

setBackground(Color.orange);

}

public void paint (Graphics page) {

page.setColor(Color.red);

page.setFont(font);

page.drawString ("Forget injuries, never forget kindness.",

50, 50);

page.setColor(Color.blue);

page.drawString ("-- Confucius", 100, 100);

} ✴✴ ♠❡t❤♦❞ ♣❛✐♥t ✭✮
} ✴✴ ❡♥❞ ♦❢ ❝ ❧❛s s ❈♦♥❢✉❝✐✉s
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Font

• ❊✐♥❡ ❏❛✈❛✲❙❝❤r✐❢t ✇✐r❞ r❡♣räs❡♥t✐❡rt ❞✉r❝❤ ❡✐♥ ❖❜❥❡❦t ❞❡r
❑❧❛ss❡ Font✳

• ❊✐♥❡ ❙❝❤r✐❢t✲❋❛♠✐❧✐❡ ❢❛sst ❡✐♥❡ ▼❡♥❣❡ ✈♦♥ ❙❝❤r✐❢t❡♥
③✉s❛♠♠❡♥✱ ❞✐❡ ❣❡✇✐ss❡ ❣r❛♣❤✐s❝❤❡ ✉♥❞ äst❤❡t✐s❝❤❡
❊✐❣❡♥s❝❤❛❢t❡♥ ❣❡♠❡✐♥s❛♠ ❤❛❜❡♥✳

• ❙❛♥s❙❡r✐❢ ③✉♠ ❇❡✐s♣✐❡❧ ✈❡r③✐❝❤t❡t ❛✉❢ sä♠t❧✐❝❤❡ ❋üÿ❝❤❡♥ ✉♥❞
❙❝❤✇ä♥③❝❤❡♥

• ❊✐♥✐❣❡ ❙❝❤r✐❢t✲❋❛♠✐❧✐❡♥✱ ❞✐❡ ♠❡✐♥ ❏❛✈❛✲❙②st❡♠ ❦❡♥♥t✿

▲✉❝✐❞❛ ❇r✐❣❤t✱ ❯t♦♣✐❛✱
▼♦♥♦s♣❛❝❡❞✱ ❙❛♥s❙❡r✐❢✱ ❙❡r✐❢

• ❉✐❡ ✉♥t❡r❡ ❘❡✐❤❡ ❡♥t❤ä❧t ❧♦❣✐s❝❤❡ ❋❛♠✐❧✐❡♥✱ ❞✐❡ ✈❡rs❝❤✐❡❞❡♥❡♥
❦♦♥❦r❡t❡♥ ✭✈♦♠ ❙②st❡♠ ③✉r ❱❡r❢ü❣✉♥❣ ❣❡st❡❧❧t❡♥✮ ❋❛♠✐❧✐❡♥
❡♥ts♣r❡❝❤❡♥ ❦ö♥♥❡♥✳
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❙❝❤r✐❢t❡♥ ✐♠ ❆♣♣❧❡t
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❱❛r✐❛♥t❡♥

• ❆❧s ❆✉s♣rä❣✉♥❣❡♥ ✉♥t❡rstüt③t ❏❛✈❛ ◆♦r♠❛❧s❝❤r✐❢t✱ ❋❡tt❞r✉❝❦✱
❙❝❤rä❣st❡❧❧✉♥❣ ✉♥❞ ❢❡tt❡ ❙❝❤rä❣st❡❧❧✉♥❣✳

• ❉✐❡s❡♥ ❡♥ts♣r❡❝❤❡♥ ❞✐❡ ✭int✲✮ ❑♦♥st❛♥t❡♥ Font.PLAIN✱
Font.BOLD✱ Font.ITALIC ✉♥❞ (Font.BOLD +

Font.ITALIC)✳

• ❆❧s ❞r✐tt❡s ❜❡♥öt✐❣❡♥ ✇✐r ❞✐❡ ●röÿ❡ ❞❡r ❙❝❤r✐❢t ✭✐♥ P✉♥❦t❡♥✮✳

• ❉❡r ❑♦♥str✉❦t♦r public Font(String family,

int style, int size)❀ ❡r③❡✉❣t ❡✐♥ ♥❡✉❡s
Font✲❖❜❥❡❦t✳

• ❉✐❡ ❖❜❥❡❦t✲▼❡t❤♦❞❡♥ public Font getFont()✱
public void setFont(Font f) ✉♥❞ public void

drawString(String str, int x, int y) ❞❡r
❑❧❛ss❡ Graphics ❡r❧❛✉❜❡♥ ❡s✱ ❞✐❡ ❛❦t✉❡❧❧❡ ❙❝❤r✐❢t ❛❜③✉❢r❛❣❡♥
❜③✇✳ ③✉ s❡t③❡♥ ✉♥❞ ✐♥ ❞❡r ❛❦t✉❡❧❧❡♥ ❙❝❤r✐❢t ③✉ s❝❤r❡✐❜❡♥ ✭(x,
y) ❣✐❜t ❞❛s ❧✐♥❦❡ ❊♥❞❡ ❞❡r ●r✉♥❞❧✐♥✐❡ ❛♥✮

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✼✻✹



❉✐♠❡♥s✐♦♥✐❡r✉♥❣

• ❋ür ❞✐❡ P♦s✐t✐♦♥✐❡r✉♥❣ ✉♥❞ ❞❡♥ ❩❡✐❧❡♥✲❯♠❜r✉❝❤ ✐st ❞❡r
Pr♦❣r❛♠♠✐❡r❡r s❡❧❜st ✈❡r❛♥t✇♦rt❧✐❝❤✳

• ❉❛③✉ s♦❧❧t❡ ❡r ❞✐❡ ❉✐♠❡♥s✐♦♥✐❡r✉♥❣ s❡✐♥❡r ❙❝❤r✐❢t✲❩❡✐❝❤❡♥ ❜③✇✳
❞❡r ❞❛♠✐t ❣❡s❡t③t❡♥ ❲♦rt❡ ❜❡st✐♠♠❡♥ ❦ö♥♥❡♥✳

• ❉❛❢ür ✐st ❞✐❡ ❛❜str❛❦t❡ ❑❧❛ss❡ FontMetrics ③✉stä♥❞✐❣✳
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❇❡✐s♣✐❡❧ ■

import java.applet.Applet;

import java.awt.*;

public class FontTest extends Applet {

private String[] fontNames = {

"Lucida Bright", "Monospaced",

"SansSerif", "Serif", "Utopia"

};

private Font[] fonts = new Font[5];

public void init() {

for(int i=0; i<5; i++)

fonts[i] = new Font(fontNames[i],Font.PLAIN,16);

}

public void start() {

setBackground(Color.orange);

}

...
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❇❡✐s♣✐❡❧ ■■

...

public void paint (Graphics page) {

page.setColor(Color.blue);

String length; FontMetrics metrics;

for(int i=0; i<5; i++) {

page.setFont(fonts[i]);

page.drawString(fontNames[i],50,50+i*30);

page.setFont(fonts[3]);

page.drawString(":",175,50+i*30);

metrics = page.getFontMetrics(fonts[i]);

length = Integer.toString(metrics.stringWidth

("abcdefghijklmnopqrstuvwxyz"));

page.drawString(length,230,50+i*30);

}

} ✴✴ ♠❡t❤♦❞ ♣❛✐♥t
} ✴✴ ❝ ❧❛ss ❋♦♥t❚❡st
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❊r❧ä✉t❡r✉♥❣❡♥

• ❉✐❡ ❖❜❥❡❦t✲▼❡t❤♦❞❡♥ public FontMetrics

getFontMetrics() ✉♥❞ public FontMetrics

getFontMetrics(Font f) ❞❡r ❑❧❛ss❡ Graphics ❧✐❡❢❡r♥
❞❛s FontMetrics✲❖❜❥❡❦t ❢ür ❞✐❡ ❛❦t✉❡❧❧❡ ❙❝❤r✐❢t ❜③✇✳ ❞✐❡
❙❝❤r✐❢t f✳

• ❉✐❡ ❖❜❥❡❦t✲▼❡t❤♦❞❡ public int

stringWidth(String string) ❧✐❡❢❡rt ❞✐❡ ▲ä♥❣❡ ✈♦♥
string ✐♥ ❞❡r ❛❦t✉❡❧❧❡♥ ❋♦♥t✲▼❡tr✐❦✳

• ❉✐❡ ❑❧❛ss❡♥ Font ✉♥❞ FontMetrics ❜✐❡t❡♥ ♥♦❝❤ ✈✐❡❧❡
✇❡✐t❡r❡ ❊✐♥③❡❧❤❡✐t❡♥ ❜③❣❧✳ ❞❡r ❣❡♥❛✉❡♥ ●röÿ❡♥✲❱❡r❤ä❧t♥✐ss❡✳

• ❉✐❡ ❖❜❥❡❦t✲▼❡t❤♦❞❡ public int getHeight();

❧✐❡❢❡rt ③✳❇✳ ❞✐❡ ♠❛①✐♠❛❧❡ ❍ö❤❡ ❡✐♥❡s ❲♦rts ✐♥ ❞❡r ❛❦t✉❡❧❧❡♥
❙❝❤r✐❢t✳
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■♠ ❆♣♣❧❡t✈✐❡✇❡r
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❆♥✐♠❛t✐♦♥❡♥

• ❆♥✐♠❛t✐♦♥ ✐st ❡✐♥❡ ❇❡✇❡❣✉♥❣ ✈♦rtä✉s❝❤❡♥❞❡ ❆❜❢♦❧❣❡ ✈♦♥
❇✐❧❞❡r♥ ✭❡✈t✳ ♠✐t ❚♦♥ ✉♥t❡r❧❡❣t✮✳

• ❋ür ❞❛s ♠❡♥s❝❤❧✐❝❤❡ ❆✉❣❡ ❣❡♥ü❣❡♥ ✷✹ ❇✐❧❞❡r ♣r♦ ❙❡❦✉♥❞❡✳

• ■♥ ❞❡r ❩❡✐t ❞❛③✇✐s❝❤❡♥ ❧❡❣❡♥ ✇✐r ❞❛s ❆♣♣❧❡t s❝❤❧❛❢❡♥✳

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✼✼✵



❈♦❞❡

import java.applet.Applet;

import java.awt.*;

public class Grow extends Applet {

public void start() { setBackground(Color.orange); }

public void grow(int x, int y, Color color, Graphics g) {

g.setColor(color);

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

g.fillRect(x,y,2*i,i);

try {Thread.sleep(40);}

catch (InterruptedException e) {

System.err.println("Growing interrupted!");

}

}

}

public void paint(Graphics g) {

grow(50,50,Color.red,g);

grow(100,100,Color.blue,g);

grow(150,150,Color.green,g);

}

} ✴✴ ❡♥❞ ♦❢ ❆♣♣❧❡t ●r♦✇
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❊r❧ä✉t❡r✉♥❣❡♥

• ❉✐❡ ❖❜❥❡❦t✲▼❡t❤♦❞❡ grow() ❡r❤ä❧t ❛❧s ❆r❣✉♠❡♥t ❡✐♥❡
P♦s✐t✐♦♥✱ ❡✐♥❡ ❋❛r❜❡ ✉♥❞ ❡✐♥ Graphics✲❖❜❥❡❦t g✳

• ❆♥ ❞✐❡ ❣❡❣❡❜❡♥❡ P♦s✐t✐♦♥ ♠❛❧t ❡s ✐♥ ❞❡r ❣❡❣❡❜❡♥❡♥ ❋❛r❜❡
s✉❦③❡ss✐✈❡ ❡✐♥ ❣röÿ❡r ✇❡r❞❡♥❞❡s ❣❡❢ü❧❧t❡s ❘❡❝❤t❡❝❦✳

• ❩✇✐s❝❤❡♥ ③✇❡✐ ❇✐❧❞❡r♥ s❝❤❧ä❢t ❡s ✹✵ ▼✐❧❧✐s❡❦✉♥❞❡♥ ❧❛♥❣✳

• ❍✐❡r ♥✐❝❤t ❜❡tr❛❝❤t❡t✿ ❉❛s ❊r❣❡❜♥✐s ❦❛♥♥ ♠✐s❡r❛❜❡❧ ❛✉ss❡❤❡♥✱
✇❡♥♥ ❞❡r ❇✐❧❞❛✉❢❜❛✉ ❞❡r ❆♥✐♠❛t✐♦♥ ❧ä♥❣❡r ❞❛✉❡rt✳ ❉❛s ❜❡❤❡❜t
♠❛♥ ❞✉r❝❤ ❇✉✛❡r✐♥❣✿ ❉❛s ❇✐❧❞ ✇✐r❞ ❡rst ✐♥ ❡✐♥❡♠
✭✉♥s✐❝❤t❜❛r❡♥✮ P✉✛❡r ❢❡rt✐❣❣❡st❡❧❧t ✉♥❞ ❞❛♥♥ ❛✉❢ ❡✐♥❡♥ ❙❝❤❧❛❣
❛♥❣❡③❡✐❣t✳
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❋❛③✐t

• ❊s ✐st ♥✐❝❤t ✈ö❧❧✐❣ tr✐✈✐❛❧✱ ❡✐♥❡ ü❜❡r③❡✉❣❡♥❞❡ ✉♥❞ r♦❜✉st❡
❆♥✐♠❛t✐♦♥ ③✉ ♣r♦❣r❛♠♠✐❡r❡♥✳

• ❊✐♥❡ ❆♥✐♠❛t✐♦♥ s♦❧❧t❡ ✐♥ ❡✐♥❡♠ s❡♣❛r❛t❡♥ ❚❤r❡❛❞ ❧❛✉❢❡♥✳

• ▼✐t ❞❡♥ Applet✲▼❡t❤♦❞❡♥ start()✱ stop()✱ paint()
✉♥❞ destroy() s♦❧❧t❡ ❞❡r ❆♥✐♠❛t✐♦♥s✲❚❤r❡❛❞ ❦♦♥tr♦❧❧✐❡rt
✉♥❞ ❛✉❢ Window✲❊r❡✐❣♥✐ss❡ r❡❛❣✐❡rt ✇❡r❞❡♥✳

• ❉✐❡ ❱❡r❢ü❣❜❛r❦❡✐t ✈♦♥ Pr♦❣r❛♠♠✐❡r✲❍✐❧❢s♠✐tt❡❧♥ ✇✐❡ ③✳❇✳ ❞❡r
❑❧❛ss❡ Stroke ❤ä♥❣t ❤ä♥❣t st❛r❦ ✈♦♥ ❞❡r ✈❡r✇❡♥❞❡t❡♥
❏❛✈❛✲❱❡rs✐♦♥ ❛❜ ✳✳✳
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Ü❜❡rs✐❝❤t

❆♣♣❧❡ts

●r❛♣❤✐s❝❤❡ ❇❡♥✉t③❡r✲❖❜❡r✢ä❝❤❡♥
❊✐♥❢❛❝❤❡ ❆❲❚✲❑♦♠♣♦♥❡♥t❡♥
❊r❡✐❣♥✐ss❡
❙❝❤❛❝❤t❡❧✉♥❣ ✈♦♥ ❑♦♠♣♦♥❡♥t❡♥

❆♥✇❡♥❞✉♥❣ ●❯■s ♠✐t ◆❡t③✇❡r❦♣r♦❣r❛♠♠✐❡r✉♥❣

◆❡t③✇❡r❦

❆♥✇❡♥❞✉♥❣✿ ❈❤❛t
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●❯■s

❊✐♥❡ ❣r❛♣❤✐s❝❤❡ ❇❡♥✉t③❡r✲❖❜❡r✢ä❝❤❡ ✭●❯■✮ ✐st ✐✳❛✳ ❛✉s ♠❡❤r❡r❡♥
❑♦♠♣♦♥❡♥t❡♥ ③✉s❛♠♠❡♥ ❣❡s❡t③t✱ ❞✐❡ ❡✐♥❡♥ ✐♥t✉✐t✐✈❡♥ ❉✐❛❧♦❣ ♠✐t
❞❡r ❇❡♥✉t③❡r✐♥ ❡r♠ö❣❧✐❝❤❡♥ s♦❧❧❡♥✳

■❞❡❡✿

• ❊✐♥③❡❧♥❡ ❑♦♠♣♦♥❡♥t❡♥ ❜✐❡t❡♥ ❞❡r ❇❡♥✉t③❡r✐♥ ❆❦t✐♦♥❡♥ ❛♥✳

• ❆✉s❢ü❤r❡♥ ❞❡r ❆❦t✐♦♥❡♥ ❡r③❡✉❣t ❊r❡✐❣♥✐ss❡✳

• ❊r❡✐❣♥✐ss❡ ✇❡r❞❡♥ ❛♥ ❞✐❡ ❞❛❢ür ③✉stä♥❞✐❣❡♥ ▲✐st❡♥❡r✲❖❜❥❡❦t❡
✇❡✐t❡r ❣❡r❡✐❝❤t ↑❊r❡✐❣♥✐s✲❜❛s✐❡rt❡s Pr♦❣r❛♠♠✐❡r❡♥✳
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Ü❜❡rs✐❝❤t
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Ü❜❡rs✐❝❤t
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Ü❜❡rs✐❝❤t
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Ü❜❡rs✐❝❤t
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Ü❜❡rs✐❝❤t
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❊r❡✐❣♥✐ss❡

• ▼❛✉s✲❇❡✇❡❣✉♥❣❡♥ ✉♥❞ ✲❑❧✐❝❦s✱ ❚❛st❛t✉r✲❊✐♥❣❛❜❡♥ ❡t❝✳
✇❡r❞❡♥ ✈♦♥ ❞❡r P❡r✐♣❤❡r✐❡ r❡❣✐str✐❡rt ✉♥❞ ❛♥ ❞❛s
↑❇❡tr✐❡❜ss②st❡♠ ✇❡✐t❡r❣❡❧❡✐t❡t✳

• ❉❛s ❏❛✈❛✲▲❛✉❢③❡✐t✲❙②st❡♠ ♥✐♠♠t ❞✐❡ ❙✐❣♥❛❧❡ ✈♦♠
❇❡tr✐❡❜ss②st❡♠ ❡♥t❣❡❣❡♥ ✉♥❞ ❡r③❡✉❣t ❞❛❢ür
AWTEvent✲❖❜❥❡❦t❡ ✭♦❞❡r ❖❜❥❡❦t❡ ❡✐♥❡s ❛♥❞❡r❡♥
●❯■✲❋r❛♠❡✇♦r❦s✮✳

• ❉✐❡s❡ ❖❜❥❡❦t❡ ✇❡r❞❡♥ ✐♥ ❡✐♥❡ AWTEventQueue ❡✐♥❣❡tr❛❣❡♥
==⇒ Pr♦❞✉❝❡r✦

• ❉✐❡ ❊r❡✐❣♥✐s✲❙❝❤❧❛♥❣❡ ✈❡r✇❛❧t❡t ❞✐❡ ❊r❡✐❣♥✐ss❡ ✐♥ ❞❡r
❘❡✐❤❡♥❢♦❧❣❡✱ ✐♥ ❞❡r s✐❡ ❡♥tst❛♥❞❡♥ s✐♥❞✱ ❦❛♥♥ ❛❜❡r ❛✉❝❤
♠❡❤r❡r❡ ä❤♥❧✐❝❤❡ ❊r❡✐❣♥✐ss❡ ③✉s❛♠♠❡♥❢❛ss❡♥ ✳✳✳

• ❉❡r AWTEvent✲❉✐s♣❛t❝❤❡r ✐st ❡✐♥ ✇❡✐t❡r❡r ❚❤r❡❛❞✱ ❞❡r ❞✐❡
❊r❡✐❣♥✐s✲❙❝❤❧❛♥❣❡ ❛❜❛r❜❡✐t❡t ==⇒ ❈♦♥s✉♠❡r✦
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❆❜❛r❜❡✐t❡♥ ✈♦♥ ❊r❡✐❣♥✐ss❡♥

• ❆❜❛r❜❡✐t❡♥ ❡✐♥❡s ❊r❡✐❣♥✐ss❡s ❜❡❞❡✉t❡t✿
✶ ❲❡✐t❡r❧❡✐t❡♥ ❞❡s AWTEvent✲❖❜❥❡❦ts ❛♥ ❞❛s

▲✐st❡♥❡r✲❖❜❥❡❦t✱ ❞❛s ✈♦r❤❡r ③✉r ❇❡❛r❜❡✐t✉♥❣ s♦❧❝❤❡r
❊r❡✐❣♥✐ss❡ ❛♥❣❡♠❡❧❞❡t ✇✉r❞❡❀

✷ ❆✉❢r✉❢❡♥ ❡✐♥❡r s♣❡③✐❡❧❧❡♥ ▼❡t❤♦❞❡ ❞❡s ▲✐st❡♥❡r✲❖❜❥❡❦ts✳

• ❉✐❡ ❖❜❥❡❦t✲▼❡t❤♦❞❡ ❞❡s ▲✐st❡♥❡r✲❖❜❥❡❦ts ❤❛t ❢ür ❞✐❡ ❘❡❛❦t✐♦♥
❞❡s ❆♣♣❧❡ts ③✉ s♦r❣❡♥✳

==⇒

• ❊r❡✐❣♥✐ss❡ ❦ö♥♥❡♥ ❥❡❞❡r③❡✐t ❡✐♥tr❡t❡♥✳

• ■❤r❡ ❆❜❛r❜❡✐t✉♥❣ ❡r❢♦❧❣t s❡q✉❡♥t✐❡❧❧✳
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❊✐♥ ❑♥♦♣❢ ✭❇✉tt♦♥✮

import java.applet.Applet;

import java.awt.*;

import java.awt.event.*;

public class FirstButton extends Applet

implements ActionListener {

Label label;

Button button;

...
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❑♥♦♣❢ ■■

public void init() {

setBackground(Color.orange);

setFont(new Font("SansSerif", Font.BOLD, 18));

label = new Label("This is my first button");

add(label);

button = new Button("Knopf");

button.setBackground(Color.white);

button.addActionListener(this);

add(button);

}

...

