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䩴ₜ屘₼⸛㒟⺈䫻ↅ♿䤓␋⹈♙⺈␔ⷧ䷘忓䄟䤓丰䚕ぴ⇫ᇭ⥯㷳᧨ℕ屲壩㕮㧉䤓扟⇫ㄅₜ
㢾咻♠ⅉ⛧㉔權㘛㙰䤓䩴幕ᇭ

䏅力᧨⑰ℚ掌␆₳槱㊶ᇭ椞䧏Java㔏㦾䤓ₜ㠼♠⻤᧨⸒嬺ㄣ䞷ℝ怙㧴怙⮩䤓欕⩮⃚
₼ᇭ␅₼K欕⩮᧨Ⱁ䟄┪ᇬ摠娜ᇬ抩≰䷘᧨⺈䲚ㄞ䤓㊶厌ᇬ䳂⸩㊶✛♾㓸⻤㊶㡈槱掌㦘㨐
浧䤓尐㻑ᇭ䲚ㄞ㈗♾厌⦷10₹ⅉ⚛㢅∎䞷㢅⸛⏷㷲デ᧨⇕㢾⦷10000₹ⅉ⚛㢅∎䞷㢅⻀↩冢
㏱ᇬ㸊析᧨䞩咂⾸䄒ᇭ㹺㡯䠠桽᧨尐䅰恂10000₹ⅉ⚛㢅∎䞷榏尐㦃浧㊶厌䤓䓸䚕䫻ↅ᧨⇕
㢾⦷公⮶⮩㟿㍔⑄ₚ᧨㙟◖䫻ↅ㟗厌㡯㽤䷘㹣√⦿㙟◖䲚ㄞ䤓扟⇫㊶厌✛ㄅ♠厌┪᧨䞩咂♾
厌⺈䲚ㄞ扟⇫䕅⑄⸛⏷㼰㦘↊⇤㟈⠓ᇭ扨摛槱㦘Java壩㕮㧉䤓☮⥯᧶ℕ才Ⓙ全㓏㦘䫻ↅ㙟
∪咃䤓壩㕮♿䤓䥽䤓᧨䔉䔁ℕK䫻ↅ䦇␂䤓㊶厌䔈㊶ᇭ㦃摜尐䤓㢾ⅉ☮⥯᧶Ⱁ㨫
♠ⅉ⛧ₜℕ屲壩㕮㧉K㔏㦾䔈㊶䤓扟嫛☮䚕᧨⻀㡯㽤⒉㦏抑⚗壩㕮㧉扟嫛✛呹↧▥䤓
ⅲ䪐ᇭ

␅⸭᧨䥽ⓜ⟕䞷䤓浧㊶厌Java壩㕮㧉掌㙟∪ℕ䦇㇢⮩䤓↧▥䔈㊶✛庒唑㓚㹄᧨䞷ℝ䅰恂
ㄣ䞷䲚ㄞ⦷⸭棔䞮ℶ䘾⬒₼⺈㊶厌✛䳂⸩㊶䤓尐㻑ᇭⰑ㨫♹㢾ℕ⏴桷⃯ⷵ᧨常䲚ㄞ⦷呹む
䤓㧉⣷ₙ㷲デ扟嫛᧨挲⃗扨K䔈㊶♾ⅴ広㢾♾㦘♾㡯䤓᧷Ⱁ㨫䞷ℝ䞮ℶ♠᧨⺳␅㢾←₩儶
䞮ℶ♠᧨⻀扺⒖榏尐♠ⅉ⛧₼咂⺠㦘捷⒕ⅉ⺈壩㕮㧉䤓䔈㊶♙庒唑㡈㽤␆㦘㈗䂔㣿䤓
帳幕᧨㓏ⅴ⦷Java♠⇢侊₼᧨⺈㩅㨓ᇬ侊兮庒↧ᇬ浧儶䲚ㄞ⛧䷘屡唁䤓榏㻑䦃掌槭
デ⮶ᇭ⃯ⷵ壩㕮㧉₼⚓䱜呹┷扟⇫䔈㊶䤓☮䚕⃮㒟ℕJava䲚ㄞ⛧㒟栎拢恾ₙ㉔䏅↩㘴屵Ⓙ
䤓庍ᇭ㦻♾ⅴ∎床劔ⅴ䱜䦇⺈戊㨍䤓㡈㆞⃯ⷵ壩㕮㧉䤓扟⇫☮䚕᧨⺈Java䲚ㄞ⛧䤓㒟
栎⃮㦘戒⮶䤓ソ┸ᇭ



䶻2䓗䶻1䓗䤓◉Ⓔ
JDK 1.7⦷20117㦗28㡴㷲㆞♠を᧨䦇⺈ℝ2006♠を䤓JDK 1.6᧨㠿䓗䤓JDK㦘ℕ幇⮩

㠿䤓䔈㊶✛㟈扪ᇭ㦻䤓䶻2䓗⃮䦇ㄣ⦿扪嫛ℕ≽㟈✛◖儶᧨㔙幁屲䤓㔏㦾♿⅝JDK 1.6㙟
◖咂JDK 1.7ᇭ√Ⱁ᧨⬭┯ℕ⺈JDK 1.7₼㦏㠿䤓G1㟅楕⣷᧨ⅴ♙JDK 1.7₼JSR-292
InvokeDynamic᧤⺈槭Java幼岏䤓庒䞷㞾㖐᧥䤓⒕㨟幁屲䷘␔⹈ᇭ

⦷䶻1䓗⒉䓗⚝᧨䶣劔㟅Ⓙℕ幇⮩䍼㉒床劔䤓♜気㎞屐᧨捷⒕床劔㙟⒉OpenJDK䄟め
⃔᧨䶻1䓗☃㈗⺠㦘䦃㘴⒕㨟OpenJDK䄟䪐䤓␔⹈᧨㦘䍈“展⸬⼀力ₜ屐”䤓㎮屘ᇭ⥯㷳᧨⦷
㦻䶻2䓗₼᧨䶣劔䔈Ⓔ┯㇉ℕ⺈扨捷⒕␔⹈䤓幁屲᧨␅₼⦷䶻1䵯₼⻀⅚兜ℕⰑ⇤⒕㨟ᇬ庒
幤OpenJDK䄟䪐䷘ᇭ⦷㦻⚝兼䵯唑₼᧨ₜ⺠␂ℝ┮厌䍈䤓幁屲掌䦃㘴∎䞷OpenJDK₼䤓
HotSpot䄟䪐㒥劔JIT冥幠⣷䞮㒟䤓㦻⦿ⅲ䪐⇫幉㗽ᇭ

Ⱁ⇤㔙Java壩㕮㧉☮䚕₼幇⮩䚕幉㊶㈗㇉䤓䩴幕ᇬ䔈㊶ㄣ䞷ℝ⸭悄♠᧨㢾㦻徾䴎ⱚ
兗䤓㡷ᇭ䟀ℝ䶣劔゛㦪⦷㦻䶻2䓗₼扪㷴┯㇉䩴幕䤓⸭悄㊶᧨⥯㷳⬭┯ℕ幇⮩⺈⮓䚕
JVMデ屐桽欧㔏厌䤓幁屲᧨▔㕻Ⱁ⇤⒕㨟GC㡴㉦ᇬⰑ⇤⒕㨟JIT冥幠⣷ⅲ䪐↧▥扖䲚✛䞮㒟
ⅲ䪐䷘ᇭㄅ₣᧨⦷䶻1䓗䤓⪉䫏ₙ᧨䶻2䓗₼扪㷴⬭┯ℕ啴⮓䚕JVM桽欧䤓⸭悄㫗√∪床
劔♑劒ᇭ

♵⮥᧨㦻䶻2䓗执≽㷲ℕ䶻1䓗₼⮩⮓枨幾䤓ᇬ㦘㷶⃘䤓✛ₜ⸛㠃䤓㙞承ᇭ㦘␂╧幾≰
㋾᧨♾ⅴ♑劒䶻1䓗䤓╧幾欄槱᧤http://icyfenix.iteye.com/blog/1119214᧥ᇭ



㦻槱⚠䤓床劔
᧤1᧥∎䞷Java㔏㦾⇢侊䤓₼ᇬ浧儶♠ⅉ⛧

Java壩㕮㧉⇫₼ᇬ浧儶♠ⅉ⛧㉔權≽䍋䤓䩴幕᧨㦘䧏戒浧䤓⃯ⷵ桷㱪᧨㦻♾⇫
⃯ⷵ壩㕮㧉䤓↧䱏㟨㧟ᇭ

᧤2᧥侊兮庒↧

侊兮庒↧㢾扠⑯㓜␃怆䤓勛₩᧨㦻₼䤓⮶摞㫗√ᇬⅲ䪐✛庒↧⸭㒧⺕↩⺈侊兮庒
↧䤓㡴デぴ⇫㦘䦃㘴䤓ソ┸ᇭ

᧤3᧥侊兮㩅㨓

≬椫侊兮䤓㊶厌ᇬㄅ♠✛⇇冸䷘厌┪㢾侊兮㩅㨓䤓尐勛徲⃚᧨力扨捷⒕壩㕮㧉
䤓扟⇫⹕ₜ♾⒕᧨㦻♾ⅴ⇫ⅥⅻⓅ⸩ㄣ䞷侊兮ㄤ⻑㫕㩅䤓♑劒忓㠨ᇭ



Ⱁ⇤梔床㦻
㦻␀⒕℣₹捷⒕᧶忿扠Javaᇬ呹┷␔ⷧ丰䚕㧉Ⓟᇬ壩㕮㧉㓶嫛侊兮ᇬ䲚ㄞ冥幠

ⅲ䪐↧▥ᇬ浧㟗ㄅ♠ᇭ⚓捷⒕⪉㦻ₙ㢾℡䦇䕻䵚䤓᧨㼰㦘㉔䏅䤓ⓜ⚝∬忥␂侊᧨床劔♾ⅴ
⅝↊⇤₹㎮␃怲䤓₢欧ⱚ梔床᧨⇕㢾㹞₹捷⒕₼䤓⚓₹䵯唑梃㦘⏗⚝欉ㄞᇭ

㦻ㄅ㼰㦘⋖幍床劔⦷Java欕⩮␆㈗₢₩䤓㔏㦾㻃᧨⥯㷳⦷≬幐拊戠䫽䤓ⓜ㙟
ₚ᧨⻌摞䞷抩≦䤓幼岏✛㫗√幁承壩㕮㧉₼♠䤓␂侊㦏⹕⒖䤓␔⹈ᇭ㇢䏅᧨⃯ⷵ壩㕮
㧉㔏㦾㦻愺⻀榏尐床劔㦘⸩䤓⪉䫏᧨₣㦻䤓床劔⸩⇜㢾₼ᇬ浧儶䲚ㄞ⛧᧨⥯㷳㦻⋖幍
床劔呹むℕ屲Kデ䞷䤓♠㫕㩅ᇬJava API✛Java幼㽤䷘⪉䫏䩴幕ᇭ

䶣劔゛㦪床劔⦷梔床㦻䤓⚛㢅᧨㔙㦻₼䤓⸭悄␔⹈⅁呹洛幐拜᧨␅₼䞷Ⓙ䤓ⅲ䪐
䂔◤♾ⅴ⅝◝䵯几䵨᧤http://www.hzbook.com᧥ₚ戌ᇭ

幼岏儵⸩
㦻⦷幼岏✛㔏㦾ₙ㦘Ⱁₚ儵⸩᧶

㦻₼㙟ⒿHotSpotᇬJRockit壩㕮㧉ᇬWebLogic㦜┰⣷䷘ℶ❐䤓㓏㦘劔㢅᧨⅜䏅∎䞷Sun
✛BEA⏻⚇䤓⚜䱿᧨⸭棔ₙ᧨BEA✛Sun⒕Ⓔℝ2008✛2009嬺Oracle⏻⚇㟅徼᧨䘿⦷め兞
ₜⷧ⦷扨₳₹⟕㪖ℕ᧨⇕㹺㡯䠠桽䤓㢾᧨⸒ⅻ掌㢾⦷Java欕⩮₼⋩⒉扖◢怙徰䖽䤓ᇬ⋋㈦䲚
ㄞ⛧儹㊄䤓⏻⚇ᇭ

JDK⅝1.5䓗㦻ⱚ᧨⦷⸧㡈䤓㷲㆞㠖㫲⸲↯忓㠨₼め兞ₜ␜∎䞷伊⇋“JDK 1.5”䤓⚜
䱿᧨♹㦘䲚ㄞ⛧␔捷∎䞷䤓♠䓗㦻⚆᧤Developer Version᧨√Ⱁjava-version䤓戢⒉᧥㓜其
兼㽎䞷1.5ᇬ1.6✛1.7䤓䓗㦻⚆᧨力⏻䓗㦻⚆᧤Product Version᧥⒨㟈JDK 5ᇬJDK 6✛JDK
7䤓✌⚜㡈㆞᧨ℕ嫛㠖咃᧨㦻㓏㦘⧉⚗兮摖䞷♠䓗㦻⚆䤓✌⚜㡈㆞ᇭ

䟀ℝ䓗槱␂侊᧨㦻₼䤓幇⮩䯉√ⅲ䪐掌㼰㦘挄㈹㦏↧䤓ⅲ䪐冥歝㫋᧨Ⱁ∎䞷䤓㿐㼰
㦘␂桼㿐䷘᧨庆床劔⦷梔床㢅㽷㎞扨䍈ᇭ

Ⱁ㨫㼰㦘䔈㸙広㢝᧨㦻₼㓏㦘帷幉掌㢾ⅴSun JDK 1.7㔏㦾♿䤓ᇭₜ扖Ⱁ㨫㦘㩟₹
䔈㊶⦷⚓₹䓗㦻梃䤓♧▥戒⮶᧨咻掌↩広㢝⸒⦷⚓₹䓗㦻梃䤓ぽ㆑ᇭ



␔⹈䔈唁
䶻捷⒕ᇫ忿扠Java

㦻䤓䶻捷⒕⚝㠖䤓幁屲ㆉ䵚ℕ哾Ⰼ䤓⪉䫏ᇭ⻌丰ℕ屲Java㔏㦾䤓㧴爨♊厘᧨ⅴ♙
冥幠呹む䤓OpenJDK⺈ℝ床劔䚕屲Java壩㕮㧉ㄅₜ㢾㉔榏䤓᧨⇕㢾扨K扖䲚♾ⅴ忿扠
Java㔏㦾✛Java壩㕮㧉㙟∪㈗Ⰼ䤓ㆤ⺋ᇭ䶻捷⒕♹㦘䶻1䵯᧶

䶻1䵯ᇫ⅚兜ℕJava㔏㦾⇢侊䤓扖♊ᇬ䘿⦷✛㦹㧴䤓K♠⻤怚╎᧨ㄅ⅚兜ℕⰑ⇤䕻䵚
⦿冥幠₹OpenJDK 7ᇭ

䶻ℛ捷⒕ᇫ呹┷␔ⷧ丰䚕㧉Ⓟ

⥯䲚ㄞ⛧㔙␔ⷧ㘶Ⓟ䤓㧒┪ℳ全ℕJava壩㕮㧉᧨㓏ⅴ♾ⅴ⦷冥䪐䤓㢅⊨℺♦呹┷␔ⷧ
丰䚕䤓庇⮩↧╎᧨ₜ扖⃮㷲㢾扨₹☮⥯᧨㡵⒉䘿␔ⷧ㽓䆞✛䄱⒉㡈槱䤓桽欧᧨Ⱁ㨫ₜℕ屲
壩㕮㧉㢾㊝㫆∎䞷␔ⷧ䤓᧨挲⃗㘡㩴枨幾⺕↩㒟欈㆑デ哿楍䤓ぴ⇫ᇭ䶻ℛ捷⒕▔㕻䶻2
ᨺ5䵯᧶

䶻2䵯ᇫ幁屲ℕ壩㕮㧉₼␔ⷧ㢾Ⱁ⇤⒡⒕䤓᧨ⅴ♙❹捷⒕◉⩮ᇬ⅏⃗㫆䤓ⅲ䪐✛㝜⇫♾
厌⺋咃␔ⷧ䄱⒉㆑デ᧨ㄅ幁屲ℕ⚓₹◉⩮⒉䘿␔ⷧ䄱⒉㆑デ䤓デ屐☮⥯ᇭ

䶻3䵯ᇫ⒕㨟ℕ⨒⧍㟅楕䤓並㽤✛JDK 1.7₼㙟∪䤓⑯㷍⨒⧍㟅楕⣷䤓䔈䍈♙扟⇫☮䚕ᇭ
抩扖ⅲ䪐⸭√洛幐ℕJava壩㕮㧉₼呹┷␔ⷧ⒕揜♙⥭㟅䤓尐屓⒨ᇭ

䶻4䵯ᇫ⅚兜ℕ椞JDK♠を䤓6₹✌ⅳ嫛ぴ␆₳₹♾展▥䤓㟔椫⮓䚕ぴ␆䤓∎䞷㡈㽤ᇭ

䶻5䵯ᇫ床劔⒕℺ℕ⑯₹㹣戒㦘ⅲ嫷㊶䤓⸭棔㫗√᧨执ℕ₹㓏㦘♠ⅉ⛧掌
厌“⅁愺⸭㒧”䤓兒⃯᧨床劔♾抩扖⸭悄㧴噆㈦㟔椫⮓䚕✛庒↧䤓兞洛ᇭ

䶻ₘ捷⒕ᇫ壩㕮㧉㓶嫛侊兮

㓶嫛侊兮㢾壩㕮㧉₼㉔ₜ♾⺠䤓兓㒟捷⒕᧨ℕ屲ℕ壩㕮㧉Ⱁ⇤㓶嫛䲚ㄞ᧨㓜厌⒉㦃
↧䱏䤓ⅲ䪐ᇭ䶻ₘ捷⒕▔㕻䶻6ᨺ9䵯᧶

䶻6䵯ᇫ幁屲ℕClass㠖ↅ兢㨓₼䤓⚓₹兓㒟捷⒕᧨ⅴ♙㹞₹捷⒕䤓⸩⃘ᇬ㟿㗽兢㨓✛∎
䞷㡈㽤᧨ⅴ⸭㒧䤓㡈㆞䆣䯉ℕClass㠖ↅ䤓㟿㗽㢾Ⱁ⇤ⷧ⌷✛幎桽䤓ᇭ

䶻7䵯ᇫ⅚兜ℕ伊┯戌扖䲚䤓“┯戌”ᇬ“洛幐”ᇬ“”ᇬ“屲㨟”✛“⒬ⱚ▥”5₹棅㹄₼壩
㕮㧉⒕Ⓔ㓶嫛ℕ❹K┷⇫᧨执⅚兜ℕ伊┯戌⣷䤓ぴ⇫☮䚕♙␅⺈壩㕮㧉䤓㎞⃘ᇭ

䶻8䵯ᇫ⒕㨟ℕ壩㕮㧉⦷㓶嫛ⅲ䪐㢅Ⱁ⇤㔍Ⓙ㷲䫽䤓㡈㽤᧨Ⱁ⇤㓶嫛㡈㽤␔䤓ⷦ唑䪐᧨
ⅴ♙㓶嫛ⅲ䪐㢅䀘♙䤓␔ⷧ兢㨓ᇭ

䶻9䵯ᇫ抩扖4₹伊┯戌♙㓶嫛侊兮䤓㫗√᧨⒕℺ℕ∎䞷伊┯戌⣷✛⮓䚕ⷦ唑䪐䤓K
⋋㈦㶲忞✛⊮攃䤓㊬恾᧨ㄅ抩扖₹⸭㒧兒⃯㧴┯䂀⺈ⓜ槱䚕幉䩴幕䤓䚕屲ᇭ

䶻⥪捷⒕ᇫ䲚ㄞ冥幠ⅲ䪐↧▥



Java䲚ㄞ⅝䄟䪐冥幠㒟ⷦ唑䪐✛⅝ⷦ唑䪐冥幠㒟㦻⦿㧉⣷䪐䤓扨₳₹扖䲚᧨⚗ㄅ怆㧴␅
⸭⻀䷘⚛ℝ₹↯兮冥幠⣷㓏㓶嫛䤓冥幠扖䲚ᇭ䶻⥪捷⒕▔㕻䶻10ᨺ11䵯᧶

䶻10䵯ᇫ⒕㨟ℕJava幼岏₼㽪⨚ᇬ┷孔乀✛㕕乀ᇬ㧰ↅ冥幠䷘⮩䱜幼㽤佥䤓ⓜ⥯⚝
㨫᧨ㄅ抩扖⸭㒧䆣䯉ℕⰑ⇤∎䞷㙡⏴㆞㽷屲⮓䚕⣷㧴⸭䘿₹㭏㩴䲚ㄞ✌⚜屓喒䤓冥幠⣷㙡
ↅᇭ

䶻11䵯ᇫ幁屲ℕ壩㕮㧉䤓䍼䍈㘱㿚㡈㽤ᇬHotSpot䤓☂㢅冥幠⣷ᇬ冥幠屵♠㧰ↅ᧨ⅴ♙
Ⱁ⇤⅝壩㕮㧉⮥捷屑✛⒕㨟JIT冥幠䤓㟿㗽✛兢㨫᧨㷳⮥᧨执幁屲ℕ⑯䱜デ屐䤓冥幠↧▥
㔏㦾ᇭ

䶻℣捷⒕ᇫ浧㟗ㄅ♠

Java幼岏✛壩㕮㧉㙟∪ℕ☮䞮䤓ᇬ⸛⠓䤓⮩兎䲚㞾㖐᧨扨∎㈦⸒⮸䞮⻀抑⚗♠⮩兎䲚
ㄅ♠䤓ㄣ䞷䲚ㄞᇭₜ扖㒠ⅻₜ厌㦮㦪侊兮㧴⸛㒟㓏㦘ㄅ♠䦇␂䤓⮓䚕᧨ℕ屲ㄅ♠䤓␔ヤ⃮㢾
㒟₹浧儶䲚ㄞ⛧ₜ♾凉⺠䤓庍䲚ᇭ䶻℣捷⒕▔㕻䶻12ᨺ13䵯᧶

䶻12䵯ᇫ幁屲ℕ壩㕮㧉Java␔ⷧ㲰⨚䤓兢㨓♙㝜⇫᧨ⅴ♙☮㊶ᇬ♾屐㊶✛㦘ㄞ㊶⦷
Java␔ⷧ㲰⨚₼䤓⇢䘿᧨⅚兜ℕ⏗嫛♠䞮☮⒨䤓屓⒨♙∎䞷᧨执ℕ屲ℕ兎䲚⦷Java幼岏₼㢾
Ⱁ⇤⸭䘿䤓ᇭ

䶻13䵯ᇫ⅚兜ℕ兎䲚⸘⏷䀘♙䤓㰑㊄✛⒕伊ᇬ⚛㷴⸭䘿䤓㡈㆞♙壩㕮㧉䤓ㄤ⻑扟⇫☮
䚕᧨ㄅ₣⅚兜ℕ壩㕮㧉⸭䘿浧㟗ㄅ♠㓏摖♥䤓侊⒦析↧▥㘹㡌ᇭ



♑劒忓㠨
㦻⚜“䂀⏴䚕屲Java壩㕮㧉”᧨⇕尐㎂䂀⏴䚕屲壩㕮㧉᧨⅔⑼㦻匾⸩㢾扫扫ₜ⮮

䤓᧨床劔♾ⅴ抩扖ⅴₚ≰㋾㔍Ⓙ㦃⮩␂ℝJava壩㕮㧉㡈槱䤓忓㠨ᇭ㒠⦷⇫㷳䤓㢅⊨᧨⃮
⅝ₚ槱扨K♑劒忓㠨₼噆㈦ℕ㈗⮶䤓ソ┸ᇭ

᧤1᧥仜

ᇵThe Java Virtual Machine Specification,Java SE 7 Editionᇶ[1]

尐⃯ⷵ壩㕮㧉᧨㡯幉Ⱁ⇤掌㉔權㘛㙰“Java壩㕮㧉屓喒”ᇭ扨㦻䤓㰑㊄✛兕唑㙞承Sun
䤓㡸㦮壩㕮㧉᧤Sun Classic VM᧥浧ㄵ⛊⚗᧨ₜ扖᧨椞䧏㔏㦾䤓♠⻤᧨浧㊶厌壩㕮㧉䦮㷲䤓
兕唑⸭䘿㡈㆞め兞䂟䂟壩㕮㧉屓喒㓏㙞承䤓ぽ恬怙㧴怙⮶᧨Ⱁ㨫♹厌折㕸㦻♑劒㧴ℕ
屲壩㕮㧉᧨挲㒠㘷嗟扨㦻ᇭ㷳䤓Java SE 7䓗⦷20117㦗⒉䓗♠嫛᧨扨㢾呹1999♠を
䤓ᇵJava壩㕮㧉屓喒᧤䶻2䓗᧥ᇶⅴ㧴䤓䶻㶰䓗㦻㦃㠿ᇭ䶣劔⺈Java SE 7䓗䤓⏷㠖扪嫛ℕ
劊幠᧨ㄅ☮㫆⦷几ₙ⏜忈♠をℕ⏷㠖PDF[2]ᇭ

ᇵThe Java Language Specification,Java SE 7 Editionᇶ[3]

夌䏅壩㕮㧉ㄅₜ㢾Java幼岏₢㦘䤓᧨⇕㢾ℕ屲Java幼岏䤓⚓䱜兕唑屓⸩⺈䚕屲壩㕮㧉䤓
嫛⃮㢾㈗㦘ソ┸䤓᧨⸒ₙ㦻ᇵJava壩㕮㧉屓喒ᇶ掌㢾Sun⸧㡈⒉❐䤓仜᧨力₣扨㦻
执㢾䟀Java⃚䓅James Gosling⅁呹㓶䶣㜿䤓ᇭ扨㦻⃮ᇵJava壩㕮㧉屓喒ᇶ㫆᧨♾
ⅴ⦷⸧㡈几䵨⸛⏷⏜忈ₚ戌Ⓙ⏷㠖PDF᧨⇕㤑㢅㼰㦘₼㠖幠㦻᧨ᇵJava幼岏屓喒᧤䶻3䓗᧥ᇶ
ℝ20057㦗䟀㧉㬿ぴ₩⒉䓗䯍ㆤ扪⒉䓗ᇭ

ᇵOracle JRockit The Definitive Guideᇶ

ᇵOracle JRockit㧒Ⲑ㖖◦ᇶ᧨20107㦗⒉䓗᧨⦌␔⃮㼰㦘᧤♾厌㢾⺩㦹᧥ㆤ扪扨㦻
᧨⸒㢾䟀JRockit䤓₳⇜忓䂀♠ⅉ⛧᧤␅₼⇜执㢾JRockit Mission Control⥱梮䤓
TeamLeader᧥㜿䤓JRockit壩㕮㧉浧儶∎䞷㖖◦ᇭ夌䏅JRockit䤓䞷㓆摞♾厌ₜⰑHotSpot⮩᧨
⇕⃮㢾䥽ⓜ㦏㿐嫛䤓ₘ⮶⟕₩壩㕮㧉⃚᧨ㄅ₣ₜ⚛壩㕮㧉₼䤓㈗⮩⸭䘿㊬恾掌㢾♾ⅴ⺈㹣
♑䏶䤓ᇭ扨㦻㢾ℕ屲䘿ⅲ浧㊶厌壩㕮㧉㈗Ⰼ䤓♑劒忓㠨ᇭ

ᇵInside the Java 2 Virtual Machine,Second Editionᇶ

ᇵ䂀⏴Java壩㕮㧉᧤䶻2䓗᧥ᇶ᧨20001㦗⒉䓗᧨2003䟀㧉㬿ぴ₩⒉䓗䯍⒉䓗␅₼㠖
幠㦻ᇭ⦷䦇㇢栎䤓㢅梃摛᧨扨㦻㢾➾䤓㦻␂ℝJava壩㕮㧉䤓₼㠖⦍ᇭ

ᇵJava Performanceᇶ

ᇵJava Performanceᇶ㢾“The Java”侊⒦᧤幇⮩ⅉ掌床扖年侊⒦₼㦏⒉⚜䤓ᇵEffective
Javaᇶ᧥⦍₼㦏㠿䤓㦻᧨201110㦗⒉䓗᧨㤑㢅㼰㦘₼㠖䓗ᇭ扨㦻ㄅ槭⏷捷掌⦃兤
Java壩㕮㧉᧤♹㦘䶻3ᇬ4ᇬ7䵯䦃㘴Java壩㕮㧉䦇␂᧥᧨力㢾⅝㝜⇫侊兮Ⓙ⪉ℝJava䤓ₙ⻑
䲚ㄞ㊶厌ㄵ摞✛庒↧䤓⏷槱⅚兜᧨␅₼䀘♙Java壩㕮㧉䤓␔⹈␆⸩䤓䂀ㄵ✛♾⸭悄㊶ᇭ

᧤2᧥几䵨忓䄟



浧儶幼岏壩㕮㧉⦗᧶http://hllvm.group.iteye.com/

摛槱㦘K⦌␔␂ℝ壩㕮㧉䤓帷幉᧨ㄅₜ♹棟ℝJVM᧨力㢾䀘♙⺈㓏㦘䤓浧儶幼岏壩㕮
㧉᧤High-Level Language Virtual Machine᧥䤓帷幉᧨⇕年几䵨ㆉ䵚⦷ITEyeₙ᧨呹䏅执㢾ⅴ帷
幉Java壩㕮㧉ᇭ⦗RednaxelaFX᧤嘺㨱᧥䤓◩⸱᧤http://rednaxelafx.iteye.com/᧥㢾♵⮥
₹槭デ㦘ↆ⋋䤓壩㕮㧉♙冥幠☮䚕䷘忓㠨䤓⒕℺⥼⦿ᇭ

HotSpot Internals᧶https://wikis.oracle.com/display/HotSpotInternals/Home

₹␂ℝOpenJDK䤓Wiki几䵨᧨幇⮩㠖䵯掌䟀JDK䤓♠⥱梮冥᧨㦃㠿戒㏱᧨⇕㢾⅜
䏅㦘㈗浧䤓♑劒ↆ⋋ᇭ

The HotSpot Group᧶http://openjdk.java.net/groups/hotspot/

HotSpot兓刳᧨▔⚺壩㕮㧉♠ᇬ冥幠⣷ᇬ⨒⧍㟅楕✛扟嫛㢅4₹挽ↅ兓᧨␅₼㦘␂ℝ
HotSpot壩㕮㧉䤓㦏㠿帷幉ᇭ

[1]⸧㡈⦿⧏᧶http://docs.oracle.com/javase/specs/jvms/se7/jvms7.pdfᇭ
[2]⸧㡈⦿⧏᧶http://docs.oracle.com/javase/specs/jls/se7/jls7.pdfᇭ
[3]₼㠖幠㦻⦿⧏᧶http://icyfenix.iteye.com/blog/1256329ᇭ
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堓”䤓㎮屘∬䏅嚵兤⦷㉒⯃ᇭ⦷㹞䵯ᇬ㹞唑囌䶣⃚㢅᧨㒠掌⦷劒壠Ⱁ⇤㓜厌㔙⚓₹
䩴幕䍈㦃㦘㧰䚕⦿幁承⒉㧴᧨⚛㢅⃮⦷㕔㉒↩ₜ↩䟀ℝ呹む䚕屲㦘⋞ぽ力幾⺋ℕ床劔ᇭ䟀ℝ
⇫㻃✛⇫㢅梃㓏棟᧨₼楍⏜ⷧ⦷ₜⰴ⃚⮓᧨㓏ⅴ䔈⦿抩ℕ₹床劔挽乀
᧤understandingjvm@gmail.com᧥⮶⹅ℳ㿐᧨⮶⹅Ⱁ㦘↊⇤㎞屐㒥ㆉ帽㶱扝㒠勣侊ᇭ䦇≰
䲚ㄞ㫆᧨⇫❐⸩掌㢾ₜ⸛初䤓᧨⥯ₜ⸛初᧨㒠ⅻ㓜㦘ₜ㠼抌㻑⸛初䤓┷┪ᇭ

㦻䶻2䓗䤓╧幾᧨⺕↩⦷⇫劔䤓◩⸱᧤http://icyfenix.iteye.com/᧥₼♠をᇭ㶱扝床劔⦷
◩⸱ₙ䟨岏ᇭ
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䶻捷⒕ᇫ忿扠Java
䶻1䵯ᇫ忿扠Java



䶻1䵯ᇫ忿扠Java
₥䟛ₙㄅ㼰㦘⸛初䤓䲚ㄞ᧨⇕㒠ⅻㄅₜ⥯㷳力㼽₶᧨⥯䲚ㄞ㦻㧴⻀㢾₹ₜ㠼抌㻑

⸛初䤓扖䲚ᇭ

1.1ᇫ㰑承
Javaₜ⅔⅔㢾桷冥䲚幼岏᧨执㢾₹䟀侊⒦帰並㧉懾ↅ✛屓喒ㇱ㒟䤓㔏㦾⇢侊᧨扨

₹㔏㦾⇢侊㙟∪ℕ⸛㠃䤓䞷ℝ懾ↅ♠✛恷♿捷刁䤓㞾㖐䘾⬒᧨ㄅㄎ㽪ㄣ䞷ℝ⏴㆞侊
兮ᇬ䲊┷兗䵾ᇬ←₩㦜┰⣷ᇬ⮶⨚㧉䷘⚓䱜⧉⚗᧨Ⱁ⦍1-1㓏䯉ᇭ㢅咂⅙㡴᧨Java㔏㦾⇢侊め
兞⛇ㆤℕ900⮩ₖ懾ↅ♠劔᧨扨㢾⏷䚒㦏⮶䤓懾ↅ♠⥱梮ᇭ∎䞷Java䤓幍⮩才⑯◐ⅎ
♿᧨␅₼▔㕻11ⅎ⮩♿₹ⅉ帰並㧉ᇬ30ⅎ捷䲊┷䟄幬♙␅Ⅵ㓚㖐幍ᇬ㟿摞↦⮩䤓㤉厌◰᧨
ⅴ♙⮶摞㧉欅䥡ᇬ⺋咹侊兮✛␅Ⅵ幍[1]ᇭ

⦍ᇫ1-1ᇫJava㔏㦾䤓ㄎ㽪ㄣ䞷

Java厌噆㈦Ⱁ㷳ㄎ㽪䤓帳♾᧨棳ℕ⸒㕴㦘桷兢㨓₴康ᇬ槱⚠⺈廰䤓冥䲚幼岏⃚⮥᧨执
㦘幇⮩ₜ♾㊌展䤓↧䍈᧶⸒㛕叀ℕ䫻ↅ♿䤓㧮冩᧨⸭䘿ℕ“㶰冥᧨Ⓙ⮓扟嫛”䤓䚕㎂᧷
⸒㙟∪ℕ₹䦇⺈⸘⏷䤓␔ⷧ丰䚕✛幎桽㧉Ⓟ᧨挎⏜ℕ公⮶捷⒕䤓␔ⷧ㽓槁✛㖖朗怙䟛桽
欧᧷⸒⸭䘿ℕ䍼䍈ⅲ䪐㭏㿚✛扟嫛㢅冥幠♙↧▥᧨扨∎㈦Javaㄣ䞷厌椞䧏扟嫛㢅梃䤓⬭┯力
噆㈦㦃浧䤓㊶厌᧷⸒㦘⯦⸛⠓䤓ㄣ䞷䲚ㄞ㘴♲᧨执㦘㡯㟿㧴呹⟕₩㧉㨓✛䄟䯍◉䤓䶻ₘ
㡈伊ㄢ㧴ソ┸⸒⸭䘿⚓䱜⚓㫆䤓┮厌……Java㓏サ㧴䤓扨KⰌ⮓∎䲚ㄞ䤓♠㟗䘖㈦Ⓙℕ㈗
⮶䤓㙟◖ᇭ⇫⚜Java䲚ㄞ⛧᧨⦷冥䲚ㄞ㢅棳ℕ⻌㍔♠㖴Java䤓⚓䱜↧╎⮥᧨执ㄣ年♊
ℕ屲✛㊬劒ₚJava㔏㦾⇢侊₼扨K㔏㦾䔈㊶㢾Ⱁ⇤⸭䘿䤓ᇭ帳幕扨K㔏㦾扟⇫䤓㦻德᧨㢾
呹む㊬劒“䲚ㄞ扨㫆ⰌₜⰌ”䤓⪉䫏✛ⓜ㙟ᇭ㇢㒠ⅻ⦷∎䞷䱜㔏㦾㢅᧨Ⱁ㨫ₜ␜∬忥㦻



✛Ⅵⅉ⻀厌㈦Ⓙ扨K桽欧䤓䷣㫗᧨挲㓜並ₙ◖Ⓙℕ“ₜ㍠”䤓⬒䟛ᇭ

㦻⺕床劔怆⒕㨟Java㔏㦾₼㦏摜尐䤓挲K䔈㊶䤓⸭䘿☮䚕ᇭ⦷㦻䵯₼᧨㒠ⅻ⺕摜
䍈⅚兜Java㔏㦾⇢侊␔⹈ⅴ♙Java䤓☕⚁ᇬ䘿⦷✛㦹㧴䤓♠⻤怚╎ᇭ

[1]扨K㟿㗽㢾Java䤓ㄎ⛙幜᧨⸒ⅻ㧴䄟ℝ᧶http://www.java.com/zh_CN/about/ᇭ



1.2ᇫJava㔏㦾⇢侊
⅝ㄎ⃘ₙ幁᧨ClojureᇬJRubyᇬGroovy䷘扟嫛ℝJava壩㕮㧉ₙ䤓幼岏♙␅䦇␂䤓䲚ㄞ掌

⻭ℝJava㔏㦾⇢侊₼䤓⛧ᇭⰑ㨫⅔⅝↯兮㎞⃘ₙ㧴䦚᧨Sun⸧㡈㓏⸩⃘䤓Java㔏㦾⇢侊▔㕻
ⅴₚ⑯₹兓㒟捷⒕᧶

Java䲚ㄞ幍帰幼岏

⚓䱜䫻ↅ♿ₙ䤓Java壩㕮㧉

Class㠖ↅ㫋㆞

Java API伊ㄢ

㧴呹⟕₩㧉㨓✛䄟䯍◉䤓䶻ₘ㡈Java伊ㄢ

㒠ⅻ♾ⅴ㔙Java䲚ㄞ幍帰幼岏ᇬJava壩㕮㧉ᇬJava API伊ㄢ扨ₘ捷⒕兮䱿JDK᧤Java
Development Kit᧥᧨JDK㢾䞷ℝ㞾㖐Java䲚ㄞ♠䤓㦏⺞䘾⬒᧨⦷⚝槱䤓␔⹈₼᧨ℕ幁屲
㡈≎᧨㦘K⦿㡈↩ⅴJDK㧴ⅲ㦎㠃₹Java㔏㦾⇢侊ᇭ♵⮥᧨♾ⅴ㔙Java API伊ㄢ₼䤓Java
SE API楕 [1]✛Java壩㕮㧉扨₳捷⒕兮䱿JRE᧤Java Runtime Environment᧥᧨JRE㢾㞾㖐Java
䲚ㄞ扟嫛䤓㪖䘾⬒ᇭ⦍1-2⻤䯉ℕJava㔏㦾⇢侊㓏▔⚺䤓␔⹈᧨ⅴ♙JDK✛JRE㓏䁄䥥䤓喒
⦃ᇭ



⦍ᇫ1-2ᇫJava㔏㦾⇢侊㓏▔⚺䤓␔⹈[2]

ⅴₙ㢾㫈㗽⚓₹兓㒟捷⒕䤓┮厌㧴扪嫛⒡⒕䤓᧨Ⱁ㨫㖘䏶㔏㦾㓏㦜┰䤓欕⩮㧴⒡⒕᧨㒥
劔広㖘䏶Java㔏㦾␂㽷䤓摜䍈₩┰欕⩮㧴⒡⒕᧨Java㔏㦾⇢侊♾ⅴ⒕4₹♿᧨⒕Ⓔ᧶

Java Card᧶㞾㖐KJava⺞䲚ㄞ᧤Applets᧥扟嫛⦷⺞␔ⷧ幍᧤Ⱁ㤉厌◰᧥ₙ䤓♿ᇭ

Java ME᧤Micro Edition᧥᧶㞾㖐Java䲚ㄞ扟嫛⦷䲊┷兗䵾᧤㓚㧉ᇬPDA᧥ₙ䤓♿᧨⺈
Java API㦘㓏位丏᧨ㄅ┯⏴ℕ朗⺈䲊┷兗䵾䤓㞾㖐᧨扨₹䓗㦻ⅴⓜ䱿J2MEᇭ

Java SE᧤Standard Edition᧥᧶㞾㖐槱⚠㫛槱儶ㄣ䞷᧤ⰑWindowsₚ䤓ㄣ䞷䲚ㄞ᧥䤓Java
♿᧨㙟∪ℕ⸛㠃䤓Java㫇㉒API᧨扨₹䓗㦻ⅴⓜ䱿J2SEᇭ

Java EE᧤Enterprise Edition᧥᧶㞾㖐∎䞷⮩⻑㩅㨓䤓←₩ㄣ䞷᧤ⰑERPᇬCRMㄣ䞷᧥䤓
Java♿᧨棳ℕ㙟∪Java SE API⮥᧨执⺈␅⋩ℕ⮶摞䤓㓸⏔ [3]ㄅ㙟∪ℕ䦇␂䤓捷刁㞾㖐᧨扨
₹䓗㦻ⅴⓜ䱿J2EEᇭ

[1]JDK 1.7䤓Java SE API喒⦃᧶http://download.oracle.com/javase/7/docs/api/ᇭ
[2]⦍䓖㧴䄟᧶http://download.oracle.com/javase/7/docs/ᇭ
[3]扨K㓸⻤咻ⅴjavax.*⇫▔⚜᧨力ⅴjava.*▔⚜䤓▔掌㢾Java SE API䤓㫇㉒▔᧨⇕䟀
ℝ☕⚁☮⥯᧨捷⒕㦍兞㢾㓸⻤▔䤓API⚝㧴扪⏴ℕ㫇㉒▔᧨⥯㷳㫇㉒▔₼⃮▔⚺ℕₜ⺠
javax.*䤓▔⚜ᇭ



1.3ᇫJava♠⻤⚁
⅝䶻₹Java䓗㦻幭䞮Ⓙ䘿⦷め兞㦘18䤓㢅梃ℕᇭ㼶䀆㫠䞿䨻梃᧨懻䧋18扖♊

ℕ᧨⦷⦍1-3㓏⻤䯉䤓㢅梃兎₼᧨㒠ⅻ䦚ⒿJDKめ兞♠⻤Ⓙℕ1.7䓗ᇭ⦷扨18摛执幭䞮ℕ㡯
㟿✛Java䦇␂䤓ℶ❐ᇬ㔏㦾✛㪖ᇭ䘿⦷常㒠ⅻ忿⏴㢅梃椶拢᧨⅝ⷤ十Java幼岏䤓㢅ⅲ
ⱚ᧨␜㧴⥭欍ₚJava䤓♠⻤懷抈✛☕⚁♧扐ᇭ

⦍ᇫ1-3ᇫJava㔏㦾♠⻤䤓㢅梃兎

19914㦗᧨䟀James Gosling◩⭺欕⺋䤓冎唁帰⒡᧤Green Project᧥ⱚ⚾┷᧨㷳帰⒡䤓
䥽䤓㢾♠䱜厌⮮⦷⚓䱜䀗忈㊶䟄ℶ❐᧤Ⱁ㧉欅䥡ᇬ乀ᇬ㟅檂㧉䷘᧥ₙ扟嫛䤓䲚ㄞ㩅
㨓ᇭ扨₹帰⒡䤓ℶ❐⻀㢾Java幼岏䤓ⓜ愺᧶Oak᧤㳰㪠᧥ᇭOak㇢㢅⦷䀗忈❐ゑ⧉ₙㄅₜ並㒟
┮᧨⇕椞䧏1995℡勣几䇽㿐䤓␃怆᧨Oak扔抮㔍Ⓙℕ㦏抑⚗呹む♠⻤䤓ゑ⧉⸩⇜ㄅ妤♧㒟
Java幼岏ᇭ

19955㦗23㡴᧨Oak幼岏㟈⚜Java᧨ㄅ₣⦷SunWorld⮶↩ₙ㷲㆞♠をJava 1.0䓗㦻ᇭ
Java幼岏䶻㶰㙟⒉ℕ“Write Once,Run Anywhere”䤓♲⚆ᇭ

19961㦗23㡴᧨JDK 1.0♠を᧨Java幼岏㦘ℕ䶻₹㷲㆞䓗㦻䤓扟嫛䘾⬒ᇭJDK 1.0㙟∪
ℕ₹儾屲摙㓶嫛䤓Java壩㕮㧉⸭䘿᧤Sun Classic VM᧥ᇭJDK 1.0䓗㦻䤓ⅲ嫷㔏㦾▔㕻᧶
Java壩㕮㧉ᇬAppletᇬAWT䷘ᇭ

19964㦗᧨10₹㦏尐䤓㝜⇫侊兮∪ㄣ⟕䟂㢝⺕⦷␅ℶ❐₼⏴Java㔏㦾ᇭ⚛9㦗᧨
め㦘⮶儵8.3ₖ₹几欄ㄣ䞷ℕJava㔏㦾㧴Ⓟ⇫ᇭ⦷19965㦗ㄤ᧨Sun⏻⚇ℝ初⦌㡶摠⼀嫛ℕ
氥⻙JavaOne⮶↩᧨⅝㷳JavaOne㒟⏷₥䟛㟿䤍ₖJava幼岏♠劔㹞ㄵ䤓㔏㦾䥪↩ᇭ

19972㦗19㡴᧨Sun⏻⚇♠をℕJDK 1.1᧨Java㔏㦾䤓K㦏⪉䫏䤓㞾㜠䍈᧤ⰑJDBC
䷘᧥掌㢾⦷JDK 1.1䓗㦻₼♠を䤓᧨JDK 1.1䓗䤓㔏㦾ⅲ嫷㦘᧶JAR㠖ↅ㫋㆞ᇬJDBCᇬ
JavaBeansᇬRMIᇭJava幼㽤⃮㦘ℕ⸩䤓♠⻤᧨Ⱁ␔捷伊᧤Inner Class᧥✛♜⺓
᧤Reflection᧥掌㢾⦷扨₹㢅⊨⒉䘿䤓ᇭ



䦃Ⓙ19994㦗8㡴᧨JDK 1.1␀♠をℕ1.1.0ᨺ1.1.8⃬₹䓗㦻ᇭ⅝1.1.4⃚⚝᧨㹞₹JDK䓗
㦻掌㦘₹呹む䤓⚜ⷦ᧤ぴ䲚ⅲ⚆᧥᧨⒕Ⓔ᧶JDK 1.1.4-Sparkler᧤⸬䪂᧥ᇬJDK 1.1.5-
Pumpkin᧤◦䝫᧥ᇬJDK 1.1.6-Abigail᧤棎㹣䥥⺣᧨Ⰲ⚜᧥ᇬJDK 1.1.7-Brutus᧤を漐⦍᧨♳
処泻㟎㽊⹅✛⺕᧥✛JDK 1.1.8-Chelsea᧤⒖⺣導᧨⩝ゑ⚜᧥ᇭ

199812㦗4㡴᧨JDK扝㧴ℕ₹摛䲚䬠㆞䤓䓗㦻JDK 1.2᧨ぴ䲚ⅲ⚆Playground᧤䵭㔏
⧉᧥᧨Sun⦷扨₹䓗㦻₼㔙Java㔏㦾⇢侊㕕⒕3₹㡈⚠᧨⒕Ⓔ㢾槱⚠㫛槱ㄣ䞷♠䤓
J2SE᧤Java 2 Platform,Standard Edition᧥ᇬ槱⚠←₩儶♠䤓J2EE᧤Java 2 Platform,Enterprise
Edition᧥✛槱⚠㓚㧉䷘䲊┷兗䵾♠䤓J2ME᧤Java 2 Platform,Micro Edition᧥ᇭ⦷扨₹䓗㦻
₼⒉䘿䤓ⅲ嫷㊶㔏㦾槭デ⮩᧨ⰑEJBᇬJava Plug-inᇬJava IDLᇬSwing䷘᧨ㄅ₣扨₹䓗㦻₼
Java壩㕮㧉䶻㶰␔函ℕJIT᧤Just In Time᧥冥幠⣷᧤JDK 1.2₼㦍ㄅⷧ扖3₹壩㕮㧉᧨Classic
VMᇬHotSpot VM✛Exact VM᧨␅₼Exact VM♹⦷Solaris♿⒉䘿扖᧷⚝槱₳₹壩㕮㧉掌㢾
␔函JIT冥幠⣷䤓᧨力⃚ⓜ䓗㦻㓏サ䤓Classic VM♹厌ⅴ⮥㖑䤓ㇱ㆞∎䞷JIT冥幠⣷᧥ᇭ⦷幼
岏✛API儶Ⓔₙ᧨Java䂊┯ℕstrictfp␂枽ⷦ䘿⦷Java冥䪐⃚₼㨐デ䞷䤓侊⒦Collections
楕⚗伊ᇭ⦷19993㦗✛7㦗᧨⒕Ⓔ㦘JDK 1.2.1✛JDK 1.2.2₳₹⺞䓗㦻♠をᇭ

19994㦗27㡴᧨HotSpot壩㕮㧉♠を᧨HotSpot㦏⒬䟀⹅⚜“Longview
Technologies”䤓⺞⏻⚇♠᧨⥯HotSpot䤓↧㆑嫷䘿᧨扨⹅⏻⚇⦷1997嬺Sun⏻⚇㟅徼
ℕᇭHotSpot壩㕮㧉♠を㢅㢾⇫JDK 1.2䤓棓┯䲚ㄞ㙟∪䤓᧨⚝㧴⸒㒟ℕJDK 1.3♙⃚⚝㓏
㦘䓗㦻䤓Sun JDK䤓照帳壩㕮㧉ᇭ

20005㦗8㡴᧨ぴ䲚ⅲ⚆Kestrel᧤初㿁儱楋᧥䤓JDK 1.3♠を᧨JDK 1.3䦇⺈ℝJDK 1.2
䤓㟈扪尐嫷䘿⦷K伊ㄢₙ᧤Ⱁ㟿ⷵ扟並✛㠿䤓Timer API䷘᧥᧨JNDI㦜┰⅝JDK 1.3ⱚ
嬺⇫欈♿儶㦜┰㙟∪᧤ⅴⓜJNDI⅔⅔㢾欈㓸⻤᧥᧨∎䞷CORBA IIOP㧴⸭䘿RMI䤓
抩≰◞帽᧨䷘䷘ᇭ扨₹䓗㦻执⺈Java 2D⋩ℕ㈗⮩㟈扪᧨㙟∪ℕ⮶摞㠿䤓Java 2D API᧨ㄅ₣
㠿䂊┯ℕJavaSound伊ㄢᇭJDK 1.3㦘1₹≽㷲䓗㦻JDK 1.3.1᧨ぴ䲚ⅲ⚆Ladybird᧤䝱壺᧥᧨
ℝ20015㦗17㡴♠をᇭ

呹⅝JDK 1.3ⱚ᧨Sun冃㖐ℕ₹⃯㍾᧶⮶儵㹞椣₳♠を₹JDK䤓䓗㦻᧨ⅴ┷䓸
✌⚜᧨㦮梃♠を䤓⚓₹≽㷲䓗㦻⒨ⅴ㢕壺⇫ぴ䲚⚜䱿ᇭ

20022㦗13㡴᧨JDK 1.4♠を᧨ぴ䲚ⅲ⚆Merlin᧤䋿卛楋᧥ᇭJDK 1.4㢾Java䦮㷲忿⚠
㒟䐮䤓₹䓗㦻᧨CompaqᇬFujitsuᇬSASᇬSymbianᇬIBM䷘囦⚜⏻⚇掌㦘♑䞩咂⸭䘿呹む
䕻䵚䤓JDK 1.4ᇭ❹㊤㢾⦷◐⮩⚝䤓⅙⮸᧨⅜䏅㦘幇⮩㿐ㄣ䞷᧤SpringᇬHibernateᇬStruts
䷘᧥厌䦃㘴扟嫛⦷JDK 1.4⃚ₙ᧨㒥劔其兼♠を厌扟嫛⦷JDK 1.4ₙ䤓䓗㦻ᇭJDK 1.4⚛㫆♠を
ℕ㈗⮩㠿䤓㔏㦾䔈㊶᧨Ⱁ㷲⒨嫷才㆞ᇬ㆑デ枍ᇬNIOᇬ㡴㉦伊ᇬXML屲㨟⣷✛XSLT懻㗱⣷
䷘ᇭJDK 1.4㦘₳₹⚝兼≽㷲䓗᧶20029㦗16㡴♠を䤓ぴ䲚ⅲ⚆Grasshopper᧤奀妱᧥䤓
JDK 1.4.120036㦗26㡴♠を䤓ぴ䲚ⅲ⚆Mantis᧤婂娑᧥䤓JDK 1.4.2ᇭ

2002ⓜ⚝执♠䞮ℕↅJava㼰㦘䦃㘴␂侊᧨⇕ℚ⸭ₙ⺈Java䤓♠⻤扪䲚㈀❜㈗⮶䤓
ℚↅ᧨挲⻀㢾㈽懾⏻⚇䤓.NET Framework♠をℕᇭ扨₹㡯幉㢾㔏㦾⸭䘿ₙ执㢾䥽㪖䞷㓆ₙ掌
Java㦘㈗⮩䦇扠⃚⮓䤓㔏㦾♿全Javaサ㧴ℕ㈗⮩帷幉ᇬ㹣戒✛䵭℘᧨.NET♿✛Java
♿⃚梃⭿╎㿸⮶䤓ⷿ↧ⷿ┲䤓幉㒧Ⓙ䥽ⓜ㷱掌⦷其兼ᇭ

20049㦗30㡴᧨JDK 1.5[1]♠を᧨ぴ䲚ⅲ⚆Tiger᧤劐壝᧥ᇭ⅝JDK 1.2ⅴ㧴᧨Java⦷幼㽤
⻑槱ₙ䤓♧㗱䦃㈗⺞᧨力JDK 1.5⦷Java幼㽤㢢䞷㊶ₙ⋩⒉ℕ槭デ⮶䤓㟈扪ᇭ√Ⱁ᧨呹┷孔



乀ᇬ㽪⨚ᇬ┷㊐㽷屲ᇬ㨩ᇬ♾♧栎♑㟿ᇬ拜☕㈹䘾᧤foreach㈹䘾᧥䷘幼㽤䔈㊶掌㢾⦷JDK
1.5₼┯⏴䤓ᇭ⦷壩㕮㧉✛API⻑槱ₙ᧨扨₹䓗㦻㟈扪ℕJava䤓␔ⷧ㲰⨚᧤Java Memory
Model,JMM᧥ᇬ㙟∪ℕjava.util.concurrentㄅ♠▔䷘ᇭ♵⮥᧨JDK 1.5㢾⸧㡈⭿㢝♾ⅴ㞾㖐
Windows 9x♿䤓㦏⚝₹JDK䓗㦻ᇭ

200612㦗11㡴᧨JDK 1.6♠を᧨ぴ䲚ⅲ⚆Mustang᧤摝泻᧥ᇭ⦷扨₹䓗㦻₼᧨Sun兗兢ℕ
⅝JDK 1.2ⱚめ兞㦘8☕⚁䤓J2EEᇬJ2SEᇬJ2ME䤓✌⚜㡈㆞᧨⚾䞷Java SE 6ᇬJava EE
6ᇬJava ME 6䤓✌⚜㡈㆞ᇭJDK 1.6䤓㟈扪▔㕻᧶㙟∪┷㊐幼岏㞾㖐᧤抩扖␔函Mozilla
JavaScript Rhinoㆤ㝝⸭䘿᧥ᇬ㙟∪冥幠API✛㈽⨚HTTP㦜┰⣷API䷘ᇭ⚛㢅᧨扨₹䓗㦻⺈Java
壩㕮㧉␔捷⋩ℕ⮶摞㟈扪᧨▔㕻析⚛㷴ᇬ⨒⧍㟅楕ᇬ伊┯戌䷘㡈槱䤓並㽤掌㦘䦇㇢⮩䤓㟈
┷ᇭ

⦷200611㦗13㡴䤓JavaOne⮶↩ₙ᧨Sun⏻⚇⸲を㦏兗↩⺕Java䄟᧨ㄅ⦷椞⚝䤓
⮩㢅梃␔᧨棕兼⺕JDK䤓⚓₹捷⒕⦷GPL v2᧤GNU General Public License v2᧥◞帽ₚ⏻ℕ
䄟䪐᧨ㄅㆉ䵚ℕOpenJDK兓兖⺈扨K䄟䪐扪嫛䕻䵚丰䚕ᇭ棳ℕ㨐⺠摞䤓ℶ㧒ⅲ䪐
᧤Encumbered Code᧨扨捷⒕ⅲ䪐⮶⮩㢾Sun㦻愺⃮㡯㧒棟扪嫛䄟⮓䚕䤓᧥⮥᧨OpenJDK⑯
⃝▔㕻ℕSun JDK䤓⏷捷ⅲ䪐᧨OpenJDK䤓德摞丰㦍兞嫷䯉᧨⦷JDK 1.7₼᧨Sun JDK✛
OpenJDK棳ℕⅲ䪐㠖ↅ⯃䤓䓗㧒㽷摙⃚⮥᧨ⅲ䪐⪉㦻ₙ⸛⏷㫆᧨㓏ⅴOpenJDK 7Sun JDK
1.7㦻德ₙ⻀㢾⚛⯦ⅲ䪐ㄢ♠䤓ℶ❐ᇭ

JDK 1.6♠をⅴ⚝᧨䟀ℝⅲ䪐⮜㧑㊶䤓⬭┯ᇬJDK䄟ᇬ♠JavaFXᇬ兞㿝☀㧉♙Sun㟅
徼㫗䷘☮⥯᧨Sun⦷JDK♠⻤ⅴ⮥䤓ℚ㍔ₙ劦忈ℕ㈗⮩忓䄟᧨JDK䤓㦃㠿㼰㦘␜冃㖐₳♠を
₹䓗㦻䤓♠⻤抮ㄵᇭJDK 1.6Ⓙ䥽ⓜ㷱␀♠をℕ37₹Update䓗㦻᧨㦏㠿䤓䓗㦻Java
SE 6 Update 37᧨ℝ201210㦗16㡴♠をᇭ

20092㦗19㡴᧨ぴ䲚ⅲ⚆Dolphin᧤䀆廩᧥䤓JDK 1.7⸛㒟ℕ␅䶻₹摛䲚䬠䓗㦻ᇭ㫈
㗽JDK 1.7䤓┮厌屓⒡᧨␀幍函ℕ10₹摛䲚䬠ᇭ㦏⚝₹摛䲚䬠䓗㦻☮帰⒡ℝ20109㦗9
㡴兢㧮᧨⇕䟀ℝ⚓䱜☮⥯᧨JDK 1.7㦏兗㡯㽤㖘帰⒡⸛㒟ᇭ

⅝JDK 1.7㦏ⱚ䤓┮厌屓⒡㧴䦚᧨⸒㦻ㄣ㢾₹▔⚺幇⮩摜尐㟈扪䤓JDK䓗㦻᧨␅₼䤓
Lambda欈䥽᧤Lambda嫷才㆞ᇬ⒌㟿㆞冥䲚᧥ᇬJigsaw欈䥽᧤壩㕮㧉㲰⧦▥㞾㖐᧥ᇬ┷㊐幼岏
㞾㖐ᇬGarbageFirst㟅楕⣷✛Coin欈䥽᧤幼岏兕唑扪▥᧥䷘欈䥽⺈ℝJava₩䟛掌↩ℶ䞮䂀扫
䤓㈀❜ᇭ⦷JDK 1.7♠㦮梃᧨Sun⏻⚇䟀ℝ䦇其⦷㔏㦾䵭℘✛⟕₩䵭℘₼掌椆⏴㽴䇼᧨⏻⚇
䤓匰䯷ゑ⋋恛咂⅔㦘浧⽿㢅㦮䤓3%᧨め㡯┪㘷┷JDK 1.7䤓䪣♠ぴ⇫㖘㷲デ帰⒡扪嫛ᇭℕ
⻌㉺兢㧮JDK 1.7栎㦮“悂䯷”䤓桽欧᧨Oracle⏻⚇㟅徼Sun⏻⚇⚝ₜ⃔≎⸲を⺕⸭嫛“B帰⒡”᧨
⮶ピ子⓹ℕJDK 1.7欓⸩䥽㪖᧨ⅴ≎≬幐JDK 1.7䤓㷲㆞䓗厌⮮ℝ20117㦗28㡴㢅♠をᇭ“B
帰⒡”㔙ₜ厌㖘㢅⸛㒟䤓Lambda欈䥽ᇬJigsaw欈䥽✛Coin欈䥽䤓捷⒕㟈扪ㆅ扮ⒿJDK 1.8⃚
₼ᇭ㦏兗᧨JDK 1.7䤓尐㟈扪▔㕻᧶㙟∪㠿䤓G1㟅楕⣷᧤G1⦷♠を㢅∬䏅⮓ℝExperimental
䕅㊐᧨䦃咂20124㦗䤓Update 4₼㓜㷲㆞“懻㷲”᧥ᇬ┯㇉⺈槭Java幼岏䤓庒䞷㞾㖐᧤JSR-
292᧨扨欈䔈㊶Ⓙ䥽ⓜ㷱∬䏅㼰㦘⸛⏷⸭䘿⸩⨚᧥ᇬ◖儶伊┯戌㩅㨓䷘ᇭ

Ⓙ䥽ⓜ㷱᧨JDK 1.7め兞♠をℕ9₹Update䓗㦻᧨㦏㠿䤓Java SE 7 Update 9ℝ201210
㦗16㡴♠をᇭ⅝Java SE 7 Update 4怆᧨Oracleⱚ㞾㖐Mac OS X㝜⇫侊兮᧨ㄅ⦷Update 6₼才
Ⓙ⸛⏷㞾㖐䤓䲚ㄵ᧨⚛㢅᧨⦷Update 6₼执⺈ARM㖖ⅳ楕㩅㨓㙟∪ℕ㞾㖐ᇭ咂㷳᧨⸧㡈㙟∪
䤓JDK♾ⅴ扟嫛ℝWindows᧤ₜ⚺Windows 9x᧥ᇬLinuxᇬSolaris✛Mac OS♿ₙ᧨㞾㖐
ARMᇬx86ᇬx64✛Sparc㖖ⅳ楕㩅㨓伊⨚ᇭ



20094㦗20㡴᧨Oracle⏻⚇⸲を㷲㆞ⅴ74ⅎ初⏒䤓ↆ㫋㟅徼Sun⏻⚇᧨Java⟕㪖⅝㷳㷲
㆞㇡Oracle㓏㦘᧤Java幼岏㦻愺ㄅₜ⻭ℝ❹梃⏻⚇㓏㦘᧨⸒䟀JCP兓兖扪嫛丰䚕᧨⻌丰JCP
尐㢾䟀Sun⏻⚇㒥劔広Oracle⏻⚇㓏欕⺋䤓᧥ᇭ䟀ℝ㷳ⓜOracle⏻⚇め兞㟅徼ℕ♵⮥⹅⮶⨚
䤓₼梃ↅ←₩BEA⏻⚇᧨⦷⸛㒟⺈Sun⏻⚇䤓㟅徼⃚⚝᧨Oracle⏻⚇⒕Ⓔ⅝BEA✛Sun₼♥㈦
ℕ䥽ⓜₘ⮶⟕₩壩㕮㧉䤓␅₼₳₹᧶JRockit✛HotSpot,Oracle⏻⚇⸲を⦷㦹㧴1ᨺ2䤓㢅梃
␔᧨⺕㔙扨₳₹↧䱏䤓壩㕮㧉℡䦇♥栎嫴䩼᧨㦏兗⚗ℛ[2]ᇭ♾ⅴ欓屐⦷ₜ⃔䤓⺕
㧴᧨Java壩㕮㧉㔏㦾⺕↩ℶ䞮䦇㇢ぷ⮶䤓♧▥ᇭ

㫈㗽Oracle⸧㡈㙟∪䤓≰㋾᧨JDK 1.8䤓䶻₹㷲㆞䓗㦻⺕ℝ20139㦗♠を᧨JDK 1.8⺕
↩㙟∪⦷JDK 1.7₼屓⒡扖᧨⇕㦏兗㦹厌⦷JDK 1.7₼♠を䤓䔈㊶᧨☂Lambda嫷才㆞ᇬ
Jigsaw᧤㈗ₜㄇ᧨椞⚝Oracle⏻⚇♗⸲をJigsaw⦷JDK 1.8₼∬䏅㡯㽤⸛㒟᧨榏尐ㆅ咂JDK
1.9᧥✛JDK 1.7₼㦹⸭䘿䤓捷⒕Coin䷘ᇭ

⦷2011䤓JavaOne⮶↩ₙ᧨Oracle⏻⚇执㙟ⒿℕJDK 1.9䤓栎扫屓⒡᧨゛㦪㦹㧴䤓Java壩
㕮㧉厌⮮丰䚕㟿ⅴGB帰䤓Java⪕᧨厌⮮㦃浧㟗⦿㦻⦿ⅲ䪐楕㒟᧨ㄅ₣ⅳJava壩㕮㧉扟嫛㢅
⻌♾厌⺠ⅉぴ欓᧨厌⮮呹┷庒唑ᇭ

[1]JDK⅝1.5䓗㦻ⱚ᧨⸧㡈⦷㷲㆞㠖㫲⸲↯ₙめ兞ₜ␜∎䞷伊⇋JDK 1.5䤓✌⚜᧨♹㦘⦷
䲚ㄞ⛧␔捷∎䞷䤓♠䓗㦻⚆᧤Developer Version᧨√Ⱁjava-version䤓戢⒉᧥₼㓜其兼㽎䞷
1.5ᇬ1.6ᇬ1.7䤓䓗㦻⚆᧨力⏻䓗㦻⚆᧤Product Version᧥⒨㟈JDK 5ᇬJDK 6ᇬJDK 7䤓✌
⚜㡈㆞᧨㦻ℕ嫛㠖咃᧨㓏㦘⧉⚗兮摖䞷♠䓗㦻⚆䤓✌⚜㡈㆞ᇭ
[2]“HotRockit”欈䥽䤓䦇␂⅚兜᧶http://hirt.se/presentations/WhatToExpect.pptᇭ



1.4ᇫJava壩㕮㧉♠⻤⚁
ₙ唑㒠ⅻ⅝㠃₹Java㔏㦾䤓屡ㄵ屑ℕJava㔏㦾䤓♠⻤᧨幇⮩Java䲚ㄞ⛧掌↩䇫㎞幕

⦿㔙⸒Sun⏻⚇䤓HotSpot壩㕮㧉䷘⚛䦚㈔᧨⃮幇执㦘K䲚ㄞ⛧↩㽷㎞ⒿBEA JRockit✛
IBM J9᧨⇕⺈JVM䤓帳幕ₜ⅔⅔♹㦘扨Kᇭ

⅝1996⒬Sun⏻⚇♠を䤓JDK 1.0₼㓏▔⚺䤓Sun Classic VMⒿ⅙⮸᧨㦍兞䀛䘿ᇬ䃽䋼扖
幇⮩㒥兞␇㒥↧䱏㒥㦘䔈唁䤓壩㕮㧉⸭䘿᧨⦷扨唑₼᧨㒠ⅻ⏗㤑₣㔙ⅲ䪐㔏㦾㟍ₚ᧨
怆㧴⥭欍ₚJava壩㕮㧉⹅㡞䤓♠⻤懷抈✛☕⚁♧扐ᇭ

1.4.1ᇫSun Classic/Exact VM

ⅴ⅙⮸䤓展屡㧴䦚᧨Sun Classic VM䤓㔏㦾♾厌㈗☮ⱚ᧨扨㷍壩㕮㧉䤓∎✌⃮㡸め兗
兢ᇭ⇕⅔⑼⸒“₥䟛ₙ䶻㷍⟕䞷Java壩㕮㧉”䤓⯃嫣᧨⻀恂⮮㦘常☕⚁帿⇞⸒䤓䚕䟀ᇭ

19961㦗23㡴᧨Sun⏻⚇♠をJDK 1.0᧨Java幼岏氥㶰㕴㦘ℕ⟕䞷䤓㷲㆞扟嫛䘾⬒᧨扨₹
JDK₼㓏サ䤓壩㕮㧉⻀㢾Classic VMᇭ扨㷍壩㕮㧉♹厌∎䞷儾屲摙⣷㡈㆞㧴㓶嫛Javaⅲ䪐᧨
Ⱁ㨫尐∎䞷JIT冥幠⣷᧨⻀㉔權扪嫛⮥㖑ᇭ⇕㢾⋖Ⱁ⮥㖑ℕJIT冥幠⣷᧨JIT冥幠⣷⻀⸛⏷㘴丰
ℕ壩㕮㧉䤓㓶嫛侊兮᧨屲摙⣷≎ₜ␜ぴ⇫ℕᇭ䞷㓆⦷扨㷍壩㕮㧉ₙ㓶嫛java-version✌ⅳ᧨⺕
↩䦚Ⓙ伊⇋ₚ槱扨嫛戢⒉᧶

java version"1.2.2"
Classic VM᧤build JDK-1.2.2-001᧨green threads,sunwjit᧥

␅₼䤓“sunwjit”⻀㢾Sun㙟∪䤓⮥㖑冥幠⣷᧨␅Ⅵ伊⇋䤓⮥㖑冥幠⣷执㦘Symantec JIT✛
shuJIT䷘ᇭ䟀ℝ屲摙⣷✛冥幠⣷ₜ厌揜⚗ぴ⇫᧨扨⻀㎞✂䧏Ⱁ㨫尐∎䞷冥幠⣷㓶嫛᧨冥幠⣷
⻀ₜ㈦ₜ⺈㹞₹㡈㽤ᇬ㹞嫛ⅲ䪐掌扪嫛冥幠᧨力㡯幉⸒ⅻ㓶嫛䤓欠䘖㢾⚵␆㦘冥幠䤓ↆ
⋋ᇭ⪉ℝ䲚ㄞ❜ㄣ㢅梃䤓☚┪᧨扨K冥幠⣷㫈㦻ₜ㟱ㄣ䞷冥幠劦㢅䲜浧䤓↧▥㔏㦾᧨⥯㷳扨
₹棅㹄䤓壩㕮㧉☂∎䞷ℕJIT冥幠⣷戢⒉㦻⦿ⅲ䪐᧨㓶嫛㟗䘖⃮✛↯兮䤓C/C++䲚ㄞ㦘㈗⮶ぽ
恬᧨“Java幼岏㈗㏱”䤓ㇱ廰⻀㢾⦷扨㢅⊨ⱚ⦷䞷㓆㉒₼㪠䵚怆㧴䤓ᇭ

Sun䤓壩㕮㧉⥱梮┹┪♊屲⑂Classic VM㓏槱䤓⚓䱜桽欧᧨㙟◖扟嫛㟗䘖ᇭ⦷JDK 1.2
㢅᧨㦍⦷Solaris♿ₙ♠を扖㷍⚜Exact VM䤓壩㕮㧉᧨⸒䤓㓶嫛侊兮め兞␆䘿ⅲ浧㊶
厌壩㕮㧉䤓楞ㇱ᧶Ⱁ₳儶☂㢅冥幠⣷ᇬ冥幠⣷屲摙⣷䂆⚗ぴ⇫㲰㆞䷘ᇭExact VM⥯⸒∎䞷
䫽㆞␔ⷧ丰䚕᧤Exact Memory Management᧨⃮♾ⅴ♺Non-Conservative/Accurate Memory
Management᧥力㈦⚜᧨☂壩㕮㧉♾ⅴ䩴拢␔ⷧ₼㩟₹⇜函䤓㟿㗽␆⇢㢾⅏⃗伊⨚ᇭ巻Ⱁ␔ⷧ
₼㦘₹32⇜䤓㠃㟿123456᧨⸒Ⓙㄤ㢾₹reference伊⨚㖖⚠123456䤓␔ⷧ⦿⧏执㢾₹㟿
⋋123456䤓㠃㟿᧨壩㕮㧉⺕㦘厌┪⒕户⒉㧴᧨扨㫆㓜厌⦷GC᧤⨒⧍㟅楕᧥䤓㢅⊨䫽⒳
㠼⪕ₙ䤓㟿㗽㢾⚵执♾厌嬺∎䞷ᇭ䟀ℝ∎䞷ℕ䫽㆞␔ⷧ丰䚕᧨Exact VM♾ⅴ㔪㆒ⅴⓜ
Classic VM⪉ℝhandler䤓⺈廰㩴㔍㡈㆞᧤☮⥯㢾扪嫛GC⚝⺈廰⺕♾厌↩嬺䲊┷⇜函᧨Ⱁ㨫⺕
⦿⧏123456䤓⺈廰䲊┷Ⓙ654321᧨⦷㼰㦘㢝䫽≰㋾嫷㢝␔ⷧ₼❹K㟿㗽㢾reference䤓ⓜ㙟
ₚ᧨壩㕮㧉㢾ₜ㟱㔙␔ⷧ₼㓏㦘123456䤓⋋㟈㒟654321䤓᧨㓏ⅴ尐∎䞷♴㩓㧴≬㖐
reference⋋䤓䳂⸩᧥᧨扨㫆㹞㶰⸩⇜⺈廰掌⺠ℕ㶰梃㘴㩴㔍䤓枏᧨㙟◖㓶嫛㊶厌ᇭ

夌䏅Exact VM䤓㔏㦾䦇⺈Classic VM㧴広⏗扪ℕ幇⮩᧨⇕㢾⦷⟕₩ㄣ䞷ₙ♹ⷧ⦷ℕ㈗䩼
㤑䤓㢅梃⻀嬺㦃↧䱏䤓HotSpot VM㓏♥ⅲ᧨䞩咂执㼰㦘㧴㈦♙♠をWindows✛Linux♿ₚ



䤓⟕䞷䓗㦻ᇭ力Classic VM䤓䞮✌⛷㦮⒨䦇⺈栎ℕ幇⮩᧨⸒⦷JDK 1.2⃚ⓜ㢾Sun JDK₼➾
䤓壩㕮㧉᧨⦷JDK 1.2㢅᧨⸒HotSpot VMㄅⷧ᧨⇕照帳∎䞷䤓㢾Classic VM᧤䞷㓆♾䞷java-
hotspot♑㟿⒖㗱咂HotSpot VM᧥᧨力⦷JDK 1.3㢅᧨HotSpot VM㒟照帳壩㕮㧉᧨⇕Classic
VM⅜⇫壩㕮㧉䤓“䞷折㕸”♠を᧤∎䞷java-classic♑㟿⒖㗱᧥᧨䦃ⒿJDK 1.4䤓㢅
⊨᧨Classic VM㓜⸛⏷抏⒉⟕䞷壩㕮㧉䤓☕⚁咭♿᧨Exact VM怆扪⏴ℕSun Labs Research
VM⃚₼ᇭ



1.4.2ᇫSun HotSpot VM

㙟怆HotSpot VM᧨䦇≰㓏㦘Java䲚ㄞ⛧掌䩴拢᧨⸒㢾Sun JDK✛OpenJDK₼㓏サ䤓壩㕮
㧉᧨⃮㢾䥽ⓜ∎䞷喒⦃㦏ㄎ䤓Java壩㕮㧉ᇭ⇕ₜ⸩㓏㦘ⅉ掌䩴拢䤓㢾᧨扨₹䥽ⓜ䦚怆
㧴“嫏兮儾㷲”䤓壩㕮㧉⦷㦏⒬ㄅ槭䟀Sun⏻⚇♠᧨力㢾䟀⹅⚜“Longview
Technologies”䤓⺞⏻⚇幍帰䤓᧷䞩咂扨₹壩㕮㧉㦏⒬ㄅ槭㢾Java幼岏力♠䤓᧨⸒㧴䄟ℝ
Strongtalk VM᧨力扨㷍壩㕮㧉₼䦇㇢⮩䤓㔏㦾♗㢾㧴䄟ℝ㷍㞾㖐Self幼岏⸭䘿“才ⒿC幼岏
50%ⅴₙ䤓㓶嫛㟗䘖”䤓䥽㪖力幍帰䤓壩㕮㧉᧨Sun⏻⚇㽷㎞Ⓙℕ扨㷍壩㕮㧉⦷JIT冥幠ₙ㦘幇
⮩↧䱏䤓䚕㊄✛⸭棔㟗㨫᧨⦷1997㟅徼ℕLongview Technologies⏻⚇᧨⅝力噆㈦ℕHotSpot
VMᇭ

HotSpot VM㡱其㔎ℕSun⃚ⓜ₳㷍⟕䞷壩㕮㧉䤓↧䍈᧤Ⱁⓜ槱㙟Ⓙ䤓䫽㆞␔ⷧ丰
䚕᧥᧨⃮㦘幇⮩呹む㠿䤓㔏㦾↧╎᧨Ⱁ⸒⚜䱿₼䤓HotSpot㖖䤓⻀㢾⸒䤓䍼䍈ⅲ䪐㘱㿚㔏㦾
᧤␅⸭₳₹VM⪉㦻ₙ㢾⚛㢅㦮䤓䕻䵚ℶ❐᧨HotSpot执䲜㡸K᧨HotSpotⱚ⻀㢾䫽㆞
GC᧨力Exact VM⃚₼⃮㦘HotSpot⑯⃝㫆䤓䍼䍈㘱㿚ᇭℕExact VM✛HotSpot VM❹₹
㒟Sun尐㞾㖐䤓VMℶ❐᧨⦷Sun⏻⚇␔捷执㦘扖℘幉᧨HotSpot㓢徴Exactㄅₜ厌並㔏㦾ₙ
䤓卫Ⓒ᧥᧨HotSpot VM䤓䍼䍈ⅲ䪐㘱㿚厌┪♾ⅴ抩扖㓶嫛帰㟿⣷㔍⒉㦏␆㦘冥幠ↆ⋋䤓ⅲ
䪐᧨䏅⚝抩䩴JIT冥幠⣷ⅴ㡈㽤◤⇜扪嫛冥幠ᇭⰑ㨫₹㡈㽤嬺欠僐庒䞷᧨㒥㡈㽤₼㦘㟗
㈹䘾㶰㟿㈗⮩᧨⺕↩⒕Ⓔ屵♠㪖冥幠✛OSR᧤㪗ₙ㦎㗱᧥冥幠┷⇫ᇭ抩扖冥幠⣷屲摙⣷
㋿㇢⦿◞⚛ぴ⇫᧨♾ⅴ⦷㦏↧▥䤓䲚ㄞ❜ㄣ㢅梃㦏∂㓶嫛㊶厌₼♥㈦嫰᧨力₣㡯權䷘㈔
㦻⦿ⅲ䪐戢⒉㓜厌㓶嫛䲚ㄞ᧨☂㢅冥幠䤓㢅梃☚┪⃮䦇⺈⺞᧨扨㫆㦘┸ℝㆤ⏴㦃⮩䤓ⅲ䪐
↧▥㔏㦾᧨戢⒉德摞㦃浧䤓㦻⦿ⅲ䪐ᇭ