• ❉❛s ❆♣♣❧❡t ❡♥t❤ä❧t ③✇❡✐ ✇❡✐t❡r❡ ❑♦♠♣♦♥❡♥t❡♥✿
✭✶✮ ❡✐♥ Label❀ ✭✷✮ ❡✐♥❡♥ Button✳

• ❖❜❥❡❦t❡ ❞✐❡s❡r ❑❧❛ss❡♥ ❜❡s✐t③❡♥ ❡✐♥❡ ❆✉❢s❝❤r✐❢t
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❊r❧ä✉t❡r✉♥❣❡♥

• ❲✐❡ ❜❡✐ Applet✲❖❜❥❡❦t❡♥ ❦❛♥♥ ❞❡r ❍✐♥t❡r❣r✉♥❞ ❣❡s❡t③t
✇❡r❞❡♥✳

• public void

addActionListener(ActionListener listener)

r❡❣✐str✐❡rt ❡✐♥ ❖❜❥❡❦t listener ❛❧s ❞❛s❥❡♥✐❣❡✱ ❞❛s ❞✐❡ ✈♦♥
❞❡r ❑♦♠♣♦♥❡♥t❡ ❛✉s❣❡❧öst❡♥ ActionEvent✲❖❜❥❡❦t❡
❜❡❤❛♥❞❡❧t✱ ❤✐❡r✿ ❞❛s ❆♣♣❧❡t s❡❧❜❡r✳

• ActionListener ✐st ❡✐♥ ■♥t❡r❢❛❝❡✳ ❩✉ s❡✐♥❡r
■♠♣❧❡♠❡♥t✐❡r✉♥❣ ♠✉ss ❞✐❡ ▼❡t❤♦❞❡ void

actionPerformed(ActionEvent e) ❜❡r❡✐t❣❡st❡❧❧t
✇❡r❞❡♥✳

• ❉✐❡ ❖❜❥❡❦t✲▼❡t❤♦❞❡♥ void add(Component c) ✉♥❞
void add(Component c, int i) ❢ü❣❡♥ ❞✐❡
❑♦♠♣♦♥❡♥t❡ c ③✉♠ ❆♣♣❧❡t ❤✐♥t❡♥ ❜③✇✳ ❛♥ ❞❡r ❙t❡❧❧❡ i✮ ❤✐♥③✉✳
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...

public void paint(Graphics page) {

page.setColor(Color.red);

page.fillRect(200,0,100,100);

page.setColor(Color.blue);

page.fillRect(225,25,50,50);

}

public void actionPerformed(ActionEvent e) {

✴✴ ❡s ❣ ✐ ❜ t ♥✉r ❡✐♥❡♥ ❑♥♦♣❢ ✱ ❛ ❧s♦ ♥✉r ❡✐♥ ❆❝t✐♦♥❊✈❡♥t ✦
label.setText("Damn - you pressed it ...");

System.out.println(e);

remove(button);

}

} ✴✴ ❡♥❞ ♦❢ ❆♣♣❧❡t ❋✐rst❇✉tt♦♥
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❊r❧ä✉t❡r✉♥❣❡♥

• ❉✐❡ ▼❡t❤♦❞❡ public void

actionPerformed(ActionEvent e) s❡t③t ❞❡♥ ❚❡①t
❞❡s ▲❛❜❡❧s ❛✉❢ ❡✐♥❡♥ ♥❡✉❡♥ ❲❡rt ✉♥❞ ❜❡s❡✐t✐❣t ❛♥s❝❤❧✐❡ÿ❡♥❞
❞❡♥ ❑♥♦♣❢ ♠✐t❤✐❧❢❡ ❞❡r ❖❜❥❡❦t✲▼❡t❤♦❞❡ public void

remove(Component c)

• ❇❡✐♠ ❉rü❝❦❡♥ ❞❡s ❑♥♦♣❢s ♣❛ss✐❡rt ❋♦❧❣❡♥❞❡s✿
✶ ❊✐♥ ActionEvent✲❖❜❥❡❦t ❛❝t✐♦♥ ✇✐r❞ ❡r③❡✉❣t ✉♥❞ ✐♥

❞✐❡ ❊r❡✐❣♥✐s✲❙❝❤❧❛♥❣❡ ❡✐♥❣❡❢ü❣t✳
✷ ❉❡r AWTEvent✲❉✐s♣❛t❝❤❡r ❤♦❧t ❛❝t✐♦♥ ✇✐❡❞❡r ❛✉s ❞❡r

❙❝❤❧❛♥❣❡✳ ❊r ✐❞❡♥t✐✜③✐❡rt ❞❛s ❆♣♣❧❡t ❛♣♣ s❡❧❜st ❛❧s ❞❛s ❢ür
action ③✉stä♥❞✐❣❡ ▲✐st❡♥❡r✲❖❜❥❡❦t✳ ❉❛r✉♠ r✉❢t ❡r
❛♣♣.actionPerformed( ❛❝t✐♦♥ ) ❛✉❢✳

• ❲är❡♥ ♠❡❤r❡r❡ ❖❜❥❡❦t❡ ❛❧s listener r❡❣✐str✐❡rt ✇♦r❞❡♥✱
✇ür❞❡♥ s✉❦③❡ss✐✈❡ ❛✉❝❤ ❢ür ❞✐❡s❡ ❡♥ts♣r❡❝❤❡♥❞❡ ❆✉❢r✉❢❡
❛❜❣❡❛r❜❡✐t❡t ✇❡r❞❡♥✳
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❋✐rst❇✉tt♦♥
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▼❡❤r❡r❡ ❑♥ö♣❢❡ ✉♥❞ ❊✈❡♥ts

import java.applet.Applet;

import java.awt.*;

import java.awt.event.*;

public class FirstButton extends Applet implements ActionListener {

Label label;

Button button, button2;

public void init() {

setBackground(Color.orange);

setFont(new Font("SansSerif", Font.BOLD, 18));

setLayout(new GridLayout(3,1)); ✴✴ ❦♦♠♠t s♣ät❡r✦
label = new Label();

label.setText("Mein erster Knopf!");

add(label);

button = new Button("Hier");

button.setBackground(Color.white);

button.addActionListener(this);

add(button);

button2 = new Button("Hier auch");

button2.setBackground(Color.white);

button2.addActionListener(this);

add(button2);

}

public void paint(Graphics page) {

page.setColor(Color.red);

page.fillRect(200,0,100,100);

page.setColor(Color.blue);

page.fillRect(225,25,50,50);

}
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▼❡❤r❡r❡ ❑♥ö♣❢❡ ✉♥❞ ❊✈❡♥ts

...

public void actionPerformed(ActionEvent e) {

if(e.getActionCommand().equals("Hier")) {

label.setText("Toll! Knopf 1 mit Label "+e.getActionCommand());

try {Thread.sleep(1000);} catch (Exception e1) {}

label.setText("--------------------------------------");

try {Thread.sleep(1000);} catch (Exception e1) {}

label.setText("Mein erster Knopf!");

}

else {

label.setText("Toll! Knopf2 mit Label "+e.getActionCommand());

try {Thread.sleep(1000);} catch (Exception e1) {}

label.setText("--------------------------------------");

try {Thread.sleep(1000);} catch (Exception e1) {}

label.setText("Mein erster Knopf!");

}

System.out.println(e);

}

} ✴✴ ❡♥❞ ♦❢ ❆♣♣❧❡t ❋✐rst❇✉tt♦♥

❉✐✈❡rs❡ ▲❛②♦✉t▼❛♥❛❣❡rs ❦♦♠♠❡♥ s♣ät❡r✦
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●r❛♣❤✐s❝❤❡ ❉❛rst❡❧❧✉♥❣

• ❉✐❡ ✐♥ ❞❡♥ ▲❛❜❡❧s ✈❡r✇❡♥❞❡t❡ ❙❝❤r✐❢t❛rt r✐❝❤t❡t s✐❝❤ ♥❛❝❤ ❞❡r
❞❡s ✉♠❣❡❜❡♥❞❡♥ ❆♣♣❧❡ts ✭③✉♠✐♥❞❡st ✐♥ ❞❡r ●röÿ❡✮✳

• ❉✐❡ ❖❜❥❡❦t✲▼❡t❤♦❞❡♥✿
public String getText();

public void setText(String text);

❣❡st❛tt❡♥ ❞❡♥ ❩✉❣r✐✛ ❛✉❢ ❞❡♥ ❚❡①t ❡✐♥❡s Label✲ ✭Button✲
♦❞❡r TextComponent✮ ❖❜❥❡❦ts✳

• ❉✐❡ ❤✐♥③✉❣❡❢ü❣t❡♥ ❑♦♠♣♦♥❡♥t❡♥ ❧✐❡❣❡♥ ✐♠ ❆♣♣❧❡t✲❋❡❧❞ ✈♦r ❞❡r
❣r❛♣❤✐s❝❤❡♥ ❉❛rst❡❧❧✉♥❣✱ ❞✐❡ ❞✐❡ paint()✲▼❡t❤♦❞❡ ❡r③❡✉❣t✳

• ❏❡❞❡ ❑♦♠♣♦♥❡♥t❡ ✇❡✐ss✱ ✇✐❡ s✐❡ ♥❡✉ ❣❡♠❛❧t ✇❡r❞❡♥ ♠✉ss ✳✳✳
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❊✐♥❢❛❝❤❡ ❆❲❚✲❑♦♠♣♦♥❡♥t❡♥✿ Ü❜❡rs✐❝❤t

Canvas

Choice

List

Checkbox

ItemSelectable

TextArea

TextField

Scrollbar

Label

TextComponent

Button

Component

Adjustable

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✼✽✽



❊r❧ä✉t❡r✉♥❣

❈❛♥✈❛s ❊✐♥❡ ❋❧ä❝❤❡ ③✉♠ ▼❛❧❡♥✳

▲❛❜❡❧ ❩❡✐❣t ❡✐♥❡ ❚❡①t✲❩❡✐❧❡✳

❇✉tt♦♥ ❊✐♥③❡❧♥❡r ❑♥♦♣❢✱ ✉♠ ❡✐♥❡ ❆❦t✐♦♥ ❛✉s③✉❧ös❡♥✳

❙❝r♦❧❧❜❛r ❙❝❤✐❡❜❡r ③✉r ❊✐♥❣❛❜❡ ✈♦♥ ✭❦❧❡✐♥❡♥✮ int✲❩❛❤❧❡♥✳
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❇❡✐s♣✐❡❧ ❙❝r♦❧❧❜❛r ■

import java.applet.Applet;

import java.awt.*;

import java.awt.event.*;

public class ScalingFun extends Applet

implements AdjustmentListener {

private Scrollbar sHeight, sWidth;

private Image image;

private int width = 600; private int height = 500;

public void init() {

setBackground(Color.white);

image = getImage(getDocumentBase(),"df991230.jpg");

setLayout(new BorderLayout());

sHeight = new Scrollbar(Scrollbar.VERTICAL,

500,50,0,550);

sHeight.addAdjustmentListener(this);

add(sHeight,"West");

sWidth = new Scrollbar(Scrollbar.HORIZONTAL,

600,50,0,650);

sWidth.addAdjustmentListener(this);

add(sWidth,"South");

}

...
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❊r❧ä✉t❡r✉♥❣ ■

• Scrollbar✲❖❜❥❡❦t❡ ❡r③❡✉❣❡♥
AdjustmentEvent✲❊r❡✐❣♥✐ss❡✳

• ❊♥ts♣r❡❝❤❡♥❞❡ ▲✐st❡♥❡r✲❖❜❥❡❦t❡ ♠üss❡♥ ❞❛s ■♥t❡r❢❛❝❡
AdjustmentListener ✐♠♣❧❡♠❡♥t✐❡r❡♥✳

• ❉✐❡s❡s ■♥t❡r❢❛❝❡ ✈❡r❧❛♥❣t ❞✐❡ ■♠♣❧❡♠❡♥t✐❡r✉♥❣ ❡✐♥❡r ▼❡t❤♦❞❡
public void

adjustmentValueChanged(AdjustmentEvent e)

• ❉✐❡ init()✲▼❡t❤♦❞❡ ❞❡s ❆♣♣❧❡ts ❧❡❣t ③✇❡✐
Scrollbar✲❖❜❥❡❦t❡ ❛♥✱ ❡✐♥❡s ❤♦r✐③♦♥t❛❧✱ ❡✐♥❡s ✈❡rt✐❦❛❧✳

❉❛❢ür ❣✐❜t ❡s ✐♥ ❞❡r ❑❧❛ss❡ Scrollbar ❞✐❡ int✲❑♦♥st❛♥t❡♥
HORIZONTAL ✉♥❞ VERTICAL✳
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❊r❧ä✉t❡r✉♥❣ ■■

• ❉❡r ❑♦♥str✉❦t♦r public Scrollbar(int dir,int

init, int slide, int min, int max)❀ ❡r③❡✉❣t
❡✐♥❡♥ Scrollbar ❞❡r ❆✉sr✐❝❤t✉♥❣ dir ♠✐t ❆♥❢❛♥❣sst❡❧❧✉♥❣
init✱ ❉✐❝❦❡ ❞❡s ❙❝❤✐❡❜❡rs slide✱ ♠✐♥✐♠❛❧❡♠ ❲❡rt min
✉♥❞ ♠❛①✐♠❛❧❡♠ ❲❡rt max✳

❆✉❢❣r✉♥❞ ❞❡r ❉✐❝❦❡ ❞❡s ❙❝❤✐❡❜❡rs ✐st ❞❡r ✇✐r❦❧✐❝❤❡
▼❛①✐♠❛❧✲❲❡rt max - slide✳

• void

addAdjustmentListener(AdjustmentListener

adj); r❡❣✐str✐❡rt ❞❛s AdjustmentListener✲❖❜❥❡❦t ❛❧s
▲✐st❡♥❡r ❢ür ❞✐❡ AdjustmentEvent✲❖❜❥❡❦t❡ ❞❡s ❙❝r♦❧❧❜❛rs✳

• ❉❛ss❡❧❜❡ ❖❜❥❡❦t ❦❛♥♥ ♠❡❤r♠❛❧s ❛❧s ▲✐st❡♥❡r ❛✉❢tr❡t❡♥
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❊r❧ä✉t❡r✉♥❣ ■■■

❇❧❡✐❜t✱ ❞❛s ●❡❤❡✐♠♥✐s ✉♠ Layout ✉♥❞ West ❜③✇✳ South ③✉
❧ü❢t❡♥ ✳✳✳

• ❏❡❞❡r ❈♦♥t❛✐♥❡r✱ ✐♥ ❞❡♥ ♠❛♥ ✇❡✐t❡r❡ ❑♦♠♣♦♥❡♥t❡♥ s❝❤❛❝❤t❡❧♥
♠ö❝❤t❡✱ ♠✉ss ü❜❡r ❡✐♥❡ ❱♦rs❝❤r✐❢t ✈❡r❢ü❣❡♥✱ ✇✐❡ ❞✐❡
❑♦♠♣♦♥❡♥t❡♥ ❛♥③✉♦r❞♥❡♥ s✐♥❞✳

• ❉✐❡s❡ ❱♦rs❝❤r✐❢t ❤❡✐ÿt ▲❛②♦✉t✳

❩✉r ❋❡st❧❡❣✉♥❣ ❞❡s ▲❛②♦✉ts st❡❧❧t ❏❛✈❛ ❞❛s ■♥t❡r❢❛❝❡
LayoutManager ③✉r ❱❡r❢ü❣✉♥❣ s♦✇✐❡ ♥üt③❧✐❝❤❡
✐♠♣❧❡♠❡♥t✐❡r❡♥❞❡ ❑❧❛ss❡♥ ✭❦♦♠♠t s♣ät❡r✮✳
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❇♦r❞❡r▲❛②♦✉t

• ❊✐♥❡ ❞❛✈♦♥ ✐st ❞❛s BorderLayout✳

• ▼✐t❤✐❧❢❡ ❞❡r String✲❆r❣✉♠❡♥t❡✿
BorderLayout.NORTH = "North"✱
BorderLayout.SOUTH = "South"✱
BorderLayout.WEST = "West"✱
BorderLayout.EAST = "East" ✉♥❞
BorderLayout.CENTER = "Center"

❦❛♥♥ ♠❛♥ ❣❡♥❛✉ ❡✐♥❡ ❑♦♠♣♦♥❡♥t❡ ❛♠ ❜❡③❡✐❝❤♥❡t❡♥ ❘❛♥❞
❜③✇✳ ❞❡r ▼✐tt❡ ♣♦s✐t✐♦♥✐❡r❡♥✳
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❇❡✐s♣✐❡❧ ❙❝r♦❧❧❜❛r ■■

public void paint(Graphics page) {

page.drawImage(image,0,0,width,height,this);

}

public void adjustmentValueChanged(AdjustmentEvent e) {

Adjustable s = e.getAdjustable();

int value = e.getValue();

if (s == sHeight) height = value;

else width = value;

repaint();

}

} ✴✴ ❡♥❞ ♦❢ ❆♣♣❧❡t ❙❝❛❧✐♥❣❋✉♥
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❊r❧ä✉t❡r✉♥❣❡♥

• ❯♠ AdjustmentEvent✲❖❜❥❡❦t❡ ❜❡❤❛♥❞❡❧♥ ③✉ ❦ö♥♥❡♥✱
✐♠♣❧❡♠❡♥t✐❡r❡♥ ✇✐r ❞✐❡ ▼❡t❤♦❞❡
AdjustmentValueChanged(AdjustmentEvent e);

• ❏❡❞❡s AdjustmentEvent✲❖❜❥❡❦t ✈❡r❢ü❣t ü❜❡r ❞✐❡
❖❜❥❡❦t✲▼❡t❤♦❞❡♥✿

public AdjustmentListener

getAdjustable();

public int getValue();

✳✳✳ ♠✐t ❞❡♥❡♥ ❞❛s ❛✉s❧ös❡♥❞❡ ❖❜❥❡❦t s♦✇✐❡ ❞❡r ❡✐♥❣❡st❡❧❧t❡
int✲❲❡rt ❛❜❣❡❢r❛❣t ✇❡r❞❡♥ ❦❛♥♥✳

• ❉❛♥♥ s✐❡❤t ❞❛s ❆♣♣❧❡t s♦ ❛✉s ✳✳✳
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❙❝r♦❧❧❜❛r✲❆♣♣❧❡t
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❙❝r♦❧❧❜❛r✲❆♣♣❧❡t
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❚❡①t❡✐♥❣❛❜❡

❚❡①t❋✐❡❧❞ ❩❡✐❣t ❡✐♥❡ ❚❡①t✲❩❡✐❧❡✱ ❞✐❡ ✈♦♠ ❇❡♥✉t③❡r ♠♦❞✐✜③✐❡rt
✇❡r❞❡♥ ❦❛♥♥✳

❚❡①t❆r❡❛ ❩❡✐❣t ♠❡❤r❡r❡ ♠♦❞✐✜③✐❡r❜❛r❡ ❚❡①t✲❩❡✐❧❡♥✳

❆✉s✇❛❤❧ ❛✉s ♠❡❤r❡r❡♥ ❆❧t❡r♥❛t✐✈❡♥✿

▲✐st ❙❝r♦❧❧❜❛r❡ ▲✐st❡ ✇ä❤❧❜❛r❡r ■t❡♠s❀

❈❤♦✐❝❡ ❆♥❛❧♦❣ List ✕ ♥✉r ♠✐t ❆♥③❡✐❣❡ ❞❡s ❛✉s❣❡✇ä❤❧t❡♥
■t❡♠s✳

❈❤❡❝❦❜♦① ❑❛♥♥ ♥✉r ❞✐❡ ❲❡rt❡ true ♦❞❡r false ❛♥♥❡❤♠❡♥✳
▼❡❤r❡r❡ ❞❛✈♦♥ ❦ö♥♥❡♥ ❥❡❞♦❝❤ ✐♥ ❡✐♥❡r
CheckBoxGroup ③✉s❛♠♠❡♥❣❡❢❛sst ✇❡r❞❡♥✳
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❇❡✐s♣✐❡❧✿ ❊✐♥❡ ❈❤♦✐❝❡✲▲✐st❡

import java.applet.Applet;

import java.awt.*;

import java.awt.event.*;

public class FirstChoice extends Applet

implements ItemListener {

private Color color = Color.white;

private Choice colorChooser;

public void init() {

setFont(new Font("Serif", Font.PLAIN, 18));

colorChooser = new Choice();

colorChooser.setBackground(Color.white);

colorChooser.add("white");

colorChooser.add("red");

colorChooser.add("green");

colorChooser.add("blue");

colorChooser.addItemListener(this);

add(colorChooser);

setBackground(Color.orange);

}

...
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❊r❧ä✉t❡r✉♥❣❡♥

• public Choice()❀ ❧❡❣t ❡✐♥ ♥❡✉❡s Choice✲❖❜❥❡❦t ❛♥❀

• ❩✉ ❞✐❡s❡♠ ❖❜❥❡❦t ❦ö♥♥❡♥ ❜❡❧✐❡❜✐❣ ✈✐❡❧❡ ■t❡♠s ❤✐♥③✉❣❡❢ü❣t
✇❡r❞❡♥✳ ❉❛③✉ ❞✐❡♥t ❞✐❡ ❖❜❥❡❦t▼❡t❤♦❞❡✿

public void add(String str);

• public void addItemListener(ItemListener

listener); r❡❣✐str✐❡rt ❞❛s ❖❜❥❡❦t listener ❢ür ❞✐❡
❡r③❡✉❣t❡♥ ItemEvent✲❖❜❥❡❦t❡✳

• ItemListener ✐st ❡✐♥ ■♥t❡r❢❛❝❡ ä❤♥❧✐❝❤ ✇✐❡
ActionListener✳

• ❲✐❡❞❡r ❢ü❣❡♥ ✇✐r ❞✐❡ ♥❡✉❡ ❑♦♠♣♦♥❡♥t❡ ♠✐t❤✐❧❢❡ ✈♦♥ void

add(Component comp) ❞❡♠ ❆♣♣❧❡t ❤✐♥③✉✳
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❋♦rts❡t③✉♥❣ ❈❤♦✐❝❡✲▲✐st❡

...

public void paint(Graphics g) {

g.setColor(color);

g.fillRect(100,50,200,100);

}

public void itemStateChanged(ItemEvent e) {

String s = (String) e.getItem();

switch(s.charAt(0)) {

case ’w’: color = Color.white; break;

case ’r’: color = Color.red; break;

case ’g’: color = Color.green; break;

case ’b’: color = Color.blue;

}

repaint();

}

} ✴✴ ❡♥❞ ♦❢ ❆♣♣❧❡t ❋✐rst❈❤♦✐❝❡
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❊r❧ä✉t❡r✉♥❣❡♥

• ❉❛s ■♥t❡r❢❛❝❡ ItemListener ✈❡r❧❛♥❣t ❞✐❡ ■♠♣❧❡♠❡♥t✐❡r✉♥❣
❡✐♥❡r ▼❡t❤♦❞❡ public void

itemStateChanged(ItemEvent e);

• ❉✐❡s❡ ▼❡t❤♦❞❡ ✐st ❢ür ❞✐❡ ❇❡❤❛♥❞❧✉♥❣ ✈♦♥
ItemEvent✲❖❜❥❡❦t❡♥ ③✉stä♥❞✐❣✳

• ItemEvent✲❖❜❥❡❦t❡ ❜✐❡t❡♥ ✉✳❛✳ ❞✐❡ ❢♦❧❣❡♥❞❡♥ ▼❡t❤♦❞❡♥
❛♥❞✿

• public ItemSelectable

getItemSelectable()❀ ✖ ❧✐❡❢❡rt ❞❡♥
❙❡❧❡❦t✐♦♥s✲❑♥♦♣❢❀

• public Object getItem(); ✖ ❧✐❡❢❡rt ❞❡♥ ❚❡①t
❞❡s ■t❡♠s✳

• ❉❛♥♥ s✐❡❤t ❞❛s ●❛♥③❡ s♦ ❛✉s✿
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❩✉r ▲❛✉❢③❡✐t
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❩✉r ▲❛✉❢③❡✐t
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❊r❡✐❣♥✐ss❡ ■

• ❑♦♠♣♦♥❡♥t❡♥ ❡r③❡✉❣❡♥ ❊r❡✐❣♥✐ss❡❀

• ▲✐st❡♥❡r✲❖❜❥❡❦t❡ ✇❡r❞❡♥ ❛♥ ❑♦♠♣♦♥❡♥t❡♥ ❢ür
❊r❡✐❣♥✐s✲❑❧❛ss❡♥ r❡❣✐str✐❡rt❀

• ❊r❡✐❣♥✐ss❡ ✇❡r❞❡♥ ❡♥ts♣r❡❝❤❡♥❞ ✐❤r❡r ❍❡r❦✉♥❢t ❛♥
▲✐st❡♥❡r✲❖❜❥❡❦t❡ ✇❡✐t❡r❣❡r❡✐❝❤t✳
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❊r❡✐❣♥✐ss❡ ■■

component.addActionlistener(listener);

AWTEvents

Listener

component

listeners
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❊r❡✐❣♥✐ss❡ ■■

AWTEvents

component

Listener

listeners
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❊r❡✐❣♥✐ss❡ ■■

eventQueue.postEvent(event);

AWTEvents

component

Listener

listeners

event
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❊r❡✐❣♥✐ss❡ ■■

eventQueue.dispatchEvent(event);

AWTEvents

component

Listener

listeners

event
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❊r❡✐❣♥✐ss❡ ■■

listener.actionPerformed(event);

AWTEvents

component

Listener

listeners

event
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❊r❡✐❣♥✐ss❡ ■■■

• ❏❡❞❡s AWTEvent✲❖❜❥❡❦t ✈❡r❢ü❣t ü❜❡r ❡✐♥❡ ◗✉❡❧❧❡✱ ❞✳❤✳ ❡✐♥❡
❑♦♠♣♦♥❡♥t❡✱ ❞✐❡ ❞✐❡s❡s ❊r❡✐❣♥✐s ❡r③❡✉❣t❡✳

public ❖❜❥❡❝t getSource(); ✭❞❡r ❑❧❛ss❡
java.util.EventObject✮ ❧✐❡❢❡rt ❞✐❡s❡s ❖❜❥❡❦t✳

• ●✐❜t ❡s ✈❡rs❝❤✐❡❞❡♥❡ ❑❧❛ss❡♥ ✈♦♥ ❑♦♠♣♦♥❡♥t❡♥✱ ❞✐❡ ❊r❡✐❣♥✐ss❡
❞❡r ❣❧❡✐❝❤❡♥ ❑❧❛ss❡ ❡r③❡✉❣❡♥ ❦ö♥♥❡♥✱ ✇❡r❞❡♥ ❞✐❡s❡ ♠✐t ❡✐♥❡♠
❣❡❡✐❣♥❡t❡♥ ■♥t❡r❢❛❝❡ ③✉s❛♠♠❡♥❣❡❢❛sst✳

❇❡✐s♣✐❡❧❡✿

❊r❡✐❣♥✐s✲❑❧❛ss❡ ■♥t❡r❢❛❝❡ ❖❜❥❡❦t✲▼❡t❤♦❞❡
ItemEvent ItemSelectable ItemSelectable getItemSelectable();

AdjustmentEvent Adjustable Adjustable getAdjustable()
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❊r❡✐❣♥✐ss❡ ■❱

• ❊✐♥❡ ❑♦♠♣♦♥❡♥t❡ ❦❛♥♥ ❊r❡✐❣♥✐ss❡ ✈❡rs❝❤✐❡❞❡♥❡r
AWTEvent✲❑❧❛ss❡♥ ❡r③❡✉❣❡♥✳

• ❋ür ❥❡❞❡ ❞✐❡s❡r ❑❧❛ss❡♥ ❦ö♥♥❡♥ ❣❡tr❡♥♥t ▲✐st❡♥❡r✲❖❜❥❡❦t❡
r❡❣✐str✐❡rt ✇❡r❞❡♥✳

• ▼❛♥ ✉♥t❡rs❝❤❡✐❞❡t ③✇❡✐ ❙♦rt❡♥ ✈♦♥ ❊r❡✐❣♥✐ss❡♥
✶ ❙❡♠❛♥t✐s❝❤❡ ❊r❡✐❣♥✐s✲❑❧❛ss❡♥ ✖ ✇✐❡ ActionEvent

♦❞❡r AdjustmentEvent❀
✷ ▲♦✇✲❧❡✈❡❧ ❊r❡✐❣♥✐s✲❑❧❛ss❡♥ ✖ ✇✐❡ WindowEvent ♦❞❡r
MouseEvent✳
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❊✐♥ ❆✉ss❝❤♥✐tt ❞❡r ❊r❡✐❣♥✐s✲❍✐❡r❛r❝❤✐❡

ActionEvent

AdjustmentEvent

ComponentEvent

ItemEvent

TextEvent

PaintEvent

InputEvent

WindowEvent

FocusEvent

ContainerEvent

KeyEvent

MouseEvent

AWTEvent

EventObject
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▲✐st❡♥❡rs ■

• ❩✉ ❥❡❞❡r ❑❧❛ss❡ ✈♦♥ ❊r❡✐❣♥✐ss❡♥ ❣❡❤ört ❡✐♥ ■♥t❡r❢❛❝❡✱ ❞❛s ❞✐❡
③✉stä♥❞✐❣❡♥ ▲✐st❡♥❡r✲❖❜❥❡❦t❡ ✐♠♣❧❡♠❡♥t✐❡r❡♥ ♠üss❡♥✳

• ▼❛♥❝❤❡ ■♥t❡r❢❛❝❡s ✈❡r❧❛♥❣❡♥ ❞✐❡ ■♠♣❧❡♠❡♥t✐❡r✉♥❣ ♠❡❤r❡r❡r
▼❡t❤♦❞❡♥✳

• ■♥ ❞✐❡s❡♠ ❋❛❧❧ st❡❧❧t ❏❛✈❛ ❆❞❛♣t❡r✲❑❧❛ss❡♥ ③✉r ❱❡r❢ü❣✉♥❣✳

• ❉✐❡ ❆❞❛♣t❡r❦❧❛ss❡ ③✉ ❡✐♥❡♠ ■♥t❡r❢❛❝❡ ✐♠♣❧❡♠❡♥t✐❡rt sä♠t❧✐❝❤❡
❣❡❢♦r❞❡rt❡♥ ▼❡t❤♦❞❡♥ ❛✉❢ tr✐✈✐❛❧❡ ❲❡✐s❡

• ■♥ ❡✐♥❡r ❯♥t❡r❦❧❛ss❡ ❞❡r ❆❞❛♣t❡r✲❑❧❛ss❡ ❦❛♥♥ ♠❛♥ s✐❝❤ ❞❛r✉♠
❞❛r❛✉❢ ❜❡s❝❤rä♥❦❡♥✱ ♥✉r ❞✐❡❥❡♥✐❣❡♥ ▼❡t❤♦❞❡♥ ③✉
✐♠♣❧❡♠❡♥t✐❡r❡♥✱ ❛✉❢ ❞✐❡ ♠❛♥ ❲❡rt ❧❡❣t✳
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▲✐st❡♥❡rs ■■

MouseMotionListener

EventListener

ComponentAdapter

ContainerAdapter

FocusAdapter

KeyAdapter

MouseAdapter

MouseMotionAdapter

WindowAdapter

ActionListener

AdjustmentListener

ComponentListener

ContainerListener

FocusListener

ItemListener

KeyListener

MouseListener

TextListener

WindowListener
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❇❡✐s♣✐❡❧✿ ❡✐♥ MouseListener

• ❉❛s ■♥t❡r❢❛❝❡ MouseListener ✈❡r❧❛♥❣t ❞✐❡
■♠♣❧❡♠❡♥t✐❡r✉♥❣ ❞❡r ▼❡t❤♦❞❡♥

• void mousePressed(MouseEvent e);

• void mouseReleased(MouseEvent e);

• void mouseEntered(MouseEvent e);

• void mouseExited(MouseEvent e);

• void mouseClicked(MouseEvent e);

• ❉✐❡s❡ ▼❡t❤♦❞❡♥ ✇❡r❞❡♥ ❜❡✐ ❞❡♥ ❡♥ts♣r❡❝❤❡♥❡♥
▼❛✉s✲❊r❡✐❣♥✐ss❡♥ ❞❡r ❑♦♠♣♦♥❡♥t❡ ❛✉❢❣❡r✉❢❡♥✳

• ❯♥s❡r ❇❡✐s♣✐❡❧✲❆♣♣❧❡t s♦❧❧ ❜❡✐ ❥❡❞❡♠ ▼❛✉s✲❑❧✐❝❦ ❡✐♥❡ ❦❧❡✐♥❡
❣rü♥❡ ❑r❡✐s✢ä❝❤❡ ♠❛❧❡♥✳
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❇❡✐s♣✐❡❧ ▼♦✉s❡▲✐st❡♥❡r

import java.applet.Applet;

import java.awt.*;

import java.awt.event.*;

class MyMouseListener extends MouseAdapter {

private Graphics gBuff;

private Applet app;

public MyMouseListener(Graphics g, Applet a) {

gBuff = g; app = a;

}

public void mouseClicked(MouseEvent e) {

int x = e.getX(); int y = e.getY();

gBuff.setColor(Color.green);

gBuff.fillOval(x-5,y-5,10,10);

app.repaint();

}

} ✴✴ ❡♥❞ ♦❢ ❝ ❧❛s s ▼②▼♦✉s❡▲✐st❡♥❡r
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❊r❧ä✉t❡r✉♥❣❡♥

• ❲✐r ✇♦❧❧❡♥ ♥✉r ❞✐❡ ▼❡t❤♦❞❡ mouseClicked()
✐♠♣❧❡♠❡♥t✐❡r❡♥✳ ❉❛r✉♠ ❞❡✜♥✐❡r❡♥ ✇✐r ✉♥s❡r❡
MouseListener✲❑❧❛ss❡ MyMouseListener ❛❧s
❯♥t❡r❦❧❛ss❡ ❞❡r ❑❧❛ss❡ MouseAdapter✳

• ❉✐❡ MouseEvent✲▼❡t❤♦❞❡♥ public int getX() ✉♥❞
public int getY() ❧✐❡❢❡r♥ ❞✐❡ ❑♦♦r❞✐♥❛t❡♥✱ ❛♥ ❞❡♥❡♥ ❞❡r
▼♦✉s❡✲❑❧✐❝❦ ❡r❢♦❧❣t❡✳

• ❆♥ ❞✐❡s❡r ❙t❡❧❧❡ ♠❛❧❡♥ ✇✐r ❡✐♥❡♥ ❣❡❢ü❧❧t❡♥ ❑r❡✐s ✐♥ ❞❡♥ P✉✛❡r✳

• ❉❛♥♥ r✉❢❡♥ ✇✐r ❢ür ❞❛s ❆♣♣❧❡t ❞✐❡ ▼❡t❤♦❞❡ repaint() ❛✉❢✱
✉♠ ❞✐❡ ➘♥❞❡r✉♥❣ s✐❝❤t❜❛r ③✉ ♠❛❝❤❡♥✳
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▼♦✉s❡▲✐st❡♥❡r ✐♠ ❆♣♣❧❡t

public class Mouse extends Applet {

private Image buffer; private Graphics gBuff;

public void init() {

buffer = createImage(500,300);

gBuff = buffer.getGraphics();

addMouseListener(new MyMouseListener(gBuff,this));

}

public void start() {

gBuff.setColor(Color.orange);

gBuff.fillRect(0,0,500,300);

}

public void paint(Graphics page) {

page.drawImage(buffer,0,0,500,300,this);

}

} ✴✴ ❡♥❞ ♦❢ ❝ ❧❛s s ▼♦✉s❡
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❊r❧ä✉t❡r✉♥❣❡♥

• ❉✐❡ ▼❡t❤♦❞❡ init() ❧❡❣t ❞❡♥ P✉✛❡r ❛♥✱ ✐♥ ❞❡♠ ❞✐❡ ❦❧❡✐♥❡♥
❣rü♥❡♥ ❙❝❤❡✐❜❡♥ ❣❡♠❛❧t ✇❡r❞❡♥✳ ❉❛♥♥ ❡r③❡✉❣t s✐❡ ❡✐♥
MyMouseListener✲❖❜❥❡❦t ✉♥❞ r❡❣✐str✐❡rt ❡s ❛❧s
MouseListener ❞❡s ❆♣♣❧❡ts✳

• ❉✐❡ ▼❡t❤♦❞❡ start() ♠❛❧t ❞❡♥ P✉✛❡r ♦r❛♥❣❡✳

• ❉✐❡ ▼❡t❤♦❞❡ paint() ü❜❡rträ❣t ❞❡♥ P✉✛❡r ❛✉❢ ❞✐❡
❆♣♣❧❡t✲❋❧ä❝❤❡✳
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❩✉r ▲❛✉❢③❡✐t

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✽✶✻



❩✉r ▲❛✉❢③❡✐t
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❙❝❤❛❝❤t❡❧✉♥❣ ✈♦♥ ❑♦♠♣♦♥❡♥t❡♥

• ❑♦♠♣♦♥❡♥t❡♥✱ ❞✐❡ ❛♥❞❡r❡ ❑♦♠♣♦♥❡♥t❡♥ ❛✉❢♥❡❤♠❡♥ ❦ö♥♥❡♥✱
❤❡✐ÿ❡♥ ❈♦♥t❛✐♥❡r✳

• ❉❡r ▲❛②♦✉t▼❛♥❛❣❡r ❞❡s ❈♦♥t❛✐♥❡rs ❜❡st✐♠♠t✱ ✇✐❡
❑♦♠♣♦♥❡♥t❡♥ ✐♥♥❡r❤❛❧❜ ❡✐♥❡s ❈♦♥t❛✐♥❡rs ❛♥❣❡♦r❞♥❡t ✇❡r❞❡♥✳
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❊✐♥ ❆✉ss❝❤♥✐tt ❞❡r Container✲❍✐❡r❛r❝❤✐❡

MenueComponent PopupMenueMenue

MenueBar

MenueItem

CheckBoxMenueItem

Dialog

Frame

Window

Panel Applet

ScrollpaneContainerComponent
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❊r❧ä✉t❡r✉♥❣❡♥

❈♦♥t❛✐♥❡r✿ ❆❜str❛❦t❡ ❖❜❡r❦❧❛ss❡ ❛❧❧❡r ❑♦♠♣♦♥❡♥t❡♥✱ ❞✐❡ ❛♥❞❡r❡
❛❧s ❇❡st❛♥❞t❡✐❧ ❡♥t❤❛❧t❡♥ ❦ö♥♥❡♥✳

P❛♥❡❧✿ ❑♦♥❦r❡t❡ Container✲❑❧❛ss❡ ③✉♠ ●r✉♣♣✐❡r❡♥ ✈♦♥
❑♦♠♣♦♥❡♥t❡♥✳

❆♣♣❧❡t✿ ❯♥t❡r❦❧❛ss❡ ✈♦♥ Panel ❢ür ❞❛s ■♥t❡r♥❡t✳

❲✐♥❞♦✇✿ ❊✐♥ ♥❛❝❦t❡r Container ③✉r ❇❡♥✉t③✉♥❣ ✐♥ ♥♦r♠❛❧❡♥
Pr♦❣r❛♠♠❡♥✳ ❑❡✐♥ ❘❛♥❞✱ ❦❡✐♥ ❚✐t❡❧✱ ❦❡✐♥❡
▼❡♥✉❡✲▲❡✐st❡✳

❋r❛♠❡✿ ❊✐♥ Window ♠✐t ❘❛♥❞ ✉♥❞ ❚✐t❡❧✲❩❡✐❧❡✳ ❯♥t❡rstüt③t
❞✐❡ ❇❡♥✉t③✉♥❣ ✈♦♥ ▼❡♥✉❡s✳

❉✐❛❧♦❣✿ ❙♣❡③✐❡❧❧❡s Window✱ ❞❛s sä♠t❧✐❝❤❡♥ s♦♥st✐❣❡♥
❇❡♥✉t③❡r✲■♥♣✉t ❜❧♦❝❦✐❡r❡♥ ❦❛♥♥✱ ❜✐s ❞❛s
Dialog✲❋❡♥st❡r ❣❡s❝❤❧♦ss❡♥ ✇✉r❞❡✳
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❇❡✐s♣✐❡❧✿ ❉❛s Basic Applet ❛❧s Frame

• ❙t❛tt ❞❡r ❑❧❛ss❡ Applet ❜❡♥✉t③❡♥ ✇✐r ❞✐❡ ✭❖❜❡r✲✮❑❧❛ss❡
Panel✳

❉❡r ●r✉♥❞✿ Applet ✐st ❡✐♥❡ ❯♥t❡r❦❧❛ss❡ ✕ ❛❧❧❡r❞✐♥❣s ♠✐t
③✉sät③❧✐❝❤❡♥ ▼✉❧t✐♠❡❞✐❛✲❋❡❛t✉r❡s✱ ü❜❡r ❞✐❡ Panel ♥✐❝❤t
✈❡r❢ü❣t ✕ ✇✐❡ ③✳❇✳ ❇✐❧❞❡r ❛✉s ❞❡♠ ■♥t❡r♥❡t ③✉ ❧❛❞❡♥✳

■♥❞❡♠ ✇✐r ♥✉r Panel✲▼❡t❤♦❞❡♥ ③✉❧❛ss❡♥✱ ❣❛r❛♥t✐❡r❡♥ ✇✐r✱
❞❛ss ❞✐❡ ❊①tr❛✲❋❡❛t✉r❡s ♥✐❝❤t ❜❡♥✉t③t ✇❡r❞❡♥✳

❉❛ ✇✐r ♥✉r ❛✉❢ ❡✐♥❡ ❋❧ä❝❤❡ ♠❛❧❡♥ ✇♦❧❧❡♥✱ ✇ür❞❡ ✭❤✐❡r✮ ❛✉❝❤
❡✐♥ Canvas✲❖❜❥❡❦t r❡✐❝❤❡♥✳

• ❉❛s Panel✲❖❜❥❡❦t ♣❛ss❡♥ ✇✐r ✐♥ ❡✐♥❡♥ Frame ❡✐♥✳

• ❊✐♥ Frame✲❖❜❥❡❦t ✐st ♥♦r♠❛❧❡r✇❡✐s❡ ✉♥s✐❝❤t❜❛r✳ ❯♠ ❡s
s✐❝❤t❜❛r ③✉ ♠❛❝❤❡♥✱ r✉❢❡♥ ✇✐r ❞✐❡ ▼❡t❤♦❞❡ public void

setVisible(boolean b) ❛✉❢✳

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✽✷✵



❈♦❞❡ ■

import java.awt.*;

class BasicPanel extends Panel {

public BasicPanel() {

setBackground(Color.orange);

}

public void paint(Graphics g) {

g.setColor(Color.red);

g.fillRect(50,50,200,100);

g.setColor(Color.blue);

g.fillRect(100,100,200,100);

g.setColor(Color.green);

g.fillRect(150,150,200,100);

}

} ✴✴ ❡♥❞ ♦❢ ❝ ❧❛s s ❇❛s✐❝P❛♥❡❧
...
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❊r❧ä✉t❡r✉♥❣❡♥

• ❲❛s ✐♥ ❞❡♥ ▼❡t❤♦❞❡♥ init() ❜③✇✳ start() ♣❛ss✐❡rt❡✱
❡r❢♦❧❣t ♥✉♥ ✐♥ ❞❡♥ ❑♦♥str✉❦t♦r❡♥ ❞❡s Panel✲❖❜❥❡❦ts ✳✳✳

• ❉❡r ▼❡t❤♦❞❡ destroy() ❡♥ts♣r✐❝❤t ❞✐❡ ▼❡t❤♦❞❡
public void finalize(); ❞✐❡ ❛✉❢❣❡r✉❢❡♥ ✇✐r❞✱ ✇❡♥♥
❞❛s ❖❜❥❡❦t ❢r❡✐❣❡❣❡❜❡♥ ✇✐r❞ ✭❞❡r❡♥ ❊①✐st❡♥③ ✇✐r ❜✐s❤❡r
✈❡rs❝❤✇✐❡❣❡♥ ❤❛❜❡♥✳

• ❉✐❡ paint()✲▼❡t❤♦❞❡ ❡♥ts♣r✐❝❤t ❞❡r❥❡♥✐❣❡♥ ❞❡s ❆♣♣❧❡ts ✉♥❞
✇✐r❞ ❡♥ts♣r❡❝❤❡♥❞ ❛✉t♦♠❛t✐s❝❤ ❛✉❢❣❡r✉❢❡♥✱ ✇❡♥♥ ❞✐❡ ❋❧ä❝❤❡
♥❡✉ ❜❡♠❛❧t ✇❡r❞❡♥ s♦❧❧✳
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❈♦❞❡ ■■

...

public class Basic extends Frame {

public Basic(int x, int y) {

setLocation(x,y);

setSize(500,300);

add(new BasicPanel());

}

public static void main(String[] args) {

(new Basic(50,50)).setVisible(true);

(new Basic(600,600)).setVisible(true);

}

} ✴✴ ❡♥❞ ♦❢ ❝ ❧❛s s ❇❛s✐❝
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❊r❧ä✉t❡r✉♥❣❡♥

• ▼✐t❤✐❧❢❡ ❞❡r ❖❜❥❡❦t✲▼❡t❤♦❞❡♥ void setLocation(int

x, int y) ✉♥❞ void setSize(int width, int

height) ❦❛♥♥ ❡✐♥ ❋❡♥st❡r ♣♦s✐t✐♦♥✐❡rt ❜③✇✳ ❞✐♠❡♥s✐♦♥✐❡rt
✇❡r❞❡♥✳

• ❉❡r ❙t❛♥❞❛r❞✲LayoutManager ❞❡r ❑❧❛ss❡ Frame ✐st
BorderLayout✳ ❋ür ❞✐❡s❡♥ ❢ü❣t void

add(Component c) ❞✐❡ ❑♦♠♣♦♥❡♥t❡ c ✐♥ ❞❡r ▼✐tt❡ ❡✐♥
✭s✐♥❞ ❞✐❡ ❘ä♥❞❡r ✉♥❜❡s❡t③t✱ ❜r❡✐t❡t s✐❝❤ ❞✐❡ ▼✐tt❡ ü❜❡r ❞✐❡
❣❛♥③❡ ❋❧ä❝❤❡ ❛✉s

• ❉✐❡ ❑❧❛ss❡♥✲▼❡t❤♦❞❡ main() ❧❡❣t ③✇❡✐ Basic✲❖❜❥❡❦t❡ ❛♥
✈❡rs❝❤✐❡❞❡♥❡♥ ❙t❡❧❧❡♥ ❞❡s ❇✐❧❞s❝❤✐r♠s ❛♥ ✳✳✳

• ❉❡r ❆✉❢r✉❢ setVisible(true); ♠❛❝❤t ❞❛s ❋r❛♠❡
s✐❝❤t❜❛r✳

• ❆❝❤t✉♥❣✿ ❯♠ ❛✉❢ ❙❝❤❧✐❡ÿ❡♥ ❞❡s ❋❡♥st❡rs ❛❞❡q✉❛t
r❡❛❣✐❡r❡♥ ③✉ ❦ö♥♥❡♥✱ ❡♠♣✜❡❤❧t ❡s s✐❝❤✱ ❡✐♥❡♥
WindowListener ❢ür ❞❛s ❋r❛♠❡ ③✉ ✐♠♣❧❡♠❡♥t✐❡r❡♥ ✦✦✦
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▼ö❣❧✐❝❤❡ ❆♥♦r❞♥✉♥❣❡♥ ✈♦♥ ❑♦♠♣♦♥❡♥t❡♥

❋r❛❣❡✿ ❲❛s ♣❛ss✐❡rt✱ ✇❡♥♥ ❞❛s ❋❡♥st❡r ✭❡✈t✳✮ r❡❞✐♠❡♥s✐♦♥✐❡rt ✇✐r❞❄
❋r❛❣❡✿ ❲✐❡ ❦❛♥♥ ♠❛♥ ❡rr❡✐❝❤❡♥✱ ❞❛ss ❞❛s ❊rs❝❤❡✐♥✉♥❣❜✐❧❞ ❡①❛❦t
✉♥s❡r❡r ❱♦rst❡❧❧✉♥❣ ❡♥ts♣r✐❝❤t❄❄❄

❋❧❡①✐❜❧❡ Pr♦♣♦rt✐♦♥✐❡r✉♥❣ ♠✐t❤✐❧❢❡ ❡✐♥❡s LayoutManagers✿

• ❉❛s ▲❛②♦✉t ❞❡r ❑♦♠♣♦♥❡♥t❡♥ ♣❛sst s✐❝❤ ❞❡r ●röÿ❡ ❞❡r ③✉r
❱❡r❢ü❣✉♥❣ st❡❤❡♥❞❡♥ ❋❧ä❝❤❡ ❛♥

• ❑♥ö♣❢❡ ✈❡r❣röÿ❡r♥ s✐❝❤ ✉♥❢ör♠✐❣ ♦❞❡r ✇❛♥❞❡r♥ ✈♦♥ ❡✐♥❡r ❩❡✐❧❡
✐♥ ❞✐❡ ♥ä❝❤st❡

• ❉✐❡ ❡✐❣❡♥❡ ❱♦rst❡❧❧✉♥❣ ♠✉ss ✭❡✈t✳ r❡❧❛t✐✈ ♠ü❤s❛♠✮ ♠✐t❤✐❧❢❡
✈♦r❣❡❢❡rt✐❣t❡r ▼❛♥❛❣❡r r❡❛❧✐s✐❡rt ✇❡r❞❡♥

• ❉✐❡s❡ ▲❛②♦✉t▼❛♥❛❣❡rs ✜♥❞❡♥ ❙✐❡ ❤✐❡r✿
❤tt♣✿✴✴❞♦❝s✳♦r❛❝❧❡✳❝♦♠✴❥❛✈❛s❡✴t✉t♦r✐❛❧✴✉✐s✇✐♥❣✴❧❛②♦✉t✴✈✐s✉❛❧✳❤t♠❧
❙♣✐❡❧❡♥ ❙✐❡ ❞❛♠✐t✦
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❆❜s♦❧✉t❡ P♦s✐t✐♦♥✐❡r✉♥❣ ✉♥❞ ❉✐♠❡♥s✐♦♥✐❡r✉♥❣

• ❑❡♥♥❡♥ ✇✐r ❜❡r❡✐ts ❢ür ❇✐❧❞s❝❤✐r♠✲❋❡♥st❡r ✉♥❞ ❣r❛♣❤✐s❝❤❡
❊❧❡♠❡♥t❡ ❡✐♥❡r ❋❧ä❝❤❡✳

• ❉✐❡ ❜❡❧❡❣t❡ ❋❧ä❝❤❡ ❡r❤ä❧t ❜❡✐ ❋❡♥st❡r✲❉❡❢♦r♠✐❡r✉♥❣ ❡✐♥❡♥
✉♥❜❡♥✉t③t❡♥ ❘❛♥❞ ♦❞❡r ✇✐r❞ ✭t❡✐❧✇❡✐s❡✮ ✉♥s✐❝❤t❜❛r

• ❯♠ s✐❡ ❢ür ❑♦♠♣♦♥❡♥t❡♥ ✐♥ Container✲❖❜❥❡❦t❡♥ ③✉
❡r♠ö❣❧✐❝❤❡♥✱ ❦❛♥♥ ♠❛♥ ♠✐tt❡❧s setLayout(null);

❞❡♥ ❛❦t✉❡❧❧❡♥ ▲❛②♦✉t✲▼❛♥❛❣❡r ❛✉ss❝❤❛❧t❡♥

• ❙✉❦③❡ss✐✈❡ ❆✉❢r✉❢❡ ✈♦♥ void add(Component c);

❡r③❡✉❣❡♥ ❡✐♥❡♥ ❙t❛❝❦ ✈♦♥ ❑♦♠♣♦♥❡♥t❡♥✱ ❞❡r❡♥ ●röÿ❡ ✉♥❞
P♦s✐t✐♦♥ ♠✐tt❡❧s

public void setSize(int width, int

height);

public void setLocation(int x, int y);

✳✳✳ ♠♦❞✐✜③✐❡rt ✇❡r❞❡♥ ❦❛♥♥
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❊✐♥✐❣❡ ✈♦r❣❡❢❡rt✐❣t❡ ▲❛②♦✉t✲▼❛♥❛❣❡r

GridBagConstraints

LayoutManager2

GridBagLayout

CardLayout

BorderLayout

FlowLayout

GridLayoutLayoutManager

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✽✷✼



❊r❧ä✉t❡r✉♥❣❡♥

❋❧♦✇▲❛②♦✉t✿ ❉❛s ❉❡❢❛✉❧t✲▲❛②♦✉t ❞❡r ❑❧❛ss❡ P❛♥❡❧✳ ❑♦♠♣♦♥❡♥t❡♥
✇❡r❞❡♥ ✈♦♥ ❧✐♥❦s ♥❛❝❤ r❡❝❤ts ③❡✐❧❡♥✇❡✐s❡ ❛❜❣❡❧❡❣t❀
♣❛sst ❡✐♥❡ ❑♦♠♣♦♥❡♥t❡ ♥✐❝❤t ♠❡❤r ✐♥ ❡✐♥❡ ❩❡✐❧❡✱ rü❝❦t
s✐❡ ✐♥ ❞✐❡ ♥ä❝❤st❡✳

❇♦r❞❡r▲❛②♦✉t✿ ❉❛s ❉❡❢❛✉❧t✲▲❛②♦✉t ❞❡r ❑❧❛ss❡ ❲✐♥❞♦✇✳ ❉✐❡ ❋❧ä❝❤❡
✇✐r❞ ✐♥ ❞✐❡ ❢ü♥❢ ❘❡❣✐♦♥❡♥ ◆♦rt❤✱ ❙♦✉t❤✱ ❲❡st✱ ❊❛st
✉♥❞ ❈❡♥t❡r ❛✉❢❣❡t❡✐❧t✱ ❞✐❡ ❥❡✇❡✐❧s ✈♦♥ ❡✐♥❡r
❑♦♠♣♦♥❡♥t❡ ❡✐♥❣❡♥♦♠♠❡♥ ✇❡r❞❡♥ ❦ö♥♥❡♥✳

❈❛r❞▲❛②♦✉t✿ ❉✐❡ ❑♦♠♣♦♥❡♥t❡♥ ✇❡r❞❡♥ ✇✐❡ ✐♥ ❡✐♥❡♠ ❑❛rt❡♥✲❙t❛♣❡❧
❛❜❣❡❧❡❣t✳ ❉❡r ❙t❛♣❡❧ ❡r♠ö❣❧✐❝❤t s♦✇♦❤❧ ❞❡♥
❉✉r❝❤❣❛♥❣ ✐♥ ❡✐♥❡r ❢❡st❡♥ ❘❡✐❤❡♥❢♦❧❣❡ ✇✐❡ ❞❡♥ ❩✉❣r✐✛
❛✉❢ s♣❡③✐❡❧❧❡ ❊❧❡♠❡♥t❡✳