⦷2006䤓JavaOne⮶↩ₙ᧨Sun⏻⚇⸲を㦏兗↩㔙Java䄟᧨ㄅ⦷椞⚝䤓᧨棕兼⺕
JDK䤓⚓₹捷⒕᧤␅₼㇢䏅⃮▔㕻ℕHotSpot VM᧥⦷GPL◞帽ₚ⏻ℕ䄟䪐᧨ㄅ⦷㷳⪉䫏ₙ
ㆉ䵚ℕOpenJDKᇭ扨㫆᧨HotSpot VM≎㒟ℕSun JDK✛OpenJDK₳₹⸭䘿㨐ㄵ㘴扠䤓JDK欈
䥽䤓␀⚛壩㕮㧉ᇭ

⦷2008✛2009᧨Oracle⏻⚇⒕Ⓔ㟅徼ℕBEA⏻⚇✛Sun⏻⚇᧨扨㫆Oracle⻀⚛㢅㕴㦘
ℕ₳㷍↧䱏䤓Java壩㕮㧉᧶JRockit VM✛HotSpot VMᇭOracle⏻⚇⸲を⦷ₜ⃔䤓⺕㧴᧤⮶儵
ㄣ⦷♠をJDK 8䤓㢅⊨᧥↩⸛㒟扨₳㷍壩㕮㧉䤓㠃⚗ぴ⇫᧨∎⃚↧╎℡嫴ᇭ㠃⚗䤓㡈㆞⮶咃
ₙ㢾⦷HotSpot䤓⪉䫏ₙ᧨䲊㮜JRockit䤓↧䱏䔈㊶᧨巻Ⱁ∎䞷JRockit䤓⨒⧍⥭㟅⣷
MissionControl㦜┰᧨∎䞷HotSpot䤓JIT冥幠⣷䂆⚗䤓扟嫛㢅侊兮ᇭ



1.4.3ᇫSun Mobile-Embedded VM/Meta-Circular VM

Sun⏻⚇㓏䪣♠䤓壩㕮㧉♾ₜ⅔㦘ⓜ槱⅚兜䤓㦜┰⣷ᇬ㫛槱欕⩮䤓⟕䞷壩㕮㧉᧨棳㷳⃚
⮥᧨Sun⏻⚇槱⺈䲊┷✛⏴㆞ゑ⧉᧨⃮♠を扖壩㕮㧉ℶ❐᧨♵⮥执㦘伊壩㕮㧉᧨⦷幍帰
⃚⒬⻀㼰㕀㦘⟕䞷䤓䥽䤓᧨⅔⅔㢾䞷ℝ䪣䴅ᇬ洛幐㩟䱜㔏㦾✛屑䍈᧨♗㒥劔㢾⇫K屓喒
䤓㪖⸭䘿ᇭ扨K壩㕮㧉⺈ℝ⮶捷⒕ₜ⅝ℚ䦇␂欕⩮♠䤓Java䲚ㄞ⛧㧴広♾厌㹣戒棛䞮ᇭ
Sun⏻⚇♠を䤓␅ⅥJava壩㕮㧉㦘᧶

᧤1᧥KVM

KVM₼䤓K㢾“Kilobyte”䤓㎞㊬᧨⸒㇉庒丏◤ᇬ戊摞ᇬ浧ㄵ♾䲊㮜᧨⇕㢾扟嫛抮ㄵ㹣戒
㏱ᇭ⦷AndroidᇬiOS䷘㤉厌㓚㧉㝜⇫侊兮⒉䘿ⓜ㦍兞⦷㓚㧉♿ₙ㈦Ⓙ槭デㄎ㽪䤓ㄣ䞷ᇭ

᧤2᧥CDC/CLDC HotSpot Implementation

CDC/CLDC⏷䱿㢾Connected᧤Limited᧥Device Configuration᧨⦷JSR-139/JSR-218屓喒₼
扪嫛⸩⃘᧨⸒゛㦪⦷㓚㧉ᇬ䟄ᇬPDA䷘幍ₙㆉ䵚兮䤓Java冥䲚㘴♲᧨力CDC-HI VM
✛CLDC-HI VM⒨㢾⸒ⅻ䤓兓♑劒⸭䘿ᇭCDC/CLDC㢾㠃₹Java ME䤓摜尐㞾㪀᧨⇕⅝䥽ⓜ
Android✛iOSℛ⒕⮸ₚ䤓䲊┷㟿ⷦ幍ゑ⧉䦚㧴᧨⦷扨₹欕⩮₼᧨Sun䤓壩㕮㧉㓏槱䤓⻏
槱扫ₜⰑ㦜┰⣷✛㫛槱欕⩮⃟屑ᇭ

᧤3᧥Squawk VM

Squawk VM䟀Sun⏻⚇♠᧨扟嫛ℝSun SPOT᧤Sun Small Programmable Object
Technology᧨䱜㓚㖐䤓WiFi幍᧥᧨⃮㦍兞扟䞷ℝJava Cardᇭ扨㢾₹Javaⅲ䪐㹣摜㈗浧
䤓⏴㆞壩㕮㧉⸭䘿᧨␅₼庇Ⱁ伊┯戌⣷ᇬⷦ唑䪐洛幐⣷ᇬ⨒⧍㟅楕⣷ᇬ屲摙⣷ᇬ冥幠⣷✛
兎䲚庒ㄵ掌㢾Java幼岏㦻愺⸛㒟䤓᧨⅔⅔槯C幼岏㧴冥幍I/O✛㉔尐䤓㦻⦿ⅲ䪐ᇭ

᧤4᧥JavaInJava

JavaInJava㢾Sun⏻⚇ℝ1997ᨺ1998梃䪣♠䤓₹⸭洛⸳㊶德䤓壩㕮㧉᧨⅝⚜ⷦ⻀♾
ⅴ䦚⒉᧨⸒幤⦍ⅴJava幼岏㧴⸭䘿Java幼岏㦻愺䤓扟嫛䘾⬒᧨㡱㓏庢䤓“⏒㈹䘾”᧤Meta-
Circular᧨㢾㖖∎䞷幼岏呹愺㧴⸭䘿␅扟嫛䘾⬒᧥ᇭ⸒㉔權扟嫛⦷♵⮥₹⹎壩㕮㧉⃚
ₙ᧨␔捷㼰㦘JIT冥幠⣷᧨ⅲ䪐♹厌ⅴ屲摙㲰㆞㓶嫛ᇭ⦷20₥儹㦺㿐Java壩㕮㧉掌㦹厌㈗Ⰼ
屲⑂㊶厌桽欧䤓㢅ⅲ᧨♠扨䱜欈䥽᧨␅㓶嫛抮ㄵ♾㎂力䩴ᇭ

᧤5᧥Maxine VM

Maxine VM✛ₙ槱䤓JavaInJava槭デ䦇⇋᧨⸒⃮㢾₹⑯⃝⏷捷ⅴJavaⅲ䪐⸭䘿᧤♹㦘䞷
ℝ⚾┷JVM䤓┯戌⣷∎䞷C幼岏冥᧥䤓⏒㈹䘾Java壩㕮㧉ᇭ扨₹欈䥽ℝ2005ⱚ᧨Ⓙ䘿
⦷⅜䏅⦷♠⻤⃚₼᧨㹣怆JavaInJava,Maxine VM⻀㣍㈦“槯廀”㈗⮩᧨⸒㦘⏗扪䤓JIT冥幠⣷✛
⨒⧍㟅楕⣷᧤⇕㼰㦘屲摙⣷᧥᧨♾⦷⹎㲰㆞㒥䕻䵚㲰㆞ₚ㓶嫛᧨␅㓶嫛㟗䘖め兞㘴扠ℕ
HotSpot Client VM䤓㻃ᇭ



1.4.4ᇫBEA JRockit/IBM J9 VM

ⓜ槱⅚兜ℕSun⏻⚇䤓⚓䱜壩㕮㧉᧨棳ℕSun⏻⚇ⅴ⮥᧨␅Ⅵ兓兖ᇬ⏻⚇⃮䪣♠扖ₜ⺠壩
㕮㧉⸭䘿᧨␅₼屓㲰㦏⮶ᇬ㦏囦⚜䤓⻀㢾BEA✛IBM⏻⚇ℕᇭ

JRockit VM㦍兞⚆䱿“₥䟛ₙ抮ㄵ㦏㉺䤓Java壩㕮㧉”᧤ㄎ⛙幜᧨弛⇋J9 VM⃮扨㫆広
扖᧥᧨⸒㢾BEA⏻⚇⦷2002⅝Appeal Virtual Machines⏻⚇㟅徼䤓壩㕮㧉ᇭBEA⏻⚇⺕␅♠
⻤㷍₢桷㦜┰⣷䫻ↅ✛㦜┰⣷䵾ㄣ䞷⧉㣾浧ㄵ↧▥䤓壩㕮㧉᧨䟀ℝ₢㽷ℝ㦜┰⣷䵾ㄣ
䞷᧨⸒♾ⅴₜ⮹␂㽷䲚ㄞ⚾┷抮ㄵ᧨⥯㷳JRockit␔捷ₜ▔⚺屲㨟⣷⸭䘿᧨⏷捷ⅲ䪐掌槯☂㢅
冥幠⣷冥幠⚝㓶嫛ᇭ棳㷳⃚⮥᧨JRockit䤓⨒⧍㟅楕⣷✛MissionControl㦜┰⯦ↅ䷘捷⒕䤓⸭
䘿᧨⦷↦⮩Java壩㕮㧉₼⃮䦃⮓ℝ欕⏗㻃ᇭ

IBM J9 VMㄅₜ㢾IBM⏻⚇➾䤓Java壩㕮㧉᧨ₜ扖㢾䥽ⓜ␅┪♠⻤䤓Java壩㕮㧉ᇭ
IBM J9 VM☮㦻㢾␔捷♠ⅲ⚆᧨㷲㆞⚜䱿㢾“IBM Technology for Java Virtual Machine”᧨丏
䱿IT4J᧨♹㢾扨₹⚜ⷦ⮹㕦♲ℕ䍈᧨㣽♙䲚ㄵₜⰑJ9ᇭJ9 VM㦏⒬㢾䟀IBM Ottawa⸭洛⸳
₹⚜SmallTalk䤓壩㕮㧉㓸⻤力㧴䤓᧨㇢㢅扨₹壩㕮㧉㦘₹bug㢾䟀8k⋋⸩⃘枨幾ㆤ怆
䤓᧨ぴ䲚啀ℕ㈗栎㢅梃兗ℝ♠䘿ㄅ屲⑂ℕ扨₹枨幾᧨㷳⚝扨₹䓗㦻䤓壩㕮㧉⻀䱿K8ℕ᧨
⚝㧴㓸⻤⒉㞾㖐Java䤓壩㕮㧉⻀嬺䱿J9ℕᇭBEA JRockit₢㽷ℝ㦜┰⣷䵾ㄣ䞷ₜ⚛᧨IBM
J9䤓ゑ⧉⸩⇜Sun HotSpot㹣戒㘴扠᧨⸒㢾㷍幍帰ₙ⅝㦜┰⣷䵾Ⓙ㫛槱ㄣ䞷␜Ⓙ⏴㆞掌
⏷槱劒壠䤓⮩䞷抣壩㕮㧉᧨J9䤓♠䥽䤓㢾⇫IBM⏻⚇⚓䱜Javaℶ❐䤓㓶嫛♿᧨⸒䤓
尐ゑ⧉㢾✛IBMℶ❐᧤ⰑIBM WebSphere䷘᧥㚼揜ⅴ♙⦷IBM AIX✛z/OS扨K♿ₙ捷刁Java
ㄣ䞷ᇭ



1.4.5ᇫAzul VM/BEA Liquid VM

㒠ⅻ㢅㓏㙟♙䤓“浧㊶厌Java壩㕮㧉”咻㢾㖖HotSpotᇬJRockitᇬJ9扨伊⦷抩䞷♿ₙ
扟嫛䤓⟕䞷壩㕮㧉᧨⇕␅⸭Azul VM✛BEA Liquid VM扨伊䔈⸩䫻ↅ♿₢㦘䤓壩㕮㧉㓜
㢾“浧㊶厌”䤓㷵⣷ᇭ

Azul VM㢾Azul Systems⏻⚇⦷HotSpot⪉䫏ₙ扪嫛⮶摞㟈扪᧨扟嫛ℝAzul Systems⏻⚇䤓
₢㦘䫻ↅVega侊兮ₙ䤓Java壩㕮㧉᧨㹞₹Azul VM⸭√掌♾ⅴ丰䚕咂⺠㟿◐₹CPU✛㟿䤍GB
␔ⷧ䤓䫻ↅ忓䄟᧨ㄅ㙟∪⦷ぷ⮶␔ⷧ喒⦃␔⸭䘿♾㘶䤓GC㢅梃䤓⨒⧍㟅楕⣷ᇬ₢㦘䫻ↅ
↧▥䤓兎䲚庒ㄵ䷘↧䱏䔈㊶ᇭ⦷2010᧨Azul Systems⏻⚇ⱚ⅝䫻ↅ懻⚠懾ↅ᧨♠をℕ呹
む䤓Zing JVM᧨♾ⅴ⦷抩䞷x86♿ₙ㙟∪㘴扠ℝVega侊兮䤓䔈㊶ᇭ

Liquid VM☂㢾䘿⦷䤓JRockit VE᧤Virtual Edition᧥᧨⸒㢾BEA⏻⚇♠䤓᧨♾ⅴ䦃㘴扟
嫛⦷呹⹅Hypervisor侊兮ₙ䤓JRockit VM䤓壩㕮▥䓗㦻᧨Liquid VMₜ榏尐㝜⇫侊兮䤓㞾㖐᧨
㒥劔広⸒呹む㦻愺⸭䘿ℕ₹₢䞷㝜⇫侊兮䤓㉔尐┮厌᧨Ⱁ㠖ↅ侊兮ᇬ几八㞾㖐䷘ᇭ䟀壩㕮
㧉怙扖抩䞷㝜⇫侊兮䦃㘴㘶Ⓟ䫻ↅ♾ⅴ噆㈦㈗⮩Ⰼ⮓᧨Ⱁ⦷兎䲚庒ㄵ㢅᧨ₜ榏尐␜扪嫛␔㫇
㊐/䞷㓆㊐䤓⒖㗱䷘᧨扨㫆♾ⅴ㦏⮶棟ㄵ⦿♠㖴䫻ↅ䤓厌┪᧨㙟◖Java䲚ㄞ䤓㓶嫛㊶厌ᇭ



1.4.6ᇫApache Harmony/Google Android Dalvik VM

扨唑⅚兜䤓Harmony VM✛Dalvik VM♹厌䱿⋩“壩㕮㧉”᧨力ₜ厌䱿⋩“Java壩㕮㧉”᧨⇕
㢾扨₳㷍壩㕮㧉᧤ⅴ♙㓏ⅲ嫷䤓㔏㦾⇢侊᧥⺈㦏扠⑯䤓Java₥䟛ℶ䞮ℕ槭デ⮶䤓㈀❜✛㖠
㒧᧨䞩咂㦘K㍁屑䤓幓幉⹅帳㒟䐮䤓Java䞮㊐侊兮㦘⾸䄒䤓♾厌ᇭ

Apache Harmony㢾₹Apache懾ↅ⪉摠↩㡦ₚⅴApache License◞帽䄟䤓⸭棔␋⹈ℝ
JDK 1.5✛JDK 1.6䤓Java䲚ㄞ扟嫛♿᧨扨₹⅚兜䦇㇢㕦♲ᇭ⸒▔⚺呹む䤓壩㕮㧉✛Javaㄢ᧨
䞷㓆♾ⅴ⦷ₙ槱扟嫛EclipseᇬTomcatᇬMaven䷘デ屐䤓Java䲚ㄞ᧨⇕㢾⸒㼰㦘抩扖TCK帳
幐᧨㓏ⅴ㒠ⅻₜ㈦ₜ䞷挲⃗栎㕦♲䤓幼岏㧴⅚兜⸒᧨力ₜ厌䞷♴“Apache䤓JDK”㧴広
㢝ᇭⰑ㨫₹⏻⚇尐⸲を呹む䤓扟嫛♿“␋⹈ℝJava幼岏”᧨挲⻀㉔權尐抩扖
TCK᧤Technology Compatibility Kit᧥䤓␋⹈㊶㿚幤ᇭApache⪉摠↩㦍尐㻑Sun⏻⚇㙟∪TCK䤓
∎䞷㘗㧒᧨⇕㢾䦃拼Ⓙ㕡公᧨䦃ⒿOracle⏻⚇㟅徼ℕSun⏻⚇⃚⚝᧨♛㡈␂侊怙梈怙⎄᧨㦏
兗⺋咃Apache㎳䏅抏⒉JCP᧤Java Community Process᧥兓兖᧨扨㢾䥽ⓜ㷱Java䯍◉㦏₴摜
䤓㶰“⒕孑”ᇭ

⦷Sun⺕JDK䄟ㇱ㒟OpenJDK⃚⚝᧨Apache Harmony䄟䤓↧╎嬺㨐⮶⦿ⓙ㇀᧨䞩咂扭
Harmony欈䥽䤓㦏⮶♑劔IBM⏻⚇⃮⸲を戭♊Harmony欈䥽丰䚕ゼ䤓勛⇜᧨ㄅ♑
OpenJDK欈䥽䤓♠ᇭ夌䏅Harmony㼰㦘兞扖䦮㷲⮶屓㲰䤓⟕₩扟䞷᧨⇕㢾⸒䤓幇⮩ⅲ䪐
᧤⪉㦻ₙ㢾Javaㄢ捷⒕䤓ⅲ䪐᧥嬺⛇兂扪IBM䤓JDK 7⸭䘿♙Google Android SDK⃚₼᧨⺳␅
㢾⺈Android䤓♠⻤怆Ⓙℕ㈗⮶䤓㘷┷⇫䞷ᇭ

広ⒿAndroid᧨扨₹㢅ₚ㦏䍼桷䤓䲊┷㟿䪐幍♿⦷㦏扠⑯梃䤓♠⻤扖䲚₼㓏♥㈦
䤓㒟㨫め兞扫扫怔怙ℕJava ME⦷扖♊◐⮩㓏噆㈦䤓㒟㨫᧨Android常Java幼岏䦮㷲忿扪ℕ
䲊┷㟿䪐幍欕⩮᧨♹㢾忿䤓ㄅ槭Sun⏻⚇☮㦻㎂廰䤓挲㧰恾ᇭ

Dalvik VM㢾Android♿䤓㫇㉒兓㒟捷⒕⃚᧨⸒䤓⚜ⷦ㧴䄟ℝ⼪₹⚜Dalvik䤓
⺞䂣㧠ᇭDalvik VMㄅₜ㢾₹Java壩㕮㧉᧨⸒㼰㦘挄㈹Java壩㕮㧉屓喒᧨ₜ厌䦃㘴㓶嫛Java
䤓Class㠖ↅ᧨∎䞷䤓㢾⹓ⷧ⣷㩅㨓力ₜ㢾JVM₼デ屐䤓㪗㩅㨓ᇭ⇕㢾⸒Java♗㦘䧏◒€ₖ
冤䤓勣侊᧨⸒㓶嫛䤓dex᧤Dalvik Executable᧥㠖ↅ♾ⅴ抩扖Class㠖ↅ懻▥力㧴᧨∎䞷Java幼
㽤冥ㄣ䞷䲚ㄞ᧨♾ⅴ䦃㘴∎䞷⮶捷⒕䤓Java API䷘ᇭ䥽ⓜDalvik VM椞䧏Android怆⮓ℝ
扔䖪♠⻤棅㹄᧨⦷Android 2.2₼め㙟∪☂㢅冥幠⣷⸭䘿᧨⦷㓶嫛㊶厌ₙ㦘ℕ㈗⮶䤓㙟浧ᇭ



1.4.7ᇫMicrosoft JVM♙␅Ⅵ

⦷◐⑯䤓Java壩㕮㧉♠⻤扖䲚₼᧨棳♊ₙ槱⅚兜䤓挲K嬺⮶屓㲰⟕₩ㄣ䞷扖䤓Java壩
㕮㧉⮥᧨执㦘幇⮩壩㕮㧉㢾ₜⅉ䩴䤓㒥劔㦍兞“兩”扖⇕㦏兗䃽䋼䤓ᇭ㒠ⅻⅴ␅₼㈽懾⏻
⚇䤓JVM√㧴⅚兜ₚᇭ

⃮幇Java䲚ㄞ⛧⚻怆㧴♾厌↩屘㈦㍙幅᧨㈽懾⏻⚇㦍兞㢾Java㔏㦾䤓材㧕㞾㖐劔᧤⃮㉔
權㔎帳᧨Sun⏻⚇℘⯉Java䤓㘶Ⓟ㧒᧨ⅳJava⅝恷♿㔏㦾♧兠⸩⦷Windowsₙ䤓㔏㦾㢾
㈽懾⏻⚇䤓尐䥽䤓᧥ᇭ⦷Java幼岏幭䞮䤓⒬㦮᧤1996ᨺ1998᧨ⅴJDK 1.2♠を⒕
䟛᧥᧨⸒䤓尐ㄣ䞷⃚㢾⦷㿞屗⣷₼扟嫛Java Applets䲚ㄞ᧨㈽懾⏻⚇ℕ⦷IE3₼㞾㖐
Java Appletsㄣ䞷力♠ℕ呹む䤓Java壩㕮㧉᧨夌䏅扨㷍壩㕮㧉♹㦘Windows♿䤓䓗㦻᧨☃
㢾㇢㢅Windowsₚ㊶厌㦏Ⰼ䤓Java壩㕮㧉᧨⸒⦷1997✛1998扭兼₳噆㈦ℕᇵPC
Magazineᇶ㧑㉦䤓“冥戠折㕸⯥”ᇭ⇕Ⰼ㣾ₜ栎᧨⦷199710㦗᧨Sun⏻⚇㷲㆞ⅴ≄䔾⟕㪖ᇬₜ
㷲㇢䵭℘䷘凹⚜㘶⛙㈽懾⏻⚇᧨⦷椞⚝⺈㈽懾⏻⚇䤓⨓㠼庒㩴⃚₼᧨扨㷍壩㕮㧉⃮㦍⇫幐
㗽⃚嬺⛗抐㽤ㄼᇭ扨⧉⸧⚇䤓兢㨫㢾㈽懾⏻⚇忣⌎2000ₖ初摠全Sun⏻⚇᧤㦏兗㈽懾⏻⚇
⥯⨓㠼忣⌎全Sun⏻⚇䤓㋊摠欬浧才10ⅎ初⏒᧥᧨㔎庉兗㷱␅Java壩㕮㧉䤓♠⻤᧨ㄅ抟㷴⦷
ℶ❐₼䲊棳Java壩㕮㧉䦇␂┮厌ᇭ␆㦘幌Ⓣ㎞✂䤓㢾᧨Ⓙ㦏⚝⦷Windows XP SP3₼Java壩㕮
㧉嬺⸛⏷㕈♊䤓㢅⊨᧨Sun⏻⚇☃♗Ⓙ⮓䤊㔴゛㦪㈽懾⏻⚇ₜ尐扨㫆⋩[1]ᇭWindows XP浧儶
ℶ❐兞䚕Jim Cullinan䱿᧶“㒠ⅻ啀忈ℕ3䤓㢅梃✛Sun㓢⸧⚇᧨㇢㢅Ⅵⅻ幤⦍棊㷱㒠ⅻ⦷
Windows₼㞾㖐Java᧨䘿⦷㒠ⅻ扨㫆⋩ℕ᧨♾Ⅵⅻ♗⦷㕀㊷᧨扨⮹␆㦘幌Ⓣ㎞✂ℕᇭ”

㒠ⅻ幤㎂ₚ᧨Ⱁ㨫㇢Sun⏻⚇㼰㦘怆幘㈽懾⏻⚇᧨㈽懾⏻⚇其兼≬㖐䧏⺈Java㔏㦾
䤓䍼㍔᧨挲Java䤓₥䟛↩♧㈦㊝⃗㫆⛱᧻.NET㔏㦾㢾⚵↩♠⻤怆㧴᧻⇕☕⚁㢾㼰㦘⋖幍䤓ᇭ
␅Ⅵ⦷㦻唑₼㼰㦘⅚兜Ⓙ䤓Java壩㕮㧉执㦘᧤㇢䏅᧨ㄣ年执㦘㈗⮩䶣劔㓏ₜ䩴拢䤓᧥᧶

JamVM.

cacaovm.

SableVM.

Kaffe.

Jelatine JVM.

NanoVM.

MRP.

Moxie JVM.

Jikes RVM.

[1]Sun⏻⚇⦷ᇵ兌儵㢅㔴ᇶᇬᇵ⦲儵䛮⟕₩㠿梊ᇶ✛ᇵ◝⺣嫦⛷⒙ᇶₙ⒙䤊ℕ㠃欄䤓ㄎ⛙᧨
⦷ㄎ⛙幜₼Sun⏻⚇⚆♻䀗忈劔“尐㻑㈽懾⏻⚇其兼⦷␅Windows XP侊兮▔㕻Java♿”ᇭ



1.5ᇫ⻤㦪Java㔏㦾䤓㦹㧴
⦷2005᧨Java幼岏幭䞮10⛷䤓SunOne㔏㦾⮶↩ₙ᧨Java幼岏⃚䓅James Gosling⋩ℕ

⧉欧“Java㔏㦾ₚ₹◐”䤓䆣幁ᇭ䶣劔ₜ␆James Gosling◩⭺挲㫆浧⻚ㆉ䞃䤓展
屡᧨扨摛⅔⅝Java♿₼⑯₹㠿䞮䤓⇕め兞ⱚ⻤䘿⒉坻╒⃚╎䤓㔏㦾♠⻤䍈㧴䦚ₚ⚝兼
1ᨺ2₹JDK䓗㦻␔䤓K㈗㦘゛㦪䤓㔏㦾摜䍈ᇭ

1.5.1ᇫ㲰⧦▥

㲰⧦▥㢾屲⑂ㄣ䞷侊兮㔏㦾♿怙㧴怙⮜㧑ᇬ怙㧴怙ㄭ⮶桽欧䤓₹摜尐抣㈓ᇭ㡯幉
㢾♠ⅉ⛧执㢾ℶ❐㦏兗䞷㓆᧨掌ₜ゛㦪ℕ侊兮₼⺞⧦䤓┮厌力ₜ㈦ₜₚ戌ᇬ⸘孔ᇬ捷
刁♙冃㔳㠃⯦ㄭ⮶䤓侊兮ᇭ䵨⦷㠃₹懾ↅぴ₩▥䤓浧ㄵ㧴䦚᧨㲰⧦▥㢾ㆉ䵚⚓䱜┮厌䤓㪖
ↅ䤓ⓜ㙟ᇭ㦏扠⑯OSGi㔏㦾䤓扔抮♠⻤ᇬ⚓₹☑⟕⦷JCP₼⺈㲰⧦▥屓喒䤓䉏䍗㠦℘[1]᧨
掌厌⏔⒕広㢝㲰⧦▥㔏㦾䤓扺⒖✛摜尐ᇭ

⦷㦹㧴䤓Java♿₼᧨㈗♾厌↩⺈㲰⧦▥㙟⒉幼㽤⻑槱䤓㞾㖐ᇭ㡸⦷2007᧨Sun⏻⚇
⻀㙟⒉扖JSR-277᧶Java㲰⧦侊兮᧤Java Module System᧥᧨幤⦍ㆉ䵚Java♿䤓㲰⧦▥㪖᧨
⇕♦㖺ℝⅴIBM⏻⚇⺋㙟ℳ䤓JSR-291᧶Java SE┷㊐兓ↅ㞾㖐᧤Dynamic Component
Support for Java SE᧨扨⸭棔⻀㢾OSGi R4.1᧥ᇭ䟀ℝ㲰⧦▥屓喒⺋㧒䤓摜尐㊶᧨Sun⏻⚇ₜ
厌㘴♦₹㡯㽤䟀⸒㘶Ⓟ䤓屓喒᧨⦷㠃₹Java SE 6㦮梃掌㕡公㔙↊⇤㲰⧦▥㔏㦾␔函ⒿJDK
⃚₼ᇭ⦷Java SE 7♠⻤⒬㦮᧨Sun⏻⚇␜㶰㙟ℳℕ₹㠿䤓屓喒庆㻑㠖㫲JSR-294᧶Java冥䲚
幼岏₼䤓㟈扪㲰⧦㊶㞾㖐᧤Improved Modularity Support in the Java Programming Language᧥᧨
⻌丰扨₹JSR⅜䏅㼰㦘抩扖᧨⇕㢾Sun⏻⚇め兞䕻䵚ℝJCP₢⹅兓⦷OpenJDK摛ㆉ䵚ℕ₹⚜
Jigsaw᧤㖋⦍᧥䤓欈䥽㧴㘷┷扨₹屓喒⦷Java♿₼懻♧␆⇢䤓⸭䘿ᇭJava䤓㲰⧦▥
⃚℘䥽ⓜ执㼰㦘兢㧮᧨OSGiめ兞♠をⒿR5.0䓗㦻᧨力Jigsaw⅝Java 7ㆅ扮咂Java 8᧨⦷2012
7㦗♗ₜ㈦ₜ⸲を㘷扮ⒿJava 9₼♠を᧨⅝扨䍈䦚㧴᧨Sun⦷扨⧉㒧℘₼⮓ℝ┲╎᧨⇕㡯幉卫
Ⓒ劔㢾❹㡈᧨Java㲰⧦▥め兞㒟欈㡯㽤棊㖰䤓♧槸䇽㿐ᇭ

[1]Ⱁ㨫床劔⺈Java㲰⧦▥⃚℘㎮␃怲᧨♾ⅴ梔床䶣劔䤓♵⮥㦻ᇵ䂀⏴䚕屲OSGi᧶
Equinox☮䚕ᇬㄣ䞷㦏∂⸭悄ᇶ䤓䶻1䵯ᇭ



1.5.2ᇫ䂆⚗幼岏

㇢◤䤓Java♠め兞㡯㽤䅰恂㇢ⓜ懾ↅ䤓⮜㧑榏㻑㢅᧨怙㧴怙⮩⪉ℝJava壩㕮㧉䤓幼
岏♠嬺ㄣ䞷Ⓙ懾ↅ欈䥽₼᧨Java♿ₙ䤓⮩幼岏䂆⚗冥䲚㷲㒟㿐᧨㹞䱜幼岏掌♾ⅴ朗
⺈呹む㝔栎䤓㡈槱㦃Ⰼ⦿屲⑂桽欧ᇭ幤㎂ₚ᧨⦷₹欈䥽⃚₼᧨ㄅ嫛⮓䚕䞷Clojure幼岏冥
᧨⻤䯉⻑∎䞷JRuby/Rails᧨₼梃⻑⒨㢾Java᧨㹞₹ㄣ䞷⻑掌⺕∎䞷ₜ⚛䤓冥䲚幼岏㧴⸛
㒟᧨力₣᧨㘴♲⺈㹞⻑䤓♠劔掌㢾択㢝䤓᧨⚓䱜幼岏⃚梃䤓ℳ℡ₜⷧ⦷↊⇤⥿楍᧨⻀⍞
∎䞷呹む幼岏䤓☮䞮API㫆㡈≎[1]᧨⥯⸒ⅻ㦏兗掌扟嫛⦷₹壩㕮㧉⃚ₙᇭ

⦷㦏扠䤓⑯摛᧨ClojureᇬJRubyᇬGroovy䷘㠿䞮幼岏䤓∎䞷ⅉ㟿ₜ㠼⬭栎᧨力扟嫛⦷
Java壩㕮㧉᧤JVM᧥⃚ₙ䤓幼岏㟿摞⃮⦷扔抮吷协᧨⦍1-4₼⒦ℕ␅₼䤓捷⒕ᇭ扨₳䍈幐
㢝䂆⚗冥䲚⦷㒠ⅻ愺扈め兞㦘㓏ㄣ䞷ㄅ嬺ㄎ㽪帳♾ᇭ抩扖䔈⸩欕⩮䤓幼岏♊屲⑂䔈⸩欕⩮䤓
桽欧㢾㇢ⓜ懾ↅ♠ㄣ⺈㡴怚⮜㧑䤓欈䥽榏㻑䤓₹㡈⚠ᇭ

⦍ᇫ1-4ᇫ♾ⅴ扟嫛⦷JVM⃚ₙ䤓幼岏[2]



棳ℕ⌻䞮⒉⮶摞䤓㠿幼岏⮥᧨幇⮩め兞㦘㈗栎☕⚁䤓䲚ㄞ幼岏⃮⒉䘿ℕ⪉ℝJava壩㕮㧉
⸭䘿䤓䓗㦻᧨扨㫆∎㈦䂆⚗冥䲚⺈幇⮩ⅴⓜ∎䞷␅Ⅵ幼岏䤓“劐”䲚ㄞ⛧⃮␆䦇㇢⮶䤓⛇ㆤ
┪᧨懾ↅ←₩㔤⏴ℕ⮶摞忓㦻䤓䘿㦘ⅲ䪐忓ℶ⃮厌㈗Ⰼ⦿≬㔳怆㧴ᇭ嫷1-1₼⒦ℕデ屐幼
岏䤓JVM⸭䘿䓗㦻ᇭ

⺈扨K扟嫛ℝJava壩㕮㧉⃚ₙᇬJava⃚⮥䤓幼岏᧨㧴呹侊兮儶䤓ᇬㄤ⻑䤓㞾㖐㷲⦷扔抮
⬭㇉᧨ⅴJSR-292㫇㉒䤓侊⒦欈䥽✛┮厌㟈扪᧤ⰑDa Vinci Machine欈䥽ᇬNashornㆤ㝝ᇬ
InvokeDynamic㖖ⅳᇬjava.lang.invoke▔䷘᧥᧨㘷┷Java壩㕮㧉⅝“Java幼岏䤓壩㕮㧉”⚠“⮩幼
岏壩㕮㧉”䤓㡈⚠♠⻤ᇭ

[1]⦷⚛₹壩㕮㧉ₙ扟嫛䤓␅Ⅵ幼岏Java⃚梃䤓ℳ℡咻掌㹣戒⹈㢢᧨⇕槭Java幼岏⃚梃
䤓ℳ℡咻掌㹣戒䍵䚟ᇭdynalang欈䥽᧤http://dynalang.sourceforge.net/᧥⻀㢾ℕ屲⑂扨₹桽
欧力⒉䘿䤓ᇭ
[2]⦍䓖㧴䄟᧶http://www.Slideshare.net/josebetomex/oow-2009-towards-a-universal-vmᇭ



1.5.3ᇫ⮩㫇ㄅ嫛

Ⱁ⅙᧨CPU䫻ↅ䤓♠⻤㡈⚠め兞⅝浧欠䘖懻♧⮩㫇㉒᧨椞䧏⮩㫇㢅ⅲ䤓㧴᧨懾ↅ
♠怙㧴怙␂㽷ㄅ嫛冥䲚䤓欕⩮ᇭ㡸⦷JDK 1.5⻀め兞ㆤ⏴java.util.concurrent▔⸭䘿ℕ₹伦伡
ㄵ䤓ㄅ♠㫕㩅ᇭ力JDK 1.7₼┯⏴䤓java.util.concurrent.forkjoin▔⒨㢾⺈扨₹㫕㩅䤓㶰摜尐
㓸⏔ᇭFork/Join㲰㆞㢾⮓䚕ㄅ嫛冥䲚䤓₹兞␇㡈㽤᧨Ⱁ⦍1-5㓏䯉ᇭ夌䏅ₜ厌屲⑂㓏㦘䤓桽
欧᧨⇕㢾⦷㷳㲰㆞䤓抑䞷喒⦃⃚␔᧨厌⮮戊㨍⦿Ⓒ䞷⮩₹CPU㫇㉒㙟∪䤓帰並忓䄟㧴◞⇫⸛
㒟₹⮜㧑䤓帰並↊┰ᇭ抩扖Ⓒ䞷Fork/Join㲰㆞᧨㒠ⅻ厌⮮㦃┯欉䟔⦿扖䂰Ⓙ⮩㫇㢅ⅲᇭ

⦍ᇫ1-5ᇫFork/Join㲰㆞䯉㎞⦍[1]

⦷Java 8₼᧨⺕↩㙟∪Lambda㞾㖐᧨扨⺕↩㨐⮶㟈⠓䥽ⓜJava幼岏ₜ抑⚗⒌㟿㆞冥䲚䤓
䘿䕅᧤䥽ⓜJava幼岏∎䞷⒌㟿㆞冥䲚ㄅₜ㢾ₜ♾ⅴ᧨♹㢾↩㣍㈦㈗呒华᧥᧨⒌㟿㆞冥䲚䤓
₹摜尐↧䍈⻀㢾扨㫆䤓䲚ㄞ⮸䏅⦿抑⚗ㄅ嫛扟嫛᧨扨⺈Java幼岏⦷⮩㫇㢅ⅲ其兼≬㖐㿐幼
岏䤓⦿⇜㦘㈗⮶ソ┸ᇭ

♵⮥᧨⦷ㄅ嫛帰並₼㉔權㙟♙䤓执㦘OpenJDK䤓欈䥽Sumatra[2]᧨䥽ⓜ㣍◰䤓並㦾扟並
厌┪ᇬㄅ嫛厌┪め兞扫扫怔扖ℕCPU᧨⦷⦍ㇱ欕⩮ⅴ⮥♠㘧㣍◰䤓䇫┪㢾扠⑯帰並㧉♠⻤
䤓㡈⚠⃚᧨√ⰑC幼岏䤓CUDAᇭSumatra欈䥽⻀㢾Java㙟∪∎䞷GPU᧤Graphics
Processing Units᧥✛APU᧤Accelerated Processing Units᧥扟並厌┪䤓ぴ␆᧨ⅴ⚝⸒⺕↩䦃㘴㙟
∪Java幼岏⻑槱䤓API᧨㒥劔Lambda✛␅ⅥJVM幼岏㙟∪ㄤ⻑䤓ㄅ嫛扟並㞾㖐ᇭ

⦷JDK⮥⦃᧨⃮⒉䘿ℕ₢䅰恂ㄅ嫛帰並榏㻑䤓帰並㫕㩅᧨ⰑApache䤓Hadoop
Map/Reduce᧨扨㢾₹丏◤㢢㑑䤓ㄅ嫛㫕㩅᧨厌⮮扟嫛⦷䟀ₙ◒₹⟕䞷㧉⣷兓㒟䤓⮶⨚楕刳
ₙ᧨ㄅ₣厌ⅴ䱜♾槯䤓⹈枨㡈㆞ㄅ嫛⮓䚕TB儶Ⓔ䤓㟿㗽楕ᇭ♵⮥᧨执⒉䘿ℕ庇ⰑScalaᇬ
Clojure♙Erlang䷘⮸䞮⻀␆ㄅ嫛帰並厌┪䤓幼岏ᇭ

[1]⦍䓖㧴䄟᧶http://www.ibm.com/developerworks/cn/java/j-lo-forkjoin/ᇭ
[2]Sumatra欈䥽欄᧶http://openjdk.java.net/projects/sumatra/ᇭ



1.5.4ᇫ扪㷴₿⹛幼㽤

Java 5㦍兞⺈Java幼㽤扪嫛ℕ㶰㓸⏔᧨扨㶰㓸⏔┯⏴ℕ呹┷孔乀ᇬ㽪⨚ᇬ┷㊐㽷屲ᇬ
㨩ᇬ♾♧栎♑㟿ᇬ拜☕㈹䘾䷘幼㽤᧨∎㈦Java幼岏䤓位䫽㊶✛㢢䞷㊶㦘ℕ㈗⮶䤓扪㷴ᇭ⦷
Java 7᧤䟀ℝ扪ㄵ☚┪᧨幇⮩㟈扪め㘷扮咂Java 8᧥₼᧨⺈Java幼㽤扪嫛ℕ♵㶰⮶屓㲰䤓㓸
⏔ᇭSun᧤め嬺Oracle㟅徼᧥₢桷㟈扪Java幼㽤⦷OpenJDK₼ㆉ䵚ℕCoin欈䥽[1]㧴兮⮓
䚕⺈Java幼㽤䤓兕唑≽㟈᧨Ⱁℛ扪Ⓟ㟿䤓☮䞮㞾㖐ᇬ⦷switch幼♴₼㞾㖐ⷦ䶵ᇬ“᧸᧺”㝜
⇫䶵ᇬ㆑デ⮓䚕䤓㟈扪ᇬ丏▥♧栎♑㟿㡈㽤庒䞷ᇬ槱⚠忓䄟䤓try-catch-finally幼♴䷘掌㢾⦷
Coin欈䥽⃚₼㙟ℳ䤓␔⹈ᇭ

棳ℕCoin欈䥽⃚⮥᧨⦷JSR-335᧤Lambda Expressions for the Java TM Programming
Language᧥₼⸩⃘䤓Lambda嫷才㆞[2]⃮⺕⺈Java䤓幼㽤✛幼岏⃯㍾ℶ䞮㈗⮶䤓㈀❜᧨槱⚠⒌㟿
㡈㆞䤓冥䲚♾厌↩㒟㿐ᇭ

[1]Coin欈䥽欄᧶http://wikis.sun.com/display/ProjectCoin/Homeᇭ
[2]Lambda欈䥽欄᧶http://openjdk.java.net/projects/lambda/ᇭ



1.5.5ᇫ64⇜壩㕮㧉

⦷⑯⃚ⓜ᧨㿐䤓CPU⻀ⱚ㞾㖐64⇜㩅㨓ℕᇭJava壩㕮㧉⃮⦷㈗㡸⃚ⓜ⻀㘷⒉ℕ㞾
㖐64⇜侊兮䤓䓗㦻ᇭ⇕Java䲚ㄞ扟嫛⦷64⇜壩㕮㧉ₙ榏尐Ⅷ⒉㹣戒⮶䤓欬⮥ⅲↆ᧶氥⏗㢾␔
ⷧ桽欧᧨䟀ℝ㖖朗吷协✛⚓䱜㟿㗽伊⨚⺈營嫴䤌䤓☮⥯᧨扟嫛ℝ64⇜侊兮ₙ䤓Javaㄣ䞷榏尐
䀗劦㦃⮩䤓␔ⷧ᧨抩デ尐㹣32⇜侊兮欬⮥⬭┯10%ᨺ30%䤓␔ⷧ䀗劦᧷␅㶰᧨⮩₹㧉㨓䤓㿚
幤兢㨫㣍䯉᧨64⇜壩㕮㧉䤓扟嫛抮ㄵ⦷⚓₹㿚幤欈₼⑯⃝⏷槱囌⚝ℝ32⇜壩㕮㧉᧨₳劔⮶儵
㦘15%ふ⚂䤓㊶厌ぽ恬ᇭ

⇕㢾⦷Java EE㡈槱᧨←₩儶ㄣ䞷兞デ榏尐∎䞷怔扖4GB䤓␔ⷧ᧨⺈ℝ64⇜壩㕮㧉䤓榏㻑
㢾槭デ扺⒖䤓᧨⇕䟀ℝₙ承☮⥯᧨幇⮩←₩ㄣ䞷掌⅜䏅折㕸∎䞷壩㕮楕刳䷘㡈㆞其兼⦷32⇜
壩㕮㧉₼扪嫛捷刁ᇭSun⃮㽷㎞Ⓙℕ扨K桽欧᧨ㄅ⋩⒉ℕK㟈⠓᧨⦷JDK 1.6 Update 14⃚
⚝᧨㙟∪ℕ㣽抩⺈廰㖖朗☚冸┮厌᧤-XX᧶+UseCompressedOops᧨扨₹♑㟿ₜㆉ帽㣍㆞幍
函᧨ㆉ帽冃㖐照帳䟀壩㕮㧉䤓Ergonomics㧉Ⓟ呹┷⚾᧥᧨⦷㓶嫛ⅲ䪐㢅᧨┷㊐㮜⏴☚冸㖖
ⅳⅴ唑䦐␔ⷧ䀗劦᧨⇕㢾⚾☚冸㖖朗↩⬭┯㓶嫛ⅲ䪐㟿摞᧨⥯㓏㦘⦷Java⪕摛䤓ᇬ㖖⚠
Java⪕␔⺈廰䤓㖖朗掌↩嬺☚冸᧨扨K㖖朗䤓幎桽⻀榏尐㦃⮩䤓ⅲ䪐㓜♾ⅴ⸭䘿᧨力₣ㄅₜ
♹㢾床ⷦ㹄㓜♦㈀❜᧨⦷⸭√㡈㽤庒䞷ᇬ伊⨚㭏㩴䷘㝜⇫₼⃮♦㈀❜᧨⥯⺈廰⸭√㖖
⚠⺈廰伊⨚䤓ㆤ䞷⃮嬺☚冸ℕᇭ椞䧏䫻ↅ䤓扪㷴♠⻤᧨帰並㧉兗䴅↩⸛⏷扖䂰Ⓙ64⇜䤓㢅
ⅲ᧨扨㢾ↅ㹺㡯䠠桽䤓ℚ㍔᧨㿐䤓壩㕮㧉ㄣ䞷⃮兗䴅↩⅝32⇜♠⻤咂64⇜᧨力壩㕮㧉⺈
64⇜䤓㞾㖐⃮⺕↩扪㷴⸛⠓ᇭ



1.6ᇫ⸭㒧᧶呹む冥幠JDK
㎂尐㘱JDK␔捷䤓⸭䘿㧉Ⓟ᧨㦏≎㘆䤓恾㈓⃚⻀㢾呹む冥幠⯦JDK᧨抩扖梔床✛

恮悹庒幤JDK䄟䪐♊ℕ屲Java㔏㦾⇢侊䤓☮䚕᧨夌䏅桷㱪↩浧䍈᧨⇕匾⸩↩㹣梔床⚓䱜
仜ᇬ㠖䵯㦃┯心扠㦻德ᇭ♵⮥᧨JDK₼䤓㈗⮩ㄤ⻑㡈㽤掌㢾㦻⦿▥᧤Native᧥䤓᧨榏尐恮悹
扨K㡈㽤䤓扟⇫㒥⺈JDK扪嫛Hack䤓㢅⊨᧨掌榏尐呹む冥幠⯦JDKᇭ

䘿⦷几八ₙ㦘ₜ⺠䄟䤓JDK⸭䘿♾ⅴ∪㒠ⅻ折㕸᧨ⰑApache HarmonyᇬOpenJDK䷘ᇭ
劒壠ⒿSun侊⒦䤓JDK㢾䘿⦷∎䞷㈦㦏ㄎ㽪䤓JDK䓗㦻᧨䶣劔折㕸ℕOpenJDK扪嫛扨㶰冥幠⸭
㒧ᇭ

1.6.1ᇫ噆♥JDK䄟䪐

氥⏗尐⏗㢝䫽OpenJDK✛Sun/OracleJDK⃚梃᧨ⅴ♙OpenJDK 6ᇬOpenJDK 7ᇬOpenJDK
7u✛OpenJDK 8䷘欈䥽⃚梃㢾⅏⃗␂侊᧨扨㦘┸ℝ䫽⸩㘴ₚ㧴冥幠尐∎䞷䤓JDK䓗㦻✛䄟䪐
⒕㞾ᇭ

⅝ⓜ槱⅚兜䤓Java♠⻤⚁₼㒠ⅻℕ屲ⒿOpenJDK㢾Sun⦷2006㦺㔙Java䄟力ㇱ㒟䤓欈
䥽᧨扨摛䤓“䄟”㢾抩デ㎞⃘ₙ䤓䄟䪐㟍ㇱ㆞᧨☂䄟䪐㢾♾嬺⮜䞷䤓᧨√ⰑIcedTea[1]ᇬ
UltraViolet[2]掌㢾⅝OpenJDK䄟䪐嫜䞮⒉䤓♠嫛䓗ᇭ⇕Ⱁ㨫⅔⅝“䄟”ⷦ槱㎞⃘᧤㟍♾梔床
䤓䄟䪐᧥ₙ䦚᧨␅⸭Sun呹JDK 1.5⃚⚝⻀ⱚⅴJava Research License᧤JRL᧥䤓ㇱ㆞⏻を扖
Java䄟䪐᧨尐䞷ℝ䪣䴅ⅉ⛧梔床᧤JRL幇♾幐䤓㟍䄟䪐咂JDK 1.6 Update 23㷱᧥ᇭ㔙扨
KJRL幇♾幐ㇱ㆞䤓Sun/OracleJDK䄟䪐✛⺈ㄣ䓗㦻䤓OpenJDK䄟䪐扪嫛㹣戒᧨♠䘿棳ℕ㠖ↅ
⯃䤓䓗㧒㽷摙⃚⮥᧨␅⇨ⅲ䪐⪉㦻ₙ掌㢾䦇⚛䤓᧨♹㦘ⷦ⇢䃁㩢捷⒕ⷧ⦷䍈ぽ㆑᧨Oracle
JDK摖䞷ℕ⟕₩⸭䘿᧨力OpenJDK∎䞷䤓㢾䄟䤓FreeTypeᇭ㇢䏅᧨“䦇⚛”㢾ㆉ䵚⦷₳劔␀
㦘䤓兓ↅ⪉䫏ₙ䤓᧨Oracle JDK₼执↩ⷧ⦷KOpen JDK㼰㦘䤓ᇬ⟕䞷桼䄟䤓┮厌᧨√Ⱁ⅝
JRockit䲊㮜㟈抯力㧴䤓Java Flight Recorderᇭ欓帰ⅴ⚝JRockit䤓MissionControl䲊㮜ⒿHotSpot
⃚⚝᧨⃮↩ⅴOracle JDK₢㦘ᇬ桼䄟䤓ㇱ㆞㙟∪ᇭ

Oracle䤓欈䥽♠を兞䚕Joe Darcy⦷OSCON 2011ₙ⺈₳劔␂侊䤓⅚兜 [3]⃮幐⸭ℕOpenJDK
7✛Oracle JDK 7⦷䲚ㄞₙ㢾槭デ㘴扠䤓᧨₳劔␀䞷ℕ⮶摞䦇⚛䤓ⅲ䪐᧤Ⱁ⦍1-6㓏䯉᧨㽷㎞
⦍₼㙟䯉ℕ₳劔␀⚛ⅲ䪐䤓◯㹣尐扫浧ℝ⦍ㇱₙ䦚Ⓙ䤓㹣√᧥᧨㓏ⅴ㒠ⅻ冥幠䤓OpenJDK᧨
⪉㦻ₙ♾ⅴ帳㊶厌ᇬ┮厌✛㓶嫛拊戠ₙ掌✛⸧㡈䤓Oracle JDK㢾咃䤓ᇭ



⦍ᇫ1-6ᇫOpenJDK✛Oracle JDK⃚梃䤓␂侊

␜㧴䦚ₚOpenJDK 6ᇬOpenJDK 7ᇬOpenJDK 7u✛OpenJDK 8扨⑯₹欈䥽⃚梃䤓␂侊᧨
⅝⦍1-7᧤∬䏅㢾⅝Joe Darcy䤓OSCON 2011䆣䯉䳎₼㒹♥䤓⦍䓖᧥㧴䦚᧨OpenJDK 7㢾ⱚℝ
JDK 6㢅㦮᧨㇢㢅JDK 6✛JDK 6 Update 1め兞♠を᧨JDK 7め兞ⱚ䪣♠ℕ᧨㓏ⅴOpenJDK 7
㢾䦃㘴⪉ℝ㷲⦷䪣♠䤓JDK 7䄟䪐ㆉ䵚䤓ᇭ⇕劒壠ⒿOpenJDK 7䤓䕅⑄⦷㇢㢅执ₜ抑⚗⸭棔䞮
ℶ捷刁᧨⥯㷳⦷OpenJDK 7 Build 20䤓⪉䫏ₙㆉ䵚ℕOpenJDK 6⒕㞾᧨⓴䱊㘘JDK 7㠿┮厌䤓
ⅲ䪐᧨ㇱ㒟₹♾ⅴ抩扖TCK 6㿚幤䤓䕻䵚⒕㞾ᇭ

⦍ᇫ1-7ᇫOpenJDK 6ᇬOpenJDK 7ᇬOpenJDK 7uᇬOpenJDK 8⃚梃䤓␂侊



20127㦗᧨JDK 7㷲㆞♠を᧨⦷OpenJDK₼⃮⚛㷴ㆉ䵚ℕOpenJDK 7 Update欈䥽⺈JDK 7
扪嫛㦃㠿◖儶᧨ⅴ♙OpenJDK 8欈䥽ⱚₚ₹JDK⮶䓗㦻䤓䪣♠ᇭ㖘䏶♠⃯㍾᧨㠿䤓┮
厌㒥Bug≽⮜抩デ㢾⦷㦏㠿⒕㞾ₙ扪嫛䤓᧨㇢┮厌㒥≽⮜⦷㦏㠿⒕㞾ₙ䳂⸩⃚⚝↩⚛㷴Ⓙ␅
Ⅵ劐䓗㦻䤓冃㔳⒕㞾ₙᇭ

OpenJDK 6ᇬOpenJDK 7ᇬOpenJDK 7u✛OpenJDK 8䤓䄟䪐掌♾ⅴ⦷⸒ⅻ䦇ㄣ䤓几欄ₙ㔍
Ⓙ᧨⦷㦻㶰冥幠⸭悄₼᧨䶣劔折䞷䤓欈䥽㢾OpenJDK 7u᧨䓗㦻7u6ᇭ

噆♥OpenJDK䄟䪐㦘₳䱜㡈㆞᧨␅₼䱜㢾抩扖Mercurialⅲ䪐䓗㦻丰䚕ぴ␆⅝Repository
₼䦃㘴♥㈦䄟䪐᧤Repository⦿⧏᧶http://hg.openjdk.java.net/jdk7u/jdk7u᧥᧨噆♥扖䲚Ⱁⅴₚ
ⅲ䪐㓏䯉ᇭ

hg clone http://hg.openjdk.java.net/jdk7u/jdk7u-dev
cd jdk7u-dev
chmod 755 get_source.sh
./get_source.sh

扨㢾㦏䦃㘴䤓㡈㆞᧨⅝䓗㦻丰䚕₼䦚♧㦃懷抈㹣䦚Release Note㟗㨫㦃Ⰼᇭ⇕ₜ恂⃚⮓
㢾抮ㄵ⮹㏱᧨夌䏅ⅲ䪐㋊⹈摞♹㦘300 MBふ⚂᧨⇕㢾㠖ↅ㟿摞⮹⮩᧨⦷䶣劔䤓几八ₚ⏷捷
⮜ⓅⒿ㦻⦿榏尐㟿⺞㢅ᇭ♵⮥᧨劒壠ⒿMercurialₜⰑGitᇬSVNᇬClearCase㒥CVS⃚伊䤓䓗㦻
㘶Ⓟぴ␆挲㫆㣽♙᧨⺈ℝ咻床劔᧨ㆉ帽摖䞷䶻ℛ䱜㡈㆞᧨☂䦃㘴ₚ戌⸧㡈㓢▔Ⰼ䤓䄟䪐
▔᧨床劔♾ⅴ⅝Source Bundle Releases欄槱᧤⦿⧏᧶http://jdk7.java.net/source.html᧥♥㈦㓢▔
Ⰼ䤓䄟䪐᧨Ⓙ㦻⦿䦃㘴屲☚☂♾ᇭ咻㧴広᧨䄟䪐▔⮶㰑咂₳₹㦗ふ⚂↩㦃㠿㶰᧨夌䏅
ₜ⮮♙㢅᧨⇕㹣怆⅝Mercurial⮜Ⓟⅲ䪐䤓䫽㡈≎✛㉺㘆幇⮩ᇭ䶣劔ₚ戌䤓㢾OpenJDK 7
Update 6 Build b21䓗䄟䪐▔᧨20128㦗28㡴♠を᧨⮶㰑99MB᧨屲☚⚝儵339MBᇭ

[1]IcedTea᧶http://icedtea.classpath.org/wiki/Main_Pageᇭ
[2]UltraViolet᧶https://www.reservoir.com/᧻q=uvform/formᇭ
[3]⏷㠖⦿⧏᧶https://blogs.oracle.com/darcy/resource/OSCON/oscon2011_OpenJDKState.pdfᇭ



1.6.2ᇫ侊兮榏㻑

Ⱁ㨫♾厌᧨䶣劔ㆉ帽⻌摞⦷LinuxᇬMacOS㒥Solarisₙ㨓ㆉOpenJDK᧨扨尐㹣⦷Windows
♿ₙ⹈㢢㈦⮩᧨㦻䵯⸭㒧₼䶣劔⺕ⅴUbuntu 10.10✛MacOS X 10.8.2√扪嫛㨓ㆉᇭⰑ㨫床
劔⸩尐⦷Windows♿ₙ⸛㒟冥幠᧨♾♑劒㦻棓A᧨年棓㢾㦻䶻䓗₼⅚兜Ⱁ⇤
⦷Windowsₚ冥幠OpenJDK 6䤓√᧨☮㦘䤓捷⒕␔⹈䘿⦷め兞扖㢅ℕ᧤√Ⱁ⸘孔Plug捷
⒕᧥᧨⇕执㢾㦘⸩♑劒㎞⃘᧨⥯㷳䶣劔㼰㦘㔙⸒⒯棳㘘᧨力㢾䲊Ⓙ棓⃚₼ᇭ

㡯幉⦷⅏⃗♿ₚ扪嫛冥幠᧨掌ㆉ帽床劔帳䦮梔床拜䄟䪐₼䤓README-builds.html㠖
㫲᧤㡯幉⦷OpenJDK几䵨ₙ执㢾⦷ₚ戌䤓䄟䪐▔₼掌㦘扨㠖㫲᧥᧨⥯冥幠扖䲚₼榏尐㽷
㎞䤓兕唑槭デ⮩ᇭ夌䏅ₜ咂ℝ⍞㠖㫲ₙ㓏㙞承䤓“Building the source code for the JDK requires
a high level of technical expertise.Sun provides the source code primarily for technical experts who
want to conduct research.᧤冥幠JDK榏尐㈗浧䤓₢₩㔏㦾᧨Sun㙟∪JDK䄟䪐㢾ℕ㔏㦾₢⹅扪
嫛䪣䴅⃚䞷᧥”挲⃗⯇ㆯ᧨⇕㢾Ⱁ㨫床劔㢾䶻㶰冥幠᧨挲㦘♾厌↩⦷K⺞桽欧ₙ劦忈幇
⮩㢅梃ᇭ

⦷㦻㶰冥幠₼摖䞷䤓㢾64⇜㝜⇫侊兮᧨冥幠䤓⃮㢾64⇜䤓OpenJDK᧨Ⱁ㨫榏尐冥幠32⇜
䓗㦻᧨挲ㆉ帽⦷32⇜㝜⇫侊兮ₙ扪嫛ᇭ⦷⸧㡈㠖㫲ₙⒿ冥幠OpenJDK咂⺠榏尐512MB䤓␔
ⷧ✛600MB䤓䭐䥧䴉梃ᇭ512MB䤓␔⃮ⷧ幇厌①⚗∎䞷᧨ₜ扖600MB䤓䭐䥧䴉梃↿帰⅔㢾㖖
ⷧ㟍OpenJDK䄟䪐㓏榏䤓䴉梃᧨尐⸛㒟冥幠᧨600MB匾⸩㢾㡯幉Ⱁ⇤掌ₜ⮮䤓᧨⏘戢⒉䤓冥
幠兢㨫⻀㦘扠3GB᧤⥯㦘㈗⮩₼梃㠖ↅ᧨ⅴ♙↩冥幠⒉ₜ⚛↧▥儶Ⓔ᧤ProductᇬDebugᇬ
FastDebug䷘᧥䤓壩㕮㧉᧥᧨ㆉ帽床劔咂⺠≬幐5GBⅴₙ䤓䴉⇨䭐䥧ᇭ

⺈侊兮䤓㦏⚝䍈尐㻑⻀㢾㓏㦘䤓㠖ↅ᧨▔㕻䄟䪐✛∬忥欈䥽᧨掌ₜ尐㟍⦷▔⚺₼㠖䤓
䥽摛槱᧨扨㫆⋩ₜ㢾⸩ₜ♾ⅴ᧨♹㢾㼰㦘㉔尐全呹む㔍煊䍵ᇭ



1.6.3ᇫ㨓ㆉ冥幠䘾⬒

⦷MacOS[1]✛Linuxₙ㨓ㆉOpenJDK冥幠䘾⬒㹣戒丏◤᧤䦇⺈ℝWindows㧴広᧥᧨⺈ℝMac
OS᧨榏尐⸘孔㦏㠿䓗㦻䤓XCode✛Command Line Tools for XCode᧨⦷Apple Developer几䵨
᧤https://developer.apple.com/᧥ₙ♾ⅴ⏜忈ₚ戌᧨扨₳₹SDK▔㙟∪ℕOpenJDK㓏榏䤓冥幠
⣷ⅴ♙Makefile₼䞷Ⓙ䤓⮥捷✌ⅳᇭ♵⮥᧨执尐₹6u14ⅴₙ䓗㦻䤓JDK᧨⥯OpenJDK
䤓⚓₹兓㒟捷⒕᧤HotspotᇬJDK APIᇬJAXWSᇬJAXP……᧥㦘䤓㢾∎䞷C++冥䤓᧨㦃⮩䤓
ⅲ䪐⒨㢾∎䞷Java呹愺⸭䘿䤓᧨⥯㷳冥幠扨KJavaⅲ䪐榏尐䞷Ⓙ₹♾䞷䤓JDK᧨⸧㡈䱿扨
₹JDK“Bootstrap JDK”ᇭⰑ㨫冥幠OpenJDK 7᧨Bootstrap JDK㉔權∎䞷JDK6 Update 14㒥⃚
⚝䤓䓗㦻᧨䶣劔折䞷䤓㢾JDK7 Update 4ᇭ㦏⚝榏尐ₚ戌₹1.7.1ⅴₙ䓗㦻䤓Apache Ant᧨䞷
ℝ㓶嫛Java冥幠ⅲ䪐₼䤓Ant厩㦻ᇭ

⺈ℝLinux㧴広᧨㓏榏尐䤓∬忥Mac OSぽₜ⮩᧨Bootstrap JDK✛Ant掌㢾㫆䤓᧨
⦷Mac OS₼GCC冥幠⣷㧴䄟ℝXCode SDK᧨力Ubuntu₼GCCㄣ年㢾照帳⸘孔Ⰼ䤓᧨榏尐䫽≬
䓗㦻4.3ⅴₙ᧨Ⱁ㨫㼰㦘㔍ⒿGCC᧨⸘孔binutils☂♾᧨⦷Ubuntu 10.10ₚ冥幠OpenJDK 7u4㓏
榏䤓∬忥♾ⅴ∎䞷ⅴₚ✌ⅳ㶰⸘孔⸛㒟ᇭ

sudo apt-get install build-essential gawk m4 openjdk-6-jdk
libasound2-dev libcups2-dev libxrender-dev xorg-dev xutils-dev
x11proto-print-dev binutils libmotif3 libmotif-dev ant

[1]㽷㎞᧨♹㦘⦷OpenJDK 7u4✛⃚⚝䤓䓗㦻㓜厌冥幠⒉Mac OS侊兮ₚ䤓JDK▔᧨⃚ⓜ䤓䓗㦻
夌䏅⦷䄟䪐✛冥幠厩㦻₼⃮▔⚺ℕMac OS䥽᧨⇕㢾⺩㦹⸛⠓ᇭ



1.6.4ᇫ扪嫛冥幠

䘿⦷榏尐ₚ戌䤓冥幠䘾⬒✛∬忥欈䥽掌營⏷ℕ᧨㦏⚝㒠ⅻ执榏尐⺈侊兮䤓䘾⬒♧摞
⋩K丏◤幍函ⅴ≎冥幠厌⮮欉Ⓒ抩扖ᇭOpenJDK⦷冥幠㢅床♥䤓䘾⬒♧摞㦘㈗⮩᧨⇕⮶⮩
掌㦘照帳⋋᧨㉔權幍函䤓♹㦘₳₹᧶LANG✛ALT_BOOTDIR᧨ⓜ劔㢾幍⸩幼岏折欈᧨㉔權
幍函᧶

export LANG=C

⚵⒨᧨⦷冥幠兢㧮ⓜ䤓洛幐棅㹄↩⒉䘿₹HashTable␔䤓䴉㖖朗㆑デᇭ♵⮥₹
ALT_BOOTDIR♑㟿㢾ⓜ槱㙟Ⓙ䤓Bootstrap JDK᧨⦷Mac OSₙ䶣劔幍ⅴₚ恾㈓᧨␅Ⅵ㝜⇫
侊兮床劔⺈ㄣ庒㠃☂♾ᇭ

export ALT_BOOTDIR=/Library/Java/JavaVirtualMachines/jdk1.7.0_04.jdk/Contents/Home

♵⮥᧨Ⱁ㨫床劔⃚ⓜ幍函ℕJAVA_HOME✛CLASSPATH₳₹䘾⬒♧摞᧨⦷冥幠⃚ⓜ㉔
權♥䀗᧨⚵⒨⦷Makefile厩㦻₼㭏㩴Ⓙ㦘扨₳₹♧摞ⷧ⦷᧨↩㦘巵⛙㙟䯉ᇭ

unset JAVA_HOME
unset CLASSPATH

␅Ⅵ䘾⬒♧摞䶣劔⻀ₜ␜⅚兜ℕ᧨ⅲ䪐䂔◤1-1全⒉䶣劔呹むデ䞷䤓冥幠Shell厩
㦻᧨床劔♾ⅴ♑劒♧摞㽷摙₼䤓␔⹈ᇭ

ⅲ䪐䂔◤1-1ᇫ䘾⬒♧摞幍函

#幼岏折欈᧨扨₹㉔權幍函᧨⚵⒨冥幠Ⰼ⚝↩⒉䘿₹HashTable䤓NPE枨
export LANG=C
#Bootstrap JDK䤓⸘孔恾㈓ᇭ㉔權幍函
export ALT_BOOTDIR=/Library/Java/JavaVirtualMachines/jdk1.7.0_04.jdk/Contents/Home
#⏐幇呹┷ₚ戌∬忥
export ALLOW_DOWNLOADS=true
#ㄅ嫛冥幠䤓兎䲚㟿᧨幍函✛CPU␔㫇㟿摞咃☂♾
export HOTSPOT_BUILD_JOBS=6
export ALT_PARALLEL_COMPILE_JOBS=6
#㹣戒㦻㶰build⒉㧴䤓㢯⍞⏗ⓜ䓗㦻䤓ぽ㆑ᇭ扨⺈㒠ⅻ㧴広㼰㦘㎞⃘᧨
#㉔權幍函false᧨⚵⒨sanity㭏㩴↩㔴凉⺠⏗ⓜ䓗㦻JDK䤓㢯⍞䤓枨幾㙟䯉ᇭ
#Ⱁ㨫め兞幍函dev㒥劔DEV_ONLY=true᧨扨₹ₜ㣍㆞幍函⃮嫛
export SKIP_COMPARE_IMAGES=true
#∎䞷欓冥幠⯃㠖ↅ᧨ₜ┯扨₹冥幠↩㦃㏱K
export USE_PRECOMPILED_HEADER=true
#尐冥幠䤓␔⹈
export BUILD_LANGTOOLS=true
#export BUILD_JAXP=false
#export BUILD_JAXWS=false
#export BUILD_CORBA=false
export BUILD_HOTSPOT=true
export BUILD_JDK=true
#尐冥幠䤓䓗㦻
#export SKIP_DEBUG_BUILD=false
#export SKIP_FASTDEBUG_BUILD=true
#export DEBUG_NAME=debug
#㔙⸒幍函false♾ⅴ挎javaws✛㿞屗⣷Java㙡ↅ⃚伊䤓捷⒕䤓build
BUILD_DEPLOY=false
#㔙⸒幍函false⻀ₜ↩build⒉⸘孔▔ᇭ⥯⸘孔▔摛㦘K⯖㊹䤓∬忥᧨
#⇕☂≎ₜbuild⒉⸒⃮め兞厌㈦Ⓙ⸛㠃䤓JDK㢯⍞᧨㓏ⅴ执㢾Ⓔbuild⸒Ⰼℕ
BUILD_INSTALL=false
#冥幠兢㨫㓏ⷧ㟍䤓恾㈓
export ALT_OUTPUTDIR=/Users/IcyFenix/Develop/JVM/jdkBuild/openjdk_7u4/build
#扨₳₹䘾⬒♧摞㉔權♊㘘᧨ₜ䏅↩㦘㈗幰㆑䤓ℚ㍔♠䞮᧤㒠㼰㦘␆⇢㩴扖扨K"幰㆑䤓
#ℚ㍔"᧨Makefile厩㦻㭏㩴Ⓙ㦘扨2₹♧摞⻀↩㙟䯉巵⛙᧥
unset JAVA_HOME
unset CLASSPATH
make 2᧺᧢1|tee $ALT_OUTPUTDIR/build.log

⏷捷幍函兢㧮⃚⚝᧨♾ⅴ戢⏴make sanity㧴㭏㩴㒠ⅻⓜ槱㓏⋩䤓幍函㢾⚵⏷捷㷲䫽ᇭⰑ
㨫⒖欉Ⓒ᧨挲⃗⑯䱡朮⃚⚝↩㦘伊⇋ⅲ䪐䂔◤1-2㓏䯉䤓戢⒉ᇭ

ⅲ䪐䂔◤1-2ᇫmake sanity㭏㩴



ᨺ/Develop/JVM/jdkBuild/openjdk_7u4$make sanity
Build Machine Information᧶
build machine=IcyFenix-RMBP.local
Build Directory Structure᧶
CWD=/Users/IcyFenix/Develop/JVM/jdkBuild/openjdk_7u4
TOPDIR=.
LANGTOOLS_TOPDIR=./langtools
JAXP_TOPDIR=./jaxp
JAXWS_TOPDIR=./jaxws
CORBA_TOPDIR=./corba
HOTSPOT_TOPDIR=./hotspot
JDK_TOPDIR=./jdk
Build Directives᧶
BUILD_LANGTOOLS=true
BUILD_JAXP=true
BUILD_JAXWS=true
BUILD_CORBA=true
BUILD_HOTSPOT=true
BUILD_JDK=true
DEBUG_CLASSFILES=
DEBUG_BINARIES=
……⥯乖ピ␂侊᧨₼梃䦐䟴ℕ⮶摞䤓戢⒉␔⹈……
OpenJDK-specific settings᧶
FREETYPE_HEADERS_PATH=/usr/X11R6/include
ALT_FREETYPE_HEADERS_PATH=
FREETYPE_LIB_PATH=/usr/X11R6/lib
ALT_FREETYPE_LIB_PATH=
Previous JDK Settings᧶
PREVIOUS_RELEASE_PATH=USING-PREVIOUS_RELEASE_IMAGE
ALT_PREVIOUS_RELEASE_PATH=
PREVIOUS_JDK_VERSION=1.6.0
ALT_PREVIOUS_JDK_VERSION=
PREVIOUS_JDK_FILE=
ALT_PREVIOUS_JDK_FILE=
PREVIOUS_JRE_FILE=
ALT_PREVIOUS_JRE_FILE=
PREVIOUS_RELEASE_IMAGE=/Library/Java/JavaVirtualMachines/jdk1.7.0_04.jdk/Contents/Home
ALT_PREVIOUS_RELEASE_IMAGE=

Sanity check passed.