●r✐❞▲❛②♦✉t✿ ❉✐❡ ❑♦♠♣♦♥❡♥t❡♥ ✇❡r❞❡♥ ✐♥ ❡✐♥❡♠ ●✐tt❡r ♠✐t
❣❡❣❡❜❡♥❡r ❩❡✐❧❡♥✲ ✉♥❞ ❙♣❛❧t❡♥✲❆♥③❛❤❧ ❛❜❣❡❧❡❣t✳

●r✐❞❇❛❣▲❛②♦✉t✿ ❲✐❡ GridLayout✱ ♥✉r ✢❡①✐❜❧❡r✱ ✐♥❞❡♠ ❡✐♥③❡❧♥❡
❑♦♠♣♦♥❡♥t❡♥ ❛✉❝❤ ♠❡❤r❡r❡ ❋❡❧❞❡r ❞❡s ●✐tt❡rs
❜❡❧❡❣❡♥ ❦ö♥♥❡♥✳
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❇❡✐s♣✐❡❧

❩✐❡❧✿

• ❊✐♥❡ ♦r❛♥❣❡ ❑♥♦♣✢❡✐st❡ ❛♠ ❧✐♥❦❡♥ ❘❛♥❞❀

• ❉r❡✐ ❑♥ö♣❢❡ ✐♥ ❞❡r ♦❜❡r❡♥ ❍ä❧❢t❡ ❞❡r ▲❡✐st❡❀

• ❆✉❢ ❑♥♦♣❢❞r✉❝❦ s♦❧❧ ❞✐❡ ❋❛r❜❡ ❞❡s ❑♥♦♣❢s ✇❡❝❤s❡❧♥❀

• ▲✐♥❦s ❞❛♥❡❜❡♥ ❡✐♥❡ ✇❡✐ÿ❡ ❋❧ä❝❤❡ ♠✐t ❡✐♥❡♠ s❝❤✇❛r③❡♥
◗✉❛❞r❛t✳
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❆✉s❢ü❤r✉♥❣
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❆✉s❢ü❤r✉♥❣
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■♠♣❧❡♠❡♥t✐❡r✉♥❣

• ❉✐❡ ❑♥ö♣❢❡ ❧❡❣❡♥ ✇✐r ♠✐tt❡❧s GridLayout ✐♥ ❡✐♥
Panel✲❖❜❥❡❦t✳

• ❉✐❡ ✇❡✐ÿ❡ ❋❧ä❝❤❡ ♠✐t s❝❤✇❛r③❡♠ ◗✉❛❞r❛t ♠❛❧❡♥ ✇✐r ❛✉❢ ❡✐♥
Canvas✲❖❜❥❡❦t✳

• ❊✐♥ Frame✲❖❜❥❡❦t ❜❡s✐t③t ❜❡r❡✐ts ❞❛s BorderLayout✳

• ❉❛s Panel✲❖❜❥❡❦t ❧❡❣❡♥ ✇✐r ✐♠ ❲❡st❡♥ ❞❡s ❋r❛♠❡s ❛❜✱ ❞❛s
Canvas✲❖❜❥❡❦t ✐♥ ❞❡r ▼✐tt❡✳
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❈♦❞❡ ■

import java.awt.*;

import java.awt.event.*;

class MyPanel extends Panel implements ActionListener {

Button b0, b1, b2;

public MyPanel() {

setBackground(Color.orange);

b0 = new Button("red");

b1 = new Button("blue");

b2 = new Button("green");

b0.addActionListener(this);

b1.addActionListener(this);

b2.addActionListener(this);

setLayout(new GridLayout(6,1));

add(b0); add(b1); add(b2);

}

...
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❊r❧ä✉t❡r✉♥❣❡♥

• ❉❡r ❑♦♥str✉❦t♦r public GridLayout(int row,

int col); t❡✐❧t ❞✐❡ ③✉r ❱❡r❢ü❣✉♥❣ st❡❤❡♥❞❡ ❋❧ä❝❤❡ ✐♥ ❡✐♥
❘❛st❡r ✈♦♥ ❣❧❡✐❝❤ ❣r♦ÿ❡♥ ❋❡❧❞❡r♥ ❡✐♥✱ ❞✐❡ ✐♥ row ✈✐❡❧❡♥ ❩❡✐❧❡♥
✉♥❞ col ✈✐❡❧❡♥ ❙♣❛❧t❡♥ ❛♥❣❡♦r❞♥❡t s✐♥❞✳

• ❞✐❡ ❋❡❧❞❡r ✇❡r❞❡♥ s✉❦③❡ss✐✈❡ ✈♦♥ ❧✐♥❦s ♦❜❡♥ ♥❛❝❤ r❡❝❤ts ✉♥t❡♥
❛✉❢❣❡❢ü❧❧t✳

• ◆✐❝❤t ❛❧❧❡ ❋❡❧❞❡r ♠üss❡♥ t❛tsä❝❤❧✐❝❤ ❜❡❧❡❣t ✇❡r❞❡♥✳

■♠ ❇❡✐s♣✐❡❧ ❜❧❡✐❜t ❞✐❡ ❍ä❧❢t❡ ❢r❡✐ ✳✳✳

• ●❡♠❡✐♥s❛♠❡r ActionListener ❢ür ❛❧❧❡ ❞r❡✐ ❑♥ö♣❢❡ ✐st
✭❤✐❡r✮ ❞❛s P❛♥❡❧ s❡❧❜st ✳✳✳
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❈♦❞❡ ■■

public void actionPerformed(ActionEvent e) {

Button b = (Button) e.getSource();

if (b.getBackground() == Color.orange) {

if (b == b0) b0.setBackground(Color.red);

else if (b == b1) b1.setBackground(Color.blue);

else b2.setBackground(Color.green);

} else

b.setBackground(Color.orange);

}

} ✴✴ ❡♥❞ ❝ ❧❛ss ▼②P❛♥❡❧
...

• ❉❡r ❆✉❢r✉❢ e.getSource(); ❧✐❡❢❡rt ❞❛s ❖❜❥❡❦t✱ ❞❛s ❞❛s
ActionEvent✲❖❜❥❡❦t ❡r③❡✉❣t❡✱ ❤✐❡r ❡✐♥ Button✲❖❜❥❡❦t✳

• ❋❛❧❧s ❞✐❡ ❍✐♥t❡r❣r✉♥❞❢❛r❜❡ ♦r❛♥❣❡ ✐st✱ ♠♦❞✐✜③✐❡r❡♥ ✇✐r ❞✐❡
❋❛r❜❡✳ ❆♥s♦♥st❡♥ s❡t③❡♥ ✇✐r s✐❡ ❛✉❢ ♦r❛♥❣❡ ③✉rü❝❦✳
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❈♦❞❡ ■■■

public class Nest extends Frame {

public Nest() {

setSize(200,150); setLocation(500,500);

add(new MyPanel(), "West");

add(new MyCanvas(), "Center");

}

public static void main(String[] args) {

(new Nest()).setVisible(true);}

} ✴✴ ❡♥❞ ♦❢ ❝ ❧❛s s ◆❡st
class MyCanvas extends Canvas {

public MyCanvas() { setBackground(Color.white);}

public void paint(Graphics page) {

page.setColor(Color.black);

page.fillRect(50,50,10,10);

}

} ✴✴ ❡♥❞ ♦❢ ❝ ❧❛s s ▼②❈❛♥✈❛s
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❊r❧ä✉t❡r✉♥❣❡♥

• ❊✐♥ ♥❡✉❡s Canvas✲❖❜❥❡❦t ❜❡s✐t③t ❡✐❣❡♥t❧✐❝❤ ❇r❡✐t❡ ✉♥❞ ❍ö❤❡
✵ ✖ ✉♥❞ ✐st ❞❛♠✐t ✉♥s✐❝❤t❜❛r✦

• ■♠ BorderLayout ✇✐r❞ ❡✐♥❡ ❑♦♠♣♦♥❡♥t❡ ❥❡❞♦❝❤ ❛✉❢ ❞✐❡
❣❡s❛♠t❡ ③✉r ❱❡r❢ü❣✉♥❣ st❡❤❡♥❞❡ ❋❧ä❝❤❡ ❛✉s❣❡❞❡❤♥t✳

• ❲✐❡ ✐♥ ❞❡r ❑❧❛ss❡ Applet ✇✐r❞ ③✉♠ ✭◆❡✉✲✮▼❛❧❡♥ ❞❡r
Canvas✲❋❧ä❝❤❡ ✐♠♣❧✐③✐t ❞✐❡ ❖❜❥❡❦t✲▼❡t❤♦❞❡ public

void paint(Graphics page); ❛✉❢❣❡r✉❢❡♥✳
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Ü❜❡r❜❧✐❝❦
❚❡✐❧ ✶✿ ❊✐♥❢ü❤r✉♥❣
❚❡✐❧ ✷✿ ❖❜❥❡❦t❜❛s✐❡rt❡ Pr♦❣r❛♠♠✐❡r✉♥❣
❚❡✐❧ ✸✿ ❑♦♥tr♦❧❧str✉❦t✉r❡♥
❚❡✐❧ ✹✿ ❋❡❧❞❡r
❚❡✐❧ ✺✿ ❊✐♥✐❣❡ ❆❜str❛❦t❡ ❉❛t❡♥t②♣❡♥
❚❡✐❧ ✻✿ ❖❜❥❡❦t♦r✐❡♥t✐❡r✉♥❣
❚❡✐❧ ✼✿ ❘❡❦✉rs✐♦♥
❚❡✐❧ ✽✿ ❋♦rt❣❡s❝❤r✐tt❡♥❡ Pr♦❣r❛♠♠✐❡r❦♦♥str✉❦t❡
❚❡✐❧ ✾✿ ❊✐♥ ✇❡✐t❡r❡s ❣röÿ❡r❡s ❇❡✐s♣✐❡❧
❚❡✐❧ ✶✵✿ ◆❡❜❡♥❧ä✉✜❣❦❡✐t
❚❡✐❧ ✶✶✿ ❆♣♣❧❡ts ✉♥❞ ●❯■s
❚❡✐❧ ✶✷✿ ❇❡②♦♥❞ ❏❛✈❛
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Ü❜❡rs✐❝❤t

✶✶✳ ❆♣♣❧❡ts ✉♥❞ ●❯■s

❆♣♣❧❡ts
▼❛❧❡♥ ♠✐t ❞❡r ❑❧❛ss❡ ●r❛♣❤✐❝s
❙❝❤r❡✐❜❡♥ ♠✐t ●r❛♣❤✐❝s
❆♥✐♠❛t✐♦♥

●r❛♣❤✐s❝❤❡ ❇❡♥✉t③❡r✲❖❜❡r✢ä❝❤❡♥
❊✐♥❢❛❝❤❡ ❆❲❚✲❑♦♠♣♦♥❡♥t❡♥
❊r❡✐❣♥✐ss❡
❙❝❤❛❝❤t❡❧✉♥❣ ✈♦♥ ❑♦♠♣♦♥❡♥t❡♥

❆♥✇❡♥❞✉♥❣ ●❯■s ♠✐t ◆❡t③✇❡r❦♣r♦❣r❛♠♠✐❡r✉♥❣
◆❡t③✇❡r❦

❚❡r♠✐♥♦❧♦❣✐❡
❏❛✈❛✲❑❧❛ss❡♥ ❢ür ◆❡t③✇❡r❦♣r♦❣r❛♠♠✐❡r✉♥❣

❆♥✇❡♥❞✉♥❣✿ ❈❤❛t
●❯■ ♠✐t ❏❛✈❛✲❙✇✐♥❣
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❆♥✇❡♥❞✉♥❣ ●❯■s✿ ◆❡t③✇❡r❦♣r♦❣r❛♠♠✐❡r✉♥❣

❆❧s ❆♥✇❡♥❞✉♥❣ ❞❡r ●❯■✲❑♦♥③❡♣t❡ s❝❤r❡✐❜❡♥ ✇✐r ❡✐♥ ❡✐♥❢❛❝❤❡s
❈❤❛t✲Pr♦❣r❛♠♠✳

❉❛③✉ ♠üss❡♥ ✇✐r ③✉♥ä❝❤st ✈❡rst❡❤❡♥✱ ✇✐❡ ③✇❡✐ ◆✉t③❡r ✭♦❞❡r
❈♦♠♣✉t❡r✮ ü❜❡r ❡✐♥ ◆❡t③✇❡r❦ ♠✐t❡✐♥❛♥❞❡r ❦♦♠♠✉♥✐③✐❡r❡♥ ❦ö♥♥❡♥✳
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◆❡t③✇❡r❦ ■

❆ ✭❈♦♠♣✉t❡r✮✲◆❡t✇♦r❦ ✐s ❛

✳✳❝♦❧❧❡❝t✐♦♥ ♦❢ ❛✉t♦♥♦♠♦✉s ❝♦♠♣✉t❡rs ✐♥t❡r❝♦♥♥❡❝t❡❞ ❜② ❛

s✐♥❣❧❡ t❡❝❤♥♦❧♦❣②✳✳✳

❆✳ ❚❛♥❡♥❜❛✉♠

• ❑♦♠♣♦s✐t✐♦♥ ✈♦♥ ✭♣❤②✐s❦❛❧✐s❝❤✮ ✈❡rt❡✐❧t ❧✐❡❣❡♥❞❡♥
❡❧❡❦tr♦♥✐s❝❤❡♥ ❙②st❡♠❡♥✱ ❞✐❡ ❞✉r❝❤ ❡✐♥❡
❑♦♠♠✉♥✐❦❛t✐♦♥s♠❡❝❤❛♥✐s♠✉s ✈❡r❜✉♥❞❡♥ s✐♥❞✳

• ❩✉♠ ❇❡✐s♣✐❡❧ ❞❛s ■♥t❡r♥❡t
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◆❡t③✇❡r❦ ■■

Host%1% Host%2%

Host%3%
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❚❡r♠✐♥♦❧♦❣✐❡ ■

• ❍♦st✿ ❘❡❝❤♥❡r✱ ❞❡r ❛♥ ❡✐♥ ◆❡t③✇❡r❦ ❛♥❣❡s❝❤❧♦ss❡♥ ✐st✳

• ◆❡t③✇❡r❦♣r♦t♦❦♦❧❧✿ ❘❡❣❡❧♥✱ ✇✐❡ ❉❛t❡♥ ③✇✐s❝❤❡♥ ❍♦sts
❛✉s❣❡t❛✉s❝❤t ✇❡r❞❡♥ ❞ür❢❡♥

◮ ■♥t❡r♥❡t♣r♦t♦❦♦❧❧ ✭■P✮ ③✉r ❱❡r♠✐tt❧✉♥❣ ✈♦♥ ❉❛t❡♥♣❛❦❡t❡♥
◮ ❚r❛♥s♠✐ss✐♦♥ ❈♦♥tr♦❧ Pr♦t♦❝♦❧ ✭❚❈P✮✿

❱❡r❜✐♥❞✉♥❣s♦r✐❡♥t✐❡rt❡ ✉♥❞ ③✉✈❡r❧äss✐❣❡
❉❛t❡♥ü❜❡rtr❛❣✉♥❣ ✭❙✐❝❤❡rst❡❧❧✉♥❣ ❞❡r ❘❡✐❤❡♥❢♦❧❣❡ ✉♥❞
❩✉st❡❧❧✉♥❣ ❡✐♥③❡❧♥❡r ❉❛t❡♥♣❛❦❡t❡✮

◮ ❯s❡r ❉❛t❛❣r❛♠ Pr♦t♦❝♦❧ ✭❯❉P✮✿ ❱❡r❜✐♥❞✉♥❣s❧♦s❡
Ü❜❡rtr❛❣✉♥❣ ✈♦♥ ❉❛t❡♥✱ ❦❡✐♥❡ ●❛r❛♥t✐❡ ❞❡r ❩✉st❡❧❧✉♥❣
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❚❡r♠✐♥♦❧♦❣✐❡ ■■

• ■P✲❆❞r❡ss❡✿ ◆✉♠♠❡r ❞✐❡ ❡✐♥❡♥ ❍♦st ✇❡❧t✇❡✐t ❡✐♥❞❡✉t✐❣ ✐♥
❡✐♥❡♠ ◆❡t③✇❡r❦ ✐❞❡♥t✐✜③✐❡rt

◮ ■P✈✹✿ ❩✉s❛♠♠❡♥s❡t③✉♥❣ ❛✉s ✈✐❡r ❉❡③✐♠❛❧③❛❤❧❡♥ ✭à ✽❜✐t✮
❣❡tr❡♥♥t ❞✉r❝❤ ❡✐♥❡♥ P✉♥❦t✱ ③✳❇✳ ✶✾✷✳✵✳✵✳✶

◮ ■P✈✻✿ ❩✉s❛♠♠❡♥s❡t③✉♥❣ ❛❝❤t ❤❡①❛❞❡③✐♠❛❧❡♥ ❇❧ö❝❦❡♥ ✭à
✶✻❜✐t✮ ❣❡tr❡♥♥t ❞✉r❝❤ ❡✐♥❡♥ ❉♦♣♣❡❧♣✉♥❦t✱ ③✳❇✳
✷✵✵✶✿❞❜✽✿✵✿✽❞✸✿✵✿✽❛✷❡✿✼✵✿✼✸✹✹

• ❍♦st✲✴❉♦♠❛✐♥♥❛♠❡✿ ❙②♠❜♦❧✐s❝❤❡r ◆❛♠❡ ❢ür ❡✐♥❡ ■P✲❆❞r❡ss❡

◮ ▲❡✐❝❤t❡r ③✉ ♠❡r❦❡♥
◮ ▲♦s❡ ❑♦♣♣❧✉♥❣ ③✇✐s❝❤❡♥ ❍♦st ✉♥❞ s②♠❜♦❧✐s❝❤❡♠ ◆❛♠❡♥
◮ ③✳❇✳ ❧♦❝❛❧❤♦st ↔ ✶✷✼✳✵✳✵✳✶ ♦❞❡r

✇✇✇✳❣♦♦❣❧❡✳❝♦♠ ↔ ✶✼✸✳✶✾✹✳✼✵✳✾✾
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❚❡r♠✐♥♦❧♦❣✐❡ ■■■

• ❉✐❡♥st✿ ❊✐♥❡ ❋✉♥❦t✐♦♥✱ ❞✐❡ ✈♦♥ ❡✐♥❡♠ ❙❡r✈❡r ❡✐♥❡♠ ❈❧✐❡♥t ③✉r
❱❡r❢ü❣✉♥❣ ❣❡st❡❧❧t ✇✐r❞

◮ ❙❡r✈❡r✿ Pr♦❣r❛♠♠✱ ❞❛s ❡✐♥❡♥ ❉✐❡♥st ❢ür ❡✐♥❡♥ ❈❧✐❡♥t
❜❡r❡✐tst❡❧❧t

◮ ❈❧✐❡♥t✿ ❋♦r❞❡rt ✈♦♠ ❙❡r✈❡r ❡✐♥❡♥ ❉✐❡♥st ❛♥
◮ ❈❧✐❡♥t✲❙❡r✈❡r✲▼♦❞❡❧❧

• P♦rt✿ ■st ❡✐♥❡ ◆✉♠♠❡r ✭✶✻ ❜✐t✱ ✵✲✻✺✺✸✺✮✱ ❞✐❡ ❡✐♥❡♥ ❊✐♥✲ ♦❞❡r
❆✉s❣❛❜❡❦❛♥❛❧ ❢ür ❡✐♥❡♥ Pr♦③❡ss✴❉✐❡♥st ❛✉❢ ❡✐♥❡♠ ❍♦st
s♣❡③✐✜③✐❡rt✱ ③✳❇✳ P♦rt ✽✵ ❢ür ❍❚❚P✲❉✐❡♥st✳

• ❙♦❝❦❡t✿ ❋✉♥❣✐❡rt ❛❧s ❙❝❤♥✐ttst❡❧❧❡ ③✇✐s❝❤❡♥ ❡✐♥❡♠
Pr♦③❡ss✴❉✐❡♥st ✉♥❞ ❡✐♥❡♠ ◆❡t③✇❡r❦✭✲♣r♦t♦❦♦❧❧✮✳
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❏❛✈❛✲❑❧❛ss❡♥ ❢ür ◆❡t③✇❡r❦♣r♦❣r❛♠♠✐❡r✉♥❣ ■

• ❥❛✈❛✳♥❡t✳❙❡r✈❡r❙♦❝❦❡t
◮ ▲❛✉s❝❤t s❡r✈❡rs❡✐t✐❣ ❛✉❢ ❡✐♥❡♠ P♦rt
◮ ❱❡r❜✐♥❞✉♥❣s❛✉❢❜❛✉ ③✉r Ü❜❡rtr❛❣✉♥❣ ✈♦♥ ❚❈P✴■P

P❛❦❡t❡♥✳

• ❥❛✈❛✳♥❡t✳❙♦❝❦❡t

◮ ❘❡♣räs❡♥t✐❡rt ❡✐♥❡♥ ❊♥❞♣✉♥❦t ❢ür ❞✐❡ ❑♦♠♠✉♥✐❦❛t✐♦♥
③✇✐s❝❤❡♥ ③✇❡✐ ❍♦sts

◮ ❩✉♠ ❊♠♣❢❛♥❣❡♥ ✉♥❞ ❱❡rs❡♥❞❡♥ ✈♦♥ ❉❛t❡♥♣❛❦❡t❡♥
✭❙❡r✈❡r ✰ ❈❧✐❡♥t✮

• ❥❛✈❛✳♥❡t✳❉❛t❛❣r❛♠❙♦❝❦❡t✿ ❩✉♠ ❱❡rs❛♥❞ ✉♥❞ ❊♠♣❢❛♥❣ ✈♦♥
❯❉P✲P❛❦❡t❡♥
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❏❛✈❛✲❑❧❛ss❡♥ ❢ür ◆❡t③✇❡r❦♣r♦❣r❛♠♠✐❡r✉♥❣ ■■

❉❛t❡♥ ✈❡rs❡♥❞❡♥✿ ✐♥ ❞❡♥ ❥❛✈❛✳✐♦✳❖✉t♣✉t❙tr❡❛♠ ❞❡s ❙♦❝❦❡ts
s❝❤r❡✐❜❡♥ →❥❛✈❛✳✐♦✳Pr✐♥t❲r✐t❡r

✶ Socket skt = new Socket(hostIP, port);

✷ ✴✴ Pr ✐♥ t✇ r ✐ t ❡ r ♠✐t ❙♦❝❦❡t−❖✉t♣✉tstr❡❛♠ ❡r③❡✉❣❡♥
✸ PrintWriter out = new PrintWriter(

✹ skt.getOutputStream(), true);

✺ ✴✴ ■♥ ❙tr❡❛♠ s❝❤ r ❡ ✐ ❜ ❡♥
✻ out.print("test");

✼
✽ ✴✴ ❙❝❤ ❧ ✐ ❡ ÿ ❡ ♦ ❢ ❢ ❡♥ ❡ ❙tr❡❛♠s ✉♥❞ ❙♦❝❦❡ t s
✾ out.close();

✶✵ skt.close();
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❏❛✈❛✲❑❧❛ss❡♥ ❢ür ◆❡t③✇❡r❦♣r♦❣r❛♠♠✐❡r✉♥❣ ■■■

❉❛t❡♥ ❡♠♣❢❛♥❣❡♥✿ ❛✉s ❞❡♠ ❥❛✈❛✳✐♦✳■♥♣✉t❙tr❡❛♠ ❞❡s ❙♦❝❦❡ts ❧❡s❡♥
→ ❥❛✈❛✳✐♦✳❇✉✛❡r❡❞❘❡❛❞❡r

✶ ServerSocket srvr = new ServerSocket(1234);

✷ ✴✴❲❛rt❡t ❛✉❢ ❡ ✐♥❡ ❡ ✐♥❣❡❤❡♥❞❡ ❱❡r❜✐♥❞✉♥❣
✸ Socket skt = srvr.accept();

✹ ✴✴❇✉❢❢❡r❡❞❘❡❛❞❡r ♠✐t ❙♦❝❦❡t−■♥♣✉ts tr❡❛♠ ❡r③❡✉❣❡♥
✺ BufferedReader in = new BufferedReader(

✻ new InputStreamReader(

✼ skt.getInputStream()) );

✽ ✴✴❑ö♥♥❡♥ ✇✐r ❧ ❡ s ❡♥
✾ while (!in.ready()) {}

✶✵
✶✶ ✴✴▲❡s❡ ❡ ✐♥❡ ❩ ❡ ✐ ❧ ❡
✶✷ System.out.println(in.readLine());

✶✸
✶✹ ✴✴❖❢❢❡♥❡ ❙tr❡❛♠s ✉♥❞ ❙♦❝❦❡ t s s ❝ ❤ ❧ ✐ ❡ ÿ ❡♥
✶✺ in.close(); skt.close(); srvr.close();
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❆♥✇❡♥❞✉♥❣✿ ❈❤❛t ■✶

❈❤❛t ③✇✐s❝❤❡♥ ❍♦st ✉♥❞ ●✉❡st

✶http://www.cise.ufl.edu/~amyles/tutorials/tcpchat/
❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✽✹✽
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❆♥✇❡♥❞✉♥❣✿ ❈❤❛t ■■

❉✐❡ ■♠♣❧❡♠❡♥t✐❡r✉♥❣ ❜❡st❡❤t ❛✉s ❢♦❧❣❡♥❞❡♥ ❑❧❛ss❡♥

• ●✉✐✳❥❛✈❛

◮ ❘❡♣räs❡♥t✐❡rt ❞❛s ❯s❡r ■♥t❡r❢❛❝❡
◮ ❊r③❡✉❣t ✉♥❞ s❡t③t ③✉s❛♠♠❡♥ ❣r❛✜s❝❤❡ ❊❧❡♠❡♥t❡
◮ ❇❡❤❛♥❞❡❧t ❇❡♥✉t③❡r✐♥t❡r❛❦t✐♦♥❡♥✱ ③✳❇✳ ▼❛✉s❦❧✐❝❦s