Makefile䤓Sanity㭏㩴扖䲚戢⒉ℕ冥幠㓏榏䤓㓏㦘䘾⬒♧摞᧨Ⱁ㨫䦚Ⓙ“Sanity check
passed.”᧨広㢝㭏㩴扖䲚抩扖ℕ᧨♾ⅴ戢⏴“make”㓶嫛㠃₹OpenJDK冥幠᧤makeₜ┯♑㟿᧨
照帳冥幠make all᧥᧨䶣劔∎䞷Core i7 3720QM/16GB RAM䤓MacBook㧉⣷᧨⚾┷6㧰冥幠兎
䲚᧨⏷摞冥幠㠃₹OpenJDK⮶㰑榏20⒕朮᧨冥幠兢㧮⚝᧨⺕戢⒉伊⇋ₚ槱䤓㡴㉦䂔◤㓏䯉␔
⹈ᇭⰑ㨫床劔⃚ⓜめ兞⏷摞冥幠扖᧨♹≽㟈ℕ⺠摞㠖ↅ᧨⬭摞冥幠♾ⅴ⦷㟿◐䱡␔⸛㒟ᇭ

#--Build times----------
Target all_product_build
Start 2012-12-13 17᧶12᧶19
End 2012-12-13 17᧶31᧶07
00᧶01᧶19 corba
00᧶01᧶15 hotspot
00᧶00᧶14 jaxp
00᧶7᧶21 jaxws
00᧶8᧶11 jdk
00᧶00᧶28 langtools
00᧶18᧶48 TOTAL
-------------------------

冥幠⸛㒟⃚⚝᧨扪⏴OpenJDK䄟䪐ₚ䤓build/j2sdk-image䥽᧤㒥劔build-debugᇬbuild-
fastdebug扨₳₹䥽᧥᧨扨㢾㠃₹JDK䤓⸛㠃冥幠兢㨫᧨⮜ⓅⒿJAVA_HOME䥽᧨⻀♾ⅴ
⇫₹⸛㠃䤓JDK∎䞷᧨冥幠⒉㧴䤓壩㕮㧉᧨⦷-version✌ⅳ₼サ㦘䞷㓆䤓㧉⣷⚜ᇭ

᧺./java-version
openjdk version"1.7.0-internal-fastdebug"
O p e n J D K R u n t i m e E n v i r o n m e n t᧤b u i l d 1.7.0-i n t e r n a l-f a s t d e b u g-icyfenix_2012_12_24_15_57-b00᧥
OpenJDK 64-Bit Server VM᧤build 23.0-b21-fastdebug,mixed mode᧥

⦷⮶⮩㟿㢅⊨᧨Ⱁ㨫㒠ⅻㄅₜ␂㉒JDK₼HotSpot壩㕮㧉ⅴ⮥䤓␔⹈᧨♹㎂◤䕻冥幠
HotSpot壩㕮㧉䤓幬᧤√Ⱁ庒幤壩㕮㧉㢅᧨㹞㶰㟈┷䲚ㄞ掌㓶嫛㠃₹OpenJDK䤓Makefile᧨抮
ㄵ匾⸩♦ₜℕ᧥᧨挲⃗∎䞷hotspot/make䥽ₚ䤓Makefile扪嫛㦎㗱☂♾᧨␅Ⅵ♑㟿幍函ⓜ
槱㢾咃䤓᧨扨㢅⊨壩㕮㧉䤓戢⒉兢㨫ⷧ㟍⦷build/hotspot/outputdir/bsd_amd64_compiler2䥽
[1]₼᧨扪⏴⚝♾ⅴ屐Ⓙⅴₚ⑯₹䥽ᇭ

0 drwxr-xr-x 15 IcyFenix staff 510B 12 13 17᧶24 debug
0 drwxr-xr-x 15 IcyFenix staff 510B 12 13 17᧶24 fastdebug
0 drwxr-xr-x 15 IcyFenix staff 510B 12 13 17᧶25 generated
0 drwxr-xr-x 15 IcyFenix staff 510B 12 13 17᧶24 jvmg
0 drwxr-xr-x 15 IcyFenix staff 510B 12 13 17᧶24 optimized



0 drwxr-xr-x 584 IcyFenix staff 19K 12 13 17᧶25 product
0 drwxr-xr-x 15 IcyFenix staff 510B 12 13 17᧶24 profiled

扨K䥽⺈ㄣℕₜ⚛䤓↧▥儶Ⓔ᧨↧▥儶Ⓔ怙浧᧨㊶厌呹䏅⻀怙Ⰼ᧨⇕㢾戢⒉ⅲ䪐䄟
䪐䤓ぽ恬⻀怙⮶᧨楍ℝ庒幤᧨␆⇢❹₹䥽㦘␔⹈᧨♥⑂ℝmake✌ⅳ⚝槱䤓♑㟿ᇭ

⦷冥幠兢㧮⃚⚝ᇬ扟嫛壩㕮㧉⃚ⓜ᧨执尐㓚ぴ冥戠䥽ₚ䤓env.sh㠖ↅ᧨扨₹㠖ↅ䟀冥
幠厩㦻呹┷ℶ䞮᧨䞷ℝ幍函壩㕮㧉䤓䘾⬒♧摞᧨摛槱め兞♠をℕ“JAVA_HOMEᇬ
CLASSPATHᇬHOTSPOT_BUILD_USER”3₹䘾⬒♧摞᧨执榏尐⬭┯
₹“LD_LIBRARY_PATH”᧨␔⹈Ⱁₚ᧶

LD_LIBRARY_PATH=.᧶${JAVA_HOME}/jre/lib/amd64/native_threads᧶${JAVA_HOME}/jre/lib/amd64᧶
export LD_LIBRARY_PATH

䏅⚝㓶嫛ⅴₚ✌ⅳ⚾┷壩㕮㧉᧤扨㢅䤓⚾┷⣷⚜gamma᧥᧨戢⒉䓗㦻⚆ᇭ

../env.sh

./gamma-version
Using java runtime at᧶/Library/Java/JavaVirtualMachines/jdk1.7.0_04.jdk/Contents/Home/jre
java version"1.7.0_04"
Java᧤TM᧥SE Runtime Environment᧤build 1.7.0_04-b21᧥
OpenJDK 64-Bit Server VM᧤build 23.0-b21᧨mixed mode᧥

䦚Ⓙ呹む冥幠䤓壩㕮㧉㒟┮扟嫛怆㧴᧨㈗㦘㒟⻀㎮⚶

[1]⦷ₜ⚛㧉⣷ₙ᧨㦏⚝₹䥽⚜䱿↩㦘㓏ぽⒺ᧨bsd嫷䯉Mac OS侊兮᧤␔㫇
FreeBSD᧥᧨amd64嫷䯉㢾64⇜JDK᧤32⇜㢾x86᧥᧨compiler2嫷䯉㢾Server VM᧤Client VM嫷
䯉㢾compiler1᧥ᇭ



1.6.5ᇫ⦷IDEぴ␆₼扪嫛䄟䪐庒幤

⦷梔床OpenJDK䄟䪐䤓扖䲚₼᧨兞デ榏尐扟嫛ᇬ庒幤䲚ㄞ㧴ソ┸䚕屲ᇭ㒠ⅻ䘿⦷め兞♾
ⅴ冥幠⒉₹庒幤䓗㦻HotSpot壩㕮㧉᧨䰐䞷↧▥᧨ㄅサ㦘䶵⚆≰㋾᧨扨㫆⻀♾ⅴ∎䞷GDB
㧴扪嫛庒幤ℕᇭ㗽䶣劔ℕ屲᧨幇⮩⺈壩㕮㧉ℕ屲㹣戒䂀䤓♠ⅉ⛧䫽⸭⻀㢾䦃㘴∎䞷GDB┯
VIM冥戠⣷㧴♠ᇬ≽㟈HotSpot䤓᧨ₜ扖䦇≰⮶捷⒕床劔㦃⋍⚠ℝ⦷IDE䘾⬒力ₜ㢾儾㠖㦻
䤓GDBₚ梔床ᇬ恮悹HotSpot䄟䪐᧨⥯㷳扨唑⻀丏◤⅚兜ₚ“Ⱁ⇤⦷IDE₼扪嫛HotSpot䄟䪐
庒幤”ᇭ

氥⏗᧨ⒿNetBeans几䵨᧤http://netbeans.org/᧥ₙₚ戌㦏㠿䓗䤓NetBeans᧨ₚ戌㢅折㕸㞾㖐
C/C++♠䤓挲₹䓗㦻ᇭ⸘孔⚝᧨㠿ㆉ₹欈䥽᧨折㕸“⪉ℝ䘿㦘䄟ⅲ䪐䤓C/C++欈䥽”᧨⦷
䄟䪐㠖ↅ⯈₼⫺⏴OpenJDK䥽ₚhotspot䥽䤓恾㈓᧨⦷ₚ槱䤓◤折㖘朽₼折㕸“⸩Ⓟ”᧨Ⱁ
⦍1-8㓏䯉᧨䏅⚝◤⒊“ₚ㷴”㖘朽ᇭ

⦍ᇫ1-8ᇫ⦷NetBeans₼⒪ㆉHotSpot欈䥽᧤1᧥

㘴䧏᧨⦷“㖖⸩㨓ㆉⅲ䪐䤓㡈㽤”₼折㕸“∎䞷䘿㦘䤓makefile”᧨ㄅ⫺⏴Makefile㠖ↅ䤓恾
㈓᧤⦷hotspot/make䥽ₚ᧥᧨Ⱁ⦍1-9㓏䯉ᇭ◤⒊“ₚ㷴”㖘朽᧨⺕“㨓ㆉ✌ⅳ”≽㟈ⅴₚ



␔⹈᧶

${MAKE}-f Makefile clean jvmg
ALT_BOOTDIR=/Library/Java/JavaVirtualMachines/jdk1.7.0_04.jdk/Contents/Home ARCH_DATA_MODEL=64 LANG=C

⦍ᇫ1-9ᇫ⦷NetBeans₼⒪ㆉHotSpot欈䥽᧤2᧥

OpenJDK 7u4䄟䪐Makefile⦷兗䵾扟嫛㢅厌㷲䫽噆♥Ⓙ侊兮㖖ⅳ楕㩅㨓64⇜᧨⇕⦷
NetBeans₼☃㼰㦘♥㈦㷲䫽䤓⋋᧨幾帳㢾32⇜᧨⥯㷳扨摛㉔權∎䞷ARCH_DATA_MODEL
♑㟿㢝䫽㖖⸩64⇜ᇭ♵⮥₳₹♑㟿ALT_BOOTDIR✛LANG䤓⇫䞷ⓜ槱め兞⅚兜扖ᇭ◤
⒊“⸛㒟”㖘朽᧨HotSpot欈䥽⻀扨㫆⺋⏴ⒿNetBeans₼ℕᇭ

ₜ扖᧨扨㢅⊨HotSpot执扟嫛ₜ怆㧴᧨⥯NetBeans㫈㦻ₜ䩴拢冥幠⒉㧴䤓兢㨫㟍⦷❹
摛ᇬ❹₹䲚ㄞ㢾壩㕮㧉䤓⏴♲䷘᧨扨K␔⹈掌榏尐㢝䫽⛙䩴NetBeansᇭ⦷HotSpotぴ䲚ₙ◤⒊
⚂枽᧨⦷㇈⒉䤓㉺㘆噫◤₼折㕸“⻭㊶”᧨⦷㇈⒉䤓⺈幬㫕₼㔍Ⓙ“扟嫛”折欈᧨幍函扟嫛✌ⅳ
᧶

/Users/IcyFenix/Develop/JVM/jdkBuild/openjdk_7u4/hotspot/build/bsd/bsd_amd64_compiler2/jvmg/gamma Queens



ₙ槱䤓Queens㢾Makefile厩㦻呹┷ℶ䞮䤓㹄屲⏺䤖⚝桽欧䤓Java䲚ㄞ᧨䞷ℝ㿚幤壩㕮
㧉᧨扨摛䶣劔䦃㘴㖎㧴䞷ℕ᧨床劔⸛⏷♾ⅴ⺕⸒㦎㗱呹む䤓Java䲚ㄞᇭ

床劔⦷庒幤Javaⅲ䪐㓶嫛㢅᧨Ⱁ㨫尐恮悹␆⇢Javaⅲ䪐⦷壩㕮㧉₼㢾Ⱁ⇤㓶嫛䤓᧨⃮幇
↩屘㈦㡯⅝ₚ㓚᧨⥯䥽ⓜ⦷HotSpot㿐䤓㝜⇫侊兮ₙ᧨掌摖䞷㲰㨎屲摙⣷㧴㓶嫛ⷦ唑
䪐᧨⸒JIT冥幠⣷㫆᧨㦏兗㓶嫛䤓㻖冥ⅲ䪐掌㢾扟嫛㦮梃ℶ䞮䤓᧨㡯㽤䦃㘴幍函㠼䍈᧨
㓏ⅴHotSpot⬭┯ℕⅴₚ♑㟿㧴㡈≎♠ⅉ⛧庒幤屲摙⣷ᇭ

-XX᧶+TraceBytecodes-XX᧶StopInterpreterAt=᧸n᧺

扨兓♑㟿䤓⇫䞷㢾㇢拖Ⓙㄞ⚆᧸n᧺䤓ⷦ唑䪐㖖ⅳ㢅᧨≎↩₼㠼䲚ㄞ㓶嫛᧨扪⏴㠼䍈
庒幤ᇭ⦷庒幤屲摙⣷捷⒕ⅲ䪐㢅᧨㔙扨₳₹♑㟿┯Ⓙgamma⚝槱☂♾ᇭ

㦏⚝᧨执榏尐⦷“䘾⬒”䴦♲₼幍函䘾⬒♧摞᧨⃮⻀㢾ⓜ槱env.sh厩㦻㓏幍函䤓挲⑯₹䘾
⬒♧摞᧨Ⱁ⦍1-10㓏䯉ᇭ

⦍ᇫ1-10ᇫ⦷NetBeans₼⒪ㆉHotSpot欈䥽᧤3᧥

⸛㒟ⅴₙ揜函⃚⚝᧨₹♾≽㟈ᇬ冥幠ᇬ庒幤䤓HotSpotぴ䲚⻀⸛⏷ㆉ䵚怆㧴ℕ᧨⚾┷



⣷䤓㓶嫛⏴♲㢾java.c䤓main᧤᧥㡈㽤᧨床劔♾ⅴ幍函㠼䍈◤㷴恮悹᧨Ⱁ⦍1-11㓏䯉ᇭ

⦍ᇫ1-11ᇫ⦷NetBeans₼⒪ㆉHotSpot欈䥽᧤4᧥

䟀ℝHotSpot䤓䄟䪐㹣戒栎᧨C/C++㠖ↅ㟿摞⃮㈗⮩᧨ℕ≎ℝ床劔梔床᧨㓏ⅴⅲ䪐䂔◤
1-3全⒉ℕ⚓₹䥽₼ⅲ䪐䤓尐䞷抣᧨∪床劔♑劒ᇭ

ⅲ䪐䂔◤1-3ᇫHotSpot䄟䪐兢㨓[1]





[1]年䥽兢㨓䟀RednaxelaFX㠃䚕᧶http://hllvm.group.iteye.com/group/topic/26998ᇭ



1.7ᇫ㦻䵯⺞兢
㦻䵯⅚兜ℕJava㔏㦾⇢侊䤓扖♊ᇬ䘿⦷ⅴ♙㦹㧴䤓K♠⻤怚╎᧨ㄅ抩扖⸭㒧⅚兜ℕⰑ

⇤呹む㧴䕻䵚冥幠₹OpenJDK 7ᇭ⇫⏷䤓ㆤ岏捷⒕᧨㦻䵯ㆉ䵚ℕ⚝㠖䪣䴅㓏㉔榏䤓䘾
⬒ᇭ⦷ℕ屲Java㔏㦾䤓㧴爨♊厘⚝᧨⚝槱䵯唑⺕⒕4捷⒕♊⅚兜Java⦷␔ⷧ丰䚕ᇬClass㠖
ↅ兢㨓㓶嫛ㆤ㝝ᇬ冥幠⣷↧▥♙⮩兎䲚ㄅ♠㡈槱䤓⸭䘿☮䚕ᇭ



䶻ℛ捷⒕ᇫ呹┷␔ⷧ丰䚕㧉Ⓟ
䶻2䵯ᇫJava␔ⷧ◉⩮␔ⷧ䄱⒉㆑デ

䶻3䵯ᇫ⨒⧍㟅楕⣷␔ⷧ⒕揜䷥䟴

䶻4䵯ᇫ壩㕮㧉㊶厌䥠㘶㟔椫⮓䚕ぴ␆

䶻5䵯ᇫ庒↧㫗√⒕㨟⸭㒧



䶻2䵯ᇫJava␔ⷧ◉⩮␔ⷧ䄱⒉㆑デ
JavaC++⃚梃㦘⫄䟀␔ⷧ┷㊐⒕揜✛⨒⧍㟅楕㔏㦾㓏⦃㒟䤓“浧⬨”᧨⬨⮥槱䤓ⅉ㎂

扪♊᧨⬨摛槱䤓ⅉ☃㎂⒉㧴ᇭ

2.1ᇫ㰑承
⺈ℝ⅝ℚCᇬC++䲚ㄞ♠䤓♠ⅉ⛧㧴広᧨⦷␔ⷧ丰䚕欕⩮᧨Ⅵⅻ㡱㢾㕴㦘㦏浧㧒┪

䤓“䤖ガ”♗㢾⅝ℚ㦏⪉䫏ぴ⇫䤓“╂┷ⅉ㺠”——㡱㕴㦘㹞₹⺈廰䤓“㓏㦘㧒”᧨♗㕔微䧏㹞
₹⺈廰䞮✌ⱚⒿ兗兢䤓冃㔳徲↊ᇭ

⺈ℝJava䲚ㄞ⛧㧴広᧨⦷壩㕮㧉呹┷␔ⷧ丰䚕㧉Ⓟ䤓ソ┸ₚ᧨ₜ␜榏尐㹞₹new㝜
⇫♊揜⺈䤓delete/freeⅲ䪐᧨ₜ⹈㢢⒉䘿␔ⷧ㽓䆞✛␔ⷧ䄱⒉桽欧᧨䟀壩㕮㧉丰䚕␔ⷧ扨
⒖䦚怆㧴掌㈗初Ⰼᇭₜ扖᧨⃮㷲㢾⥯Java䲚ㄞ⛧㔙␔ⷧ㘶Ⓟ䤓㧒┪ℳ全ℕJava壩㕮㧉᧨
㡵⒉䘿␔ⷧ㽓䆞✛䄱⒉㡈槱䤓桽欧᧨Ⱁ㨫ₜℕ屲壩㕮㧉㢾㊝㫆∎䞷␔ⷧ䤓᧨挲⃗㘡㩴枨幾
⺕↩㒟欈㆑デ哿楍䤓ぴ⇫ᇭ

㦻䵯㢾䶻ℛ捷⒕䤓䶻1䵯᧨䶣劔⺕⅝㰑㊄ₙ⅚兜Java壩㕮㧉␔ⷧ䤓⚓₹◉⩮᧨幁屲扨K
◉⩮䤓⇫䞷ᇬ㦜┰⺈廰ⅴ♙␅₼♾厌ℶ䞮䤓桽欧᧨扨㢾劊怙壩㕮㧉␔ⷧ丰䚕扨⫄⦃⬨䤓䶻
㷴ᇭ



2.2ᇫ扟嫛㢅㟿㗽◉⩮
Java壩㕮㧉⦷㓶嫛Java䲚ㄞ䤓扖䲚₼↩㔙⸒㓏丰䚕䤓␔ⷧ⒡⒕啴₹ₜ⚛䤓㟿㗽◉

⩮ᇭ扨K◉⩮掌㦘⚓呹䤓䞷抣᧨ⅴ♙⒪ㆉ✛枏㹐䤓㢅梃᧨㦘䤓◉⩮椞䧏壩㕮㧉扪䲚䤓⚾┷力
ⷧ⦷᧨㦘K◉⩮⒨∬忥䞷㓆兎䲚䤓⚾┷✛兢㧮力ㆉ䵚✛枏㹐ᇭ㫈㗽ᇵJava壩㕮㧉屓喒᧤Java
SE 7䓗᧥ᇶ䤓屓⸩᧨Java壩㕮㧉㓏丰䚕䤓␔ⷧ⺕↩▔㕻ⅴₚ⑯₹扟嫛㢅㟿㗽◉⩮᧨Ⱁ⦍2-1㓏
䯉ᇭ

⦍ᇫ2-1ᇫJava壩㕮㧉扟嫛㢅㟿㗽◉

2.2.1ᇫ䲚ㄞ帰㟿⣷

䲚ㄞ帰㟿⣷᧤Program Counter Register᧥㢾⧦戒⺞䤓␔ⷧ䴉梃᧨⸒♾ⅴ䦚⇫㢾㇢ⓜ兎
䲚㓏㓶嫛䤓ⷦ唑䪐䤓嫛⚆㖖䯉⣷ᇭ⦷壩㕮㧉䤓㰑㊄㲰⨚摛᧤⅔㢾㰑㊄㲰⨚᧨⚓䱜壩㕮㧉♾厌
↩抩扖K㦃浧㟗䤓㡈㆞♊⸭䘿᧥᧨ⷦ唑䪐屲摙⣷ぴ⇫㢅⻀㢾抩扖㟈♧扨₹帰㟿⣷䤓⋋㧴折
♥ₚ㧰榏尐㓶嫛䤓ⷦ唑䪐㖖ⅳ᧨⒕㞾ᇬ㈹䘾ᇬ悂懻ᇬ㆑デ⮓䚕ᇬ兎䲚㋱⮜䷘⪉䫏┮厌掌榏
尐∬忥扨₹帰㟿⣷㧴⸛㒟ᇭ

䟀ℝJava壩㕮㧉䤓⮩兎䲚㢾抩扖兎䲚懽㿐⒖㗱ㄅ⒕揜⮓䚕⣷㓶嫛㢅梃䤓㡈㆞㧴⸭䘿䤓᧨
⦷↊⇤₹䫽⸩䤓㢅Ⓤ᧨₹⮓䚕⣷᧤⺈ℝ⮩㫇⮓䚕⣷㧴広㢾₹␔㫇᧥掌♹↩㓶嫛㧰兎
䲚₼䤓㖖ⅳᇭ⥯㷳᧨ℕ兎䲚⒖㗱⚝厌㋱⮜Ⓙ㷲䫽䤓㓶嫛⇜函᧨㹞㧰兎䲚掌榏尐㦘₹䕻䵚
䤓䲚ㄞ帰㟿⣷᧨⚓㧰兎䲚⃚梃帰㟿⣷℡ₜ㈀❜᧨䕻䵚ⷧ⌷᧨㒠ⅻ䱿扨伊␔ⷧ◉⩮“兎䲚䱐
㦘”䤓␔ⷧᇭ

Ⱁ㨫兎䲚㷲⦷㓶嫛䤓㢾₹Java㡈㽤᧨扨₹帰㟿⣷帿䤓㢾㷲⦷㓶嫛䤓壩㕮㧉ⷦ唑䪐㖖
ⅳ䤓⦿⧏᧷Ⱁ㨫㷲⦷㓶嫛䤓㢾Native㡈㽤᧨扨₹帰㟿⣷⋋⒨䴉᧤Undefined᧥ᇭ㷳␔ⷧ◉⩮
㢾➾₹⦷Java壩㕮㧉屓喒₼㼰㦘屓⸩↊⇤OutOfMemoryError㍔⑄䤓◉⩮ᇭ



2.2.2ᇫJava壩㕮㧉㪗

䲚ㄞ帰㟿⣷㫆᧨Java壩㕮㧉㪗᧤Java Virtual Machine Stacks᧥⃮㢾兎䲚䱐㦘䤓᧨⸒䤓
䞮✌⛷㦮兎䲚䦇⚛ᇭ壩㕮㧉㪗㙞承䤓㢾Java㡈㽤㓶嫛䤓␔ⷧ㲰⨚᧶㹞₹㡈㽤⦷㓶嫛䤓⚛㢅
掌↩⒪ㆉ₹㪗ザ᧤Stack Frame[1]᧥䞷ℝⷧ⌷⻏捷♧摞嫷ᇬ㝜⇫㟿㪗ᇬ┷㊐枍㘴ᇬ㡈㽤⒉♲
䷘≰㋾ᇭ㹞₹㡈㽤⅝庒䞷䦃咂㓶嫛⸛㒟䤓扖䲚᧨⻀⺈ㄣ䧏₹㪗ザ⦷壩㕮㧉㪗₼⏴㪗Ⓙ⒉
㪗䤓扖䲚ᇭ

兞デ㦘ⅉ㔙Java␔ⷧ◉⒕⪕␔ⷧ᧤Heap᧥✛㪗␔ⷧ᧤Stack᧥᧨扨䱜⒕㽤㹣戒伦
佨᧨Java␔ⷧ◉⩮䤓⒡⒕⸭棔ₙ扫㹣扨⮜㧑ᇭ扨䱜⒡⒕㡈㆞䤓㿐嫛♹厌広㢝⮶⮩㟿䲚ㄞ⛧㦏
␂㽷䤓ᇬ⺈廰␔ⷧ⒕揜␂侊㦏⹕⒖䤓␔ⷧ◉⩮㢾扨₳⧦ᇭ␅₼㓏㖖䤓“⪕”䶣劔⦷⚝槱↩₢
桷幁承᧨力㓏㖖䤓“㪗”⻀㢾䘿⦷幁䤓壩㕮㧉㪗᧨㒥劔広㢾壩㕮㧉㪗₼⻏捷♧摞嫷捷⒕ᇭ

⻏捷♧摞嫷ⷧ㟍ℕ冥幠㦮♾䩴䤓⚓䱜⪉㦻㟿㗽伊⨚᧤booleanᇬbyteᇬcharᇬshortᇬintᇬ
floatᇬlongᇬdouble᧥ᇬ⺈廰ㆤ䞷᧤reference伊⨚᧨⸒ₜ䷘⚛ℝ⺈廰㦻愺᧨♾厌㢾₹㖖⚠⺈
廰怆ⱚ⦿⧏䤓ㆤ䞷㖖朗᧨⃮♾厌㢾㖖⚠₹ⅲ嫷⺈廰䤓♴㩓㒥␅Ⅵ㷳⺈廰䦇␂䤓⇜函᧥✛
returnAddress伊⨚᧤㖖⚠ℕ㧰ⷦ唑䪐㖖ⅳ䤓⦿⧏᧥ᇭ

␅₼64⇜栎ㄵ䤓long✛double伊⨚䤓㟿㗽↩◯䞷2₹⻏捷♧摞䴉梃᧤Slot᧥᧨␅⇨䤓㟿㗽
伊⨚♹◯䞷1₹ᇭ⻏捷♧摞嫷㓏榏䤓␔ⷧ䴉梃⦷冥幠㦮梃⸛㒟⒕揜᧨㇢扪⏴₹㡈㽤㢅᧨扨
₹㡈㽤榏尐⦷ザ₼⒕揜⮩⮶䤓⻏捷♧摞䴉梃㢾⸛⏷䫽⸩䤓᧨⦷㡈㽤扟嫛㦮梃ₜ↩㟈♧⻏捷♧
摞嫷䤓⮶⺞ᇭ

⦷Java壩㕮㧉屓喒₼᧨⺈扨₹◉⩮屓⸩ℕ₳䱜㆑デ䕅⑄᧶Ⱁ㨫兎䲚庆㻑䤓㪗䂀ㄵ⮶ℝ壩
㕮㧉㓏⏐幇䤓䂀ㄵ᧨⺕㔪⒉StackOverflowError㆑デ᧷Ⱁ㨫壩㕮㧉㪗♾ⅴ┷㊐㓸⻤᧤㇢ⓜ⮶捷
⒕䤓Java壩㕮㧉掌♾┷㊐㓸⻤᧨♹ₜ扖Java壩㕮㧉屓喒₼⃮⏐幇⦉⸩栎ㄵ䤓壩㕮㧉㪗᧥᧨Ⱁ
㨫㓸⻤㢅㡯㽤䟂庆Ⓙ恂⮮䤓␔ⷧ᧨⻀↩㔪⒉OutOfMemoryError㆑デᇭ

[1]㪗ザ㢾㡈㽤扟嫛㢅䤓⪉䫏㟿㗽兢㨓᧨⦷㦻䤓䶻8䵯₼↩⺈ザ扪嫛幵兕幁屲ᇭ



2.2.3ᇫ㦻⦿㡈㽤㪗

㦻⦿㡈㽤㪗᧤Native Method Stack᧥壩㕮㧉㪗㓏♠㖴䤓⇫䞷㢾槭デ䦇⇋䤓᧨⸒ⅻ⃚梃
䤓◉Ⓔₜ扖㢾壩㕮㧉㪗壩㕮㧉㓶嫛Java㡈㽤᧤⃮⻀㢾ⷦ唑䪐᧥㦜┰᧨力㦻⦿㡈㽤㪗⒨壩
㕮㧉∎䞷Ⓙ䤓Native㡈㽤㦜┰ᇭ⦷壩㕮㧉屓喒₼⺈㦻⦿㡈㽤㪗₼㡈㽤∎䞷䤓幼岏ᇬ∎䞷㡈㆞
㟿㗽兢㨓ㄅ㼰㦘㇉Ⓟ屓⸩᧨⥯㷳␆⇢䤓壩㕮㧉♾ⅴ呹䟀⸭䘿⸒ᇭ䞩咂㦘䤓壩㕮㧉᧤巻Ⱁ
Sun HotSpot壩㕮㧉᧥䦃㘴⻀㔙㦻⦿㡈㽤㪗✛壩㕮㧉㪗⚗ℛᇭ壩㕮㧉㪗㫆᧨㦻⦿㡈㽤
㪗◉⩮⃮↩㔪⒉StackOverflowError✛OutOfMemoryError㆑デᇭ



2.2.4ᇫJava⪕

⺈ℝ⮶⮩㟿ㄣ䞷㧴広᧨Java⪕᧤Java Heap᧥㢾Java壩㕮㧉㓏丰䚕䤓␔ⷧ₼㦏⮶䤓⧦ᇭ
Java⪕㢾嬺㓏㦘兎䲚␀℺䤓⧦␔ⷧ◉⩮᧨⦷壩㕮㧉⚾┷㢅⒪ㆉᇭ㷳␔ⷧ◉⩮䤓➾䥽䤓⻀
㢾ⷧ㟍⺈廰⸭√᧨⑯⃝㓏㦘䤓⺈廰⸭√掌⦷扨摛⒕揜␔ⷧᇭ扨䍈⦷Java壩㕮㧉屓喒₼䤓㙞
承㢾᧶㓏㦘䤓⺈廰⸭√ⅴ♙㟿兓掌尐⦷⪕ₙ⒕揜[1]᧨⇕㢾椞䧏JIT冥幠⣷䤓♠⻤抒拇⒕㨟㔏
㦾抟䂟㒟䐮᧨㪗ₙ⒕揜ᇬ㪖摞㦎㗱[2]↧▥㔏㦾⺕↩⺋咃K㈽Ⱘ䤓♧▥♠䞮᧨㓏㦘䤓⺈廰掌
⒕揜⦷⪕ₙ⃮䂟䂟♧㈦ₜ㢾挲⃗“公⺈”ℕᇭ

Java⪕㢾⨒⧍㟅楕⣷丰䚕䤓尐◉⩮᧨⥯㷳㈗⮩㢅⊨⃮嬺䱿⋩“GC⪕”᧤Garbage
Collected Heap᧨ㄇⰌ⦌␔㼰劊幠㒟“⨒⧍⪕”᧥ᇭ⅝␔ⷧ⥭㟅䤓屡ㄵ㧴䦚᧨䟀ℝ䘿⦷㟅楕⣷⪉
㦻掌摖䞷⒕ⅲ㟅楕並㽤᧨㓏ⅴJava⪕₼执♾ⅴ兕⒕᧶㠿䞮ⅲ✛劐ⅲ᧷␜兕咃䍈䤓㦘
Eden䴉梃ᇬFrom Survivor䴉梃ᇬTo Survivor䴉梃䷘ᇭ⅝␔ⷧ⒕揜䤓屡ㄵ㧴䦚᧨兎䲚␀℺䤓
Java⪕₼♾厌⒡⒕⒉⮩₹兎䲚䱐㦘䤓⒕揜冢⑁◉᧤Thread Local Allocation Buffer,TLAB᧥ᇭₜ
扖㡯幉Ⱁ⇤⒡⒕᧨掌ⷧ㟍␔⹈㡯␂᧨㡯幉❹₹◉⩮᧨ⷧ⌷䤓掌⅜䏅㢾⺈廰⸭√᧨扪㷴⒡
⒕䤓䥽䤓㢾ℕ㦃Ⰼ⦿⥭㟅␔ⷧ᧨㒥劔㦃㉺⦿⒕揜␔ⷧᇭ⦷㦻䵯₼᧨㒠ⅻ⅔⅔朗⺈␔ⷧ◉⩮
䤓⇫䞷扪嫛帷幉᧨Java⪕₼䤓ₙ承⚓₹◉⩮䤓⒕揜ᇬ⥭㟅䷘兕唑⺕㢾䶻3䵯䤓欧ᇭ

㫈㗽Java壩㕮㧉屓喒䤓屓⸩᧨Java⪕♾ⅴ⮓ℝ䓸䚕ₙₜ扭兼䤓␔ⷧ䴉梃₼᧨♹尐拊戠ₙ
㢾扭兼䤓☂♾᧨⻀⍞㒠ⅻ䤓䭐䥧䴉梃㫆ᇭ⦷⸭䘿㢅᧨㡱♾ⅴ⸭䘿㒟⦉⸩⮶⺞䤓᧨⃮♾ⅴ㢾
♾㓸⻤䤓᧨ₜ扖㇢ⓜ㿐䤓壩㕮㧉掌㢾㖘䏶♾㓸⻤㧴⸭䘿䤓᧤抩扖-Xmx✛-Xms㘶Ⓟ᧥ᇭⰑ
㨫⦷⪕₼㼰㦘␔ⷧ⸛㒟⸭√⒕揜᧨ㄅ₣⪕⃮㡯㽤␜㓸⻤㢅᧨⺕↩㔪⒉OutOfMemoryError㆑
デᇭ

[1]Java壩㕮㧉屓喒₼䤓☮㠖᧶The heap is the runtime data area from which memory for all class
instances and arrays is allocatedᇭ
[2]抒拇⒕㨟㪖摞㦎㗱䤓䦇␂␔⹈᧨♑屐䶻11䵯䦇␂␔⹈ᇭ



2.2.5ᇫ㡈㽤◉

㡈㽤◉᧤Method Area᧥Java⪕㫆᧨㢾⚓₹兎䲚␀℺䤓␔ⷧ◉⩮᧨⸒䞷ℝⷧ⌷め嬺壩
㕮㧉┯戌䤓伊≰㋾ᇬデ摞ᇬ槨㊐♧摞ᇬ☂㢅冥幠⣷冥幠⚝䤓ⅲ䪐䷘㟿㗽ᇭ夌䏅Java壩㕮㧉屓
喒㔙㡈㽤◉㙞承⪕䤓₹拊戠捷⒕᧨⇕㢾⸒☃㦘₹Ⓔ⚜♺⋩Non-Heap᧤槭⪕᧥᧨䥽䤓ㄣ
年㢾Java⪕◉⒕㧴ᇭ

⺈ℝ⃯㍾⦷HotSpot壩㕮㧉ₙ♠ᇬ捷刁䲚ㄞ䤓♠劔㧴広᧨㈗⮩ⅉ掌㦃㏎㎞㔙㡈㽤◉
䱿“㻇⃔ⅲ”᧤Permanent Generation᧥᧨㦻德ₙ₳劔ㄅₜ䷘ↆ᧨⅔⅔㢾⥯HotSpot壩㕮㧉䤓
幍帰⥱梮折㕸㔙GC⒕ⅲ㟅楕㓸⻤咂㡈㽤◉᧨㒥劔広∎䞷㻇⃔ⅲ㧴⸭䘿㡈㽤◉力め᧨扨㫆
HotSpot䤓⨒⧍㟅楕⣷♾ⅴ⍞丰䚕Java⪕㫆丰䚕扨捷⒕␔ⷧ᧨厌⮮䦐♊₢桷㡈㽤◉冥␔
ⷧ丰䚕ⅲ䪐䤓ぴ⇫ᇭ⺈ℝ␅Ⅵ壩㕮㧉᧤ⰑBEA JRockitᇬIBM J9䷘᧥㧴広㢾ₜⷧ⦷㻇⃔ⅲ䤓㰑
㊄䤓ᇭ☮⒨ₙ᧨Ⱁ⇤⸭䘿㡈㽤◉⻭ℝ壩㕮㧉⸭䘿兕唑᧨ₜ♦壩㕮㧉屓喒儵㧮᧨⇕∎䞷㻇⃔ⅲ
㧴⸭䘿㡈㽤◉᧨䘿⦷䦚㧴ㄅₜ㢾₹Ⰼ㎞᧨⥯扨㫆㦃⹈㢢拖Ⓙ␔ⷧ䄱⒉桽欧᧤㻇⃔ⅲ
㦘-XX᧶MaxPermSize䤓ₙ棟᧨J9✛JRockit♹尐㼰㦘屵䬿Ⓙ扪䲚♾䞷␔ⷧ䤓ₙ棟᧨√Ⱁ32⇜侊
兮₼䤓4GB᧨⻀ₜ↩⒉䘿桽欧᧥᧨力₣㦘㨐⺠㟿㡈㽤᧤√ⰑString.intern᧤᧥᧥↩⥯扨₹☮⥯
⺋咃ₜ⚛壩㕮㧉ₚ㦘ₜ⚛䤓嫷䘿ᇭ⥯㷳᧨⺈ℝHotSpot壩㕮㧉᧨㫈㗽⸧㡈♠を䤓恾兎⦍≰
㋾᧨䘿⦷⃮㦘㟍㆒㻇⃔ⅲㄅ抟㷴㟈摖䞷Native Memory㧴⸭䘿㡈㽤◉䤓屓⒡ℕ[1]᧨⦷䥽ⓜめ
兞♠を䤓JDK 1.7䤓HotSpot₼᧨め兞㔙☮㦻㟍⦷㻇⃔ⅲ䤓ⷦ䶵デ摞㻯䲊⒉ᇭ

Java壩㕮㧉屓喒⺈㡈㽤◉䤓棟Ⓟ槭デ⹌㨍᧨棳ℕ✛Java⪕㫆ₜ榏尐扭兼䤓␔ⷧ✛♾ⅴ
折㕸⦉⸩⮶⺞㒥劔♾㓸⻤⮥᧨执♾ⅴ折㕸ₜ⸭䘿⨒⧍㟅楕ᇭ䦇⺈力岏᧨⨒⧍㟅楕嫛⦷扨₹
◉⩮㢾㹣戒⺠⒉䘿䤓᧨⇕ㄅ槭㟿㗽扪⏴ℕ㡈㽤◉⻀Ⱁ㻇⃔ⅲ䤓⚜ⷦ㫆“㻇⃔”ⷧ⦷ℕᇭ扨◉
⩮䤓␔ⷧ⥭㟅䥽㪖尐㢾朗⺈デ摞㻯䤓⥭㟅✛⺈伊⨚䤓☇戌᧨咻㧴広᧨扨₹◉⩮䤓⥭
㟅“㒟典”㹣戒楍ⅴⅳⅉ䅰㎞᧨⺳␅㢾伊⨚䤓☇戌᧨㧰ↅ䦇㇢啪Ⓤ᧨⇕㢾扨捷⒕◉⩮䤓⥭㟅䫽
⸭㢾㉔尐䤓ᇭ⦷Sun⏻⚇䤓BUG⒦嫷₼᧨㦍⒉䘿扖䤓啴₹₴摜䤓BUG⻀㢾䟀ℝ⇝䓗㦻䤓
HotSpot壩㕮㧉⺈㷳◉⩮㦹⸛⏷⥭㟅力⺋咃␔ⷧ㽓䆞ᇭ

㫈㗽Java壩㕮㧉屓喒䤓屓⸩᧨㇢㡈㽤◉㡯㽤䅰恂␔ⷧ⒕揜榏㻑㢅᧨⺕㔪⒉
OutOfMemoryError㆑デᇭ

[1]JEP 122-Remove the Permanent Generation᧶http://openjdk.java.net/jeps/122ᇭ



2.2.6ᇫ扟嫛㢅デ摞㻯

扟嫛㢅デ摞㻯᧤Runtime Constant Pool᧥㢾㡈㽤◉䤓捷⒕ᇭClass㠖ↅ₼棳ℕ㦘伊䤓䓗
㦻ᇬⷦ㹄ᇬ㡈㽤ᇬ㘴♲䷘㙞承≰㋾⮥᧨执㦘欈≰㋾㢾デ摞㻯᧤Constant Pool Table᧥᧨䞷ℝ
ⷧ㟍冥幠㦮䞮㒟䤓⚓䱜ⷦ槱摞✛䶵⚆ㆤ䞷᧨扨捷⒕␔⹈⺕⦷伊┯戌⚝扪⏴㡈㽤◉䤓扟嫛㢅デ
摞㻯₼ⷧ㟍ᇭ

Java壩㕮㧉⺈Class㠖ↅ㹞捷⒕᧤呹䏅⃮▔㕻デ摞㻯᧥䤓㫋㆞掌㦘₴㫋屓⸩᧨㹞₹ⷦ
唑䞷ℝⷧ⌷❹䱜㟿㗽掌㉔權䶵⚗屓喒ₙ䤓尐㻑㓜↩嬺壩㕮㧉帳♾ᇬ孔戌✛㓶嫛᧨⇕⺈ℝ扟嫛
㢅デ摞㻯᧨Java壩㕮㧉屓喒㼰㦘⋩↊⇤兕唑䤓尐㻑᧨ₜ⚛䤓㙟∪⟕⸭䘿䤓壩㕮㧉♾ⅴ㖘䏶呹
む䤓榏尐㧴⸭䘿扨₹␔ⷧ◉⩮ᇭₜ扖᧨咻㧴広᧨棳ℕ≬ⷧClass㠖ↅ₼㙞承䤓䶵⚆ㆤ䞷⮥᧨
执↩㔙劊幠⒉㧴䤓䦃㘴ㆤ䞷⃮ⷧ⌷⦷扟嫛㢅デ摞㻯₼[1]ᇭ

扟嫛㢅デ摞㻯䦇⺈ℝClass㠖ↅデ摞㻯䤓♵⮥₹摜尐䔈㈐㢾␆┷㊐㊶᧨Java幼岏ㄅₜ
尐㻑デ摞⸩♹㦘冥幠㦮㓜厌ℶ䞮᧨⃮⻀㢾ㄅ槭欓函⏴Class㠖ↅ₼デ摞㻯䤓␔⹈㓜厌扪⏴㡈
㽤◉扟嫛㢅デ摞㻯᧨扟嫛㦮梃⃮♾厌⺕㠿䤓デ摞㟍⏴㻯₼᧨扨䱜䔈㊶嬺♠ⅉ⛧Ⓒ䞷㈦㹣戒
⮩䤓≎㢾String伊䤓intern᧤᧥㡈㽤ᇭ

㡱䏅扟嫛㢅デ摞㻯㢾㡈㽤◉䤓捷⒕᧨呹䏅♦Ⓙ㡈㽤◉␔ⷧ䤓棟Ⓟ᧨㇢デ摞㻯㡯㽤␜䟂
庆Ⓙ␔ⷧ㢅↩㔪⒉OutOfMemoryError㆑デᇭ

[1]␂ℝClass㠖ↅ㫋㆞✛䶵⚆ㆤ䞷䷘㰑㊄♾♑屐䶻6䵯ᇭ



2.2.7ᇫ䦃㘴␔ⷧ

䦃㘴␔ⷧ᧤Direct Memory᧥ㄅₜ㢾壩㕮㧉扟嫛㢅㟿㗽◉䤓捷⒕᧨⃮ₜ㢾Java壩㕮㧉屓
喒₼⸩⃘䤓␔ⷧ◉⩮ᇭ⇕㢾扨捷⒕␔⃮ⷧ嬺欠僐⦿∎䞷᧨力₣⃮♾厌⺋咃OutOfMemoryError
㆑デ⒉䘿᧨㓏ⅴ㒠ⅻ㟍Ⓙ扨摛怆幁屲ᇭ

⦷JDK 1.4₼㠿┯⏴ℕNIO᧤New Input/Output᧥伊᧨ㆤ⏴ℕ䱜⪉ℝ抩拢᧤Channel᧥冢
⑁◉᧤Buffer᧥䤓I/O㡈㆞᧨⸒♾ⅴ∎䞷Native⒌㟿ㄢ䦃㘴⒕揜⪕⮥␔ⷧ᧨䏅⚝抩扖₹ⷧ⌷
⦷Java⪕₼䤓DirectByteBuffer⺈廰⇫扨⧦␔ⷧ䤓ㆤ䞷扪嫛㝜⇫ᇭ扨㫆厌⦷K⧉㣾₼㣍囦
㙟浧㊶厌᧨⥯挎⏜ℕ⦷Java⪕✛Native⪕₼㧴⥭⮜Ⓟ㟿㗽ᇭ

㣍䏅᧨㦻㧉䦃㘴␔ⷧ䤓⒕揜ₜ↩♦ⒿJava⪕⮶⺞䤓棟Ⓟ᧨⇕㢾᧨㡱䏅㢾␔ⷧ᧨匾⸩执㢾
↩♦Ⓙ㦻㧉㋊␔ⷧ᧤▔㕻RAMⅴ♙SWAP◉㒥劔⒕欄㠖ↅ᧥⮶⺞ⅴ♙⮓䚕⣷⺊⧏䴉梃䤓棟
Ⓟᇭ㦜┰⣷丰䚕⛧⦷揜函壩㕮㧉♑㟿㢅᧨↩㫈㗽⸭棔␔ⷧ幍函-Xmx䷘♑㟿≰㋾᧨⇕兞デ㊌䟴
䦃㘴␔ⷧ᧨∎㈦⚓₹␔ⷧ◉⩮㋊✛⮶ℝ䓸䚕␔ⷧ棟Ⓟ᧤▔㕻䓸䚕䤓✛㝜⇫侊兮儶䤓棟Ⓟ᧥᧨
⅝力⺋咃┷㊐㓸⻤㢅⒉䘿OutOfMemoryError㆑デᇭ



2.3ᇫHotSpot壩㕮㧉⺈廰㘱䱧
⅚兜⸛Java壩㕮㧉䤓扟嫛㢅㟿㗽◉⃚⚝᧨㒠ⅻ⮶咃䩴拢ℕ壩㕮㧉␔ⷧ䤓㰑⑄᧨床劔ℕ屲

ℕ␔ⷧ₼㟍ℕK⅏⃗⚝᧨⃮幇⻀↩㎂㦃扪㷴ℕ屲扨K壩㕮㧉␔ⷧ₼䤓㟿㗽䤓␅Ⅵ兕唑᧨巻
Ⱁ⸒ⅻ㢾Ⱁ⇤⒪ㆉᇬⰑ⇤を⻏ⅴ♙Ⱁ⇤幎桽䤓ᇭ⺈ℝ扨㫆䀘♙兕唑䤓桽欧᧨㉔權㔙帷幉喒⦃
棟⸩⦷␆⇢䤓壩㕮㧉✛楕₼⦷㩟₹␔ⷧ◉⩮ₙ㓜㦘㎞⃘ᇭ⪉ℝ⸭䞷↧⏗䤓☮⒨᧨䶣劔ⅴデ
䞷䤓壩㕮㧉HotSpot✛デ䞷䤓␔ⷧ◉⩮Java⪕√᧨䂀⏴㘱帷HotSpot壩㕮㧉⦷Java⪕₼⺈廰⒕
揜ᇬを⻏✛幎桽䤓⏷扖䲚ᇭ

2.3.1ᇫ⺈廰䤓⒪ㆉ

Java㢾桷槱⚠⺈廰䤓冥䲚幼岏᧨⦷Java䲚ㄞ扟嫛扖䲚₼㡯㢅㡯Ⓤ掌㦘⺈廰嬺⒪ㆉ⒉
㧴ᇭ⦷幼岏⻑槱ₙ᧨⒪ㆉ⺈廰᧤√Ⱁ⏚椕ᇬ♜ㄞ⒦▥᧥抩デ⅔⅔㢾₹new␂枽ⷦ力め᧨力
⦷壩㕮㧉₼᧨⺈廰᧤㠖₼帷幉䤓⺈廰棟ℝ㣽抩Java⺈廰᧨ₜ▔㕻㟿兓✛Class⺈廰䷘᧥䤓⒪ㆉ
♗㢾㊝㫆₹扖䲚⛱᧻

壩㕮㧉拖Ⓙ㧰new㖖ⅳ㢅᧨氥⏗⺕♊㭏㩴扨₹㖖ⅳ䤓♑㟿㢾⚵厌⦷デ摞㻯₼⸩⇜Ⓙ
₹伊䤓䶵⚆ㆤ䞷᧨ㄅ₣㭏㩴扨₹䶵⚆ㆤ䞷ⅲ嫷䤓伊㢾⚵め嬺┯戌ᇬ屲㨟✛⒬ⱚ▥扖ᇭⰑ㨫㼰
㦘᧨挲㉔權⏗㓶嫛䦇ㄣ䤓伊┯戌扖䲚᧨㦻䶻7䵯⺕㘱帷扨捷⒕␔⹈䤓兕唑ᇭ

⦷伊┯戌㭏㩴抩扖⚝᧨㘴ₚ㧴壩㕮㧉⺕㠿䞮⺈廰⒕揜␔ⷧᇭ⺈廰㓏榏␔ⷧ䤓⮶⺞⦷伊
┯戌⸛㒟⚝≎♾⸛⏷䫽⸩᧤Ⱁ⇤䫽⸩⺕⦷2.3.2唑₼⅚兜᧥᧨⺈廰⒕揜䴉梃䤓↊┰䷘⚛ℝ㔙
⧦䫽⸩⮶⺞䤓␔ⷧ⅝Java⪕₼⒡⒕⒉㧴ᇭ⋖幍Java⪕₼␔ⷧ㢾公⺈屓㠃䤓᧨㓏㦘䞷扖䤓␔
ⷧ掌㟍⦷扈᧨䴉梁䤓␔ⷧ㟍⦷♵扈᧨₼梃㟍䧏₹㖖朗⇫⒕䟛䍈䤓㖖䯉⣷᧨挲㓏⒕揜
␔ⷧ⻀⅔⅔㢾㔙挲₹㖖朗⚠䴉梁䴉梃挲扈㖹┷㹄⺈廰⮶⺞䦇䷘䤓恬䱊᧨扨䱜⒕揜㡈㆞䱿
“㖖朗䬿㜭”᧤Bump the Pointer᧥ᇭⰑ㨫Java⪕₼䤓␔ⷧㄅₜ㢾屓㠃䤓᧨め∎䞷䤓␔ⷧ✛䴉
梁䤓␔ⷧ䦇℡ℳ枨᧨挲⻀㼰㦘┭㽤丏◤⦿扪嫛㖖朗䬿㜭ℕ᧨壩㕮㧉⻀㉔權冃㔳₹⒦嫷᧨帿
ₙ❹K␔ⷧ⧦㢾♾䞷䤓᧨⦷⒕揜䤓㢅⊨⅝⒦嫷₼㔍Ⓙ⧦恂⮮⮶䤓䴉梃⒡⒕全⺈廰⸭√᧨
ㄅ㦃㠿⒦嫷ₙ䤓帿᧨扨䱜⒕揜㡈㆞䱿“䴉梁⒦嫷”᧤Free List᧥ᇭ折㕸❹䱜⒕揜㡈㆞䟀
Java⪕㢾⚵屓㠃⑂⸩᧨力Java⪕㢾⚵屓㠃♗䟀㓏摖䞷䤓⨒⧍㟅楕⣷㢾⚵サ㦘☚冸㠃䚕┮厌⑂
⸩ᇭ⥯㷳᧨⦷∎䞷SerialᇬParNew䷘サCompact扖䲚䤓㟅楕⣷㢅᧨侊兮摖䞷䤓⒕揜並㽤㢾㖖朗
䬿㜭᧨力∎䞷CMS扨䱜⪉ℝMark-Sweep並㽤䤓㟅楕⣷㢅᧨抩デ摖䞷䴉梁⒦嫷ᇭ

棳Ⱁ⇤⒡⒕♾䞷䴉梃⃚⮥᧨执㦘♵⮥₹榏尐劒壠䤓桽欧㢾⺈廰⒪ㆉ⦷壩㕮㧉₼㢾槭デ
欠僐䤓嫛᧨☂∎㢾⅔⅔≽㟈₹㖖朗㓏㖖⚠䤓⇜函᧨⦷ㄅ♠㍔⑄ₚ⃮ㄅₜ㢾兎䲚⸘⏷䤓᧨
♾厌⒉䘿㷲⦷全⺈廰A⒕揜␔ⷧ᧨㖖朗执㼰㧴㈦♙≽㟈᧨⺈廰B♗⚛㢅∎䞷ℕ☮㧴䤓㖖朗㧴
⒕揜␔ⷧ䤓㍔⑄ᇭ屲⑂扨₹桽欧㦘₳䱜㡈㫗᧨䱜㢾⺈⒕揜␔ⷧ䴉梃䤓┷⇫扪嫛⚛㷴⮓䚕
——⸭棔ₙ壩㕮㧉摖䞷CAS揜ₙ⯀徴摜幤䤓㡈㆞≬幐㦃㠿㝜⇫䤓☮㊶᧷♵䱜㢾㔙␔ⷧ⒕
揜䤓┷⇫㖘䏶兎䲚⒡⒕⦷ₜ⚛䤓䴉梃⃚₼扪嫛᧨☂㹞₹兎䲚⦷Java⪕₼欓⏗⒕揜⺞⧦␔
ⷧ᧨䱿㦻⦿兎䲚⒕揜冢⑁᧤Thread Local Allocation Buffer,TLAB᧥ᇭ❹₹兎䲚尐⒕揜␔
ⷧ᧨⻀⦷❹₹兎䲚䤓TLABₙ⒕揜᧨♹㦘TLAB䞷⸛ㄅ⒕揜㠿䤓TLAB㢅᧨㓜榏尐⚛㷴析⸩ᇭ
壩㕮㧉㢾⚵∎䞷TLAB᧨♾ⅴ抩扖-XX᧶+/-UseTLAB♑㟿㧴幍⸩ᇭ

␔ⷧ⒕揜⸛㒟⚝᧨壩㕮㧉榏尐⺕⒕揜Ⓙ䤓␔ⷧ䴉梃掌⒬ⱚ▥榅⋋᧤ₜ▔㕻⺈廰⯃᧥᧨
Ⱁ㨫∎䞷TLAB᧨扨ぴ⇫扖䲚⃮♾ⅴ㙟ⓜ咂TLAB⒕揜㢅扪嫛ᇭ扨㷴㝜⇫≬幐ℕ⺈廰䤓⸭



√ⷦ㹄⦷Javaⅲ䪐₼♾ⅴₜ忚⒬ⱚ⋋⻀䦃㘴∎䞷᧨䲚ㄞ厌幎桽Ⓙ扨Kⷦ㹄䤓㟿㗽伊⨚㓏⺈ㄣ
䤓榅⋋ᇭ

㘴ₚ㧴᧨壩㕮㧉尐⺈⺈廰扪嫛㉔尐䤓幍函᧨√Ⱁ扨₹⺈廰㢾❹₹伊䤓⸭√ᇬⰑ⇤㓜厌㔍
Ⓙ伊䤓⏒㟿㗽≰㋾ᇬ⺈廰䤓❗゛䪐ᇬ⺈廰䤓GC⒕ⅲ爓䷘≰㋾ᇭ扨K≰㋾ⷧ㟍⦷⺈廰䤓⺈
廰⯃᧤Object Header᧥⃚₼ᇭ㫈㗽壩㕮㧉㇢ⓜ䤓扟嫛䕅㊐䤓ₜ⚛᧨Ⱁ㢾⚵⚾䞷⋞⚠析䷘᧨⺈
廰⯃↩㦘ₜ⚛䤓幍函㡈㆞ᇭ␂ℝ⺈廰⯃䤓␆⇢␔⹈᧨䲜⚝␜⋩幵兕⅚兜ᇭ

⦷ₙ槱ぴ⇫掌⸛㒟⃚⚝᧨⅝壩㕮㧉䤓展屡㧴䦚᧨₹㠿䤓⺈廰め兞ℶ䞮ℕ᧨⇕⅝Java䲚
ㄞ䤓展屡㧴䦚᧨⺈廰⒪ㆉ㓜⒩⒩ⱚ——᧸init᧺㡈㽤执㼰㦘㓶嫛᧨㓏㦘䤓ⷦ㹄掌执榅ᇭ
㓏ⅴ᧨咻㧴広᧤䟀ⷦ唑䪐₼㢾⚵恮椞invokespecial㖖ⅳ㓏⑂⸩᧥᧨㓶嫛new㖖ⅳ⃚⚝↩㘴䧏
㓶嫛᧸init᧺㡈㽤᧨㔙⺈廰㖘䏶䲚ㄞ⛧䤓㎞㏎扪嫛⒬ⱚ▥᧨扨㫆₹䦮㷲♾䞷䤓⺈廰㓜並⸛
⏷ℶ䞮⒉㧴ᇭ

ₚ槱䤓ⅲ䪐䂔◤2-1㢾HotSpot壩㕮㧉bytecodeInterpreter.cpp₼䤓ⅲ䪐䓖㹄᧤扨₹屲摙⣷⸭
䘿㈗⺠㦘㧉↩⸭棔∎䞷᧨⥯⮶捷⒕♿ₙ掌∎䞷㲰㨎屲摙⣷᧷㇢ⅲ䪐抩扖JIT冥幠⣷㓶嫛
㢅ぽ㆑⻀㦃⮶ℕᇭₜ扖᧨扨㹄ⅲ䪐䞷ℝℕ屲HotSpot䤓扟⇫扖䲚㢾㼰㦘⅏⃗桽欧䤓᧥ᇭ

ⅲ䪐䂔◤2-1ᇫHotSpot屲摙⣷䤓ⅲ䪐䓖㹄

//䫽≬デ摞㻯₼ⷧ㟍䤓㢾め屲摙䤓伊
if᧤constants-᧺tag_at᧤index᧥.is_unresolved_klass᧤᧥᧥{
//㠼岏䫽≬㢾klassOop✛instanceKlassOop᧤扨捷⒕ₚ唑⅚兜᧥
oop entry=᧤klassOop᧥*constants-᧺obj_at_addr᧤index᧥᧷
assert᧤entry-᧺is_klass᧤᧥᧨"Should be resolved klass"᧥᧷
klassOop k_entry=᧤klassOop᧥entry᧷
assert᧤k_entry-᧺klass_part᧤᧥-᧺oop_is_instance᧤᧥᧨"Should be instanceKlass"᧥᧷
instanceKlass * ik=᧤instanceKlass*᧥k_entry-᧺klass_part᧤᧥᧷
//䫽≬⺈廰㓏⻭伊⨚め兞兞扖⒬ⱚ▥棅㹄
if᧤ik-᧺is_initialized᧤᧥᧢᧢ik-᧺can_be_fastpath_allocated᧤᧥᧥
{
//♥⺈廰栎ㄵ
size_t obj_size=ik-᧺size_helper᧤᧥᧷
oop result=NULL᧷
//帿㢾⚵榏尐⺕⺈廰㓏㦘ⷦ㹄函榅⋋
bool need_zero=ZeroTLAB᧷
//㢾⚵⦷TLAB₼⒕揜⺈廰
if᧤UseTLAB᧥{
result=᧤oop᧥THREAD-᧺tlab᧤᧥.allocate᧤obj_size᧥᧷
}
if᧤result==NULL᧥{
need_zero=true᧷
//䦃㘴⦷eden₼⒕揜⺈廰
retry᧶
HeapWord * compare_to=*Universe᧶heap᧤᧥-᧺top_addr᧤᧥᧷
HeapWord * new_top=compare_to+obj_size᧷
/*cmpxchg㢾x86₼䤓CAS㖖ⅳ᧨扨摛㢾₹C++㡈㽤᧨抩扖CAS㡈㆞⒕揜䴉梃᧨Ⱁ㨫ㄅ♠⯀徴᧨
懻Ⓙretry₼摜幤᧨䦃咂㒟┮⒕揜㷱*/
if᧤new_top᧸=*Universe᧶heap᧤᧥-᧺end_addr᧤᧥᧥{
if᧤Atomic᧶cmpxchg_ptr᧤new_top,Universe᧶heap᧤᧥-᧺top_addr᧤᧥᧨compare_to᧥=compare_to᧥{
goto retry᧷
}
result=᧤oop᧥compare_to᧷
}
}
if᧤result=NULL᧥{
//Ⱁ㨫榏尐᧨⒨⺈廰⒬ⱚ▥榅⋋
if᧤need_zero᧥{
HeapWord * to_zero=᧤HeapWord*᧥result+sizeof᧤oopDesc᧥/oopSize᧷
obj_size-=sizeof᧤oopDesc᧥/oopSize᧷
if᧤obj_size᧺0᧥{
memset᧤to_zero᧨0᧨obj_size * HeapWordSize᧥᧷
}
}
//㫈㗽㢾⚵⚾䞷⋞⚠析㧴幍函⺈廰⯃≰㋾
if᧤UseBiasedLocking᧥{
result-᧺set_mark᧤ik-᧺prototype_header᧤᧥᧥᧷
}else{
result-᧺set_mark᧤markOopDesc᧶prototype᧤᧥᧥᧷
}
result-᧺set_klass_gap᧤0᧥᧷
result-᧺set_klass᧤k_entry᧥᧷
//⺕⺈廰ㆤ䞷⏴㪗᧨其兼㓶嫛ₚ㧰㖖ⅳ
SET_STACK_OBJECT᧤result᧨0᧥᧷
UPDATE_PC_AND_TOS_AND_CONTINUE᧤3᧨1᧥᧷
}
}
}



2.3.2ᇫ⺈廰䤓␔ⷧを⻏

⦷HotSpot壩㕮㧉₼᧨⺈廰⦷␔ⷧ₼ⷧ⌷䤓を⻏♾ⅴ⒕3⧦◉⩮᧶⺈廰⯃᧤Header᧥ᇬ
⸭√㟿㗽᧤Instance Data᧥✛⺈營⫺⏔᧤Padding᧥ᇭ

HotSpot壩㕮㧉䤓⺈廰⯃▔㕻₳捷⒕≰㋾᧨䶻捷⒕䞷ℝⷧ⌷⺈廰呹愺䤓扟嫛㢅㟿㗽᧨
Ⱁ❗゛䪐᧤HashCode᧥ᇬGC⒕ⅲ爓ᇬ析䕅㊐㪖㉦ᇬ兎䲚㖐㦘䤓析ᇬ⋞⚠兎䲚IDᇬ⋞⚠㢅
梃㓂䷘᧨扨捷⒕㟿㗽䤓栎ㄵ⦷32⇜✛64⇜䤓壩㕮㧉᧤㦹⚾☚冸㖖朗᧥₼⒕Ⓔ32bit✛
64bit᧨⸧㡈䱿⸒“Mark Word”ᇭ⺈廰榏尐ⷧ⌷䤓扟嫛㢅㟿㗽㈗⮩᧨␅⸭め兞怔⒉ℕ32⇜ᇬ
64⇜Bitmap兢㨓㓏厌帿䤓棟ㄵ᧨⇕㢾⺈廰⯃≰㋾㢾⺈廰呹愺⸩⃘䤓㟿㗽㡯␂䤓欬⮥ⷧ⌷
㒟㦻᧨劒壠Ⓙ壩㕮㧉䤓䴉梃㟗䘖᧨Mark Word嬺幍帰㒟₹槭⦉⸩䤓㟿㗽兢㨓ⅴ≎⦷㨐⺞䤓
䴉梃␔ⷧ⌷⻌摞⮩䤓≰㋾᧨⸒↩㫈㗽⺈廰䤓䕅㊐⮜䞷呹む䤓ⷧ⌷䴉梃ᇭ√Ⱁ᧨⦷32⇜䤓
HotSpot壩㕮㧉₼᧨Ⱁ㨫⺈廰⮓ℝ㦹嬺析⸩䤓䕅㊐ₚ᧨挲⃗Mark Word䤓32bit䴉梃₼䤓25bit䞷
ℝⷧ⌷⺈廰❗゛䪐᧨4bit䞷ℝⷧ⌷⺈廰⒕ⅲ爓᧨2bit䞷ℝⷧ⌷析㪖㉦⇜᧨1bit⦉⸩0᧨力⦷
␅Ⅵ䕅㊐᧤戊摞儶析⸩ᇬ摜摞儶析⸩ᇬGC㪖帿ᇬ♾⋞⚠᧥ₚ⺈廰䤓ⷧ⌷␔⹈屐嫷2-1ᇭ

⺈廰⯃䤓♵⮥捷⒕㢾伊⨚㖖朗᧨☂⺈廰㖖⚠⸒䤓伊⏒㟿㗽䤓㖖朗᧨壩㕮㧉抩扖扨₹㖖
朗㧴䫽⸩扨₹⺈廰㢾❹₹伊䤓⸭√ᇭㄅₜ㢾㓏㦘䤓壩㕮㧉⸭䘿掌㉔權⦷⺈廰㟿㗽ₙ≬䟨伊⨚
㖖朗᧨㗱♴幬広᧨㩴㔍⺈廰䤓⏒㟿㗽≰㋾ㄅₜ⸩尐兞扖⺈廰㦻愺᧨扨䍈⺕⦷2.3.3唑帷幉ᇭ
♵⮥᧨Ⱁ㨫⺈廰㢾₹Java㟿兓᧨挲⦷⺈廰⯃₼执㉔權㦘⧦䞷ℝ帿㟿兓栎ㄵ䤓㟿㗽᧨⥯
壩㕮㧉♾ⅴ抩扖㣽抩Java⺈廰䤓⏒㟿㗽≰㋾䫽⸩Java⺈廰䤓⮶⺞᧨⇕㢾⅝㟿兓䤓⏒㟿㗽₼
☃㡯㽤䫽⸩㟿兓䤓⮶⺞ᇭ

ⅲ䪐䂔◤2-2HotSpot壩㕮㧉markOop.cpp₼䤓ⅲ䪐᧤㽷摙᧥䓖㹄᧨⸒㙞承ℕ32bitₚMark
Word䤓ⷧ⌷䕅㊐ᇭ

ⅲ䪐䂔◤2-2ᇫmarkOop.cpp䓖㹄

//Bit-format of an object header᧤most significant first,big endian layout below᧥᧶
//32 bits᧶
//--------
//hash᧶25------------᧺|age᧶4 biased_lock᧶1 lock᧶2᧤normal object᧥
//JavaThread*᧶23 epoch᧶2 age᧶4 biased_lock᧶1 lock᧶2᧤biased object᧥
//size᧶32------------------------------------------᧺|᧤CMS free block᧥
//PromotedObject*᧶29----------᧺|promo_bits᧶3-----᧺|᧤CMS promoted object᧥

㘴ₚ㧴䤓⸭√㟿㗽捷⒕㢾⺈廰䦮㷲ⷧ⌷䤓㦘㟗≰㋾᧨⃮㢾⦷䲚ㄞⅲ䪐₼㓏⸩⃘䤓⚓䱜伊
⨚䤓ⷦ㹄␔⹈ᇭ㡯幉㢾⅝䓅伊其㔎ₚ㧴䤓᧨执㢾⦷伊₼⸩⃘䤓᧨掌榏尐帿怆㧴ᇭ扨捷⒕



䤓ⷧ⌷欉ㄞ↩♦Ⓙ壩㕮㧉⒕揜䷥䟴♑㟿᧤FieldsAllocationStyle᧥✛ⷦ㹄⦷Java䄟䪐₼⸩⃘欉
ㄞ䤓㈀❜ᇭHotSpot壩㕮㧉照帳䤓⒕揜䷥䟴longs/doublesᇬintsᇬshorts/charsᇬ
bytes/booleansᇬoops᧤Ordinary Object Pointers᧥᧨⅝⒕揜䷥䟴₼♾ⅴ䦚⒉᧨䦇⚛⹌ㄵ䤓ⷦ㹄
㋊㢾嬺⒕揜Ⓙ怆ᇭ⦷䅰恂扨₹ⓜ㙟㧰ↅ䤓㍔⑄ₚ᧨⦷䓅伊₼⸩⃘䤓♧摞↩⒉䘿⦷伊⃚
ⓜᇭⰑ㨫CompactFields♑㟿⋋true᧤照帳true᧥᧨挲⃗伊⃚₼戒䴓䤓♧摞⃮♾厌↩㙡⏴
Ⓙ䓅伊♧摞䤓䴉椨⃚₼ᇭ

䶻ₘ捷⒕⺈營⫺⏔ㄅₜ㢾㉔䏅ⷧ⦷䤓᧨⃮㼰㦘䔈Ⓔ䤓⚺⃘᧨⸒⅔⅔怆䧏◯⇜䶵䤓⇫䞷ᇭ
䟀ℝHotSpot VM䤓呹┷␔ⷧ丰䚕侊兮尐㻑⺈廰怆ⱚ⦿⧏㉔權㢾8ⷦ唑䤓㠃㟿⊜᧨㗱♴幬広᧨
⻀㢾⺈廰䤓⮶⺞㉔權㢾8ⷦ唑䤓㠃㟿⊜ᇭ力⺈廰⯃捷⒕㷲Ⰼ㢾8ⷦ唑䤓⊜㟿᧤1⊜㒥劔2⊜᧥᧨
⥯㷳᧨㇢⺈廰⸭√㟿㗽捷⒕㼰㦘⺈營㢅᧨⻀榏尐抩扖⺈營⫺⏔㧴嫴⏷ᇭ



2.3.3ᇫ⺈廰䤓幎桽⸩⇜

ㆉ䵚⺈廰㢾ℕ∎䞷⺈廰᧨㒠ⅻ䤓Java䲚ㄞ榏尐抩扖㪗ₙ䤓reference㟿㗽㧴㝜⇫⪕ₙ䤓
␆⇢⺈廰ᇭ䟀ℝreference伊⨚⦷Java壩㕮㧉屓喒₼♹屓⸩ℕ₹㖖⚠⺈廰䤓ㆤ䞷᧨ㄅ㼰㦘⸩
⃘扨₹ㆤ䞷ㄣ年抩扖⇤䱜㡈㆞♊⸩⇜ᇬ幎桽⪕₼䤓⺈廰䤓␆⇢⇜函᧨㓏ⅴ⺈廰幎桽㡈㆞⃮㢾
♥⑂ℝ壩㕮㧉⸭䘿力⸩䤓ᇭ䥽ⓜ㿐䤓幎桽㡈㆞㦘∎䞷♴㩓✛䦃㘴㖖朗₳䱜ᇭ

Ⱁ㨫∎䞷♴㩓幎桽䤓幬᧨挲⃗Java⪕₼⺕↩⒡⒕⒉⧦␔ⷧ㧴⇫♴㩓㻯᧨reference₼
ⷧ⌷䤓⻀㢾⺈廰䤓♴㩓⦿⧏᧨力♴㩓₼▔⚺ℕ⺈廰⸭√㟿㗽伊⨚㟿㗽⚓呹䤓␆⇢⦿⧏≰
㋾᧨Ⱁ⦍2-2㓏䯉ᇭ

⦍ᇫ2-2ᇫ抩扖♴㩓幎桽⺈廰

Ⱁ㨫∎䞷䦃㘴㖖朗幎桽᧨挲⃗Java⪕⺈廰䤓を⻏₼⻀㉔權劒壠Ⱁ⇤㟍函幎桽伊⨚㟿㗽䤓
䦇␂≰㋾᧨力reference₼ⷧ⌷䤓䦃㘴⻀㢾⺈廰⦿⧏᧨Ⱁ⦍2-3㓏䯉ᇭ



⦍ᇫ2-3ᇫ抩扖䦃㘴㖖朗幎桽⺈廰

扨₳䱜⺈廰幎桽㡈㆞⚓㦘↧╎᧨∎䞷♴㩓㧴幎桽䤓㦏⮶Ⰼ⮓⻀㢾reference₼ⷧ⌷䤓㢾䳂
⸩䤓♴㩓⦿⧏᧨⦷⺈廰嬺䲊┷᧤⨒⧍㟅楕㢅䲊┷⺈廰㢾槭デ㣽拜䤓嫛᧥㢅♹↩㟈♧♴㩓₼
䤓⸭√㟿㗽㖖朗᧨力reference㦻愺ₜ榏尐≽㟈ᇭ

∎䞷䦃㘴㖖朗幎桽㡈㆞䤓㦏⮶Ⰼ⮓⻀㢾抮ㄵ㦃㉺᧨⸒唑䦐ℕ㶰㖖朗⸩⇜䤓㢅梃枏᧨
䟀ℝ⺈廰䤓幎桽⦷Java₼槭デ欠僐᧨⥯㷳扨伊枏䱾⺠㒟⮩⚝⃮㢾欈槭デ♾屑䤓㓶嫛㒟
㦻ᇭ⻀㦻帷幉䤓尐壩㕮㧉Sun HotSpot力岏᧨⸒㢾∎䞷䶻ℛ䱜㡈㆞扪嫛⺈廰幎桽䤓᧨⇕⅝
㠃₹懾ↅ♠䤓喒⦃㧴䦚᧨⚓䱜幼岏✛㫕㩅∎䞷♴㩓㧴幎桽䤓㍔⑄⃮◐⒕デ屐ᇭ



2.4ᇫ⸭㒧᧶OutOfMemoryError㆑デ
⦷Java壩㕮㧉屓喒䤓㙞承₼᧨棳ℕ䲚ㄞ帰㟿⣷⮥᧨壩㕮㧉␔ⷧ䤓␅Ⅵ⑯₹扟嫛㢅◉⩮掌

㦘♠䞮OutOfMemoryError᧤ₚ㠖䱿OOM᧥㆑デ䤓♾厌᧨㦻唑⺕抩扖啴⸭√㧴洛幐㆑デ♠䞮
䤓⧉㣾᧤ⅲ䪐䂔◤2-3ᨺⅲ䪐䂔◤2-9䤓⑯㹄丏◤ⅲ䪐᧥᧨ㄅ₣↩⒬㷴⅚兜⑯₹␔ⷧ䦇␂䤓
㦏⪉㦻䤓壩㕮㧉♑㟿ᇭ

㦻唑␔⹈䤓䥽䤓㦘₳₹᧶䶻᧨抩扖ⅲ䪐洛幐Java壩㕮㧉屓喒₼㙞承䤓⚓₹扟嫛㢅◉⩮
ⷧ⌷䤓␔⹈᧷䶻ℛ᧨゛㦪床劔⦷ぴ⇫₼拖Ⓙ⸭棔䤓␔ⷧ䄱⒉㆑デ㢅᧨厌㫈㗽㆑デ䤓≰㋾㉺抮
⒳㠼㢾❹₹◉⩮䤓␔ⷧ䄱⒉᧨䩴拢⅏⃗㫆䤓ⅲ䪐♾厌↩⺋咃扨K◉⩮␔ⷧ䄱⒉᧨ⅴ♙⒉䘿扨
K㆑デ⚝年Ⱁ⇤⮓䚕ᇭ

ₚ㠖ⅲ䪐䤓⯃掌㽷摙ℕ㓶嫛㢅㓏榏尐幍函䤓壩㕮㧉⚾┷♑㟿᧤㽷摙₼“VM Args”⚝槱
恮䧏䤓♑㟿᧥᧨扨K♑㟿⺈⸭洛䤓兢㨫㦘䦃㘴㈀❜᧨床劔庒幤ⅲ䪐䤓㢅⊨◒ₖₜ尐㊌䟴ᇭⰑ
㨫床劔∎䞷㘶Ⓟ♿✌ⅳ㧴㓶嫛䲚ㄞ᧨挲䦃㘴恮⦷Java✌ⅳ⃚⚝⻀♾ⅴᇭⰑ㨫床劔∎䞷
Eclipse IDE᧨⒨♾ⅴ♑劒⦍2-4⦷Debug/Run欄不₼䤓幍函ᇭ

⦍ᇫ2-4ᇫ⦷Eclipse䤓Debug欄不₼幍函壩㕮㧉♑㟿



ₚ㠖䤓ⅲ䪐掌㢾⪉ℝSun⏻⚇䤓HotSpot壩㕮㧉扟嫛䤓᧨⺈ℝₜ⚛⏻⚇䤓ₜ⚛䓗㦻䤓壩㕮
㧉᧨♑㟿✛䲚ㄞ扟嫛䤓兢㨫♾厌↩㦘㓏ぽⒺᇭ

2.4.1ᇫJava⪕䄱⒉

Java⪕䞷ℝⷧ⌷⺈廰⸭√᧨♹尐ₜ㠼⦿⒪ㆉ⺈廰᧨ㄅ₣≬幐GC RootsⒿ⺈廰⃚梃㦘♾才
恾㈓㧴挎⏜⨒⧍⥭㟅㧉Ⓟ䂔棳扨K⺈廰᧨挲⃗⦷⺈廰㟿摞Ⓙ才㦏⮶⪕䤓⹈摞棟Ⓟ⚝⻀↩ℶ䞮
␔ⷧ䄱⒉㆑デᇭ

ⅲ䪐䂔◤2-3₼ⅲ䪐棟ⓅJava⪕䤓⮶⺞20MB᧨ₜ♾㓸⻤᧤⺕⪕䤓㦏⺞⋋-Xms♑㟿㦏
⮶⋋-Xmx♑㟿幍函㫆☂♾挎⏜⪕呹┷㓸⻤᧥᧨抩扖♑㟿-XX᧶
+HeapDumpOnOutOfMemoryError♾ⅴ常壩㕮㧉⦷⒉䘿␔ⷧ䄱⒉㆑デ㢅Dump⒉㇢ⓜ䤓␔ⷧ⪕
懻⌷㉺䏶ⅴ≎ℚ⚝扪嫛⒕㨟[1]ᇭ

ⅲ䪐䂔◤2-3ᇫJava⪕␔ⷧ䄱⒉㆑デ㿚幤

/**
*VM Args᧶-Xms20m-Xmx20m-XX᧶+HeapDumpOnOutOfMemoryError
*@author zzm
*/
public class HeapOOM{
static class OOMObject{
}
public static void main᧤String[]args᧥{
List᧸OOMObject᧺list=new ArrayList᧸OOMObject᧺᧤᧥᧷
while᧤true᧥{
list.add᧤new OOMObject᧤᧥᧥᧷
}
}
}

扟嫛兢㨫᧶

java.lang.OutOfMemoryError᧶Java heap space
Dumping heap to java_pid3404.hprof……
Heap dump file created[22045981 bytes in 0.663 secs]

Java⪕␔ⷧ䤓OOM㆑デ㢾⸭棔ㄣ䞷₼デ屐䤓␔ⷧ䄱⒉㆑デ㍔⑄ᇭ㇢⒉䘿Java⪕␔ⷧ䄱⒉
㢅᧨㆑デ⪕㪗≰㋾“java.lang.OutOfMemoryError”↩恮䧏扪㷴㙟䯉“Java heap space”ᇭ

尐屲⑂扨₹◉⩮䤓㆑デ᧨咻䤓㓚㹄㢾⏗抩扖␔ⷧ㢯⍞⒕㨟ぴ␆᧤ⰑEclipse Memory
Analyzer᧥⺈Dump⒉㧴䤓⪕懻⌷㉺䏶扪嫛⒕㨟᧨摜䍈㢾䫽帳␔ⷧ₼䤓⺈廰㢾⚵㢾㉔尐䤓᧨⃮
⻀㢾尐⏗⒕䂔㯩Ⓙㄤ㢾⒉䘿ℕ␔ⷧ㽓䆞᧤Memory Leak᧥执㢾␔ⷧ䄱⒉᧤Memory
Overflow᧥ᇭ⦍2-5㣍䯉ℕ∎䞷Eclipse Memory Analyzer㓢䤓⪕懻⌷㉺䏶㠖ↅᇭ



⦍ᇫ2-5ᇫ∎䞷Eclipse Memory Analyzer㓢䤓⪕懻⌷㉺䏶㠖ↅ

Ⱁ㨫㢾␔ⷧ㽓槁᧨♾扪㷴抩扖ぴ␆㩴䦚㽓槁⺈廰ⒿGC Roots䤓ㆤ䞷枍ᇭℝ㢾⻀厌㔍Ⓙ
㽓槁⺈廰㢾抩扖㊝㫆䤓恾㈓GC Roots䦇␂勣ㄅ⺋咃⨒⧍㟅楕⣷㡯㽤呹┷⥭㟅⸒ⅻ䤓ᇭ㘛㙰
ℕ㽓槁⺈廰䤓伊⨚≰㋾♙GC Rootsㆤ䞷枍䤓≰㋾᧨⻀♾ⅴ㹣戒䫽⦿⸩⇜⒉㽓槁ⅲ䪐䤓⇜
函ᇭ

Ⱁ㨫ₜⷧ⦷㽓槁᧨㗱♴幬広᧨⻀㢾␔ⷧ₼䤓⺈廰䫽⸭掌执㉔權ⷧ㿊䧏᧨挲⻀ㄣ㇢㭏㩴壩
㕮㧉䤓⪕♑㟿᧤-Xmx-Xms᧥᧨㧉⣷䓸䚕␔ⷧ⺈㹣䦚㢾⚵执♾ⅴ庒⮶᧨⅝ⅲ䪐ₙ㭏㩴㢾
⚵ⷧ⦷㩟K⺈廰䞮✌⛷㦮扖栎ᇬ㖐㦘䕅㊐㢅梃扖栎䤓㍔⑄᧨⺬幤⺠䲚ㄞ扟嫛㦮䤓␔ⷧ䀗
劦ᇭ

ⅴₙ㢾⮓䚕Java⪕␔ⷧ桽欧䤓丏◤㊬恾᧨⮓䚕扨K桽欧㓏榏尐䤓䩴幕ᇬぴ␆兞洛㢾⚝
槱3䵯䤓欧ᇭ

[1]␂ℝ⪕懻⌷㉺䏶㠖ↅ⒕㨟㡈槱䤓␔⹈᧨♾♑屐䶻4䵯ᇭ



2.4.2ᇫ壩㕮㧉㪗✛㦻⦿㡈㽤㪗䄱⒉

䟀ℝ⦷HotSpot壩㕮㧉₼ㄅₜ◉⒕壩㕮㧉㪗✛㦻⦿㡈㽤㪗᧨⥯㷳᧨⺈ℝHotSpot㧴広᧨夌
䏅-Xoss♑㟿᧤幍函㦻⦿㡈㽤㪗⮶⺞᧥ⷧ⦷᧨⇕⸭棔ₙ㢾㡯㟗䤓᧨㪗⹈摞♹䟀-Xss♑㟿幍⸩ᇭ
␂ℝ壩㕮㧉㪗✛㦻⦿㡈㽤㪗᧨⦷Java壩㕮㧉屓喒₼㙞承ℕ₳䱜㆑デ᧶

Ⱁ㨫兎䲚庆㻑䤓㪗䂀ㄵ⮶ℝ壩㕮㧉㓏⏐幇䤓㦏⮶䂀ㄵ᧨⺕㔪⒉StackOverflowError㆑デᇭ

Ⱁ㨫壩㕮㧉⦷㓸⻤㪗㢅㡯㽤䟂庆Ⓙ恂⮮䤓␔ⷧ䴉梃᧨⒨㔪⒉OutOfMemoryError㆑デᇭ

扨摛㔙㆑デ⒕㒟₳䱜㍔⑄᧨䦚⇋㦃┯₴康᧨⇕☃ⷧ⦷䧏K℡䦇摜♯䤓⦿㡈᧶㇢㪗䴉梃
㡯㽤其兼⒕揜㢅᧨Ⓙㄤ㢾␔ⷧ⮹⺞᧨执㢾め∎䞷䤓㪗䴉梃⮹⮶᧨␅㦻德ₙ♹㢾⺈⚛ↅℚ㍔
䤓₳䱜㙞承力めᇭ

⦷䶣劔䤓⸭洛₼᧨⺕⸭洛喒⦃棟Ⓟℝ◤兎䲚₼䤓㝜⇫᧨⺬幤ℕₚ槱₳䱜㡈㽤⧖㡯㽤常壩
㕮㧉ℶ䞮OutOfMemoryError㆑デ᧨⺬幤䤓兢㨫掌㢾噆㈦StackOverflowError㆑デ᧨㿚幤ⅲ䪐Ⱁ
ⅲ䪐䂔◤2-4㓏䯉ᇭ

∎䞷-Xss♑㟿⺠㪗␔ⷧ⹈摞ᇭ兢㨫᧶㔪⒉StackOverflowError㆑デ᧨㆑デ⒉䘿㢅戢⒉䤓
⪕㪗䂀ㄵ䦇ㄣ冸⺞ᇭ

⸩⃘ℕ⮶摞䤓㦻⦿♧摞᧨⬭⮶㷳㡈㽤ザ₼㦻⦿♧摞嫷䤓栎ㄵᇭ兢㨫᧶㔪⒉
StackOverflowError㆑デ㢅戢⒉䤓⪕㪗䂀ㄵ䦇ㄣ冸⺞ᇭ

ⅲ䪐䂔◤2-4ᇫ壩㕮㧉㪗✛㦻⦿㡈㽤㪗OOM㿚幤᧤⅔⇫䶻1䍈㿚幤䲚ㄞ᧥

/**
*VM Args᧶-Xss128k
*@author zzm
*/
public class JavaVMStackSOF{
private int stackLength=1᧷
public void stackLeak᧤᧥{
stackLength++᧷
stackLeak᧤᧥᧷
}
public static void main᧤String[]args᧥throws Throwable{
JavaVMStackSOF oom=new JavaVMStackSOF᧤᧥᧷
try{
oom.stackLeak᧤᧥᧷
}catch᧤Throwable e᧥{
System.out.println᧤"stack length᧶"+oom.stackLength᧥᧷
throw e᧷
}
}
}

扟嫛兢㨫᧶

stack length᧶2402
Exception in thread"main"java.lang.StackOverflowError
at org.fenixsoft.oom.VMStackSOF.leak᧤VMStackSOF.java᧶20᧥
at org.fenixsoft.oom.VMStackSOF.leak᧤VMStackSOF.java᧶21᧥
at org.fenixsoft.oom.VMStackSOF.leak᧤VMStackSOF.java᧶21᧥
……⚝兼㆑デ⪕㪗≰㋾䦐䟴

⸭洛兢㨫嫷㢝᧶⦷◤₹兎䲚ₚ᧨㡯幉㢾䟀ℝ㪗ザ⮹⮶执㢾壩㕮㧉㪗⹈摞⮹⺞᧨㇢␔ⷧ㡯
㽤⒕揜䤓㢅⊨᧨壩㕮㧉㔪⒉䤓掌㢾StackOverflowError㆑デᇭ

Ⱁ㨫㿚幤㢅ₜ棟ℝ◤兎䲚᧨抩扖ₜ㠼⦿ㆉ䵚兎䲚䤓㡈㆞⊡㢾♾ⅴℶ䞮␔ⷧ䄱⒉㆑デ᧨Ⱁ
ⅲ䪐䂔◤2-5㓏䯉ᇭ⇕㢾扨㫆ℶ䞮䤓␔ⷧ䄱⒉㆑デ㪗䴉梃㢾⚵恂⮮⮶ㄅₜⷧ⦷↊⇤勣侊᧨



㒥劔䫽⦿広᧨⦷扨䱜㍔⑄ₚ᧨㹞₹兎䲚䤓㪗⒕揜䤓␔ⷧ怙⮶᧨♜力怙⹈㢢ℶ䞮␔ⷧ䄱⒉
㆑デᇭ

␅⸭☮⥯ₜ楍䚕屲᧨㝜⇫侊兮⒕揜全㹞₹扪䲚䤓␔ⷧ㢾㦘棟Ⓟ䤓᧨巻Ⱁ32⇜䤓Windows
棟Ⓟ2GBᇭ壩㕮㧉㙟∪ℕ♑㟿㧴㘶ⓅJava⪕✛㡈㽤◉䤓扨₳捷⒕␔ⷧ䤓㦏⮶⋋ᇭ⓸⇨䤓␔
ⷧ2GB᧤㝜⇫侊兮棟Ⓟ᧥♊Xmx᧤㦏⮶⪕⹈摞᧥᧨␜♊MaxPermSize᧤㦏⮶㡈㽤◉⹈
摞᧥᧨䲚ㄞ帰㟿⣷䀗劦␔ⷧ㈗⺞᧨♾ⅴ㊌䟴㘘ᇭⰑ㨫壩㕮㧉扪䲚㦻愺劦忈䤓␔ⷧₜ帰並⦷
␔᧨⓸ₚ䤓␔ⷧ⻀䟀壩㕮㧉㪗✛㦻⦿㡈㽤㪗“䝫⒕”ℕᇭ㹞₹兎䲚⒕揜Ⓙ䤓㪗⹈摞怙⮶᧨♾ⅴ
ㆉ䵚䤓兎䲚㟿摞呹䏅⻀怙⺠᧨ㆉ䵚兎䲚㢅⻀怙⹈㢢㔙⓸ₚ䤓␔ⷧ劦⻌ᇭ

扨䍈床劔榏尐⦷♠⮩兎䲚䤓ㄣ䞷㢅䔈Ⓔ㽷㎞᧨⒉䘿StackOverflowError㆑デ㢅㦘枨幾
⪕㪗♾ⅴ梔床᧨䦇⺈㧴広᧨㹣戒⹈㢢㔍Ⓙ桽欧䤓㓏⦷ᇭ力₣᧨Ⱁ㨫∎䞷壩㕮㧉照帳♑㟿᧨㪗
䂀ㄵ⦷⮶⮩㟿㍔⑄ₚ᧤⥯㹞₹㡈㽤☚⏴㪗䤓ザ⮶⺞ㄅₜ㢾㫆䤓᧨㓏ⅴ♹厌広⦷⮶⮩㟿㍔
⑄ₚ᧥才Ⓙ1000ᨺ2000⸛⏷㼰㦘桽欧᧨⺈ℝ㷲デ䤓㡈㽤庒䞷᧤▔㕻抡㇡᧥᧨扨₹䂀ㄵㄣ年⸛
⏷⮮䞷ℕᇭ⇕㢾᧨Ⱁ㨫㢾ㆉ䵚扖⮩兎䲚⺋咃䤓␔ⷧ䄱⒉᧨⦷ₜ厌⺠兎䲚㟿㒥劔㦃㗱64⇜壩
㕮㧉䤓㍔⑄ₚ᧨⻀♹厌抩扖⺠㦏⮶⪕✛⺠㪗⹈摞㧴㗱♥㦃⮩䤓兎䲚ᇭⰑ㨫㼰㦘扨㡈槱䤓
⮓䚕兞洛᧨扨䱜抩扖“⺠␔ⷧ”䤓㓚㹄㧴屲⑂␔ⷧ䄱⒉䤓㡈㆞↩㹣戒楍ⅴ㎂Ⓙᇭ

ⅲ䪐䂔◤2-5ᇫ⒪ㆉ兎䲚⺋咃␔ⷧ䄱⒉㆑デ

/**
*VM Args᧶-Xss2M᧤扨㢅⊨ₜⰷ幍函⮶K᧥
*@author zzm
*/
public class JavaVMStackOOM{
private void dontStop᧤᧥{
while᧤true᧥{
}
}
public void stackLeakByThread᧤᧥{
while᧤true᧥{
Thread thread=new Thread᧤new Runnable᧤᧥{
@Override
public void run᧤᧥{
dontStop᧤᧥᧷
}
}᧥᧷
thread.start᧤᧥᧷
}
}
public static void main᧤String[]args᧥throws Throwable{
JavaVMStackOOM oom=new JavaVMStackOOM᧤᧥᧷
oom.stackLeakByThread᧤᧥᧷
}
}

㽷㎞ᇫ䔈Ⓔ㙟䯉ₚ᧨Ⱁ㨫床劔尐⺬幤扟嫛ₙ槱扨㹄ⅲ䪐᧨帿㈦尐⏗≬ⷧ㇢ⓜ䤓ぴ⇫ᇭ
䟀ℝ⦷Windows♿䤓壩㕮㧉₼᧨Java䤓兎䲚㢾㢯⺓Ⓙ㝜⇫侊兮䤓␔㫇兎䲚ₙ䤓[1]᧨⥯㷳ₙ承
ⅲ䪐㓶嫛㢅㦘戒⮶䤓歝棸᧨♾厌↩⺋咃㝜⇫侊兮⋖㸊ᇭ

扟嫛兢㨫᧶

Exception in thread"main"java.lang.OutOfMemoryError᧶unable to create new native thread

[1]␂ℝ壩㕮㧉兎䲚⸭䘿㡈槱䤓␔⹈♾ⅴ♑劒㦻䶻12䵯ᇭ



2.4.3ᇫ㡈㽤◉✛扟嫛㢅デ摞㻯䄱⒉

䟀ℝ扟嫛㢅デ摞㻯㢾㡈㽤◉䤓捷⒕᧨⥯㷳扨₳₹◉⩮䤓䄱⒉㿚幤⻀㟍⦷怆扪嫛ᇭⓜ
槱㙟ⒿJDK 1.7ⱚ抟㷴“♊㻇⃔ⅲ”䤓ℚ㍔᧨⦷㷳⻀ⅴ㿚幤ⅲ䪐屑ₚ扨ↅℚ⺈䲚ㄞ䤓⸭棔
㈀❜ᇭ

String.intern᧤᧥㢾₹Native㡈㽤᧨⸒䤓⇫䞷㢾᧶Ⱁ㨫ⷦ䶵デ摞㻯₼め兞▔⚺₹䷘
ℝ㷳String⺈廰䤓ⷦ䶵᧨⒨扣⥭ⅲ嫷㻯₼扨₹ⷦ䶵䤓String⺈廰᧷⚵⒨᧨⺕㷳String⺈廰▔
⚺䤓ⷦ䶵䂊┯Ⓙデ摞㻯₼᧨ㄅ₣扣⥭㷳String⺈廰䤓ㆤ䞷ᇭ⦷JDK 1.6♙⃚ⓜ䤓䓗㦻₼᧨䟀
ℝデ摞㻯⒕揜⦷㻇⃔ⅲ␔᧨㒠ⅻ♾ⅴ抩扖-XX᧶PermSize✛-XX᧶MaxPermSize棟Ⓟ㡈㽤◉⮶
⺞᧨⅝力梃㘴棟Ⓟ␅₼デ摞㻯䤓⹈摞᧨Ⱁⅲ䪐䂔◤2-6㓏䯉ᇭ

ⅲ䪐䂔◤2-6ᇫ扟嫛㢅デ摞㻯⺋咃䤓␔ⷧ䄱⒉㆑デ

/**
*VM Args᧶-XX᧶PermSize=10M-XX᧶MaxPermSize=10M
*@author zzm
*/
public class RuntimeConstantPoolOOM{
public static void main᧤String[]args᧥{
//∎䞷List≬㖐䧏デ摞㻯ㆤ䞷᧨挎⏜Full GC⥭㟅デ摞㻯嫛
List᧸String᧺list=new ArrayList᧸String᧺᧤᧥᧷
//10MB䤓PermSize⦷integer喒⦃␔恂⮮ℶ䞮OOMℕ
int i=0᧷
while᧤true᧥{
list.add᧤String.valueOf᧤i++᧥.intern᧤᧥᧥᧷
}
}
}

扟嫛兢㨫᧶

Exception in thread"main"java.lang.OutOfMemoryError᧶PermGen space
at java.lang.String.intern᧤Native Method᧥
at org.fenixsoft.oom.RuntimeConstantPoolOOM.main᧤RuntimeConstantPoolOOM.java᧶18᧥

⅝扟嫛兢㨫₼♾ⅴ䦚Ⓙ᧨扟嫛㢅デ摞㻯䄱⒉᧨⦷OutOfMemoryError⚝槱恮椞䤓㙟䯉≰㋾
㢾“PermGen space”᧨広㢝扟嫛㢅デ摞㻯⻭ℝ㡈㽤◉᧤HotSpot壩㕮㧉₼䤓㻇⃔ⅲ᧥䤓捷
⒕ᇭ

力∎䞷JDK 1.7扟嫛扨㹄䲚ㄞ⻀ₜ↩㈦Ⓙ䦇⚛䤓兢㨫᧨while㈹䘾⺕䦃扪嫛ₚ♊ᇭ␂ℝ
扨₹ⷦ䶵デ摞㻯䤓⸭䘿桽欧᧨执♾ⅴㆤ䟂⒉₹㦃㦘㎞㊬䤓㈀❜᧨Ⱁⅲ䪐䂔◤2-7㓏䯉ᇭ

ⅲ䪐䂔◤2-7ᇫString.intern᧤᧥扣⥭ㆤ䞷䤓㿚幤

public class RuntimeConstantPoolOOM{
public static void main᧤String[]args᧥{
public static void main᧤String[]args᧥{
String str1=new StringBuilder᧤"帰並㧉"᧥.append᧤"懾ↅ"᧥.toString᧤᧥᧷
System.out.println᧤str1.intern᧤᧥==str1᧥᧷
String str2=new StringBuilder᧤"ja"᧥.append᧤"va"᧥.toString᧤᧥᧷
System.out.println᧤str2.intern᧤᧥==str2᧥᧷
}
}
}

扨㹄ⅲ䪐⦷JDK 1.6₼扟嫛᧨↩㈦Ⓙ₳₹false᧨力⦷JDK 1.7₼扟嫛᧨↩㈦Ⓙ₹true✛
₹falseᇭℶ䞮ぽ㆑䤓☮⥯㢾᧶⦷JDK 1.6₼᧨intern᧤᧥㡈㽤↩㔙氥㶰拖Ⓙ䤓ⷦ䶵⸭√⮜Ⓟ
Ⓙ㻇⃔ⅲ₼᧨扣⥭䤓⃮㢾㻇⃔ⅲ₼扨₹ⷦ䶵⸭√䤓ㆤ䞷᧨力䟀StringBuilder⒪ㆉ䤓ⷦ䶵
⸭√⦷Java⪕ₙ᧨㓏ⅴ㉔䏅ₜ㢾⚛₹ㆤ䞷᧨⺕扣⥭falseᇭ力JDK 1.7᧤ⅴ♙捷⒕␅Ⅵ壩㕮
㧉᧨√ⰑJRockit᧥䤓intern᧤᧥⸭䘿ₜ↩␜⮜Ⓟ⸭√᧨♹㢾⦷デ摞㻯₼帿氥㶰⒉䘿䤓⸭√



ㆤ䞷᧨⥯㷳intern᧤᧥扣⥭䤓ㆤ䞷✛䟀StringBuilder⒪ㆉ䤓挲₹ⷦ䶵⸭√㢾⚛₹ᇭ⺈str2㹣
戒扣⥭false㢾⥯“java”扨₹ⷦ䶵⦷㓶嫛StringBuilder.toString᧤᧥⃚ⓜめ兞⒉䘿扖᧨ⷦ䶵
デ摞㻯₼め兞㦘⸒䤓ㆤ䞷ℕ᧨ₜ䶵⚗“氥㶰⒉䘿”䤓☮⒨᧨力“帰並㧉懾ↅ”扨₹ⷦ䶵⒨㢾氥
㶰⒉䘿䤓᧨⥯㷳扣⥭trueᇭ

㡈㽤◉䞷ℝⷧ㟍Class䤓䦇␂≰㋾᧨Ⱁ伊⚜ᇬ幎桽≽毿䶵ᇬデ摞㻯ᇬⷦ㹄㙞承ᇬ㡈㽤㙞承
䷘ᇭ⺈ℝ扨K◉⩮䤓㿚幤᧨⪉㦻䤓㊬恾㢾扟嫛㢅ℶ䞮⮶摞䤓伊♊⫺䅰㡈㽤◉᧨䦃Ⓙ䄱⒉ᇭ夌
䏅䦃㘴∎䞷Java SE API⃮♾ⅴ┷㊐ℶ䞮伊᧤Ⱁ♜⺓㢅䤓GeneratedConstructorAccessor✛┷㊐
ⅲ䚕䷘᧥᧨⇕⦷㦻㶰⸭洛₼㝜⇫怆㧴㹣戒煊䍵ᇭ⦷ⅲ䪐䂔◤2-8₼᧨䶣劔⊮┸CGLib[1]䦃㘴㝜
⇫ⷦ唑䪐扟嫛㢅䞮㒟ℕ⮶摞䤓┷㊐伊ᇭ

⋋㈦䔈Ⓔ㽷㎞䤓㢾᧨㒠ⅻ⦷扨₹√₼㲰㕮䤓⧉㣾ㄅ槭儾佈㢾₹⸭洛᧨扨㫆䤓ㄣ䞷兞
デ↩⒉䘿⦷⸭棔ㄣ䞷₼᧶㇢ⓜ䤓㈗⮩㿐㫕㩅᧨ⰑSpringᇬHibernate᧨⦷⺈伊扪嫛⬭㇉㢅᧨
掌↩∎䞷ⒿCGLib扨伊ⷦ唑䪐㔏㦾᧨⬭㇉䤓伊怙⮩᧨⻀榏尐怙⮶䤓㡈㽤◉㧴≬幐┷㊐䞮㒟䤓
Class♾ⅴ┯戌⏴␔ⷧᇭ♵⮥᧨JVMₙ䤓┷㊐幼岏᧤√ⰑGroovy䷘᧥抩デ掌↩㖐兼⒪ㆉ伊㧴⸭
䘿幼岏䤓┷㊐㊶᧨椞䧏扨伊幼岏䤓㿐嫛᧨⃮怙㧴怙⹈㢢拖Ⓙⅲ䪐䂔◤2-8䦇⇋䤓䄱⒉⧉
㣾ᇭ

ⅲ䪐䂔◤2-8ᇫ⊮┸CGLib∎㡈㽤◉⒉䘿␔ⷧ䄱⒉㆑デ

/**
*VM Args᧶-XX᧶PermSize=10M-XX᧶MaxPermSize=10M
*@author zzm
*/
public class JavaMethodAreaOOM{
public static void main᧤String[]args᧥{
while᧤true᧥{
Enhancer enhancer=new Enhancer᧤᧥᧷
enhancer.setSuperclass᧤OOMObject.class᧥᧷
enhancer.setUseCache᧤false᧥᧷
enhancer.setCallback᧤new MethodInterceptor᧤᧥{
public Object intercept᧤Object obj,Method method,Object[]args,MethodProxy proxy᧥throws Throwable{
return proxy.invokeSuper᧤obj,args᧥᧷
}
}᧥᧷
enhancer.create᧤᧥᧷
}
}
static class OOMObject{
}
}

扟嫛兢㨫᧶

Caused by᧶java.lang.OutOfMemoryError᧶PermGen space
at java.lang.ClassLoader.defineClass1᧤Native Method᧥
at java.lang.ClassLoader.defineClassCond᧤ClassLoader.java᧶632᧥
at java.lang.ClassLoader.defineClass᧤ClassLoader.java᧶616᧥
……8 more

㡈㽤◉䄱⒉⃮㢾䱜デ屐䤓␔ⷧ䄱⒉㆑デ᧨₹伊尐嬺⨒⧍㟅楕⣷⥭㟅㘘᧨⒳⸩㧰ↅ㢾
㹣戒啪Ⓤ䤓ᇭ⦷兞デ┷㊐䞮㒟⮶摞Class䤓ㄣ䞷₼᧨榏尐䔈Ⓔ㽷㎞伊䤓⥭㟅䕅⑄ᇭ扨伊⧉㣾棳
ℕₙ槱㙟Ⓙ䤓䲚ㄞ∎䞷ℕCGLibⷦ唑䪐⬭㇉✛┷㊐幼岏⃚⮥᧨デ屐䤓执㦘᧶⮶摞JSP㒥┷㊐ℶ
䞮JSP㠖ↅ䤓ㄣ䞷᧤JSP䶻㶰扟嫛㢅榏尐冥幠Java伊᧥ᇬ⪉ℝOSGi䤓ㄣ䞷᧤☂∎㢾⚛₹
伊㠖ↅ᧨嬺ₜ⚛䤓┯戌⣷┯戌⃮↩展ₜ⚛䤓伊᧥䷘ᇭ

[1]CGLib䄟欈䥽᧶http://cglib.sourceforge.net/ᇭ



2.4.4ᇫ㦻㧉䦃㘴␔ⷧ䄱⒉

DirectMemory⹈摞♾抩扖-XX᧶MaxDirectMemorySize㖖⸩᧨Ⱁ㨫ₜ㖖⸩᧨⒨照帳Java
⪕㦏⮶⋋᧤-Xmx㖖⸩᧥㫆᧨ⅲ䪐䂔◤2-9怙扖ℕDirectByteBuffer伊᧨䦃㘴抩扖♜⺓噆♥
Unsafe⸭√扪嫛␔ⷧ⒕揜᧤Unsafe伊䤓getUnsafe᧤᧥㡈㽤棟Ⓟℕ♹㦘ㆤ⺋伊┯戌⣷㓜↩扣⥭
⸭√᧨⃮⻀㢾幍帰劔゛㦪♹㦘rt.jar₼䤓伊㓜厌∎䞷Unsafe䤓┮厌᧥ᇭ⥯᧨夌䏅∎䞷
DirectByteBuffer⒕揜␔⃮ⷧ↩㔪⒉␔ⷧ䄱⒉㆑デ᧨⇕⸒㔪⒉㆑デ㢅ㄅ㼰㦘䦮㷲⚠㝜⇫侊兮䟂
庆⒕揜␔ⷧ᧨力㢾抩扖帰並㈦䩴␔ⷧ㡯㽤⒕揜᧨ℝ㢾㓚┷㔪⒉㆑デ᧨䦮㷲䟂庆⒕揜␔ⷧ䤓㡈
㽤㢾unsafe.allocateMemory᧤᧥ᇭ

ⅲ䪐䂔◤2-9ᇫ∎䞷unsafe⒕揜㦻㧉␔ⷧ

/**
*VM Args᧶-Xmx20M-XX᧶MaxDirectMemorySize=10M
*@author zzm
*/
public class DirectMemoryOOM{
private static final int_1MB=1024*1024᧷
public static void main᧤String[]args᧥throws Exception{
Field unsafeField=Unsafe.class.getDeclaredFields᧤᧥[0]᧷
unsafeField.setAccessible᧤true᧥᧷
Unsafe unsafe=᧤Unsafe᧥unsafeField.get᧤null᧥᧷
while᧤true᧥{
unsafe.allocateMemory᧤_1MB᧥᧷
}
}
}

扟嫛兢㨫᧶

Exception in thread"main"java.lang.OutOfMemoryError
at sun.misc.Unsafe.allocateMemory᧤Native Method᧥
at org.fenixsoft.oom.DMOOM.main᧤DMOOM.java᧶20᧥

䟀DirectMemory⺋咃䤓␔ⷧ䄱⒉᧨₹㢝㣍䤓䔈㈐㢾⦷Heap Dump㠖ↅ₼ₜ↩䦚屐㢝㣍
䤓㆑デ᧨Ⱁ㨫床劔♠䘿OOM⃚⚝Dump㠖ↅ㈗⺞᧨力䲚ㄞ₼♗䦃㘴㒥梃㘴∎䞷ℕNIO᧨挲⻀
♾ⅴ劒壠㭏㩴ₚ㢾ₜ㢾扨㡈槱䤓☮⥯ᇭ



2.5ᇫ㦻䵯⺞兢
抩扖㦻䵯䤓⃯ⷵ᧨㒠ⅻ㢝䤌ℕ壩㕮㧉₼䤓␔ⷧ㢾Ⱁ⇤⒡⒕䤓᧨❹捷⒕◉⩮ᇬ⅏⃗㫆䤓ⅲ

䪐✛㝜⇫♾厌⺋咃␔ⷧ䄱⒉㆑デᇭ夌䏅Java㦘⨒⧍㟅楕㧉Ⓟ᧨⇕␔ⷧ䄱⒉㆑デ䱊㒠ⅻ⅜䏅ㄅ
ₜ拴扫᧨㦻䵯♹㢾幁屲ℕ⚓₹◉⩮⒉䘿␔ⷧ䄱⒉㆑デ䤓☮⥯᧨䶻3䵯⺕幵兕幁屲Java⨒⧍㟅
楕㧉Ⓟℕ挎⏜␔ⷧ䄱⒉㆑デ䤓⒉䘿掌⋩ℕ❹K┹┪ᇭ



䶻3䵯ᇫ⨒⧍㟅楕⣷␔ⷧ⒕揜䷥䟴
JavaC++⃚梃㦘⫄䟀␔ⷧ┷㊐⒕揜✛⨒⧍㟅楕㔏㦾㓏⦃㒟䤓“浧⬨”᧨⬨⮥槱䤓ⅉ㎂

扪♊᧨⬨摛槱䤓ⅉ☃㎂⒉㧴ᇭ

3.1ᇫ㰑承
広怆⨒⧍㟅楕᧤Garbage Collection,GC᧥᧨⮶捷⒕ⅉ掌㔙扨欈㔏㦾㇢⋩Java幼岏䤓⇃䞮ℶ

䓸ᇭℚ⸭ₙ᧨GC䤓☕⚁㹣Java⃔扫᧨1960幭䞮ℝMIT䤓Lisp㢾䶻桷䦮㷲∎䞷␔ⷧ┷㊐⒕
揜✛⨒⧍㟅楕㔏㦾䤓幼岏ᇭ㇢Lisp执⦷卩卝㢅㦮㢅᧨ⅉⅻ⻀⦷㊬劒GC榏尐⸛㒟䤓3ↅℚ㍔᧶

❹K␔ⷧ榏尐⥭㟅᧻

⅏⃗㢅⊨⥭㟅᧻

Ⱁ⇤⥭㟅᧻

兞扖◙₹⮩₥儹䤓♠⻤᧨䥽ⓜ␔ⷧ䤓┷㊐⒕揜␔ⷧ⥭㟅㔏㦾め兞䦇㇢㒟䐮᧨⒖䦚怆
㧴掌扪⏴ℕ“呹┷▥”㢅ⅲ᧨挲⅏⃗㒠ⅻ执尐♊ℕ屲GC✛␔ⷧ⒕揜⛱᧻䷣㫗㈗丏◤᧶㇢榏
尐㘡㩴⚓䱜␔ⷧ䄱⒉ᇬ␔ⷧ㽓䆞桽欧㢅᧨㇢⨒⧍㟅楕㒟侊兮才Ⓙ㦃浧ㄅ♠摞䤓䞅欗㢅᧨㒠
ⅻ⻀榏尐⺈扨K“呹┷▥”䤓㔏㦾⸭㡌㉔尐䤓䥠㘶✛庒唑ᇭ

㔙㢅梃⅝◙₹⮩₥儹ⅴⓜ㕷⥭Ⓙ䘿⦷᧨⥭Ⓙ㒠ⅻ䐮㌘䤓Java幼岏ᇭ䶻2䵯⅚兜ℕJava␔ⷧ
扟嫛㢅◉⩮䤓⚓₹捷⒕᧨␅₼䲚ㄞ帰㟿⣷ᇬ壩㕮㧉㪗ᇬ㦻⦿㡈㽤㪗3₹◉⩮椞兎䲚力䞮᧨椞
兎䲚力䋼᧷㪗₼䤓㪗ザ椞䧏㡈㽤䤓扪⏴✛抏⒉力㦘㧰ₜ侙⦿㓶嫛䧏⒉㪗✛⏴㪗㝜⇫ᇭ㹞₹
㪗ザ₼⒕揜⮩⺠␔ⷧ⪉㦻ₙ㢾⦷伊兢㨓䫽⸩ₚ㧴㢅⻀め䩴䤓᧤⻌丰⦷扟嫛㦮↩䟀JIT冥幠⣷
扪嫛K↧▥᧨⇕⦷㦻䵯⪉ℝ㰑㊄㲰⨚䤓帷幉₼᧨⮶⇢ₙ♾ⅴ帳㢾冥幠㦮♾䩴䤓᧥᧨⥯㷳
扨⑯₹◉⩮䤓␔ⷧ⒕揜✛⥭㟅掌␆䫽⸩㊶᧨⦷扨⑯₹◉⩮␔⻀ₜ榏尐扖⮩劒壠⥭㟅䤓桽
欧᧨⥯㡈㽤兢㧮㒥劔兎䲚兢㧮㢅᧨␔ⷧ呹䏅⻀恮椞䧏⥭㟅ℕᇭ力Java⪕✛㡈㽤◉⒨ₜ
㫆᧨₹㘴♲₼䤓⮩₹⸭䘿伊榏尐䤓␔ⷧ♾厌ₜ㫆᧨₹㡈㽤₼䤓⮩₹⒕㞾榏尐䤓␔⃮ⷧ
♾厌ₜ㫆᧨㒠ⅻ♹㦘⦷䲚ㄞ⮓ℝ扟嫛㦮梃㢅㓜厌䩴拢↩⒪ㆉ❹K⺈廰᧨扨捷⒕␔ⷧ䤓⒕揜
✛⥭㟅掌㢾┷㊐䤓᧨⨒⧍㟅楕⣷㓏␂㽷䤓㢾扨捷⒕␔ⷧ᧨㦻䵯⚝兼帷幉₼䤓“␔ⷧ”⒕揜⥭
㟅⃮⅔㖖扨捷⒕␔ⷧᇭ



3.2ᇫ⺈廰め㸊⚦
⦷⪕摛槱ⷧ㟍䧏Java₥䟛₼⑯⃝㓏㦘䤓⺈廰⸭√᧨⨒⧍㟅楕⣷⦷⺈⪕扪嫛⥭㟅ⓜ᧨䶻

ↅℚ㍔⻀㢾尐䫽⸩扨K⺈廰⃚₼❹K执“ⷧ㿊”䧏᧨❹Kめ兞“㸊♊”᧤☂ₜ♾厌␜嬺↊⇤抣㈓
∎䞷䤓⺈廰᧥ᇭ

3.2.1ᇫㆤ䞷帰㟿並㽤

㈗⮩㟨䱠⒳㠼⺈廰㢾⚵ⷧ㿊䤓並㽤㢾扨㫆䤓᧶全⺈廰₼䂊┯₹ㆤ䞷帰㟿⣷᧨㹞㇢㦘
₹⦿㡈ㆤ䞷⸒㢅᧨帰㟿⣷⋋⻀┯1᧷㇢ㆤ䞷⯀㟗㢅᧨帰㟿⣷⋋⻀1᧷↊⇤㢅Ⓤ帰㟿⣷0
䤓⺈廰⻀㢾ₜ♾厌␜嬺∎䞷䤓ᇭ⇫劔槱幤扖㈗⮩䤓ㄣ⻙䞮✛K㦘⮩ぴ⇫兞洛䤓♠ⅉ
⛧᧨Ⅵⅻ⺈ℝ扨₹桽欧全℗䤓掌㢾扨₹䷣㫗ᇭ

⸱屑⦿広᧨ㆤ䞷帰㟿並㽤᧤Reference Counting᧥䤓⸭䘿丏◤᧨⒳⸩㟗䘖⃮㈗浧᧨⦷⮶捷
⒕㍔⑄ₚ⸒掌㢾₹ₜ枨䤓並㽤᧨⃮㦘K㹣戒囦⚜䤓ㄣ䞷㫗√᧨√Ⱁ㈽懾⏻⚇䤓
COM᧤Component Object Model᧥㔏㦾ᇬ∎䞷ActionScript 3䤓FlashPlayerᇬPython幼岏✛⦷䃇
㒞厩㦻欕⩮嬺ㄎ㽪ㄣ䞷䤓Squirrel₼掌∎䞷ℕㆤ䞷帰㟿並㽤扪嫛␔ⷧ丰䚕ᇭ⇕㢾᧨咂⺠㿐
䤓Java壩㕮㧉摛槱㼰㦘折䞷ㆤ䞷帰㟿並㽤㧴丰䚕␔ⷧ᧨␅₼㦏尐䤓☮⥯㢾⸒㈗楍屲⑂⺈廰
⃚梃䦇℡㈹䘾ㆤ䞷䤓桽欧ᇭ

₹丏◤䤓√᧨庆䦚ⅲ䪐䂔◤3-1₼䤓testGC᧤᧥㡈㽤᧶⺈廰objA✛objB掌㦘ⷦ㹄
instance᧨忚⋋ⅳobjA.instance=objB♙objB.instance=objA᧨棳㷳⃚⮥᧨扨₳₹⺈廰␜㡯↊⇤ㆤ
䞷᧨⸭棔ₙ扨₳₹⺈廰め兞ₜ♾厌␜嬺幎桽᧨⇕㢾⸒ⅻ⥯℡䦇ㆤ䞷䧏⺈㡈᧨⺋咃⸒ⅻ䤓ㆤ
䞷帰㟿掌ₜ0᧨ℝ㢾ㆤ䞷帰㟿並㽤㡯㽤抩䩴GC㟅楕⣷⥭㟅⸒ⅻᇭ

ⅲ䪐䂔◤3-1ᇫㆤ䞷帰㟿並㽤䤓凉椆

/**
*testGC᧤᧥㡈㽤㓶嫛⚝᧨objA✛objB↩ₜ↩嬺GC⛱᧻
*@author zzm
*/
public class ReferenceCountingGC{
public Object instance=null᧷
private static final int_1MB=1024*1024᧷
/**
*扨₹㒟⛧⻭㊶䤓➾㎞⃘⻀㢾◯䍈␔ⷧ᧨ⅴ≎厌⦷GC㡴㉦₼䦚䂔㯩㢾⚵嬺⥭㟅扖
*/
private byte[]bigSize=new byte[2*_1MB]᧷
public static void testGC᧤᧥{
ReferenceCountingGC objA=new ReferenceCountingGC᧤᧥᧷
ReferenceCountingGC objB=new ReferenceCountingGC᧤᧥᧷
objA.instance=objB᧷
objB.instance=objA᧷
objA=null᧷
objB=null᧷
//⋖幍⦷扨嫛♠䞮GC,objA✛objB㢾⚵厌嬺⥭㟅᧻
System.gc᧤᧥᧷
}
}

扟嫛兢㨫᧶

[F u l l G C᧤S y s t e m᧥[T e n u r e d᧶0 K-᧺2 1 0 K᧤1 0 2 4 0 K᧥᧨0.0 1 4 9 1 4 2 s e c s]4603K-᧺210K᧤19456K᧥᧨[Perm᧶2999K-᧺
2999K᧤21248K᧥]᧨0.0150007 secs][Times᧶user=0.01 sys=0.00᧨real=0.02 secs]

Heap
def new generation total 9216K,used 82K[0x00000000055e0000᧨0x0000000005fe0000᧨0x0000000005fe0000᧥
Eden space 8192K᧨1%used[0x00000000055e0000᧨0x00000000055f4850᧨0x0000000005de0000᧥
from space 1024K᧨0%used[0x0000000005de0000᧨0x0000000005de0000᧨0x0000000005ee0000᧥
to space 1024K᧨0%used[0x0000000005ee0000᧨0x0000000005ee0000᧨0x0000000005fe0000᧥
tenured generation total 10240K,used 210K[0x0000000005fe0000᧨0x00000000069e0000᧨0x00000000069e0000᧥
the space 10240K᧨2%used[0x0000000005fe0000᧨0x0000000006014a18᧨0x0000000006014c00᧨0x00000000069e0000᧥
compacting perm gen total 21248K,used 3016K[0x00000000069e0000᧨0x0000000007ea0000᧨0x000000000bde0000᧥
the space 21248K᧨14%used[0x00000000069e0000᧨0x0000000006cd2398᧨0x0000000006cd2400᧨0x0000000007ea0000᧥
No shared spaces configured.



⅝扟嫛兢㨫₼♾ⅴ䂔㯩䦚Ⓙ᧨GC㡴㉦₼▔⚺“4603K-᧺210K”᧨㎞✂䧏壩㕮㧉ㄅ㼰㦘⥯
扨₳₹⺈廰℡䦇ㆤ䞷⻀ₜ⥭㟅⸒ⅻ᧨扨⃮⅝∶槱広㢝壩㕮㧉ㄅₜ㢾抩扖ㆤ䞷帰㟿並㽤㧴⒳
㠼⺈廰㢾⚵ⷧ㿊䤓ᇭ



3.2.2ᇫ♾才㊶⒕㨟並㽤

⦷㿐䤓⟕䞷䲚ㄞ幼岏᧤JavaᇬC#᧨䞩咂▔㕻ⓜ槱㙟Ⓙ䤓♳劐䤓Lisp᧥䤓㿐⸭䘿₼᧨
掌㢾䱿抩扖♾才㊶⒕㨟᧤Reachability Analysis᧥㧴⒳⸩⺈廰㢾⚵ⷧ㿊䤓ᇭ扨₹並㽤䤓⪉㦻㊬
恾⻀㢾抩扖侊⒦䤓䱿“GC Roots”䤓⺈廰⇫怆ⱚ䍈᧨⅝扨K唑䍈ⱚ⚠ₚ㚫侱᧨㚫侱㓏
忿扖䤓恾㈓䱿ㆤ䞷枍᧤Reference Chain᧥᧨㇢₹⺈廰ⒿGC Roots㼰㦘↊⇤ㆤ䞷枍䦇扭
᧤䞷⦍幉䤓幬㧴広᧨⻀㢾⅝GC RootsⒿ扨₹⺈廰ₜ♾才᧥㢅᧨⒨幐㢝㷳⺈廰㢾ₜ♾䞷䤓ᇭⰑ
⦍3-1㓏䯉᧨⺈廰object 5ᇬobject 6ᇬobject 7夌䏅℡䦇㦘␂勣᧨⇕㢾⸒ⅻⒿGC Roots㢾ₜ♾才
䤓᧨㓏ⅴ⸒ⅻ⺕↩嬺⒳⸩㢾♾⥭㟅䤓⺈廰ᇭ

⦍ᇫ3-1ᇫ♾才㊶⒕㨟並㽤⒳⸩⺈廰㢾⚵♾⥭㟅

⦷Java幼岏₼᧨♾⇫GC Roots䤓⺈廰▔㕻ₚ槱⑯䱜᧶

壩㕮㧉㪗᧤㪗ザ₼䤓㦻⦿♧摞嫷᧥₼ㆤ䞷䤓⺈廰ᇭ

㡈㽤◉₼伊槨㊐⻭㊶ㆤ䞷䤓⺈廰ᇭ

㡈㽤◉₼デ摞ㆤ䞷䤓⺈廰ᇭ

㦻⦿㡈㽤㪗₼JNI᧤☂咻広䤓Native㡈㽤᧥ㆤ䞷䤓⺈廰ᇭ



3.2.3ᇫ␜店ㆤ䞷

㡯幉㢾抩扖ㆤ䞷帰㟿並㽤⒳㠼⺈廰䤓ㆤ䞷㟿摞᧨执㢾抩扖♾才㊶⒕㨟並㽤⒳㠼⺈廰䤓ㆤ
䞷枍㢾⚵♾才᧨⒳⸩⺈廰㢾⚵ⷧ㿊掌“ㆤ䞷”㦘␂ᇭ⦷JDK 1.2ⅴⓜ᧨Java₼䤓ㆤ䞷䤓⸩⃘㈗
↯兮᧶Ⱁ㨫reference伊⨚䤓㟿㗽₼ⷧ⌷䤓㟿⋋ⅲ嫷䤓㢾♵⮥⧦␔ⷧ䤓怆ⱚ⦿⧏᧨⻀䱿扨⧦
␔ⷧⅲ嫷䧏₹ㆤ䞷ᇭ扨䱜⸩⃘㈗儾佈᧨⇕㢾⮹扖䕼椧᧨₹⺈廰⦷扨䱜⸩⃘ₚ♹㦘嬺ㆤ䞷
㒥劔㼰㦘嬺ㆤ䞷₳䱜䕅㊐᧨⺈ℝⰑ⇤㙞承K“歮⃚㡯✂᧨㆒⃚♾㍫”䤓⺈廰⻀㣍㈦㡯厌
┪ᇭ㒠ⅻ゛㦪厌㙞承扨㫆伊⺈廰᧶㇢␔ⷧ䴉梃执恂⮮㢅᧨⒨厌≬䟨⦷␔⃚ⷧ₼᧷Ⱁ㨫␔ⷧ
䴉梃⦷扪嫛⨒⧍㟅楕⚝执㢾槭デ侶ㆯ᧨⒨♾ⅴ㔪㆒扨K⺈廰ᇭ㈗⮩侊兮䤓冢ⷧ┮厌掌䶵⚗扨
㫆䤓ㄣ䞷⧉㣾ᇭ

⦷JDK 1.2⃚⚝᧨Java⺈ㆤ䞷䤓㰑㊄扪嫛ℕ㓸⏔᧨⺕ㆤ䞷⒕㇉ㆤ䞷᧤Strong
Reference᧥ᇬ懾ㆤ䞷᧤Soft Reference᧥ᇬ㇀ㆤ䞷᧤Weak Reference᧥ᇬ壩ㆤ䞷᧤Phantom
Reference᧥4䱜᧨扨4䱜ㆤ䞷㇉ㄵ∬㶰抟䂟㇀ᇭ

㇉ㆤ䞷⻀㢾㖖⦷䲚ㄞⅲ䪐⃚₼㣽拜ⷧ⦷䤓᧨伊⇋“Object obj=new Object᧤᧥”扨伊䤓ㆤ
䞷᧨♹尐㇉ㆤ䞷执ⷧ⦷᧨⨒⧍㟅楕⣷㻇扫ₜ↩⥭㟅㘘嬺ㆤ䞷䤓⺈廰ᇭ

懾ㆤ䞷㢾䞷㧴㙞承K执㦘䞷⇕ㄅ槭㉔榏䤓⺈廰ᇭ⺈ℝ懾ㆤ䞷␂勣䧏䤓⺈廰᧨⦷侊兮⺕
尐♠䞮␔ⷧ䄱⒉㆑デ⃚ⓜ᧨⺕↩㔙扨K⺈廰⒦扪⥭㟅喒⦃⃚₼扪嫛䶻ℛ㶰⥭㟅ᇭⰑ㨫扨㶰⥭
㟅执㼰㦘恂⮮䤓␔ⷧ᧨㓜↩㔪⒉␔ⷧ䄱⒉㆑デᇭ⦷JDK 1.2⃚⚝᧨㙟∪ℕSoftReference伊㧴⸭
䘿懾ㆤ䞷ᇭ

㇀ㆤ䞷⃮㢾䞷㧴㙞承槭㉔榏⺈廰䤓᧨⇕㢾⸒䤓㇉ㄵ㹣懾ㆤ䞷㦃㇀K᧨嬺㇀ㆤ䞷␂勣䤓
⺈廰♹厌䞮ⷧⒿₚ㶰⨒⧍㟅楕♠䞮⃚ⓜᇭ㇢⨒⧍㟅楕⣷ぴ⇫㢅᧨㡯幉㇢ⓜ␔ⷧ㢾⚵恂⮮᧨
掌↩⥭㟅㘘♹嬺㇀ㆤ䞷␂勣䤓⺈廰ᇭ⦷JDK 1.2⃚⚝᧨㙟∪ℕWeakReference伊㧴⸭䘿㇀ㆤ
䞷ᇭ

壩ㆤ䞷⃮䱿ㄌ䌄ㆤ䞷㒥劔ㄊ㈀ㆤ䞷᧨⸒㢾㦏㇀䤓䱜ㆤ䞷␂侊ᇭ₹⺈廰㢾⚵㦘壩ㆤ
䞷䤓ⷧ⦷᧨⸛⏷ₜ↩⺈␅䞮ⷧ㢅梃㨓㒟㈀❜᧨⃮㡯㽤抩扖壩ㆤ䞷㧴♥㈦₹⺈廰⸭√ᇭ
₹⺈廰幍函壩ㆤ䞷␂勣䤓➾䥽䤓⻀㢾厌⦷扨₹⺈廰嬺㟅楕⣷⥭㟅㢅㟅Ⓙ₹侊兮抩䩴ᇭ⦷
JDK 1.2⃚⚝᧨㙟∪ℕPhantomReference伊㧴⸭䘿壩ㆤ䞷ᇭ



3.2.4ᇫ䞮ⷧ执㢾㸊ℰ

☂∎⦷♾才㊶⒕㨟並㽤₼ₜ♾才䤓⺈廰᧨⃮ㄅ槭㢾“槭㸊ₜ♾”䤓᧨扨㢅⊨⸒ⅻ㤑㢅⮓
ℝ“冢⒠”棅㹄᧨尐䦮㷲⸲⛙₹⺈廰㸊ℰ᧨咂⺠尐兞☕₳㶰㪖帿扖䲚᧶Ⱁ㨫⺈廰⦷扪嫛♾才
㊶⒕㨟⚝♠䘿㼰㦘GC Roots䦇扭㘴䤓ㆤ䞷枍᧨挲⸒⺕↩嬺䶻㶰㪖帿ㄅ₣扪嫛㶰䷪折᧨
䷪折䤓㧰ↅ㢾㷳⺈廰㢾⚵㦘㉔尐㓶嫛finalize᧤᧥㡈㽤ᇭ㇢⺈廰㼰㦘尕䥥finalize᧤᧥㡈㽤᧨㒥
劔finalize᧤᧥㡈㽤め兞嬺壩㕮㧉庒䞷扖᧨壩㕮㧉⺕扨₳䱜㍔⑄掌展“㼰㦘㉔尐㓶嫛”ᇭ

Ⱁ㨫扨₹⺈廰嬺⒳⸩㦘㉔尐㓶嫛finalize᧤᧥㡈㽤᧨挲⃗扨₹⺈廰⺕↩㟍函⦷₹♺⋩
F-Queue䤓梮⒦⃚₼᧨ㄅ⦷䲜⚝䟀₹䟀壩㕮㧉呹┷ㆉ䵚䤓ᇬ⇝↧⏗儶䤓Finalizer兎䲚♊㓶嫛
⸒ᇭ扨摛㓏庢䤓“㓶嫛”㢾㖖壩㕮㧉↩屵♠扨₹㡈㽤᧨⇕ㄅₜ㔎庉↩䷘㈔⸒扟嫛兢㧮᧨扨㫆⋩
䤓☮⥯㢾᧨Ⱁ㨫₹⺈廰⦷finalize᧤᧥㡈㽤₼㓶嫛冢㏱᧨㒥劔♠䞮ℕ㸊㈹䘾᧤㦃㨐䵾䤓㍔
⑄᧥᧨⺕㈗♾厌↩⺋咃F-Queue梮⒦₼␅Ⅵ⺈廰㻇⃔⮓ℝ䷘㈔᧨䞩咂⺋咃㠃₹␔ⷧ⥭㟅侊兮
⾸䄒ᇭfinalize᧤᧥㡈㽤㢾⺈廰抒叀㸊ℰ✌扟䤓㦏⚝㶰㧉↩᧨䲜⚝GC⺕⺈F-Queue₼䤓⺈廰
扪嫛䶻ℛ㶰⺞屓㲰䤓㪖帿᧨Ⱁ㨫⺈廰尐⦷finalize᧤᧥₼㒟┮㕾㟠呹む——♹尐摜㠿ㆤ䞷枍
ₙ䤓↊⇤₹⺈廰ㆉ䵚␂勣☂♾᧨巻Ⱁ㔙呹む᧤this␂枽ⷦ᧥忚⋋全㩟₹伊♧摞㒥劔⺈廰䤓
㒟⛧♧摞᧨挲⦷䶻ℛ㶰㪖帿㢅⸒⺕嬺䲊棳⒉“☂⺕⥭㟅”䤓楕⚗᧷Ⱁ㨫⺈廰扨㢅⊨执㼰㦘抒
叀᧨挲⪉㦻ₙ⸒⻀䦮䤓嬺⥭㟅ℕᇭ⅝ⅲ䪐䂔◤3-2₼㒠ⅻ♾ⅴ䦚Ⓙ₹⺈廰䤓finalize᧤᧥嬺
㓶嫛᧨⇕㢾⸒⅜䏅♾ⅴⷧ㿊ᇭ

ⅲ䪐䂔◤3-2ᇫ㶰⺈廰呹㒠㕾㟠䤓䆣䯉

/**
*㷳ⅲ䪐䆣䯉ℕ₳䍈᧶
*1.⺈廰♾ⅴ⦷嬺GC㢅呹㒠㕾㟠ᇭ
*2.扨䱜呹㟠䤓㧉↩♹㦘㶰᧨⥯₹⺈廰䤓finalize᧤᧥㡈㽤㦏⮩♹↩嬺侊兮呹┷庒䞷㶰
*@author zzm
*/
public class FinalizeEscapeGC{
public static FinalizeEscapeGC SAVE_HOOK=null᧷
public void isAlive᧤᧥{
System.out.println᧤"yes,i am still alive᧶᧥"᧥᧷
}
@Override
protected void finalize᧤᧥throws Throwable{
super.finalize᧤᧥᧷
System.out.println᧤"finalize mehtod executed"᧥᧷
FinalizeEscapeGC.SAVE_HOOK=this᧷
}
public static void main᧤String[]args᧥throws Throwable{
SAVE_HOOK=new FinalizeEscapeGC᧤᧥᧷
//⺈廰䶻㶰㒟┮㕾㟠呹む
SAVE_HOOK=null᧷
System.gc᧤᧥᧷
//⥯finalize㡈㽤↧⏗儶㈗⇝᧨㓏ⅴ㤑⋫0.5䱡ⅴ䷘㈔⸒
Thread.sleep᧤500᧥᧷
if᧤SAVE_HOOK=null᧥{
SAVE_HOOK.isAlive᧤᧥᧷
}else{
System.out.println᧤"no,i am dead᧶᧤"᧥᧷
}
//ₚ槱扨㹄ⅲ䪐ₙ槱䤓⸛⏷䦇⚛᧨⇕㢾扨㶰呹㟠☃⯀徴ℕ
SAVE_HOOK=null᧷
System.gc᧤᧥᧷
//⥯finalize㡈㽤↧⏗儶㈗⇝᧨㓏ⅴ㤑⋫0.5䱡ⅴ䷘㈔⸒
Thread.sleep᧤500᧥᧷
if᧤SAVE_HOOK=null᧥{
SAVE_HOOK.isAlive᧤᧥᧷
}else{
System.out.println᧤"no,i am dead᧶᧤"᧥᧷
}
}
}

扟嫛兢㨫᧶

finalize mehtod executed
yes,i am still alive᧶᧥
no,i am dead᧶᧤

⅝ⅲ䪐䂔◤3-2䤓扟嫛兢㨫♾ⅴ䦚⒉᧨SAVE_HOOK⺈廰䤓finalize᧤᧥㡈㽤䫽⸭嬺GC㟅
楕⣷屵♠扖᧨ㄅ₣⦷嬺㟅楕ⓜ㒟┮抒叀ℕᇭ



♵⮥₹⋋㈦㽷㎞䤓⦿㡈㢾᧨ⅲ䪐₼㦘₳㹄⸛⏷㫆䤓ⅲ䪐䓖㹄᧨㓶嫛兢㨫☃㢾㶰抒
叀㒟┮᧨㶰⯀徴᧨扨㢾⥯↊⇤₹⺈廰䤓finalize᧤᧥㡈㽤掌♹↩嬺侊兮呹┷庒䞷㶰᧨
Ⱁ㨫⺈廰槱ₚ㶰⥭㟅᧨⸒䤓finalize᧤᧥㡈㽤ₜ↩嬺␜㶰㓶嫛᧨⥯㷳䶻ℛ㹄ⅲ䪐䤓呹㟠嫛
┷⯀徴ℕᇭ

榏尐䔈Ⓔ広㢝䤓㢾᧨ₙ槱␂ℝ⺈廰㸊ℰ㢅finalize᧤᧥㡈㽤䤓㙞承♾厌サ㦘㍁㍔䤓唉㦾唁
ㇸ᧨䶣劔ㄅₜ熢╀⮶⹅∎䞷扨䱜㡈㽤㧴㕾㟠⺈廰ᇭ䦇♜᧨䶣劔ㆉ帽⮶⹅⻌摞挎⏜∎䞷⸒᧨⥯
⸒ₜ㢾C/C++₼䤓㨟㨓⒌㟿᧨力㢾Java⒩幭䞮㢅ℕ∎C/C++䲚ㄞ⛧㦃⹈㢢㘴♦⸒㓏⋩⒉䤓
₹ⰴ◞ᇭ⸒䤓扟嫛ⅲↆ浧㢑᧨ₜ䫽⸩㊶⮶᧨㡯㽤≬幐⚓₹⺈廰䤓庒䞷欉ㄞᇭ㦘K㟨㧟₼㙞
承⸒抑⚗⋩“␂桼⮥捷忓䄟”⃚伊䤓ぴ⇫᧨扨⸛⏷㢾⺈扨₹㡈㽤䞷抣䤓䱜呹㒠⸘㏿ᇭ
finalize᧤᧥厌⋩䤓㓏㦘ぴ⇫᧨∎䞷try-finally㒥劔␅Ⅵ㡈㆞掌♾ⅴ⋩㈦㦃Ⰼᇬ㦃♙㢅᧨㓏ⅴ䶣
劔ㆉ帽⮶⹅⸛⏷♾ⅴ㉧㘘Java幼岏₼㦘扨₹㡈㽤䤓ⷧ⦷ᇭ



3.2.5ᇫ⥭㟅㡈㽤◉

㈗⮩ⅉ帳㡈㽤◉᧤㒥劔HotSpot壩㕮㧉₼䤓㻇⃔ⅲ᧥㢾㼰㦘⨒⧍㟅楕䤓᧨Java壩㕮㧉屓
喒₼䫽⸭広扖♾ⅴₜ尐㻑壩㕮㧉⦷㡈㽤◉⸭䘿⨒⧍㟅楕᧨力₣⦷㡈㽤◉₼扪嫛⨒⧍㟅楕
䤓“㊶ↆ㹣”咻㹣戒⇝᧶⦷⪕₼᧨⺳␅㢾⦷㠿䞮ⅲ₼᧨デ屓ㄣ䞷扪嫛㶰⨒⧍㟅楕咻♾ⅴ
⥭㟅70%ᨺ95%䤓䴉梃᧨力㻇⃔ⅲ䤓⨒⧍㟅楕㟗䘖扫⇝ℝ㷳ᇭ

㻇⃔ⅲ䤓⨒⧍㟅楕尐⥭㟅₳捷⒕␔⹈᧶ㄮ㆒デ摞✛㡯䞷䤓伊ᇭ⥭㟅ㄮ㆒デ摞⥭㟅
Java⪕₼䤓⺈廰槭デ伊⇋ᇭⅴデ摞㻯₼ⷦ槱摞䤓⥭㟅√᧨⋖Ⱁ₹ⷦ䶵“abc”め兞扪⏴ℕ
デ摞㻯₼᧨⇕㢾㇢ⓜ侊兮㼰㦘↊⇤₹String⺈廰㢾♺⋩“abc”䤓᧨㗱♴幬広᧨⻀㢾㼰㦘↊⇤
String⺈廰ㆤ䞷デ摞㻯₼䤓“abc”デ摞᧨⃮㼰㦘␅Ⅵ⦿㡈ㆤ䞷ℕ扨₹ⷦ槱摞᧨Ⱁ㨫扨㢅♠䞮␔
ⷧ⥭㟅᧨力₣㉔尐䤓幬᧨扨₹“abc”デ摞⻀↩嬺侊兮䂔䚕⒉デ摞㻯ᇭデ摞㻯₼䤓␅Ⅵ伊᧤㘴
♲᧥ᇬ㡈㽤ᇬⷦ㹄䤓䶵⚆ㆤ䞷⃮㷳伊⇋ᇭ

⒳⸩₹デ摞㢾⚵㢾“ㄮ㆒デ摞”㹣戒丏◤᧨力尐⒳⸩₹伊㢾⚵㢾“㡯䞷䤓伊”䤓㧰ↅ⒨
䦇⺈啪Ⓤ幇⮩ᇭ伊榏尐⚛㢅䅰恂ₚ槱3₹㧰ↅ㓜厌並㢾“㡯䞷䤓伊”᧶

年伊㓏㦘䤓⸭√掌め兞嬺⥭㟅᧨⃮⻀㢾Java⪕₼ₜⷧ⦷年伊䤓↊⇤⸭√ᇭ

┯戌年伊䤓ClassLoaderめ兞嬺⥭㟅ᇭ

年伊⺈ㄣ䤓java.lang.Class⺈廰㼰㦘⦷↊⇤⦿㡈嬺ㆤ䞷᧨㡯㽤⦷↊⇤⦿㡈抩扖♜⺓幎桽年
伊䤓㡈㽤ᇭ

壩㕮㧉♾ⅴ⺈䅰恂ₙ承3₹㧰ↅ䤓㡯䞷伊扪嫛⥭㟅᧨扨摛広䤓⅔⅔㢾“♾ⅴ”᧨力ㄅₜ㢾
✛⺈廰㫆᧨ₜ∎䞷ℕ⻀㉔䏅↩⥭㟅ᇭ㢾⚵⺈伊扪嫛⥭㟅᧨HotSpot壩㕮㧉㙟∪ℕ-Xnoclassgc
♑㟿扪嫛㘶Ⓟ᧨执♾ⅴ∎䞷-verbose᧶classⅴ♙-XX᧶+TraceClassLoadingᇬ-XX᧶
+TraceClassUnLoading㩴䦚伊┯戌✛☇戌≰㋾᧨␅₼-verbose᧶class✛-XX᧶
+TraceClassLoading♾ⅴ⦷Product䓗䤓壩㕮㧉₼∎䞷᧨-XX᧶+TraceClassUnLoading♑㟿榏尐
FastDebug䓗䤓壩㕮㧉㞾㖐ᇭ

⦷⮶摞∎䞷♜⺓ᇬ┷㊐ⅲ䚕ᇬCGLib䷘ByteCode㫕㩅ᇬ┷㊐䞮㒟JSPⅴ♙OSGi扨伊欠僐
呹⸩⃘ClassLoader䤓⧉㣾掌榏尐壩㕮㧉␆伊☇戌䤓┮厌᧨ⅴ≬幐㻇⃔ⅲₜ↩䄱⒉ᇭ



3.3ᇫ⨒⧍㟅楕並㽤
䟀ℝ⨒⧍㟅楕並㽤䤓⸭䘿䀘♙⮶摞䤓䲚ㄞ兕唑᧨力₣⚓₹♿䤓壩㕮㧉㝜⇫␔ⷧ䤓㡈㽤

♗⚓ₜ䦇⚛᧨⥯㷳㦻唑ₜ㓢並扖⮩⦿帷幉並㽤䤓⸭䘿᧨♹㢾⅚兜⑯䱜並㽤䤓㊬㎂♙␅♠⻤扖
䲚ᇭ

3.3.1ᇫ㪖帿-䂔棳並㽤

㦏⪉䫏䤓㟅楕並㽤㢾“㪖帿-䂔棳”᧤Mark-Sweep᧥並㽤᧨Ⱁ⚛⸒䤓⚜ⷦ㫆᧨並㽤⒕
“㪖帿”✛“䂔棳”₳₹棅㹄᧶氥⏗㪖帿⒉㓏㦘榏尐⥭㟅䤓⺈廰᧨⦷㪖帿⸛㒟⚝兮⥭㟅㓏㦘
嬺㪖帿䤓⺈廰᧨⸒䤓㪖帿扖䲚␅⸭⦷ⓜ唑幁承⺈廰㪖帿⒳⸩㢅め兞⅚兜扖ℕᇭ⃚㓏ⅴ広⸒
㢾㦏⪉䫏䤓㟅楕並㽤᧨㢾⥯⚝兼䤓㟅楕並㽤掌㢾⪉ℝ扨䱜㊬恾ㄅ⺈␅ₜ恂扪嫛㟈扪力㈦Ⓙ
䤓ᇭ⸒䤓尐ₜ恂㦘₳₹᧶₹㢾㟗䘖桽欧᧨㪖帿✛䂔棳₳₹扖䲚䤓㟗䘖掌ₜ浧᧷♵₹㢾
䴉梃桽欧᧨㪖帿䂔棳⃚⚝↩ℶ䞮⮶摞ₜ扭兼䤓␔ⷧ䬝䓖᧨䴉梃䬝䓖⮹⮩♾厌↩⺋咃ⅴ⚝⦷䲚
ㄞ扟嫛扖䲚₼榏尐⒕揜戒⮶⺈廰㢅᧨㡯㽤㔍Ⓙ恂⮮䤓扭兼␔ⷧ力ₜ㈦ₜ㙟ⓜ屵♠♵㶰⨒⧍
㟅楕┷⇫ᇭ㪖帿—䂔棳並㽤䤓㓶嫛扖䲚Ⱁ⦍3-2㓏䯉ᇭ

⦍ᇫ3-2ᇫ“㪖帿-䂔棳”並㽤䯉㎞⦍



3.3.2ᇫ⮜Ⓟ並㽤

ℕ屲⑂㟗䘖桽欧᧨䱜䱿“⮜Ⓟ”᧤Copying᧥䤓㟅楕並㽤⒉䘿ℕ᧨⸒⺕♾䞷␔ⷧ㖘⹈
摞⒡⒕⮶⺞䦇䷘䤓₳⧦᧨㹞㶰♹∎䞷␅₼䤓⧦ᇭ㇢扨⧦䤓␔ⷧ䞷⸛ℕ᧨⻀⺕执ⷧ㿊䧏
䤓⺈廰⮜ⓅⒿ♵⮥⧦ₙ槱᧨䏅⚝␜㔙め∎䞷扖䤓␔ⷧ䴉梃㶰䂔䚕㘘ᇭ扨㫆∎㈦㹞㶰掌㢾
⺈㠃₹◙◉扪嫛␔ⷧ⥭㟅᧨␔ⷧ⒕揜㢅⃮⻀ₜ䞷劒壠␔ⷧ䬝䓖䷘⮜㧑㍔⑄᧨♹尐䲊┷⪕欅㖖
朗᧨㖘欉ㄞ⒕揜␔ⷧ☂♾᧨⸭䘿丏◤᧨扟嫛浧㟗ᇭ♹㢾扨䱜並㽤䤓ⅲↆ㢾⺕␔ⷧ冸⺞ℕ☮
㧴䤓◙᧨㦹⏜⮹浧ℕ䍈ᇭ⮜Ⓟ並㽤䤓㓶嫛扖䲚Ⱁ⦍3-3㓏䯉ᇭ

⦍ᇫ3-3ᇫ⮜Ⓟ並㽤䯉㎞⦍

䘿⦷䤓⟕₩壩㕮㧉掌摖䞷扨䱜㟅楕並㽤㧴⥭㟅㠿䞮ⅲ᧨IBM⏻⚇䤓₢桷䪣䴅嫷㢝᧨㠿䞮
ⅲ₼䤓⺈廰98%㢾“㦬䞮⮤㸊”䤓᧨㓏ⅴㄅₜ榏尐㖘䏶1:1䤓㹣√㧴⒡⒕␔ⷧ䴉梃᧨力㢾⺕␔ⷧ
⒕⧦戒⮶䤓Eden䴉梃✛₳⧦戒⺞䤓Survivor䴉梃᧨㹞㶰∎䞷Eden✛␅₼⧦Survivor[1]ᇭ
㇢⥭㟅㢅᧨⺕Eden✛Survivor₼执ⷧ㿊䧏䤓⺈廰㶰㊶⦿⮜ⓅⒿ♵⮥⧦Survivor䴉梃ₙ᧨㦏
⚝䂔䚕㘘Eden✛⒩㓜䞷扖䤓Survivor䴉梃ᇭHotSpot壩㕮㧉照帳Eden✛Survivor䤓⮶⺞㹣√㢾
8:1᧨⃮⻀㢾㹞㶰㠿䞮ⅲ₼♾䞷␔ⷧ䴉梃㠃₹㠿䞮ⅲ⹈摞䤓90%᧤80%+10%᧥᧨♹㦘10%
䤓␔ⷧ↩嬺“㿹忈”ᇭ㇢䏅᧨98%䤓⺈廰♾⥭㟅♹㢾咻⧉㣾ₚ䤓㟿㗽᧨㒠ⅻ㼰㦘┭㽤≬幐㹞
㶰⥭㟅掌♹㦘ₜ⮩ℝ10%䤓⺈廰ⷧ㿊᧨㇢Survivor䴉梃ₜ⮮䞷㢅᧨榏尐∬忥␅Ⅵ␔ⷧ᧤扨摛
㖖劐ⅲ᧥扪嫛⒕揜㕔≬᧤Handle Promotion᧥ᇭ

␔ⷧ䤓⒕揜㕔≬⻀Ⰼ㹣㒠ⅻ♊枅嫛⊮㷍᧨Ⱁ㨫㒠ⅻ≰崘㈗Ⰼ᧨⦷98%䤓㍔⑄ₚ掌厌㖘㢅
⌎执᧨ℝ㢾枅嫛♾厌↩照帳㒠ⅻₚ㶰⃮厌㖘㢅㖘摞⦿⌎执忆㷍᧨♹榏尐㦘₹㕔≬ⅉ厌≬
幐Ⱁ㨫㒠ₜ厌执㷍㢅᧨♾ⅴ⅝Ⅵ䤓徵㓆㓲杀᧨挲枅嫛⻀帳㼰㦘歝棸ℕᇭ␔ⷧ䤓⒕揜㕔≬⃮
㫆᧨Ⱁ㨫♵⮥⧦Survivor䴉梃㼰㦘恂⮮䴉梃ⷧ㟍ₙ㶰㠿䞮ⅲ㟅楕ₚ㧴䤓ⷧ㿊⺈廰㢅᧨
扨K⺈廰⺕䦃㘴抩扖⒕揜㕔≬㧉Ⓟ扪⏴劐ⅲᇭ␂ℝ⺈㠿䞮ⅲ扪嫛⒕揜㕔≬䤓␔⹈᧨⦷㦻䵯



䲜⚝⦷幁屲⨒⧍㟅楕⣷㓶嫛屓⒨㢅执↩␜幵兕幁屲ᇭ

[1]扨摛榏尐広㢝ₚ᧨⦷HotSpot₼䤓扨䱜⒕ⅲ㡈㆞⅝㦏⒬⻀㢾扨䱜を⻏᧨IBM䤓䪣䴅ㄅ
㼰㦘⅏⃗⸭棔勣侊ᇭ㦻⒦IBM䤓䪣䴅♹㢾ℕ広㢝扨䱜⒕ⅲを⻏䤓㎞⃘㓏⦷ᇭ



3.3.3ᇫ㪖帿-㠃䚕並㽤

⮜Ⓟ㟅楕並㽤⦷⺈廰ⷧ㿊䘖戒浧㢅⻀尐扪嫛戒⮩䤓⮜Ⓟ㝜⇫᧨㟗䘖⺕↩♧⇝ᇭ㦃␂枽䤓
㢾᧨Ⱁ㨫ₜ㎂㿹忈50%䤓䴉梃᧨⻀榏尐㦘欬⮥䤓䴉梃扪嫛⒕揜㕔≬᧨ⅴㄣ⺈嬺∎䞷䤓␔ⷧ₼
㓏㦘⺈廰掌100%ⷧ㿊䤓㨐䵾㍔⑄᧨㓏ⅴ⦷劐ⅲ咻ₜ厌䦃㘴折䞷扨䱜並㽤ᇭ

㫈㗽劐ⅲ䤓䔈䍈᧨㦘ⅉ㙟⒉ℕ♵⮥䱜“㪖帿-㠃䚕”᧤Mark-Compact᧥並㽤᧨㪖帿扖䲚
⅜䏅“㪖帿-䂔棳”並㽤㫆᧨⇕⚝兼㷴洳ₜ㢾䦃㘴⺈♾⥭㟅⺈廰扪嫛䂔䚕᧨力㢾常㓏㦘ⷧ
㿊䤓⺈廰掌⚠䵾䲊┷᧨䏅⚝䦃㘴䂔䚕㘘䵾扈䟛ⅴ⮥䤓␔ⷧ᧨“㪖帿-㠃䚕”並㽤䤓䯉㎞⦍Ⱁ
⦍3-4㓏䯉ᇭ

⦍ᇫ3-4ᇫ“㪖帿-㠃䚕”並㽤䯉㎞⦍



3.3.4ᇫ⒕ⅲ㟅楕並㽤

㇢ⓜ⟕₩壩㕮㧉䤓⨒⧍㟅楕掌摖䞷“⒕ⅲ㟅楕”᧤Generational Collection᧥並㽤᧨扨䱜並
㽤ㄅ㼰㦘⅏⃗㠿䤓㊬㎂᧨♹㢾㫈㗽⺈廰ⷧ㿊⛷㦮䤓ₜ⚛⺕␔ⷧ⒡⒕⑯⧦ᇭ咻㢾㔙Java⪕
⒕㠿䞮ⅲ✛劐ⅲ᧨扨㫆⻀♾ⅴ㫈㗽⚓₹ⅲ䤓䔈䍈摖䞷㦏抑㇢䤓㟅楕並㽤ᇭ⦷㠿䞮ⅲ
₼᧨㹞㶰⨒⧍㟅楕㢅掌♠䘿㦘⮶㔈⺈廰㸊♊᧨♹㦘⺠摞ⷧ㿊᧨挲⻀折䞷⮜Ⓟ並㽤᧨♹榏尐Ⅷ
⒉⺠摞ⷧ㿊⺈廰䤓⮜Ⓟ㒟㦻⻀♾ⅴ⸛㒟㟅楕ᇭ力劐ⅲ₼⥯⺈廰ⷧ㿊䘖浧ᇬ㼰㦘欬⮥䴉梃
⺈⸒扪嫛⒕揜㕔≬᧨⻀㉔權∎䞷“㪖帿—䂔䚕”㒥劔“㪖帿—㠃䚕”並㽤㧴扪嫛⥭㟅ᇭ



3.4ᇫHotSpot䤓並㽤⸭䘿
3.2ᇫ唑✛3.3唑⅝䚕幉ₙ⅚兜ℕ⺈廰ⷧ㿊⒳⸩並㽤✛⨒⧍㟅楕並㽤᧨力⦷HotSpot壩㕮㧉

ₙ⸭䘿扨K並㽤㢅᧨㉔權⺈並㽤䤓㓶嫛㟗䘖㦘₴㫋䤓劒摞᧨㓜厌≬幐壩㕮㧉浧㟗扟嫛ᇭ

3.4.1ᇫ㨩㫈唑䍈

⅝♾才㊶⒕㨟₼⅝GC Roots唑䍈㔍ㆤ䞷枍扨₹㝜⇫√᧨♾⇫GC Roots䤓唑䍈尐⦷
⏷⻏㊶䤓ㆤ䞷᧤√Ⱁデ摞㒥伊槨㊐⻭㊶᧥㓶嫛ₙₚ㠖᧤√Ⱁ㪗ザ₼䤓㦻⦿♧摞嫷᧥₼᧨䘿
⦷㈗⮩ㄣ䞷⅔⅔㡈㽤◉⻀㦘㟿䤍⏕᧨Ⱁ㨫尐抟₹㭏㩴扨摛槱䤓ㆤ䞷᧨挲⃗㉔䏅↩䀗劦㈗⮩㢅
梃ᇭ

♵⮥᧨♾才㊶⒕㨟⺈㓶嫛㢅梃䤓㟞㎮执⇢䘿⦷GC⋫欎ₙ᧨⥯扨欈⒕㨟ぴ⇫㉔權⦷
₹厌䫽≬咃㊶䤓㉺䏶₼扪嫛——扨摛“咃㊶”䤓㎞㊬㢾㖖⦷㠃₹⒕㨟㦮梃㠃₹㓶嫛侊兮䦚
怆㧴⻀⍞嬺⑊兢⦷㩟₹㢅梃䍈ₙ᧨ₜ♾ⅴ⒉䘿⒕㨟扖䲚₼⺈廰ㆤ䞷␂侊执⦷ₜ㠼♧▥䤓㍔
⑄᧨年䍈ₜ䅰恂䤓幬⒕㨟兢㨫䫽㊶⻀㡯㽤㈦Ⓙ≬幐ᇭ扨䍈㢾⺋咃GC扪嫛㢅㉔權⋫欎㓏㦘
Java㓶嫛兎䲚᧤Sun⺕扨ↅℚ㍔䱿“Stop The World”᧥䤓␅₼₹摜尐☮⥯᧨☂∎㢾⦷⚆䱿
᧤⑯⃝᧥ₜ↩♠䞮⋫欎䤓CMS㟅楕⣷₼᧨㨩㫈唑䍈㢅⃮㢾㉔權尐⋫欎䤓ᇭ

䟀ℝ䥽ⓜ䤓㿐Java壩㕮㧉∎䞷䤓掌㢾䫽㆞GC᧤扨₹㰑㊄⦷䶻1䵯⅚兜Exact VM⺈
Classic VM䤓㟈扪㢅幁扖᧥᧨㓏ⅴ㇢㓶嫛侊兮⋫欎ₚ㧴⚝᧨ㄅₜ榏尐₹ₜ䆞⦿㭏㩴⸛㓏㦘
㓶嫛ₙₚ㠖✛⏷⻏䤓ㆤ䞷⇜函᧨壩㕮㧉ㄣ㇢㢾㦘┭㽤䦃㘴㈦䩴❹K⦿㡈ⷧ㟍䧏⺈廰ㆤ䞷ᇭ⦷
HotSpot䤓⸭䘿₼᧨㢾∎䞷兓䱿OopMap䤓㟿㗽兢㨓㧴才Ⓙ扨₹䥽䤓䤓᧨⦷伊┯戌⸛㒟䤓
㢅⊨᧨HotSpot⻀㔙⺈廰␔⅏⃗⋞䲊摞ₙ㢾⅏⃗伊⨚䤓㟿㗽帰並⒉㧴᧨⦷JIT冥幠扖䲚₼᧨⃮
↩⦷䔈⸩䤓⇜函帿ₚ㪗✛⹓ⷧ⣷₼❹K⇜函㢾ㆤ䞷ᇭ扨㫆᧨GC⦷㓺㙞㢅⻀♾ⅴ䦃㘴㈦䩴
扨K≰㋾ℕᇭₚ槱䤓ⅲ䪐䂔◤3-3㢾HotSpot Client VM䞮㒟䤓㹄String.hashCode᧤᧥㡈㽤䤓
㦻⦿ⅲ䪐᧨♾ⅴ䦚Ⓙ⦷0x026eb7a9⮓䤓call㖖ⅳ㦘OopMap帿᧨⸒㖖㢝ℕEBX⹓ⷧ⣷✛㪗₼
⋞䲊摞16䤓␔ⷧ◉⩮₼⚓㦘₹㣽抩⺈廰㖖朗᧤Ordinary Object Pointer᧥䤓ㆤ䞷᧨㦘㟗喒
⦃⅝call㖖ⅳⱚ䦃Ⓙ0x026eb730᧤㖖ⅳ㿐䤓怆ⱚ⇜函᧥+142᧤OopMap帿䤓⋞䲊
摞᧥=0x026eb7be᧨☂hlt㖖ⅳ㷱ᇭ

ⅲ䪐䂔◤3-3ᇫString.hashCode᧤᧥㡈㽤冥幠⚝䤓㦻⦿ⅲ䪐

[Verified Entry Point]
0x026eb730᧶mov%eax᧨-0x8000᧤%esp᧥
……
᧷ImplicitNullCheckStub slow case
0x026eb7a9᧶call 0x026e83e0
᧷OopMap{ebx=Oop[16]=Oop off=142}
᧷*caload
᧷-java.lang.String᧶hashCode@48᧤line 1489᧥
᧷{runtime_call}
0x026eb7ae᧶push$0x83c5c18
᧷{external_word}
0x026eb7b3᧶call 0x026eb7b8
0x026eb7b8᧶pusha
0x026eb7b9᧶call 0x0822bec0᧷{runtime_call}
0x026eb7be᧶hlt



3.4.2ᇫ⸘⏷䍈

⦷OopMap䤓◞┸ₚ᧨HotSpot♾ⅴ㉺抮₣䫽⦿⸛㒟GC Roots㨩᧨⇕₹㈗䘿⸭䤓桽
欧椞⃚力㧴᧶♾厌⺋咃ㆤ䞷␂侊♧▥᧨㒥劔広OopMap␔⹈♧▥䤓㖖ⅳ槭デ⮩᧨Ⱁ㨫㹞
㧰㖖ⅳ掌䞮㒟⺈ㄣ䤓OopMap᧨挲⺕↩榏尐⮶摞䤓欬⮥䴉梃᧨扨㫆GC䤓䴉梃㒟㦻⺕↩♧㈦㈗
浧ᇭ

⸭棔ₙ᧨HotSpot⃮䤓䫽㼰㦘㹞㧰㖖ⅳ掌䞮㒟OopMap᧨ⓜ槱め兞㙟Ⓙ᧨♹㢾⦷“䔈⸩䤓
⇜函”帿ℕ扨K≰㋾᧨扨K⇜函䱿⸘⏷䍈᧤Safepoint᧥᧨☂䲚ㄞ㓶嫛㢅ㄅ槭⦷㓏㦘⦿㡈掌
厌⋫欎ₚ㧴ⱚGC᧨♹㦘⦷Ⓙ才⸘⏷䍈㢅㓜厌㤑⋫ᇭSafepoint䤓折⸩㡱ₜ厌⮹⺠ⅴ咃ℝ常
GC䷘㈔㢅梃⮹栎᧨⃮ₜ厌扖ℝ欠僐ⅴ咃ℝ扖⒕⬭⮶扟嫛㢅䤓微嘆ᇭ㓏ⅴ᧨⸘⏷䍈䤓折⸩⪉
㦻ₙ㢾ⅴ䲚ㄞ“㢾⚵␆㦘常䲚ㄞ栎㢅梃㓶嫛䤓䔈㈐”㪖扪嫛折⸩䤓——⥯㹞㧰㖖ⅳ㓶嫛
䤓㢅梃掌槭デ䩼㤑᧨䲚ㄞₜ⮹♾厌⥯㖖ⅳ㿐栎ㄵ⮹栎扨₹☮⥯力扖栎㢅梃扟嫛᧨“栎㢅梃
㓶嫛”䤓㦏㢝㣍䔈㈐⻀㢾㖖ⅳㄞ⒦⮜䞷᧨√Ⱁ㡈㽤庒䞷ᇬ㈹䘾悂懻ᇬ㆑デ悂懻䷘᧨㓏ⅴ␆㦘
扨K┮厌䤓㖖ⅳ㓜↩ℶ䞮Safepointᇭ

⺈ℝSefepoint᧨♵₹榏尐劒壠䤓桽欧㢾Ⱁ⇤⦷GC♠䞮㢅常㓏㦘兎䲚᧤扨摛ₜ▔㕻㓶嫛
JNI庒䞷䤓兎䲚᧥掌“恠”Ⓙ㦏扠䤓⸘⏷䍈ₙ␜⋫欎ₚ㧴ᇭ扨摛㦘₳䱜㡈㫗♾∪折㕸᧶㔱⏗㆞
₼㠼᧤Preemptive Suspension᧥✛┷㆞₼㠼᧤Voluntary Suspension᧥᧨␅₼㔱⏗㆞₼㠼ₜ榏
尐兎䲚䤓㓶嫛ⅲ䪐┷♊揜⚗᧨⦷GC♠䞮㢅᧨氥⏗㔙㓏㦘兎䲚⏷捷₼㠼᧨Ⱁ㨫♠䘿㦘兎䲚
₼㠼䤓⦿㡈ₜ⦷⸘⏷䍈ₙ᧨⻀㋱⮜兎䲚᧨常⸒“恠”Ⓙ⸘⏷䍈ₙᇭ䘿⦷⑯⃝㼰㦘壩㕮㧉⸭䘿摖
䞷㔱⏗㆞₼㠼㧴㤑⋫兎䲚⅝力❜ㄣGCℚↅᇭ

力┷㆞₼㠼䤓㊬㎂㢾㇢GC榏尐₼㠼兎䲚䤓㢅⊨᧨ₜ䦃㘴⺈兎䲚㝜⇫᧨⅔⅔丏◤⦿幍
函₹㪖㉦᧨⚓₹兎䲚㓶嫛㢅┷♊懽幱扨₹㪖㉦᧨♠䘿₼㠼㪖㉦䦮㢅⻀呹む₼㠼㖑怆ᇭ
懽幱㪖㉦䤓⦿㡈✛⸘⏷䍈㢾摜⚗䤓᧨♵⮥␜┯ₙ⒪ㆉ⺈廰榏尐⒕揜␔ⷧ䤓⦿㡈ᇭₚ槱ⅲ䪐䂔
◤3-4₼䤓test㖖ⅳ㢾HotSpot䞮㒟䤓懽幱㖖ⅳ᧨㇢榏尐㤑⋫兎䲚㢅᧨壩㕮㧉㔙0x160100䤓␔ⷧ
欄幍函ₜ♾床᧨兎䲚㓶嫛Ⓙtest㖖ⅳ㢅⻀↩ℶ䞮₹呹椆㆑デ≰⚆᧨⦷欓⏗㽷␛䤓㆑デ⮓
䚕⣷₼㤑⋫兎䲚⸭䘿䷘㈔᧨扨㫆㧰㻖冥㖖ⅳ≎⸛㒟⸘⏷䍈懽幱✛屵♠兎䲚₼㠼ᇭ