• ❈❤❛t✳❥❛✈❛

◮ ❙t❡✉❡rt ❞❡♥ Pr♦❣r❛♠❛❜❧❛✉❢
◮ ❊r③❡✉❣t ✉♥❞ ❜❡❡♥❞❡t ❞✐❡ ❱❡r❜✐♥❞✉♥❣ ③✇✐s❝❤❡♥ ❞❡♥
❚❡✐❧♥❡❤♠❡r♥

◮ ❙t❡✉❡rt ❞❡♥ ■♥❢♦r♠❛t✐♦♥s✢✉ss ③✇✐s❝❤❡♥ ●❯■ ✉♥❞ ❙♦❝❦❡ts
③✉♠ ❙❡♥❞❡♥ ✉♥❞ ❊♠♣❢❛♥❣❡♥ ✈♦♥ ◆❛❝❤r✐❝❤t❡♥

• ❈♦♥♥❡❝t✐♦♥❙t❛t✉s✳❥❛✈❛✱ ❘✉♥❈❤❛t✳❥❛✈❛✱ ❆❝t✐♦♥❆❞❛♣t❡r✳❥❛✈❛✿
❍✐❧❢s❦❧❛ss❡♥

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✽✹✾



●❯■ ♠✐t ❏❛✈❛✲❙✇✐♥❣ ■

• ❥❛✈❛✳s✇✐♥❣ ✲P❛❦❡t✿ ❇✐❜❧✐♦t❤❡❦ ③✉r Pr♦❣r❛♠♠✐❡r✉♥❣ ❣r❛✜s❝❤❡r
❇❡♥✉t③❡r♦❜❡r✢ä❝❤❡♥

◮ ❊r✇❡✐t❡r✉♥❣ ✈♦♥ ❥❛✈❛✳❛✇t
◮ ▼♦❞✉❧❛r❡r ❆✉❢❜❛✉
◮ P❧✉❣❣❛❜❧❡ ▲♦♦❦✲❛♥❞✲❋❡❡❧✱ ❊rs❝❤❡✐♥✉♥❣s❜✐❧❞ ✉♥❞ ❱❡r❤❛❧t❡♥

✈♦♥ ❣r❛✜s❝❤❡♥ ❊❧❡♠❡♥t❡♥ ✐st ❛✉st❛✉s❝❤❜❛r✱ ❛✉❝❤ ③✉r
▲❛✉❢③❡✐t ♦❤♥❡ ◆❡✉st❛rt ❞❡r ❆♣♣❧✐❦❛t✐♦♥

◮ ▲❡✐❝❤t❣❡✇✐❝❤t✐❣❡ ❑♦♠♣♦♥❡♥t❡♥✱ ❘❡♥❞❡r✐♥❣ ❣r❛✜s❝❤❡r
❊❧❡♠❡♥t❡ ✉♥❛❜❤ä♥❣✐❣ ✈♦♥ ❇❡tr✐❡❜ss②st❡♠❦♦♠♣♦♥❡♥t❡♥✱
❊❧❡♠❡♥t❡ s❡❤❡♥ ❛✉❢ ❛❧❧❡♥ P❧❛tt❢♦r♠❡♥ ❣❧❡✐❝❤ ❛✉s✱ ❦❡✐♥❡
❞✐r❡❦t❡ ❆❜❜✳ ✈♦♥ ●❯■✲❑♦♠♣♦♥❡♥t❡♥ ❛✉❢ P❧❛t❢♦r♠
✭P❡❡r ✲❑❧❛ss❡♥✮

◮ ❆❝❝❡ss✐❜✐❧✐t② ✿ ■♥t❡r❛❦t✐♦♥st❡❝❤♥✐❦❡♥ ❢ür ▼❡♥s❝❤❡♥ ♠✐t
❇❡❤✐♥❞❡r✉♥❣✱ ③✳❇✳ ▲❡s❡❣❡rät❡ ❢ür ❇❧✐♥❞❡
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●❯■ ♠✐t ❏❛✈❛✲❙✇✐♥❣ ■■

• ❆♥❛❧♦❣❡ ❣r❛✜s❝❤❡ ❑♦♠♣♦♥❡♥t❡♥ ✇✐❡ ✐♠ ❥❛✈❛✳❛✇t✲P❛❦❡t

• ❥❛✈❛✳s✇✐♥❣✳❏❋r❛♠❡✿ ❘❡♣räs❡♥t✐❡rt ❡✐♥ ❋❡♥st❡r
◮ s❡t❉❡❢❛✉❧t❈❧♦s❡❖♣❡r❛t✐♦♥✿ ▲❡❣t ❢❡st ✇❛s ❜❡✐♠ ❙❝❤✐❡ÿ❡♥

❞❡s ❋❡♥st❡r ♣❛ss✐❡r❡♥ s♦❧❧✳
◮ s❡t❈♦♥t❡♥tP❛♥❡✿ ❙❡t ❞❡♥ ■♥❤❛❧t ❞❡s ❋❡♥st❡r
◮ s❡t❙✐③❡✿ ●röÿ❡ ❞❡s ❋❡♥st❡rs ❢❡st❧❡❣❡♥
◮ ❣❡tPr❡❢❡rr❡❞❙✐③❡✿ ▲✐❡❢❡rt ❞✐❡ ❖♣t✐♠❛❧❡ ●röÿ❡ ③✉ ❞✐❡s❡♠

❋❡♥st❡r✱ ✐♥✐t✐❛❧❡ ❇❡r❡❝❤♥✉♥❣ ❞✉r❝❤ ▲❛②♦✉t▼❛♥❛❣❡r✳
◮ s❡t▲♦❝❛t✐♦♥✿ ❇❡✇❡❣t ❞❛s ❋❡♥st❡r ❛♥ ❡✐♥❡ ❣❡✇ü♥s❝❤t❡

P♦s✐t✐♦♥
◮ s❡t❱✐s✐❜❧❡✿ ▼❛❝❤t ❞❛s ❋❡♥st❡r s✐❝❤t❜❛r ❛✉❢ ❞❡♠

❇✐❧❞s❝❤✐r♠
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●❯■ ♠✐t ❏❛✈❛✲❙✇✐♥❣ ■■■

• ❥❛✈❛✳s✇✐♥❣✳❏P❛♥❡❧ ✿ ❈♦♥t❛✐♥❡r ③✉r ●r✉♣♣✐❡r✉♥❣ ❣r❛✜s❝❤❡r
❊❧❡♠❡♥t❡

◮ ❛❞❞ ✿ ❋ü❣t ❣r❛✜s❝❤❡ ❊❧❡♠❡♥t❡ ③✉♠ P❛♥❡❧ ❤✐♥③✉

• ❥❛✈❛✳s✇✐♥❣✳❏❙❝r♦❧❧P❛♥❡✿ ❈♦♥t❛✐♥❡r ❢ür ③✉r ●r✉♣♣✐❡r✉♥❣
❣r❛✜s❝❤❡r ❊❧❡♠❡♥t❡✱ ♠✐t ❙❝r♦❧❧❜❛❧❦❡♥

• ❥❛✈❛✳s✇✐♥❣✳❏❚❡①t❆r❡❛✿ ❩✉r ❉❛rst❡❧❧✉♥❣ ✈♦♥ ♠❡❤r③❡✐❧✐❣❡♥ ❚❡①t✳

◮ s❡t▲✐♥❡❲r❛♣✿ ❆✉t♦♠❛t✐s❝❤❡r ❩❡✐❧❡♥✉♠❜r✉❝❤ ❜❡✐ ③✉
❧❛♥❣❡♥ ❩❡✐❧❡♥✳

◮ s❡t❊❞✐t❛❜❧❡✿ ▲❡❣t ❢❡st ♦❜ ❊❧❡♠❡♥t ❡❞✐t✐❡r❜❛r ✐st✳
◮ s❡t❋♦r❡❣r♦✉♥❞ ✿ ❙❝❤r✐❢t❢❛r❜❡ ä♥❞❡r♥✳
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●❯■ ♠✐t ❏❛✈❛✲❙✇✐♥❣ ■❱

• ❥❛✈❛✳s✇✐♥❣✳❏❚❡①t❋✐❡❧❞ ✿ ❩✉r ❉❛rst❡❧❧✉♥❣ ✈♦♥ ❡✐♥③❡✐❧✐❣❡♠ ❚❡①t✳
◮ s❡t❇❛❝❦❣r♦✉♥❞ ✿ ▲❡❣t ❞✐❡ ❍✐♥t❡r❣r✉♥❞❢❛r❜❡ ❢❡st✳

• ❥❛✈❛✳s✇✐♥❣✳❏▲❛❜❡❧ ✿ ❉❛rst❡❧❧✉♥❣ ✈♦♥ ❚❡①t ♦❞❡r ❇✐❧❞❡r♥✱ ♥✐❝❤t
❡❞✐t✐❡r❜❛r✱ r❡❛❣✐❡rt ♥✐❝❤t ❛✉❢ ❊✈❡♥ts

• ❥❛✈❛✳s✇✐♥❣✳❏❇✉tt♦♥✿ ❙❝❤❛❧t✢ä❝❤❡ ✉♠ ❡✐♥❡ ❆❦t✐♦♥✴❊✈❡♥t
❛✉s③✉❧ös❡♥

◮ s❡t❆❝t✐♦♥❈♦♠♠❛♥❞ ✿ ▲❡❣t ❞❡♥ ❆❝t✐♦♥✲❈♦❞❡ ❢❡st✱ ✇❡❧❝❤❡r
✐♥ ❡✐♥❡♠ ❊✈❡♥t✲❍❛♥❞❧❡r ❣❡♥✉t③t ✇❡r❞❡♥ ❦❛♥♥✳

◮ ❛❞❞❆❝t✐♦♥▲✐st❡♥❡r ✿ ❋ü❣t ❡✐♥❡♥ ❆❝t✐♦♥❧✐st❡♥❡r ③✉ ❞❡r
❙❝❤❛❧t✢ä❝❤❡ ❤✐♥③✉ ✉♠ ❛✉❢ ❊✈❡♥ts ③✉ r❡❛❣✐❡r❡♥✳

◮ s❡t❊♥❛❜❧❡❞ ✿ ❆❦t✐✈✐❡rt ❞✐❡ ❙❝❤❛❧t✢ä❝❤❡✳

• ❥❛✈❛✳s✇✐♥❣✳❏❘❛❞✐♦❇✉tt♦♥✿ ❙✐❝❤ ❣❡❣❡♥s❡✐t✐❣ ❛✉ss❝❤❧✐❡ÿ❡♥❞❡
❑♦♥tr♦❧❧❡❧❡♠❡♥t❡ ✭❑äst❝❤❡♥✮
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●❯■ ♠✐t ❏❛✈❛✲❙✇✐♥❣ ❱

• ❥❛✈❛✳s✇✐♥❣✳❇✉tt♦♥●r♦✉♣✿ ❊r③❡✉❣t ❡✐♥❡♥ ♠✉❧t✐♣❧❡✲❡①❝❧✉s✐♦♥
❙❝♦♣❡✱ ♥✉r ❡✐♥ ❇✉tt♦♥ ❞❛r❢ ❛❦t✐✈✐❡rt ✇❡r❞❡♥✳

• ❥❛✈❛✳❛✇t✳❡✈❡♥t✳❋♦❝✉s❆❞❛♣t❡r ✿ ■♠♣❧❡♠❡♥t✐❡rt
❥❛✈❛✳❛✇t✳❡✈❡♥t✳❋♦❝✉s▲✐st❡♥❡r ✉♠ ❛✉❢ ❋♦❝✉s✲❊✈❡♥ts ③✉
r❡❛❣✐❡r❡♥✱ ③✳❇✳ ❢♦❝✉s▲♦st✳

• ❥❛✈❛✳❛✇t✳❡✈❡♥t✳❆❝t✐♦♥▲✐st❡♥❡r ✿ ▲✐st❡♥❡r ■♥t❡r❢❛❝❡ ✉♠ ❛✉❢
❊✈❡♥ts ③✉ r❡❛❣✐❡r❡♥✳

◮ ❛❝t✐♦♥P❡r❢♦r♠❡❞ ✿ ❲✐r❞ ❜❡✐ ❊✈❡♥ts ❛✉❢❣❡r✉❢❡♥✳

• ❙✇✐♥❣❯t✐❧✐t✐❡s✳✐♥✈♦❦❡▲❛t❡r ✿ ❘❡✐❤t ü❜❡r❣❡❜❡♥❡♥ ❚❤r❡❛❞ ✐♥
❊✈❡♥t❉✐s♣❛t❝❤❡r✲❚❤r❡❛❞ ❡✐♥✳ ❲✐r ♥✉t③❡♥ ❡s ③✉♠ s②♥❝❤r♦♥❡♥
❯♣❞❛t❡ ✈♦♥ ❙✇✐♥❣✲❊❧❡♠❡♥t❡♥✳
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❋❛③✐t

• ❊s ❡①✐st✐❡r❡♥ ✈✐❡❧❡ ✇❡✐t❡r❡ ❋r❛♠❡✇♦r❦s ✐♥ ❏❛✈❛ ③✉r
■♠♣❧❡♠❡♥t✐❡r✉♥❣ ✈❡rt❡✐❧t❡r ❆♥✇❡♥❞✉♥❣❡♥✿ ❘▼■✱ ❈❖❘❇❆✱
❆♣❛❝❤❡ ▼■◆❆✱✳✳✳

◮ ❯♥t❡rstüt③❡♥ ✉♥t❡rs❝❤✐❡❞❧✐❝❤❡ ❚❡❝❤♥♦❧♦❣✐❡♥ ✉♥❞
Pr♦t♦❦♦❧❧❡

◮ ❑❛♣s❡❧♥ ❞❡r❡♥ ❑♦♠♣❧❡①✐tät

• Pr♦❜✐❡r❡♥ ❙✐❡✬s ❛✉s✦
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Ü❜❡r❜❧✐❝❦
❚❡✐❧ ✶✿ ❊✐♥❢ü❤r✉♥❣
❚❡✐❧ ✷✿ ❖❜❥❡❦t❜❛s✐❡rt❡ Pr♦❣r❛♠♠✐❡r✉♥❣
❚❡✐❧ ✸✿ ❑♦♥tr♦❧❧str✉❦t✉r❡♥
❚❡✐❧ ✹✿ ❋❡❧❞❡r
❚❡✐❧ ✺✿ ❊✐♥✐❣❡ ❆❜str❛❦t❡ ❉❛t❡♥t②♣❡♥
❚❡✐❧ ✻✿ ❖❜❥❡❦t♦r✐❡♥t✐❡r✉♥❣
❚❡✐❧ ✼✿ ❘❡❦✉rs✐♦♥
❚❡✐❧ ✽✿ ❋♦rt❣❡s❝❤r✐tt❡♥❡ Pr♦❣r❛♠♠✐❡r❦♦♥str✉❦t❡
❚❡✐❧ ✾✿ ❊✐♥ ✇❡✐t❡r❡s ❣röÿ❡r❡s ❇❡✐s♣✐❡❧
❚❡✐❧ ✶✵✿ ◆❡❜❡♥❧ä✉✜❣❦❡✐t
❚❡✐❧ ✶✶✿ ❆♣♣❧❡ts ✉♥❞ ●❯■s
❚❡✐❧ ✶✷✿ ❇❡②♦♥❞ ❏❛✈❛
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Ü❜❡rs✐❝❤t

✶✷✳ ❇❡②♦♥❞ ❏❛✈❛

❙②♥t❛① ✈♦♥ Pr♦❣r❛♠♠✐❡rs♣r❛❝❤❡♥
❘❡s❡r✈✐❡rt❡ ❲ört❡r
❲❛s ✐st ❡✐♥ ❡r❧❛✉❜t❡r ◆❛♠❡❄
●❛♥③❡ ❩❛❤❧❡♥
❙tr✉❦t✉r ✈♦♥ Pr♦❣r❛♠♠❡♥

❱♦♥ ▼✐♥✐❏❛✈❛ ③✉r ❏❱▼
Ü❜❡rs❡t③✉♥❣ ✈♦♥ ❉❡❦❧❛r❛t✐♦♥❡♥
Ü❜❡rs❡t③✉♥❣ ✈♦♥ ❆✉s❞rü❝❦❡♥
Ü❜❡rs❡t③✉♥❣ ✈♦♥ ❩✉✇❡✐s✉♥❣❡♥
Ü❜❡rs❡t③✉♥❣ ✈♦♥ ✐❢✲❙t❛t❡♠❡♥ts
Ü❜❡rs❡t③✉♥❣ ✈♦♥ ✇❤✐❧❡✲❙t❛t❡♠❡♥ts
Ü❜❡rs❡t③✉♥❣ ✈♦♥ ❙t❛t❡♠❡♥t✲❋♦❧❣❡♥
Ü❜❡rs❡t③✉♥❣ ❣❛♥③❡r Pr♦❣r❛♠♠❡
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▼♦t✐✈❛t✐♦♥

❲✐❡ ✈❡r❛r❜❡✐t❡t ❞✐❡ ❏❛✈❛✲❱▼ ❡✐❣❡♥t❧✐❝❤ ✐♥ ❇②t❡❝♦❞❡ ❝♦♠♣✐❧✐❡rt❡♥
❏❛✈❛✲❈♦❞❡❄ ❯♥❞ ✇✐❡ ✇✐r❞ ❞❡r ❏❛✈❛✲❈♦❞❡ ❡✐❣❡♥t❧✐❝❤ ✐♥
❏❛✈❛✲❇②t❡❝♦❞❡ ü❜❡rs❡t③t❄
❉❛③✉ ♠üss❡♥ ✇✐r ✈❡rst❡❤❡♥✱

• ❲✐❡ ❧❡❣❛❧❡ ✭❏❛✈❛✲✮Pr♦❣r❛♠♠❡ ❛✉ss❡❤❡♥✳
❲✐r ③❡✐❣❡♥ ❞❡s❤❛❧❜✱ ✇✐❡ ♠❛♥ ❞✐❡ ❙②♥t❛① ❡✐♥❡r
Pr♦❣r❛♠♠✐❡rs♣r❛❝❤❡ ❜❡s❝❤r❡✐❜t✳

• ❲✐❡ ❞✐❡ ✈✐rt✉❡❧❧❡ ▼❛s❝❤✐♥❡ ❛✉❢❣❡❜❛✉t ✐st ✉♥❞ ✇✐❡ s✐❡
❇②t❡❝♦❞❡✲■♥str✉❦t✐♦♥❡♥ ❛✉s❢ü❤rt✳
❲✐r ③❡✐❣❡♥ ❞❡s❤❛❧❜✱ ✇✐❡ ❡✐♥❡ ❱▼ ❢✉♥❦t✐♦♥✐❡rt✳

• ❲✐❡ ♠❛♥ ❏❛✈❛✲Pr♦❣r❛♠♠❡ ✐♥ ■♥str✉❦t✐♦♥❡♥ ü❜❡rs❡t③t✱ ❞✐❡ ❞✐❡
❱▼ ✈❡rst❡❤❡♥ ❦❛♥♥✳
❲✐r ③❡✐❣❡♥ ❞❡s❤❛❧❜ ❢ür ❡✐♥❡ ❡✐♥❢❛❝❤❡ ❱❛r✐❛♥t❡ ✈♦♥ ❏❛✈❛
✭▼✐♥✐❏❛✈❛✮✱ ✇✐❡ ❏❛✈❛✲❙♦✉r❝❡❝♦❞❡ ✐♥ ❇②t❡❝♦❞❡ ü❜❡rs❡t③t ✇✐r❞✳

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✽✺✽



❙②♥t❛①✿ ✏▲❡❤r❡ ✈♦♠ ❙❛t③❜❛✉✑

• ❋♦r♠❛❧❡ ❇❡s❝❤r❡✐❜✉♥❣ ❞❡s ❆✉❢❜❛✉s ❞❡r ✏❲ört❡r✑ ✉♥❞ ✏❙ät③❡✑✱
❞✐❡ ③✉ ❡✐♥❡r ❙♣r❛❝❤❡ ❣❡❤ör❡♥❀

• ■♠ ❋❛❧❧ ❡✐♥❡r Pr♦❣r❛♠♠✐❡r✲❙♣r❛❝❤❡ ❋❡st❧❡❣✉♥❣✱ ✇✐❡
Pr♦❣r❛♠♠❡ ❛✉ss❡❤❡♥ ♠üss❡♥✳
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❍✐❧❢s♠✐tt❡❧ ❜❡✐ ♥❛tür❧✐❝❤❡r ❙♣r❛❝❤❡

• ❲ört❡r❜ü❝❤❡r❀

• ❘❡❝❤ts❝❤r❡✐❜r❡❣❡❧♥✱ ❚r❡♥♥✉♥❣sr❡❣❡❧♥✱ ●r❛♠♠❛t✐❦r❡❣❡❧♥❀

• ❆✉s♥❛❤♠❡✲▲✐st❡♥❀

• ❙♣r❛❝❤✲✏●❡❢ü❤❧✑✳
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❍✐❧❢s♠✐tt❡❧ ❜❡✐ Pr♦❣r❛♠♠✐❡rs♣r❛❝❤❡♥ ✶

• ▲✐st❡♥ ✈♦♥ ❙❝❤❧üss❡❧✇♦rt❡♥ ✇✐❡ if✱ int✱ else✱ while ✳✳✳

• ❘❡❣❡❧♥✱ ✇✐❡ ❡✐♥③❡❧♥❡ ❲♦rt❡ ✭❚♦❦❡♥s✮ ③✳❇✳ ◆❛♠❡♥ ❣❡❜✐❧❞❡t
✇❡r❞❡♥✳

❋r❛❣❡✿
■st x10 ❡✐♥ ③✉❧äss✐❣❡r ◆❛♠❡ ❢ür ❡✐♥❡ ❱❛r✐❛❜❧❡❄
♦❞❡r _ab$ ♦❞❡r A#B ♦❞❡r 0A?B ✳✳✳

• ●r❛♠♠❛t✐❦r❡❣❡❧♥✱ ❞✐❡ ❛♥❣❡❜❡♥✱ ✇✐❡ ❣röÿ❡r❡ ❑♦♠♣♦♥❡♥t❡♥ ❛✉s
❦❧❡✐♥❡r❡♥ ❛✉❢❣❡❜❛✉t ✇❡r❞❡♥✳

❋r❛❣❡✿
■st ❡✐♥ while✲❙t❛t❡♠❡♥t ✐♠ else✲❚❡✐❧ ❡r❧❛✉❜t❄

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✽✻✶



❍✐❧❢s♠✐tt❡❧ ❜❡✐ Pr♦❣r❛♠♠✐❡rs♣r❛❝❤❡♥ ✷

• ❑♦♥t❡①t❜❡❞✐♥❣✉♥❣❡♥✳

❇❡✐s♣✐❡❧✿
❊✐♥❡ ❱❛r✐❛❜❧❡ ♠✉ss ❡rst ❞❡❦❧❛r✐❡rt s❡✐♥✱ ❜❡✈♦r s✐❡ ✈❡r✇❡♥❞❡t
✇✐r❞✳

==⇒ ❢♦r♠❛❧✐s✐❡rt❡r ❛❧s ♥❛tür❧✐❝❤❡ ❙♣r❛❝❤❡
==⇒ ❜❡ss❡r ❢ür ♠❛s❝❤✐♥❡❧❧❡ ❱❡r❛r❜❡✐t✉♥❣ ❣❡❡✐❣♥❡t

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✽✻✷



❙❡♠❛♥t✐❦ ✭✏▲❡❤r❡ ✈♦♥ ❞❡r ❇❡❞❡✉t✉♥❣✑✮

• ❊✐♥ ❙❛t③ ❡✐♥❡r ✭♥❛tür❧✐❝❤❡♥✮ ❙♣r❛❝❤❡ ✈❡r❢ü❣t ③✉sät③❧✐❝❤ ü❜❡r
❡✐♥❡ ❇❡❞❡✉t✉♥❣✱ ❞✳❤✳ t❡✐❧t ❡✐♥❡♠ ❍ör❡r✴▲❡s❡r ❡✐♥❡♥
❙❛❝❤✈❡r❤❛❧t ♠✐t ✭↑■♥❢♦r♠❛t✐♦♥✮

• ❊✐♥ ❙❛t③ ❡✐♥❡r Pr♦❣r❛♠♠✐❡rs♣r❛❝❤❡✱ ❞✳❤✳ ❡✐♥ Pr♦❣r❛♠♠
✈❡r❢ü❣t ❡❜❡♥❢❛❧❧s ü❜❡r ❡✐♥❡ ❇❡❞❡✉t✉♥❣ ✳✳✳

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✽✻✸



❙❡♠❛♥t✐❦

❉✐❡ ❇❡❞❡✉t✉♥❣ ❡✐♥❡s Pr♦❣r❛♠♠s ✐st

• ❛❧❧❡ ♠ö❣❧✐❝❤❡♥ ❆✉s❢ü❤r✉♥❣❡♥ ❞❡r ❜❡s❝❤r✐❡❜❡♥❡♥ ❇❡r❡❝❤♥✉♥❣
✭↑♦♣❡r❛t✐♦♥❡❧❧❡ ❙❡♠❛♥t✐❦✮❀ ♦❞❡r

• ❞✐❡ ❞❡✜♥✐❡rt❡ ❆❜❜✐❧❞✉♥❣ ❞❡r ❊✐♥❣❛❜❡♥ ❛✉❢ ❞✐❡ ❆✉s❣❛❜❡♥
✭↑❞❡♥♦t❛t✐♦♥❡❧❧❡ ❙❡♠❛♥t✐❦✮✳