ⅲ䪐䂔◤3-4ᇫ懽幱㖖ⅳ

0x01b6d627᧶call 0x01b2b210᧷OopMap{[60]=Oop off=460}
᧷*invokeinterface size
᧷-Client1᧶main@113᧤line 23᧥
᧷{virtual_call}
0x01b6d62c᧶nop
᧷OopMap{[60]=Oop off=461}
᧷*if_icmplt
᧷-Client1᧶main@118᧤line 23᧥
0x01b6d62d᧶test%eax᧨0x160100᧷{poll}
0x01b6d633᧶mov 0x50᧤%esp᧥᧨%esi
0x01b6d637᧶cmp%eax᧨%esi



3.4.3ᇫ⸘⏷◉⩮

∎䞷Safepoint⇋⃝め兞⸛初⦿屲⑂ℕⰑ⇤扪⏴GC䤓桽欧᧨⇕⸭棔㍔⑄☃ㄅₜ⸩ᇭ
Safepoint㧉Ⓟ≬幐ℕ䲚ㄞ㓶嫛㢅᧨⦷ₜ⮹栎䤓㢅梃␔⻀↩拖Ⓙ♾扪⏴GC䤓Safepointᇭ⇕㢾᧨
䲚ㄞ“ₜ㓶嫛”䤓㢅⊨⛱᧻㓏庢䤓䲚ㄞₜ㓶嫛⻀㢾㼰㦘⒕揜CPU㢅梃᧨␇⨚䤓√⻀㢾兎䲚⮓
ℝSleep䕅㊐㒥劔Blocked䕅㊐᧨扨㢅⊨兎䲚㡯㽤❜ㄣJVM䤓₼㠼庆㻑᧨“忿”Ⓙ⸘⏷䤓⦿㡈♊
₼㠼㖑怆᧨JVM⃮㣍䏅ₜ⮹♾厌䷘㈔兎䲚摜㠿嬺⒕揜CPU㢅梃ᇭ⺈ℝ扨䱜㍔⑄᧨⻀榏尐⸘⏷
◉⩮᧤Safe Region᧥㧴屲⑂ᇭ

⸘⏷◉⩮㢾㖖⦷㹄ⅲ䪐䓖㹄⃚₼᧨ㆤ䞷␂侊ₜ↩♠䞮♧▥ᇭ⦷扨₹◉⩮₼䤓↊㎞⦿㡈
ⱚGC掌㢾⸘⏷䤓ᇭ㒠ⅻ⃮♾ⅴ㔙Safe Region䦚⋩㢾嬺㓸⻤ℕ䤓Safepointᇭ

⦷兎䲚㓶嫛ⒿSafe Region₼䤓ⅲ䪐㢅᧨氥⏗㪖幕呹むめ兞扪⏴ℕSafe Region᧨挲㫆᧨㇢
⦷扨㹄㢅梃摛JVM尐♠怆GC㢅᧨⻀ₜ䞷丰㪖幕呹むSafe Region䕅㊐䤓兎䲚ℕᇭ⦷兎䲚尐䱊
Safe Region㢅᧨⸒尐㭏㩴侊兮㢾⚵め兞⸛㒟ℕ㫈唑䍈㨩᧤㒥劔㢾㠃₹GC扖䲚᧥᧨Ⱁ㨫⸛
㒟ℕ᧨挲兎䲚⻀其兼㓶嫛᧨⚵⒨⸒⻀㉔權䷘㈔䦃Ⓙ㟅Ⓙ♾ⅴ⸘⏷䱊Safe Region䤓≰⚆
㷱ᇭ

Ⓙ㷳᧨䶣劔丏尐⦿⅚兜ℕHotSpot壩㕮㧉Ⱁ⇤♊♠怆␔ⷧ⥭㟅䤓桽欧᧨⇕㢾壩㕮㧉Ⱁ⇤
␆⇢⦿扪嫛␔ⷧ⥭㟅┷⇫⅜䏅㦹䀘♙᧨⥯␔ⷧ⥭㟅Ⱁ⇤扪嫛㢾䟀壩㕮㧉㓏摖䞷䤓GC㟅楕
⣷⑂⸩䤓᧨力抩デ壩㕮㧉₼㈏㈏ₜ㷱㦘䱜GC㟅楕⣷ᇭₚ槱其兼㧴䦚HotSpot₼㦘❹KGC㟅
楕⣷ᇭ



3.5ᇫ⨒⧍㟅楕⣷
Ⱁ㨫広㟅楕並㽤㢾␔ⷧ⥭㟅䤓㡈㽤幉᧨挲⃗⨒⧍㟅楕⣷⻀㢾␔ⷧ⥭㟅䤓␆⇢⸭䘿ᇭJava

壩㕮㧉屓喒₼⺈⨒⧍㟅楕⣷ㄣ年Ⱁ⇤⸭䘿ㄅ㼰㦘↊⇤屓⸩᧨⥯㷳ₜ⚛䤓☑⟕ᇬₜ⚛䓗㦻䤓壩
㕮㧉㓏㙟∪䤓⨒⧍㟅楕⣷掌♾厌↩㦘㈗⮶ぽⒺ᧨ㄅ₣咻掌↩㙟∪♑㟿∪䞷㓆㫈㗽呹む䤓ㄣ
䞷䔈䍈✛尐㻑兓⚗⒉⚓₹ⅲ㓏∎䞷䤓㟅楕⣷ᇭ扨摛帷幉䤓㟅楕⣷⪉ℝJDK 1.7 Update 14⃚
⚝䤓HotSpot壩㕮㧉᧤⦷扨₹䓗㦻₼㷲㆞㙟∪ℕ⟕䞷䤓G1㟅楕⣷᧨⃚ⓜG1⅜⮓ℝ⸭洛䕅
㊐᧥᧨扨₹壩㕮㧉▔⚺䤓㓏㦘㟅楕⣷Ⱁ⦍3-5㓏䯉ᇭ

⦍ᇫ3-5ᇫHotSpot壩㕮㧉䤓⨒⧍㟅楕⣷[1]

⦍3-5⻤䯉ℕ7䱜⇫䞷ℝₜ⚛⒕ⅲ䤓㟅楕⣷᧨Ⱁ㨫₳₹㟅楕⣷⃚梃ⷧ⦷扭兎᧨⻀広㢝⸒ⅻ
♾ⅴ㚼揜∎䞷ᇭ壩㕮㧉㓏⮓䤓◉⩮᧨⒨嫷䯉⸒㢾⻭ℝ㠿䞮ⅲ㟅楕⣷执㢾劐ⅲ㟅楕⣷ᇭ㘴ₚ
㧴䶣劔⺕抟⅚兜扨K㟅楕⣷䤓䔈㊶ᇬ⪉㦻☮䚕✛∎䞷⧉㣾᧨ㄅ摜䍈⒕㨟CMS✛G1扨₳㷍
䦇⺈⮜㧑䤓㟅楕⣷᧨ℕ屲⸒ⅻ䤓捷⒕扟⇫兕唑ᇭ

⦷⅚兜扨K㟅楕⣷⚓呹䤓䔈㊶⃚ⓜ᧨㒠ⅻ⏗㧴㢝䫽₹屑䍈᧶夌䏅㒠ⅻ㢾⦷⺈⚓₹㟅楕
⣷扪嫛㹣戒᧨⇕ㄅ槭ℕ㖠折⒉₹㦏Ⰼ䤓㟅楕⣷ᇭ⥯䦃Ⓙ䘿⦷㷱执㼰㦘㦏Ⰼ䤓㟅楕⣷
⒉䘿᧨㦃┯㼰㦘ₖ厌䤓㟅楕⣷᧨㓏ⅴ㒠ⅻ折㕸䤓♹㢾⺈␆⇢ㄣ䞷㦏⚗抑䤓㟅楕⣷ᇭ扨䍈ₜ榏
尐⮩┯屲摙⻀厌幐㢝᧶Ⱁ㨫㦘䱜㟍⃚⥪䀆䤕ᇬ↊⇤⧉㣾ₚ掌抑䞷䤓⸛初㟅楕⣷ⷧ⦷᧨挲
HotSpot壩㕮㧉⻀㼰㉔尐⸭䘿挲⃗⮩ₜ⚛䤓㟅楕⣷ℕᇭ

3.5.1ᇫSerial㟅楕⣷



Serial㟅楕⣷㢾㦏⪉㦻ᇬ♠⻤☕⚁㦏㌯⃔䤓㟅楕⣷᧨㦍兞᧤⦷JDK 1.3.1⃚ⓜ᧥㢾壩㕮㧉
㠿䞮ⅲ㟅楕䤓➾折㕸ᇭ⮶⹅䦚⚜ⷦ⻀↩䩴拢᧨扨₹㟅楕⣷㢾₹◤兎䲚䤓㟅楕⣷᧨⇕⸒
䤓“◤兎䲚”䤓㎞⃘ㄅₜ⅔⅔広㢝⸒♹↩∎䞷₹CPU㒥㧰㟅楕兎䲚♊⸛㒟⨒⧍㟅楕ぴ⇫᧨
㦃摜尐䤓㢾⦷⸒扪嫛⨒⧍㟅楕㢅᧨㉔權㤑⋫␅Ⅵ㓏㦘䤓ぴ⇫兎䲚᧨䦃Ⓙ⸒㟅楕兢㧮ᇭ“Stop
The World”扨₹⚜⃮ⷦ幇⚻怆㧴㈗搆᧨⇕扨欈ぴ⇫⸭棔ₙ㢾䟀壩㕮㧉⦷⚝♿呹┷♠怆✛呹┷
⸛㒟䤓᧨⦷䞷㓆ₜ♾屐䤓㍔⑄ₚ㔙䞷㓆㷲デぴ⇫䤓兎䲚⏷捷⋫㘘᧨扨⺈㈗⮩ㄣ䞷㧴広掌㢾楍
ⅴ㘴♦䤓ᇭ床劔ₜⰷ幤㎂ₚ᧨尐㢾⇯䤓帰並㧉㹞扟嫛₹⺞㢅⻀↩㤑⋫❜ㄣ5⒕朮᧨⇯↩
㦘⅏⃗㫆䤓㉒㍔᧻⦍3-6䯉㎞ℕSerial/Serial Old㟅楕⣷䤓扟嫛扖䲚ᇭ

⦍ᇫ3-6ᇫSerial/Serial Old㟅楕⣷扟嫛䯉㎞⦍

⺈ℝ“Stop The World”サ全䞷㓆䤓ₜ哾⇢洛᧨壩㕮㧉䤓幍帰劔ⅻ嫷䯉⸛⏷䚕屲᧨⇕⃮嫷
䯉槭デⱣ⻗᧶“⇯ⰗⰗ⦷全⇯㓢㓺㓎梃䤓㢅⊨᧨匾⸩⃮↩常⇯劐劐⸭⸭⦿⦷㮔ₙ㒥劔㓎梃
⮥㈔䧏᧨Ⱁ㨫Ⰸ扈㓢㓺᧨⇯扈℀㓣兇⻠᧨扨㓎梃执厌㓢㓺⸛᧻”扨䫽⸭㢾₹⚗㍔⚗䚕
䤓䩪䦍᧨夌䏅⨒⧍㟅楕扨欈ぴ⇫⚻怆㧴✛㓢㓺㓎梃⻭ℝ₹㊶德䤓᧨⇕⸭棔ₙ匾⸩执尐㹣㓢
㓺㓎梃⮜㧑㈦⮩⟙

⅝JDK 1.3ⱚ᧨䦃Ⓙ䘿⦷㦏㠿䤓JDK 1.7᧨HotSpot壩㕮㧉♠⥱梮䀗棳㒥劔⺠ぴ
⇫兎䲚⥯␔ⷧ⥭㟅力⺋咃⋫欎䤓┹┪䦃⦷扪嫛䧏᧨⅝Serial㟅楕⣷ⒿParallel㟅楕⣷᧨␜Ⓙ
Concurrent Mark Sweep᧤CMS᧥⃒咂GC㟅楕⣷䤓㦏ⓜ㽎㒟㨫Garbage First᧤G1᧥㟅楕⣷᧨㒠
ⅻ䦚Ⓙℕ₹₹怙㧴怙↧䱏᧤⃮怙㧴怙⮜㧑᧥䤓㟅楕⣷䤓⒉䘿᧨䞷㓆兎䲚䤓⋫欎㢅梃⦷ₜ㠼
冸䩼᧨⇕㢾⅜䏅㼰㦘┭㽤⸛⏷䀗棳᧤扨摛㤑ₜ▔㕻RTSJ₼䤓㟅楕⣷᧥ᇭ⺊㔍㦃↧䱏䤓⨒⧍㟅
楕⣷䤓ぴ⇫⅜⦷其兼

Ⓙ扨摛᧨䶣劔⇋⃝め兞㔙Serial㟅楕⣷㙞承㒟₹“劐力㡯䞷ᇬ歮⃚㡯✂㆒⃚♾㍫”䤓
炰匚ℕ᧨⇕⸭棔ₙⒿ䘿⦷㷱᧨⸒∬䏅㢾壩㕮㧉扟嫛⦷Client㲰㆞ₚ䤓照帳㠿䞮ⅲ㟅楕⣷ᇭ
⸒⃮㦘䧏↧ℝ␅Ⅵ㟅楕⣷䤓⦿㡈᧶丏◤力浧㟗᧤␅Ⅵ㟅楕⣷䤓◤兎䲚㹣᧥᧨⺈ℝ棟⸩◤₹
CPU䤓䘾⬒㧴広᧨Serial㟅楕⣷䟀ℝ㼰㦘兎䲚ℳ℡䤓枏᧨₢㉒⋩⨒⧍㟅楕呹䏅♾ⅴ噆㈦㦏
浧䤓◤兎䲚㟅楕㟗䘖ᇭ⦷䞷㓆䤓㫛槱ㄣ䞷⧉㣾₼᧨⒕揜全壩㕮㧉丰䚕䤓␔ⷧ咻㧴広ₜ↩㈗
⮶᧨㟅楕⑯◐⏕䞩咂₳䤍⏕䤓㠿䞮ⅲ᧤⅔⅔㢾㠿䞮ⅲ∎䞷䤓␔ⷧ᧨㫛槱ㄣ䞷⪉㦻ₙₜ↩␜
⮶ℕ᧥᧨⋫欎㢅梃⸛⏷♾ⅴ㘶Ⓟ⦷⑯◐㹺䱡㦏⮩䤍⮩㹺䱡ⅴ␔᧨♹尐ₜ㢾欠僐♠䞮᧨扨䍈
⋫欎㢾♾ⅴ㘴♦䤓ᇭ㓏ⅴ᧨Serial㟅楕⣷⺈ℝ扟嫛⦷Client㲰㆞ₚ䤓壩㕮㧉㧴広㢾₹㈗Ⰼ䤓
折㕸ᇭ

[1]⦍䓖㧴䄟᧶http://blogs.sun.com/jonthecollector/entry/our_collectorsᇭ



3.5.2ᇫParNew㟅楕⣷

ParNew㟅楕⣷␅⸭⻀㢾Serial㟅楕⣷䤓⮩兎䲚䓗㦻᧨棳ℕ∎䞷⮩㧰兎䲚扪嫛⨒⧍㟅楕⃚
⮥᧨␅⇨嫛▔㕻Serial㟅楕⣷♾䞷䤓㓏㦘㘶Ⓟ♑㟿᧤√Ⱁ᧶-XX᧶SurvivorRatioᇬ-XX᧶
PretenureSizeThresholdᇬ-XX᧶HandlePromotionFailure䷘᧥ᇬ㟅楕並㽤ᇬStop The Worldᇬ⺈
廰⒕揜屓⒨ᇬ⥭㟅䷥䟴䷘掌Serial㟅楕⣷⸛⏷㫆᧨⦷⸭䘿ₙ᧨扨₳䱜㟅楕⣷⃮␀䞷ℕ䦇
㇢⮩䤓ⅲ䪐ᇭParNew㟅楕⣷䤓ぴ⇫扖䲚Ⱁ⦍3-7㓏䯉ᇭ

⦍ᇫ3-7ᇫParNew/Serial Old㟅楕⣷扟嫛䯉㎞⦍

ParNew㟅楕⣷棳ℕ⮩兎䲚㟅楕⃚⮥᧨␅ⅥSerial㟅楕⣷䦇㹣ㄅ㼰㦘⮹⮩⒪㠿⃚⮓᧨⇕
⸒☃㢾幇⮩扟嫛⦷Server㲰㆞ₚ䤓壩㕮㧉₼氥折䤓㠿䞮ⅲ㟅楕⣷᧨␅₼㦘₹㊶厌㡯␂⇕
㈗摜尐䤓☮⥯㢾᧨棳ℕSerial㟅楕⣷⮥᧨䥽ⓜ♹㦘⸒厌CMS㟅楕⣷揜⚗ぴ⇫ᇭ⦷JDK 1.5㢅
㦮᧨HotSpot㘷⒉ℕ㷍⦷㇉ℳ℡ㄣ䞷₼⑯⃝♾帳㦘⒡㢅ⅲ㎞⃘䤓⨒⧍㟅楕⣷——CMS㟅
楕⣷᧤Concurrent Mark Sweep᧨㦻唑䲜⚝⺕幵兕⅚兜扨㷍㟅楕⣷᧥᧨扨㷍㟅楕⣷㢾HotSpot壩
㕮㧉₼䶻㷍䦮㷲㎞⃘ₙ䤓ㄅ♠᧤Concurrent᧥㟅楕⣷᧨⸒䶻㶰⸭䘿ℕ常⨒⧍㟅楕兎䲚
䞷㓆兎䲚᧤⪉㦻ₙ᧥⚛㢅ぴ⇫᧨䞷ⓜ槱挲₹√䤓幬㧴広᧨⻀㢾⋩Ⓙℕ⦷⇯䤓ⰗⰗ㓢㓺㓎梃
䤓㢅⊨⇯执厌扈㈏⦿ₙ㓣兇⻠ᇭ

ₜㄇ䤓㢾᧨CMS⇫劐ⅲ䤓㟅楕⣷᧨☃㡯㽤JDK 1.4.0₼め兞ⷧ⦷䤓㠿䞮ⅲ㟅楕⣷
Parallel Scavenge揜⚗ぴ⇫[1]᧨㓏ⅴ⦷JDK 1.5₼∎䞷CMS㧴㟅楕劐ⅲ䤓㢅⊨᧨㠿䞮ⅲ♹厌折
㕸ParNew㒥劔Serial㟅楕⣷₼䤓₹ᇭParNew㟅楕⣷⃮㢾∎䞷-XX᧶+UseConcMarkSweepGC
折欈⚝䤓照帳㠿䞮ⅲ㟅楕⣷᧨⃮♾ⅴ∎䞷-XX᧶+UseParNewGC折欈㧴㇉Ⓟ㖖⸩⸒ᇭ

ParNew㟅楕⣷⦷◤CPU䤓䘾⬒₼公⺈ₜ↩㦘㹣Serial㟅楕⣷㦃Ⰼ䤓㟗㨫᧨䞩咂䟀ℝⷧ⦷
兎䲚ℳ℡䤓枏᧨年㟅楕⣷⦷抩扖怔兎䲚㔏㦾⸭䘿䤓₳₹CPU䤓䘾⬒₼掌ₜ厌䤍⒕⃚䤍⦿≬
幐♾ⅴ怔怙Serial㟅楕⣷ᇭ㇢䏅᧨椞䧏♾ⅴ∎䞷䤓CPU䤓㟿摞䤓⬭┯᧨⸒⺈ℝGC㢅侊兮忓䄟
䤓㦘㟗Ⓒ䞷执㢾㈗㦘Ⰼ⮓䤓ᇭ⸒照帳⚾䤓㟅楕兎䲚㟿CPU䤓㟿摞䦇⚛᧨⦷CPU槭デ⮩
᧤巻Ⱁ32₹᧨䘿⦷CPU┷戓⻀4㫇┯怔兎䲚᧨㦜┰⣷怔扖32₹拊戠CPU䤓㍔⑄怙㧴怙⮩ℕ᧥䤓
䘾⬒ₚ᧨♾ⅴ∎䞷-XX᧶ParallelGCThreads♑㟿㧴棟Ⓟ⨒⧍㟅楕䤓兎䲚㟿ᇭ

㽷㎞ᇫ⅝ParNew㟅楕⣷ⱚ᧨⚝槱执↩㘴屵Ⓙ⑯㷍ㄅ♠✛ㄅ嫛䤓㟅楕⣷ᇭ⦷⮶⹅♾厌
ℶ䞮䠠㍠⃚ⓜ᧨㦘㉔尐⏗屲摙₳₹⚜幜᧶ㄅ♠✛ㄅ嫛ᇭ扨₳₹⚜幜掌㢾ㄅ♠冥䲚₼䤓㰑㊄᧨
⦷店幉⨒⧍㟅楕⣷䤓ₙₚ㠖幼⬒₼᧨⸒ⅻ♾ⅴ屲摙Ⱁₚᇭ

●ㄅ嫛᧤Parallel᧥᧶㖖⮩㧰⨒⧍㟅楕兎䲚ㄅ嫛ぴ⇫᧨⇕㷳㢅䞷㓆兎䲚⅜䏅⮓ℝ䷘㈔䕅
㊐ᇭ



●ㄅ♠᧤Concurrent᧥᧶㖖䞷㓆兎䲚⨒⧍㟅楕兎䲚⚛㢅㓶嫛᧤⇕ₜ⸩㢾ㄅ嫛䤓᧨♾厌
↩ℳ㦎㓶嫛᧥᧨䞷㓆䲚ㄞ⦷其兼扟嫛᧨力⨒⧍㟅楕䲚ㄞ扟嫛ℝ♵₹CPUₙᇭ

[1]Parallel Scavenge㟅楕⣷♙⚝槱㙟Ⓙ䤓G1㟅楕⣷掌㼰㦘∎䞷↯兮䤓GC㟅楕⣷ⅲ䪐㫕㩅᧨力
♵⮥䕻䵚⸭䘿᧨␅⇨⑯䱜㟅楕⣷⒨␀䞷ℕ捷⒕䤓㫕㩅ⅲ䪐᧨幵兕␔⹈♾♑劒᧶
http://blogs.sun.com/jonthecollector/entry/our_collectorsᇭ



3.5.3ᇫParallel Scavenge㟅楕⣷

Parallel Scavenge㟅楕⣷㢾₹㠿䞮ⅲ㟅楕⣷᧨⸒⃮㢾∎䞷⮜Ⓟ並㽤䤓㟅楕⣷᧨♗㢾ㄅ嫛
䤓⮩兎䲚㟅楕⣷……䦚ₙ♊✛ParNew掌㫆᧨挲⸒㦘⅏⃗䔈Ⓔ⃚⮓⛱᧻

Parallel Scavenge㟅楕⣷䤓䔈䍈㢾⸒䤓␂㽷䍈␅Ⅵ㟅楕⣷ₜ⚛᧨CMS䷘㟅楕⣷䤓␂㽷䍈
㢾⻌♾厌⦿冸䩼⨒⧍㟅楕㢅䞷㓆兎䲚䤓⋫欎㢅梃᧨力Parallel Scavenge㟅楕⣷䤓䥽㪖⒨㢾才Ⓙ
₹♾㘶Ⓟ䤓⚭⚟摞᧤Throughput᧥ᇭ㓏庢⚭⚟摞⻀㢾CPU䞷ℝ扟嫛䞷㓆ⅲ䪐䤓㢅梃CPU㋊
䀗劦㢅梃䤓㹣⋋᧨☂⚭⚟摞=扟嫛䞷㓆ⅲ䪐㢅梃/᧤扟嫛䞷㓆ⅲ䪐㢅梃+⨒⧍㟅楕㢅梃᧥᧨壩
㕮㧉㋊␀扟嫛ℕ100⒕朮᧨␅₼⨒⧍㟅楕啀㘘1⒕朮᧨挲⚭⚟摞⻀㢾99%ᇭ

⋫欎㢅梃怙䩼⻀怙抑⚗榏尐䞷㓆ℳ℡䤓䲚ㄞ᧨哾Ⰼ䤓❜ㄣ抮ㄵ厌㙟◖䞷㓆⇢洛᧨力浧
⚭⚟摞⒨♾ⅴ浧㟗䘖⦿Ⓒ䞷CPU㢅梃᧨⻌㉺⸛㒟䲚ㄞ䤓扟並↊┰᧨尐抑⚗⦷⚝♿扟並力ₜ
榏尐⮹⮩ℳ℡䤓↊┰ᇭ

Parallel Scavenge㟅楕⣷㙟∪ℕ₳₹♑㟿䞷ℝ位䫽㘶Ⓟ⚭⚟摞᧨⒕Ⓔ㢾㘶Ⓟ㦏⮶⨒⧍㟅楕
⋫欎㢅梃䤓-XX᧶MaxGCPauseMillis♑㟿ⅴ♙䦃㘴幍函⚭⚟摞⮶⺞䤓-XX᧶GCTimeRatio♑
㟿ᇭ

MaxGCPauseMillis♑㟿⏐幇䤓⋋㢾₹⮶ℝ0䤓㹺䱡㟿᧨㟅楕⣷⺕⻌♾厌⦿≬幐␔ⷧ⥭
㟅啀忈䤓㢅梃ₜ怔扖幍⸩⋋ᇭₜ扖⮶⹅ₜ尐帳Ⱁ㨫㔙扨₹♑㟿䤓⋋幍函㈦䲜⺞䍈⻀厌∎
㈦侊兮䤓⨒⧍㟅楕抮ㄵ♧㈦㦃㉺᧨GC⋫欎㢅梃冸䩼㢾ⅴ䔉䔁⚭⚟摞✛㠿䞮ⅲ䴉梃㧴㗱♥
䤓᧶侊兮㔙㠿䞮ⅲ庒⺞K᧨㟅楕300MB㠿䞮ⅲ匾⸩㹣㟅楕500MB㉺⚶᧨扨⃮䦃㘴⺋咃⨒⧍
㟅楕♠䞮㈦㦃欠僐K᧨☮㧴10䱡㟅楕㶰ᇬ㹞㶰⋫欎100㹺䱡᧨䘿⦷♧㒟5䱡㟅楕㶰ᇬ㹞
㶰⋫欎70㹺䱡ᇭ⋫欎㢅梃䤓䫽⦷ₚ棜᧨⇕⚭⚟摞⃮棜ₚ㧴ℕᇭ

GCTimeRatio♑㟿䤓⋋ㄣ㇢㢾₹⮶ℝ0₣⺞ℝ100䤓㠃㟿᧨⃮⻀㢾⨒⧍㟅楕㢅梃◯㋊㢅
梃䤓㹣䘖᧨䦇㇢ℝ㢾⚭⚟摞䤓⊡㟿ᇭⰑ㨫㔙㷳♑㟿幍函19᧨挲⏐幇䤓㦏⮶GC㢅梃⻀◯㋊
㢅梃䤓5%᧤☂1/᧤1+19᧥᧥᧨照帳⋋99᧨⻀㢾⏐幇㦏⮶1%᧤☂1/᧤1+99᧥᧥䤓⨒⧍㟅楕
㢅梃ᇭ

䟀ℝ⚭⚟摞␂侊⹕⒖᧨Parallel Scavenge㟅楕⣷⃮兞デ䱿“⚭⚟摞↧⏗”㟅楕⣷ᇭ棳ₙ
承₳₹♑㟿⃚⮥᧨Parallel Scavenge㟅楕⣷执㦘₹♑㟿-XX᧶+UseAdaptiveSizePolicy⋋㈦␂
㽷ᇭ扨㢾₹␂♑㟿᧨㇢扨₹♑㟿㓢⃚⚝᧨⻀ₜ榏尐㓚ぴ㖖⸩㠿䞮ⅲ䤓⮶⺞᧤-Xmn᧥ᇬ
EdenSurvivor◉䤓㹣√᧤-XX᧶SurvivorRatio᧥ᇬ㣚◖劐ⅲ⺈廰爓᧤-XX᧶
PretenureSizeThreshold᧥䷘兕唑♑㟿ℕ᧨壩㕮㧉↩㫈㗽㇢ⓜ侊兮䤓扟嫛㍔⑄㟅楕㊶厌䥠㘶≰
㋾᧨┷㊐庒㠃扨K♑㟿ⅴ㙟∪㦏⚗抑䤓⋫欎㢅梃㒥劔㦏⮶䤓⚭⚟摞᧨扨䱜庒唑㡈㆞䱿GC
呹抑ㄣ䤓庒唑䷥䟴᧤GC Ergonomics᧥[1]ᇭⰑ㨫床劔⺈ℝ㟅楕⣷扟⇫☮㧴ₜ⮹ℕ屲᧨㓚ぴ↧▥
ⷧ⦷⥿楍䤓㢅⊨᧨∎䞷Parallel Scavenge㟅楕⣷揜⚗呹抑ㄣ庒唑䷥䟴᧨㔙␔ⷧ丰䚕䤓庒↧↊┰
ℳ全壩㕮㧉♊⸛㒟⺕㢾₹ₜ枨䤓折㕸ᇭ♹榏尐㔙⪉㦻䤓␔ⷧ㟿㗽幍函Ⰼ᧤Ⱁ-Xmx幍函㦏⮶
⪕᧥᧨䏅⚝∎䞷MaxGCPauseMillis♑㟿᧤㦃␂㽷㦏⮶⋫欎㢅梃᧥㒥GCTimeRatio᧤㦃␂㽷⚭
⚟摞᧥♑㟿全壩㕮㧉幍䵚₹↧▥䥽㪖᧨挲␆⇢兕唑♑㟿䤓庒唑ぴ⇫⻀䟀壩㕮㧉⸛㒟ℕᇭ呹
抑ㄣ庒唑䷥䟴⃮㢾Parallel Scavenge㟅楕⣷ParNew㟅楕⣷䤓₹摜尐◉Ⓔᇭ

[1]⸧㡈⅚兜᧶http://download.oracle.com/javase/1.5.0/docs/guide/vm/gc-ergonomics.htmlᇭ



3.5.4ᇫSerial Old㟅楕⣷

Serial Old㢾Serial㟅楕⣷䤓劐ⅲ䓗㦻᧨⸒⚛㫆㢾₹◤兎䲚㟅楕⣷᧨∎䞷“㪖帿-㠃
䚕”並㽤ᇭ扨₹㟅楕⣷䤓尐㎞⃘⃮㢾⦷ℝ全Client㲰㆞ₚ䤓壩㕮㧉∎䞷ᇭⰑ㨫⦷Server㲰㆞
ₚ᧨挲⃗⸒尐执㦘₳⮶䞷抣᧶䱜䞷抣㢾⦷JDK 1.5ⅴ♙⃚ⓜ䤓䓗㦻₼Parallel Scavenge
㟅楕⣷㚼揜∎䞷[1]᧨♵䱜䞷抣⻀㢾⇫CMS㟅楕⣷䤓⚝欓㫗᧨⦷ㄅ♠㟅楕♠䞮Concurrent
Mode Failure㢅∎䞷ᇭ扨₳䍈掌⺕⦷⚝槱䤓␔⹈₼幵兕幁屲ᇭSerial Old㟅楕⣷䤓ぴ⇫扖䲚Ⱁ
⦍3-8㓏䯉ᇭ

⦍ᇫ3-8ᇫSerial/Serial Old㟅楕⣷扟嫛䯉㎞⦍
[1]榏尐広㢝ₚ᧨Parallel Scavenge㟅楕⣷㩅㨓₼㦻愺㦘PS MarkSweep㟅楕⣷㧴扪嫛劐ⅲ
㟅楕᧨ㄅ槭䦃㘴∎䞷ℕSerial Old㟅楕⣷᧨⇕㢾扨₹PS MarkSweep㟅楕⣷Serial Old䤓⸭䘿
槭デ㘴扠᧨㓏ⅴ⦷⸧㡈䤓幇⮩忓㠨₼掌㢾䦃㘴ⅴSerial Oldⅲ㦎PS MarkSweep扪嫛幁屲᧨扨
摛䶣劔⃮摖䞷扨䱜㡈㆞ᇭ



3.5.5ᇫParallel Old㟅楕⣷

Parallel Old㢾Parallel Scavenge㟅楕⣷䤓劐ⅲ䓗㦻᧨∎䞷⮩兎䲚✛“㪖帿-㠃䚕”並㽤ᇭ
扨₹㟅楕⣷㢾⦷JDK 1.6₼㓜ⱚ㙟∪䤓᧨⦷㷳⃚ⓜ᧨㠿䞮ⅲ䤓Parallel Scavenge㟅楕⣷䦃
⮓ℝ㹣戒⻃⺻䤓䕅㊐ᇭ☮⥯㢾᧨Ⱁ㨫㠿䞮ⅲ折㕸ℕParallel Scavenge㟅楕⣷᧨劐ⅲ棳ℕ
Serial Old᧤PS MarkSweep᧥㟅楕⣷⮥Ⓔ㡯折㕸᧤执帿㈦ₙ槱広扖Parallel Scavenge㟅楕⣷㡯
㽤CMS㟅楕⣷揜⚗ぴ⇫⚦᧻᧥ᇭ䟀ℝ劐ⅲSerial Old㟅楕⣷⦷㦜┰䵾ㄣ䞷㊶厌ₙ䤓“㕥
侾”᧨∎䞷ℕParallel Scavenge㟅楕⣷⃮㦹㉔厌⦷㠃⇢ㄣ䞷ₙ噆㈦⚭⚟摞㦏⮶▥䤓㟗㨫᧨䟀ℝ
◤兎䲚䤓劐ⅲ㟅楕₼㡯㽤⏔⒕Ⓒ䞷㦜┰⣷⮩CPU䤓⮓䚕厌┪᧨⦷劐ⅲ㈗⮶力₣䫻ↅ㹣戒
浧儶䤓䘾⬒₼᧨扨䱜兓⚗䤓⚭⚟摞䞩咂执ₜ⸩㦘ParNew┯CMS䤓兓⚗“全┪”ᇭ

䦃ⒿParallel Old㟅楕⣷⒉䘿⚝᧨“⚭⚟摞↧⏗”㟅楕⣷兗ℝ㦘ℕ㹣戒⚜⓾␅⸭䤓ㄣ䞷兓
⚗᧨⦷㽷摜⚭⚟摞ⅴ♙CPU忓䄟㟞㎮䤓⧉⚗᧨掌♾ⅴ↧⏗劒壠Parallel Scavenge┯Parallel Old
㟅楕⣷ᇭParallel Old㟅楕⣷䤓ぴ⇫扖䲚Ⱁ⦍3-9㓏䯉ᇭ

⦍ᇫ3-9ᇫParallel Scavenge/Parallel Old㟅楕⣷扟嫛䯉㎞⦍



3.5.6ᇫCMS㟅楕⣷

CMS᧤Concurrent Mark Sweep᧥㟅楕⣷㢾䱜ⅴ噆♥㦏䩼⥭㟅⋫欎㢅梃䥽㪖䤓㟅楕
⣷ᇭ䥽ⓜ㈗⮶捷⒕䤓Javaㄣ䞷楕₼⦷℡勣几䵨㒥劔B/S侊兮䤓㦜┰䵾ₙ᧨扨伊ㄣ䞷⺳␅摜
展㦜┰䤓❜ㄣ抮ㄵ᧨゛㦪侊兮⋫欎㢅梃㦏䩼᧨ⅴ全䞷㓆サ㧴戒Ⰼ䤓⇢洛ᇭCMS㟅楕⣷⻀槭デ
䶵⚗扨伊ㄣ䞷䤓榏㻑ᇭ

⅝⚜ⷦ᧤▔⚺“Mark Sweep”᧥ₙ⻀♾ⅴ䦚⒉᧨CMS㟅楕⣷㢾⪉ℝ“㪖帿—䂔棳”並㽤⸭䘿
䤓᧨⸒䤓扟⇫扖䲚䦇⺈ℝⓜ槱⑯䱜㟅楕⣷㧴広㦃⮜㧑K᧨㠃₹扖䲚⒕4₹㷴洳᧨▔㕻᧶

⒬ⱚ㪖帿᧤CMS initial mark᧥

ㄅ♠㪖帿᧤CMS concurrent mark᧥

摜㠿㪖帿᧤CMS remark᧥

ㄅ♠䂔棳᧤CMS concurrent sweep᧥

␅₼᧨⒬ⱚ㪖帿ᇬ摜㠿㪖帿扨₳₹㷴洳⅜䏅榏尐“Stop The World”ᇭ⒬ⱚ㪖帿⅔⅔♹㢾
㪖帿ₚGC Roots厌䦃㘴␂勣Ⓙ䤓⺈廰᧨抮ㄵ㈗㉺᧨ㄅ♠㪖帿棅㹄⻀㢾扪嫛GC RootsTracing
䤓扖䲚᧨力摜㠿㪖帿棅㹄⒨㢾ℕ≽㷲ㄅ♠㪖帿㦮梃⥯䞷㓆䲚ㄞ其兼扟⇫力⺋咃㪖帿ℶ䞮♧
┷䤓挲捷⒕⺈廰䤓㪖帿帿᧨扨₹棅㹄䤓⋫欎㢅梃咻↩㹣⒬ⱚ㪖帿棅㹄䲜栎K᧨⇕扫
㹣ㄅ♠㪖帿䤓㢅梃䩼ᇭ

䟀ℝ㠃₹扖䲚₼劦㢅㦏栎䤓ㄅ♠㪖帿✛ㄅ♠䂔棳扖䲚㟅楕⣷兎䲚掌♾ⅴ䞷㓆兎䲚怆
ぴ⇫᧨㓏ⅴ᧨⅝㋊⇢ₙ㧴広᧨CMS㟅楕⣷䤓␔ⷧ⥭㟅扖䲚㢾䞷㓆兎䲚怆ㄅ♠㓶嫛䤓ᇭ抩
扖⦍3-10♾ⅴ㹣戒䂔㯩⦿䦚ⒿCMS㟅楕⣷䤓扟⇫㷴洳₼ㄅ♠✛榏尐⋫欎䤓㢅梃ᇭ

⦍ᇫ3-10ᇫConcurrent Mark Sweep㟅楕⣷扟嫛䯉㎞⦍

CMS㢾㷍↧䱏䤓㟅楕⣷᧨⸒䤓尐↧䍈⦷⚜ⷦₙめ兞⇢䘿⒉㧴ℕ᧶ㄅ♠㟅楕ᇬ⇝⋫
欎᧨Sun⏻⚇䤓K⸧㡈㠖㫲₼⃮䱿⃚ㄅ♠⇝⋫欎㟅楕⣷᧤Concurrent Low Pause
Collector᧥ᇭ⇕㢾CMS执扫才ₜⒿ⸛初䤓䲚ㄵ᧨⸒㦘ⅴₚ3₹㢝㣍䤓凉䍈᧶

CMS㟅楕⣷⺈CPU忓䄟槭デ㟞㎮ᇭ␅⸭᧨槱⚠ㄅ♠幍帰䤓䲚ㄞ掌⺈CPU忓䄟㹣戒㟞㎮ᇭ
⦷ㄅ♠棅㹄᧨⸒夌䏅ₜ↩⺋咃䞷㓆兎䲚⋫欎᧨⇕㢾↩⥯◯䞷ℕ捷⒕兎䲚᧤㒥劔広CPU忓
䄟᧥力⺋咃ㄣ䞷䲚ㄞ♧㏱᧨㋊⚭⚟摞↩棜⇝ᇭCMS照帳⚾┷䤓⥭㟅兎䲚㟿㢾᧤CPU㟿摞
+3᧥/4᧨⃮⻀㢾㇢CPU⦷4₹ⅴₙ㢅᧨ㄅ♠⥭㟅㢅⨒⧍㟅楕兎䲚ₜ⺠ℝ25%䤓CPU忓䄟᧨ㄅ₣



椞䧏CPU㟿摞䤓⬭┯力ₚ棜ᇭ⇕㢾㇢CPUₜ恂4₹᧤巻Ⱁ2₹᧥㢅᧨CMS⺈䞷㓆䲚ㄞ䤓㈀❜⻀
♾厌♧㈦㈗⮶᧨Ⱁ㨫㦻㧴CPU微戌⻀㹣戒⮶᧨执⒕⒉◙䤓扟並厌┪♊㓶嫛㟅楕⣷兎䲚᧨⻀
♾厌⺋咃䞷㓆䲚ㄞ䤓㓶嫛抮ㄵ㊌䏅棜⇝ℕ50%᧨␅⸭⃮常ⅉ㡯㽤㘴♦ᇭℕㄣⅧ扨䱜㍔⑄᧨
壩㕮㧉㙟∪ℕ䱜䱿“⬭摞㆞ㄅ♠㟅楕⣷”᧤Incremental Concurrent Mark Sweep/i-CMS᧥䤓
CMS㟅楕⣷♧䱜᧨㓏⋩䤓ℚ㍔✛◤CPUⅲPC㧉㝜⇫侊兮∎䞷㔱◯㆞㧴㲰㕮⮩↊┰㧉Ⓟ䤓㊬
㎂㫆᧨⻀㢾⦷ㄅ♠㪖帿ᇬ䂔䚕䤓㢅⊨常GC兎䲚ᇬ䞷㓆兎䲚ℳ㦎扟嫛᧨⻌摞⺠GC兎䲚䤓
䕻◯忓䄟䤓㢅梃᧨扨㫆㠃₹⨒⧍㟅楕䤓扖䲚↩㦃栎᧨⇕⺈䞷㓆䲚ㄞ䤓㈀❜⻀↩㣍㈦⺠K᧨
⃮⻀㢾抮ㄵₚ棜㼰㦘挲⃗㢝㣍ᇭ⸭悄幐㢝᧨⬭摞㢅䤓CMS㟅楕⣷㟗㨫㈗咻᧨⦷䥽ⓜ䓗㦻
₼᧨i-CMSめ兞嬺⭿㢝“deprecated”᧨☂ₜ␜㙟⊰䞷㓆∎䞷ᇭ

CMS㟅楕⣷㡯㽤⮓䚕㿽┷⨒⧍᧤Floating Garbage᧥᧨♾厌⒉䘿“Concurrent Mode
Failure”⯀徴力⺋咃♵㶰Full GC䤓ℶ䞮ᇭ䟀ℝCMSㄅ♠䂔䚕棅㹄䞷㓆兎䲚执⦷扟嫛䧏᧨⇃
椞䲚ㄞ扟嫛呹䏅⻀执↩㦘㠿䤓⨒⧍ₜ㠼ℶ䞮᧨扨捷⒕⨒⧍⒉䘿⦷㪖帿扖䲚⃚⚝᧨CMS㡯㽤
⦷㇢㶰㟅楕₼⮓䚕㘘⸒ⅻ᧨♹Ⰼ䟨㈔ₚ㶰GC㢅␜䂔䚕㘘ᇭ扨捷⒕⨒⧍⻀䱿“㿽┷⨒
⧍”ᇭ⃮㢾䟀ℝ⦷⨒⧍㟅楕棅㹄䞷㓆兎䲚执榏尐扟嫛᧨挲⃮⻀执榏尐欓䟨㦘恂⮮䤓␔ⷧ䴉梃
全䞷㓆兎䲚∎䞷᧨⥯㷳CMS㟅楕⣷ₜ厌⍞␅Ⅵ㟅楕⣷挲㫆䷘Ⓙ劐ⅲ⑯⃝⸛⏷嬺⫺䅰ℕ␜扪
嫛㟅楕᧨榏尐欓䟨捷⒕䴉梃㙟∪ㄅ♠㟅楕㢅䤓䲚ㄞ扟⇫∎䞷ᇭ⦷JDK 1.5䤓照帳幍函
ₚ᧨CMS㟅楕⣷㇢劐ⅲ∎䞷ℕ68%䤓䴉梃⚝⻀↩嬺䉏㿊᧨扨㢾₹⋞≬⸗䤓幍函᧨Ⱁ㨫⦷
ㄣ䞷₼劐ⅲ⬭栎ₜ㢾⮹㉺᧨♾ⅴ抑㇢庒浧♑㟿-XX᧶CMSInitiatingOccupancyFraction䤓⋋㧴
㙟浧屵♠䤍⒕㹣᧨ⅴ≎棜⇝␔ⷧ⥭㟅㶰㟿⅝力噆♥㦃Ⰼ䤓㊶厌᧨⦷JDK 1.6₼᧨CMS㟅楕⣷
䤓⚾┷梗⋋め兞㙟◖咂92%ᇭ尐㢾CMS扟嫛㦮梃欓䟨䤓␔ⷧ㡯㽤䅰恂䲚ㄞ榏尐᧨⻀↩⒉䘿
㶰“Concurrent Mode Failure”⯀徴᧨扨㢅壩㕮㧉⺕⚾┷⚝欓㫗᧶㢅⚾䞷Serial Old㟅楕⣷㧴
摜㠿扪嫛劐ⅲ䤓⨒⧍㟅楕᧨扨㫆⋫欎㢅梃⻀㈗栎ℕᇭ㓏ⅴ広♑㟿-XX᧶CM
SInitiatingOccupancyFraction幍函㈦⮹浧㈗⹈㢢⺋咃⮶摞“Concurrent Mode Failure”⯀徴᧨㊶厌
♜力棜⇝ᇭ

执㦘㦏⚝₹凉䍈᧨⦷㦻唑⯃広扖᧨CMS㢾㷍⪉ℝ“㪖帿—䂔棳”並㽤⸭䘿䤓㟅楕
⣷᧨Ⱁ㨫床劔⺈ⓜ槱扨䱜並㽤⅚兜执㦘◿廰䤓幬᧨⻀♾厌㎂Ⓙ扨㎞✂䧏㟅楕兢㧮㢅↩㦘⮶摞
䴉梃䬝䓖ℶ䞮ᇭ䴉梃䬝䓖扖⮩㢅᧨⺕↩全⮶⺈廰⒕揜サ㧴㈗⮶煊䍵᧨㈏㈏↩⒉䘿劐ⅲ执㦘
㈗⮶䴉梃⓸⇨᧨⇕㢾㡯㽤㔍Ⓙ恂⮮⮶䤓扭兼䴉梃㧴⒕揜㇢ⓜ⺈廰᧨ₜ㈦ₜ㙟ⓜ屵♠㶰Full
GCᇭℕ屲⑂扨₹桽欧᧨CMS㟅楕⣷㙟∪ℕ₹-XX᧶+UseCMSCompactAtFullCollection
␂♑㟿᧤照帳⻀㢾⚾䤓᧥᧨䞷ℝ⦷CMS㟅楕⣷欅ₜ⇞尐扪嫛FullGC㢅⚾␔ⷧ䬝䓖䤓⚗ㄅ
㠃䚕扖䲚᧨␔ⷧ㠃䚕䤓扖䲚㢾㡯㽤ㄅ♠䤓᧨䴉梃䬝䓖桽欧㼰㦘ℕ᧨⇕⋫欎㢅梃ₜ㈦ₜ♧栎ᇭ
壩㕮㧉幍帰劔执㙟∪ℕ♵⮥₹♑㟿-XX᧶CMSFullGCsBeforeCompaction᧨扨₹♑㟿㢾䞷ℝ
幍函㓶嫛⮩⺠㶰ₜ☚冸䤓Full GC⚝᧨恮䧏㧴㶰サ☚冸䤓᧤照帳⋋0᧨嫷䯉㹞㶰扪⏴Full
GC㢅掌扪嫛䬝䓖㠃䚕᧥ᇭ



3.5.7ᇫG1㟅楕⣷

G1᧤Garbage-First᧥㟅楕⣷㢾㇢⅙㟅楕⣷㔏㦾♠⻤䤓㦏ⓜ㽎㒟㨫⃚᧨㡸⦷JDK 1.7⒩⒩
䫽䵚欈䥽䥽㪖᧨Sun⏻⚇全⒉䤓JDK 1.7 RoadMap摛槱᧨⸒⻀嬺展JDK 1.7₼HotSpot壩㕮㧉
䤓₹摜尐扪▥䔈㈐ᇭ⅝JDK 6u14₼ⱚ⻀㦘Early Access䓗㦻䤓G1㟅楕⣷∪♠ⅉ⛧⸭
洛ᇬ幤䞷᧨䟀㷳ⱚG1㟅楕⣷䤓“Experimental”䕅㊐㖐兼ℕ㟿㢅梃᧨䦃咂JDK 7u4᧨Sun⏻
⚇㓜帳⸒才Ⓙ恂⮮㒟䐮䤓⟕䞷䲚ㄵ᧨䲊棳ℕ“Experimental”䤓㪖幕ᇭ

G1㢾㷍槱⚠㦜┰䵾ㄣ䞷䤓⨒⧍㟅楕⣷ᇭHotSpot♠⥱梮忚℗⸒䤓∎✌㢾᧤⦷㹣戒栎
㦮䤓᧥㦹㧴♾ⅴ㦎㗱㘘JDK 1.5₼♠を䤓CMS㟅楕⣷ᇭ␅ⅥGC㟅楕⣷䦇㹣᧨G1␆Ⱁₚ䔈
䍈ᇭ

ㄅ嫛ㄅ♠᧶G1厌⏔⒕Ⓒ䞷⮩CPUᇬ⮩㫇䘾⬒ₚ䤓䫻ↅ↧╎᧨∎䞷⮩₹CPU᧤CPU㒥劔
CPU㫇㉒᧥㧴冸䩼Stop-The-World⋫欎䤓㢅梃᧨捷⒕␅Ⅵ㟅楕⣷☮㦻榏尐⋫欎Java兎䲚㓶嫛䤓
GC┷⇫᧨G1㟅楕⣷⅜䏅♾ⅴ抩扖ㄅ♠䤓㡈㆞常Java䲚ㄞ其兼㓶嫛ᇭ

⒕ⅲ㟅楕᧶␅Ⅵ㟅楕⣷㫆᧨⒕ⅲ㰑㊄⦷G1₼∬䏅㈦ⅴ≬䟨ᇭ夌䏅G1♾ⅴₜ榏尐␅
Ⅵ㟅楕⣷揜⚗⻀厌䕻䵚丰䚕㠃₹GC⪕᧨⇕⸒厌⮮摖䞷ₜ⚛䤓㡈㆞♊⮓䚕㠿⒪ㆉ䤓⺈廰✛め
兞ⷧ㿊ℕ㹄㢅梃ᇬ䐻扖⮩㶰GC䤓㡶⺈廰ⅴ噆♥㦃Ⰼ䤓㟅楕㟗㨫ᇭ

䴉梃㠃⚗᧶CMS䤓“㪖帿—䂔䚕”並㽤ₜ⚛᧨G1⅝㠃⇢㧴䦚㢾⪉ℝ“㪖帿—㠃䚕”並㽤⸭
䘿䤓㟅楕⣷᧨⅝⻏捷᧤₳₹Region⃚梃᧥ₙ㧴䦚㢾⪉ℝ“⮜Ⓟ”並㽤⸭䘿䤓᧨⇕㡯幉Ⱁ⇤᧨扨
₳䱜並㽤掌㎞✂䧏G1扟⇫㦮梃ₜ↩ℶ䞮␔ⷧ䴉梃䬝䓖᧨㟅楕⚝厌㙟∪屓㠃䤓♾䞷␔ⷧᇭ扨䱜
䔈㊶㦘Ⓒℝ䲚ㄞ栎㢅梃扟嫛᧨⒕揜⮶⺈廰㢅ₜ↩⥯㡯㽤㔍Ⓙ扭兼␔ⷧ䴉梃力㙟ⓜ屵♠ₚ
㶰GCᇭ

♾欓㿚䤓⋫欎᧶扨㢾G1䦇⺈ℝCMS䤓♵⮶↧╎᧨棜⇝⋫欎㢅梃㢾G1✛CMS␀⚛䤓␂
㽷䍈᧨⇕G1棳ℕ抌㻑⇝⋫欎⮥᧨执厌ㆉ䵚♾欓㿚䤓⋫欎㢅梃㲰⨚᧨厌常∎䞷劔㢝䫽㖖⸩⦷
₹栎ㄵM㹺䱡䤓㢅梃䓖㹄␔᧨䀗劦⦷⨒⧍㟅楕ₙ䤓㢅梃ₜ㈦怔扖N㹺䱡᧨扨⑯⃝め兞㢾⸭
㢅Java᧤RTSJ᧥䤓⨒⧍㟅楕⣷䤓䔈㈐ℕᇭ

⦷G1⃚ⓜ䤓␅Ⅵ㟅楕⣷扪嫛㟅楕䤓喒⦃掌㢾㠃₹㠿䞮ⅲ㒥劔劐ⅲ᧨力G1ₜ␜㢾扨
㫆ᇭ∎䞷G1㟅楕⣷㢅᧨Java⪕䤓␔ⷧを⻏⻀␅Ⅵ㟅楕⣷㦘㈗⮶ぽⒺ᧨⸒⺕㠃₹Java⪕⒡⒕
⮩₹⮶⺞䦇䷘䤓䕻䵚◉⩮᧤Region᧥᧨夌䏅执≬䟨㦘㠿䞮ⅲ✛劐ⅲ䤓㰑㊄᧨⇕㠿䞮ⅲ✛
劐ⅲₜ␜㢾䓸䚕椣䱊䤓ℕ᧨⸒ⅻ掌㢾捷⒕Region᧤ₜ榏尐扭兼᧥䤓楕⚗ᇭ

G1㟅楕⣷⃚㓏ⅴ厌ㆉ䵚♾欓㿚䤓⋫欎㢅梃㲰⨚᧨㢾⥯⸒♾ⅴ㦘帰⒡⦿挎⏜⦷㠃₹Java
⪕₼扪嫛⏷◉⩮䤓⨒⧍㟅楕ᇭG1恮悹⚓₹Region摛槱䤓⨒⧍⪕䱾䤓ↆ⋋⮶⺞᧤⥭㟅㓏噆㈦䤓
䴉梃⮶⺞ⅴ♙⥭㟅㓏榏㢅梃䤓兞洛⋋᧥᧨⦷⚝♿冃㔳₹↧⏗⒦嫷᧨㹞㶰㫈㗽⏐幇䤓㟅楕㢅
梃᧨↧⏗⥭㟅ↆ⋋㦏⮶䤓Region᧤扨⃮⻀㢾Garbage-First⚜䱿䤓㧴䟀᧥ᇭ扨䱜∎䞷Region⒡⒕
␔ⷧ䴉梃ⅴ♙㦘↧⏗儶䤓◉⩮⥭㟅㡈㆞᧨≬幐ℕG1㟅楕⣷⦷㦘棟䤓㢅梃␔♾ⅴ噆♥⻌♾厌浧
䤓㟅楕㟗䘖ᇭ

G1㔙␔ⷧ“▥㠃榅”䤓㊬恾᧨䚕屲怆㧴⇋⃝㈗⹈㢢᧨⇕␅₼䤓⸭䘿兕唑☃扫扫㼰㦘㎂廰
₼挲㫆丏◤᧨⚵⒨⃮ₜ↩⅝2004Sun⸭洛⸳♠嫷䶻乖G1䤓幉㠖ⱚ䦃Ⓙ⅙⮸᧤⺕扠10
㢅梃᧥㓜♠⒉G1䤓⟕䞷䓗ᇭ䶣劔ⅴ₹兕唑√᧶㔙Java⪕⒕⮩₹Region⚝᧨⨒⧍㟅楕



㢾⚵⻀䦮䤓厌ⅴRegion◤⇜扪嫛ℕ᧻⚻怆㧴欉䚕㒟䵯᧨␜Ⅳ兕㎂㎂⻀㈗⹈㢢♠䘿桽欧㓏
⦷᧶Regionₜ♾厌㢾ⷳ䵚䤓ᇭ₹⺈廰⒕揜⦷㩟₹Region₼᧨⸒ㄅ槭♹厌嬺㦻Region₼䤓␅
Ⅵ⺈廰ㆤ䞷᧨力㢾♾ⅴ㠃₹Java⪕↊㎞䤓⺈廰♠䞮ㆤ䞷␂侊ᇭ挲⦷⋩♾才㊶⒳⸩䫽⸩⺈廰
㢾⚵ⷧ㿊䤓㢅⊨᧨⼑ₜ㢾执㈦㓺㙞㠃₹Java⪕㓜厌≬幐䫽㊶᧻扨₹桽欧␅⸭ㄅ槭⦷G1₼㓜
㦘᧨♹㢾⦷G1₼㦃┯䴐⒉力めᇭ⦷ⅴⓜ䤓⒕ⅲ㟅楕₼᧨㠿䞮ⅲ䤓屓㲰咻掌㹣劐ⅲ尐⺞幇
⮩᧨㠿䞮ⅲ䤓㟅楕⃮㹣劐ⅲ尐欠僐幇⮩᧨挲⥭㟅㠿䞮ⅲ₼䤓⺈廰㢅⃮槱䦇⚛䤓桽欧᧨Ⱁ
㨫⥭㟅㠿䞮ⅲ㢅⃮ₜ㈦ₜ⚛㢅㓺㙞劐ⅲ䤓幬᧨挲⃗Minor GC䤓㟗䘖♾厌ₚ棜ₜ⺠ᇭ

⦷G1㟅楕⣷₼᧨Region⃚梃䤓⺈廰ㆤ䞷ⅴ♙␅Ⅵ㟅楕⣷₼䤓㠿䞮ⅲ劐ⅲ⃚梃䤓⺈廰
ㆤ䞷᧨壩㕮㧉掌㢾∎䞷Remembered Set㧴挎⏜⏷⪕㓺㙞䤓ᇭG1₼㹞₹Region掌㦘₹⃚⺈
ㄣ䤓Remembered Set᧨壩㕮㧉♠䘿䲚ㄞ⦷⺈Reference伊⨚䤓㟿㗽扪嫛㝜⇫㢅᧨↩ℶ䞮₹
Write Barrier㤑㢅₼㠼㝜⇫᧨㭏㩴Referenceㆤ䞷䤓⺈廰㢾⚵⮓ℝₜ⚛䤓Region⃚₼᧤⦷⒕ⅲ
䤓√₼⻀㢾㭏㩴㢾⚵劐ⅲ₼䤓⺈廰ㆤ䞷ℕ㠿䞮ⅲ₼䤓⺈廰᧥᧨Ⱁ㨫㢾᧨≎抩扖
CardTable㔙䦇␂ㆤ䞷≰㋾帿Ⓙ嬺ㆤ䞷⺈廰㓏⻭䤓Region䤓Remembered Set⃚₼ᇭ㇢扪嫛␔
ⷧ⥭㟅㢅᧨⦷GC㫈唑䍈䤓㨩喒⦃₼┯⏴Remembered Set☂♾≬幐ₜ⺈⏷⪕㓺㙞⃮ₜ↩㦘拦
䆞ᇭ

Ⱁ㨫ₜ帰並冃㔳Remembered Set䤓㝜⇫᧨G1㟅楕⣷䤓扟⇫⮶咃♾⒡⒕ⅴₚ⑯₹㷴洳᧶

⒬ⱚ㪖帿᧤Initial Marking᧥

ㄅ♠㪖帿᧤Concurrent Marking᧥

㦏兗㪖帿᧤Final Marking᧥

䷪折⥭㟅᧤Live Data Counting and Evacuation᧥

⺈CMS㟅楕⣷扟⇫扖䲚䐮㌘䤓床劔᧨⸩め兞♠䘿G1䤓ⓜ⑯₹㷴洳䤓扟⇫扖䲚✛CMS
㦘㈗⮩䦇⇋⃚⮓ᇭ⒬ⱚ㪖帿棅㹄⅔⅔♹㢾㪖帿ₚGC Roots厌䦃㘴␂勣Ⓙ䤓⺈廰᧨ㄅ₣≽㟈
TAMS᧤Next Top at Mark Start᧥䤓⋋᧨常ₚ棅㹄䞷㓆䲚ㄞㄅ♠扟嫛㢅᧨厌⦷㷲䫽♾䞷䤓
Region₼⒪ㆉ㠿⺈廰᧨扨棅㹄榏尐⋫欎兎䲚᧨⇕劦㢅㈗䩼ᇭㄅ♠㪖帿棅㹄㢾⅝GC Rootⱚ
⺈⪕₼⺈廰扪嫛♾才㊶⒕㨟᧨㔍⒉ⷧ㿊䤓⺈廰᧨扨棅㹄劦㢅戒栎᧨⇕♾䞷㓆䲚ㄞㄅ♠㓶
嫛ᇭ力㦏兗㪖帿棅㹄⒨㢾ℕ≽㷲⦷ㄅ♠㪖帿㦮梃⥯䞷㓆䲚ㄞ其兼扟⇫力⺋咃㪖帿ℶ䞮♧┷
䤓挲捷⒕㪖帿帿᧨壩㕮㧉⺕扨㹄㢅梃⺈廰♧▥帿⦷兎䲚Remembered Set Logs摛槱᧨㦏
兗㪖帿棅㹄榏尐㔙Remembered Set Logs䤓㟿㗽⚗ㄅⒿRemembered Set₼᧨扨棅㹄榏尐⋫欎兎
䲚᧨⇕㢾♾ㄅ嫛㓶嫛ᇭ㦏⚝⦷䷪折⥭㟅棅㹄氥⏗⺈⚓₹Region䤓⥭㟅ↆ⋋✛㒟㦻扪嫛㘡ㄞ᧨
㫈㗽䞷㓆㓏㦮㦪䤓GC⋫欎㢅梃㧴Ⓟ⸩⥭㟅帰⒡᧨⅝Sun⏻⚇択槁⒉㧴䤓≰㋾㧴䦚᧨扨₹棅㹄
␅⸭⃮♾ⅴ⋩Ⓙ䞷㓆䲚ㄞ怆ㄅ♠㓶嫛᧨⇕㢾⥯♹⥭㟅捷⒕Region᧨㢅梃㢾䞷㓆♾㘶
Ⓟ䤓᧨力₣⋫欎䞷㓆兎䲚⺕⮶ピ㙟浧㟅楕㟗䘖ᇭ抩扖⦍3-11♾ⅴ㹣戒䂔㯩⦿䦚ⒿG1㟅楕⣷䤓
扟⇫㷴洳₼ㄅ♠✛榏尐⋫欎䤓棅㹄ᇭ



⦍ᇫ3-11ᇫG1㟅楕⣷扟嫛䯉㎞⦍

䟀ℝ䥽ⓜG1㒟䐮䓗㦻䤓♠を㢅梃执㈗䩼᧨G1㟅楕⣷⑯⃝♾ⅴ広执㼰㦘兞扖⸭棔ㄣ䞷䤓
劒洛᧨几八ₙ␂ℝG1㟅楕⣷䤓㊶厌㿚幤⃮槭デ徺⃞᧨Ⓙ䥽ⓜ㷱᧨䶣劔执㼰㦘㚫侱Ⓙ㦘␂䤓
䞮ℶ䘾⬒ₚ䤓㊶厌㿚幤㔴⛙ᇭ㇉庒“䞮ℶ䘾⬒ₚ䤓㿚幤㔴⛙”㢾⥯⺈ℝ⨒⧍㟅楕⣷㧴広᧨⅔
⅔抩扖丏◤䤓Javaⅲ䪐₹Microbenchmark䲚ㄞ㧴⒪ㆉᇬ䲊棳Java⺈廰᧨␜䞷-XX᧶
+PrintGCDetails䷘♑㟿㧴㩴䦚GC㡴㉦㢾㈗楍⋩Ⓙ䫽嫰摞␅㊶厌䤓ᇭ⥯㷳᧨␂ℝG1㟅楕⣷䤓
㊶厌捷⒕᧨䶣劔ㆤ䞷ℕSun⸭洛⸳䤓幉㠖ᇵGarbage-First Garbage Collectionᇶ₼䤓㹄㿚幤㟿
㗽ᇭ

Sun全⒉䤓Benchmark䤓㓶嫛䫻ↅSun V880㦜┰⣷᧤8×750MHz UltraSPARC III CPUᇬ
32G␔ⷧᇬSolaris 10㝜⇫侊兮᧥ᇭ㓶嫛懾ↅ㦘₳₹᧨⒕ⒺSPECjbb᧤㲰㕮⟕₩㟿㗽ㄢㄣ
䞷᧨⪕₼ⷧ㿊⺈廰儵165MB᧨兢㨫♜㢯⚟摞✛㦏栎ℚ┰⮓䚕㢅梃᧥✛telco᧤㲰㕮䟄幬ㄣ䷣
㦜┰ㄣ䞷᧨⪕₼ⷧ㿊⺈廰儵100MB᧨兢㨫♜㢯侊兮厌㞾㖐䤓㦏⮶⚭⚟摞᧥ᇭℕ≎ℝ⺈
㹣᧨执㟅楕ℕ兓∎䞷ParNew+CMS㟅楕⣷䤓㿚幤㟿㗽ᇭ㓏㦘㿚幤掌揜函CPU㟿摞䦇⚛
䤓8㧰GC兎䲚ᇭ

⦷♜ㄣ⋫欎㢅梃䤓懾⸭㢅䥽㪖᧤Soft Real-Time Goal᧥㿚幤₼᧨㲹⚠㢾₳₹㿚幤懾ↅ䤓
㢅梃䓖㹄揜函᧨◤⇜㢾㹺䱡᧨ⅴ᧤X/Y᧥䤓ㇱ㆞嫷䯉᧨ⅲ嫷⦷Y㹺䱡␔㦏⮶⏐幇GC㢅梃X
㹺䱡᧤⺈ℝCMS㟅楕⣷᧨㡯㽤䦃㘴㖖⸩扨₹䥽㪖᧨抩扖庒㠃⒕ⅲ⮶⺞䤓㡈㆞⮶咃㲰㕮᧥ᇭ兄
⚠㢾₳₹懾ↅ⦷⺈ㄣ揜函✛ₜ⚛䤓Java⪕⹈摞ₚ䤓㿚幤兢㨫᧨V%ᇬavgV%✛wV%⒕Ⓔⅲ嫷
䤓⚺⃘Ⱁₚᇭ

V%᧶嫷䯉㿚幤扖䲚₼᧨懾⸭㢅䥽㪖⯀徴䤓㰑䘖᧨懾⸭㢅䥽㪖⯀徴☂㩟₹㢅梃䓖㹄₼⸭
棔GC㢅梃怔扖ℕ⏐幇䤓㦏⮶GC㢅梃ᇭ

avgV%᧶嫷䯉⦷㓏㦘⸭棔GC㢅梃怔㪖䤓㢅梃䓖㹄摛᧨⸭棔GC㢅梃怔扖㦏⮶GC㢅梃䤓
⧖䤍⒕㹣᧤⸭棔GC㢅梃♊⏐幇㦏⮶GC㢅梃᧨␜棳ⅴ㋊㢅梃䓖㹄᧥ᇭ

wV%᧶嫷䯉⦷㿚幤兢㨫㦏ぽ䤓㢅梃䓖㹄摛᧨⸭棔GC㢅梃◯䞷㓶嫛㢅梃䤓䤍⒕㹣ᇭ

㿚幤兢㨫屐嫷3-1ᇭ



⅝嫷3-1㓏䯉䤓兢㨫♾屐᧨⺈ℝtelco㧴広᧨懾⸭㢅䥽㪖⯀徴䤓㰑䘖㘶Ⓟ⦷0.5%ᨺ0.7%⃚
梃᧨SPECjbb⻀尐ぽK᧨⇕⃮㘶Ⓟ⦷2%ᨺ5%⃚梃᧨㰑䘖椞䧏᧤X/Y᧥䤓㹣⋋⺞力⬭┯ᇭ
♵㡈槱᧨⯀徴㢅怔⒉⏐幇GC㢅梃䤓㹣⋋椞䧏㋊㢅梃䓖㹄⬭┯力♧⺞᧤⒕㹜♧⮶ℕ᧥᧨⦷
᧤100/200᧥ᇬ512MB䤓揜函ₚ᧨G1㟅楕⣷⒉䘿ℕ㩟K㢅梃䓖㹄ₚ100%㢅梃⦷扪嫛GC䤓㦏⧞
㍔⑄ᇭ力䦇㹣⃚ₚ᧨CMS㟅楕⣷䤓㿚幤兢㨫⻀尐ぽ㈗⮩᧨3䱜Java⪕⹈摞ₚ掌⒉䘿ℕ100%㢅
梃扪嫛GC䤓㍔⑄ᇭ

⦷⚭⚟摞㿚幤₼᧨㿚幤㟿㗽♥3㶰SPECjbb✛15㶰telco䤓⧖兢㨫Ⱁ⦍3-12㓏䯉ᇭ⦷
SPECjbb䤓ㄣ䞷ₚ᧨⚓䱜揜函ₚ䤓G1㟅楕⣷嫷䘿⒉ℕ咃䤓嫛᧨⚭⚟摞䦚怆㧴♹⏐幇㦏
⮶GC㢅梃㒟㷲㹣␂侊᧨力⦷telco䤓ㄣ䞷₼᧨ₜ⚛揜函⺈⚭⚟摞䤓㈀❜⒨㣍㈦㈗㈽㇀ᇭ
CMS㟅楕⣷䤓⚭⚟摞⺈㹣♾ⅴ䦚Ⓙ᧨⦷SPECjbb㿚幤₼᧨⦷⪕⹈摞怔扖768MB㢅᧨CMS㟅楕
⣷㦘5%ᨺ10%䤓↧╎᧨力⦷telco㿚幤₼᧨CMS䤓↧╎⒨尐⺞K᧨♹㦘3%ᨺ4%ふ⚂ᇭ



⦍ᇫ3-12ᇫ⚭⚟摞㿚幤兢㨫

⦷㦃⮶屓㲰䤓䞮ℶ䘾⬒ₚ᧨䶣劔ㆤ䞷㹄⦷StackOverflow.comₙ䦚Ⓙ䤓兞洛床劔⒕
℺᧶“㒠⦷₹䦮⸭䤓ᇬ戒⮶屓㲰䤓ㄣ䞷䲚ㄞ₼∎䞷扖G1᧶⮶儵⒕揜㦘60ᨺ70GB␔ⷧ᧨ⷧ㿊
⺈廰⮶儵⦷20ᨺ50GB⃚梃ᇭ㦜┰⣷扟嫛Linux㝜⇫侊兮᧨JDK䓗㦻6u22ᇭG1PS/PS Old䦇
㹣᧨㦏⮶䤓Ⰼ⮓㢾⋫欎㢅梃㦃┯♾㘶ᇬ♾欓㿚᧨Ⱁ㨫㒠⦷PS₼幍函₹㈗⇝䤓㦏⮶⏐幇GC
㢅梃᧨巻Ⱁ㦮㦪50㹺䱡␔⸛㒟GC᧤-XX᧶MaxGCPauseMillis=50᧥᧨⇕⦷65GB䤓Java⪕ₚ㦘
♾厌㈦Ⓙ䤓䦃㘴兢㨫㢾㶰栎才30䱡咂2⒕朮䤓䆺栎䤓Stop-The-World扖䲚᧷力G1CMS䦇
㹣᧨夌䏅⸒ⅻ掌䵚恂ℝ⇝⋫欎㢅梃᧨CMS⅜䏅㢾㒠䘿⦷䤓折㕸᧨⇕㢾椞䧏Oracle⺈G1䤓㖐兼
㟈扪᧨㒠䦇≰G1↩㢾㦏兗䤓卫Ⓒ劔ᇭⰑ㨫⇯䘿⦷摖䞷䤓㟅楕⣷㼰㦘⒉䘿桽欧᧨挲⻀㼰㦘↊⇤
䚕䟀䘿⦷♊折㕸G1᧨Ⱁ㨫⇯䤓ㄣ䞷抌㻑⇝⋫欎᧨挲G1䘿⦷め兞♾ⅴ⇫₹♾⺬幤䤓折
㕸᧨Ⱁ㨫⇯䤓ㄣ䞷抌㻑⚭⚟摞᧨挲G1ㄅₜ↩⇯サ㧴⅏⃗䔈Ⓔ䤓Ⰼ⮓”ᇭ



3.5.8ᇫ䚕屲GC㡴㉦

梔床GC㡴㉦㢾⮓䚕Java壩㕮㧉␔ⷧ桽欧䤓⪉䫏㔏厌᧨⸒♹㢾Kⅉ䫽⸩䤓屓⒨᧨㼰㦘
⮹⮩㔏㦾⚺摞ᇭ⦷㦻䤓䶻1䓗₼㼰㦘₢桷幁屲Ⱁ⇤梔床⒕㨟GC㡴㉦᧨㷳⇫劔㟅Ⓙ幇⮩床
劔㧴≰᧨♜㢯⺈㷳㎮Ⓙ⥿㍠᧨⥯㷳₢桷⬭┯㦻唑␔⹈㧴幁屲Ⱁ⇤䚕屲GC㡴㉦ᇭ

㹞䱜㟅楕⣷䤓㡴㉦ㇱ㆞掌㢾䟀⸒ⅻ呹愺䤓⸭䘿㓏⑂⸩䤓᧨㗱力岏⃚᧨㹞₹㟅楕⣷䤓㡴
㉦㫋㆞掌♾ⅴₜ㫆ᇭ⇕壩㕮㧉幍帰劔ℕ㡈≎䞷㓆梔床᧨⺕⚓₹㟅楕⣷䤓㡴㉦掌冃㖐⸩
䤓␀㊶᧨√Ⱁⅴₚ₳㹄␇⨚䤓GC㡴㉦᧶

33.125᧶[GC[DefNew᧶3324K-᧺152K᧤3712K᧥᧨0.0025925 secs]3324K-᧺152K᧤11904K᧥᧨0.0031680 secs]
1 0 0.6 6 7᧶[F u l l G C[T e n u r e d᧶0 K-᧺2 1 0 K᧤1 0 2 4 0 K᧥᧨0.0 1 4 9 1 4 2 s e c s]4603K-᧺210K᧤19456K᧥᧨[Perm᧶2999K-᧺

2999K᧤21248K᧥]᧨0.0150007 secs][Times᧶user=0.01 sys=0.00᧨real=0.02 secs]

㦏ⓜ槱䤓㟿ⷦ“33.125᧶”✛“100.667᧶”ⅲ嫷ℕGC♠䞮䤓㢅梃᧨扨₹㟿ⷦ䤓⚺⃘㢾⅝Java
壩㕮㧉⚾┷ⅴ㧴兞扖䤓䱡㟿ᇭ

GC㡴㉦⯃䤓“[GC”✛“[Full GC”広㢝ℕ扨㶰⨒⧍㟅楕䤓⋫欎伊⨚᧨力ₜ㢾䞷㧴◉⒕㠿
䞮ⅲGC执㢾劐ⅲGC䤓ᇭⰑ㨫㦘“Full”᧨広㢝扨㶰GC㢾♠䞮ℕStop-The-World䤓᧨√Ⱁₚ槱
扨㹄㠿䞮ⅲ㟅楕⣷ParNew䤓㡴㉦⃮↩⒉䘿“[Full GC”᧤扨咻㢾⥯⒉䘿ℕ⒕揜㕔≬⯀徴⃚
伊䤓桽欧᧨㓏ⅴ㓜⺋咃STW᧥ᇭⰑ㨫㢾庒䞷System.gc᧤᧥㡈㽤㓏屵♠䤓㟅楕᧨挲⃗⦷扨摛⺕
㣍䯉“[Full GC᧤System᧥”ᇭ

[Full GC 283.736᧶[ParNew᧶261599K-᧺261599K᧤261952K᧥᧨0.0000288 secs]

㘴ₚ㧴䤓“[DefNew”ᇬ“[Tenured”ᇬ“[Perm”嫷䯉GC♠䞮䤓◉⩮᧨扨摛㣍䯉䤓◉⩮⚜䱿
∎䞷䤓GC㟅楕⣷㢾⹕⒖䦇␂䤓᧨√Ⱁₙ槱㫆√㓏∎䞷䤓Serial㟅楕⣷₼䤓㠿䞮ⅲ⚜“Default
New Generation”᧨㓏ⅴ㣍䯉䤓㢾“[DefNew”ᇭⰑ㨫㢾ParNew㟅楕⣷᧨㠿䞮ⅲ⚜䱿⻀↩♧
“[ParNew”᧨㎞“Parallel New Generation”ᇭⰑ㨫摖䞷Parallel Scavenge㟅楕⣷᧨挲⸒揜⯦
䤓㠿䞮ⅲ䱿“PSYoungGen”᧨劐ⅲ✛㻇⃔ⅲ⚛䚕᧨⚜䱿⃮㢾䟀㟅楕⣷⑂⸩䤓ᇭ

⚝槱㡈㕻⚆␔捷䤓“3324K-᧺152K᧤3712K᧥”⚺⃘㢾“GCⓜ年␔ⷧ◉⩮め∎䞷⹈摞-᧺
GC⚝年␔ⷧ◉⩮め∎䞷⹈摞᧤年␔ⷧ◉⩮㋊⹈摞᧥”ᇭ力⦷㡈㕻⚆⃚⮥䤓“3324K-᧺
152K᧤11904K᧥”嫷䯉“GCⓜJava⪕め∎䞷⹈摞-᧺GC⚝Java⪕め∎䞷⹈摞᧤Java⪕㋊⹈
摞᧥”ᇭ

␜㈏⚝᧨“0.0025925 secs”嫷䯉年␔ⷧ◉⩮GC㓏◯䞷䤓㢅梃᧨◤⇜㢾䱡ᇭ㦘䤓㟅楕⣷↩
全⒉㦃␆⇢䤓㢅梃㟿㗽᧨Ⱁ“[Times᧶user=0.01 sys=0.00᧨real=0.02 secs]”᧨扨摛槱䤓userᇬ
sys✛realLinux䤓time✌ⅳ㓏戢⒉䤓㢅梃⚺⃘咃᧨⒕Ⓔⅲ嫷䞷㓆㊐䀗劦䤓CPU㢅梃ᇬ␔㫇
㊐䀗劦䤓CPUℚↅ✛㝜⇫⅝ⱚⒿ兢㧮㓏兞扖䤓⬨朮㢅梃᧤Wall Clock Time᧥ᇭCPU㢅梃
⬨朮㢅梃䤓◉Ⓔ㢾᧨⬨朮㢅梃▔㕻⚓䱜槭扟並䤓䷘㈔劦㢅᧨√Ⱁ䷘㈔䭐䥧I/Oᇬ䷘㈔兎䲚棊
⫭᧨力CPU㢅梃ₜ▔㕻扨K劦㢅᧨⇕㇢侊兮㦘⮩CPU㒥劔⮩㫇䤓幬᧨⮩兎䲚㝜⇫↩♯┯扨K
CPU㢅梃᧨㓏ⅴ床劔䦚Ⓙuser㒥sys㢅梃怔扖real㢅梃㢾⸛⏷㷲デ䤓ᇭ



3.5.9ᇫ⨒⧍㟅楕⣷♑㟿㋊兢

JDK 1.7₼䤓⚓䱜⨒⧍㟅楕⣷Ⓙ㷳め⏷捷⅚兜⸛㹤᧨⦷㙞承扖䲚₼㙟Ⓙℕ㈗⮩壩㕮㧉槭
䳂⸩䤓扟嫛♑㟿᧨⦷嫷3-2₼㠃䚕ℕ扨K♑㟿∪床劔⸭悄㢅♑劒ᇭ





3.6ᇫ␔ⷧ⒕揜⥭㟅䷥䟴
Java㔏㦾⇢侊₼㓏㙟⊰䤓呹┷␔ⷧ丰䚕㦏兗♾ⅴ㇡兢呹┷▥⦿屲⑂ℕ₳₹桽欧᧶全⺈

廰⒕揜␔ⷧⅴ♙⥭㟅⒕揜全⺈廰䤓␔ⷧᇭ␂ℝ⥭㟅␔ⷧ扨䍈᧨㒠ⅻめ兞∎䞷ℕ⮶摞乖ピ♊
⅚兜壩㕮㧉₼䤓⨒⧍㟅楕⣷⇢侊ⅴ♙扟⇫☮䚕᧨䘿⦷㒠ⅻ␜怆㧴㘱帷ₚ全⺈廰⒕揜␔ⷧ
䤓挲䍈ℚ⏎ᇭ

⺈廰䤓␔ⷧ⒕揜᧨㈏⮶㡈⚠幁᧨⻀㢾⦷⪕ₙ⒕揜᧤⇕⃮♾厌兞扖JIT冥幠⚝嬺㕕㟲㪖
摞伊⨚ㄅ梃㘴⦿㪗ₙ⒕揜[1]᧥᧨⺈廰尐⒕揜⦷㠿䞮ⅲ䤓Eden◉ₙ᧨Ⱁ㨫⚾┷ℕ㦻⦿兎䲚⒕
揜冢⑁᧨⺕㖘兎䲚↧⏗⦷TLABₙ⒕揜ᇭ⺠㟿㍔⑄ₚ⃮♾厌↩䦃㘴⒕揜⦷劐ⅲ₼᧨⒕揜䤓
屓⒨ㄅₜ㢾䤍⒕⃚䤍⦉⸩䤓᧨␅兕唑♥⑂ℝ㇢ⓜ∎䞷䤓㢾❹䱜⨒⧍㟅楕⣷兓⚗᧨执㦘壩㕮
㧉₼␔ⷧ䦇␂䤓♑㟿䤓幍函ᇭ

㘴ₚ㧴㒠ⅻ⺕↩幁屲⑯㧰㦏㣽拜䤓␔ⷧ⒕揜屓⒨᧨ㄅ抩扖ⅲ䪐♊洛幐扨K屓⒨ᇭ㦻唑ₚ
槱䤓ⅲ䪐⦷㿚幤㢅∎䞷Client㲰㆞壩㕮㧉扟嫛᧨㼰㦘㓚ぴ㖖⸩㟅楕⣷兓⚗᧨㗱♴幬広᧨洛幐
䤓㢾⦷∎䞷Serial/Serial Old㟅楕⣷ₚ᧤ParNew/Serial Old㟅楕⣷兓⚗䤓屓⒨⃮⪉㦻咃᧥䤓
␔ⷧ⒕揜✛⥭㟅䤓䷥䟴ᇭ床劔ₜⰷ㫈㗽呹む欈䥽₼∎䞷䤓㟅楕⣷K䲚ㄞ♊洛幐ₚ∎䞷
␅Ⅵ⑯䱜㟅楕⣷䤓␔ⷧ⒕揜䷥䟴ᇭ

3.6.1ᇫ⺈廰↧⏗⦷Eden⒕揜

⮶⮩㟿㍔⑄ₚ᧨⺈廰⦷㠿䞮ⅲEden◉₼⒕揜ᇭ㇢Eden◉㼰㦘恂⮮䴉梃扪嫛⒕揜㢅᧨壩㕮
㧉⺕♠怆㶰Minor GCᇭ

壩㕮㧉㙟∪ℕ-XX᧶+PrintGCDetails扨₹㟅楕⣷㡴㉦♑㟿᧨⛙幘壩㕮㧉⦷♠䞮⨒⧍㟅楕
嫛㢅㓢◿␔ⷧ⥭㟅㡴㉦᧨ㄅ₣⦷扪䲚抏⒉䤓㢅⊨戢⒉㇢ⓜ䤓␔ⷧ⚓◉⩮⒕揜㍔⑄ᇭ⦷⸭棔
ㄣ䞷₼᧨␔ⷧ⥭㟅㡴㉦咻㢾㓢◿Ⓙ㠖ↅ⚝抩扖㡴㉦ぴ␆扪嫛⒕㨟᧨ₜ扖㦻⸭洛䤓㡴㉦ㄅₜ
⮩᧨䦃㘴梔床⻀厌䦚㈦㈗䂔㯩ᇭ

ⅲ䪐䂔◤3-5䤓testAllocation᧤᧥㡈㽤₼᧨⺬幤⒕揜3₹2MB⮶⺞✛1₹4MB⮶⺞䤓⺈廰᧨
⦷扟嫛㢅抩扖-Xms20Mᇬ-Xmx20Mᇬ-Xmn10M扨3₹♑㟿棟ⓅℕJava⪕⮶⺞20MB᧨ₜ♾㓸
⻤᧨␅₼10MB⒕揜全㠿䞮ⅲ᧨⓸ₚ䤓10MB⒕揜全劐ⅲᇭ-XX᧶SurvivorRatio=8⑂⸩ℕ㠿
䞮ⅲ₼Eden◉₹Survivor◉䤓䴉梃㹣√㢾8:1᧨⅝戢⒉䤓兢㨫⃮♾ⅴ䂔㣿⦿䦚Ⓙ“eden
space 8192Kᇬfrom space 1024Kᇬto space 1024K”䤓≰㋾᧨㠿䞮ⅲ㋊♾䞷䴉梃
9216KB᧤Eden◉+1₹Survivor◉䤓㋊⹈摞᧥ᇭ

㓶嫛testAllocation᧤᧥₼⒕揜allocation4⺈廰䤓幼♴㢅↩♠䞮㶰Minor GC᧨扨㶰GC䤓
兢㨫㢾㠿䞮ⅲ6651KB♧148KB᧨力㋊␔ⷧ◯䞷摞⒨⑯⃝㼰㦘⺠᧤⥯allocation1ᇬ
allocation2ᇬallocation3ₘ₹⺈廰掌㢾ⷧ㿊䤓᧨壩㕮㧉⑯⃝㼰㦘㔍Ⓙ♾⥭㟅䤓⺈廰᧥ᇭ扨㶰
GC♠䞮䤓☮⥯㢾全allocation4⒕揜␔ⷧ䤓㢅⊨᧨♠䘿Edenめ兞嬺◯䞷ℕ6MB᧨⓸⇨䴉梃めₜ
恂ⅴ⒕揜allocation4㓏榏䤓4MB␔ⷧ᧨⥯㷳♠䞮Minor GCᇭGC㦮梃壩㕮㧉♗♠䘿め㦘䤓3₹
2MB⮶⺞䤓⺈廰⏷捷㡯㽤㟍⏴Survivor䴉梃᧤Survivor䴉梃♹㦘1MB⮶⺞᧥᧨㓏ⅴ♹Ⰼ抩扖⒕
揜㕔≬㧉Ⓟ㙟ⓜ懻䲊Ⓙ劐ⅲ♊ᇭ

扨㶰GC兢㧮⚝᧨4MB䤓allocation4⺈廰欉Ⓒ⒕揜⦷Eden₼᧨⥯㷳䲚ㄞ㓶嫛⸛䤓兢㨫㢾
Eden◯䞷4MB᧤嬺allocation4◯䞷᧥᧨Survivor䴉梁᧨劐ⅲ嬺◯䞷6MB᧤嬺allocation1ᇬ



allocation2ᇬallocation3◯䞷᧥ᇭ抩扖GC㡴㉦♾ⅴ幐⸭扨䍈ᇭ

㽷㎞ᇫ⇫劔⮩㶰㙟Ⓙ䤓Minor GC✛Full GC㦘⅏⃗ₜ㫆⚦᧻

㠿䞮ⅲGC᧤Minor GC᧥᧶㖖♠䞮⦷㠿䞮ⅲ䤓⨒⧍㟅楕┷⇫᧨⥯Java⺈廰⮶⮩掌␆㦬
䞮⮤䋼䤓䔈㊶᧨㓏ⅴMinor GC槭デ欠僐᧨咻⥭㟅抮ㄵ⃮㹣戒㉺ᇭ

劐ⅲGC᧤Major GC/Full GC᧥᧶㖖♠䞮⦷劐ⅲ䤓GC᧨⒉䘿ℕMajor GC᧨兞デ↩⇃
椞咂⺠㶰䤓Minor GC᧤⇕槭公⺈䤓᧨⦷Parallel Scavenge㟅楕⣷䤓㟅楕䷥䟴摛⻀㦘䦃㘴扪嫛
Major GC䤓䷥䟴折㕸扖䲚᧥ᇭMajor GC䤓抮ㄵ咻↩㹣Minor GC㏱10⊜ⅴₙᇭ

ⅲ䪐䂔◤3-5ᇫ㠿䞮ⅲMinor GC

private static final int_1MB=1024*1024᧷
/**
*VM♑㟿᧶-verbose᧶gc-Xms20M-Xmx20M-Xmn10M-XX᧶+PrintGCDetails
-XX᧶SurvivorRatio=8
*/
public static void testAllocation᧤᧥{
byte[]allocation1᧨allocation2᧨allocation3᧨allocation4᧷
allocation1=new byte[2*_1MB]᧷
allocation2=new byte[2*_1MB]᧷
allocation3=new byte[2*_1MB]᧷
allocation4=new byte[4*_1MB]᧷//⒉䘿㶰Minor GC
}

扟嫛兢㨫᧶

[GC[DefNew᧶6651K-᧺148K᧤9216K᧥᧨0.0070106 secs]6651K-᧺6292K᧤19456K᧥᧨
0.0070426 secs][Times᧶user=0.00 sys=0.00᧨real=0.00 secs]
Heap
def new generation total 9216K,used 4326K[0x029d0000᧨0x033d0000᧨0x033d0000᧥
eden space 8192K᧨51%used[0x029d0000᧨0x02de4828᧨0x031d0000᧥
from space 1024K᧨14%used[0x032d0000᧨0x032f5370᧨0x033d0000᧥
to space 1024K᧨0%used[0x031d0000᧨0x031d0000᧨0x032d0000᧥
tenured generation total 10240K,used 6144K[0x033d0000᧨0x03dd0000᧨0x03dd0000᧥
the space 10240K᧨60%used[0x033d0000᧨0x039d0030᧨0x039d0200᧨0x03dd0000᧥
compacting perm gen total 12288K,used 2114K[0x03dd0000᧨0x049d0000᧨0x07dd0000᧥
the space 12288K᧨17%used[0x03dd0000᧨0x03fe0998᧨0x03fe0a00᧨0x049d0000᧥
No shared spaces configured.

[1]JIT☂㢅冥幠⣷䦇␂↧▥♾♑屐䶻11䵯ᇭ



3.6.2ᇫ⮶⺈廰䦃㘴扪⏴劐ⅲ

㓏庢䤓⮶⺈廰㢾㖖᧨榏尐⮶摞扭兼␔ⷧ䴉梃䤓Java⺈廰᧨㦏␇⨚䤓⮶⺈廰⻀㢾挲䱜㈗栎
䤓ⷦ䶵ⅴ♙㟿兓᧤䶣劔⒦⒉䤓√₼䤓byte[]㟿兓⻀㢾␇⨚䤓⮶⺈廰᧥ᇭ⮶⺈廰⺈壩㕮㧉
䤓␔ⷧ⒕揜㧴広⻀㢾₹⧞䀗㋾᧤㦎Java壩㕮㧉㕀㊷♴᧨㹣拖Ⓙ₹⮶⺈廰㦃┯⧞䤓䀗㋾
⻀㢾拖Ⓙ刳“㦬䞮⮤䋼”䤓“䩼✌⮶⺈廰”᧨䲚ㄞ䤓㢅⊨ㄣ㇢挎⏜᧥᧨兞デ⒉䘿⮶⺈廰⹈㢢
⺋咃␔ⷧ执㦘ₜ⺠䴉梃㢅⻀㙟ⓜ屵♠⨒⧍㟅楕ⅴ噆♥恂⮮䤓扭兼䴉梃㧴“⸘函”⸒ⅻᇭ

壩㕮㧉㙟∪ℕ₹-XX᧶PretenureSizeThreshold♑㟿᧨ⅳ⮶ℝ扨₹幍函⋋䤓⺈廰䦃㘴⦷劐
ⅲ⒕揜ᇭ扨㫆⋩䤓䥽䤓㢾挎⏜⦷Eden◉♙₳₹Survivor◉⃚梃♠䞮⮶摞䤓␔ⷧ⮜Ⓟ᧤⮜⃯
ₚ᧶㠿䞮ⅲ摖䞷⮜Ⓟ並㽤㟅楕␔ⷧ᧥ᇭ

㓶嫛ⅲ䪐䂔◤3-6₼䤓testPretenureSizeThreshold᧤᧥㡈㽤⚝᧨㒠ⅻ䦚ⒿEden䴉梃⑯⃝㼰㦘
嬺∎䞷᧨力劐ⅲ䤓10MB䴉梃嬺∎䞷ℕ40%᧨⃮⻀㢾4MB䤓allocation⺈廰䦃㘴⻀⒕揜⦷劐
ⅲ₼᧨扨㢾⥯PretenureSizeThreshold嬺幍函3MB᧤⻀㢾3145728᧨扨₹♑㟿ₜ厌⍞-Xmx
⃚伊䤓♑㟿㫆䦃㘴3MB᧥᧨⥯㷳怔扖3MB䤓⺈廰掌↩䦃㘴⦷劐ⅲ扪嫛⒕揜ᇭ㽷㎞ᇫ
PretenureSizeThreshold♑㟿♹⺈Serial✛ParNew₳㷍㟅楕⣷㦘㟗᧨Parallel Scavenge㟅楕⣷ₜ
帳幕扨₹♑㟿᧨Parallel Scavenge㟅楕⣷咻ㄅₜ榏尐幍函ᇭⰑ㨫拖Ⓙ㉔權∎䞷㷳♑㟿䤓⧉
⚗᧨♾ⅴ劒壠ParNew┯CMS䤓㟅楕⣷兓⚗ᇭ

ⅲ䪐䂔◤3-6ᇫ⮶⺈廰䦃㘴扪⏴劐ⅲ

private static final int_1MB=1024*1024᧷
/**
*VM♑㟿᧶-verbose᧶gc-Xms20M-Xmx20M-Xmn10M-XX᧶+PrintGCDetails-XX᧶SurvivorRatio=8
*-XX᧶PretenureSizeThreshold=3145728
*/
public static void testPretenureSizeThreshold᧤᧥{
byte[]allocation᧷
allocation=new byte[4*_1MB]᧷//䦃㘴⒕揜⦷劐ⅲ₼
}

扟嫛兢㨫᧶

Heap
def new generation total 9216K,used 671K[0x029d0000᧨0x033d0000᧨0x033d0000᧥
eden space 8192K᧨8%used[0x029d0000᧨0x02a77e98᧨0x031d0000᧥
from space 1024K᧨0%used[0x031d0000᧨0x031d0000᧨0x032d0000᧥
to space 1024K᧨0%used[0x032d0000᧨0x032d0000᧨0x033d0000᧥
tenured generation total 10240K,used 4096K[0x033d0000᧨0x03dd0000᧨0x03dd0000᧥
the space 10240K᧨40%used[0x033d0000᧨0x037d0010᧨0x037d0200᧨0x03dd0000᧥
compacting perm gen total 12288K,used 2107K[0x03dd0000᧨0x049d0000᧨0x07dd0000᧥
the space 12288K᧨17%used[0x03dd0000᧨0x03fdefd0᧨0x03fdf000᧨0x049d0000᧥
No shared spaces configured.



3.6.3ᇫ栎㦮ⷧ㿊䤓⺈廰⺕扪⏴劐ⅲ

㡱䏅壩㕮㧉摖䞷ℕ⒕ⅲ㟅楕䤓㊬㎂㧴丰䚕␔ⷧ᧨挲⃗␔ⷧ⥭㟅㢅⻀㉔權厌幕Ⓔ❹K⺈廰
ㄣ㟍⦷㠿䞮ⅲ᧨❹K⺈廰ㄣ㟍⦷劐ⅲ₼ᇭℕ⋩Ⓙ扨䍈᧨壩㕮㧉全㹞₹⺈廰⸩⃘ℕ₹⺈
廰爓᧤Age᧥帰㟿⣷ᇭⰑ㨫⺈廰⦷Eden⒉䞮ㄅ兞扖䶻㶰Minor GC⚝⅜䏅ⷧ㿊᧨ㄅ₣厌嬺
Survivor⹈兂䤓幬᧨⺕嬺䲊┷ⒿSurvivor䴉梃₼᧨ㄅ₣⺈廰爓幍1ᇭ⺈廰⦷Survivor◉₼
㹞“䐻扖”㶰Minor GC᧨爓⻀⬭┯1⼐᧨㇢⸒䤓爓⬭┯Ⓙ⸩䲚ㄵ᧤照帳15⼐᧥᧨⻀
⺕↩嬺㣚◖Ⓙ劐ⅲ₼ᇭ⺈廰㣚◖劐ⅲ䤓爓梗⋋᧨♾ⅴ抩扖♑㟿-XX᧶
MaxTenuringThreshold幍函ᇭ

床劔♾ⅴ幤幤⒕Ⓔⅴ-XX᧶MaxTenuringThreshold=1✛-XX᧶MaxTenuringThreshold=15₳
䱜幍函㧴㓶嫛ⅲ䪐䂔◤3-7₼䤓testTenuringThreshold᧤᧥㡈㽤᧨㷳㡈㽤₼䤓allocation1⺈廰榏
尐256KB␔ⷧ᧨Survivor䴉梃♾ⅴ⹈兂ᇭ㇢MaxTenuringThreshold=1㢅᧨allocation1⺈廰⦷䶻ℛ
㶰GC♠䞮㢅扪⏴劐ⅲ᧨㠿䞮ⅲめ∎䞷䤓␔ⷧGC⚝槭デ⦿♧㒟0KBᇭ力
MaxTenuringThreshold=15㢅᧨䶻ℛ㶰GC♠䞮⚝᧨allocation1⺈廰⒨执䟨⦷㠿䞮ⅲSurvivor䴉
梃᧨扨㢅㠿䞮ⅲ⅜䏅㦘404KB嬺◯䞷ᇭ

ⅲ䪐䂔◤3-7ᇫ栎㦮ⷧ㿊䤓⺈廰扪⏴劐ⅲ

private static final int_1MB=1024*1024᧷
/**
*VM♑㟿᧶-verbose᧶gc-Xms20M-Xmx20M-Xmn10M-XX᧶+PrintGCDetails-XX᧶SurvivorRatio=8-XX᧶MaxTenuringThreshold=1
*-XX᧶+PrintTenuringDistribution
*/
@SuppressWarnings᧤"unused"᧥
public static void testTenuringThreshold᧤᧥{
byte[]allocation1᧨allocation2᧨allocation3᧷
allocation1=new byte[_1MB/4]᧷
//⅏⃗㢅⊨扪⏴劐ⅲ♥⑂ℝXX᧶MaxTenuringThreshold幍函
allocation2=new byte[4*_1MB]᧷
allocation3=new byte[4*_1MB]᧷
allocation3=null᧷
allocation3=new byte[4*_1MB]᧷
}

ⅴMaxTenuringThreshold=1♑㟿㧴扟嫛䤓兢㨫᧶

[GC[DefNew
Desired Survivor size 524288 bytes,new threshold 1᧤max 1᧥
-age 1᧶414664 bytes᧨414664 total
᧶4859K-᧺404K᧤9216K᧥᧨0.0065012 secs]4859K-᧺4500K᧤19456K᧥᧨0.0065283 secs][Times᧶user=0.02 sys=0.00᧨real=0.02 secs]
[GC[DefNew
Desired Survivor size 524288 bytes,new threshold 1᧤max 1᧥
᧶4500K-᧺0K᧤9216K᧥᧨0.0009253 secs]8596K-᧺4500K᧤19456K᧥᧨0.0009458 secs][Times᧶user=0.00 sys=0.00᧨real=0.00 secs]
Heap
def new generation total 9216K,used 4178K[0x029d0000᧨0x033d0000᧨0x033d0000᧥
eden space 8192K᧨51%used[0x029d0000᧨0x02de4828᧨0x031d0000᧥
from space 1024K᧨0%used[0x031d0000᧨0x031d0000᧨0x032d0000᧥
to space 1024K᧨0%used[0x032d0000᧨0x032d0000᧨0x033d0000᧥
tenured generation total 10240K,used 4500K[0x033d0000᧨0x03dd0000᧨0x03dd0000᧥
the space 10240K᧨43%used[0x033d0000᧨0x03835348᧨0x03835400᧨0x03dd0000᧥
compacting perm gen total 12288K,used 2114K[0x03dd0000᧨0x049d0000᧨0x07dd0000᧥
the space 12288K᧨17%used[0x03dd0000᧨0x03fe0998᧨0x03fe0a00᧨0x049d0000᧥
No shared spaces configured.
ⅴMaxTenuringThreshold=15♑㟿㧴扟嫛䤓兢㨫᧶
[GC[DefNew
Desired Survivor size 524288 bytes,new threshold 15᧤max 15᧥
-age 1᧶414664 bytes᧨414664 total
᧶4859K-᧺404K᧤9216K᧥᧨0.0049637 secs]4859K-᧺4500K᧤19456K᧥᧨0.0049932 secs][Times᧶user=0.00 sys=0.00᧨real=0.00 secs]
[GC[DefNew
Desired Survivor size 524288 bytes,new threshold 15᧤max 15᧥
-age 2᧶414520 bytes᧨414520 total
᧶4500K-᧺404K᧤9216K᧥᧨0.0008091 secs]8596K-᧺4500K᧤19456K᧥᧨0.0008305 secs][Times᧶user=0.00 sys=0.00᧨real=0.00 secs]
Heap
def new generation total 9216K,used 4582K[0x029d0000᧨0x033d0000᧨0x033d0000᧥
eden space 8192K᧨51%used[0x029d0000᧨0x02de4828᧨0x031d0000᧥
from space 1024K᧨39%used[0x031d0000᧨0x03235338᧨0x032d0000᧥
to space 1024K᧨0%used[0x032d0000᧨0x032d0000᧨0x033d0000᧥
tenured generation total 10240K,used 4096K[0x033d0000᧨0x03dd0000᧨0x03dd0000᧥
the space 10240K᧨40%used[0x033d0000᧨0x037d0010᧨0x037d0200᧨0x03dd0000᧥
compacting perm gen total 12288K,used 2114K[0x03dd0000᧨0x049d0000᧨0x07dd0000᧥
the space 12288K᧨17%used[0x03dd0000᧨0x03fe0998᧨0x03fe0a00᧨0x049d0000᧥
No shared spaces configured.



3.6.4ᇫ┷㊐⺈廰爓⒳⸩

ℕ厌㦃Ⰼ⦿抑ㄣₜ⚛䲚ㄞ䤓␔ⷧ䕅⑄᧨壩㕮㧉ㄅₜ㢾㻇扫⦿尐㻑⺈廰䤓爓㉔權才Ⓙ
ℕMaxTenuringThreshold㓜厌㣚◖劐ⅲ᧨Ⱁ㨫⦷Survivor䴉梃₼䦇⚛爓㓏㦘⺈廰⮶⺞䤓㋊
✛⮶ℝSurvivor䴉梃䤓◙᧨爓⮶ℝ㒥䷘ℝ年爓䤓⺈廰⻀♾ⅴ䦃㘴扪⏴劐ⅲ᧨㡯權䷘
ⒿMaxTenuringThreshold₼尐㻑䤓爓ᇭ

㓶嫛ⅲ䪐䂔◤3-8₼䤓testTenuringThreshold2᧤᧥㡈㽤᧨ㄅ幍函-XX᧶
MaxTenuringThreshold=15᧨↩♠䘿扟嫛兢㨫₼Survivor䤓䴉梃◯䞷⅜䏅0%᧨力劐ⅲ㹣欓
㦮⬭┯ℕ6%᧨⃮⻀㢾広᧨allocation1ᇬallocation2⺈廰掌䦃㘴扪⏴ℕ劐ⅲ᧨力㼰㦘䷘Ⓙ15
⼐䤓䟛爓ᇭ⥯扨₳₹⺈廰┯怆㧴め兞Ⓙ才ℕ512KB᧨ㄅ₣⸒ⅻ㢾⚛䤓᧨䅰恂⚛⺈
廰才ⒿSurvivor䴉梃䤓◙屓⒨ᇭ㒠ⅻ♹尐㽷摙㘘␅₼₹⺈廰new㝜⇫᧨⻀↩♠䘿♵⮥₹
⻀ₜ↩㣚◖Ⓙ劐ⅲ₼♊ℕᇭ

ⅲ䪐䂔◤3-8ᇫ┷㊐⺈廰爓⒳⸩

private static final int_1MB=1024*1024᧷
/**
*VM♑㟿᧶-verbose᧶gc-Xms20M-Xmx20M-Xmn10M-XX᧶+PrintGCDetails-XX᧶SurvivorRatio=8-XX᧶MaxTenuringThreshold=15
*-XX᧶+PrintTenuringDistribution
*/
@SuppressWarnings᧤"unused"᧥
public static void testTenuringThreshold2᧤᧥{
byte[]allocation1᧨allocation2᧨allocation3᧨allocation4᧷
allocation1=new byte[_1MB/4]᧷
//allocation1+allocation2⮶ℝsurvivo䴉梃◙
allocation2=new byte[_1MB/4]᧷
allocation3=new byte[4*_1MB]᧷
allocation4=new byte[4*_1MB]᧷
allocation4=null᧷
allocation4=new byte[4*_1MB]᧷
}

扟嫛兢㨫᧶

[GC[DefNew
Desired Survivor size 524288 bytes,new threshold 1᧤max 15᧥
-age 1᧶676824 bytes᧨676824 total
᧶5115K-᧺660K᧤9216K᧥᧨0.0050136 secs]5115K-᧺4756K᧤19456K᧥᧨0.0050443 secs][Times᧶user=0.00 sys=0.01᧨real=0.01 secs]
[GC[DefNew
Desired Survivor size 524288 bytes,new threshold 15᧤max 15᧥
᧶4756K-᧺0K᧤9216K᧥᧨0.0010571 secs]8852K-᧺4756K᧤19456K᧥᧨0.0011009 secs][Times᧶user=0.00 sys=0.00᧨real=0.00 secs]
Heap
def new generation total 9216K,used 4178K[0x029d0000᧨0x033d0000᧨0x033d0000᧥
eden space 8192K᧨51%used[0x029d0000᧨0x02de4828᧨0x031d0000᧥
from space 1024K᧨0%used[0x031d0000᧨0x031d0000᧨0x032d0000᧥
to space 1024K᧨0%used[0x032d0000᧨0x032d0000᧨0x033d0000᧥
tenured generation total 10240K,used 4756K[0x033d0000᧨0x03dd0000᧨0x03dd0000᧥
the space 10240K᧨46%used[0x033d0000᧨0x038753e8᧨0x03875400᧨0x03dd0000᧥
compacting perm gen total 12288K,used 2114K[0x03dd0000᧨0x049d0000᧨0x07dd0000᧥
the space 12288K᧨17%used[0x03dd0000᧨0x03fe09a0᧨0x03fe0a00᧨0x049d0000᧥
No shared spaces configured.



3.6.5ᇫ䴉梃⒕揜㕔≬

⦷♠䞮Minor GC⃚ⓜ᧨壩㕮㧉↩⏗㭏㩴劐ⅲ㦏⮶♾䞷䤓扭兼䴉梃㢾⚵⮶ℝ㠿䞮ⅲ㓏㦘
⺈廰㋊䴉梃᧨Ⱁ㨫扨₹㧰ↅ㒟䵚᧨挲⃗Minor GC♾ⅴ䫽≬㢾⸘⏷䤓ᇭⰑ㨫ₜ㒟䵚᧨⒨壩㕮㧉
↩㩴䦚HandlePromotionFailure幍函⋋㢾⚵⏐幇㕔≬⯀徴ᇭⰑ㨫⏐幇᧨挲⃗↩其兼㭏㩴劐ⅲ
㦏⮶♾䞷䤓扭兼䴉梃㢾⚵⮶ℝ☕㶰㣚◖Ⓙ劐ⅲ⺈廰䤓⧖⮶⺞᧨Ⱁ㨫⮶ℝ᧨⺕⺬幤䧏扪嫛
㶰Minor GC᧨⻌丰扨㶰Minor GC㢾㦘歝棸䤓᧷Ⱁ㨫⺞ℝ᧨㒥劔HandlePromotionFailure幍函
ₜ⏐幇␡棸᧨挲扨㢅⃮尐㟈扪嫛㶰Full GCᇭ

ₚ槱屲摙ₚ“␡棸”㢾␡ℕ⅏⃗歝棸᧨ⓜ槱㙟Ⓙ扖᧨㠿䞮ⅲ∎䞷⮜Ⓟ㟅楕並㽤᧨⇕ℕ
␔ⷧⒸ䞷䘖᧨♹∎䞷␅₼₹Survivor䴉梃㧴⇫懽㗱᧨⥯㷳㇢⒉䘿⮶摞⺈廰⦷Minor
GC⚝⅜䏅ⷧ㿊䤓㍔⑄᧤㦏㨐䵾䤓㍔⑄⻀㢾␔ⷧ⥭㟅⚝㠿䞮ⅲ₼㓏㦘⺈廰掌ⷧ㿊᧥᧨⻀榏尐
劐ⅲ扪嫛⒕揜㕔≬᧨㔙Survivor㡯㽤⹈兂䤓⺈廰䦃㘴扪⏴劐ⅲᇭ䞮㿊₼䤓忆㷍㕔≬伊
⇋᧨劐ⅲ尐扪嫛扨㫆䤓㕔≬᧨ⓜ㙟㢾劐ⅲ㦻愺执㦘⹈兂扨K⺈廰䤓⓸⇨䴉梃᧨␀㦘⮩
⺠⺈廰↩㿊ₚ㧴⦷⸭棔⸛㒟␔ⷧ⥭㟅⃚ⓜ㢾㡯㽤㢝䫽䩴拢䤓᧨㓏ⅴ♹Ⰼ♥⃚ⓜ㹞㶰⥭㟅㣚
◖Ⓙ劐ⅲ⺈廰⹈摞䤓⧖⮶⺞⋋⇫兞洛⋋᧨劐ⅲ䤓⓸⇨䴉梃扪嫛㹣戒᧨⑂⸩㢾⚵扪
嫛Full GC㧴常劐ⅲ名⒉㦃⮩䴉梃ᇭ

♥⧖⋋扪嫛㹣戒␅⸭⅜䏅㢾䱜┷㊐㰑䘖䤓㓚㹄᧨⃮⻀㢾広᧨Ⱁ㨫㩟㶰Minor GCⷧ㿊
⚝䤓⺈廰䴐⬭᧨扫扫浧ℝ⧖⋋䤓幬᧨∬䏅↩⺋咃㕔≬⯀徴᧤Handle Promotion Failure᧥ᇭ
Ⱁ㨫⒉䘿ℕHandlePromotionFailure⯀徴᧨挲⻀♹Ⰼ⦷⯀徴⚝摜㠿♠怆㶰Full GCᇭ夌䏅㕔≬
⯀徴㢅兤䤓⦗㢾㦏⮶䤓᧨⇕⮶捷⒕㍔⑄ₚ掌执㢾↩⺕HandlePromotionFailure␂㓢᧨挎
⏜Full GC扖ℝ欠僐᧨♑屐ⅲ䪐䂔◤3-9᧨庆床劔⦷JDK 6 Update 24⃚ⓜ䤓䓗㦻₼扟嫛㿚幤ᇭ

ⅲ䪐䂔◤3-9ᇫ䴉梃⒕揜㕔≬

private static final int_1MB=1024*1024᧷
/**
*VM♑㟿᧶-Xms20M-Xmx20M-Xmn10M-XX᧶+PrintGCDetails-XX᧶SurvivorRatio=8-XX᧶-HandlePromotionFailure
*/
@SuppressWarnings᧤"unused"᧥
public static void testHandlePromotion᧤᧥{
byte[]allocation1᧨allocation2᧨allocation3᧨allocation4᧨allocation5᧨allocation6᧨allocation7᧷
allocation1=new byte[2*_1MB]᧷
allocation2=new byte[2*_1MB]᧷
allocation3=new byte[2*_1MB]᧷
allocation1=null᧷
allocation4=new byte[2*_1MB]᧷
allocation5=new byte[2*_1MB]᧷
allocation6=new byte[2*_1MB]᧷
allocation4=null᧷
allocation5=null᧷
allocation6=null᧷
allocation7=new byte[2*_1MB]᧷
}

ⅴHandlePromotionFailure=false♑㟿㧴扟嫛䤓兢㨫᧶

[GC[DefNew᧶6651K-᧺148K᧤9216K᧥᧨0.0078936 secs]6651K-᧺4244K᧤19456K᧥᧨0.0079192 secs][Times᧶user=0.00 sys=0.02᧨real=0.02 secs]
[G C[D e f N e w᧶6 3 7 8 K-᧺6 3 7 8 K᧤9 2 1 6 K᧥᧨0.0 0 0 0 2 0 6 s e c s][T e n u r e d᧶4096K-᧺4244K᧤10240K᧥᧨0.0042901 secs]10474K-᧺

4244K᧤19456K᧥᧨[Perm᧶2104K-᧺2104K᧤12288K᧥]᧨0.0043613 secs][Times᧶user=0.00 sys=0.00᧨real=0.00 secs]

ⅴHandlePromotionFailure=true♑㟿㧴扟嫛䤓兢㨫᧶

[GC[DefNew᧶6651K-᧺148K᧤9216K᧥᧨0.0054913 secs]6651K-᧺4244K᧤19456K᧥᧨0.0055327 secs][Times᧶user=0.00 sys=0.00᧨real=0.00 secs]
[GC[DefNew᧶6378K-᧺148K᧤9216K᧥᧨0.0006584 secs]10474K-᧺4244K᧤19456K᧥᧨0.0006857 secs][Times᧶user=0.00 sys=0.00᧨real=0.00 secs]

⦷JDK 6 Update 24⃚⚝᧨扨₹㿚幤兢㨫↩㦘ぽ㆑᧨HandlePromotionFailure♑㟿ₜ↩␜㈀



❜Ⓙ壩㕮㧉䤓䴉梃⒕揜㕔≬䷥䟴᧨屑OpenJDK₼䤓䄟䪐♧▥᧤屐ⅲ䪐䂔◤3-10᧥᧨夌䏅䄟
䪐₼执⸩⃘ℕHandlePromotionFailure♑㟿᧨⇕㢾⦷ⅲ䪐₼め兞ₜ↩␜∎䞷⸒ᇭJDK 6 Update
24⃚⚝䤓屓⒨♧♹尐劐ⅲ䤓扭兼䴉梃⮶ℝ㠿䞮ⅲ⺈廰㋊⮶⺞㒥劔☕㶰㣚◖䤓⧖⮶⺞⻀
↩扪嫛Minor GC᧨⚵⒨⺕扪嫛Full GCᇭ

ⅲ䪐䂔◤3-10ᇫHotSpot₼䴉梃⒕揜㭏㩴䤓ⅲ䪐䓖㹄

bool TenuredGeneration᧶promotion_attempt_is_safe᧤size_t
max_promotion_in_bytes᧥const{
//劐ⅲ㦏⮶♾䞷䤓扭兼䴉梃
size_t available=max_contiguous_available᧤᧥᧷
//㹞㶰㣚◖Ⓙ劐ⅲ䤓⧖⮶⺞
size_t av_promo=᧤size_t᧥gc_stats᧤᧥-᧺avg_promoted᧤᧥-᧺padded_average᧤᧥᧷
//劐ⅲ♾䞷䴉梃㢾⚵⮶ℝ⧖㣚◖⮶⺞᧨㒥劔劐ⅲ♾䞷䴉梃㢾⚵⮶ℝ㇢㷳GC㢅㠿䞮ⅲ㓏㦘⺈廰⹈摞
bool res=᧤available᧺=av_promo᧥||᧤available᧺=
max_promotion_in_bytes᧥᧷
return res᧷
}



3.7ᇫ㦻䵯⺞兢
㦻䵯⅚兜ℕ⨒⧍㟅楕䤓並㽤ᇬ⑯㷍JDK 1.7₼㙟∪䤓⨒⧍㟅楕⣷䔈䍈ⅴ♙扟⇫☮䚕ᇭ抩

扖ⅲ䪐⸭√洛幐ℕJava壩㕮㧉₼呹┷␔ⷧ⒕揜♙⥭㟅䤓尐屓⒨ᇭ

␔ⷧ⥭㟅⨒⧍㟅楕⣷⦷㈗⮩㢅⊨掌㢾㈀❜侊兮㊶厌ᇬㄅ♠厌┪䤓尐⥯侯⃚᧨壩㕮
㧉⃚㓏ⅴ㙟∪⮩䱜ₜ⚛䤓㟅楕⣷ⅴ♙㙟∪⮶摞䤓庒唑♑㟿᧨㢾⥯♹㦘㫈㗽⸭棔ㄣ䞷榏㻑ᇬ
⸭䘿㡈㆞折㕸㦏↧䤓㟅楕㡈㆞㓜厌噆♥㦏浧䤓㊶厌ᇭ㼰㦘⦉⸩㟅楕⣷ᇬ♑㟿兓⚗᧨⃮㼰㦘㦏
↧䤓庒↧㡈㽤᧨壩㕮㧉⃮⻀㼰㦘⅏⃗㉔䏅䤓␔ⷧ⥭㟅嫛ᇭ⥯㷳᧨⃯ⷵ壩㕮㧉␔ⷧ䩴幕᧨Ⱁ
㨫尐Ⓙ⸭悄庒↧棅㹄᧨挲⃗㉔權ℕ屲㹞₹␆⇢㟅楕⣷䤓嫛ᇬ↧╎✛┲╎ᇬ庒唑♑㟿ᇭ⦷㘴
ₚ㧴䤓₳䵯₼᧨⇫劔⺕↩⅚兜␔ⷧ⒕㨟䤓ぴ␆✛庒↧䤓K␆⇢㫗√ᇭ



䶻4䵯ᇫ壩㕮㧉㊶厌䥠㘶㟔椫⮓䚕ぴ␆
JavaC++⃚梃㦘⫄䟀␔ⷧ┷㊐⒕揜✛⨒⧍㟅楕㔏㦾㓏⦃㒟䤓“浧⬨”᧨⬨⮥槱䤓ⅉ㎂

扪♊᧨⬨摛槱䤓ⅉ☃㎂⒉㧴ᇭ

4.1ᇫ㰑承
兞扖ⓜ槱₳䵯⺈ℝ壩㕮㧉␔ⷧ⒕揜⥭㟅㔏㦾⚓㡈槱䤓⅚兜᧨䦇≰床劔め兞ㆉ䵚ℕ⯦

㹣戒⸛㠃䤓䚕幉⪉䫏ᇭ䚕幉㋊㢾⇫㖖⺋⸭悄䤓ぴ␆᧨厌㔙扨K䩴幕ㄣ䞷Ⓙ⸭棔ぴ⇫₼㓜㢾
㒠ⅻ䤓㦏兗䥽䤓ᇭ㘴ₚ㧴䤓₳䵯᧨㒠ⅻ⺕⅝⸭悄䤓屡ㄵ♊ℕ屲壩㕮㧉␔ⷧ丰䚕䤓₥䟛ᇭ

全₹侊兮⸩⇜桽欧䤓㢅⊨᧨䩴幕ᇬ兞洛㢾␂枽⪉䫏᧨㟿㗽㢾∬㗽᧨ぴ␆㢾扟䞷䩴幕⮓
䚕㟿㗽䤓㓚㹄ᇭ扨摛広䤓㟿㗽▔㕻᧶扟嫛㡴㉦ᇬ㆑デ⪕㪗ᇬGC㡴㉦ᇬ兎䲚㉺䏶
᧤threaddump/javacore㠖ↅ᧥ᇬ⪕懻⌷㉺䏶᧤heapdump/hprof㠖ↅ᧥䷘ᇭ兞デ∎䞷抑㇢䤓壩㕮
㧉䥠㘶✛⒕㨟䤓ぴ␆♾ⅴ┯㉺㒠ⅻ⒕㨟㟿㗽ᇬ⸩⇜屲⑂桽欧䤓抮ㄵ᧨⇕⦷⃯ⷵぴ␆ⓜ᧨⃮ㄣ
㇢㎞幕Ⓙぴ␆㻇扫掌㢾䩴幕㔏厌䤓⻑▔孔᧨㼰㦘⅏⃗ぴ␆㢾“䱧⹕㷵⣷”᧨ₜ♾厌ⷵ↩ℕ⻀
厌▔㽊䤍䡔ᇭ



4.2ᇫJDK䤓✌ⅳ嫛ぴ␆
Java♠ⅉ⛧匾⸩掌䩴拢JDK䤓bin䥽₼㦘“java.exe”ᇬ“javac.exe”扨₳₹✌ⅳ嫛ぴ␆᧨

⇕ㄅ槭㓏㦘䲚ㄞ⛧掌ℕ屲扖JDK䤓bin䥽⃚₼␅Ⅵ✌ⅳ嫛䲚ㄞ䤓⇫䞷ᇭ㹞抱JDK㦃㠿䓗㦻⃚
㢅᧨bin䥽ₚ✌ⅳ嫛ぴ␆䤓㟿摞✛┮厌㋊↩ₜ䩴ₜ屘⦿⬭┯✛⬭㇉ᇭbin䥽䤓␔⹈Ⱁ⦍4-1
㓏䯉ᇭ

⦷㦻䵯₼᧨䶣劔⺕⅚兜扨Kぴ␆䤓␅₼捷⒕᧨尐▔㕻䞷ℝ䥠展壩㕮㧉✛㟔椫⮓䚕䤓
ぴ␆ᇭ扨K㟔椫⮓䚕ぴ␆嬺Sun⏻⚇⇫“䯋䓸”棓忯全JDK䤓∎䞷劔᧨ㄅ⦷懾ↅ䤓∎䞷広㢝₼
㔙⸒ⅻ⭿㢝“㼰㦘㔏㦾㞾㖐ㄅ₣㢾⸭洛㊶德䤓”᧤unsupported and experimental᧥[1]䤓ℶ❐᧨⇕
ℚ⸭ₙ᧨扨Kぴ␆掌槭デ䳂⸩力₣┮厌㇉⮶᧨厌⦷⮓䚕ㄣ䞷䲚ㄞ㊶厌桽欧ᇬ⸩⇜㟔椫㢅♠㖴
㈗⮶䤓⇫䞷ᇭ

⦍ᇫ4-1ᇫSun JDK₼䤓ぴ␆䥽

広怆JDK䤓ぴ␆᧨㹣戒兕㉒䤓床劔᧨♾厌↩㽷㎞Ⓙ扨Kぴ␆䤓䲚ㄞ⇢䱾掌㆑デ⺞ぶᇭ⋖
Ⱁⅴⓜ㼰㽷㎞Ⓙ᧨䘿⦷ₜⰷ␜䦚䦚⦍4-1₼䤓㦏⚝⒦“⮶⺞”᧨⑯⃝㓏㦘ぴ␆䤓⇢䱾⪉㦻ₙ
掌䳂⸩⦷27KBふ⚂ᇭㄅ槭JDK♠⥱梮Ⓤ㎞㔙⸒ⅻⓅ⇫㈦Ⱁ㷳位䍋㧴䌺劏冥䲚㻃᧨力㢾⥯
扨K✌ⅳ嫛ぴ␆⮶⮩㟿㢾jdk/lib/tools.jar伊ㄢ䤓⻑堓▔孔力め᧨⸒ⅻ尐䤓┮厌ⅲ䪐㢾
⦷tools伊ㄢ₼⸭䘿䤓ᇭ床劔㔙⦍4-1✛⦍4-2₳ㆯ⦍䓖⺈㹣ₚ⻀♾ⅴ䦚㈦㈗䂔㯩ᇭ



⋖Ⱁ床劔∎䞷䤓㢾Linux䓗㦻䤓JDK᧨执↩♠䘿扨Kぴ␆₼㈗⮩䞩咂⻀㢾䟀Shell厩㦻䦃㘴
㒟䤓᧨♾ⅴ䞷vim䦃㘴㓢⸒ⅻᇭ

JDK♠⥱梮折㕸摖䞷Javaⅲ䪐㧴⸭䘿扨K䥠㘶ぴ␆㢾㦘䔈Ⓔ䞷㎞䤓᧶㇢ㄣ䞷䲚ㄞ捷刁
Ⓙ䞮ℶ䘾⬒⚝᧨㡯幉㢾䦃㘴㘴屵䓸䚕㦜┰⣷执㢾扫䲚TelnetⒿ㦜┰⣷ₙ掌♾厌↩♦Ⓙ棟Ⓟᇭ
⊮┸tools.jar伊ㄢ摛槱䤓㘴♲᧨㒠ⅻ♾ⅴ䦃㘴⦷ㄣ䞷䲚ㄞ₼⸭䘿┮厌㇉⮶䤓䥠㘶⒕㨟┮厌[2]ᇭ

⦍ᇫ4-2ᇫtools.jar▔䤓␔捷䕅⑄

榏尐䔈Ⓔ広㢝䤓㢾᧨㦻䵯⅚兜䤓ぴ␆⏷捷⪉ℝWindows♿ₚ䤓JDK 1.6 Update 21᧨Ⱁ
㨫JDK䓗㦻ᇬ㝜⇫侊兮ₜ⚛᧨ぴ␆㓏㞾㖐䤓┮厌♾厌↩㦘戒⮶ぽⒺᇭ⮶捷⒕ぴ␆⦷JDK 1.5₼
⻀め兞㙟∪᧨⇕ℕ挎⏜扟嫛䘾⬒サ㧴䤓ぽ㆑✛␋⹈㊶桽欧᧨ㆉ帽床劔∎䞷JDK 1.6㧴洛幐
㦻䵯⅚兜䤓␔⹈᧨⥯JDK 1.6䤓ぴ␆♾ⅴ㷲デ␋⹈扟嫛ℝJDK 1.5䤓壩㕮㧉⃚ₙ䤓䲚ㄞ᧨♜
⃚⒨ₜ⸩ᇭ嫷4-1₼広㢝ℕJDK尐✌ⅳ嫛䥠㘶ぴ␆䤓䞷抣ᇭ

㽷㎞ᇫ Ⱁ㨫床劔⦷ぴ⇫₼榏尐䥠㘶扟嫛ℝJDK 1.5䤓壩㕮㧉⃚ₙ䤓䲚ㄞ᧨⦷䲚ㄞ⚾┷㢅
庆䂊┯♑㟿“-Dcom.sun.management.jmxremote”⚾JMX丰䚕┮厌᧨⚵⒨䟀ℝ捷⒕ぴ␆掌㢾⪉
ℝJMX᧤▔㕻4.3唑⅚兜䤓♾展▥ぴ␆᧥᧨⸒ⅻ掌⺕↩㡯㽤∎䞷᧨Ⱁ㨫嬺䥠㘶䲚ㄞ扟嫛ℝJDK
1.6䤓壩㕮㧉⃚ₙ᧨挲JMX丰䚕照帳㢾⚾䤓᧨壩㕮㧉⚾┷㢅㡯權␜䂊┯↊⇤♑㟿ᇭ



4.2.1ᇫjps᧶壩㕮㧉扪䲚䕅⑄ぴ␆

JDK䤓㈗⮩⺞ぴ␆䤓⚜ⷦ掌♑劒ℕUNIX✌ⅳ䤓✌⚜㡈㆞᧨jps᧤JVM Process Status
Tool᧥㢾␅₼䤓␇⨚ᇭ棳ℕ⚜ⷦ⍞UNIX䤓ps✌ⅳ⃚⮥᧨⸒䤓┮厌⃮✛ps✌ⅳ伊⇋᧶♾ⅴ⒦⒉
㷲⦷扟嫛䤓壩㕮㧉扪䲚᧨ㄅ㣍䯉壩㕮㧉㓶嫛伊᧤Main Class,main᧤᧥⒌㟿㓏⦷䤓伊᧥⚜䱿
ⅴ♙扨K扪䲚䤓㦻⦿壩㕮㧉➾ID᧤Local Virtual Machine Identifier,LVMID᧥ᇭ夌䏅┮厌㹣戒
◤᧨⇕⸒㢾∎䞷欠䘖㦏浧䤓JDK✌ⅳ嫛ぴ␆᧨⥯␅Ⅵ䤓JDKぴ␆⮶⮩榏尐戢⏴⸒㩴幱Ⓙ
䤓LVMID㧴䫽⸩尐䥠㘶䤓㢾❹₹壩㕮㧉扪䲚ᇭ⺈ℝ㦻⦿壩㕮㧉扪䲚㧴広᧨LVMID㝜⇫侊
兮䤓扪䲚ID᧤Process Identifier,PID᧥㢾咃䤓᧨∎䞷Windows䤓↊┰丰䚕⣷㒥劔UNIX䤓ps✌
ⅳ⃮♾ⅴ㩴幱Ⓙ壩㕮㧉扪䲚䤓LVMID᧨⇕Ⱁ㨫⚛㢅⚾┷ℕ⮩₹壩㕮㧉扪䲚᧨㡯㽤㫈㗽扪䲚⚜
䱿⸩⇜㢅᧨挲⻀♹厌∬忥jps✌ⅳ㣍䯉伊䤓┮厌㓜厌◉⒕ℕᇭ

jsp✌ⅳ㫋㆞᧶

jps[options][hostid]

jps㓶嫛㫆√᧶

D᧶\Develop\Java\jdk1.6.0_21\bin᧺jps-l
2388 D᧶\Develop\glassfish\bin\..\modules\admin-cli.jar
2764 com.sun.enterprise.glassfish.bootstrap.ASMain
3788 sun.tools.jps.Jps

jps♾ⅴ抩扖RMI◞帽㩴幱⚾ℕRMI㦜┰䤓扫䲚壩㕮㧉扪䲚䕅㊐᧨hostidRMI㽷␛嫷₼
㽷␛䤓㧉⚜ᇭjps䤓␅Ⅵデ䞷折欈屐嫷4-2ᇭ



[1]http://download.oracle.com/javase/6/docs/technotes/tools/index.htmlᇭ
[2]tools.jar₼䤓伊ㄢₜ⻭ℝJava䤓㪖API᧨Ⱁ㨫ㆤ⏴扨₹伊ㄢ᧨⻀㎞✂䧏䞷㓆䤓䲚ㄞ♹厌扟
嫛ℝSun Hotspot᧤㒥K⅝Sun⏻⚇徼ℕJDK䤓䄟䪐License䤓壩㕮㧉᧨ⰑIBM J9ᇬBEA
JRockit᧥ₙ槱᧨㒥劔⦷捷刁䲚ㄞ㢅榏尐怆捷刁tools.jarᇭ



4.2.2ᇫjstat᧶壩㕮㧉兮帰≰㋾䥠展ぴ␆

jstat᧤JVM Statistics Monitoring Tool᧥㢾䞷ℝ䥠展壩㕮㧉⚓䱜扟嫛䕅㊐≰㋾䤓✌ⅳ嫛ぴ
␆ᇭ⸒♾ⅴ㣍䯉㦻⦿㒥劔扫䲚[1]壩㕮㧉扪䲚₼䤓伊孔戌ᇬ␔ⷧᇬ⨒⧍㟅楕ᇬJIT冥幠䷘扟嫛㟿
㗽᧨⦷㼰㦘GUI⦍ㇱ䟛槱᧨♹㙟∪ℕ儾㠖㦻㘶Ⓟ♿䘾⬒䤓㦜┰⣷ₙ᧨⸒⺕㢾扟嫛㦮⸩⇜壩㕮
㧉㊶厌桽欧䤓氥折ぴ␆ᇭ

jstat✌ⅳ㫋㆞᧶

jstat[option vmid[interval[s|ms][count]]]

⺈ℝ✌ⅳ㫋㆞₼䤓VMIDLVMID榏尐䔈Ⓔ広㢝ₚ᧶Ⱁ㨫㢾㦻⦿壩㕮㧉扪䲚᧨VMID
LVMID㢾咃䤓᧨Ⱁ㨫㢾扫䲚壩㕮㧉扪䲚᧨挲VMID䤓㫋㆞ㄣ㇢㢾᧶

[protocol᧶][//]lvmid[@hostname[᧶port]/servername]

♑㟿interval✛countⅲ嫷㩴幱梃椣✛㶰㟿᧨Ⱁ㨫䦐䟴扨₳₹♑㟿᧨広㢝♹㩴幱㶰ᇭ⋖幍
榏尐㹞250㹺䱡㩴幱㶰扪䲚2764⨒⧍㟅楕䕅⑄᧨␀㩴幱20㶰᧨挲✌ⅳㄣ㇢㢾᧶

jstat-gc 2764 250 20

折欈optionⅲ嫷䧏䞷㓆゛㦪㩴幱䤓壩㕮㧉≰㋾᧨尐⒕3伊᧶伊孔戌ᇬ⨒⧍㟅楕ᇬ扟嫛
㦮冥幠䕅⑄᧨␆⇢折欈♙⇫䞷庆♑劒嫷4-3₼䤓㙞承ᇭ



jstat䥠展折欈↦⮩᧨⦎ℝ䓗槱☮⥯㡯㽤抟䆣䯉᧨扨摛⅔䥠展♿⒩⒩⚾┷䤓
GlassFish v3㦜┰⣷䤓␔ⷧ䕅⑄䤓√㧴䆣䯉Ⱁ⇤㩴䦚䥠展兢㨫ᇭ䥠展♑㟿戢⒉兢㨫Ⱁⅲ䪐
䂔◤4-1㓏䯉ᇭ

ⅲ䪐䂔◤4-1ᇫjstat㓶嫛㫆√

D᧶\Develop\Java\jdk1.6.0_21\bin᧺jstat-gcutil 2764
S0 S1 E O P YGC YGCT FGC FGCT GCT
0.00 0.00 6.20 41.42 47.20 16 0.105 3 0.472 0.577

㩴幱兢㨫嫷㢝᧶扨♿㦜┰⣷䤓㠿䞮ⅲEden◉᧤E᧨嫷䯉Eden᧥∎䞷ℕ6.2%䤓䴉梃᧨₳₹
Survivor◉᧤S0ᇬS1᧨嫷䯉Survivor0ᇬSurvivor1᧥摛槱掌㢾䴉䤓᧨劐ⅲ᧤O᧨嫷䯉Old᧥✛
㻇⃔ⅲ᧤P᧨嫷䯉Permanent᧥⒨⒕Ⓔ∎䞷ℕ41.42%✛47.20%䤓䴉梃ᇭ䲚ㄞ扟嫛ⅴ㧴␀♠䞮
Minor GC᧤YGC᧨嫷䯉Young GC᧥16㶰᧨㋊劦㢅0.105䱡᧨♠䞮Full GC᧤FGC᧨嫷䯉Full
GC᧥3㶰᧨Full GC㋊劦㢅᧤FGCT᧨嫷䯉Full GC Time᧥0.472䱡᧨㓏㦘GC㋊劦㢅᧤GCT᧨
嫷䯉GC Time᧥0.577䱡ᇭ

∎䞷jstatぴ␆⦷儾㠖㦻䕅㊐ₚ䥠展壩㕮㧉䕅㊐䤓♧▥᧨䫽⸭ₜⰑ⚝槱⺕↩㙟Ⓙ䤓
VisualVM䷘♾展▥䤓䥠展ぴ␆䦃㘴ⅴ⦍嫷⻤䘿挲㫆䦃屑ᇭ⇕幇⮩㦜┰⣷丰䚕⛧掌⃯㍾ℕ⦷㠖
㦻㘶Ⓟ♿₼ぴ⇫᧨䦃㘴⦷㘶Ⓟ♿₼∎䞷jstat✌ⅳ∬䏅㢾䱜デ䞷䤓䥠㘶㡈㆞ᇭ

[1]榏尐扫䲚㧉㙟∪RMI㞾㖐᧨Sun㙟∪䤓jstatdぴ␆♾ⅴ㈗㡈≎⦿ㆉ䵚扫䲚RMI㦜┰⣷ᇭ



4.2.3ᇫjinfo᧶Java揜函≰㋾ぴ␆

jinfo᧤Configuration Info for Java᧥䤓⇫䞷㢾⸭㢅⦿㩴䦚✛庒㠃壩㕮㧉⚓欈♑㟿ᇭ∎䞷jps
✌ⅳ䤓-v♑㟿♾ⅴ㩴䦚壩㕮㧉⚾┷㢅㣍㆞㖖⸩䤓♑㟿⒦嫷᧨⇕Ⱁ㨫㎂䩴拢㦹嬺㣍㆞㖖⸩䤓♑
㟿䤓侊兮照帳⋋᧨棳ℕ♊㔍忓㠨⮥᧨⻀♹厌∎䞷jinfo䤓-flag折欈扪嫛㩴幱ℕ᧤Ⱁ㨫♹棟ℝ
JDK 1.6㒥ⅴₙ䓗㦻䤓幬᧨∎䞷java-XX᧶+PrintFlagsFinal㩴䦚♑㟿照帳⋋⃮㢾₹㈗Ⰼ䤓折
㕸᧥᧨jinfo执♾ⅴ∎䞷-sysprops折欈㔙壩㕮㧉扪䲚䤓System.getProperties᧤᧥䤓␔⹈㓢◿⒉
㧴ᇭ扨₹✌ⅳ⦷JDK 1.5㢅㦮め兞椞䧏Linux䓗䤓JDK♠を᧨㇢㢅♹㙟∪ℕ≰㋾㩴幱䤓┮
厌᧨JDK 1.6⃚⚝᧨jinfo⦷Windows✛Linux♿掌㦘㙟∪᧨ㄅ₣┯⏴ℕ扟嫛㦮≽㟈♑㟿䤓厌
┪᧨♾ⅴ∎䞷-flag[+|-]name㒥劔-flag name=value≽㟈捷⒕扟嫛㦮♾䤓壩㕮㧉♑㟿⋋ᇭ
JDK 1.6₼᧨jinfo⺈ℝWindows♿┮厌⅜䏅㦘戒⮶棟Ⓟ᧨♹㙟∪ℕ㦏⪉㦻䤓-flag折欈ᇭ

jinfo✌ⅳ㫋㆞᧶

jinfo[option]pid

㓶嫛㫆√᧶㩴幱CMSInitiatingOccupancyFraction♑㟿⋋ᇭ

C᧶\᧺jinfo-flag CMSInitiatingOccupancyFraction 1444
-XX᧶CMSInitiatingOccupancyFraction=85



4.2.4ᇫjmap᧶Java␔ⷧ㢯⍞ぴ␆

jmap᧤Memory Map for Java᧥✌ⅳ䞷ℝ䞮㒟⪕懻⌷㉺䏶᧤咻䱿heapdump㒥dump㠖
ↅ᧥ᇭⰑ㨫ₜ∎䞷jmap✌ⅳ᧨尐㎂噆♥Java⪕懻⌷㉺䏶᧨执㦘K㹣戒“㥃┪”䤓㓚㹄᧶巻Ⱁ
⦷䶻2䵯₼䞷扖䤓-XX᧶+HeapDumpOnOutOfMemoryError♑㟿᧨♾ⅴ常壩㕮㧉⦷OOM㆑デ⒉
䘿⃚⚝呹┷䞮㒟dump㠖ↅ᧨抩扖-XX᧶+HeapDumpOnCtrlBreak♑㟿⒨♾ⅴ∎䞷[Ctrl]+[Break]
枽常壩㕮㧉䞮㒟dump㠖ↅ᧨♗㒥劔⦷Linux侊兮ₚ抩扖Kill-3✌ⅳ♠抐扪䲚抏⒉≰⚆“⚢➻”
ₚ壩㕮㧉᧨⃮厌㖎Ⓙdump㠖ↅᇭ

jmap䤓⇫䞷ㄅₜ⅔⅔㢾ℕ噆♥dump㠖ↅ᧨⸒执♾ⅴ㩴幱finalize㓶嫛梮⒦ᇬJava⪕✛㻇
⃔ⅲ䤓幵兕≰㋾᧨Ⱁ䴉梃∎䞷䘖ᇬ㇢ⓜ䞷䤓㢾❹䱜㟅楕⣷䷘ᇭ

✛jinfo✌ⅳ㫆᧨jmap㦘ₜ⺠┮厌⦷Windows♿ₚ掌㢾♦棟䤓᧨棳ℕ䞮㒟dump㠖ↅ䤓-
dump折欈✛䞷ℝ㩴䦚㹞₹伊䤓⸭√ᇬ䴉梃◯䞷兮帰䤓-histo折欈⦷㓏㦘㝜⇫侊兮掌㙟∪⃚
⮥᧨␅⇨折欈掌♹厌⦷Linux/Solarisₚ∎䞷ᇭ

jmap✌ⅳ㫋㆞᧶

jmap[option]vmid

option折欈䤓⚗㽤⋋␆⇢⚺⃘屐嫷4-4ᇭ

ⅲ䪐䂔◤4-2㢾∎䞷jmap䞮㒟₹㷲⦷扟嫛䤓Eclipse䤓dump㉺䏶㠖ↅ䤓√᧨√₼䤓
3500㢾抩扖jps✌ⅳ㩴幱Ⓙ䤓LVMIDᇭ

ⅲ䪐䂔◤4-2ᇫ∎䞷jmap䞮㒟dump㠖ↅ



C᧶\Users\IcyFenix᧺jmap-dump᧶format=b,file=eclipse.bin 3500
Dumping heap to C᧶\Users\IcyFenix\eclipse.bin……
Heap dump file created



4.2.5ᇫjhat᧶壩㕮㧉⪕懻⌷㉺䏶⒕㨟ぴ␆

Sun JDK㙟∪jhat᧤JVM Heap Analysis Tool᧥✌ⅳjmap㚼揜∎䞷᧨㧴⒕㨟jmap䞮㒟䤓⪕
懻⌷㉺䏶ᇭjhat␔函ℕ₹㈽⨚䤓HTTP/HTML㦜┰⣷᧨䞮㒟dump㠖ↅ䤓⒕㨟兢㨫⚝᧨♾ⅴ⦷
㿞屗⣷₼㩴䦚ᇭₜ扖⸭ℚ㻑㢾⦿広᧨⦷⸭棔ぴ⇫₼᧨棳槭䶣劔㓚ₙ䦮䤓㼰㦘Ⓔ䤓ぴ␆♾䞷᧨
⚵⒨咻掌ₜ↩♊䦃㘴∎䞷jhat✌ⅳ㧴⒕㨟dump㠖ↅ᧨尐☮⥯㦘ℛ᧶㢾咻ₜ↩⦷捷刁
ㄣ䞷䲚ㄞ䤓㦜┰⣷ₙ䦃㘴⒕㨟dump㠖ↅ᧨☂∎♾ⅴ扨㫆⋩᧨⃮↩⻌摞⺕dump㠖ↅ⮜ⓅⒿ␅
Ⅵ㧉⣷[1]ₙ扪嫛⒕㨟᧨⥯⒕㨟ぴ⇫㢾₹劦㢅力₣䀗劦䫻ↅ忓䄟䤓扖䲚᧨㡱䏅掌尐⦷␅Ⅵ
㧉⣷扪嫛᧨⻀㼰㦘㉔尐♦Ⓙ✌ⅳ嫛ぴ␆䤓棟Ⓟℕ᧷♵₹☮⥯㢾jhat䤓⒕㨟┮厌䦇⺈㧴広㹣
戒丏棚᧨⚝㠖⺕↩⅚兜Ⓙ䤓VisualVM᧨ⅴ♙₢₩䞷ℝ⒕㨟dump㠖ↅ䤓Eclipse Memory
AnalyzerᇬIBM HeapAnalyzer[2]䷘ぴ␆᧨掌厌⸭䘿㹣jhat㦃㇉⮶㦃₢₩䤓⒕㨟┮厌ᇭⅲ䪐䂔◤4-
3䆣䯉ℕ∎䞷jhat⒕㨟4.2.4唑₼摖䞷jmap䞮㒟䤓Eclipse IDE䤓␔ⷧ㉺䏶㠖ↅᇭ

ⅲ䪐䂔◤4-3ᇫ∎䞷jhat⒕㨟dump㠖ↅ

C᧶\Users\IcyFenix᧺jhat eclipse.bin
Reading from eclipse.bin……
Dump file created Fri Nov 19 22᧶07᧶21 CST 2010
Snapshot read,resolving……
Resolving 1225951 objects……
Chasing references,expect 245 dots……
Eliminating duplicate references……
Snapshot resolved.
Started HTTP server on port 7000
Server is ready.

⻞ヤ㣍䯉“Server is ready.”䤓㙟䯉⚝᧨䞷㓆⦷㿞屗⣷₼枽⏴http://localhost᧶7000/⻀♾ⅴ
䦚Ⓙ⒕㨟兢㨫᧨Ⱁ⦍4-3㓏䯉ᇭ



⦍ᇫ4-3ᇫjhat䤓⒕㨟兢㨫

⒕㨟兢㨫照帳㢾ⅴ▔◤⇜扪嫛⒕兓㣍䯉᧨⒕㨟␔ⷧ㽓䆞桽欧尐↩∎䞷Ⓙ␅₼
䤓“Heap Histogram”᧤jmap-histo┮厌㫆᧥OQL欄不䤓┮厌᧨ⓜ劔♾ⅴ㔍Ⓙ␔ⷧ₼㋊⹈
摞㦏⮶䤓⺈廰᧨⚝劔㢾㪖䤓⺈廰㩴幱幼岏᧨∎䞷伊⇋SQL䤓幼㽤⺈␔ⷧ₼䤓⺈廰扪嫛㩴幱
兮帰᧨床劔啴⺈OQL㦘␃怲䤓幬᧨♾ⅴ♑劒㦻棓D䤓⅚兜ᇭ

[1]䞷ℝ⒕㨟䤓㧉⣷咻⃮㢾㦜┰⣷᧨䟀ℝ┯戌dump㉺䏶㠖ↅ榏尐㹣䞮㒟dump㦃⮶䤓␔ⷧ᧨
㓏ⅴ咻⦷64⇜JDKᇬ⮶␔ⷧ䤓㦜┰⣷ₙ扪嫛ᇭ
[2]IBM HeapAnalyzer䞷ℝ⒕㨟IBM J9壩㕮㧉䞮㒟䤓㢯⍞㠖ↅ᧨⚓₹壩㕮㧉ℶ䞮䤓㢯⍞㠖ↅ㫋
㆞ㄅₜ咃᧨㓏ⅴ⒕㨟ぴ␆⃮ₜ厌抩䞷ᇭ



4.2.6ᇫjstack᧶Java⪕㪗恮悹ぴ␆

jstack᧤Stack Trace for Java᧥✌ⅳ䞷ℝ䞮㒟壩㕮㧉㇢ⓜ㢅Ⓤ䤓兎䲚㉺䏶᧤咻䱿
threaddump㒥劔javacore㠖ↅ᧥ᇭ兎䲚㉺䏶⻀㢾㇢ⓜ壩㕮㧉␔㹞㧰兎䲚㷲⦷㓶嫛䤓㡈㽤⪕㪗
䤓楕⚗᧨䞮㒟兎䲚㉺䏶䤓尐䥽䤓㢾⸩⇜兎䲚⒉䘿栎㢅梃⋫欎䤓☮⥯᧨Ⱁ兎䲚梃㸊析ᇬ㸊㈹
䘾ᇬ庆㻑⮥捷忓䄟⺋咃䤓栎㢅梃䷘㈔䷘掌㢾⺋咃兎䲚栎㢅梃⋫欎䤓デ屐☮⥯ᇭ兎䲚⒉䘿⋫欎
䤓㢅⊨抩扖jstack㧴㩴䦚⚓₹兎䲚䤓庒䞷⪕㪗᧨⻀♾ⅴ䩴拢㼰㦘❜ㄣ䤓兎䲚Ⓙㄤ⦷⚝♿⋩K
⅏⃗ℚ㍔᧨㒥劔䷘㈔䧏⅏⃗忓䄟ᇭ

jstack✌ⅳ㫋㆞᧶

jstack[option]vmid

option折欈䤓⚗㽤⋋␆⇢⚺⃘屐嫷4-5ᇭ

ⅲ䪐䂔◤4-4㢾∎䞷jstack㩴䦚Eclipse兎䲚⪕㪗䤓√᧨√₼䤓3500㢾抩扖jps✌ⅳ㩴幱
Ⓙ䤓LVMIDᇭ

ⅲ䪐䂔◤4-4ᇫ∎䞷jstack㩴䦚兎䲚⪕㪗᧤捷⒕兢㨫᧥

C᧶\Users\IcyFenix᧺jstack-l 3500
2010-11-19 23᧶11᧶26
Full thread dump Java HotSpot᧤TM᧥64-Bit Server VM᧤17.1-b03 mixed mode᧥᧶
"[ThreadPool Manager]-Idle Thread"daemon prio=6 tid=0x0000000039dd4000 nid=0xf50 in Object.wait᧤᧥[0x000000003c96f000]
java.lang.Thread.State᧶WAITING᧤on object monitor᧥
at java.lang.Object.wait᧤Native Method᧥
-waiting on᧸0x0000000016bdcc60᧺᧤a org.eclipse.equinox.internal.util.impl.tpt.threadpool.Executor᧥
at java.lang.Object.wait᧤Object.java᧶485᧥
at org.eclipse.equinox.internal.util.impl.tpt.threadpool.Executor.run᧤Executor.java᧶106᧥
-locked᧸0x0000000016bdcc60᧺᧤a org.eclipse.equinox.internal.util.impl.tpt.threadpool.Executor᧥
Locked ownable synchronizers᧶
-None

⦷JDK 1.5₼᧨java.lang.Thread伊㠿⬭ℕ₹getAllStackTraces᧤᧥㡈㽤䞷ℝ噆♥壩㕮㧉
₼㓏㦘兎䲚䤓StackTraceElement⺈廰ᇭ∎䞷扨₹㡈㽤♾ⅴ抩扖丏◤䤓⑯嫛ⅲ䪐⻀⸛㒟jstack䤓
⮶捷⒕┮厌᧨⦷⸭棔欈䥽₼ₜⰷ庒䞷扨₹㡈㽤⋩₹丰䚕⛧欄槱᧨♾ⅴ椞㢅∎䞷㿞屗⣷㧴㩴䦚
兎䲚⪕㪗᧨Ⱁⅲ䪐䂔◤4-5㓏䯉᧨扨㢾䶣劔䤓₹⺞兞洛ᇭ

ⅲ䪐䂔◤4-5ᇫ㩴䦚兎䲚䕅⑄䤓JSP欄槱

᧸%@page import="java.util.Map"%᧺
᧸html᧺
᧸head᧺
᧸title᧺㦜┰⣷兎䲚≰㋾᧸/title᧺
᧸/head᧺
᧸body᧺
᧸pre᧺
᧸%
for᧤Map.Entry᧸Thread,StackTraceElement[]᧺stackTrace᧶Thread.
getAllStackTraces᧤᧥.entrySet᧤᧥᧥{
Thread thread=᧤Thread᧥stackTrace.getKey᧤᧥᧷
StackTraceElement[]stack=᧤StackTraceElement[]᧥stackTrace.getValue᧤᧥᧷



if᧤thread.equals᧤Thread.currentThread᧤᧥᧥᧥{
continue᧷
}
out.print᧤"\n兎䲚᧶"+thread.getName᧤᧥+"\n"᧥᧷
for᧤StackTraceElement element᧶stack᧥{
out.print᧤"\t"+element+"\n"᧥᧷
}
}
%᧺
᧸/pre᧺
᧸/body᧺
᧸/html᧺



4.2.7ᇫHSDIS᧶JIT䞮㒟ⅲ䪐♜㻖冥

⦷Java壩㕮㧉屓喒₼᧨幵兕㙞承ℕ壩㕮㧉㖖ⅳ楕₼㹞㧰㖖ⅳ䤓㓶嫛扖䲚ᇬ㓶嫛ⓜ⚝⺈㝜
⇫㟿㪗ᇬ⻏捷♧摞嫷䤓㈀❜䷘兕唑ᇭ扨K兕唑㙞承Sun䤓㡸㦮壩㕮㧉᧤Sun Classic VM᧥浧
ㄵ⛊⚗᧨⇕椞䧏㔏㦾䤓♠⻤᧨浧㊶厌壩㕮㧉䦮㷲䤓兕唑⸭䘿㡈㆞め兞䂟䂟壩㕮㧉屓喒㓏㙞
承䤓␔⹈ℶ䞮ℕ怙㧴怙⮶䤓ぽ恬᧨壩㕮㧉屓喒₼䤓㙞承抟䂟㒟ℕ壩㕮㧉⸭䘿䤓“㰑㊄㲰
⨚”——☂⸭䘿♹厌≬幐屓喒㙞承䷘㟗ᇭ⪉ℝ扨₹☮⥯᧨㒠ⅻ⒕㨟䲚ㄞ䤓㓶嫛幼⃘桽欧᧤壩
㕮㧉⋩ℕ⅏⃗᧥㢅᧨⦷ⷦ唑䪐⻑槱ₙ⒕㨟⸛⏷♾嫛᧨⇕⒕㨟䲚ㄞ䤓㓶嫛嫛桽欧᧤壩㕮㧉㢾
㊝㫆⋩䤓ᇬ㊶厌Ⱁ⇤᧥㢅᧨⦷ⷦ唑䪐⻑槱ₙ⒕㨟⻀㼰㦘⅏⃗㎞⃘ℕ᧨榏尐抩扖␅Ⅵ㡈㆞屲
⑂ᇭ

⒕㨟䲚ㄞⰑ⇤㓶嫛᧨抩扖懾ↅ庒幤ぴ␆᧤GDBᇬWindbg䷘᧥㧴㠼䍈庒幤㢾㦏デ屐䤓㓚
㹄᧨⇕㢾扨㫆䤓庒幤㡈㆞⦷Java壩㕮㧉₼↩拖Ⓙ㈗⮶⥿楍᧨⥯⮶摞㓶嫛ⅲ䪐㢾抩扖JIT冥幠
⣷┷㊐䞮㒟ⒿCodeBuffer₼䤓᧨㼰㦘㈗丏◤䤓㓚㹄㧴⮓䚕扨䱜䂆⚗㲰㆞䤓庒幤᧤ₜ扖䦇≰壩
㕮㧉♠⥱梮␔捷匾⸩㢾㦘␔捷ぴ␆䤓᧥ᇭ⥯㷳᧨ₜ㈦ₜ抩扖K䔈Ⓔ䤓㓚㹄㧴屲⑂桽欧᧨
⪉ℝ扨䱜卛㣾᧨㦻唑䤓屡——HSDIS㙡ↅ⻀㷲㆞䤊⧉ℕᇭ

HSDIS㢾₹Sun⸧㡈㘷嗟䤓HotSpot壩㕮㧉JIT冥幠ⅲ䪐䤓♜㻖冥㙡ↅ᧨⸒▔⚺⦷HotSpot
壩㕮㧉䤓䄟䪐⃚₼᧨⇕㼰㦘㙟∪冥幠⚝䤓䲚ㄞᇭ⦷Project Kenai䤓几䵨[1]⃮♾ⅴₚ戌Ⓙ◤䕻䤓
䄟䪐ᇭ⸒䤓⇫䞷㢾常HotSpot䤓-XX᧶+PrintAssembly㖖ⅳ庒䞷⸒㧴㔙┷㊐䞮㒟䤓㦻⦿ⅲ䪐执
☮㻖冥ⅲ䪐戢⒉᧨⚛㢅执䞮㒟ℕ⮶摞槭デ㦘ↆ⋋䤓㽷摙᧨扨㫆㒠ⅻ⻀♾ⅴ抩扖戢⒉䤓ⅲ䪐
㧴⒕㨟桽欧ᇭ床劔♾ⅴ㫈㗽呹む䤓㝜⇫侊兮✛CPU伊⨚⅝Project Kenai䤓几䵨ₙₚ戌冥幠Ⰼ
䤓㙡ↅ᧨䦃㘴㟍ⒿJDK_HOME/jre/bin/client✛JDK_HOME/jre/bin/server䥽₼☂♾ᇭⰑ㨫㼰
㦘㔍Ⓙ㓏榏㝜⇫侊兮᧤巻ⰑWindows䤓⻀㼰㦘᧥䤓㒟❐᧨挲⻀㈦呹む∎䞷䄟䪐冥幠ₚ[2]ᇭ

执榏尐㽷㎞䤓㢾᧨Ⱁ㨫床劔∎䞷䤓㢾Debug㒥劔FastDebug䓗䤓HotSpot᧨挲♾ⅴ䦃㘴抩
扖-XX᧶+PrintAssembly㖖ⅳ∎䞷㙡ↅ᧷Ⱁ㨫∎䞷䤓㢾Product䓗䤓HotSpot᧨挲执尐欬⮥┯⏴
₹-XX᧶+UnlockDiagnosticVMOptions♑㟿ᇭ䶣劔ⅴⅲ䪐䂔◤4-6₼䤓丏◤㿚幤ⅲ䪐√䆣
䯉ₚ扨₹㙡ↅ䤓∎䞷ᇭ

ⅲ䪐䂔◤4-6ᇫ㿚幤ⅲ䪐

public class Bar{
int a=1᧷
static int b=2᧷
public int sum᧤int c᧥{
return a+b+c᧷
}
public static void main᧤String[]args᧥{
new Bar᧤᧥.sum᧤3᧥᧷
}
}

冥幠扨㹄ⅲ䪐᧨ㄅ∎䞷ⅴₚ✌ⅳ㓶嫛ᇭ

java-XX᧶+PrintAssembly-Xcomp-XX᧶CompileCommand=dontinline᧨*Bar.sum-XX᧶Compi leCommand=compileonly᧨*Bar.sum test.Bar

␅₼᧨♑㟿-Xcomp㢾常壩㕮㧉ⅴ冥幠㲰㆞㓶嫛ⅲ䪐᧨扨㫆ⅲ䪐♾ⅴ“⌆㑡”᧨ₜ榏尐㓶嫛
恂⮮㶰㟿㧴欓䍼⻀厌屵♠JIT冥幠[3]ᇭ₳₹-XX᧶CompileCommand㎞㊬㢾常冥幠⣷ₜ尐␔勣
sum᧤᧥ㄅ₣♹冥幠sum᧤᧥᧨-XX᧶+PrintAssembly⻀㢾戢⒉♜㻖冥␔⹈ᇭⰑ㨫⒖欉Ⓒ䤓
幬᧨挲⃗⻞ヤₙ↩⒉䘿伊⇋ₚ槱ⅲ䪐䂔◤4-7㓏䯉䤓␔⹈ᇭ