❆❝❤t✉♥❣✦

■st ❡✐♥ Pr♦❣r❛♠♠ s②♥t❛❦t✐s❝❤ ❦♦rr❡❦t✱ ❤❡✐ÿt ❞❛s ♥♦❝❤ ❧❛♥❣❡ ♥✐❝❤t✱
❞❛ss ❡s ❛✉❝❤ ❞❛s ✏❘✐❝❤t✐❣❡✑ t✉t✱ ❞✳❤✳ s❡♠❛♥t✐s❝❤ ❦♦rr❡❦t ✐st ✦✦✦

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✽✻✹



❙❡♠❛♥t✐❦

❉✐❡ ❇❡❞❡✉t✉♥❣ ❡✐♥❡s Pr♦❣r❛♠♠s ✐st

• ❛❧❧❡ ♠ö❣❧✐❝❤❡♥ ❆✉s❢ü❤r✉♥❣❡♥ ❞❡r ❜❡s❝❤r✐❡❜❡♥❡♥ ❇❡r❡❝❤♥✉♥❣
✭↑♦♣❡r❛t✐♦♥❡❧❧❡ ❙❡♠❛♥t✐❦✮❀ ♦❞❡r

• ❞✐❡ ❞❡✜♥✐❡rt❡ ❆❜❜✐❧❞✉♥❣ ❞❡r ❊✐♥❣❛❜❡♥ ❛✉❢ ❞✐❡ ❆✉s❣❛❜❡♥
✭↑❞❡♥♦t❛t✐♦♥❡❧❧❡ ❙❡♠❛♥t✐❦✮✳

❆❝❤t✉♥❣✦

■st ❡✐♥ Pr♦❣r❛♠♠ s②♥t❛❦t✐s❝❤ ❦♦rr❡❦t✱ ❤❡✐ÿt ❞❛s ♥♦❝❤ ❧❛♥❣❡ ♥✐❝❤t✱
❞❛ss ❡s ❛✉❝❤ ❞❛s ✏❘✐❝❤t✐❣❡✑ t✉t✱ ❞✳❤✳ s❡♠❛♥t✐s❝❤ ❦♦rr❡❦t ✐st ✦✦✦

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✽✻✹



❘❡s❡r✈✐❡rt❡ ❲ört❡r

◮ int

→ ❇❡③❡✐❝❤♥❡r ❢ür ❇❛s✐s✲❚②♣❡♥❀

◮ if✱ else✱ while
→ ❙❝❤❧üss❡❧✇ört❡r ❛✉s Pr♦❣r❛♠♠✲❑♦♥str✉❦t❡♥❀

◮ (✱)✱ "✱’✱ {✱}✱ ,✱;
→ ❙♦♥❞❡r③❡✐❝❤❡♥✳

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✽✻✺



❲❛s ✐st ❡✐♥ ❡r❧❛✉❜t❡r ◆❛♠❡❄

❙❝❤r✐tt ✶✿ ❆♥❣❛❜❡ ❞❡r ❡r❧❛✉❜t❡♥ ❩❡✐❝❤❡♥✿

❧❡tt❡r ::= $ | _ | a | . . . | z | A | . . . | Z
❞✐❣✐t ::= 0 | . . . | 9

❧❡tt❡r ✉♥❞ ❞✐❣✐t ❜❡③❡✐❝❤♥❡♥ ❩❡✐❝❤❡♥❦❧❛ss❡♥✱ ❞✳❤✳ ▼❡♥❣❡♥ ✈♦♥
❩❡✐❝❤❡♥✱ ❞✐❡ ❣❧❡✐❝❤ ❜❡❤❛♥❞❡❧t ✇❡r❞❡♥✳

❉❛s ❙②♠❜♦❧ ✏ ✑ tr❡♥♥t ③✉❧äss✐❣❡ ❆❧t❡r♥❛t✐✈❡♥✳

❉❛s ❙②♠❜♦❧ ✏ ✑ r❡♣räs❡♥t✐❡rt ❞✐❡ ❋❛✉❧❤❡✐t✱ ❛❧❧❡ ❆❧t❡r♥❛t✐✈❡♥
✇✐r❦❧✐❝❤ ❛✉❢③✉③ä❤❧❡♥✳

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✽✻✻



❲❛s ✐st ❡✐♥ ❡r❧❛✉❜t❡r ◆❛♠❡❄

❙❝❤r✐tt ✶✿ ❆♥❣❛❜❡ ❞❡r ❡r❧❛✉❜t❡♥ ❩❡✐❝❤❡♥✿

❧❡tt❡r ::= $ | _ | a | . . . | z | A | . . . | Z
❞✐❣✐t ::= 0 | . . . | 9

• ❧❡tt❡r ✉♥❞ ❞✐❣✐t ❜❡③❡✐❝❤♥❡♥ ❩❡✐❝❤❡♥❦❧❛ss❡♥✱ ❞✳❤✳ ▼❡♥❣❡♥ ✈♦♥
❩❡✐❝❤❡♥✱ ❞✐❡ ❣❧❡✐❝❤ ❜❡❤❛♥❞❡❧t ✇❡r❞❡♥✳

• ❉❛s ❙②♠❜♦❧ ✏|✑ tr❡♥♥t ③✉❧äss✐❣❡ ❆❧t❡r♥❛t✐✈❡♥✳

• ❉❛s ❙②♠❜♦❧ ✏. . .✑ r❡♣räs❡♥t✐❡rt ❞✐❡ ❋❛✉❧❤❡✐t✱ ❛❧❧❡ ❆❧t❡r♥❛t✐✈❡♥
✇✐r❦❧✐❝❤ ❛✉❢③✉③ä❤❧❡♥✳

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✽✻✻



❲❛s ✐st ❡✐♥ ❡r❧❛✉❜t❡r ◆❛♠❡❄

❙❝❤r✐tt ✷✿ ❆♥❣❛❜❡ ❞❡r ❆♥♦r❞♥✉♥❣ ❞❡r ❩❡✐❝❤❡♥✿

♥❛♠❡ ::= ❧❡tt❡r ✭ ❧❡tt❡r | ❞✐❣✐t ✮✯

• ❊rst ❦♦♠♠t ❡✐♥ ❩❡✐❝❤❡♥ ❞❡r ❑❧❛ss❡ ❧❡tt❡r✱ ❞❛♥♥ ❡✐♥❡ ✭❡✈❡♥t✉❡❧❧
❛✉❝❤ ❧❡❡r❡✮ ❋♦❧❣❡ ✈♦♥ ❩❡✐❝❤❡♥ ❡♥t✇❡❞❡r ❛✉s ❧❡tt❡r ♦❞❡r ❛✉s
❞✐❣✐t✳

• ❉❡r ❖♣❡r❛t♦r ✏✯✑ ❜❡❞❡✉t❡t ✏❜❡❧✐❡❜✐❣ ❤ä✉✜❣❡ ❲✐❡❞❡r❤♦❧✉♥❣✑
✭✏✇❡❣❧❛ss❡♥✑ ✐st ✵✲♠❛❧✐❣❡ ❲✐❡❞❡r❤♦❧✉♥❣✮✳

• ❉❡r ❖♣❡r❛t♦r ✏✯✑ ✐st ❡✐♥ P♦st✜①✲❖♣❡r❛t♦r✳ ❉❛s ❤❡✐ÿt✱ ❡r st❡❤t
❤✐♥t❡r s❡✐♥❡♠ ❆r❣✉♠❡♥t✳

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✽✻✼



❇❡✐s♣✐❡❧❡

• _178

Das_ist_kein_Name

x

_

$Password$

✳✳✳ s✐♥❞ ❧❡❣❛❧❡ ◆❛♠❡♥✳

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✽✻✽



❇❡✐s♣✐❡❧❡

• 5ABC

!Hallo!

x’

-178

✳✳✳ s✐♥❞ ❦❡✐♥❡ ❧❡❣❛❧❡♥ ◆❛♠❡♥✳

❆❝❤t✉♥❣✿

❘❡s❡r✈✐❡rt❡ ❲ört❡r s✐♥❞ ❛❧s ◆❛♠❡♥ ✈❡r❜♦t❡♥ ✦✦✦

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✽✻✾



❇❡✐s♣✐❡❧❡

• 5ABC

!Hallo!

x’

-178

✳✳✳ s✐♥❞ ❦❡✐♥❡ ❧❡❣❛❧❡♥ ◆❛♠❡♥✳

❆❝❤t✉♥❣✿

❘❡s❡r✈✐❡rt❡ ❲ört❡r s✐♥❞ ❛❧s ◆❛♠❡♥ ✈❡r❜♦t❡♥ ✦✦✦

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✽✻✾



●❛♥③❡ ❩❛❤❧❡♥

❲❡rt❡✱ ❞✐❡ ❞✐r❡❦t ✐♠ Pr♦❣r❛♠♠ st❡❤❡♥✱ ❤❡✐ÿ❡♥ ❑♦♥st❛♥t❡♥✳
●❛♥③❡ ♥✐❝❤t♥❡❣❛t✐✈❡ ❩❛❤❧❡♥ ❜❡st❡❤❡♥ ❛✉s ❡✐♥❡r ♥✐❝❤t❧❡❡r❡♥ ❋♦❧❣❡
✈♦♥ ❩✐✛❡r♥✿

♥✉♠❜❡r ::= ❞✐❣✐t ❞✐❣✐t✯

❲✐❡ sä❤❡ ❞✐❡ ❘❡❣❡❧ ❛✉s✱ ✇❡♥♥ ✇✐r ❢ü❤r❡♥❞❡ ◆✉❧❧❡♥ ✈❡r❜✐❡t❡♥
✇♦❧❧t❡♥❄

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✽✼✵



●❛♥③❡ ❩❛❤❧❡♥

❲❡rt❡✱ ❞✐❡ ❞✐r❡❦t ✐♠ Pr♦❣r❛♠♠ st❡❤❡♥✱ ❤❡✐ÿ❡♥ ❑♦♥st❛♥t❡♥✳
●❛♥③❡ ♥✐❝❤t♥❡❣❛t✐✈❡ ❩❛❤❧❡♥ ❜❡st❡❤❡♥ ❛✉s ❡✐♥❡r ♥✐❝❤t❧❡❡r❡♥ ❋♦❧❣❡
✈♦♥ ❩✐✛❡r♥✿

♥✉♠❜❡r ::= ❞✐❣✐t ❞✐❣✐t✯

• ❲✐❡ sä❤❡ ❞✐❡ ❘❡❣❡❧ ❛✉s✱ ✇❡♥♥ ✇✐r ❢ü❤r❡♥❞❡ ◆✉❧❧❡♥ ✈❡r❜✐❡t❡♥
✇♦❧❧t❡♥❄
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❇❡✐s♣✐❡❧❡

• 17

12490

42

0

00070

✳✳✳ s✐♥❞ ❛❧❧❡s ❧❡❣❛❧❡ int✲❑♦♥st❛♥t❡♥✳

• "Hello World!"

0.5e+128

✳✳✳ s✐♥❞ ❦❡✐♥❡ int✲❑♦♥st❛♥t❡♥✳
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❘❡❣✉❧är❡ ❆✉s❞rü❝❦❡

❆✉s❞rü❝❦❡✱ ❞✐❡ ❛✉s ❩❡✐❝❤❡♥ ✭✲❦❧❛ss❡♥✮ ♠✐t❤✐❧❢❡ ✈♦♥

| ✭❆❧t❡r♥❛t✐✈❡✮

✯ ✭■t❡r❛t✐♦♥✮

✭❑♦♥❦❛t❡♥❛t✐♦♥✮ s♦✇✐❡

❄ ✭❖♣t✐♦♥✮

✉♥❞ ❑❧❛♠♠❡r♥ ❛✉❢❣❡❜❛✉t s✐♥❞✱ ❤❡✐ÿ❡♥ r❡❣✉❧är❡ ❆✉s❞rü❝❦❡✷

✭↑❆✉t♦♠❛t❡♥t❤❡♦r✐❡✮✳

❉❡r P♦st✜①✲❖♣❡r❛t♦r ✏❄✑ ❜❡s❛❣t✱ ❞❛ss ❞❛s ❆r❣✉♠❡♥t ❡✈❡♥t✉❡❧❧ ❛✉❝❤
❢❡❤❧❡♥ ❞❛r❢✱ ❞✳❤✳ ❡✐♥♠❛❧ ♦❞❡r ❦❡✐♥♠❛❧ ✈♦r❦♦♠♠t✳

✷●❡❧❡❣❡♥t❧✐❝❤ s✐♥❞ ❛✉❝❤ ǫ✱ ❞✳❤✳ ❞❛s ✏❧❡❡r❡ ❲♦rt✑ s♦✇✐❡ ∅✱ ❞✳❤✳ ❞✐❡ ❧❡❡r❡
▼❡♥❣❡ ③✉❣❡❧❛ss❡♥✳
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❘❡❣✉❧är❡ ❆✉s❞rü❝❦❡

❘❡❣✉❧är❡ ❆✉s❞rü❝❦❡ r❡✐❝❤❡♥ ③✉r ❇❡s❝❤r❡✐❜✉♥❣ ❡✐♥❢❛❝❤❡r ▼❡♥❣❡♥
✈♦♥ ❲ört❡r♥ ❛✉s✳

• ✭ ❧❡tt❡r ❧❡tt❡r ✮✯
✕ ❛❧❧❡ ❲ört❡r ❣❡r❛❞❡r ▲ä♥❣❡ ✭ü❜❡r a,...,z,A,...,Z✮❀

• ❧❡tt❡r✯ test ❧❡tt❡r✯
✕ ❛❧❧❡ ❲ört❡r✱ ❞✐❡ ❞❛s ❚❡✐❧✇♦rt test ❡♥t❤❛❧t❡♥❀

• _ ❞✐❣✐t✯ 17
✕ ❛❧❧❡ ❲ört❡r✱ ❞✐❡ ♠✐t _ ❛♥❢❛♥❣❡♥✱ ❞❛♥♥ ❡✐♥❡ ❜❡❧✐❡❜✐❣❡ ❋♦❧❣❡
✈♦♥ ❩✐✛❡r♥ ❛✉❢✇❡✐s❡♥✱ ❞✐❡ ♠✐t 17 ❛✉❢❤ört❀

• ❡①♣ ::= (e|E)(+|-)? ❞✐❣✐t ❞✐❣✐t✯
✢♦❛t ::= ❞✐❣✐t ❞✐❣✐t✯ ❡①♣ |

❞✐❣✐t✯ (❞✐❣✐t . | . ❞✐❣✐t) ❞✐❣✐t✯ ❡①♣?

✕ ❛❧❧❡ ●❧❡✐t❦♦♠♠❛✲❩❛❤❧❡♥ ✳✳✳
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❈♦♠♣✐❧✐❡r✉♥❣ P❤❛s❡ ✶✿ ❙❝❛♥♥❡r

■❞❡♥t✐✜③✐❡r✉♥❣ ✈♦♥

• r❡s❡r✈✐❡rt❡♥ ❲ört❡r♥✱

• ◆❛♠❡♥✱

• ❑♦♥st❛♥t❡♥

■❣♥♦r✐❡r✉♥❣ ✈♦♥

• ❲❤✐t❡ ❙♣❛❝❡✱

• ❑♦♠♠❡♥t❛r❡♥

✳✳✳ ❡r❢♦❧❣t ✐♥ ❡✐♥❡r ❡rst❡♥ P❤❛s❡ ✭↑❙❝❛♥♥❡r✮
==⇒ ■♥♣✉t ✇✐r❞ ♠✐t r❡❣✉❧är❡♥ ❆✉s❞rü❝❦❡♥ ✈❡r❣❧✐❝❤❡♥ ✉♥❞ ❞❛❜❡✐
✐♥ ❲ört❡r ✭✏❚♦❦❡♥s✑✮ ❛✉❢❣❡t❡✐❧t✳

■♥ ❡✐♥❡r ③✇❡✐t❡♥ P❤❛s❡ ✇✐r❞ ❞✐❡ ❙tr✉❦t✉r ❞❡s Pr♦❣r❛♠♠s ❛♥❛❧②s✐❡rt
✭↑P❛rs❡r✮✳
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❙tr✉❦t✉r ✈♦♥ Pr♦❣r❛♠♠❡♥

Pr♦❣r❛♠♠❡ s✐♥❞ ❤✐❡r❛r❝❤✐s❝❤ ❛✉s ❑♦♠♣♦♥❡♥t❡♥ ❛✉❢❣❡❜❛✉t✳ ❋ür ❥❡❞❡
❑♦♠♣♦♥❡♥t❡ ❣❡❜❡♥ ✇✐r ❘❡❣❡❧♥ ❛♥✱ ✇✐❡ s✐❡ ❛✉s ❛♥❞❡r❡♥
❑♦♠♣♦♥❡♥t❡♥ ③✉s❛♠♠❡♥❣❡s❡t③t s❡✐♥ ❦ö♥♥❡♥✳

♣r♦❣r❛♠ ::= ❞❡❝❧✯ st♠t✯
❞❡❝❧ ::= t②♣❡ ♥❛♠❡ ✭ , ♥❛♠❡ ✮✯ ;
t②♣❡ ::= int

❊✐♥ Pr♦❣r❛♠♠ ❜❡st❡❤t ❛✉s ❡✐♥❡r ❋♦❧❣❡ ✈♦♥ ❉❡❦❧❛r❛t✐♦♥❡♥✱
❣❡❢♦❧❣t ✈♦♥ ❡✐♥❡r ❋♦❧❣❡ ✈♦♥ ❙t❛t❡♠❡♥ts✳

❊✐♥❡ ❉❡❦❧❛r❛t✐♦♥ ❣✐❜t ❞❡♥ ❚②♣ ❛♥✱ ❤✐❡r✿ ✱ ❣❡❢♦❧❣t ✈♦♥ ❡✐♥❡r
❑♦♠♠❛✲s❡♣❛r✐❡rt❡♥ ▲✐st❡ ✈♦♥ ❱❛r✐❛❜❧❡♥✲◆❛♠❡♥✳

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✽✼✺



❙tr✉❦t✉r ✈♦♥ Pr♦❣r❛♠♠❡♥

Pr♦❣r❛♠♠❡ s✐♥❞ ❤✐❡r❛r❝❤✐s❝❤ ❛✉s ❑♦♠♣♦♥❡♥t❡♥ ❛✉❢❣❡❜❛✉t✳ ❋ür ❥❡❞❡
❑♦♠♣♦♥❡♥t❡ ❣❡❜❡♥ ✇✐r ❘❡❣❡❧♥ ❛♥✱ ✇✐❡ s✐❡ ❛✉s ❛♥❞❡r❡♥
❑♦♠♣♦♥❡♥t❡♥ ③✉s❛♠♠❡♥❣❡s❡t③t s❡✐♥ ❦ö♥♥❡♥✳

♣r♦❣r❛♠ ::= ❞❡❝❧✯ st♠t✯
❞❡❝❧ ::= t②♣❡ ♥❛♠❡ ✭ , ♥❛♠❡ ✮✯ ;
t②♣❡ ::= int

• ❊✐♥ Pr♦❣r❛♠♠ ❜❡st❡❤t ❛✉s ❡✐♥❡r ❋♦❧❣❡ ✈♦♥ ❉❡❦❧❛r❛t✐♦♥❡♥✱
❣❡❢♦❧❣t ✈♦♥ ❡✐♥❡r ❋♦❧❣❡ ✈♦♥ ❙t❛t❡♠❡♥ts✳

• ❊✐♥❡ ❉❡❦❧❛r❛t✐♦♥ ❣✐❜t ❞❡♥ ❚②♣ ❛♥✱ ❤✐❡r✿ int✱ ❣❡❢♦❧❣t ✈♦♥ ❡✐♥❡r
❑♦♠♠❛✲s❡♣❛r✐❡rt❡♥ ▲✐st❡ ✈♦♥ ❱❛r✐❛❜❧❡♥✲◆❛♠❡♥✳
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▼✐♥✐❏❛✈❛ ✭✶✮

st♠t ::= ; | { st♠t✯ } |
♥❛♠❡ = ❡①♣r; | ♥❛♠❡ = read(); | write( ❡①♣r );
if ( ❝♦♥❞ ) st♠t |
if ( ❝♦♥❞ ) st♠t else st♠t |
while ( ❝♦♥❞ ) st♠t

• ❊✐♥ ❙t❛t❡♠❡♥t ✐st ❡♥t✇❡❞❡r ✏❧❡❡r✑ ✭❞✳❤✳ ❣❧❡✐❝❤ ;✮ ♦❞❡r ❡✐♥❡
❣❡❦❧❛♠♠❡rt❡ ❋♦❧❣❡ ✈♦♥ ❙t❛t❡♠❡♥ts❀

• ❖❞❡r ❡✐♥❡ ❩✉✇❡✐s✉♥❣✱ ❡✐♥❡ ▲❡s❡✲ ♦❞❡r ❙❝❤r❡✐❜✲❖♣❡r❛t✐♦♥❀

• ❊✐♥❡ ✭❡✐♥s❡✐t✐❣❡ ♦❞❡r ③✇❡✐s❡✐t✐❣❡✮ ❜❡❞✐♥❣t❡ ❱❡r③✇❡✐❣✉♥❣❀

• ❖❞❡r ❡✐♥❡ ❙❝❤❧❡✐❢❡✳

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✽✼✻



▼✐♥✐❏❛✈❛ ✭✷✮

❡①♣r ::= ♥✉♠❜❡r | ♥❛♠❡ | ( ❡①♣r ) |
✉♥♦♣ ❡①♣r | ❡①♣r ❜✐♥♦♣ ❡①♣r

✉♥♦♣ ::= -

❜✐♥♦♣ ::= - | + | * | / | %

• ❊✐♥ ❆✉s❞r✉❝❦ ✐st ❡✐♥❡ ❑♦♥st❛♥t❡✱ ❡✐♥❡ ❱❛r✐❛❜❧❡ ♦❞❡r ❡✐♥
❣❡❦❧❛♠♠❡rt❡r ❆✉s❞r✉❝❦

• ❖❞❡r ❡✐♥ ✉♥är❡r ❖♣❡r❛t♦r✱ ❛♥❣❡✇❛♥❞t ❛✉❢ ❡✐♥❡♥ ❆✉s❞r✉❝❦✱

• ❖❞❡r ❡✐♥ ❜✐♥är❡r ❖♣❡r❛t♦r✱ ❛♥❣❡✇❛♥❞t ❛✉❢ ③✇❡✐
❆r❣✉♠❡♥t✲❆✉s❞rü❝❦❡✳

• ❊✐♥③✐❣❡r ✉♥är❡r ❖♣❡r❛t♦r ✐st ✭❜✐s❤❡r✮ ❞✐❡ ◆❡❣❛t✐♦♥✳

• ▼ö❣❧✐❝❤❡ ❜✐♥är❡ ❖♣❡r❛t♦r❡♥ s✐♥❞ ❆❞❞✐t✐♦♥✱ ❙✉❜tr❛❦t✐♦♥✱
▼✉❧t✐♣❧✐❦❛t✐♦♥✱ ✭❣❛♥③✲③❛❤❧✐❣❡✮ ❉✐✈✐s✐♦♥ ✉♥❞ ▼♦❞✉❧♦✳
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▼✐♥✐❏❛✈❛ ✭✸✮

❝♦♥❞ ::= true | false | ( ❝♦♥❞ ) |
❡①♣r ❝♦♠♣ ❡①♣r |
❜✉♥♦♣ ❝♦♥❞ | ❝♦♥❞ ❜❜✐♥♦♣ ❝♦♥❞

❝♦♠♣ ::= == | != | <= | < | >= | >
❜✉♥♦♣ ::= !