ⅲ䪐䂔◤4-7ᇫ㿚幤ⅲ䪐

[Disassembling for mach='i386']
[Entry Point]
[Constants]
#{method}'sum''᧤I᧥I'in'test/Bar'
#this᧶ecx='test/Bar'
#parm0᧶edx=int
#[sp+0x20]᧤sp of caller᧥
……
0x01cac407᧶cmp 0x4᧤%ecx᧥᧨%eax
0x01cac40a᧶jne 0x01c6b050᧷{runtime_call}
[Verified Entry Point]
0x01cac410᧶mov%eax᧨-0x8000᧤%esp᧥
0x01cac417᧶push%ebp
0x01cac418᧶sub$0x18᧨%esp᧷*aload_0
᧷-test.Bar᧶sum@0᧤line 8᧥
᧷block B0[0᧨10]
0x01cac41b᧶mov 0x8᧤%ecx᧥᧨%eax᧷*getfield a
᧷-test.Bar᧶sum@1᧤line 8᧥
0x01cac41e᧶mov$0x3d2fad8᧨%esi᧷{oop᧤a
'java/lang/Class'='test/Bar'᧥}
0x01cac423᧶mov 0x68᧤%esi᧥᧨%esi᧷*getstatic b
᧷-test.Bar᧶sum@4᧤line 8᧥
0x01cac426᧶add%esi᧨%eax
0x01cac428᧶add%edx᧨%eax
0x01cac42a᧶add$0x18᧨%esp
0x01cac42d᧶pop%ebp
0x01cac42e᧶test%eax᧨0x2b0100᧷{poll_return}
0x01cac434᧶ret

ₙ㹄ⅲ䪐ㄅₜ⮩᧨ₚ槱♴♴扪嫛広㢝ᇭ

1᧥mov%eax᧨-0x8000᧤%esp᧥᧶㭏㩴㪗䄱ᇭ

2᧥push%ebp᧶≬ⷧₙ㪗ザ⪉⧏ᇭ

3᧥sub$0x18᧨%esp᧶全㠿ザ⒕揜䴉梃ᇭ

4᧥mov 0x8᧤%ecx᧥᧨%eax᧶♥⸭√♧摞a᧨扨摛0x8᧤%ecx᧥⻀㢾ecx+0x8䤓㎞㊬᧨ⓜ
槱“[Constants]”唑₼㙟䯉ℕ“this᧶ecx='test/Bar'”᧨☂ecx⹓ⷧ⣷₼㟍䤓⻀㢾this⺈廰䤓⦿⧏ᇭ⋞
䲊0x8㢾怙扖this⺈廰䤓⺈廰⯃᧨⃚⚝⻀㢾⸭√♧摞a䤓␔ⷧ⇜函ᇭ扨㶰㢾幎桽“Java⪕”₼䤓㟿
㗽ᇭ

5᧥mov$0x3d2fad8᧨%esi᧶♥test.Bar⦷㡈㽤◉䤓㖖朗ᇭ

6᧥mov 0x68᧤%esi᧥᧨%esi᧶♥伊♧摞b᧨扨㶰㢾幎桽“㡈㽤◉”₼䤓㟿㗽ᇭ

7᧥add%esi᧨%eax✛add%edx᧨%eax᧶⋩₳㶰┯㽤᧨㻑a+b+c䤓⋋᧨ⓜ槱䤓ⅲ䪐㔙a㟍⦷
eax₼᧨㔙b㟍⦷esi₼᧨力c⦷[Constants]₼㙟䯉ℕ᧨“parm0᧶edx=int”᧨広㢝c⦷edx₼ᇭ

8᧥add$0x18᧨%esp᧶㜳枏㪗ザᇭ

9᧥pop%ebp᧶㋱⮜ₙ㪗ザᇭ

10᧥test%eax᧨0x2b0100᧶懽幱㡈㽤扣⥭⮓䤓SafePointᇭ

11᧥ret᧶㡈㽤扣⥭ᇭ

[1]Project Kenai᧶http://kenai.com/projects/base-hsdisᇭ
[2]HLLVM⦗₼㦘め冥幠Ⰼ䤓᧶http://hllvm.group.iteye.com/ᇭ
[3]-Xcomp⦷戒㠿䤓HotSpot₼嬺䲊棳ℕ᧨Ⱁ㨫床劔䤓壩㕮㧉㡯㽤∎䞷扨₹♑㟿᧨庆┯₹㈹䘾
欓䍼ⅲ䪐᧨屵♠JIT冥幠ᇭ



4.3ᇫJDK䤓♾展▥ぴ␆
JDK₼棳ℕ㙟∪⮶摞䤓✌ⅳ嫛ぴ␆⮥᧨执㦘₳₹┮厌㇉⮶䤓♾展▥ぴ␆᧶JConsole✛

VisualVM᧨扨₳₹ぴ␆㢾JDK䤓㷲㆞㒟⛧᧨㼰㦘嬺心ₙ“unsupported and experimental”䤓㪖
不ᇭ

␅₼JConsole㢾⦷JDK 1.5㢅㦮⻀め兞㙟∪䤓壩㕮㧉䥠㘶ぴ␆᧨力VisualVM⦷JDK 1.6
Update7₼㓜氥㶰♠を᧨䘿⦷め兞㒟Sun᧤Oracle᧥┪㘷┷䤓⮩⚗㟔椫⮓䚕ぴ␆[1]᧨ㄅ₣
め兞⅝JDK₼⒕䱊⒉㧴㒟♾ⅴ䕻䵚♠⻤䤓䄟欈䥽ᇭ

ℕ挎⏜㦻唑䤓幁屲㒟⺈懾ↅ広㢝㠖㫲䤓丏◤劊幠᧨䶣劔ℕKⅲ䪐㫆√᧨掌㢾
䶣劔䔈㎞冥䤓“♜槱㟨㧟”ᇭ⚝槱⺕↩∎䞷扨₳㷍ぴ␆♊䥠㘶ᇬ⒕㨟扨⑯㹄ⅲ䪐ⷧ⦷䤓桽
欧᧨並㢾㦻唑丏◤䤓⸭㒧⒕㨟ᇭ床劔♾ⅴ㔙⦷♾展▥ぴ␆屑Ⓙ䤓㟿㗽ᇬ䘿廰᧨ⓜ槱₳䵯
₼幁屲䤓䚕幉䩴幕℡䦇◿幐ᇭ

4.3.1ᇫJConsole᧶Java䥠展丰䚕㘶Ⓟ♿

JConsole᧤Java Monitoring and Management Console᧥㢾䱜⪉ℝJMX䤓♾展▥䥠展ᇬ丰
䚕ぴ␆ᇭ⸒丰䚕捷⒕䤓┮厌㢾朗⺈JMX MBean扪嫛丰䚕᧨䟀ℝMBean♾ⅴ∎䞷ⅲ䪐ᇬ₼梃ↅ
㦜┰⣷䤓丰䚕㘶Ⓟ♿㒥劔㓏㦘䶵⚗JMX屓喒䤓懾ↅ扪嫛幎桽᧨㓏ⅴ㦻唑⺕↩䧏摜⅚兜
JConsole䥠展捷⒕䤓┮厌ᇭ

1.⚾┷JConsole

抩扖JDK/bin䥽ₚ䤓“jconsole.exe”⚾┷JConsole⚝᧨⺕呹┷㚫侱⒉㦻㧉扟嫛䤓㓏㦘壩㕮
㧉扪䲚᧨ₜ榏尐䞷㓆呹む␜∎䞷jps㧴㩴幱ℕ᧨Ⱁ⦍4-4㓏䯉ᇭ♛⒊折㕸␅₼₹扪䲚☂♾
ⱚ䥠㘶᧨⃮♾ⅴ∎䞷ₚ槱䤓“扫䲚扪䲚”┮厌㧴扭㘴扫䲚㦜┰⣷᧨⺈扫䲚壩㕮㧉扪嫛䥠㘶ᇭ



⦍ᇫ4-4ᇫJConsole扭㘴欄槱

⅝⦍4-4♾ⅴ䦚⒉᧨䶣劔䤓㧉⣷䘿⦷扟嫛ℕEclipseᇬJConsole✛MonitoringTestₘ₹㦻⦿壩
㕮㧉扪䲚᧨␅₼MonitoringTest⻀㢾䶣劔䤓“♜槱㟨㧟”ⅲ䪐⃚ᇭ♛⒊⸒扪⏴JConsole
䟛槱᧨♾ⅴ䦚Ⓙ䟛槱摛␀▔㕻“㰑承”ᇬ“␔ⷧ”ᇬ“兎䲚”ᇬ“伊”ᇬ“VM㛧尐”ᇬ“MBean”6₹
欄不᧨Ⱁ⦍4-5㓏䯉ᇭ



⦍ᇫ4-5ᇫJConsole䟛槱

“㰑承”欄不㣍䯉䤓㢾㠃₹壩㕮㧉尐扟嫛㟿㗽䤓㰑屗᧨␅₼▔㕻“⪕␔ⷧ∎䞷㍔⑄”ᇬ
“兎䲚”ᇬ“伊”ᇬ“CPU∎䞷㍔⑄”4䱜≰㋾䤓㦁兎⦍᧨扨K㦁兎⦍㢾⚝槱“␔ⷧ”ᇬ“兎䲚”ᇬ
“伊”欄不䤓≰㋾㻖㋊᧨␆⇢␔⹈⺕⦷⚝槱⅚兜ᇭ

2.␔ⷧ䥠㘶

“␔ⷧ”欄不䦇㇢ℝ♾展▥䤓jstat✌ⅳ᧨䞷ℝ䥠展♦㟅楕⣷丰䚕䤓壩㕮㧉␔ⷧ᧤Java⪕✛
㻇⃔ⅲ᧥䤓♧▥怚╎ᇭ㒠ⅻ抩扖扟嫛ⅲ䪐䂔◤4-8₼䤓ⅲ䪐㧴⇢洛ₚ⸒䤓䥠展┮厌ᇭ扟嫛
㢅幍函䤓壩㕮㧉♑㟿᧶-Xms100m-Xmx100m-XX᧶+UseSerialGC᧨扨㹄ⅲ䪐䤓⇫䞷㢾ⅴ
64KB/50㹺䱡䤓抮ㄵ㈏Java⪕₼⫺⏔㟿㗽᧨␀⫺⏔1000㶰᧨∎䞷JConsole䤓“␔ⷧ”欄不扪嫛
䥠展᧨屑㦁兎✛㪀䕅㖖䯉⦍䤓♧▥ᇭ

ⅲ䪐䂔◤4-8ᇫJConsole䥠展ⅲ䪐



/**
*␔ⷧ◯⇜䶵⺈廰᧨₹OOMObject⮶儵◯64KB
*/
static class OOMObject{
public byte[]placeholder=new byte[64*1024]᧷
}
public static void fillHeap᧤int num᧥throws InterruptedException{
List᧸OOMObject᧺list=new ArrayList᧸OOMObject᧺᧤᧥᧷
for᧤int i=0᧷i᧸num᧷i++᧥{
//䲜⇫ㆅ㢅᧨ⅳ䥠展㦁兎䤓♧▥㦃┯㢝㣍
Thread.sleep᧤50᧥᧷
list.add᧤new OOMObject᧤᧥᧥᧷
}
System.gc᧤᧥᧷
}
public static void main᧤String[]args᧥throws Exception{
fillHeap᧤1000᧥᧷
}

䲚ㄞ扟嫛⚝᧨⦷“␔ⷧ”欄不₼♾ⅴ䦚Ⓙ␔ⷧ㻯Eden◉䤓扟嫛怚╎⛗䘿㔧兎䕅᧨Ⱁ⦍4-6
㓏䯉ᇭ力䥠展喒⦃㓸⮶咂㠃₹⪕⚝᧨↩♠䘿㦁兎㢾㧰⚠ₙ⬭栎䤓䅠㦁兎ᇭㄅ₣⅝㪀䕅⦍
♾ⅴ䦚⒉᧨⦷1000㶰㈹䘾㓶嫛兢㧮᧨扟嫛ℕSystem.gc᧤᧥⚝᧨夌䏅㠃₹㠿䞮ⅲEden✛
Survivor◉掌⪉㦻嬺䂔䴉ℕ᧨⇕㢾ⅲ嫷劐ⅲ䤓㪀䕅⦍⅜䏅≬㖐⽿⋋䕅㊐᧨広㢝嬺⫺⏔扪⪕
₼䤓㟿㗽⦷System.gc᧤᧥㡈㽤㓶嫛⃚⚝⅜䏅ⷧ㿊ᇭ䶣劔䤓⒕㨟Ⓙ㷳㷱᧨䘿㙟₳₹⺞桽欧∪
床劔㊬劒ₚ᧨䷣㫗䲜⚝全⒉ᇭ

1᧥壩㕮㧉⚾┷♑㟿♹棟ⓅℕJava⪕100MB᧨㼰㦘㖖⸩-Xmn♑㟿᧨厌⚵⅝䥠㘶⦍₼↿
帰⒉㠿䞮ⅲ㦘⮩⮶᧻

2᧥⇤㓶嫛ℕSystem.gc᧤᧥⃚⚝᧨⦍4-6₼ⅲ嫷劐ⅲ䤓㪀䕅⦍⅜䏅㣍䯉⽿⋋䕅㊐᧨ⅲ
䪐榏尐Ⱁ⇤庒㠃㓜厌常System.gc᧤᧥⥭㟅㘘⫺⏔Ⓙ⪕₼䤓⺈廰᧻



⦍ᇫ4-6ᇫEden◉␔ⷧ♧▥䕅⑄

桽欧1䷣㫗᧶⦍4-6㣍䯉Eden䴉梃27 328KB᧨⥯㼰㦘幍函-XX᧶SurvivorRadio♑㟿᧨
㓏ⅴEdenSurvivor䴉梃㹣√照帳⋋8:1᧨㠃₹㠿䞮ⅲ䴉梃⮶儵27 328KB×125%=34
160KBᇭ

桽欧2䷣㫗᧶㓶嫛⸛System.gc᧤᧥⃚⚝᧨䴉梃㦹厌⥭㟅㢾⥯List᧸OOMObject᧺list⺈廰
⅜䏅ⷧ㿊᧨fillHeap᧤᧥㡈㽤⅜䏅㼰㦘抏⒉᧨⥯㷳list⺈廰⦷System.gc᧤᧥㓶嫛㢅⅜䏅⮓ℝ⇫
䞷⩮⃚␔[2]ᇭⰑ㨫㔙System.gc᧤᧥䲊┷ⒿfillHeap᧤᧥㡈㽤⮥庒䞷⻀♾ⅴ⥭㟅㘘⏷捷␔ⷧᇭ

3.兎䲚䥠㘶

Ⱁ㨫ₙ槱䤓“␔ⷧ”欄不䦇㇢ℝ♾展▥䤓jstat✌ⅳ䤓幬᧨“兎䲚”欄不䤓┮厌䦇㇢ℝ♾展▥
䤓jstack✌ⅳ᧨拖Ⓙ兎䲚⋫欎㢅♾ⅴ∎䞷扨₹欄不扪嫛䥠㘶⒕㨟ᇭⓜ槱幁屲jstack✌ⅳ䤓㢅⊨
㙟Ⓙ扖兎䲚栎㢅梃⋫欎䤓尐☮⥯尐㦘᧶䷘㈔⮥捷忓䄟᧤㟿㗽ㄢ扭㘴ᇬ几八忓䄟ᇬ幍忓



䄟䷘᧥ᇬ㸊㈹䘾ᇬ析䷘㈔᧤㿊析✛㸊析᧥ᇭ抩扖ⅲ䪐䂔◤4-9⒕Ⓔ䆣䯉ₚ扨⑯䱜㍔⑄ᇭ

ⅲ䪐䂔◤4-9ᇫ兎䲚䷘㈔䆣䯉ⅲ䪐

/**
*兎䲚㸊㈹䘾䆣䯉
*/
public static void createBusyThread᧤᧥{
Thread thread=new Thread᧤new Runnable᧤᧥{
@Override
public void run᧤᧥{
while᧤true᧥//䶻41嫛
᧷
}
}᧨"testBusyThread"᧥᧷
thread.start᧤᧥᧷
}
/**
*兎䲚析䷘㈔䆣䯉
*/
public static void createLockThread᧤final Object lock᧥{
Thread thread=new Thread᧤new Runnable᧤᧥{
@Override
public void run᧤᧥{
synchronized᧤lock᧥{
try{
lock.wait᧤᧥᧷
}catch᧤InterruptedException e᧥{
e.printStackTrace᧤᧥᧷
}
}
}
}᧨"testLockThread"᧥᧷
thread.start᧤᧥᧷
}
public static void main᧤String[]args᧥throws Exception{
BufferedReader br=new BufferedReader᧤new InputStreamReader᧤System.in᧥᧥᧷
br.readLine᧤᧥᧷
createBusyThread᧤᧥᧷
br.readLine᧤᧥᧷
Object obj=new Object᧤᧥᧷
createLockThread᧤obj᧥᧷
}

䲚ㄞ扟嫛⚝᧨氥⏗⦷“兎䲚”欄不₼折㕸main兎䲚᧨Ⱁ⦍4-7㓏䯉ᇭ⪕㪗抌悹㣍䯉
BufferedReader⦷readBytes㡈㽤₼䷘㈔System.in䤓枽䥧戢⏴᧨扨㢅兎䲚Runnable䕅
㊐᧨Runnable䕅㊐䤓兎䲚↩嬺⒕揜扟嫛㢅梃᧨⇕readBytes㡈㽤㭏㩴Ⓙ㿐㼰㦘㦃㠿㢅↩䵚Ⓤ㇡
执㓶嫛ⅳ䓛᧨扨䱜䷘㈔♹䀗劦㈗⺞䤓CPU忓䄟ᇭ

⦍ᇫ4-7ᇫmain兎䲚

㘴䧏䥠㘶testBusyThread兎䲚᧨Ⱁ⦍4-8㓏䯉᧨testBusyThread兎䲚䦃⦷㓶嫛䴉㈹䘾᧨⅝
⪕㪗抌悹₼䦚Ⓙ䦃⦷MonitoringTest.javaⅲ䪐䤓41嫛⋫䟨᧨41嫛᧶while᧤true᧥ᇭ扨㢅⊨
兎䲚Runnable䕅㊐᧨力₣㼰㦘㇡执兎䲚㓶嫛ⅳ䓛䤓┷⇫᧨↩⦷䴉㈹䘾ₙ䞷⻌⏷捷㓶嫛㢅梃
䦃Ⓙ兎䲚⒖㗱᧨扨䱜䷘㈔↩䀗劦戒⮩䤓CPU忓䄟ᇭ



⦍ᇫ4-8ᇫtestBusyThread兎䲚

⦍4-9㣍䯉testLockThread兎䲚⦷䷘㈔䧏lock⺈廰䤓notify㒥notifyAll㡈㽤䤓⒉䘿᧨兎䲚扨㢅
⊨⮓ℝWAITING䕅㊐᧨⦷嬺➳搡ⓜₜ↩嬺⒕揜㓶嫛㢅梃ᇭ

⦍ᇫ4-9ᇫtestLockThread兎䲚

testLockThread兎䲚㷲⦷⮓ℝ㷲デ䤓㿊析䷘㈔᧨♹尐lock⺈廰䤓notify᧤᧥㒥notifyAll᧤᧥
㡈㽤嬺庒䞷᧨扨₹兎䲚≎厌䉏㿊ⅴ其兼㓶嫛ᇭⅲ䪐䂔◤4-10䆣䯉ℕ₹㡯㽤␜嬺䉏㿊䤓㸊析
䷘㈔ᇭ

ⅲ䪐䂔◤4-10ᇫ㸊析ⅲ䪐㫆√

/**
*兎䲚㸊析䷘㈔䆣䯉
*/
static class SynAddRunalbe implements Runnable{
int a,b᧷
public SynAddRunalbe᧤int a,int b᧥{
this.a=a᧷
this.b=b᧷
}
@Override
public void run᧤᧥{
synchronized᧤Integer.valueOf᧤a᧥᧥{
synchronized᧤Integer.valueOf᧤b᧥᧥{
System.out.println᧤a+b᧥᧷
}
}
}
}
public static void main᧤String[]args᧥{
for᧤int i=0᧷i᧸100᧷i++᧥{
new Thread᧤new SynAddRunalbe᧤1᧨2᧥᧥.start᧤᧥᧷
new Thread᧤new SynAddRunalbe᧤2᧨1᧥᧥.start᧤᧥᧷



}
}

扨㹄ⅲ䪐ℕ200₹兎䲚♊⒕Ⓔ帰並1+2ⅴ♙2+1䤓⋋᧨␅⸭for㈹䘾㢾♾䦐䟴䤓᧨₳₹兎
䲚⃮♾厌↩⺋咃㸊析᧨ₜ扖挲㫆㰑䘖⮹⺞᧨榏尐⺬幤扟嫛㈗⮩㶰㓜厌䦚Ⓙ㟗㨫ᇭ咻䤓幬᧨
サfor㈹䘾䤓䓗㦻㦏⮩扟嫛2ᨺ3㶰⻀↩拖Ⓙ兎䲚㸊析᧨䲚ㄞ㡯㽤兢㧮ᇭ抯㒟㸊析䤓☮⥯㢾
Integer.valueOf᧤᧥㡈㽤⪉ℝ⺠⺈廰⒪ㆉ㶰㟿✛唑䦐␔ⷧ䤓劒壠᧨[-128᧨127]⃚梃䤓㟿ⷦ↩
嬺冢ⷧ[3]᧨㇢valueOf᧤᧥㡈㽤↯⏴♑㟿⦷扨₹喒⦃⃚␔᧨⺕䦃㘴扣⥭冢ⷧ₼䤓⺈廰ᇭ⃮⻀㢾
広᧨ⅲ䪐₼庒䞷ℕ200㶰Integer.valueOf᧤᧥㡈㽤␀⻀♹扣⥭ℕ₳₹ₜ⚛䤓⺈廰ᇭ⋖Ⱁ⦷㩟
₹兎䲚䤓₳₹synchronized⧦⃚梃♠䞮ℕ㶰兎䲚⒖㗱᧨挲⻀↩⒉䘿兎䲚A䷘䧏嬺兎䲚B㖐㦘
䤓Integer.valueOf᧤1᧥᧨兎䲚B♗䷘䧏嬺兎䲚A㖐㦘䤓Integer.valueOf᧤2᧥᧨兢㨫⒉䘿⮶⹅掌
恠ₜₚ♊䤓㍔㣾ᇭ

⒉䘿兎䲚㸊析⃚⚝᧨䍈⒊JConsole兎䲚槱㨎䤓“㭏㿚Ⓙ㸊析”㖘朽᧨⺕⒉䘿₹㠿䤓“㸊
析”欄不᧨Ⱁ⦍4-10㓏䯉ᇭ

⦍ᇫ4-10ᇫ兎䲚㸊析

⦍4-10₼㈗䂔㣿⦿㣍䯉ℕ兎䲚Thread-43⦷䷘㈔₹嬺兎䲚Thread-12㖐㦘Integer⺈廰᧨力
䍈⒊兎䲚Thread-12⒨㣍䯉⸒⃮⦷䷘㈔₹Integer⺈廰᧨嬺兎䲚Thread-43㖐㦘᧨扨㫆₳₹兎䲚
⻀℡䦇◰⇞᧨掌ₜⷧ⦷䷘Ⓙ析摙㟍䤓゛㦪ℕᇭ

[1]VisualVM⸧㡈䵨䍈᧶https://visualvm.dev.java.net/ᇭ
[2]䫽⦿広᧨♹㦘⦷壩㕮㧉∎䞷屲摙⣷㓶嫛䤓㢅⊨᧨“⦷⇫䞷⩮⃚␔”㓜厌≬幐⸒ₜ↩嬺⥭
㟅᧨⥯扨摛䤓⥭㟅执䀘♙⻏捷♧摞嫷Slot⮜䞷ᇬ☂㢅冥幠⣷⅚⏴㢅㧉䷘桽欧᧨␆⇢床劔♾
♑劒䶻8䵯₼␂ℝ⻏捷♧摞嫷␔ⷧ⥭㟅䤓√ᇭ
[3]照帳⋋᧨⸭棔⋋♥⑂ℝjava.lang.Integer.IntegerCache.high♑㟿䤓幍函ᇭ



4.3.2ᇫVisualVM᧶⮩⚗㟔椫⮓䚕ぴ␆

VisualVM᧤All-in-One Java Troubleshooting Tool᧥㢾Ⓙ䥽ⓜ㷱椞JDK♠を䤓┮厌㦏㇉⮶
䤓扟嫛䥠展✛㟔椫⮓䚕䲚ㄞ᧨ㄅ₣♾ⅴ欓屐⦷㦹㧴㹄㢅梃␔掌㢾⸧㡈┪♠⻤䤓壩㕮㧉㟔
椫⮓䚕ぴ␆ᇭ⸧㡈⦷VisualVM䤓懾ↅ広㢝₼ₙℕ“All-in-One”䤓㙞承ⷦ㫆᧨欓䯉䧏⸒棳ℕ
扟嫛䥠展ᇬ㟔椫⮓䚕⮥᧨执㙟∪ℕ㈗⮩␅Ⅵ㡈槱䤓┮厌ᇭⰑ㊶厌⒕㨟
᧤Profiling᧥᧨VisualVM䤓㊶厌⒕㨟┮厌䞩咂㹣怆JProfilerᇬYourKit䷘₢₩₣㟅忈䤓Profiling
ぴ␆掌ₜ↩抙唁⮩⺠᧨力₣VisualVM䤓执㦘₹㈗⮶䤓↧䍈᧶ₜ榏尐嬺䥠展䤓䲚ㄞ⪉ℝ䔈㸙
Agent扟嫛᧨⥯㷳⸒⺈ㄣ䞷䲚ㄞ䤓⸭棔㊶厌䤓㈀❜㈗⺞᧨∎㈦⸒♾ⅴ䦃㘴ㄣ䞷⦷䞮ℶ䘾⬒
₼ᇭ扨₹↧䍈㢾JProfilerᇬYourKit䷘ぴ␆㡯㽤⃚ⵁ初䤓ᇭ

1.VisualVM␋⹈喒⦃㙡ↅ⸘孔

VisualVM⪉ℝNetBeans♿♠᧨⥯㷳⸒ⱚ⻀␆ℕ㙡ↅ㓸⻤┮厌䤓䔈㊶᧨抩扖㙡
ↅ㓸⻤㞾㖐᧨VisualVM♾ⅴ⋩Ⓙ᧶

㣍䯉壩㕮㧉扪䲚ⅴ♙扪䲚䤓揜函ᇬ䘾⬒≰㋾᧤jpsᇬjinfo᧥ᇭ

䥠展ㄣ䞷䲚ㄞ䤓CPUᇬGCᇬ⪕ᇬ㡈㽤◉ⅴ♙兎䲚䤓≰㋾᧤jstatᇬjstack᧥ᇭ

dumpⅴ♙⒕㨟⪕懻⌷㉺䏶᧤jmapᇬjhat᧥ᇭ

㡈㽤儶䤓䲚ㄞ扟嫛㊶厌⒕㨟᧨㔍⒉嬺庒䞷㦏⮩ᇬ扟嫛㢅梃㦏栎䤓㡈㽤ᇭ

䱊兎䲚ㄞ㉺䏶᧶㟅楕䲚ㄞ䤓扟嫛㢅揜函ᇬ兎䲚dumpᇬ␔ⷧdump䷘≰㋾ㆉ䵚₹㉺䏶᧨
♾ⅴ⺕㉺䏶♠抐♠劔⮓扪嫛Bug♜気ᇭ

␅Ⅵplugins䤓㡯棟䤓♾厌㊶……

VisualVM⦷JDK 1.6 update 7₼㓜氥㶰⒉䘿᧨⇕ㄅₜ㎞✂䧏⸒♹厌䥠㘶扟嫛ℝJDK 1.6ₙ
䤓䲚ㄞ᧨⸒␆㈗㇉䤓⚠ₚ␋⹈厌┪᧨䞩咂厌⚠ₚ␋⹈咂扠10ⓜ♠を䤓JDK 1.4.2♿[1]᧨
扨⺈㡯㟿め兞⮓ℝ⸭㡌ᇬ冃㔳䤓欈䥽㈗㦘㎞⃘ᇭ㇢䏅᧨ㄅ槭㓏㦘┮厌掌厌⸛初⦿⚠ₚ␋⹈᧨
尐䔈㊶䤓␋⹈㊶屐嫷4-6ᇭ



氥㶰⚾┷VisualVM⚝᧨床劔⏗ₜ㉔䧏㊴㔍ㄣ䞷䲚ㄞ扪嫛䥠㿚᧨⥯䘿⦷VisualVM执㼰㦘
┯戌↊⇤㙡ↅ᧨夌䏅⪉㦻䤓䥠展ᇬ兎䲚槱㨎䤓┮厌䲚ㄞ掌ⅴ照帳㙡ↅ䤓ㇱ㆞㙟∪ℕ᧨⇕㢾
ₜ全VisualVM孔↊⇤㓸⻤㙡ↅ᧨⻀䦇㇢ℝ㟍㆒ℕ⸒㦏位◝䤓┮厌᧨✛㼰㦘⸘孔↊⇤ㄣ䞷懾ↅ
㝜⇫侊兮ぽₜ⮩ᇭ

㙡ↅ♾ⅴ扪嫛㓚ぴ⸘孔᧨⦷䦇␂几䵨[2]ₙₚ戌*.nbm▔⚝᧨䍈⒊“ぴ␆”→“㙡ↅ”→“めₚ
戌”噫◤᧨䏅⚝⦷㇈⒉䤓⺈幬㫕₼㖖⸩nbm▔恾㈓≎♾扪嫛⸘孔᧨㙡ↅ⸘孔⚝ⷧ㟍⦷
JDK_HOME/lib/visualvm/visualvm₼ᇭₜ扖㓚ぴ⸘孔ㄅₜデ䞷᧨∎䞷VisualVM䤓呹┷⸘孔┮
厌め兞♾ⅴ㔍Ⓙ⮶⮩㟿㓏榏䤓㙡ↅ᧨⦷㦘几八扭㘴䤓䘾⬒ₚ᧨䍈⒊“ぴ␆”→“㙡ↅ噫◤”᧨㇈
⒉Ⱁ⦍4-11㓏䯉䤓㙡ↅ欄不᧨⦷欄不䤓“♾䞷㙡ↅ”₼⒦ℕ㇢ⓜ䓗㦻VisualVM♾ⅴ∎䞷䤓㙡
ↅ᧨折₼㙡ↅ⚝⦷⚂扈䴦♲⺕㣍䯉扨₹㙡ↅ䤓⪉㦻≰㋾᧨Ⱁ♠劔ᇬ䓗㦻ᇬ┮厌㙞承䷘ᇭ



⦍ᇫ4-11ᇫVisualVM㙡ↅ欄不

⮶⹅♾ⅴ㫈㗽呹む䤓ぴ⇫榏尐✛␃怲折㕸⚗抑䤓㙡ↅ᧨䏅⚝䍈⒊⸘孔㖘朽᧨㇈⒉Ⱁ⦍4-
12㓏䯉䤓ₚ戌扪ㄵ䴦♲᧨恮䧏㙟䯉㝜⇫☂♾⸛㒟⸘孔ᇭ



⦍ᇫ4-12ᇫVisualVM㙡ↅ⸘孔扖䲚

⸘孔⸛㙡ↅ᧨折㕸₹榏尐䥠展䤓䲚ㄞ⻀扪⏴䲚ㄞ䤓䟛槱ℕ᧨Ⱁ⦍4-13㓏䯉ᇭ㫈㗽床
劔折㕸⸘孔㙡ↅ㟿摞䤓ₜ⚛᧨䦚Ⓙ䤓欄不♾厌✛⦍4-13₼䤓㦘㓏ₜ⚛ᇭ



⦍ᇫ4-13ᇫVisualVM䟛槱

VisualVM₼“㰑承”ᇬ“䥠展”ᇬ“兎䲚”ᇬ“MBeans”䤓┮厌ⓜ槱⅚兜䤓JConsoleぽⒺₜ
⮶᧨床劔㫈㗽ₙ㠖␔⹈伊㹣∎䞷☂♾᧨ₚ槱㖠折⑯₹䔈唁┮厌ᇬ㙡ↅ扪嫛⅚兜ᇭ

2.䞮㒟ᇬ㿞屗⪕懻⌷㉺䏶

⦷VisualVM₼䞮㒟dump㠖ↅ㦘₳䱜㡈㆞᧨♾ⅴ㓶嫛ₚ⒦↊㝜⇫᧶

⦷“ㄣ䞷䲚ㄞ”䴦♲₼⚂枽◤⒊ㄣ䞷䲚ㄞ唑䍈᧨䏅⚝折㕸“⪕Dump”ᇭ

⦷“ㄣ䞷䲚ㄞ”䴦♲₼♛⒊ㄣ䞷䲚ㄞ唑䍈ⅴ㓢ㄣ䞷䲚ㄞ㪖不᧨䏅⚝⦷“䥠展”㪖不₼◤
⒊“⪕Dump”ᇭ

䞮㒟ℕdump㠖ↅ⃚⚝᧨ㄣ䞷䲚ㄞ欄不⺕⦷年⪕䤓ㄣ䞷䲚ㄞₚ⬭┯₹ⅴ[heapdump]⯃
䤓唑䍈᧨ㄅ₣⦷欄不₼㓢ℕ年懻⌷㉺䏶᧨Ⱁ⦍4-14㓏䯉ᇭⰑ㨫榏尐㔙dump㠖ↅ≬ⷧ㒥
♠抐⒉♊᧨尐⦷heapdump唑䍈ₙ⚂枽折㕸“♵ⷧ”噫◤᧨⚵⒨㇢VisualVM␂桼㢅᧨䞮㒟䤓
dump㠖ↅ↩嬺㇢⋩㢅㠖ↅ⒯棳㘘ᇭ尐㓢₹め兞ⷧ⦷䤓dump㠖ↅ᧨抩扖㠖ↅ噫◤₼
䤓“孔⏴”┮厌᧨折㕸䫻䥧ₙ䤓dump㠖ↅ☂♾ᇭ



⦍ᇫ4-14ᇫ㿞屗dump㠖ↅ

⅝⪕欄不₼䤓“㛧尐”槱㨎♾ⅴ䦚Ⓙㄣ䞷䲚ㄞdump㢅䤓扟嫛㢅♑㟿ᇬ
System.getProperties᧤᧥䤓␔⹈ᇬ兎䲚⪕㪗䷘≰㋾᧨“伊”槱㨎⒨㢾ⅴ伊兮帰♲㈓兮帰伊䤓⸭
√㟿摞ᇬ⹈摞≰㋾᧨“⸭√”槱㨎ₜ厌䦃㘴∎䞷᧨⥯ₜ厌䫽⸩䞷㓆㎂㩴䦚❹₹伊䤓⸭√᧨㓏
ⅴ榏尐抩扖“伊”槱㨎扪⏴᧨⦷“伊”₼折㕸₹␂㉒䤓伊⚝♛⒊熯㪖᧨☂♾⦷“⸭√”摛槱䦚屐
㷳伊₼500₹⸭√䤓␆⇢⻭㊶≰㋾ᇭ“OQL㘶Ⓟ♿”槱㨎₼⻀㢾扟嫛OQL㩴幱幼♴䤓᧨⚛jhat₼
⅚兜䤓OQL┮厌㫆ᇭⰑ㨫榏尐ℕ屲␆⇢OQL幼㽤✛∎䞷᧨♾♑屐㦻棓D䤓␔⹈ᇭ

3.⒕㨟䲚ㄞ㊶厌

⦷Profiler欄不₼᧨VisualVM㙟∪ℕ䲚ㄞ扟嫛㦮梃㡈㽤儶䤓CPU㓶嫛㢅梃⒕㨟ⅴ♙␔ⷧ⒕
㨟᧨⋩Profiling⒕㨟匾⸩↩⺈䲚ㄞ扟嫛㊶厌㦘㹣戒⮶䤓㈀❜᧨㓏ⅴ咻ₜ⦷䞮ℶ䘾⬒₼∎䞷
扨欈┮厌ᇭ

尐ⱚ⒕㨟᧨⏗折㕸“CPU”✛“␔ⷧ”㖘朽₼䤓₹᧨䏅⚝⒖㗱Ⓙㄣ䞷䲚ㄞ₼⺈䲚ㄞ扪嫛
㝜⇫᧨VisualVM↩帿Ⓙ扨㹄㢅梃₼ㄣ䞷䲚ㄞ㓶嫛扖䤓㡈㽤ᇭⰑ㨫㢾CPU⒕㨟᧨⺕↩兮帰㹞
₹㡈㽤䤓㓶嫛㶰㟿ᇬ㓶嫛劦㢅᧷Ⱁ㨫㢾␔ⷧ⒕㨟᧨⒨↩兮帰㹞₹㡈㽤␂勣䤓⺈廰㟿ⅴ♙扨K
⺈廰㓏◯䤓䴉梃ᇭ⒕㨟兢㧮⚝᧨䍈⒊“⋫㷱”㖘朽兢㧮䥠㘶扖䲚᧨Ⱁ⦍4-15㓏䯉ᇭ



⦍ᇫ4-15ᇫ⺈ㄣ䞷䲚ㄞ扪嫛CPU㓶嫛㢅梃⒕㨟

㽷㎞ᇫ⦷JDK 1.5⃚⚝᧨⦷Client㲰㆞ₚ䤓壩㕮㧉┯⏴ㄅ₣呹┷⚾ℕ伊␀℺——扨㢾
₹⦷⮩壩㕮㧉扪䲚₼␀℺rt.jar₼伊㟿㗽ⅴ㙟浧┯戌抮ㄵ✛唑䦐␔ⷧ䤓↧▥᧨力㫈㗽䦇␂Bug
㔴⛙䤓♜㢯᧨VisualVM䤓Profiler┮厌♾厌↩⥯伊␀℺力⺋咃嬺䥠展䤓ㄣ䞷䲚ㄞ⾸䄒᧨㓏ⅴ
床劔扪嫛Profilingⓜ᧨㦏Ⰼ⦷嬺䥠展䲚ㄞ₼∎䞷-Xshare᧶off♑㟿㧴␂桼伊␀℺↧▥ᇭ

⦍4-15₼㢾⺈Eclipse IDE㹄㝜⇫䤓Ⓟ✛⒕㨟兢㨫᧨床劔⒕㨟呹む䤓ㄣ䞷䲚ㄞ㢅᧨♾
ⅴ㫈㗽⸭棔₩┰䤓⮜㧑䲚ㄵ㡈㽤䤓㢅梃ᇬ庒䞷㶰㟿⋩㹣戒᧨㔍Ⓙ㦏㦘↧▥ↆ⋋䤓㡈㽤ᇭ

4.BTrace┷㊐㡴㉦恮悹

BTrace[3]㢾₹㈗“㦘怲”䤓VisualVM㙡ↅ᧨㦻愺⃮㢾♾ⅴ䕻䵚扟嫛䤓䲚ㄞᇭ⸒䤓⇫䞷㢾
⦷ₜ⋫㷱䥽㪖䲚ㄞ扟嫛䤓ⓜ㙟ₚ᧨抩扖HotSpot壩㕮㧉䤓HotSwap㔏㦾[4]┷㊐┯⏴☮㦻ㄅₜⷧ
⦷䤓庒幤ⅲ䪐ᇭ扨欈┮厌⺈⸭棔䞮ℶ₼䤓䲚ㄞ㈗㦘㎞⃘᧶兞デ拖Ⓙ䲚ㄞ⒉䘿桽欧᧨⇕㘡㩴枨
幾䤓K㉔尐≰㋾᧨巻Ⱁ㡈㽤♑㟿ᇬ扣⥭⋋䷘᧨⦷♠㢅ㄅ㼰㦘㓢◿Ⓙ㡴㉦⃚₼᧨ⅴ咂ℝₜ
㈦ₜ⋫㘘㦜┰᧨抩扖庒幤⬭摞㧴┯⏴㡴㉦ⅲ䪐ⅴ屲⑂桽欧ᇭ㇢拖Ⓙ䞮ℶ䘾⬒㦜┰㡯㽤椞≎⋫
㷱㢅᧨凉₳♴㡴㉦⺋咃㘡枨扪嫛ₜₚ♊㢾ↅ槭デ捐梆䤓ℚ㍔ᇭ

⦷VisualVM₼⸘孔ℕBTrace㙡ↅ⚝᧨⦷ㄣ䞷䲚ㄞ槱㨎₼⚂枽䍈⒊尐庒幤䤓䲚ㄞ᧨↩⒉
䘿“Trace Application……”噫◤᧨䍈⒊⺕扪⏴BTrace槱㨎ᇭ扨₹槱㨎摛槱䦚怆㧴⻀⍞₹丏◤
䤓Java䲚ㄞ♠䘾⬒᧨摛槱执㦘⺞㹄Javaⅲ䪐᧨Ⱁ⦍4-16㓏䯉ᇭ



⦍ᇫ4-16ᇫBTrace┷㊐恮悹

䶣劔ℕ㹄㈗丏◤䤓Javaⅲ䪐㧴䆣䯉BTrace䤓┮厌᧶ℶ䞮₳₹1000ⅴ␔䤓椞㧉㠃
㟿᧨戢⒉扨₳₹㟿ⷦ䦇┯䤓兢㨫᧨Ⱁⅲ䪐䂔◤4-11㓏䯉ᇭ

ⅲ䪐䂔◤4-11ᇫBTrace恮悹䆣䯉

public class BTraceTest{
public int add᧤int a,int b᧥{
return a+b᧷
}
public static void main᧤String[]args᧥throws IOException{
BTraceTest test=new BTraceTest᧤᧥᧷
BufferedReader reader=new BufferedReader᧤new InputStreamReader᧤System.in᧥᧥᧷
for᧤int i=0᧷i᧸10᧷i++᧥{
reader.readLine᧤᧥᧷
int a=᧤int᧥Math.round᧤Math.random᧤᧥*1000᧥᧷
int b=᧤int᧥Math.round᧤Math.random᧤᧥*1000᧥᧷
System.out.println᧤test.add᧤a,b᧥᧥᧷
}
}
}

䲚ㄞ扟嫛⚝᧨⦷VisualVM₼㓢年䲚ㄞ䤓䥠展᧨⦷BTrace欄不⫺⏔TracingScript䤓␔
⹈᧨戢⏴䤓庒幤ⅲ䪐Ⱁⅲ䪐䂔◤4-12㓏䯉ᇭ

ⅲ䪐䂔◤4-12ᇫBTrace庒幤ⅲ䪐

/*BTrace Script Template*/
import com.sun.btrace.annotations.*᧷
import static com.sun.btrace.BTraceUtils.*᧷
@BTrace



public class TracingScript{
@OnMethod᧤
clazz="org.fenixsoft.monitoring.BTraceTest"᧨
method="add"᧨
location=@Location᧤Kind.RETURN᧥
᧥
public static void func᧤@Self org.fenixsoft.monitoring.BTraceTest instance,int a,int b᧨@Return int result᧥{
println᧤"庒䞷⪕㪗᧶"᧥᧷
jstack᧤᧥᧷
println᧤strcat᧤"㡈㽤♑㟿A᧶"᧨str᧤a᧥᧥᧥᧷
println᧤strcat᧤"㡈㽤♑㟿B᧶"᧨str᧤b᧥᧥᧥᧷
println᧤strcat᧤"㡈㽤兢㨫᧶"᧨str᧤result᧥᧥᧥᧷
}
}

䍈⒊“Start”㖘朽⚝䲜䷘䓖Ⓤ᧨冥幠⸛㒟⚝᧨♾屐Output槱㨎₼⒉䘿“BTrace code
successfuly deployed”䤓ⷦ㫆ᇭ䲚ㄞ扟嫛䤓㢅⊨⦷Output槱㨎⺕↩戢⒉Ⱁ⦍4-17㓏䯉䤓庒幤≰
㋾ᇭ

⦍ᇫ4-17ᇫBTrace恮悹兢㨫

BTrace䤓䞷㽤执㦘幇⮩᧨㓢◿庒䞷⪕㪗ᇬ♑㟿ᇬ扣⥭⋋♹㢾㦏⪉㦻䤓ㄣ䞷᧨⦷⸒䤓几䵨
ₙ㦘∎䞷BTrace扪嫛㊶厌䥠展ᇬ⸩⇜扭㘴㽓䆞✛␔ⷧ㽓䆞ᇬ屲⑂⮩兎䲚䵭℘桽欧䷘√᧨㦘
␃怲䤓床劔♾ⅴ♊䦇␂几䵨ℕ屲ₚᇭ

[1]㡸ℝJDK1.6䤓♿᧨榏尐㓢-Dcom.sun.management.jmxremote♑㟿㓜厌嬺VisualVM丰䚕ᇭ



[2]㙡ↅ₼㉒⦿⧏᧶http://Visualvm java.net/pluginscenters.htmlᇭ
[3]⸧㡈欄᧶http://kenai.com/projects/btrace/ᇭ
[4]HotSwap㔏㦾᧶ⅲ䪐䍼㦎㗱㔏㦾᧨HotSpot壩㕮㧉⏐幇⦷ₜ⋫㷱扟嫛䤓㍔⑄ₚ᧨㦃㠿め兞┯
戌䤓伊䤓ⅲ䪐ᇭ



4.4ᇫ㦻䵯⺞兢
㦻䵯⅚兜ℕ椞JDK♠を䤓6₹✌ⅳ嫛ぴ␆♙₳₹♾展▥䤓㟔椫⮓䚕ぴ␆᧨䌄㿊∎䞷扨K

ぴ␆♾ⅴ全桽欧⮓䚕サ㧴㈗⮶䤓≎Ⓒᇭ

棳ℕJDK呹サ䤓ぴ␆⃚⮥᧨デ䞷䤓㟔椫⮓䚕ぴ␆执㦘㈗⮩᧨Ⱁ㨫床劔∎䞷䤓㢾槭Sun侊
⒦䤓JDKᇬ槭HotSpot䤓壩㕮㧉᧨⻀榏尐∎䞷⺈ㄣ䤓ぴ␆扪嫛⒕㨟᧨Ⱁ᧶

IBM䤓Support Assistant[1]ᇬHeap Analyzer[2]ᇬJavacore Analyzer[3]ᇬGarbage Collector
Analyzer[4]抑䞷ℝIBM J9 VMᇭ

HP䤓HPjmeter[5]ᇬHPjtune抑䞷ℝHP-UXᇬSAPᇬHotSpot VMᇭ

Eclipse䤓Memory Analyzer Tool [6]᧤MAT᧥抑䞷ℝHP-UXᇬSAPᇬHotSpot VM᧨⸘孔IBM
DTFJ㙡ↅ⚝♾㞾㖐IBM J9 VMᇭ

BEA䤓JRockit Mission Control[7]抑䞷ℝJRockit VMᇭ

[1]http://www.alphaworks.ibm.com/tech/heapanalyzer/downloadᇭ
[2]http://www.alphaworks.ibm.com/tech/jca/downloadᇭ
[3]http://www.alphaworks.ibm.com/tech/pmat/downloadᇭ
[4]https://h20392.www2.hp.com/portal/swdepot/displayProductInfo.do?
productNumber=HPJMETERᇭ
[5]http://www.eclipse.org/mat/ᇭ
[6]http://www.ibm.com/developerworks/java/jdk/tools/dtfj.htmlᇭ
[7]http://download.oracle.com/docs/cd/E13150_01/jrockit_jvm/jrockit/tools/index.htmlᇭ



䶻5䵯ᇫ庒↧㫗√⒕㨟⸭㒧
JavaC++⃚梃㦘⫄䟀␔ⷧ┷㊐⒕揜✛⨒⧍㟅楕㔏㦾㓏⦃㒟䤓“浧⬨”᧨⬨⮥槱䤓ⅉ㎂

扪♊᧨⬨摛槱䤓ⅉ☃㎂⒉㧴ᇭ

5.1ᇫ㰑承
ₙ㠖⅚兜ℕ⮓䚕Java壩㕮㧉␔ⷧ桽欧䤓䩴幕ぴ␆᧨⦷⮓䚕⸭棔欈䥽䤓桽欧㢅᧨棳ℕ䩴

幕ぴ␆⮥᧨兞洛⚛㫆㢾₹㈗摜尐䤓⥯侯ᇭ⥯㷳㦻䵯⺕床劔⒕℺⑯₹㹣戒㦘ⅲ嫷㊶䤓⸭
棔㫗√ᇭ劒壠Ⓙ壩㕮㧉㟔椫⮓䚕✛庒↧尐槱⚠⚓伊㦜┰䵾ㄣ䞷᧨力⮶捷⒕Java䲚ㄞ⛧戒⺠
㦘㧉↩䦃㘴㘴屵䞮ℶ䘾⬒䤓㦜┰⣷᧨⥯㷳㦻䵯执ℕ₹㓏㦘♠ⅉ⛧掌厌⮮扪嫛“⅁愺
⸭㒧”䤓兒⃯᧨゛㦪抩扖⸭悄∎床劔噆㈦㟔椫⮓䚕✛庒↧䤓兞洛ᇭ



5.2ᇫ㫗√⒕㨟
㦻䵯₼䤓㫗√⮶捷⒕㧴䄟ℝ䶣劔⮓䚕扖䤓K桽欧᧨执㦘⺞捷⒕㧴䄟ℝ几八ₙ㹣戒㦘

䔈唁✛ⅲ嫷㊶䤓㫗√㋊兢ᇭ⒉ℝ⺈⸱㓆⟕₩≰㋾≬㔳䤓䥽䤓᧨⦷ₜ㈀❜ⓜ⚝拊戠䤓ⓜ㙟ₚ᧨
䶣劔⺈⸭棔䘾⬒✛䞷㓆₩┰⋩ℕK⻞埌✛位丏ᇭ

5.2.1ᇫ浧㊶厌䫻ↅₙ䤓䲚ㄞ捷刁䷥䟴

√Ⱁ᧨₹15ₖPV/⮸ふ⚂䤓⦷兎㠖㫲伊⨚几䵨㦏扠㦃㗱ℕ䫻ↅ侊兮᧨㠿䤓䫻ↅ4₹
CPUᇬ16GB䓸䚕␔ⷧ᧨㝜⇫侊兮64⇜CentOS 5.4᧨Resin⇫Web㦜┰⣷ᇭ㠃₹㦜┰⣷㤑㢅
㼰㦘捷刁Ⓔ䤓ㄣ䞷᧨㓏㦘䫻ↅ忓䄟掌♾ⅴ㙟∪全扨幎桽摞ㄅₜ並⮹⮶䤓几䵨∎䞷ᇭ丰䚕⛧
ℕ⻌摞Ⓒ䞷䫻ↅ忓䄟折䞷ℕ64⇜䤓JDK 1.5᧨ㄅ抩扖-Xmx✛-Xms♑㟿⺕Java⪕⦉⸩⦷12GBᇭ
∎䞷㹄㢅梃⚝♠䘿∎䞷㟗㨫ㄅₜ䚕㎂᧨几䵨兞デₜ⸩㦮⒉䘿栎㢅梃⯀♊❜ㄣ䤓㍔⑄ᇭ

䥠㘶㦜┰⣷扟嫛䕅⑄⚝♠䘿几䵨⯀♊❜ㄣ㢾䟀GC⋫欎⺋咃䤓᧨壩㕮㧉扟嫛⦷Server㲰
㆞᧨照帳∎䞷⚭⚟摞↧⏗㟅楕⣷᧨⥭㟅12GB䤓⪕᧨㶰Full GC䤓⋫欎㢅梃浧才14䱡ᇭㄅ₣
䟀ℝ䲚ㄞ幍帰䤓␂侊᧨幎桽㠖㫲㢅尐㔙㠖㫲⅝䭐䥧㙟♥Ⓙ␔ⷧ₼᧨⺋咃␔ⷧ₼⒉䘿㈗⮩䟀㠖
㫲ㄞ⒦▥ℶ䞮䤓⮶⺈廰᧨扨K⮶⺈廰㈗⮩掌扪⏴ℕ劐ⅲ᧨㼰㦘⦷Minor GC₼䂔䚕㘘ᇭ扨䱜
㍔⑄ₚ☂∎㦘12GB䤓⪕᧨␔⃮ⷧ㈗㉺嬺䀗劦㸕⻌᧨䟀㷳⺋咃㹞椣◐⑯⒕朮⒉䘿◐⑯䱡䤓⋫
欎᧨ⅳ几䵨♠ⅉ⛧✛丰䚕⛧㎮Ⓙ㈗㼽₶ᇭ

扨摛⏗ₜㆅ⇇帷幉䲚ㄞⅲ䪐桽欧᧨䲚ㄞ捷刁ₙ䤓尐桽欧㣍䏅㢾扖⮶䤓⪕␔ⷧ扪嫛⥭㟅
㢅サ㧴䤓栎㢅梃䤓⋫欎ᇭ䫻ↅ◖儶ⓜ∎䞷32⇜侊兮1.5GB䤓⪕᧨䞷㓆♹㎮屘Ⓙ∎䞷几䵨㹣戒
冢㏱᧨⇕ₜ↩♠䞮◐⒕㢝㣍䤓⋫欎᧨⥯㷳㓜劒壠◖儶䫻ↅⅴ㙟◖䲚ㄞ㟗厌᧨Ⱁ㨫摜㠿冸⺞全
Java⪕⒕揜䤓␔ⷧ᧨挲⃗䫻ↅₙ䤓㔤忓⻀㣍㈦㈗㿹忈ᇭ

⦷浧㊶厌䫻ↅₙ捷刁䲚ㄞ᧨䥽ⓜ尐㦘₳䱜㡈㆞᧶

抩扖64⇜JDK㧴∎䞷⮶␔ⷧᇭ

∎䞷啴₹32⇜壩㕮㧉ㆉ䵚拊戠楕刳㧴Ⓒ䞷䫻ↅ忓䄟ᇭ

㷳㫗√₼䤓丰䚕⛧摖䞷ℕ䶻䱜捷刁㡈㆞ᇭ⺈ℝ䞷㓆ℳ℡㊶㇉ᇬ⺈⋫欎㢅梃㟞㎮䤓侊
兮᧨♾ⅴ全Java壩㕮㧉⒕揜怔⮶⪕䤓ⓜ㙟㢾㦘㔙㙰㔙ㄣ䞷䲚ㄞ䤓Full GC欠䘖㘶Ⓟ㈦恂⮮⇝᧨
咂⺠尐⇝Ⓙₜ↩㈀❜䞷㓆∎䞷᧨巻Ⱁ◐⑯₹⺞㢅⃒咂⮸㓜⒉䘿㶰Full GC᧨扨㫆♾ⅴ抩扖
⦷䂀⮫㓶嫛⸩㢅↊┰䤓㡈㆞屵♠Full GC䞩咂呹┷摜⚾ㄣ䞷㦜┰⣷㧴≬㖐␔ⷧ♾䞷䴉梃⦷₹
䳂⸩䤓㻃ᇭ

㘶ⓅFull GC欠䘖䤓␂枽㢾䦚ㄣ䞷₼公⮶⮩㟿⺈廰厌⚵䶵⚗“㦬䞮⮤䋼”䤓☮⒨᧨☂⮶⮩㟿
⺈廰䤓䞮ⷧ㢅梃ₜㄣ⮹栎᧨⺳␅㢾ₜ厌㦘㒟㔈摞䤓ᇬ栎䞮ⷧ㢅梃䤓⮶⺈廰ℶ䞮᧨扨㫆㓜厌≬
椫劐ⅲ䴉梃䤓䳂⸩ᇭ

⦷⮶⮩㟿几䵨ㇱ㆞䤓ㄣ䞷摛᧨尐⺈廰䤓䞮ⷧ⛷㦮掌ㄣ年㢾庆㻑儶㒥劔欄槱儶䤓᧨↩幬
儶✛⏷⻏儶䤓栎䞮✌⺈廰䦇⺈㈗⺠ᇭ♹尐ⅲ䪐㈦⚗䚕᧨ㄣ㇢掌厌⸭䘿⦷怔⮶⪕₼㷲デ∎䞷
力㼰㦘Full GC᧨扨㫆䤓幬᧨∎䞷怔⮶⪕␔ⷧ㢅᧨几䵨❜ㄣ抮ㄵ㓜↩㹣戒㦘≬幐ᇭ棳㷳⃚⮥᧨
Ⱁ㨫床劔帰⒡∎䞷64⇜JDK㧴丰䚕⮶␔ⷧ᧨执榏尐劒壠ₚ槱♾厌槱䤓桽欧᧶



␔ⷧ⥭㟅⺋咃䤓栎㢅梃⋫欎ᇭ

䘿棅㹄᧨64⇜JDK䤓㊶厌㿚幤兢㨫㣽拜⇝ℝ32⇜JDKᇭ

榏尐≬幐䲚ㄞ恂⮮䳂⸩᧨⥯扨䱜ㄣ䞷尐㢾ℶ䞮⪕䄱⒉⑯⃝⻀㡯㽤ℶ䞮⪕懻⌷㉺䏶᧤⥯
尐ℶ䞮◐⑯GB⃒咂㦃⮶䤓Dump㠖ↅ᧥᧨❹㊤ℶ䞮ℕ㉺䏶⃮⑯⃝㡯㽤扪嫛⒕㨟ᇭ

䦇⚛䲚ㄞ⦷64⇜JDK䀗劦䤓␔ⷧ咻㹣32⇜JDK⮶᧨扨㢾䟀ℝ㖖朗吷协᧨ⅴ♙㟿㗽伊⨚
⺈營嫴䤌䷘⥯侯⺋咃䤓ᇭ

ₙ槱䤓桽欧⚻怆㧴㦘䍈⚢ⅉ᧨㓏ⅴ䘿棅㹄ₜ⺠丰䚕⛧执㢾折㕸䶻ℛ䱜㡈㆞᧶∎䞷啴₹
32⇜壩㕮㧉ㆉ䵚拊戠楕刳㧴Ⓒ䞷䫻ↅ忓䄟ᇭ␆⇢⋩㽤㢾⦷♿䓸䚕㧉⣷ₙ⚾┷⮩₹ㄣ䞷㦜┰
⣷扪䲚᧨㹞₹㦜┰⣷扪䲚⒕揜ₜ⚛䵾♲᧨䏅⚝⦷ⓜ䵾㚼ㆉ₹微戌⧖嫰⣷᧨ⅴ♜⚠ⅲ䚕䤓㡈
㆞㧴⒕揜幎桽庆㻑ᇭ床劔ₜ榏尐⮹扖⦷㎞⧖嫰⣷懻♠㓏䀗劦䤓㊶厌᧨☂∎∎䞷64⇜JDK᧨幇
⮩ㄣ䞷⃮ₜ㷱㦘♿㦜┰⣷᧨⥯㷳⦷幇⮩ㄣ䞷₼ⓜ䵾䤓⧖嫰⣷㋊㢾尐ⷧ⦷䤓ᇭ

劒壠Ⓙ⦷♿䓸䚕㧉⣷ₙㆉ䵚拊戠楕刳䤓䥽䤓⅔⅔㢾ℕ⻌♾厌Ⓒ䞷䫻ↅ忓䄟᧨ㄅₜ榏
尐␂㉒䕅㊐≬䟨ᇬ䍼懻䲊⃚伊䤓浧♾䞷㊶榏㻑᧨⃮ₜ榏尐≬幐㹞₹壩㕮㧉扪䲚㦘公⺈䫽䤓
⧖嫰微戌᧨⥯㷳∎䞷㡯Session⮜Ⓟ䤓⅁⚗㆞楕刳㢾₹䦇㇢ₜ枨䤓折㕸ᇭ㒠ⅻ⅔⅔榏尐≬椫
楕刳␆⅁⚗㊶᧨⃮⻀㢾⧖嫰⣷㖘⸩䤓屓⒨並㽤᧤咻㫈㗽SessionID⒕揜᧥⺕₹⦉⸩䤓
䞷㓆庆㻑㻇扫⒕揜Ⓙ⦉⸩䤓₹楕刳唑䍈扪嫛⮓䚕☂♾᧨扨㫆䲚ㄞ♠棅㹄⻀⪉㦻ₜ䞷楕
刳䘾⬒⋩⅏⃗䔈Ⓔ䤓劒壠ℕᇭ

㇢䏅᧨㈗⺠㦘㼰㦘凉䍈䤓㡈㫗᧨Ⱁ㨫床劔帰⒡∎䞷拊戠楕刳䤓㡈㆞㧴捷刁䲚ㄞ᧨♾厌↩
拖Ⓙₚ槱K桽欧᧶

⻌摞挎⏜唑䍈䵭℘⏷⻏䤓忓䄟᧨㦏␇⨚䤓⻀㢾䭐䥧䵭℘᧨⚓₹唑䍈Ⱁ㨫⚛㢅幎桽㩟₹䭐
䥧㠖ↅ䤓幬᧤⺳␅㢾ㄅ♠㝜⇫⹈㢢⒉䘿桽欧᧥᧨㈗⹈㢢⺋咃IO㆑デᇭ

㈗楍㦏浧㟗䘖⦿Ⓒ䞷㩟K忓䄟㻯᧨巻Ⱁ扭㘴㻯᧨咻掌㢾⦷⚓₹唑䍈ㆉ䵚呹む䕻䵚䤓扭
㘴㻯᧨扨㫆㦘♾厌⺋咃K唑䍈㻯䅰ℕ力♵⮥K唑䍈⅜㦘戒⮩䴉⇨ᇭ⻌丰♾ⅴ∎䞷楕₼㆞
䤓JNDI᧨⇕扨₹㦘⸩⮜㧑㊶ㄅ₣♾厌サ㧴欬⮥䤓㊶厌枏ᇭ

⚓₹唑䍈⅜䏅ₜ♾挎⏜⦿♦Ⓙ32⇜䤓␔ⷧ棟Ⓟ᧨⦷32⇜Windows♿₼㹞₹扪䲚♹厌∎
䞷2GB䤓␔ⷧ᧨劒壠Ⓙ⪕ⅴ⮥䤓␔ⷧ枏᧨⪕咻㦏⮩♹厌Ⓙ1.5GBᇭ⦷㩟KLinux㒥UNIX
侊兮᧤ⰑSolaris᧥₼᧨♾ⅴ㙟◖Ⓙ3GB⃒咂㘴扠4GB䤓␔ⷧ᧨⇕32⇜₼⅜䏅♦㦏浧
4GB᧤232᧥␔ⷧ䤓棟Ⓟᇭ

⮶摞∎䞷㦻⦿冢ⷧ᧤Ⱁ⮶摞∎䞷HashMap⇫K/V冢ⷧ᧥䤓ㄣ䞷᧨⦷拊戠楕刳₼↩抯㒟
戒⮶䤓␔ⷧ㿹忈᧨⥯㹞₹拊戠唑䍈ₙ掌㦘冢ⷧ᧨扨㢅⊨♾ⅴ劒壠㔙㦻⦿冢ⷧ㟈楕₼
㆞冢ⷧᇭ

⅚兜⸛扨₳䱜捷刁㡈㆞᧨␜摜㠿⥭Ⓙ扨₹㫗√⃚₼᧨㦏⚝䤓捷刁㡈㫗庒㠃ㆉ䵚5₹32
⇜JDK䤓拊戠楕刳᧨㹞₹扪䲚㖘2GB␔ⷧ帰並᧤␅₼⪕⦉⸩1.5GB᧥᧨◯䞷ℕ10GB␔ⷧᇭ
♵⮥ㆉ䵚₹Apache㦜┰⇫ⓜ䵾⧖嫰ⅲ䚕幎桽桷㓆ᇭ劒壠Ⓙ䞷㓆⺈❜ㄣ抮ㄵ㹣戒␂㉒᧨ㄅ
₣㠖㫲㦜┰䤓尐☚┪楕₼⦷䭐䥧✛␔ⷧ幎桽᧨CPU忓䄟㟞㎮ㄵ戒⇝᧨⥯㷳㟈CMS㟅楕⣷



扪嫛⨒⧍⥭㟅ᇭ捷刁㡈㆞庒㠃⚝᧨㦜┰␜㼰㦘⒉䘿栎㢅梃⋫欎᧨抮ㄵ㹣䫻ↅ◖儶ⓜ㦘戒⮶㙟
◖ᇭ



5.2.2ᇫ楕刳梃⚛㷴⺋咃䤓␔ⷧ䄱⒉

√Ⱁ᧨㦘₹⪉ℝB/S䤓MIS侊兮᧨䫻ↅ₳♿2₹CPUᇬ8GB␔ⷧ䤓HP⺞⨚㧉᧨㦜┰⣷
㢾WebLogic 9.2᧨㹞♿㧉⣷⚾┷ℕ3₹WebLogic⸭√᧨㨓㒟₹6₹唑䍈䤓⅁⚗㆞楕刳ᇭ䟀ℝ
㢾⅁⚗㆞楕刳᧨唑䍈⃚梃㼰㦘扪嫛Session⚛㷴᧨⇕㢾㦘K榏㻑尐⸭䘿捷⒕㟿㗽⦷⚓₹唑䍈
梃␀℺ᇭⱚ扨K㟿㗽ⷧ㟍⦷㟿㗽ㄢ₼᧨⇕䟀ℝ床欠僐䵭℘㈗䉏䍗᧨㊶厌㈀❜戒⮶᧨⚝槱
∎䞷JBossCache㨓ㆉℕ₹⏷⻏冢ⷧᇭ⏷⻏冢ⷧ⚾䞷⚝᧨㦜┰㷲デ∎䞷ℕ㹄戒栎䤓㢅梃᧨
⇕㦏扠☃ₜ⸩㦮⦿⒉䘿ℕ⮩㶰䤓␔ⷧ䄱⒉桽欧ᇭ

⦷␔ⷧ䄱⒉㆑デₜ⒉䘿䤓㢅⊨᧨㦜┰␔ⷧ⥭㟅䕅⑄䦃㷲デ᧨㹞㶰␔ⷧ⥭㟅⚝掌厌㋱⮜
Ⓙ₹䳂⸩䤓♾䞷䴉梃᧨ⱚ㊏䠠㢾䲚ㄞ㩟Kₜデ䞷䤓ⅲ䪐恾㈓₼ⷧ⦷␔ⷧ㽓䆞᧨⇕丰䚕⛧
♜㢯㦏扠䲚ㄞㄅ㦹㦃㠿ᇬ◖儶扖᧨⃮㼰㦘扪嫛⅏⃗䔈Ⓔ㝜⇫ᇭ♹Ⰼ常㦜┰サ䧏-XX᧶
+HeapDumpOnOutOfMemoryError♑㟿扟嫛ℕ㹄㢅梃ᇭ⦷㦏扠㶰䄱⒉⃚⚝᧨丰䚕⛧♠⥭ℕ
heapdump㠖ↅ᧨♠䘿摛槱ⷧ⦷䧏⮶摞䤓org.jgroups.protocols.pbcast.NAKACK⺈廰ᇭ

JBossCache㢾⪉ℝ呹⹅䤓JGroups扪嫛楕刳梃䤓㟿㗽抩≰᧨JGroups∎䞷◞帽㪗䤓㡈㆞㧴
⸭䘿㟅♠㟿㗽▔䤓⚓䱜㓏榏䔈㊶呹䟀兓⚗᧨㟿㗽▔㘴㟅✛♠抐㢅尐兞扖㹞⻑◞帽㪗䤓up᧤᧥
✛down᧤᧥㡈㽤᧨␅₼䤓NAKACK㪗䞷ℝ≬椫⚓₹▔䤓㦘㟗欉ㄞ♙摜♠ᇭJBossCache◞帽㪗
Ⱁ⦍5-1㓏䯉ᇭ

⦍ᇫ5-1ᇫJBossCache◞帽㪗

䟀ℝ≰㋾㦘↯戢⯀徴榏尐摜♠䤓♾厌㊶᧨⦷䫽帳㓏㦘㽷␛⦷GMS᧤Group Membership
Service᧥䤓唑䍈掌㟅Ⓙ㷲䫽䤓≰㋾ⓜ᧨♠抐䤓≰㋾㉔權⦷␔ⷧ₼≬䟨ᇭ力㷳MIS䤓㦜┰䵾₼
㦘₹微徲⸘⏷㪰洛䤓⏷⻏Filter᧨㹞㇢㘴㟅Ⓙ庆㻑㢅᧨⧖↩㦃㠿㶰㦏⚝㝜⇫㢅梃᧨ㄅ₣⺕
扨₹㢅梃⚛㷴Ⓙ㓏㦘䤓唑䍈♊᧨∎㈦₹䞷㓆⦷㹄㢅梃␔ₜ厌⦷⮩♿㧉⣷ₙ䤊ᇭ⦷㦜┰
∎䞷扖䲚₼᧨㈏㈏₹欄槱↩ℶ䞮㟿㶰⃒咂㟿◐㶰䤓庆㻑᧨⥯㷳扨₹扖䅳⣷⺋咃楕刳⚓₹唑
䍈⃚梃几八ℳ℡槭デ欠僐ᇭ㇢几八㍔⑄ₜ厌䅰恂↯戢尐㻑㢅᧨摜♠㟿㗽⦷␔ⷧ₼ₜ㠼⪕䱾᧨



㈗㉺⻀ℶ䞮ℕ␔ⷧ䄱⒉ᇭ

扨₹㫗√₼䤓桽欧᧨㡱㦘JBossCache䤓凉椆᧨⃮㦘MIS侊兮⸭䘿㡈㆞ₙ凉椆ᇭ
JBossCache⸧㡈䤓maillist₼帷幉扖㈗⮩㶰伊⇋䤓␔ⷧ䄱⒉㆑デ桽欧᧨㗽広⚝兼䓗㦻⃮㦘ℕ㟈
扪ᇭ力㦃摜尐䤓凉椆㢾扨伊嬺楕刳␀℺䤓㟿㗽尐∎䞷伊⇋JBossCache扨䱜楕刳冢ⷧ㧴⚛㷴
䤓幬᧨♾ⅴ⏐幇床㝜⇫欠僐᧨⥯㟿㗽⦷㦻⦿␔ⷧ㦘⓾㦻᧨床♥䤓┷⇫ₜ↩劦忈⮩⺠忓
䄟᧨⇕ₜㄣ㇢㦘扖ℝ欠僐䤓㝜⇫᧨挲㫆↩サ㧴㈗⮶䤓几八⚛㷴䤓枏ᇭ



5.2.3ᇫ⪕⮥␔ⷧ⺋咃䤓䄱⒉枨幾

√Ⱁ᧨₹ⷵ㪰䤓⺞⨚欈䥽᧶⪉ℝB/S䤓䟄劒幤侊兮᧨ℕ⸭䘿⸱㓆䵾厌⸭㢅⦿⅝㦜
┰⣷䵾㘴㟅劒幤㟿㗽᧨侊兮∎䞷ℕ投⚠AJAX㔏㦾᧤⃮䱿Comet㒥劔Server Side Push᧥᧨折
䞷CometD 1.1.1⇫㦜┰䵾㘷抐㫕㩅᧨㦜┰⣷㢾Jetty 7.1.4᧨䫻ↅ♿㣽抩PC㧉᧨Core i5
CPU᧨4GB␔ⷧ᧨扟嫛32⇜Windows㝜⇫侊兮ᇭ

㿚幤㦮梃♠䘿㦜┰䵾ₜ⸩㢅㔪⒉␔ⷧ䄱⒉㆑デ᧨㦜┰⣷ₜ⸩㹞㶰掌↩⒉䘿㆑デ᧨⇕⋖
Ⱁ㷲㆞劒幤㢅⾸䄒㶰᧨挲↿帰㠃⧉䟄劒幤掌↩℀⯦᧨几䵨丰䚕⛧⺬幤扖㔙⪕Ⓙ㦏⮶᧨
力32⇜侊兮㦏⮩Ⓙ1.6GB⻀⪉㦻㡯㽤␜┯⮶ℕ᧨力₣⮶ℕ⪉㦻㼰㟗㨫᧨㔪⒉␔ⷧ䄱⒉㆑デ
Ⰼ⍞执㦃┯欠僐ℕᇭ┯⏴-XX᧶+HeapDumpOnOutOfMemoryError᧨⻔䏅⃮㼰㦘↊⇤♜ㄣ᧨㔪
⒉␔ⷧ䄱⒉㆑デ㢅⅏⃗㠖ↅ掌㼰㦘ℶ䞮ᇭ㡯⯗⃚ₚ♹Ⰼ㖑䧏jstatㄅ䦃侶䥾⻞ヤ᧨♠䘿GCㄅ
ₜ欠僐᧨Eden◉ᇬSurvivor◉ᇬ劐ⅲⅴ♙㻇⃔ⅲ␔ⷧ⏷捷掌嫷䯉“㍔兹䳂⸩᧨☚┪ₜ⮶”᧨
⇕⻀㢾䏶㫆ₜ⋫⦿㔪⒉␔ⷧ䄱⒉㆑デ᧨丰䚕⛧☚┪㈗⮶ᇭ㦏⚝᧨⦷␔ⷧ䄱⒉⚝⅝侊兮㡴㉦₼
㔍Ⓙ㆑デ⪕㪗᧨Ⱁⅲ䪐䂔◤5-1㓏䯉ᇭ

ⅲ䪐䂔◤5-1ᇫ㆑デ⪕㪗

[org.eclipse.jetty.util.log]handle failed java.lang.OutOfMemoryError᧶null
at sun.misc.Unsafe.allocateMemory᧤Native Method᧥
at java.nio.DirectByteBuffer.᧸init᧺᧤DirectByteBuffer.java᧶99᧥
at java.nio.ByteBuffer.allocateDirect᧤ByteBuffer.java᧶288᧥
at org.eclipse.jetty.io.nio.DirectNIOBuffer.᧸init᧺
……

Ⱁ㨫帳䦮梔床扖㦻䤓䶻2䵯᧨䦚Ⓙ㆑デ⪕㪗⻀ㄣ年䂔㯩扨₹㔪⒉␔ⷧ䄱⒉㆑デ㢾㊝⃗
⥭ℚℕᇭ⮶⹅䩴拢㝜⇫侊兮⺈㹞₹扪䲚厌丰䚕䤓␔ⷧ㢾㦘棟Ⓟ䤓᧨扨♿㦜┰⣷∎䞷䤓32⇜
Windows♿䤓棟Ⓟ㢾2GB᧨␅₼⒡ℕ1.6GB全Java⪕᧨力Direct Memory␔ⷧㄅₜ並⏴1.6GB
䤓⪕⃚␔᧨⥯㷳⸒㦏⮶⃮♹厌⦷⓸⇨䤓0.4GB䴉梃₼⒕⒉捷⒕ᇭ⦷㷳ㄣ䞷₼⺋咃䄱⒉䤓␂
枽㢾᧶⨒⧍㟅楕扪嫛㢅᧨壩㕮㧉夌䏅↩⺈Direct Memory扪嫛⥭㟅᧨⇕㢾Direct Memory☃ₜ厌
⍞㠿䞮ⅲᇬ劐ⅲ挲㫆᧨♠䘿䴉梃ₜ恂ℕ⻀抩䩴㟅楕⣷扪嫛⨒⧍⥭㟅᧨⸒♹厌䷘㈔劐ⅲ䅰
ℕ⚝Full GC᧨䏅⚝“欉≎⦿”ソ⸒䂔䚕㘘␔ⷧ䤓ㄮ㆒⺈廰ᇭ⚵⒨⸒♹厌䦃䷘Ⓙ㔪⒉␔ⷧ䄱⒉
㆑デ㢅᧨⏗catch㘘᧨␜⦷catch⧦摛槱“⮶⠙”⭿᧶“System.gc᧤᧥”ᇭ尐㢾壩㕮㧉执㢾ₜ⚻
᧤巻Ⱁ㓢ℕ-XX᧶+DisableExplicitGC␂᧥᧨挲⻀♹厌䧋䧐䧐⦿䦚䧏⪕₼执㦘幇⮩䴉梁␔
ⷧ᧨呹む☃ₜ㈦ₜ㔪⒉␔ⷧ䄱⒉㆑デℕᇭ力㦻㫗√₼∎䞷䤓CometD 1.1.1㫕㩅᧨㷲Ⰼ㦘⮶摞
䤓NIO㝜⇫榏尐∎䞷ⒿDirect Memory␔ⷧᇭ

⅝⸭悄兞洛䤓屡ㄵ⒉♠᧨棳ℕJava⪕✛㻇⃔ⅲ⃚⮥᧨㒠ⅻ㽷㎞Ⓙₚ槱扨K◉⩮执↩◯䞷
戒⮩䤓␔ⷧ᧨扨摛㓏㦘䤓␔ⷧ㋊✛♦Ⓙ㝜⇫侊兮扪䲚㦏⮶␔ⷧ䤓棟Ⓟᇭ

Direct Memory᧶♾抩扖-XX᧶MaxDirectMemorySize庒㠃⮶⺞᧨␔ⷧₜ恂㢅㔪⒉
OutOfMemoryError㒥劔OutOfMemoryError᧶Direct buffer memoryᇭ

兎䲚⪕㪗᧶♾抩扖-Xss庒㠃⮶⺞᧨␔ⷧₜ恂㢅㔪⒉StackOverflowError᧤兄⚠㡯㽤⒕揜᧨
☂㡯㽤⒕揜㠿䤓㪗ザ᧥㒥劔OutOfMemoryError᧶unable to create new native thread᧤㲹⚠㡯㽤
⒕揜᧨☂㡯㽤ㆉ䵚㠿䤓兎䲚᧥ᇭ

Socket冢ⷧ◉᧶㹞₹Socket扭㘴掌Receive✛Send₳₹冢ⷧ◉᧨⒕Ⓔ◯⮶儵37KB✛25KB␔
ⷧ᧨扭㘴⮩䤓幬扨⧦␔ⷧ◯䞷⃮㹣戒♾屑ᇭⰑ㨫㡯㽤⒕揜᧨⒨♾厌↩㔪⒉IOException᧶Too



many open files㆑デᇭ

JNIⅲ䪐᧶Ⱁ㨫ⅲ䪐₼∎䞷JNI庒䞷㦻⦿ㄢ᧨挲㦻⦿ㄢ∎䞷䤓␔⃮ⷧₜ⦷⪕₼ᇭ

壩㕮㧉✛GC᧶壩㕮㧉ᇬGC䤓ⅲ䪐㓶嫛⃮尐䀗劦⸩䤓␔ⷧᇭ



5.2.4ᇫ⮥捷✌ⅳ⺋咃侊兮冢㏱

扨㢾₹㧴呹几八䤓㫗√᧶₹㟿ⷦ㪰⥼ㄣ䞷侊兮᧨扟嫛⦷♿4₹CPU䤓Solaris 10㝜
⇫侊兮ₙ᧨₼梃ↅGlassFish㦜┰⣷ᇭ侊兮⦷⋩⮶ㄅ♠☚┪㿚幤䤓㢅⊨᧨♠䘿庆㻑❜ㄣ㢅梃
㹣戒㏱᧨抩扖㝜⇫侊兮䤓mpstatぴ␆♠䘿CPU∎䞷䘖㈗浧᧨ㄅ₣侊兮◯䞷公⮶⮩㟿䤓CPU忓
䄟䤓䲚ㄞㄅₜ㢾ㄣ䞷侊兮㦻愺ᇭ扨㢾₹ₜ㷲デ䤓䘿廰᧨抩デ㍔⑄ₚ䞷㓆ㄣ䞷䤓CPU◯䞷䘖ㄣ
年◯尐⦿⇜᧨㓜厌広㢝侊兮㢾㷲デぴ⇫䤓ᇭ