❜❜✐♥♦♣ ::= && | ||

• ❇❡❞✐♥❣✉♥❣❡♥ ✉♥t❡rs❝❤❡✐❞❡♥ s✐❝❤ ❞❛❞✉r❝❤ ✈♦♥ ❆✉s❞rü❝❦❡♥✱
❞❛ss ✐❤r ❲❡rt ♥✐❝❤t ✈♦♠ ❚②♣ int ✐st s♦♥❞❡r♥ true ♦❞❡r
false ✭❡✐♥ ❲❛❤r❤❡✐ts✇❡rt ✕ ✈♦♠ ❚②♣ boolean✮✳

• ❇❡❞✐♥❣✉♥❣❡♥ s✐♥❞ ❞❛r✉♠ ❑♦♥st❛♥t❡♥✱ ❱❡r❣❧❡✐❝❤❡

• ♦❞❡r ❧♦❣✐s❝❤❡ ❱❡r❦♥ü♣❢✉♥❣❡♥ ❛♥❞❡r❡r ❇❡❞✐♥❣✉♥❣❡♥✳
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❇❡✐s♣✐❡❧

int x;

x = read();

if (x > 0)

write(1);

else

write(0);

❉✐❡ ❤✐❡r❛r❝❤✐s❝❤❡ ❯♥t❡r❣❧✐❡❞❡r✉♥❣ ✈♦♥ Pr♦❣r❛♠♠✲❇❡st❛♥❞t❡✐❧❡♥
✈❡r❛♥s❝❤❛✉❧✐❝❤❡♥ ✇✐r ❞✉r❝❤ ❙②♥t❛①✲❇ä✉♠❡✳
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❙②♥t❛①✲❇ä✉♠❡

❙②♥t❛①✲❇ä✉♠❡ ❢ür x > 0 s♦✇✐❡ write(0); ✉♥❞ write(1);

0

expr

numbername

expr

comp

cond

0x >

number

expr

stmt

number

expr

stmt

) ;write ( write ( ) ;1

❇❧ätt❡r✿ ❲ört❡r✴❚♦❦❡♥s
■♥♥❡r❡ ❑♥♦t❡♥✿ ◆❛♠❡♥ ✈♦♥ Pr♦❣r❛♠♠✲❇❡st❛♥❞t❡✐❧❡♥
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❙②♥t❛①✲❇ä✉♠❡

program

stmt

>

cond

comp

if ( x

name

expr

number

expr

stmt

write ( ) ;00

number

expr

number

expr

stmt

) ;write ( 1 else)

name

stmt

x ( ) ;read=

decl

;

name

x

type

int
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❇❡♠❡r❦✉♥❣❡♥

• ❉✐❡ ✈♦r❣❡st❡❧❧t❡ ▼❡t❤♦❞❡ ❞❡r ❇❡s❝❤r❡✐❜✉♥❣ ✈♦♥ ❙②♥t❛① ❤❡✐ÿt
❊❇◆❋✲◆♦t❛t✐♦♥ ✭❊①t❡♥❞❡❞ ❇❛❝❦✉s ◆❛✉r ❋♦r♠ ◆♦t❛t✐♦♥✮✳

• ❊✐♥ ❛♥❞❡r❡r ◆❛♠❡ ❞❛❢ür ✐st ❡r✇❡✐t❡rt❡ ❦♦♥t❡①t❢r❡✐❡ ●r❛♠♠❛t✐❦
✭↑▲✐♥❣✉✐st✐❦✱ ❆✉t♦♠❛t❡♥t❤❡♦r✐❡✮✳

• ▲✐♥❦❡ ❙❡✐t❡♥ ✈♦♥ ❘❡❣❡❧♥ ❤❡✐ÿ❡♥ ❛✉❝❤ ◆✐❝❤t✲❚❡r♠✐♥❛❧❡✳

• ❚♦❦❡♥s ❤❡✐ÿ❡♥ ❛✉❝❤ ❚❡r♠✐♥❛❧❡✳

• ■♥ P❤❛s❡ ✷ ❞❡s ❈♦♠♣✐❧✐❡r❡♥s ❜❛✉t ❞❡r P❛rs❡r ❞❡♥ ❙②♥t❛①❜❛✉♠✳
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❍✐st♦r✐s❝❤❡s

◆♦❛♠ ❈❤♦♠s❦②✱
▼■❚

❏♦❤♥ ❇❛❝❦✉s✱ ■❇▼
❚✉r✐♥❣ ❆✇❛r❞

✭❊r✜♥❞❡r ✈♦♥ ❋♦rtr❛♥✮

P❡t❡r ◆❛✉r✱
❚✉r✐♥❣ ❆✇❛r❞

✭❊r✜♥❞❡r ✈♦♥ ❆❧❣♦❧✻✵✮
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❆❝❤t✉♥❣

• ❉✐❡ r❡❣✉❧är❡♥ ❆✉s❞rü❝❦❡ ❛✉❢ ❞❡♥ r❡❝❤t❡♥ ❘❡❣❡❧s❡✐t❡♥ ❦ö♥♥❡♥
s♦✇♦❤❧ ❚❡r♠✐♥❛❧❡✱ ❛❧s ❛✉❝❤ ◆✐❝❤t✲❚❡r♠✐♥❛❧❡ ❡♥t❤❛❧t❡♥✳

• ❉❡s❤❛❧❜ s✐♥❞ ❦♦♥t❡①t❢r❡✐❡ ●r❛♠♠❛t✐❦❡♥ ♠ä❝❤t✐❣❡r ❛❧s r❡❣✉❧är❡
❆✉s❞rü❝❦❡✳

❇❡✐s♣✐❡❧✿

L = {ǫ,ab,aabb,aaabbb, . . .}

❧ässt s✐❝❤ ♠✐t❤✐❧❢❡ ❡✐♥❡r ●r❛♠♠❛t✐❦ ❜❡s❝❤r❡✐❜❡♥✿

❆ ::= ✭ a ❆ b ✮❄
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❇❡✐s♣✐❡❧

❙②♥t❛①✲❇❛✉♠ ❢ür ❞❛s ❲♦rt aaabbb ✿

a aa

A

b b b

A

A

A

❋ür L ❣✐❜t ❡s ❛❜❡r ❦❡✐♥❡♥ r❡❣✉❧är❡♥ ❆✉s❞r✉❝❦✦✦✦
✭↑❆✉t♦♠❛t❡♥t❤❡♦r✐❡✮
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Ü❜❡rs✐❝❤t

❙②♥t❛① ✈♦♥ Pr♦❣r❛♠♠✐❡rs♣r❛❝❤❡♥

❱♦♥ ▼✐♥✐❏❛✈❛ ③✉r ❏❱▼
Ü❜❡rs❡t③✉♥❣ ✈♦♥ ❉❡❦❧❛r❛t✐♦♥❡♥
Ü❜❡rs❡t③✉♥❣ ✈♦♥ ❆✉s❞rü❝❦❡♥
Ü❜❡rs❡t③✉♥❣ ✈♦♥ ❩✉✇❡✐s✉♥❣❡♥
Ü❜❡rs❡t③✉♥❣ ✈♦♥ ✐❢✲❙t❛t❡♠❡♥ts
Ü❜❡rs❡t③✉♥❣ ✈♦♥ ✇❤✐❧❡✲❙t❛t❡♠❡♥ts
Ü❜❡rs❡t③✉♥❣ ✈♦♥ ❙t❛t❡♠❡♥t✲❋♦❧❣❡♥
Ü❜❡rs❡t③✉♥❣ ❣❛♥③❡r Pr♦❣r❛♠♠❡
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❆r❝❤✐t❡❦t✉r ❞❡r ❏❱▼

17

Code

1 2 30 54

SP

54

Store

PC

17

0 1 2 3
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❑♦♠♣♦♥❡♥t❡♥

❈♦❞❡ ❂ ❡♥t❤ä❧t ❏❱▼✲Pr♦❣r❛♠♠❀
❥❡❞❡ ❩❡❧❧❡ ❡♥t❤ä❧t ❡✐♥❡♥ ❇❡❢❡❤❧❀

P❈ ❂ Pr♦❣r❛♠ ❈♦✉♥t❡r ✕
③❡✐❣t ❛✉❢ ♥ä❝❤st❡♥ ❛✉s③✉❢ü❤r❡♥❞❡♥ ❇❡❢❡❤❧❀

❙t♦r❡ ❂ ❙♣❡✐❝❤❡r ❢ür ❉❛t❡♥❀
❥❡❞❡ ❩❡❧❧❡ ❦❛♥♥ ❡✐♥❡♥ ❲❡rt ❛✉❢♥❡❤♠❡♥❀

❙P ❂ ❙t❛❝❦✲P♦✐♥t❡r ✕
③❡✐❣t ❛✉❢ ♦❜❡rst❡ ❜❡❧❡❣t❡ ❩❡❧❧❡✳
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❆❝❤t✉♥❣

• Pr♦❣r❛♠♠ ✇✐❡ ❉❛t❡♥ ❧✐❡❣❡♥ ✐♠ ❙♣❡✐❝❤❡r ✕ ❛❜❡r ✐♥
✈❡rs❝❤✐❡❞❡♥❡♥ ❆❜s❝❤♥✐tt❡♥✳

• Pr♦❣r❛♠♠✲❆✉s❢ü❤r✉♥❣ ❤♦❧t ♥❛❝❤❡✐♥❛♥❞❡r ❇❡❢❡❤❧❡ ❛✉s ❈♦❞❡
✉♥❞ ❢ü❤rt ❞✐❡ ❡♥ts♣r❡❝❤❡♥❞❡♥ ❖♣❡r❛t✐♦♥❡♥ ❛✉❢ ❙t♦r❡ ❛✉s✳
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❑♦♥✈❡♥t✐♦♥

Store = Stack

1 2 30 54

SP

54

Store

3

54

2

1

0
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❇❡❢❡❤❧❡ ❞❡r ❏❱▼

int✲❖♣❡r❛t♦r❡♥✿ ◆❊●✱ ❆❉❉✱ ❙❯❇✱ ▼❯▲✱ ❉■❱✱ ▼❖❉
boolean✲❖♣❡r❛t♦r❡♥✿ ◆❖❚✱ ❆◆❉✱ ❖❘
❱❡r❣❧❡✐❝❤s✲❖♣❡r❛t♦r❡♥✿ ▲❊❙❙✱ ▲❊◗✱ ❊◗✱ ◆❊◗
▲❛❞❡♥ ✈♦♥ ❑♦♥st❛♥t❡♥✿ ❈❖◆❙❚ ✐✱ ❚❘❯❊✱ ❋❆▲❙❊
❙♣❡✐❝❤❡r✲❖♣❡r❛t✐♦♥❡♥✿ ▲❖❆❉ ✐✱ ❙❚❖❘❊ ✐
❙♣r✉♥❣✲❇❡❢❡❤❧❡✿ ❏❯▼P ✐✱ ❋❏❯▼P ✐
■❖✲❇❡❢❡❤❧❡✿ ❘❊❆❉✱ ❲❘■❚❊
❘❡s❡r✈✐❡r✉♥❣ ✈♦♥ ❙♣❡✐❝❤❡r✿ ❆▲▲❖❈ ✐
❇❡❡♥❞✉♥❣ ❞❡s Pr♦❣r❛♠♠s✿ ❍❆▲❚
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❊✐♥ ❇❡✐s♣✐❡❧✲Pr♦❣r❛♠♠

❆▲▲❖❈ ✷
❘❊❆❉
❙❚❖❘❊ ✵
❘❊❆❉
❙❚❖❘❊ ✶

❆✿ ▲❖❆❉ ✵
▲❖❆❉ ✶
◆❊◗
❋❏❯▼P ❉

▲❖❆❉ ✵
▲❖❆❉ ✶
▲❊❙❙
❋❏❯▼P ❇
▲❖❆❉ ✶
▲❖❆❉ ✵
❙❯❇
❙❚❖❘❊ ✶
❏❯▼P ❈

❇✿ ▲❖❆❉ ✵
▲❖❆❉ ✶
❙❯❇
❙❚❖❘❊ ✵

❈✿ ❏❯▼P ❆
❉✿ ▲❖❆❉ ✶

❲❘■❚❊
❍❆▲❚
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❊✐♥ ❇❡✐s♣✐❡❧✲Pr♦❣r❛♠♠

• ❉❛s Pr♦❣r❛♠♠ ❜❡r❡❝❤♥❡t ❞❡♥ ●●❚ ✦

• ❉✐❡ ▼❛r❦❡♥ ✭▲❛❜❡❧s✮ ❆✱ ❇✱ ❈✱ ❉ ❜❡③❡✐❝❤♥❡♥ s②♠❜♦❧✐s❝❤ ❞✐❡
❆❞r❡ss❡♥ ❞❡r ③✉❣❡❤ör✐❣❡♥ ❇❡❢❡❤❧❡✿

❆ ❂ ✺
❇ ❂ ✶✽
❈ ❂ ✷✷
❉ ❂ ✷✸

• ✳✳✳ ❦ö♥♥❡♥ ✈♦♠ ❈♦♠♣✐❧❡r ❧❡✐❝❤t ✐♥ ❞✐❡ ❡♥ts♣r❡❝❤❡♥❞❡♥ ❆❞r❡ss❡♥
✉♠❣❡s❡t③t ✇❡r❞❡♥ ✭✇✐r ❜❡♥✉t③❡♥ s✐❡ ❛❜❡r✱ ✉♠ ✉♥s ❜❡ss❡r ✐♠
Pr♦❣r❛♠♠ ③✉r❡❝❤t③✉✜♥❞❡♥✮✳
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❙❡♠❛♥t✐❦ ❞❡r ■♥str✉❦t✐♦♥❡♥

❇❡✈♦r ✇✐r ❡r❦❧är❡♥✱ ✇✐❡ ♠❛♥ ▼✐♥✐❏❛✈❛ ✐♥ ❏❱▼✲❈♦❞❡ ü❜❡rs❡t③t✱
❡r❦❧är❡♥ ✇✐r✱ ✇❛s ❞✐❡ ❡✐♥③❡❧♥❡♥ ❇❡❢❡❤❧❡ ❜❡✇✐r❦❡♥✳

■❞❡❡✿

• ❇❡❢❡❤❧❡✱ ❞✐❡ ❆r❣✉♠❡♥t❡ ❜❡♥öt✐❣❡♥✱ ❡r✇❛rt❡♥ s✐❡ ❛♠ ♦❜❡r❡♥
❊♥❞❡ ❞❡s ❙t❛❝❦✳

• ◆❛❝❤ ✐❤r❡r ❇❡♥✉t③✉♥❣ ✇❡r❞❡♥ ❞✐❡ ❆r❣✉♠❡♥t❡ ✈♦♠ ❙t❛❝❦
❤❡r✉♥t❡r❣❡✇♦r❢❡♥✳

• ▼ö❣❧✐❝❤❡ ❊r❣❡❜♥✐ss❡ ✇❡r❞❡♥ ♦❜❡♥ ❛✉❢ ❞❡♠ ❙t❛❝❦ ❛❜❣❡❧❡❣t✳

❇❡tr❛❝❤t❡♥ ✇✐r ❛❧s ❇❡✐s♣✐❡❧❡ ❞✐❡ ■❖✲❇❡❢❡❤❧❡ ❘❊❆❉ ✉♥❞ ❲❘■❚❊✳
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r❡❛❞

READ

PC PC

39

... falls 39 eingegeben wurde
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✇r✐t❡

39

PCPC

... wobei 39 ausgegeben wird

WRITE
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❆r✐t❤♠❡t✐❦

• ❯♥är❡ ❖♣❡r❛t♦r❡♥ ♠♦❞✐✜③✐❡r❡♥ ❞✐❡ ♦❜❡rst❡ ❩❡❧❧❡✳

• ❇✐♥är❡ ❖♣❡r❛t♦r❡♥ ✈❡r❦ür③❡♥ ❞❡♥ ❙t❛❝❦✳
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◆❡❣❛t✐♦♥

−7

PC PC

NEG
7
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❆❞❞✐t✐♦♥

ADD

4

17 21

PC PC
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❙✉❜tr❛❦t✐♦♥

13

4

17

PC PC

SUB
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❊t ❝❡t❡r❛

• ❉✐❡ ü❜r✐❣❡♥ ❛r✐t❤♠❡t✐s❝❤❡♥ ❖♣❡r❛t✐♦♥❡♥ ▼❯▲✱ ❉■❱✱ ▼❖❉
❢✉♥❦t✐♦♥✐❡r❡♥ ✈ö❧❧✐❣ ❛♥❛❧♦❣✳

• ❉✐❡ ❧♦❣✐s❝❤❡♥ ❖♣❡r❛t✐♦♥❡♥ ◆❖❚✱ ❆◆❉✱ ❖❘ ❡❜❡♥❢❛❧❧s ✕ ♠✐t
❞❡♠ ❯♥t❡rs❝❤✐❡❞✱ ❞❛ss s✐❡ st❛tt ♠✐t ❣❛♥③❡♥ ❩❛❤❧❡♥✱ ♠✐t
■♥t❡r♥✲❉❛rst❡❧❧✉♥❣❡♥ ✈♦♥ true ✉♥❞ false ❛r❜❡✐t❡♥ ✭❤✐❡r✿
✏tt✑ ✉♥❞ ✏✛✑✮✳

• ❆✉❝❤ ❞✐❡ ❱❡r❣❧❡✐❝❤❡ ❛r❜❡✐t❡♥ s♦ ✕ ♥✉r ❦♦♥s✉♠✐❡r❡♥ s✐❡ ❣❛♥③❡
❩❛❤❧❡♥ ✉♥❞ ❧✐❡❢❡r♥ ❡✐♥❡♥ ❧♦❣✐s❝❤❡♥ ❲❡rt✳
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▲♦❣✐s❝❤❡s ❯♥❞

AND

PC PC

ff

tt

ff
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❑❧❡✐♥❡r ♦❞❡r ❣❧❡✐❝❤

ff

4

17

PC PC

LESS
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▲❛❞❡♥ ✉♥❞ ❙♣❡✐❝❤❡r♥

• ❑♦♥st❛♥t❡♥✲▲❛❞❡✲❇❡❢❡❤❧❡ ❧❡❣❡♥ ❡✐♥❡♥ ♥❡✉❡♥ ❲❡rt ♦❜❡♥ ❛✉❢
❞❡♠ ❙t❛❝❦ ❛❜✳

• ▲❖❆❉ ✐ ❧❡❣t ❞❛❣❡❣❡♥ ❞❡♥ ❲❡rt ❛✉s ❞❡r ✐ ✲t❡♥ ❩❡❧❧❡ ♦❜❡♥ ❛✉❢
❞❡♠ ❙t❛❝❦ ❛❜✳

• ❙❚❖❘❊ ✐ s♣❡✐❝❤❡rt ❞❡♥ ♦❜❡rst❡♥ ❲❡rt ✐♥ ❞❡r ✐ ✲t❡♥ ❩❡❧❧❡ ❛❜✳

• ❉✐❡ ✐✲t❡ ❩❡❧❧❡ ❦❛♥♥ ❛✉ÿ❡r❤❛❧❜ ❞❡s ❙t❛❝❦s ❧✐❡❣❡♥ ✭✉♥❞ t✉t ❞❛s
♥♦r♠❛❧❡r✇❡✐s❡✮✳
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◆✉♠❡r✐s❝❤❡ ❑♦♥st❛♥t❡♥

CONST 42

42

PC PC
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❚r✉❡

TRUE

PC PC

tt
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❲❡rt ❧❡s❡♥

i 21

21

i 21

PC PC

LOAD i
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❲❡rt s♣❡✐❝❤❡r♥

STORE i

i

21

i

PC PC

21
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❙♣rü♥❣❡

• ❙♣rü♥❣❡ ✈❡rä♥❞❡r♥ ❞✐❡ ❘❡✐❤❡♥❢♦❧❣❡✱ ✐♥ ❞❡r ❞✐❡ ❇❡❢❡❤❧❡
❛❜❣❡❛r❜❡✐t❡t ✇❡r❞❡♥✱ ✐♥❞❡♠ s✐❡ ❞❡♥ P❈ ♠♦❞✐✜③✐❡r❡♥✳

• ❊✐♥ ✉♥❜❡❞✐♥❣t❡r ❙♣r✉♥❣ ü❜❡rs❝❤r❡✐❜t ❡✐♥❢❛❝❤ ❞❡♥ ❛❧t❡♥ ❲❡rt
❞❡s P❈ ♠✐t ❡✐♥❡♠ ♥❡✉❡♥✳

• ❊✐♥ ❜❡❞✐♥❣t❡r ❙♣r✉♥❣ t✉t ❞✐❡s ♥✉r✱ s♦❢❡r♥ ❡✐♥❡ ❣❡❡✐❣♥❡t❡
❇❡❞✐♥❣✉♥❣ ❡r❢ü❧❧t ✐st✳
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❯♥❜❡❞✐♥❣t❡r ❙♣r✉♥❣

JUMP 17

PC PC

17
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❇❡❞✐♥❣t❡r ❙♣r✉♥❣

FJUMP 17

PC PC

tt
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❇❡❞✐♥❣t❡r ❙♣r✉♥❣

17

PC PC

ff

FJUMP 17
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❆❧❧♦❦❛t✐♦♥ ✈♦♥ ❙♣❡✐❝❤❡r♣❧❛t③

• ❲✐r ❜❡❛❜s✐❝❤t✐❣❡♥✱ ❥❡❞❡r ❱❛r✐❛❜❧❡♥ ✉♥s❡r❡s
▼✐♥✐❏❛✈❛✲Pr♦❣r❛♠♠s ❡✐♥❡ ❙♣❡✐❝❤❡r✲❩❡❧❧❡ ③✉③✉♦r❞♥❡♥✳

• ❯♠ P❧❛t③ ❢ür ✐ ❱❛r✐❛❜❧❡♥ ③✉ s❝❤❛✛❡♥✱ ♠✉ss ❞❡r ❙P ❡✐♥❢❛❝❤ ✉♠
✐ ❡r❤ö❤t ✇❡r❞❡♥✳

• ❉❛s ✐st ❞✐❡ ❆✉❢❣❛❜❡ ✈♦♥ ❆▲▲❖❈ ✐✳

• ❋✉♥❦t✐♦♥✐❡rt s♦ ❡✐♥❢❛❝❤ ♥✉r✱ ✇❡♥♥ ❛❧❧❡ ❉❡❦❧❛r❛t✐♦♥❡♥ ❛♠
❆♥❢❛♥❣ ❞❡s Pr♦❣r❛♠♠s st❡❤❡♥✦

• ■♥ ❞❡r ❉❡✜♥✐t✐♦♥ ✈♦♥ ▼✐♥✐❏❛✈❛ ❤❛❜❡♥ ✇✐r ❛✉❢ ❉❡❦❧❛r❛t✐♦♥❡♥
✈❡r③✐❝❤t❡t ✳✳✳ ❥❡t③t ♥❡❤♠❡♥ ✇✐r ❛♥✱ ❞❛ss s✐❡ ❛♠ ❆♥❢❛♥❣ ❞❡s
Pr♦❣r❛♠♠s st❡❤❡♥✳
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❙♣❡✐❝❤❡r❛❧❧♦❦❛t✐♦♥

ALLOC 3

PC PC
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❊✐♥ ❇❡✐s♣✐❡❧✲Pr♦❣r❛♠♠

❈❖◆❙❚ ✶✼
❈❖◆❙❚ ✹
❆❉❉
❈❖◆❙❚ ✷
▼❯▲
❲❘■❚❊
❍❆▲❚
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❆❜❧❛✉❢

MUL

1

2

3

4

5

6 0

PC

CONST 17

CONST 2

ADD

CONST 4

HALT

WRITE

0
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❆❜❧❛✉❢

1

1

2

3

4

5

6

CONST 17

CONST 2

ADD

CONST 4

HALT

WRITE

MUL

17

PC

0
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❆❜❧❛✉❢

2

1

2

3

4

5

6

CONST 17

CONST 2

ADD

CONST 4

HALT

WRITE

MUL

17

PC4

0
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❆❜❧❛✉❢

21

1

2

3

4

5

6

CONST 17

CONST 2

ADD

CONST 4

HALT

WRITE

MUL
PC

3

0
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❆❜❧❛✉❢

21

1

2

3

4

5

6

CONST 17

CONST 2

ADD

CONST 4

HALT

WRITE

MUL
PC

4

2

0
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❆❜❧❛✉❢

5

1

2

3

4

5

6

CONST 17

CONST 2

ADD

CONST 4

HALT

WRITE

MUL
PC

42

0
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❆❜❧❛✉❢

6

1

2

3

4

5

6

CONST 17

CONST 2

ADD

CONST 4

HALT

WRITE

MUL
PC

0
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❆✉s❢ü❤r✉♥❣ ❡✐♥❡s ❏❱▼✲Pr♦❣r❛♠♠s

PC = 0;

IR = Code[PC];

while (IR != HALT) {

PC = PC + 1;

execute(IR);

IR = Code[PC];

}

• ■❘ ❂ ■♥str✉❝t✐♦♥ ❘❡❣✐st❡r✱ ❞✳❤✳ ❡✐♥❡ ❱❛r✐❛❜❧❡✱ ❞✐❡ ❞❡♥
♥ä❝❤st❡♥ ❛✉s③✉❢ü❤r❡♥❞❡♥ ❇❡❢❡❤❧ ❡♥t❤ä❧t✳

• execute(IR) ❢ü❤rt ❞❡♥ ❇❡❢❡❤❧ ✐♥ ■❘ ❛✉s✳

• Code[PC] ❧✐❡❢❡rt ❞❡♥ ❇❡❢❡❤❧✱ ❞❡r ✐♥ ❞❡r ❩❡❧❧❡ ✐♥ ❈♦❞❡ st❡❤t✱
❛✉❢ ❞✐❡ P❈ ③❡✐❣t✳
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❉❡❦❧❛r❛t✐♦♥❡♥

❇❡tr❛❝❤t❡ ❉❡❦❧❛r❛t✐♦♥

int x, y, result;

■❞❡❡✿
❲✐r r❡s❡r✈✐❡r❡♥ ❞❡r ❘❡✐❤❡ ♥❛❝❤ ❢ür ❞✐❡ ❱❛r✐❛❜❧❡♥ ❩❡❧❧❡♥ ✐♠ ❙♣❡✐❝❤❡r✿

result

x

y

Ü❜❡rs❡t③✉♥❣ ✈♦♥ ①✵ ①♥ ✶❀ ❂ ❆▲▲❖❈ ♥
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❉❡❦❧❛r❛t✐♦♥❡♥

❇❡tr❛❝❤t❡ ❉❡❦❧❛r❛t✐♦♥

int x, y, result;

■❞❡❡✿
❲✐r r❡s❡r✈✐❡r❡♥ ❞❡r ❘❡✐❤❡ ♥❛❝❤ ❢ür ❞✐❡ ❱❛r✐❛❜❧❡♥ ❩❡❧❧❡♥ ✐♠ ❙♣❡✐❝❤❡r✿

result

x

y

==⇒

Ü❜❡rs❡t③✉♥❣ ✈♦♥ int ①✵, . . . , ①♥−✶❀ ❂ ❆▲▲❖❈ ♥
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Ü❜❡rs❡t③✉♥❣ ✈♦♥ ❆✉s❞rü❝❦❡♥

■❞❡❡✿
Ü❜❡rs❡t③❡ ❆✉s❞r✉❝❦ ❡①♣r ✐♥ ❡✐♥❡ ❋♦❧❣❡ ✈♦♥ ❇❡❢❡❤❧❡♥✱ ❞✐❡ ❞❡♥ ❲❡rt
✈♦♥ ❡①♣r ❜❡r❡❝❤♥❡t ✉♥❞ ❞❛♥♥ ♦❜❡♥ ❛✉❢ ❞❡♠ ❙t❛❝❦ ❛❜❧❡❣t✳

Ü❜❡rs❡t③✉♥❣ ✈♦♥ ❂ ▲❖❆❉ ✐ ✖ ❞✐❡ ✐ ✲t❡ ❱❛r✐❛❜❧❡

Ü❜❡rs❡t③✉♥❣ ✈♦♥ ❂ ❈❖◆❙❚ ✶✼

Ü❜❡rs❡t③✉♥❣ ✈♦♥ ❂ ▲❖❆❉ ✐
❈❖◆❙❚ ✶
❙❯❇
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Ü❜❡rs❡t③✉♥❣ ✈♦♥ ❆✉s❞rü❝❦❡♥

■❞❡❡✿
Ü❜❡rs❡t③❡ ❆✉s❞r✉❝❦ ❡①♣r ✐♥ ❡✐♥❡ ❋♦❧❣❡ ✈♦♥ ❇❡❢❡❤❧❡♥✱ ❞✐❡ ❞❡♥ ❲❡rt
✈♦♥ ❡①♣r ❜❡r❡❝❤♥❡t ✉♥❞ ❞❛♥♥ ♦❜❡♥ ❛✉❢ ❞❡♠ ❙t❛❝❦ ❛❜❧❡❣t✳

Ü❜❡rs❡t③✉♥❣ ✈♦♥ x ❂ ▲❖❆❉ ✐ ✖ x ❞✐❡ ✐ ✲t❡ ❱❛r✐❛❜❧❡

Ü❜❡rs❡t③✉♥❣ ✈♦♥ 17 ❂ ❈❖◆❙❚ ✶✼

Ü❜❡rs❡t③✉♥❣ ✈♦♥ x - 1 ❂ ▲❖❆❉ ✐
❈❖◆❙❚ ✶
❙❯❇
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❆❜❧❛✉❢

PCi −9

LOAD i

CONST 1

SUB
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❆❜❧❛✉❢

−9

i −9

LOAD i

CONST 1

SUB

PC
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❆❜❧❛✉❢

1

i −9

−9

LOAD i

CONST 1

SUB

PC
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❆❜❧❛✉❢

−10

i −9

LOAD i

CONST 1

SUB

PC
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❆❧❧❣❡♠❡✐♥
Ü❜❡rs❡t③✉♥❣ ✈♦♥ - ❡①♣r ❂ Ü❜❡rs❡t③✉♥❣ ✈♦♥ ❡①♣r

◆❊●

Ü❜❡rs❡t③✉♥❣ ✈♦♥ ❡①♣r✶ + ❡①♣r✷ ❂ Ü❜❡rs❡t③✉♥❣ ✈♦♥ ❡①♣r✶
Ü❜❡rs❡t③✉♥❣ ✈♦♥ ❡①♣r✷
❆❉❉

✳✳✳ ❛♥❛❧♦❣ ❢ür ❞✐❡ ❛♥❞❡r❡♥ ❖♣❡r❛t♦r❡♥ ✳✳✳
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❇❡✐s♣✐❡❧

❙❡✐ ❡①♣r ❞❡r ❆✉s❞r✉❝❦✿ (x + 7) * (y - 14)

✇♦❜❡✐ x ✉♥❞ y ❞✐❡ ✵✳ ❜③✇✳ ✶✳ ❱❛r✐❛❜❧❡ s✐♥❞✳
❉❛♥♥ ❧✐❡❢❡rt ❞✐❡ Ü❜❡rs❡t③✉♥❣✿

▲❖❆❉ ✵
❈❖◆❙❚ ✼
❆❉❉
▲❖❆❉ ✶
❈❖◆❙❚ ✶✹
❙❯❇
▼❯▲
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Ü❜❡rs❡t③✉♥❣ ✈♦♥ ❩✉✇❡✐s✉♥❣❡♥

■❞❡❡✿

• Ü❜❡rs❡t③❡ ❞❡♥ ❆✉s❞r✉❝❦ ❛✉❢ ❞❡r r❡❝❤t❡♥ ❙❡✐t❡✳
❉❛s ❧✐❡❢❡rt ❡✐♥❡ ❇❡❢❡❤❧s❢♦❧❣❡✱ ❞✐❡ ❞❡♥ ❲❡rt ❞❡r r❡❝❤t❡♥ ❙❡✐t❡
♦❜❡♥ ❛✉❢ ❞❡♠ ❙t❛❝❦ ❛❜❧❡❣t✳

• ❙♣❡✐❝❤❡r❡ ♥✉♥ ❞✐❡s❡♥ ❲❡rt ✐♥ ❞❡r ❩❡❧❧❡ ❢ür ❞✐❡ ❧✐♥❦❡ ❙❡✐t❡ ❛❜✦

❙❡✐ ❞✐❡ ❱❛r✐❛❜❧❡ ◆r✳ ✐ ✳ ❉❛♥♥ ✐st

Ü❜❡rs❡t③✉♥❣ ✈♦♥ ❡①♣r ❂ Ü❜❡rs❡t③✉♥❣ ✈♦♥ ❡①♣r
❙❚❖❘❊ ✐
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Ü❜❡rs❡t③✉♥❣ ✈♦♥ ❩✉✇❡✐s✉♥❣❡♥

■❞❡❡✿

• Ü❜❡rs❡t③❡ ❞❡♥ ❆✉s❞r✉❝❦ ❛✉❢ ❞❡r r❡❝❤t❡♥ ❙❡✐t❡✳
❉❛s ❧✐❡❢❡rt ❡✐♥❡ ❇❡❢❡❤❧s❢♦❧❣❡✱ ❞✐❡ ❞❡♥ ❲❡rt ❞❡r r❡❝❤t❡♥ ❙❡✐t❡
♦❜❡♥ ❛✉❢ ❞❡♠ ❙t❛❝❦ ❛❜❧❡❣t✳

• ❙♣❡✐❝❤❡r❡ ♥✉♥ ❞✐❡s❡♥ ❲❡rt ✐♥ ❞❡r ❩❡❧❧❡ ❢ür ❞✐❡ ❧✐♥❦❡ ❙❡✐t❡ ❛❜✦

❙❡✐ x ❞✐❡ ❱❛r✐❛❜❧❡ ◆r✳ ✐ ✳ ❉❛♥♥ ✐st

Ü❜❡rs❡t③✉♥❣ ✈♦♥ x = ❡①♣r; ❂ Ü❜❡rs❡t③✉♥❣ ✈♦♥ ❡①♣r
❙❚❖❘❊ ✐
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❇❡✐s♣✐❡❧

❋ür x = x + 1; ✭x ❞✐❡ ✷✳ ❱❛r✐❛❜❧❡✮ ❧✐❡❢❡rt ❞❛s✿

▲❖❆❉ ✷
❈❖◆❙❚ ✶
❆❉❉
❙❚❖❘❊ ✷
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❆❜❧❛✉❢

PC

ADD

STORE 2

LOAD 2

−92

CONST 1
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❆❜❧❛✉❢

−9

ADD

STORE 2

LOAD 2

−92 PC

CONST 1
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❆❜❧❛✉❢

1

ADD

STORE 2

LOAD 2

−92 PC

−9

CONST 1
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❆❜❧❛✉❢

−8

ADD

STORE 2

LOAD 2

−92 PC

CONST 1
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❆❜❧❛✉❢

PC

ADD

STORE 2

LOAD 2

2 −8

CONST 1
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r❡❛❞ ✉♥❞ ✇r✐t❡

❇❡✐ ❞❡r Ü❜❡rs❡t③✉♥❣ ✈♦♥ x = read(); ✉♥❞
write(❡①♣r); ❣❡❤❡♥ ✇✐r ❛♥❛❧♦❣ ✈♦r✳

❙❡✐ x ❞✐❡ ❱❛r✐❛❜❧❡ ◆r✳ ✐ ✳ ❉❛♥♥ ✐st

Ü❜❡rs❡t③✉♥❣ ✈♦♥ x = read(); ❂ ❘❊❆❉
❙❚❖❘❊ ✐

Ü❜❡rs❡t③✉♥❣ ✈♦♥ write( ❡①♣r); ❂ Ü❜❡rs❡t③✉♥❣ ✈♦♥ ❡①♣r
❲❘■❚❊
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Ü❜❡rs❡t③✉♥❣ ✈♦♥ ✐❢✲❙t❛t❡♠❡♥ts

❇❡③❡✐❝❤♥❡ st♠t ❞❛s if✲❙t❛t❡♠❡♥t

if ( ❝♦♥❞ ) st♠t✶ else st♠t✷

■❞❡❡✿

• ❲✐r ❡r③❡✉❣❡♥ ❡rst ❡✐♥♠❛❧ ❇❡❢❡❤❧s❢♦❧❣❡♥ ❢ür ❝♦♥❞✱ st♠t✶ ✉♥❞
st♠t✷✳

• ❉✐❡s❡ ♦r❞♥❡♥ ✇✐r ❤✐♥t❡r❡✐♥❛♥❞❡r ❛♥✳

• ❉❛♥♥ ❢ü❣❡♥ ✇✐r ❙♣rü♥❣❡ s♦ ❡✐♥✱ ❞❛ss ✐♥ ❆❜❤ä♥❣✐❣❦❡✐t ❞❡s
❊r❣❡❜♥✐ss❡s ❞❡r ❆✉s✇❡rt✉♥❣ ❞❡r ❇❡❞✐♥❣✉♥❣ ❥❡✇❡✐❧s ❡♥t✇❡❞❡r
♥✉r st♠t✶ ♦❞❡r ♥✉r st♠t✷ ❛✉s❣❡❢ü❤rt ✇✐r❞✳
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Ü❜❡rs❡t③✉♥❣

❋♦❧❣❧✐❝❤ ✭♠✐t ❆✱ ❇ ③✇❡✐ ♥❡✉❡♥ ▼❛r❦❡♥✮✿
Ü❜❡rs❡t③✉♥❣ ✈♦♥ st♠t ❂ Ü❜❡rs❡t③✉♥❣ ✈♦♥ ❝♦♥❞

❋❏❯▼P ❆
Ü❜❡rs❡t③✉♥❣ ✈♦♥ st♠t✶
❏❯▼P ❇

❆✿ Ü❜❡rs❡t③✉♥❣ ✈♦♥ st♠t✷
❇✿ ✳✳✳

• ▼❛r❦❡ ❆ ♠❛r❦✐❡rt ❞❡♥ ❇❡❣✐♥♥ ❞❡s ❡❧s❡✲❚❡✐❧s✳

• ▼❛r❦❡ ❇ ♠❛r❦✐❡rt ❞❡♥ ❡rst❡♥ ❇❡❢❡❤❧ ❤✐♥t❡r ❞❡♠ if✲❙t❛t❡♠❡♥t✳

• ❋❛❧❧s ❞✐❡ ❇❡❞✐♥❣✉♥❣ s✐❝❤ ③✉ false ❡✈❛❧✉✐❡rt✱ ✇✐r❞ ❞❡r
then✲❚❡✐❧ ü❜❡rs♣r✉♥❣❡♥ ✭♠✐t❤✐❧❢❡ ✈♦♥ ❋❏❯▼P ❆✮✳

• ◆❛❝❤ ❆❜❛r❜❡✐t✉♥❣ ❞❡s then✲❚❡✐❧s ♠✉ss ✐♥ ❥❡❞❡♠ ❋❛❧❧ ❤✐♥t❡r
❞❡♠ ❣❡s❛♠t❡♥ if✲❙t❛t❡♠❡♥t ❢♦rt❣❡❢❛❤r❡♥ ✇❡r❞❡♥✳ ❉❛③✉ ❞✐❡♥t
❏❯▼P ❇✳

❚❯▼ ✲ ■♥❢♦r♠❛t✐❦ ■ ✲ Pr❡ts❝❤♥❡r ✲ ❙✳ ✾✷✽



❇❡✐s♣✐❡❧

❋ür ❞❛s ❙t❛t❡♠❡♥t✿

if (x < y) y = y - x;

else x = x - y;

✭x ✉♥❞ y ❞✐❡ ✵✳ ❜③✇✳ ✶✳ ❱❛r✐❛❜❧❡✮ ❡r❣✐❜t ❞❛s✿

▲❖❆❉ ✵
▲❖❆❉ ✶
▲❊❙❙
❋❏❯▼P ❆

▲❖❆❉ ✶
▲❖❆❉ ✵
❙❯❇
❙❚❖❘❊ ✶
❏❯▼P ❇

❆✿ ▲❖❆❉ ✵
▲❖❆❉ ✶
❙❯❇
❙❚❖❘❊ ✵

❇✿ ✳✳✳
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❆❜❧❛✉❢

FJUMP A

LOAD 0

LOAD 1

LESS

SUB

LOAD 0

LOAD 1

STORE 0

A:

B:

12

6 PC
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❆❜❧❛✉❢

12

LOAD 0

LOAD 1

LESS

SUB

LOAD 0

LOAD 1

STORE 0

A:

B:

PC

FJUMP A

12

6
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❆❜❧❛✉❢

6

LOAD 0

LOAD 1

LESS

SUB

LOAD 0

LOAD 1

STORE 0

A:

B:

PC

FJUMP A

12

6

12
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❆❜❧❛✉❢

ff

LOAD 0

LOAD 1

LESS

SUB

LOAD 0

LOAD 1

STORE 0

A:

B:

PC

FJUMP A

12

6
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❆❜❧❛✉❢

A

LOAD 0

LOAD 1

LESS

SUB

LOAD 0

LOAD 1

STORE 0

A:

B:

FJUMP A

12

6 PC
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❆❜❧❛✉❢

12

LOAD 0

LOAD 1

LESS

SUB

LOAD 0

LOAD 1

STORE 0

A:

B:

FJUMP A

12

6 PC
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❆❜❧❛✉❢

6

LOAD 0

LOAD 1

LESS

SUB

LOAD 0

LOAD 1

STORE 0

A:

B:

FJUMP A

12

6 PC

12
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❆❜❧❛✉❢

6

LOAD 0

LOAD 1

LESS

SUB

LOAD 0

LOAD 1

STORE 0

A:

B:

FJUMP A

12

6 PC
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❆❜❧❛✉❢

6

LOAD 0

LOAD 1

LESS

SUB

LOAD 0

LOAD 1

STORE 0

A:

B:

FJUMP A

6 PC
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Ü❜❡rs❡t③✉♥❣ ✈♦♥ ✇❤✐❧❡✲❙t❛t❡♠❡♥ts

❇❡③❡✐❝❤♥❡ st♠t ❞❛s while✲❙t❛t❡♠❡♥t

while ( ❝♦♥❞ ) st♠t✶

■❞❡❡✿

• ❲✐r ❡r③❡✉❣❡♥ ❡rst ❡✐♥♠❛❧ ❇❡❢❡❤❧s❢♦❧❣❡♥ ❢ür ❝♦♥❞ ✉♥❞ st♠t✶✳

• ❉✐❡s❡ ♦r❞♥❡♥ ✇✐r ❤✐♥t❡r ❡✐♥❛♥❞❡r ❛♥✳

• ❉❛♥♥ ❢ü❣❡♥ ✇✐r ❙♣rü♥❣❡ s♦ ❡✐♥✱ ❞❛ss ✐♥ ❆❜❤ä♥❣✐❣❦❡✐t ❞❡s
❊r❣❡❜♥✐ss❡s ❞❡r ❆✉s✇❡rt✉♥❣ ❞❡r ❇❡❞✐♥❣✉♥❣ ❡♥t✇❡❞❡r ❤✐♥t❡r
❞❛s while✲❙t❛t❡♠❡♥t ❣❡s♣r✉♥❣❡♥ ✇✐r❞ ♦❞❡r st♠t✶ ❛✉s❣❡❢ü❤rt
✇✐r❞✳

• ◆❛❝❤ ❆✉s❢ü❤r✉♥❣ ✈♦♥ st♠t✶ ♠üss❡♥ ✇✐r ❛❧❧❡r❞✐♥❣s ✇✐❡❞❡r ❛♥
❞❡♥ ❆♥❢❛♥❣ ❞❡s ❈♦❞❡s ③✉rü❝❦s♣r✐♥❣❡♥✳
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Ü❜❡rs❡t③✉♥❣

❋♦❧❣❧✐❝❤ ✭♠✐t ❆✱ ❇ ③✇❡✐ ♥❡✉❡♥ ▼❛r❦❡♥✮✿
Ü❜❡rs❡t③✉♥❣ ✈♦♥ st♠t ❂ ❆✿ Ü❜❡rs❡t③✉♥❣ ✈♦♥ ❝♦♥❞

❋❏❯▼P ❇
Ü❜❡rs❡t③✉♥❣ ✈♦♥ st♠t✶
❏❯▼P ❆

❇✿ ✳✳✳

• ▼❛r❦❡ ❆ ♠❛r❦✐❡rt ❞❡♥ ❇❡❣✐♥♥ ❞❡s ✇❤✐❧❡✲❙t❛t❡♠❡♥ts✳

• ▼❛r❦❡ ❇ ♠❛r❦✐❡rt ❞❡♥ ❡rst❡♥ ❇❡❢❡❤❧ ❤✐♥t❡r ❞❡♠
while✲❙t❛t❡♠❡♥t✳

• ❋❛❧❧s ❞✐❡ ❇❡❞✐♥❣✉♥❣ s✐❝❤ ③✉ false ❡✈❛❧✉✐❡rt✱ ✇✐r❞ ❞✐❡ ❙❝❤❧❡✐❢❡
✈❡r❧❛ss❡♥ ✭♠✐t❤✐❧❢❡ ✈♦♥ ❋❏❯▼P ❇✮✳

• ◆❛❝❤ ❆❜❛r❜❡✐t✉♥❣ ❞❡s ❘✉♠♣❢s ♠✉ss ❞❛s while✲❙t❛t❡♠❡♥t
❡r♥❡✉t ❛✉s❣❡❢ü❤rt ✇❡r❞❡♥✳ ❉❛③✉ ❞✐❡♥t ❏❯▼P ❆✳
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❇❡✐s♣✐❡❧

❋ür ❞❛s ❙t❛t❡♠❡♥t✿

while (1 < x) x = x - 1;

✭x ❞✐❡ ✵✳ ❱❛r✐❛❜❧❡✮ ❡r❣✐❜t ❞❛s✿

❆✿ ❈❖◆❙❚ ✶
▲❖❆❉ ✵
▲❊❙❙
❋❏❯▼P ❇

▲❖❆❉ ✵
❈❖◆❙❚ ✶
❙❯❇
❙❚❖❘❊ ✵
❏❯▼P ❆

❇✿ ✳✳✳
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Ü❜❡rs❡t③✉♥❣ ✈♦♥ ❙t❛t❡♠❡♥t✲❋♦❧❣❡♥

■❞❡❡✿

• ❲✐r ❡r③❡✉❣❡♥ ③✉❡rst ❇❡❢❡❤❧s❢♦❧❣❡♥ ❢ür ❞✐❡ ❡✐♥③❡❧♥❡♥
❙t❛t❡♠❡♥ts ✐♥ ❞❡r ❋♦❧❣❡✳

• ❉❛♥♥ ❦♦♥❦❛t❡♥✐❡r❡♥ ✇✐r ❞✐❡s❡✳

❋♦❧❣❧✐❝❤✿
Ü❜❡rs❡t③✉♥❣ ✈♦♥ st♠t✶ ✳✳✳ st♠t❦ ❂ Ü❜❡rs❡t③✉♥❣ ✈♦♥ st♠t✶

✳✳✳
Ü❜❡rs❡t③✉♥❣ ✈♦♥ st♠t❦
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Ü❜❡rs❡t③✉♥❣ ✈♦♥ ❙t❛t❡♠❡♥t✲❋♦❧❣❡♥

■❞❡❡✿

• ❲✐r ❡r③❡✉❣❡♥ ③✉❡rst ❇❡❢❡❤❧s❢♦❧❣❡♥ ❢ür ❞✐❡ ❡✐♥③❡❧♥❡♥
❙t❛t❡♠❡♥ts ✐♥ ❞❡r ❋♦❧❣❡✳

• ❉❛♥♥ ❦♦♥❦❛t❡♥✐❡r❡♥ ✇✐r ❞✐❡s❡✳

❋♦❧❣❧✐❝❤✿
Ü❜❡rs❡t③✉♥❣ ✈♦♥ st♠t✶ ✳✳✳ st♠t❦ ❂ Ü❜❡rs❡t③✉♥❣ ✈♦♥ st♠t✶

✳✳✳
Ü❜❡rs❡t③✉♥❣ ✈♦♥ st♠t❦
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❇❡✐s♣✐❡❧

❋ür ❞✐❡ ❙t❛t❡♠❡♥t✲❋♦❧❣❡

y = y * x;

x = x - 1;

✭x ✉♥❞ y ❞✐❡ ✵✳ ❜③✇✳ ✶✳ ❱❛r✐❛❜❧❡✮ ❡r❣✐❜t ❞❛s✿

▲❖❆❉ ✶
▲❖❆❉ ✵
▼❯▲
❙❚❖❘❊ ✶

▲❖❆❉ ✵
❈❖◆❙❚ ✶
❙❯❇
❙❚❖❘❊ ✵
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Ü❜❡rs❡t③✉♥❣ ❣❛♥③❡r Pr♦❣r❛♠♠❡

◆❡❤♠❡♥ ✇✐r ❛♥✱ ❞❛s Pr♦❣r❛♠♠ ♣r♦❣ ❜❡st❡❤❡ ❛✉s ❡✐♥❡r ❉❡❦❧❛r❛t✐♦♥
✈♦♥ ♥ ❱❛r✐❛❜❧❡♥✱ ❣❡❢♦❧❣t ✈♦♥ ❞❡r ❙t❛t❡♠❡♥t✲❋♦❧❣❡ ss✳
■❞❡❡✿

• ❩✉❡rst ❛❧❧♦❦✐❡r❡♥ ✇✐r P❧❛t③ ❢ür ❞✐❡ ❞❡❦❧❛r✐❡rt❡♥ ❱❛r✐❛❜❧❡♥✳

• ❉❛♥♥ ❦♦♠♠t ❞❡r ❈♦❞❡ ❢ür ss✳

• ❉❛♥♥ ❍❆▲❚✳

❋♦❧❣❧✐❝❤✿
Ü❜❡rs❡t③✉♥❣ ✈♦♥ ♣r♦❣ ❂ ❆▲▲❖❈ ♥

Ü❜❡rs❡t③✉♥❣ ✈♦♥ ss
❍❆▲❚
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Ü❜❡rs❡t③✉♥❣ ❣❛♥③❡r Pr♦❣r❛♠♠❡

◆❡❤♠❡♥ ✇✐r ❛♥✱ ❞❛s Pr♦❣r❛♠♠ ♣r♦❣ ❜❡st❡❤❡ ❛✉s ❡✐♥❡r ❉❡❦❧❛r❛t✐♦♥
✈♦♥ ♥ ❱❛r✐❛❜❧❡♥✱ ❣❡❢♦❧❣t ✈♦♥ ❞❡r ❙t❛t❡♠❡♥t✲❋♦❧❣❡ ss✳
■❞❡❡✿

• ❩✉❡rst ❛❧❧♦❦✐❡r❡♥ ✇✐r P❧❛t③ ❢ür ❞✐❡ ❞❡❦❧❛r✐❡rt❡♥ ❱❛r✐❛❜❧❡♥✳

• ❉❛♥♥ ❦♦♠♠t ❞❡r ❈♦❞❡ ❢ür ss✳

• ❉❛♥♥ ❍❆▲❚✳

❋♦❧❣❧✐❝❤✿
Ü❜❡rs❡t③✉♥❣ ✈♦♥ ♣r♦❣ ❂ ❆▲▲❖❈ ♥

Ü❜❡rs❡t③✉♥❣ ✈♦♥ ss
❍❆▲❚
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❇❡✐s♣✐❡❧

❋ür ❞❛s Pr♦❣r❛♠♠

int x, y;

x = read();

y = 1;

while (1 < x) {

y = y * x;

x = x - 1;

}

write(y);

❡r❣✐❜t ❞❛s ✭x ✉♥❞ y ❞✐❡ ✵✳ ❜③✇✳ ✶✳ ❱❛r✐❛❜❧❡✮ ✿
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Ü❜❡rs❡t③✉♥❣

❆▲▲❖❈ ✷
❘❊❆❉
❙❚❖❘❊ ✵
❈❖◆❙❚ ✶
❙❚❖❘❊ ✶

❆✿ ❈❖◆❙❚ ✶
▲❖❆❉ ✵
▲❊❙❙
❋❏❯▼P ❇

▲❖❆❉ ✶
▲❖❆❉ ✵
▼❯▲
❙❚❖❘❊ ✶

▲❖❆❉ ✵
❈❖◆❙❚ ✶
❙❯❇
❙❚❖❘❊ ✵
❏❯▼P ❆

❇✿ ▲❖❆❉ ✶
❲❘■❚❊
❍❆▲❚
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❆❜❧❛✉❢

STORE 0

ALLOC 2

READ

A:

LESS

FJUMP B

JUMP A

CONST 1

LOAD 0

CONST 1

STORE 1

LOAD 1B:

WRITE

HALT

PC
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❆❜❧❛✉❢

STORE 0

ALLOC 2

READ

A:

LESS

FJUMP B

JUMP A

CONST 1

LOAD 0

CONST 1

STORE 1

LOAD 1B:

WRITE

HALT

PC
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❆❜❧❛✉❢

2

STORE 0

ALLOC 2

READ

A:

LESS

FJUMP B

JUMP A

CONST 1

LOAD 0

CONST 1

STORE 1

LOAD 1B:

WRITE

HALT

PC
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❆❜❧❛✉❢

2

STORE 0

ALLOC 2

READ

A:

LESS

FJUMP B

JUMP A

CONST 1

LOAD 0

CONST 1

STORE 1

LOAD 1B:

WRITE

HALT

PC
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❆❜❧❛✉❢

1

STORE 0

ALLOC 2

READ

A:

LESS

FJUMP B

JUMP A

CONST 1

LOAD 0

CONST 1

STORE 1

LOAD 1B:

WRITE

HALT

PC

2
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❆❜❧❛✉❢

1

STORE 0

ALLOC 2

READ

A:
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