抩扖Solaris 10䤓Dtrace厩㦻♾ⅴ㩴䦚㇢ⓜ㍔⑄ₚ❹K侊兮庒䞷啀忈ℕ㦏⮩䤓CPU忓
䄟᧨Dtrace扟嫛⚝♠䘿㦏䀗劦CPU忓䄟䤓䵮䏅㢾“fork”侊兮庒䞷ᇭ↦㓏⛷䩴᧨“fork”侊兮庒䞷
㢾Linux䞷㧴ℶ䞮㠿扪䲚䤓᧨⦷Java壩㕮㧉₼᧨䞷㓆冥䤓Javaⅲ䪐㦏⮩♹㦘兎䲚䤓㰑㊄᧨ₜ
ㄣ㇢㦘扪䲚䤓ℶ䞮ᇭ

扨㢾₹槭デ㆑デ䤓䘿廰ᇭ抩扖㦻侊兮䤓♠ⅉ⛧᧨㦏兗㔍Ⓙℕ䷣㫗᧶㹞₹䞷㓆庆㻑䤓⮓
䚕掌榏尐㓶嫛₹⮥捷shell厩㦻㧴噆㈦侊兮䤓K≰㋾ᇭ㓶嫛扨₹shell厩㦻㢾抩扖Java䤓
Runtime.getRuntime᧤᧥.exec᧤᧥㡈㽤㧴庒䞷䤓ᇭ扨䱜庒䞷㡈㆞♾ⅴ才Ⓙ䥽䤓᧨⇕㢾⸒⦷Java
壩㕮㧉₼㢾槭デ䀗劦忓䄟䤓㝜⇫᧨☂∎⮥捷✌ⅳ㦻愺厌㈗㉺㓶嫛⸛㹤᧨欠僐庒䞷㢅⒪ㆉ扪䲚
䤓枏⃮槭デ♾屑ᇭJava壩㕮㧉㓶嫛扨₹✌ⅳ䤓扖䲚㢾᧶氥⏗⏚椕₹✛㇢ⓜ壩㕮㧉㕴㦘
㫆䘾⬒♧摞䤓扪䲚᧨␜䞷扨₹㠿䤓扪䲚♊㓶嫛⮥捷✌ⅳ᧨㦏⚝␜抏⒉扨₹扪䲚ᇭⰑ㨫欠僐㓶
嫛扨₹㝜⇫᧨侊兮䤓䀗劦↩㈗⮶᧨ₜ⅔㢾CPU᧨␔ⷧ微㕔⃮㈗摜ᇭ

䞷㓆㫈㗽ㆉ帽♊㘘扨₹Shell厩㦻㓶嫛䤓幼♴᧨㟈∎䞷Java䤓API♊噆♥扨K≰㋾⚝᧨
侊兮㈗㉺㋱⮜ℕ㷲デᇭ



5.2.5ᇫ㦜┰⣷JVM扪䲚⾸䄒

√Ⱁ᧨₹⪉ℝB/S䤓MIS侊兮᧨䫻ↅ₳♿2₹CPUᇬ8GB␔ⷧ䤓HP侊兮᧨㦜┰⣷㢾
WebLogic 9.2᧤⻀㢾5.2.2唑₼䤓挲⯦侊兮᧥ᇭ㷲デ扟嫛㹄㢅梃⚝᧨㦏扠♠䘿⦷扟嫛㦮梃欠
僐⒉䘿楕刳唑䍈䤓壩㕮㧉扪䲚呹┷␂桼䤓䘿廰᧨䟨ₚℕ₹hs_err_pid###.log㠖ↅ⚝᧨扪䲚
⻀䀗⯀ℕ᧨₳♿䓸䚕㧉⣷摛䤓㹞₹唑䍈掌⒉䘿扖扪䲚⾸䄒䤓䘿廰ᇭ⅝侊兮㡴㉦₼♾ⅴ䦚⒉᧨
㹞₹唑䍈䤓壩㕮㧉扪䲚⦷⾸䄒ⓜₜ⃔᧨掌♠䞮扖⮶摞䦇⚛䤓㆑デ᧨屐ⅲ䪐䂔◤5-2ᇭ

ⅲ䪐䂔◤5-2ᇫ㆑デ⪕㪗2

java.net.SocketException᧶Connection reset
at java.net.SocketInputStream.read᧤SocketInputStream.java᧶168᧥
at java.io.BufferedInputStream.fill᧤BufferedInputStream.java᧶218᧥
at java.io.BufferedInputStream.read᧤BufferedInputStream.java᧶235᧥
at org.apache.axis.transport.http.HTTPSender.readHeadersFromSocket᧤HTTPSender.java᧶583᧥
at org.apache.axis.transport.http.HTTPSender.invoke᧤HTTPSender.java᧶143᧥……99 more

扨㢾₹扫䵾㠼扭㘴䤓㆑デ᧨抩扖侊兮丰䚕⛧ℕ屲Ⓙ侊兮㦏扠₹OA桷㓆⋩ℕ楕
㒟᧨⦷MIS侊兮ぴ⇫㿐䤓㈔┭ℚ欈♧▥㢅᧨尐抩扖Web㦜┰抩䩴OA桷㓆侊兮᧨㔙㈔┭ℚ欈䤓
♧▥⚛㷴ⒿOA桷㓆⃚₼ᇭ抩扖SoapUI㿚幤ℕₚ⚛㷴㈔┭ℚ欈䤓⑯₹Web㦜┰᧨♠䘿庒䞷⚝
䵮䏅榏尐栎才3⒕朮㓜厌扣⥭᧨ㄅ₣扣⥭兢㨫掌㢾扭㘴₼㠼ᇭ

䟀ℝMIS侊兮䤓䞷㓆⮩᧨㈔┭ℚ欈♧▥㈗㉺᧨ℕₜ嬺OA侊兮抮ㄵ㕥侾᧨∎䞷ℕ㆑㷴䤓
㡈㆞庒䞷Web㦜┰᧨⇕䟀ℝ₳扈㦜┰抮ㄵ䤓⸛⏷ₜ⺈䷘᧨㢅梃怙栎⻀侾䱾ℕ怙⮩Web㦜┰㼰
㦘庒䞷⸛㒟᧨⺋咃⦷䷘㈔䤓兎䲚✛Socket扭㘴怙㧴怙⮩᧨㦏兗⦷怔扖壩㕮㧉䤓㔎♦厌┪⚝∎
㈦壩㕮㧉扪䲚⾸䄒ᇭ屲⑂㡈㽤᧶抩䩴OA桷㓆㡈≽⮜㡯㽤∎䞷䤓楕㒟㘴♲᧨ㄅ⺕㆑㷴庒䞷㟈
䞮ℶ劔/䀗忈劔㲰㆞䤓䀗㋾梮⒦⸭䘿⚝᧨侊兮㋱⮜㷲デᇭ



5.2.6ᇫₜ㋿㇢㟿㗽兢㨓⺋咃␔ⷧ◯䞷扖⮶

√Ⱁ᧨㦘₹⚝♿RPC㦜┰⣷᧨∎䞷64⇜壩㕮㧉᧨␔ⷧ揜函-Xms4g-Xmx8g-Xmn1g᧨
∎䞷ParNew+CMS䤓㟅楕⣷兓⚗ᇭ㢅⺈⮥㦜┰䤓Minor GC㢅梃儵⦷30㹺䱡ⅴ␔᧨⸛⏷♾ⅴ
㘴♦ᇭ⇕₩┰ₙ榏尐㹞10⒕朮┯戌₹儵80MB䤓㟿㗽㠖ↅⒿ␔ⷧ扪嫛㟿㗽⒕㨟᧨扨K㟿㗽
↩⦷␔ⷧ₼ㇱ㒟怔扖100ₖ₹HashMap᧸Long,Long᧺Entry᧨⦷扨㹄㢅梃摛槱Minor GC⻀↩抯
㒟怔扖500㹺䱡䤓⋫欎᧨⺈ℝ扨₹⋫欎㢅梃⻀㘴♦ₜℕℕ᧨␆⇢㍔⑄Ⱁₚ槱GC㡴㉦㓏䯉ᇭ

{Heap before GC invocations=95᧤full 4᧥᧶
par new generation total 903168K,used 803142K[0x00002aaaae770000᧨0x00002aaaebb70000᧨0x00002aaaebb70000᧥
eden space 802816K᧨100%used[0x00002aaaae770000᧨0x00002aaadf770000᧨0x00002aaadf770000᧥
from space 100352K᧨0%used[0x00002aaae5970000᧨0x00002aaae59c1910᧨0x00002aaaebb70000᧥
to space 100352K᧨0%used[0x00002aaadf770000᧨0x00002aaadf770000᧨0x00002aaae5970000᧥
concurrent mark-sweep generation total 5845540K,used 3898978K[0x00002aaaebb70000᧨0x00002aac507f9000᧨0x00002aacae770000᧥
concurrent-mark-sweep perm gen total 65536K,used 40333K[0x00002aacae770000᧨0x00002aacb2770000᧨0x00002aacb2770000᧥
2 0 1 1-1 0-2 8 T 1 1᧶4 0᧶4 5.1 6 2+0 8 0 0᧶2 2 6.5 0 4᧶[G C 2 2 6.5 0 4᧶[P a r N e w᧶803142K-᧺100352K᧤903168K᧥᧨0.5995670 secs]4702120K-᧺

4056332K᧤6748708K᧥᧨0.5997560
secs][Times᧶user=1.46 sys=0.04᧨real=0.60 secs]
Heap after GC invocations=96᧤full 4᧥᧶
par new generation total 903168K,used 100352K[0x00002aaaae770000᧨0x00002aaaebb70000᧨0x00002aaaebb70000᧥
eden space 802816K᧨0%used[0x00002aaaae770000᧨0x00002aaaae770000᧨0x00002aaadf770000᧥
from space 100352K᧨100%used[0x00002aaadf770000᧨0x00002aaae5970000᧨
0x00002aaae5970000᧥
to space 100352K᧨0x00002aaaebb70000᧥0%used[0x00002aaae5970000᧨0x00002aaae5970000᧨
concurrent mark-sweep generation total 5845540K,used 3955980K[0x00002aaaebb70000᧨0x00002aac507f9000᧨0x00002aacae770000᧥
concurrent-mark-sweep perm gen total 65536K,used 40333K[0x00002aacae770000᧨0x00002aacb2770000᧨0x00002aacb2770000᧥
}
Total time for which application threads were stopped᧶0.6070570 seconds

屑扨₹㫗√᧨♠䘿㢅䤓Minor GC㢅梃㈗䩼᧨☮⥯㢾㠿䞮ⅲ䤓公⮶捷⒕⺈廰掌㢾♾䂔
棳䤓᧨⦷Minor GC⃚⚝Eden✛Survivor⪉㦻ₙ⮓ℝ⸛⏷䴉梁䤓䕅㊐ᇭ力⦷⒕㨟㟿㗽㠖ↅ㦮
梃᧨800MB䤓Eden䴉梃㈗㉺嬺⫺䅰⅝力ㆤ♠GC᧨⇕Minor GC⃚⚝᧨㠿䞮ⅲ₼公⮶捷⒕⺈廰
∬䏅㢾ⷧ㿊䤓ᇭ㒠ⅻ䩴拢ParNew㟅楕⣷∎䞷䤓㢾⮜Ⓟ並㽤᧨扨₹並㽤䤓浧㟗㢾ㆉ䵚⦷⮶捷
⒕⺈廰掌“㦬䞮⮤䋼”䤓䔈㊶ₙ䤓᧨Ⱁ㨫ⷧ㿊⺈廰扖⮩᧨㔙扨K⺈廰⮜ⓅⒿSurvivorㄅ冃㖐扨
K⺈廰ㆤ䞷䤓㷲䫽⻀㒟₹㼘摜䤓微㕔᧨⥯㷳⺋咃GC㤑⋫㢅梃㢝㣍♧栎ᇭ

Ⱁ㨫ₜ≽㟈䲚ㄞ᧨⅔⅝GC庒↧䤓屡ㄵ♊屲⑂扨₹桽欧᧨♾ⅴ劒壠⺕Survivor䴉梃♊㘘
᧤┯⏴♑㟿-XX᧶SurvivorRatio=65536ᇬ-XX᧶MaxTenuringThreshold=0㒥劔-XX᧶
+AlwaysTenure᧥᧨常㠿䞮ⅲ₼ⷧ㿊䤓⺈廰⦷䶻㶰Minor GC⚝䵚☂扪⏴劐ⅲ᧨䷘ⒿMajor
GC䤓㢅⊨␜䂔䚕⸒ⅻᇭ扨䱜㘹㡌♾ⅴ㽊㪖᧨⇕⃮㦘㈗⮶⓾⇫䞷᧨㽊㦻䤓㡈㫗榏尐≽㟈䲚
ㄞ᧨⥯扨摛䤓桽欧ℶ䞮䤓㫈㦻☮⥯㢾䞷HashMap᧸Long,Long᧺兢㨓㧴ⷧ⌷㟿㗽㠖ↅ䴉梃㟗
䘖⮹⇝ᇭ

ₚ槱␆⇢⒕㨟ₚ䴉梃㟗䘖ᇭ⦷HashMap᧸Long,Long᧺兢㨓₼᧨♹㦘Key✛Value㓏ⷧ㟍
䤓₳₹栎㠃⨚㟿㗽㢾㦘㟗㟿㗽᧨␀16B᧤2×8B᧥ᇭ扨₳₹栎㠃⨚㟿㗽▔孔㒟java.lang.Long⺈
廰⃚⚝᧨⻀⒕Ⓔ␆㦘8B䤓MarkWordᇬ8B䤓Klass㖖朗᧨⦷┯8Bⷧ⌷㟿㗽䤓long⋋ᇭ⦷扨₳₹
Long⺈廰兓㒟Map.Entry⃚⚝᧨♗⮩ℕ16B䤓⺈廰⯃᧨䏅⚝₹8B䤓nextⷦ㹄✛4B䤓int⨚䤓
hashⷦ㹄᧨ℕ⺈營᧨执㉔權䂊┯4B䤓䴉䤌⫺⏔᧨㦏⚝执㦘HashMap₼⺈扨₹Entry䤓8B䤓ㆤ
䞷᧨扨㫆⬭┯₳₹栎㠃⨚㟿ⷦ᧨⸭棔劦忈䤓␔ⷧ
᧤Long᧤24B᧥×2᧥+Entry᧤32B᧥+HashMap Ref᧤8B᧥=88B᧨䴉梃㟗䘖16B/88B=18%᧨
⸭⦷⮹⇝ℕᇭ



5.2.7ᇫ䟀Windows壩㕮␔ⷧ⺋咃䤓栎㢅梃⋫欎[1]

√Ⱁ᧨㦘₹サ㉒悂㭏㿚┮厌䤓GUI㫛槱䲚ㄞ᧨㹞15䱡↩♠抐㶰㉒悂㭏㿚≰⚆᧨Ⱁ㨫
⺈㡈30䱡ⅴ␔掌㼰㦘≰⚆扣⥭᧨挲⻀帳✛⺈㡈䲚ㄞ䤓扭㘴め兞㠼ᇭ䲚ㄞₙ兎⚝♠䘿㉒悂
㭏㿚㦘幾㔴䤓㰑䘖᧨㩴幱㡴㉦♠䘿幾㔴䤓☮⥯㢾䲚ㄞ↩⌅⺣⒉䘿梃椣儵⒕朮ふ⚂䤓㢅梃⸛
⏷㡯㡴㉦戢⒉᧨⮓ℝ⋫欎䕅㊐ᇭ

⥯㢾㫛槱䲚ㄞ᧨㓏榏䤓␔ⷧㄅₜ⮶᧤-Xmx256m᧥᧨㓏ⅴⱚㄅ㼰㦘㎂Ⓙ㢾GC⺋咃䤓
䲚ㄞ⋫欎᧨⇕㢾┯⏴♑㟿-XX᧶+PrintGCApplicationStoppedTime-XX᧶+PrintGCDateStamps-
Xloggc᧶gclog.log⚝᧨⅝GC㡴㉦㠖ↅ₼䫽帳ℕ⋫欎䫽⸭㢾䟀GC⺋咃䤓᧨⮶捷⒕GC㢅梃掌㘶
Ⓟ⦷100㹺䱡ⅴ␔᧨⇕⌅⺣⻀↩⒉䘿㶰㘴扠1⒕朮䤓GCᇭ

Total time for which application threads were stopped᧶0.0112389 seconds
Total time for which application threads were stopped᧶0.0001335 seconds
Total time for which application threads were stopped᧶0.0003246 seconds
Total time for which application threads were stopped᧶41.4731411 seconds
Total time for which application threads were stopped᧶0.0489481 seconds
Total time for which application threads were stopped᧶0.1110761 seconds
Total time for which application threads were stopped᧶0.0007286 seconds
Total time for which application threads were stopped᧶0.0001268 seconds

⅝GC㡴㉦₼㔍Ⓙ栎㢅梃⋫欎䤓␆⇢㡴㉦≰㋾᧤䂊┯ℕ-XX᧶+PrintReferenceGC♑㟿᧥᧨
㔍Ⓙ䤓㡴㉦䓖㹄Ⱁₚ㓏䯉ᇭ⅝㡴㉦₼♾ⅴ䦚⒉᧨䦮㷲㓶嫛GC┷⇫䤓㢅梃ₜ㢾㈗栎᧨⇕⅝
ⱚGC᧨Ⓙ䦮㷲ⱚGC⃚梃㓏䀗劦䤓㢅梃☃◯ℕ公⮶捷⒕ᇭ

2012-08-29T19᧶14᧶30.968+0800᧶10069.800᧶[GC10099.225᧶[SoftReference᧨0 refs᧨0.0000109 secs]10099.226᧶[WeakReference᧨4072 refs᧨0.0012099
secs]10099.227᧶[FinalReference᧨984 refs᧨1.5822450 secs]10100.809᧶[PhantomReference᧨251 refs᧨0.0001394 secs]10100.809᧶[JNI Weak Reference᧨0.0994015 secs]
[PSYoungGen᧶175672K-᧺8528K᧤167360K᧥]251523K-᧺100182K᧤353152K᧥᧨31.1580402 secs][Times᧶user=0.61 sys=0.52᧨real=31.16 secs]

棳GC㡴㉦⃚⮥᧨执屑Ⓙ扨₹GUI䲚ㄞ␔ⷧ♧▥䤓₹䔈䍈᧨㇢⸒㦏⺞▥䤓㢅⊨᧨忓䄟
丰䚕₼㣍䯉䤓◯䞷␔ⷧ⮶ピㄵ⺞᧨⇕㢾壩㕮␔ⷧ⒨㼰㦘♧▥᧨⥯㷳㊏䠠䲚ㄞ⦷㦏⺞▥㢅⸒
䤓ぴ⇫␔ⷧ嬺呹┷ℳ㗱Ⓙ䭐䥧䤓欄槱㠖ↅ⃚₼ℕ᧨扨㫆♠䞮GC㢅⻀㦘♾厌⥯㋱⮜欄槱㠖
ↅ䤓㝜⇫力⺋咃ₜ㷲デ䤓GC⋫欎ᇭ

⦷MSDNₙ㩴幐[2]⚝䫽帳ℕ扨䱜䖫㎂᧨⥯㷳᧨⦷Java䤓GUI䲚ㄞ₼尐挎⏜扨䱜䘿廰᧨♾ⅴ
┯⏴♑㟿“-Dsun.awt.keepWorkingSetOnMinimize=true”㧴屲⑂ᇭ扨₹♑㟿⦷幇⮩AWT䤓䲚ㄞₙ
掌㦘ㄣ䞷᧨√ⰑJDK呹サ䤓Visual VM᧨䞷ℝ≬幐䲚ㄞ⦷㋱⮜㦏⺞▥㢅厌⮮䵚☂❜ㄣᇭ⦷扨₹
㫗√₼┯⏴年♑㟿⚝᧨桽欧㈦Ⓙ屲⑂ᇭ

[1]㦻㫗√㧴䄟ℝHLLVM兓刳䤓帷幉᧶http://hllvm.group.iteye.com/group/topic/28745ᇭ
[2]http://support.microsoft.com/default.aspx?scid=kb᧷en-us᧷293215ᇭ



5.3ᇫ⸭㒧᧶Eclipse扟嫛抮ㄵ庒↧
㈗⮩Java♠ⅉ⛧掌㦘扨㫆䱜屑㊄᧶侊兮庒↧䤓ぴ⇫掌㢾朗⺈㦜┰䵾ㄣ䞷力岏᧨屓㲰

怙⮶䤓侊兮᧨⻀怙榏尐₢₩䤓庒↧扟冃⥱梮♑ᇭ扨₹屑䍈ₜ厌広ₜ⺈᧨5.2唑₼䶣劔㓏⒦
䤓㫗√䫽⸭掌㢾㦜┰䵾扟冃ᇬ庒↧䤓√᧨⇕㦜┰䵾ㄣ䞷榏尐庒↧᧨ㄅₜ広㢝␅Ⅵㄣ䞷⻀
ₜ榏尐ℕ᧨⇫₹㣽抩䤓Java♠ⅉ⛧᧨ⓜ槱幁䤓⚓䱜壩㕮㧉䤓☮䚕✛㦏∂⸭悄㡈㽤恬䱊
㒠ⅻㄅₜ拴扫᧨♠劔愺扈㈗⮩⧉㣾掌♾ⅴ∎䞷ₙ槱扨K䩴幕ᇭₚ槱抩扖₹㣽抩䲚ㄞ⛧㡴
デぴ⇫₼♾ⅴ椞㢅㘴屵Ⓙ䤓♠ぴ␆ⱚ扨㶰⸭㒧ᇭ

5.3.1ᇫ庒↧ⓜ䤓䲚ㄞ扟嫛䕅㊐

䶣劔∎䞷Eclipse⇫㡴デぴ⇫₼䤓尐IDEぴ␆᧨䟀ℝ⸘孔䤓㙡ↅ㹣戒⮶᧤Ⱁ
KlocworkᇬClearCase LT䷘᧥ᇬⅲ䪐⃮㈗⮩᧨⚾┷Eclipse䦃Ⓙ㓏㦘欈䥽冥幠⸛㒟榏尐⥪℣⒕
朮ᇭ䦃⺈♠䘾⬒䤓抮ㄵ㎮屘ₜ䅰㎞᧨怐䧏冥扨㦻䤓㧉↩᧨⑂⸩⺈Eclipse扪嫛“┷
⒏”庒↧ᇭ

䶣劔㧉⣷䤓Eclipse扟嫛♿㢾32⇜Windows 7侊兮᧨壩㕮㧉HotSpot VM 1.5 b64ᇭ䫻ↅ
ThinkPad X201᧨Intel i5 CPU᧨4GB䓸䚕␔ⷧᇭ⦷⒬ⱚ䤓揜函㠖ↅeclipse.ini₼᧨棳ℕ㖖⸩
JDK䤓恾㈓ᇬ幍函㦏⮶⪕512MBⅴ♙⚾ℕJMX丰䚕᧤榏尐⦷VisualVM₼㟅楕☮ⱚ㟿㗽᧥
⮥᧨㦹⋩␅Ⅵ↊⇤㟈┷᧨☮ⱚ揜函␔⹈Ⱁⅲ䪐䂔◤5-3㓏䯉ᇭ

ⅲ䪐䂔◤5-3ᇫEclipse 3.5⒬ⱚ揜函

-vm
D᧶/_DevSpace/jdk1.5.0/bin/javaw.exe
-startup
plugins/org.eclipse.equinox.launcher_1.0.201.R35x_v20090715.jar
--launcher.library
plugins/org.eclipse.equinox.launcher.win32.win32.x86_1.0.200.v20090519
-product
org.eclipse.epp.package.jee.product
--launcher.XXMaxPermSize
256M
-showsplash
org.eclipse.platform
-vmargs
-Dosgi.requiredJavaVersion=1.5
-Xmx512m
-Dcom.sun.management.jmxremote

ℕ尐庒↧⚝䤓兢㨫扪嫛摞▥⺈㹣᧨庒↧ⱚⓜ䶣劔⏗⋩ℕ㶰⒬ⱚ㟿㗽㿚幤ᇭ㿚幤
䞷√㈗丏◤᧨⻀㢾㟅楕⅝Eclipse⚾┷ⱚ᧨䦃Ⓙ㓏㦘㙡ↅ┯戌⸛㒟㷱䤓㋊劦㢅ⅴ♙扟嫛䕅
㊐㟿㗽᧨壩㕮㧉䤓扟嫛㟿㗽抩扖VisualVM♙␅㓸⻤㙡ↅVisualGC扪嫛摖楕ᇭ㿚幤扖䲚₼♜⮜
⚾┷㟿㶰Eclipse䦃Ⓙ㿚幤兢㨫䳂⸩⚝᧨♥㦏⚝㶰扟嫛䤓兢㨫⇫㟿㗽㫆㦻᧤ℕ挎⏜㝜⇫
侊兮㦹厌♙㢅扪嫛䭐䥧冢ⷧ力ℶ䞮䤓㈀❜᧥᧨㟿㗽㫆㦻Ⱁ⦍5-2㓏䯉ᇭ



⦍ᇫ5-2ᇫEclipse☮ⱚ扟嫛㟿㗽

Eclipse⚾┷䤓㋊劦㢅㼰㦘┭㽤⅝䥠㘶ぴ␆₼䦃㘴噆㈦᧨⥯VisualVMₜ♾厌䩴拢Eclipse
扟嫛Ⓙ⅏⃗棅㹄並㢾⚾┷⸛㒟ᇭℕ㿚幤䤓䫽㊶᧨䶣劔ℕ₹丏◤䤓Eclipse㙡ↅ᧨䞷ℝ
兮帰Eclipse䤓⚾┷劦㢅ᇭ䟀ℝⅲ䪐㈗丏◤᧨ㄅ₣㦻ₜ㢾Eclipse RCP♠䤓㟨䲚᧨㓏ⅴ♹⒦
⒉ⅲ䪐䂔◤5-4∪床劔♑劒᧨ₜ␜ㆅ⇇幁屲ᇭⰑ㨫床劔榏尐扨₹㙡ↅ᧨♾ⅴ∎䞷ₚ槱ⅲ䪐呹
嫛冥幠㒥劔♠䟄挽ↅ⚠䶣劔侱♥ᇭ

ⅲ䪐䂔◤5-4ᇫEclipse⚾┷劦㢅兮帰㙡ↅ

ShowTime.javaⅲ䪐᧶
import org.eclipse.jface.dialogs.MessageDialog᧷
import org.eclipse.swt.widgets.Display᧷
import org.eclipse.swt.widgets.Shell᧷
import org.eclipse.ui.IStartup᧷
/**
*兮帰Eclipse⚾┷劦㢅
*@author zzm
*/
public class ShowTime implements IStartup{
public void earlyStartup᧤᧥{
Display.getDefault᧤᧥.syncExec᧤new Runnable᧤᧥{
public void run᧤᧥{
long eclipseStartTime=Long.parseLong᧤System.getProperty᧤"eclipse.startTime"᧥᧥᧷
long costTime=System.currentTimeMillis᧤᧥-eclipseStartTime᧷
Shell shell=Display.getDefault᧤᧥.getActiveShell᧤᧥᧷
String message="Eclipse⚾┷劦㢅᧶"+costTime+"ms"᧷
MessageDialog.openInformation᧤shell᧨"Information"᧨message᧥᧷
}
}᧥᧷
}
}
plugin.xmlⅲ䪐᧶
᧸?xml version="1.0"encoding="UTF-8"?᧺
᧸?eclipse version="3.4"?᧺
᧸plugin᧺
᧸extension
point="org.eclipse.ui.startup"᧺
᧸startup class="eclipsestarttime.actions.ShowTime"/᧺
᧸/extension᧺
᧸/plugin᧺



ₙ承ⅲ䪐㓢▔㒟jar⚝㟍ⒿEclipse䤓plugins䥽᧨♜⮜⚾┷⑯㶰⚝᧨㙡ↅ㣍䯉䤓⧖㢅梃
䳂⸩⦷15䱡ふ⚂᧨Ⱁ⦍5-3㓏䯉ᇭ

⦍ᇫ5-3ᇫ劦㢅兮帰㙡ↅ扟嫛㟗㨫

㫈㗽VisualGC✛Eclipse㙡ↅ㟅楕Ⓙ䤓≰㋾᧨㋊兢☮ⱚ揜函ₚ䤓㿚幤兢㨫Ⱁₚᇭ

㠃₹⚾┷扖䲚⧖劦㢅儵15䱡ᇭ

㦏⚝㶰⚾┷䤓㟿㗽㫆㦻₼᧨⨒⧍㟅楕㋊劦㢅4.149䱡᧨␅₼᧶

●Full GC嬺屵♠ℕ19㶰᧨␀劦㢅3.166䱡ᇭ

●Minor GC嬺屵♠ℕ378㶰᧨␀劦㢅0.983䱡ᇭ

┯戌伊9115₹᧨劦㢅4.114䱡ᇭ

JIT冥幠㢅梃1.999䱡ᇭ

壩㕮㧉512MB䤓⪕␔ⷧ嬺⒕揜40MB䤓㠿䞮ⅲ᧤31.5䤓Eden䴉梃✛₳₹4MB䤓Surviver
䴉梃᧥ⅴ♙472MB䤓劐ⅲᇭ

⸱屑⦿広᧨䟀ℝ㧉⣷䫻ↅ执ₜ枨᧤庆床劔ⅴ2010㣽抩PC㧉䤓㪖㧴嫰摞᧥᧨15䱡䤓⚾
┷㢅梃␅⸭执⦷♾㘴♦喒⦃ⅴ␔᧨⇕㢾⅝VisualGC₼♜㢯䤓㟿㗽㧴䦚᧨尐桽欧㢾槭䞷㓆䲚
ㄞ㢅梃᧤⦍5-2₼䤓Compile TimeᇬClass Load TimeᇬGC Time᧥槭デ⃚浧᧨◯ℕ㠃₹⚾┷扖
䲚劦㢅䤓◙ⅴₙ᧤扨摛ⷧ⦷⺠幇⯇ㆯ㒟⒕᧨⥯ⰑJIT冥幠䷘┷⇫㢾⦷⚝♿兎䲚⸛㒟䤓᧨
䞷㓆䲚ㄞ⦷㷳㦮梃⃮㷲デ㓶嫛᧨㓏ⅴㄅ㼰㦘◯䞷ℕ◙ⅴₙ䤓公⺈㢅梃᧥ᇭ壩㕮㧉⚝♿◯䞷
⮹⮩㢅梃⃮䦃㘴⺋咃Eclipse⦷⚾┷⚝䤓∎䞷扖䲚₼兞デ㦘ₜ㢅⋫欎䤓㎮屘᧨㓏ⅴ扪嫛庒↧㦘
戒⮶䤓ↆ⋋ᇭ



5.3.2ᇫ◖儶JDK 1.6䤓㊶厌♧▥♙␋⹈桽欧

⺈Eclipse扪嫛庒↧䤓䶻㷴⻀㢾⏗㔙壩㕮㧉䤓䓗㦻扪嫛◖儶᧨゛㦪厌⏗⅝壩㕮㧉䓗㦻愺
ₙ㈦ⒿK“⏜忈䤓”㊶厌㙟◖ᇭ

㹞㶰JDK䤓⮶䓗㦻♠を㢅᧨♠⟕匾⸩掌↩⸲䱿壩㕮㧉䤓扟嫛抮ㄵ㹣ₙ䓗㦻㦘ℕ㈗⮶
䤓㙟浧᧨扨夌䏅㢾₹ㄎ⛙㊶德䤓⸲岏᧨兞デ嬺ⅉ⅝◖儶⒦嫷㒥劔㔏㦾䤌䤽₼䦃㘴㊌䟴扖
♊᧨⇕⅝⦌␔⮥䤓䶻ₘ㡈幓㿚㟿㗽㧴䦚᧨䓗㦻◖儶咂⺠㩟K㡈槱䫽⸭サ㧴ℕ⸩䤓㊶厌㟈
⠓[1]᧨ⅴₚ㢾₹䶻ₘ㡈几䵨⺈JDK 1.5ᇬ1.6ᇬ1.7ₘ₹䓗㦻⋩䤓㊶厌幓㿚᧨⒕Ⓔ㿚幤ℕⅴₚ4
₹䞷√[2]᧶

䞮㒟500ₖ₹䤓ⷦ䶵ᇭ

500ₖ㶰ArrayList᧸String᧺㟿㗽㙡⏴᧨∎䞷䶻䍈䞮㒟䤓㟿㗽ᇭ

䞮㒟500ₖ₹HashMap᧸String,Integer᧺᧨㹞₹枽-⋋⺈抩扖ㄅ♠兎䲚帰並᧨㿚幤ㄅ♠厌
┪ᇭ

㓢◿500ₖ₹ArrayList᧸String᧺₼䤓⋋Ⓙ㠖ↅ᧨ㄅ摜床⥭␔ⷧᇭ

ₘ₹䓗㦻䤓JDK⒕Ⓔ扟嫛扨3₹䞷√䤓㿚幤䲚ㄞ᧨㿚幤兢㨫Ⱁ⦍5-4㓏䯉ᇭ



⦍ᇫ5-4ᇫJDK㲹⚠㊶厌⺈㹣

⅝扨4₹䞷√䤓㿚幤兢㨫㧴䦚᧨JDK 1.6㹣JDK 1.5㦘⮶儵15%䤓㊶厌㙟◖᧨⻌丰⺈JDK⅔
㿚幤扨4₹䞷√ㄅₜ厌広㢝⅏⃗桽欧᧨榏尐抩扖㿚幤㟿㗽㧴摞▥㙞承₹JDK㹣㡶䓗㙟◖ℕ
⮩⺠㢾㈗楍⋩Ⓙ槭デ䱠ⷵ✛䫽䤓᧤尐⋩䲜㈽槯廀䍈䤓㿚幤᧨♾ⅴ∎䞷SPECjvm2008[3]㧴
⸛㒟᧨㒥劔㔙䦇ㄣ䓗㦻䤓TCK[4]₼㟿ₖ₹㿚幤䞷√䤓㊶厌㟿㗽⺈㹣ₚ♾厌㦃㦘広㦜┪᧥᧨
⇕㒠执㢾折㕸䦇≰扨㶰“懾ㄎ⛙”㊶德䤓㿚幤᧨㔙JDK䓗㦻◖儶Ⓙ1.6 Update 21ᇭ

㓏㦘⺞広⇫劔幍帰䤓㟔ℚ㍔唑㫆᧨噆㈦㦏⚝䤓卫Ⓒ⃚ⓜ㋊㢾尐兞☕⚓䱜⚓㫆䤓㖺
㔧᧨扨㶰◖儶ⒿJDK 1.6⃚⚝᧨㊶厌㦘⅏⃗♧▥⏗㤑₣ₜ店᧨⦷∎䞷⑯⒕朮⃚⚝᧨䶣劔䤓
Eclipse⻀✛ⓜ槱⑯₹㦜┰䵾䤓㫗√㫆槭デ“ₜ微↦㦪”⦿♠䞮ℕ␔ⷧ䄱⒉᧨Ⱁ⦍5-5㓏䯉ᇭ



⦍ᇫ5-5ᇫEclipse OutOfMemoryError

扨㶰␔ⷧ䄱⒉⸛⏷⒉⃝䶣劔䤓㎞㠨⃚⮥᧶⑂⸩⺈Eclipse⋩庒↧㢾⥯抮ㄵ㏱᧨⇕♠䘾
⬒䦃掌㈗䳂⸩᧨咂⺠㼰㦘⒉䘿扖␔ⷧ䄱⒉䤓桽欧᧨力扨㶰◖儶棳ℕeclipse.ini₼䤓JVM恾㈓
㟈♧ℕ⃚⮥᧨执㦹扪嫛↊⇤扟嫛♑㟿䤓庒㠃᧨扪ⒿEclipse䟛槱⃚⚝椞≎㓢ℕ⑯₹㠖ↅ⻀
㔪⒉␔ⷧ䄱⒉㆑デℕ᧨楍拢JDK 1.6 Update 21㦘❹₹API⒉䘿ℕ₴摜䤓㽓䆞桽欧⚦᧻

ℚ⸭ₙ᧨ㄅₜ㢾JDK 1.6⒉䘿ℕ⅏⃗桽欧᧨㫈㗽ⓜ槱䵯唑₼⅚兜䤓䦇␂☮䚕✛ぴ␆᧨㒠
ⅻ尐㩴㢝扨₹㆑デ䤓☮⥯ㄅ₣屲⑂⸒䍈⃮ₜ⥿楍ᇭ㓢VisualVM᧨䥠展欄不₼䤓␔ⷧ㦁兎
捷⒕Ⱁ⦍5-6✛⦍5-7㓏䯉ᇭ



⦍ᇫ5-6ᇫJava⪕䥠展㦁兎



⦍ᇫ5-7ᇫ㻇⃔ⅲ䥠展㦁兎

⦷Java⪕₼䥠展㦁兎₼᧨“⪕⮶⺞”䤓㦁兎“∎䞷䤓⪕”䤓㦁兎䦃掌㦘㈗⮶䤓梃椣恬
䱊᧨㹞㇢₳㧰㦁兎ⱚ㦘℡䦇槯扠䤓怚╎㢅᧨“㦏⮶⪕”䤓㦁兎⻀↩㉺抮⚠ₙ懻⚠᧨力“∎䞷
䤓⪕”䤓㦁兎↩⚠ₚ懻⚠ᇭ“㦏⮶⪕”䤓㦁兎⚠ₙ㢾壩㕮㧉␔捷⦷扪嫛⪕㓸⹈᧨扟嫛♑㟿₼ㄅ
㼰㦘㖖⸩㦏⺞⪕᧤-Xms᧥䤓⋋㦏⮶⪕᧤-Xmx᧥䦇䷘᧨㓏ⅴ⪕⹈摞ⱚㄅ㼰㦘㓸⻤Ⓙ㦏
⮶⋋᧨力㢾㫈㗽∎䞷㍔⑄扪嫛⇇冸㓸⻤ᇭ“∎䞷䤓⪕”䤓㦁兎⚠ₚ㢾⥯壩㕮㧉␔捷屵♠ℕ
㶰⨒⧍㟅楕᧨Kㄮ㆒⺈廰䤓䴉梃嬺⥭㟅⚝᧨␔ⷧ䞷摞䦇ㄣ⺠᧨⅝⦍ㇱₙ䦚᧨Java⪕扟⇫
㢾⸛⏷㷲デ䤓ᇭ⇕㻇⃔ⅲ䤓䥠展㦁兎⻀㦘桽欧ℕ᧨“PermGen⮶⺞”䤓㦁兎“∎䞷䤓
PermGen”䤓㦁兎⑯⃝⸛⏷摜⚗⦷怆᧨扨広㢝㻇⃔ⅲ₼㼰㦘♾⥭㟅䤓忓䄟᧨㓏ⅴ“∎䞷䤓
PermGen”䤓㦁兎ₜ↩⚠ₚ♠⻤᧨㻇⃔ⅲ₼⃮㼰㦘䴉梃♾ⅴ㓸⻤᧨㓏ⅴ“PermGen⮶⺞”䤓㦁兎
ₜ厌⚠ₙ㓸⻤ᇭ扨㶰␔ⷧ䄱⒉㈗㢝㣍㢾㻇⃔ⅲ⺋咃䤓␔ⷧ䄱⒉ᇭ

␜㽷㎞Ⓙ⦍5-7₼㻇⃔ⅲ䤓㦏⮶⹈摞᧶“67᧨108᧨864₹ⷦ唑”᧨⃮⻀㢾64MB᧨扨㋿Ⰼ㢾
JDK⦷㦹∎䞷-XX᧶MaxPermSize♑㟿㢝䫽㖖⸩㻇⃔ⅲ㦏⮶⹈摞㢅䤓照帳⋋᧨㡯幉JDK 1.5执
㢾JDK 1.6᧨扨₹照帳⋋掌㢾64MBᇭ⺈ℝEclipse扨䱜屓㲰䤓Java䲚ㄞ㧴広᧨64MB䤓㻇⃔ⅲ␔
ⷧ䴉梃㣍䏅㢾ₜ⮮䤓᧨䄱⒉㈗㷲デ᧨挲⇤⦷JDK 1.5₼㼰㦘♠䞮扖䄱⒉⛱᧻

⦷VisualVM䤓“㰑承-JVM♑㟿”欄不₼᧨⒕Ⓔ㭏㩴∎䞷JDK 1.5✛JDK 1.6扟嫛Eclipse㢅䤓
JVM♑㟿᧨♠䘿∎䞷JDK 1.6㢅᧨♹㦘ⅴₚ3₹JVM♑㟿᧨Ⱁⅲ䪐䂔◤5-5㓏䯉ᇭ

ⅲ䪐䂔◤5-5ᇫJDK 1.6䤓Eclipse扟嫛㦮♑㟿



-Dcom.sun.management.jmxremote
-Dosgi.requiredJavaVersion=1.5
-Xmx512m

力∎䞷JDK 1.5扟嫛㢅᧨⻀㦘4㧰JVM♑㟿᧨␅₼⮩⒉㧴䤓㧰㷲Ⰼ⻀㢾幍函㻇⃔ⅲ㦏⮶
⹈摞䤓-XX᧶MaxPermSize=256M᧨Ⱁⅲ䪐䂔◤5-6㓏䯉ᇭ

ⅲ䪐䂔◤5-6ᇫJDK 1.5䤓Eclipse扟嫛㦮♑㟿

-Dcom.sun.management.jmxremote
-Dosgi.requiredJavaVersion=1.5
-Xmx512m
-XX᧶MaxPermSize=256M

⅏⃗↩扨㫆⛱᧻䶣劔⅝Eclipse䤓Bug List几䵨[5]ₙ㔍Ⓙℕ䷣㫗᧶∎䞷JDK 1.5㢅⃚㓏ⅴ㦘
㻇⃔ⅲ⹈摞扨₹♑㟿᧨㢾⥯⦷eclipse.ini₼ⷧ⦷“--launcher.XXMaxPermSize 256M”扨欈幍
函᧨㇢launcher——⃮⻀㢾Windowsₚ䤓♾㓶嫛䲚ㄞeclipse.exe᧨㭏㿚Ⓙ⋖Ⱁ㢾Eclipse扟嫛⦷
Sun⏻⚇䤓壩㕮㧉ₙ䤓幬᧨⻀↩㔙♑㟿⋋懻▥-XX᧶MaxPermSize↯抡全壩㕮㧉扪䲚᧨⥯
ₘ⮶⟕䞷壩㕮㧉₼♹㦘Sun侊⒦䤓壩㕮㧉㓜㦘㻇⃔ⅲ䤓㰑㊄᧨⃮⻀㢾♹㦘HotSpot壩㕮㧉榏尐
幍函扨₹♑㟿᧨JRockit壩㕮㧉✛IBM J9壩㕮㧉掌ₜ榏尐幍函ᇭ

⦷20094㦗20㡴᧨Oracle⏻⚇㷲㆞⸛㒟ℕ⺈Sun⏻⚇䤓㟅徼᧨㷳⚝㡯幉㢾几欄执㢾␆⇢
䲚ㄞℶ❐᧨㙟∪⟕掌⅝Sun♧ℕOracle᧨力eclipse.exe⻀㢾㫈㗽䲚ㄞ㙟∪⟕⒳㠼㢾⚵Sun䤓
壩㕮㧉᧨㇢JDK 1.6 Update 21₼java.exeᇬjavaw.exe䤓“Company”⻭㊶⅝“Sun Microsystems
Inc.”♧“Oracle Corporation”⃚⚝᧨Eclipse⻀⸛⏷ₜ帳幕扨₹壩㕮㧉ℕ᧨⥯㷳㼰㦘㔙㦏⮶㻇
⃔ⅲ䤓♑㟿↯抡扖♊ᇭ

ℕ屲☮⥯⃚⚝᧨屲⑂㡈㽤⻀丏◤ℕ᧨launcherₜ帳幕⻀♹Ⰼ䟀ⅉ㧴⛙幘⸒᧨☂⦷
eclipse.ini₼㢝䫽㖖⸩-XX᧶MaxPermSize=256M扨₹♑㟿⻀♾ⅴℕᇭ

[1]䓗㦻◖儶⃮㦘ₜ⺠㊶厌⊡抏䤓㫗√᧨♦䲚ㄞᇬ䶻ₘ㡈▔␋⹈㊶ⅴ♙₼梃ↅ棟Ⓟ᧨⦷←₩ㄣ
䞷₼◖儶JDK䓗㦻㢾ↅ榏尐㏝摜劒壠䤓ℚ㍔ᇭ
[2]㿚幤䞷√ᇬ㟿㗽♙⦍䓖㧴呹᧶http://geeknizer.com/java-7-whats-new-performance-benchmark-
1-5-1-6-1-7
[3]⸧㡈几䵨᧶http://www.spec.org/jvm2008/docs/UserGuide.htmlᇭ
[4]TCK᧤Technology Compatibility Kit᧥㢾⯦䟀兓㿚幤䞷√✛䦇ㄣ䤓㿚幤ぴ␆兓㒟䤓ぴ␆
▔᧨䞷ℝ≬幐₹∎䞷Java㔏㦾䤓⸭䘿厌⮮⸛⏷挄⸗␅抑䞷䤓Java♿屓喒᧨ㄅ₣䶵⚗䦇ㄣ
䤓♑劒⸭䘿ᇭ
[5]https://bugs.eclipse.org/bugs/show_bug.cgi?id=319514ᇭ



5.3.3ᇫ冥幠㢅梃✛伊┯戌㢅梃䤓↧▥

⅝Eclipse⚾┷㢅梃ₙ㧴䦚᧨◖儶ⒿJDK 1.6㓏サ㧴䤓㊶厌㙟◖㢾……⡾᧻⪉㦻ₙ㼰㦘㙟
◖᧻⮩㶰㿚幤䤓⧖⋋JDK 1.5䤓ぽ恬⸛⏷⦷⸭洛幾ぽ喒⦃⃚␔ᇭ

⚓⇜床劔ₜ㉔⯀㦪᧨Sun JDK 1.6㊶厌䤌䤽[1]㙞承䤓↦⮩䦇⺈ℝJDK 1.5䤓㙟◖ₜ咂ℝ⏷
捷㢾ㄎ⛙᧨夌䏅㋊⚾┷㢅梃㼰㦘⺠᧨⇕⦷㩴䦚扟嫛兕唑䤓㢅⊨᧨☃♠䘿ℕↅ㈗⋋㈦㽷㎞
䤓ℚ㍔᧶⦷JDK 1.6₼⚾┷⸛Eclipse㓏䀗劦䤓伊┯戌㢅梃㹣JDK 1.5栎ℕ㘴扠⊜᧨ₜ尐䦚♜
ℕ᧨扨摛䤓㢾JDK 1.6䤓伊┯戌㹣JDK 1.5㏱⊜᧨㿚幤兢㨫Ⱁⅲ䪐䂔◤5-7㓏䯉᧨♜⮜㿚幤
⮩㶰⅜䏅㢾䦇⇋䤓兢㨫ᇭ

ⅲ䪐䂔◤5-7ᇫJDK 1.5✛JDK 1.6₼䤓伊┯戌㢅梃⺈㹣

∎䞷JDK 1.6䤓伊┯戌㢅梃᧶
C᧶\Users\IcyFenix᧺jps
3552
6372 org.eclipse.equinox.launcher_1.0.201.R35x_v20090715.jar
6900 Jps
C᧶\Users\IcyFenix᧺jstat-class 6372
Loaded Bytes Unloaded Bytes Time
7917 10190.3 0 0.0 8.18
∎䞷JDK 1.5䤓伊┯戌㢅梃᧶
C᧶\Users\IcyFenix᧺jps
3552
7272 Jps
7216 org.eclipse.equinox.launcher_1.0.201.R35x_v20090715.jar
C᧶\Users\IcyFenix᧺jstat-class 7216
Loaded Bytes Unloaded Bytes Time
7902 9691.2 3 2.6 4.34

⦷㦻√₼᧨伊┯戌㢅梃ₙ䤓ぽ恬ㄅₜ厌⇫₹␆㦘㣽拜㊶䤓㿚幤兢㨫♊広㢝JDK 1.6
䤓伊┯戌㉔䏅㹣JDK 1.5㏱᧨䶣劔㿚幤ℕ呹む㧉⣷ₙ䤓Tomcat✛GlassFish⚾┷扖䲚᧨ㄅ㦹㼰㦘
⒉䘿伊⇋䤓ぽ恬ᇭ⦷⦌␔㦏⮶䤓Java䯍◉₼᧨䶣劔♠怆扖␂ℝ㷳桽欧䤓帷幉[2]᧨⅝♑劔♜
気䤓㿚幤兢㨫㧴䦚᧨㷳桽欧♹⦷捷⒕㧉⣷ₙⷧ⦷᧨力₣JDK 1.6䤓⚓₹Update䓗⃚梃⃮ⷧ⦷
㈗⮶ぽ㆑ᇭ

⮩㶰幤洛⚝᧨䶣劔♠䘿⦷㧉⣷ₙ₳₹JDK扪嫛伊┯戌㢅᧨ⷦ唑䪐洛幐捷⒕劦㢅ぽ恬⺳␅
₴摜ᇭ劒壠Ⓙ⸭棔㍔⑄᧶Eclipse∎䞷劔䞩⮩᧨⸒䤓冥幠ⅲ䪐㒠ⅻ♾ⅴ帳㢾♾槯䤓᧨ₜ榏尐
⦷┯戌䤓㢅⊨␜扪嫛ⷦ唑䪐洛幐᧨⥯㷳抩扖♑㟿-Xverify᧶none䰐㷱㘘ⷦ唑䪐洛幐扖䲚⃮♾
⇫欈↧▥㘹㡌ᇭ┯⏴扨₹♑㟿⚝᧨₳₹䓗㦻䤓JDK伊┯戌抮ㄵ掌㦘㓏㙟浧᧨JDK 1.6䤓伊
┯戌抮ㄵ⅜䏅㹣JDK 1.5㏱᧨⇕㢾₳劔䤓劦㢅め兞㘴扠ℕ幇⮩᧨㿚幤㟿㗽Ⱁⅲ䪐䂔◤5-8㓏
䯉ᇭ␂ℝ伊伊┯戌䤓幬欧᧨巻Ⱁ⒩⒩㙟Ⓙ䤓ⷦ唑䪐洛幐㢾㊝⃗⥭ℚ᧨㦻₢桷屓⒡ℕ₳₹
䵯唑扪嫛幵兕幁屲᧨⦷㷳ₜ␜ㆅ⇇帷幉ᇭ

ⅲ䪐䂔◤5-8ᇫJDK 1.5✛JDK 1.6₼♥䀗ⷦ唑䪐洛幐⚝䤓伊┯戌㢅梃⺈㹣

∎䞷JDK 1.6䤓伊┯戌㢅梃᧶
C᧶\Users\IcyFenix᧺jps
5512 org.eclipse.equinox.launcher_1.0.201.R35x_v20090715.jar
5596 Jps
C᧶\Users\IcyFenix᧺jstat-class 5512
Loaded Bytes Unloaded Bytes Time
6749 8837.0 0 0.0 3.94
∎䞷JDK 1.5䤓伊┯戌㢅梃᧶
C᧶\Users\IcyFenix᧺jps
4724 org.eclipse.equinox.launcher_1.0.201.R35x_v20090715.jar
5412 Jps
C᧶\Users\IcyFenix᧺jstat-class 4724
Loaded Bytes Unloaded Bytes Time
6885 9109.7 3 2.6 3.10

⦷♥䀗ⷦ唑䪐洛幐⃚⚝᧨JDK 1.5䤓⧖⚾┷ₚ棜Ⓙℕ13䱡᧨力JDK 1.6䤓㿚幤㟿㗽⧖
㹣JDK 1.5㉺1䱡᧨ₚ棜Ⓙ⧖12䱡ふ⚂᧨Ⱁ⦍5-8㓏䯉ᇭ⦷伊┯戌㢅梃⅜䏅囌⚝䤓㍔⑄ₚ᧨∬



䏅♾ⅴ䦚ⒿJDK 1.6⦷㊶厌ₙ㹣JDK 1.5䲜㦘↧╎᧨広㢝咂⺠⦷Eclipse⚾┷扨₹㿚幤䞷√ₙ᧨
◖儶JDK䓗㦻䫽⸭厌サ㧴K“⏜忈䤓”㊶厌㙟◖ᇭ

⦍ᇫ5-8ᇫ扟嫛⦷JDK 1.6ₚ♥䀗ⷦ唑䪐洛幐䤓⚾┷㢅梃

ⓜ槱広扖᧨棳ℕ伊┯戌㢅梃ⅴ⮥᧨⦷VisualGC䤓䥠展㦁兎₼㣍䯉ℕ₳欈㈗⮶䤓槭䞷㓆䲚
ㄞ劦㢅᧶冥幠㢅梃᧤Compile Time᧥✛⨒⧍㟅楕㢅梃᧤GC Time᧥ᇭ⨒⧍㟅楕㢅梃床劔ㄣ年
槭デ䂔㯩ℕ᧨力冥幠㢅梃㢾⅏⃗⛱᧻䲚ㄞ⦷扟嫛⃚ⓜₜ㢾め兞冥幠ℕ⚦᧻壩㕮㧉䤓JIT冥幠
⨒⧍㟅楕㫆᧨㢾㦻䤓₹摜尐捷⒕᧨⚝槱㦘₢桷䵯唑幁屲᧨扨摛⏗丏◤⅚兜ₚ᧶冥
幠㢅梃㢾㖖壩㕮㧉䤓JIT冥幠⣷᧤Just In Time Compiler᧥冥幠䍼䍈ⅲ䪐᧤Hot Spot Code᧥䤓劦
㢅ᇭ㒠ⅻ䩴拢Java幼岏ℕ⸭䘿恷♿䤓䔈㊶᧨Javaⅲ䪐冥幠⒉㧴⚝ㇱ㒟䤓Class㠖ↅ₼ⷧ⌷
䤓㢾ⷦ唑䪐᧤ByteCode᧥᧨壩㕮㧉抩扖屲摙㡈㆞㓶嫛ⷦ唑䪐✌ⅳ᧨㹣怆C/C++冥幠㒟㦻⦿ℛ
扪Ⓟⅲ䪐㧴広᧨抮ㄵ尐㏱ₜ⺠ᇭℕ屲⑂䲚ㄞ屲摙㓶嫛䤓抮ㄵ桽欧᧨JDK 1.2ⅴ⚝᧨壩㕮㧉
␔函ℕ₳₹扟嫛㢅冥幠⣷[3]᧨Ⱁ㨫㹄Java㡈㽤嬺庒䞷㶰㟿才Ⓙ⸩䲚ㄵ᧨⻀↩嬺⒳⸩䍼
ⅲ䪐ℳ全JIT冥幠⣷☂㢅冥幠㦻⦿ⅲ䪐᧨㙟浧扟嫛抮ㄵ᧤扨⻀㢾HotSpot壩㕮㧉⚜ⷦ䤓䟀
㧴᧥ᇭ䞩咂㦘♾厌⦷扟嫛㦮┷㊐冥幠㹣C/C++䤓冥幠㦮槨㊐幠冥⒉㧴䤓ⅲ䪐㦃↧䱏᧨⥯扟
嫛㦮♾ⅴ㟅楕㈗⮩冥幠⣷㡯㽤䩴拢䤓≰㋾᧨䞩咂♾ⅴ摖䞷K㈗䉏扪䤓↧▥㓚㹄᧨⦷↧▥㧰
ↅₜ㒟䵚䤓㢅⊨␜投↧▥抏⥭㧴ᇭ㓏ⅴJava䲚ㄞ♹尐ⅲ䪐㼰㦘桽欧᧤尐㢾㽓䆞桽欧᧨Ⱁ␔
ⷧ㽓䆞ᇬ扭㘴㽓䆞᧥᧨椞䧏ⅲ䪐嬺冥幠㈦怙㧴怙㈊ㄤ᧨扟嫛抮ㄵㄣ㇢㢾怙扟嫛怙㉺䤓ᇭJava
䤓扟嫛㦮冥幠㦏⮶䤓凉䍈⻀㢾⸒扪嫛冥幠榏尐䀗劦䲚ㄞ㷲デ䤓扟嫛㢅梃᧨扨⃮⻀㢾ₙ槱㓏広
䤓“冥幠㢅梃”ᇭ

壩㕮㧉㙟∪ℕ₹♑㟿-Xint䰐㷱冥幠⣷扟⇫᧨㇉Ⓟ壩㕮㧉⺈ⷦ唑䪐摖䞷儾屲摙㡈㆞㓶
嫛ᇭⰑ㨫床劔㎂∎䞷扨₹♑㟿䦐ₚEclipse⚾┷₼挲2䱡䤓冥幠㢅梃噆㈦₹“㦃Ⰼ䦚”䤓㒟典
䤓幬᧨挲㋟㊤尐⯀㦪ℕ᧨┯ₙ扨₹♑㟿⃚⚝᧨夌䏅冥幠㢅梃䫽⸭ₚ棜Ⓙ0᧨⇕Eclipse⚾┷䤓
㋊㢅梃⓶⬭Ⓙ27䱡ᇭ䦚㧴扨₹♑㟿䘿⦷㦏⮶䤓⇫䞷⇋⃝⻀㢾常䞷㓆㊏㊄ₚJDK 1.2⃚ⓜ挲
ⅳⅉ㉒搇✛㉒䬝䤓扟嫛抮ㄵᇭ

屲摙㓶嫛䦇⺈ㄣ䤓♵㡈槱᧨壩㕮㧉执㦘┪ㄵ㦃㇉䤓冥幠⣷᧶㇢壩㕮㧉扟嫛⦷-client
㲰㆞䤓㢅⊨᧨∎䞷䤓㢾₹ⅲ⚆C1䤓戊摞儶冥幠⣷᧨♵⮥执㦘₹ⅲ⚆C2䤓䦇⺈摜摞
儶䤓冥幠⣷厌㙟∪㦃⮩䤓↧▥㘹㡌᧨Ⱁ㨫∎䞷-server㲰㆞䤓壩㕮㧉⚾┷Eclipse⺕↩∎䞷ⒿC2
冥幠⣷᧨扨㢅⅝VisualGC♾ⅴ䦚Ⓙ⚾┷扖䲚₼壩㕮㧉∎䞷ℕ怔扖15䱡䤓㢅梃♊扪嫛ⅲ䪐冥
幠ᇭⰑ㨫床劔䤓ぴ⇫⃯㍾㢾栎㢅梃ₜ␂桼Eclipse䤓幬᧨C2冥幠⣷㓏䀗劦䤓欬⮥冥幠㢅梃㦏兗
执㢾↩⦷扟嫛抮ㄵ䤓㙟◖⃚₼忩⥭㧴᧨扨㫆∎䞷-server㲰㆞⃮㢾₹ₜ枨䤓折㕸ᇭₜ扖咂⺠
⦷㦻㶰⸭㒧₼᧨㒠ⅻ执㢾其兼折䞷-client壩㕮㧉㧴扟嫛Eclipseᇭ



[1]http://www.oracle.com/technetwork/java/6-performance-137236.htmlᇭ
[2]␂ℝJDK 1.6JDK 1.5⦷Eclipse⚾┷㢅伊┯戌抮ㄵぽ㆑䤓帷幉᧶
http://www.iteye.com/topic/826542ᇭ
[3]JDK 1.2⃚ⓜ⃮♾ⅴ∎䞷⮥㖑JIT冥幠⣷扪嫛㦻⦿冥幠᧨⇕♹厌屲摙⣷ℛ折␅᧨ₜ厌⚛
㢅ぴ⇫ᇭ



5.3.4ᇫ庒㠃␔ⷧ幍函㘶Ⓟ⨒⧍㟅楕欠䘖

ₘ⮶⧦槭䞷㓆䲚ㄞ㢅梃₼᧨执⓸ₚGC㢅梃㼰㦘庒㠃᧨力GC㢅梃☃♗㢾␅₼㦏摜尐䤓
⧦᧨ㄅₜ♹㢾⥯⸒㢾劦㢅㦏栎䤓⧦᧨㦃⥯⸒㢾₹䳂⸩㖐兼䤓扖䲚ᇭ䟀ℝ㒠ⅻ⋩䤓㿚
幤㢾⦷㿚䲚ㄞ䤓⚾┷㢅梃᧨㓏ⅴ伊┯戌✛冥幠㢅梃⦷扨欈㿚幤₼䤓㈀❜┪嬺⮶ピㄵ㟍⮶ℕᇭ
⦷公⮶⮩㟿䤓ㄣ䞷₼᧨ₜ♾厌⒉䘿㖐兼ₜ㠼䤓伊嬺┯戌✛☇戌ᇭ⦷䲚ㄞ扟嫛㹄㢅梃⚝᧨䍼
䍈㡈㽤嬺ₜ㠼冥幠᧨㠿䤓䍼䍈㡈㽤㟿摞⃮㋊↩ₚ棜᧨⇕㢾⨒⧍㟅楕⒨㢾椞䧏䲚ㄞ扟嫛力ₜ㠼
扟⇫䤓᧨㓏ⅴ⸒⺈㊶厌䤓㈀❜㓜㣍㈦⺳摜尐ᇭ

⦷Eclipse⚾┷䤓☮ⱚ㟿㗽㫆㦻₼᧨䩼䩼15䱡᧨伊␀♠䞮ℕ19㶰Full GC✛378㶰Minor
GC᧨␀397㶰GC␀抯㒟ℕ怔扖4䱡䤓⋫欎᧨⃮⻀㢾怔扖1/4䤓㢅梃掌㢾⦷⋩⨒⧍㟅楕᧨扨₹
扟嫛㟿㗽䦚怆㧴⸭⦷⮹佮佤ℕᇭ

氥⏗㧴屲⑂㠿䞮ⅲ₼䤓Minor GC᧨夌䏅GC䤓㋊㢅梃♹㦘ₜⒿ1䱡᧨⇕☃♠䞮ℕ378㶰⃚
⮩ᇭ⅝VisualGC䤓兎䲚䥠展₼䦚Ⓙ᧨Eclipse⚾┷㦮梃␀♠怆ℕ怔扖70㧰兎䲚᧨⚛㢅⦷扟嫛
䤓兎䲚㟿怔扖25㧰᧨㹞㇢♠䞮㶰⨒⧍㟅楕┷⇫᧨㓏㦘䞷㓆兎䲚[1]掌㉔權恠Ⓙ㦏扠䤓₹⸘
⏷䍈᧤SafePoint᧥䏅⚝㖑怆兎䲚䷘㈔⨒⧍⥭㟅ᇭ扨㫆扖ℝ欠僐䤓GC⻀↩⺋咃㈗⮩㼰㦘㉔尐䤓
⸘⏷䍈㭏㿚ᇬ兎䲚㖑怆♙㋱⮜㝜⇫ᇭ

㠿䞮ⅲGC欠僐♠䞮᧨㈗㢝㣍㢾䟀ℝ壩㕮㧉⒕揜全㠿䞮ⅲ䤓䴉梃⮹⺞力⺋咃䤓᧨Eden◉
┯ₙ₹Survivor◉执ₜⒿ35MBᇭ⥯㷳㈗㦘㉔尐∎䞷-Xmn♑㟿庒㠃㠿䞮ⅲ䤓⮶⺞ᇭ

␜㧴䦚䦚挲19㶰Full GC᧨䦚怆㧴19㶰ㄅ“ₜ⮩”᧤䦇⺈ℝ378㶰Minor GC㧴広᧥᧨⇕㋊
劦㢅3.166䱡᧨◯ℕGC㢅梃䤓公⮶捷⒕᧨棜⇝GC㢅梃䤓尐䥽㪖⻀尐棜⇝扨捷⒕㢅梃ᇭ⅝
VisualGC䤓㦁兎⦍ₙ♾厌䦚㈦ₜ⮮位䫽᧨扨㶰䦃㘴⅝GC㡴㉦[2]₼⒕㨟ₚ扨KFull GC㢾Ⱁ⇤
ℶ䞮䤓᧨ⅲ䪐䂔◤5-9₼㢾⚾┷㦏ⱚ䤓2.5䱡␔♠䞮䤓10㶰Full GC帿ᇭ

ⅲ䪐䂔◤5-9ᇫFull GC帿

0.278᧶[GC 0.278᧶[DefNew᧶574K-᧺33K᧤576K᧥᧨0.0012562 secs]0.279᧶[Tenured᧶1467K-᧺997K᧤1536K᧥᧨0.0181775 secs]1920K-᧺997K᧤2112K᧥᧨0.0195257 secs]
0.312᧶[GC 0.312᧶[DefNew᧶575K-᧺64K᧤576K᧥᧨0.0004974 secs]0.312᧶[Tenured᧶1544K-᧺1608K᧤1664K᧥᧨0.0191592 secs]1980K-᧺1608K᧤2240K᧥᧨0.0197396 secs]
0.590᧶[GC 0.590᧶[DefNew᧶576K-᧺64K᧤576K᧥᧨0.0006360 secs]0.590᧶[Tenured᧶2675K-᧺2219K᧤2684K᧥᧨0.0256020 secs]3090K-᧺2219K᧤3260K᧥᧨0.0263501 secs]
0.958᧶[GC 0.958᧶[DefNew᧶551K-᧺64K᧤576K᧥᧨0.0011433 secs]0.959᧶[Tenured᧶3979K-᧺3470K᧤4084K᧥᧨0.0419335 secs]4222K-᧺3470K᧤4660K᧥᧨0.0431992 secs]
1.575᧶[Full GC 1.575᧶[Tenured᧶4800K-᧺5046K᧤5784K᧥᧨0.0543136 secs]5189K-᧺5046K᧤6360K᧥᧨[Perm᧶12287K-᧺12287K᧤12288K᧥]᧨0.0544163 secs]
1.703᧶[GC 1.703᧶[DefNew᧶703K-᧺63K᧤704K᧥᧨0.0012609 secs]1.705᧶[Tenured᧶8441K-᧺8505K᧤8540K᧥᧨0.0607638 secs]8691K-᧺8505K᧤9244K᧥᧨0.0621470 secs]
1.837᧶[GC 1.837᧶[DefNew᧶1151K-᧺64K᧤1152K᧥᧨0.0020698 secs]1.839᧶[Tenured᧶14616K-᧺14680K᧤14688K᧥᧨0.0708748 secs]15035K-᧺14680K᧤15840K᧥᧨0.0730947

secs]
2.144᧶[GC 2.144᧶[DefNew᧶1856K-᧺191K᧤1856K᧥᧨0.0026810 secs]2.147᧶[Tenured᧶25092K-᧺24656K᧤25108K᧥᧨0.1112429 secs]26172K-᧺

24656K᧤26964K᧥᧨0.1141099 secs]
2.337᧶[GC 2.337᧶[DefNew᧶1914K-᧺0K᧤3136K᧥᧨0.0009697 secs]2.338᧶[Tenured᧶41779K-᧺27347K᧤42056K᧥᧨0.0954341 secs]42733K-᧺27347K᧤45192K᧥᧨0.0965513

secs]
2.465᧶[GC 2.465᧶[DefNew᧶2490K-᧺0K᧤3456K᧥᧨0.0011044 secs]2.466᧶[Tenured᧶46379K-᧺27635K᧤46828K᧥᧨0.0956937 secs]47621K-᧺27635K᧤50284K᧥᧨0.0969918

secs]

㕻⚆₼┯伦䤓㟿ⷦⅲ嫷劐ⅲ䤓⹈摞᧨扨兓GC㡴㉦㣍䯉ℕ10㶰Full GC♠䞮䤓☮⥯⏷捷
掌㢾劐ⅲ䴉梃劦⻌᧨㹞♠䞮㶰Full GC掌⇃椞䧏㶰劐ⅲ䴉梃㓸⹈᧶1536KB-᧺
1664KB-᧺2684KB……42056KB-᧺46828KB᧨10㶰GCⅴ⚝劐ⅲ⹈摞⅝怆ⱚ䤓1536KB㓸⮶
Ⓙ46828KB᧨㇢15䱡⚝Eclipse⚾┷⸛㒟㢅᧨劐ⅲ⹈摞㓸⮶Ⓙℕ103428KB᧨ⅲ䪐冥幠ⱚ
⚝᧨劐ⅲ⹈摞Ⓙ才欅⽿473MB᧨㠃₹Java⪕Ⓙ才㦏⮶⹈摞512MBᇭ

㡴㉦执㣍䯉㦘K㢅⊨␔ⷧ⥭㟅䕅⑄㈗ₜ䚕㎂᧨䴉梃㓸⹈㒟噆♥♾䞷␔ⷧ䤓㦏尐㓚
㹄᧨巻Ⱁ幼♴“Tenured᧶25092K-᧺24656K᧤25108K᧥᧨0.1112429 secs”᧨ⅲ嫷劐ⅲ㇢ⓜ
⹈摞25108KB᧨␔ⷧ∎䞷Ⓙ25092KB䤓㢅⊨♠䞮Full GC᧨啀忈0.11䱡㔙␔ⷧ∎䞷棜⇝Ⓙ
24656KB᧨♹⥭㟅ℕₜⒿ500KB䤓␔ⷧ᧨扨㶰GC⪉㦻㼰㦘⅏⃗⥭㟅㟗㨫᧨⅔⅔⋩ℕ㓸⹈᧨㓸



⹈扖䲚䦇㹣怆⥭㟅扖䲚♾ⅴ䦚⋩㢾⪉㦻ₜ榏尐啀忈㢅梃䤓᧨㓏ⅴ広扨0.11䱡⑯⃝㢾䤌䤌㿹忈
ℕᇭ

䟀ₙ承⒕㨟♾ⅴ㈦⒉兢幉᧶Eclipse⚾┷㢅᧨Full GC⮶⮩㟿㢾䟀ℝ劐ⅲ⹈摞㓸⻤力⺋咃
䤓᧨䟀㻇⃔ⅲ䴉梃㓸⻤力⺋咃䤓⃮㦘捷⒕ᇭℕ挎⏜扨K㓸⻤㓏サ㧴䤓㊶厌㿹忈᧨㒠ⅻ♾
ⅴ㔙-Xms✛-XX᧶PermSize♑㟿⋋幍函-Xmx✛-XX᧶MaxPermSize♑㟿⋋㫆᧨扨㫆⻀㇉Ⓟ
壩㕮㧉⦷⚾┷䤓㢅⊨⻀㔙劐ⅲ✛㻇⃔ⅲ䤓⹈摞⦉⸩ₚ㧴᧨挎⏜扟嫛㢅呹┷㓸⻤[3]ᇭ

㫈㗽⒕㨟᧨↧▥帰⒡䫽⸩᧶㔙㠿䞮ⅲ⹈摞㙟◖Ⓙ128MB᧨挎⏜㠿䞮ⅲ欠僐GC᧷㔙Java
⪕ᇬ㻇⃔ⅲ䤓⹈摞⒕Ⓔ⦉⸩512MB✛96MB[4]᧨挎⏜␔ⷧ㓸⻤ᇭ扨⑯₹㟿⋋掌㢾㫈㗽㧉⣷䫻
ↅᇬEclipse㙡ↅ✛ぴ䲚㟿摞㧴⑂⸩䤓᧨床劔⸭悄䤓㢅⊨ㄣ㫈㗽VisualGC₼㟅楕Ⓙ䤓⸭棔㟿㗽
扪嫛幍函ᇭ㟈┷⚝䤓eclipse.ini揜函Ⱁⅲ䪐䂔◤5-10㓏䯉ᇭ

ⅲ䪐䂔◤5-10ᇫ␔ⷧ庒㠃⚝䤓Eclipse揜函㠖ↅ

-vm
D᧶/_DevSpace/jdk1.6.0_21/bin/javaw.exe
-startup
plugins/org.eclipse.equinox.launcher_1.0.201.R35x_v20090715.jar
--launcher.library
plugins/org.eclipse.equinox.launcher.win32.win32.x86_1.0.200.v20090519
-product
org.eclipse.epp.package.jee.product
-showsplash
org.eclipse.platform
-vmargs
-Dosgi.requiredJavaVersion=1.5
-Xverify᧶none
-Xmx512m
-Xms512m
-Xmn128m
-XX᧶PermSize=96m
-XX᧶MaxPermSize=96m

䘿⦷扨₹揜函⃚ₚ᧨GC㶰㟿め兞⮶ピㄵ棜⇝᧨⦍5-9㢾Eclipse⚾┷⚝1⒕朮䤓䥠展㦁兎᧨
♹♠䞮ℕ8㶰Minor GC✛4㶰Full GC᧨㋊劦㢅1.928䱡ᇭ



⦍ᇫ5-9ᇫGC庒㠃⚝䤓扟嫛㟿㗽

扨₹兢㨫め兞並㢾⪉㦻㷲デ᧨⇕㢾执ⷧ⦷䍈䛤䡄᧶⅝Old Gen䤓㦁兎ₙ䦚᧨劐ⅲ䦃
㘴⦉⸩⦷384MB᧨力␔ⷧ∎䞷摞♹㦘66MB᧨ㄅ₣䦃㈗䅠᧨⸛⏷ₜㄣ年♠䞮Full GC㓜
⺈᧨挲4㶰Full GC㢾㊝⃗㧴䤓᧻∎䞷jstat-gccause㩴幱ₚ㦏扠㶰GC䤓☮⥯᧨屐ⅲ䪐䂔◤5-
11ᇭ

ⅲ䪐䂔◤5-11ᇫ㩴幱GC☮⥯

C᧶\Users\IcyFenix᧺jps
9772 Jps
4068 org.eclipse.equinox.launcher_1.0.201.R35x_v20090715.jar
C᧶\Users\IcyFenix᧺jstat-gccause 4068
S0 S1 E O P YGC YGCT FGC FGCT GCT LGCC GCC
0.00 0.00 1.00 14.81 39.29 6 0.422 20 5.992 6.414
System.gc᧤᧥No GC

⅝LGCC᧤Last GC Cause᧥₼䦚Ⓙ᧨☮㧴㢾ⅲ䪐庒䞷System.gc᧤᧥㣍㆞屵♠䤓GC᧨⦷␔
ⷧ幍函庒㠃⚝᧨扨䱜㣍㆞GCめₜ䶵⚗㒠ⅻ䤓㦮㦪᧨⥯㷳⦷eclipse.ini₼┯⏴♑㟿-XX᧶
+DisableExplicitGC⻞埌㘘System.gc᧤᧥ᇭ␜㶰㿚幤♠䘿⚾┷㦮梃䤓Full GCめ兞⸛⏷㼰㦘
ℕ᧨♹㦘6㶰Minor GC᧨劦㢅417㹺䱡᧨庒↧ⓜ4.149䱡䤓㿚幤㫆㦻䦇㹣᧨㷲Ⰼ㢾◐⒕⃚
ᇭ扪嫛GC庒↧⚝Eclipse䤓⚾┷㢅梃ₚ棜槭デ㢝㣍᧨㹣㠃₹GC㢅梃棜⇝䤓公⺈⋋执⮶᧨䘿
⦷⚾┷♹榏尐7䱡⮩᧨Ⱁ⦍5-10㓏䯉ᇭ



⦍ᇫ5-10ᇫEclipse⚾┷㢅梃
[1]₴㫋㧴広᧨ₜ▔㕻㷲⦷㓶嫛nativeⅲ䪐䤓䞷㓆兎䲚᧨⥯nativeⅲ䪐咻ₜ↩㟈♧Java⺈廰
䤓ㆤ䞷␂侊᧨㓏ⅴ㼰㦘㉔尐㖑怆⸒ⅻ㧴䷘㈔⨒⧍⥭㟅ᇭ
[2]♾ⅴ抩扖ⅴₚ⑯₹♑㟿尐㻑壩㕮㧉䞮㒟GC㡴㉦᧶-XX᧶+PrintGCTimeStamps᧤㓢◿GC⋫
欎㢅梃᧥ᇬ-XX᧶+PrintGCDetails᧤㓢◿GC幵兕≰㋾᧥ᇬ-verbose᧶gc᧤㓢◿GC≰㋾᧨戢⒉
␔⹈め嬺ⓜ₹♑㟿▔㕻᧨♾ⅴₜ᧥ᇬ-Xloggc᧶gc.logᇭ
[3]榏尐広㢝䍈᧨壩㕮㧉⚾┷䤓㢅⊨⻀↩㔙♑㟿₼㓏幍⸩䤓␔ⷧ⏷捷⒡䱐㦘᧨☂∎㓸⹈ⓜ
㦘捷⒕␔ⷧₜ↩嬺䞷㓆ⅲ䪐䞷Ⓙ᧨扨捷⒕␔⃮ⷧₜ↩ℳ全␅Ⅵ扪䲚∎䞷ᇭ扨捷⒕␔ⷧ⦷壩
㕮㧉₼嬺㪖幕“Virtual”␔ⷧᇭ
[4]512MB✛96MB₳₹㟿⋋⺈ℝ䶣劔䤓ㄣ䞷㍔⑄㧴広∬䏅⋞⺠᧨⇕䟀ℝ䶣劔榏尐⚛㢅⚾
VMWareぴ⇫᧨㓏ⅴ榏尐欓䟨戒⮩␔ⷧ᧨床劔⦷⸭棔庒↧㢅ₜⰷ␜幍函⮶Kᇭ



5.3.5ᇫ折㕸㟅楕⣷棜⇝ㆅ扮

䘿⦷Eclipse⚾┷め兞㹣戒扔抮ℕ᧨⇕㒠ⅻ䤓庒↧⸭㒧执㼰㦘兢㧮᧨㹤䵮Eclipse㢾㖎㧴
䲚ㄞ䤓᧨ₜ㢾㖎㧴㿚幤⚾┷抮ㄵ䤓ᇭ㒠ⅻₜⰷ␜⦷Eclipse₼㿚幤₹槭デデ䞷⇕♗㹣戒劦㢅
䤓㝜⇫᧶ⅲ䪐冥幠ᇭ⦍5-11㢾㇢ⓜ揜函ₚEclipse扪嫛ⅲ䪐冥幠㢅䤓扟嫛㟿㗽᧨⅝⦍₼♾ⅴ䦚
⒉᧨㠿䞮ⅲ㹞㶰⥭㟅劦㢅儵65㹺䱡᧨劐ⅲ㹞㶰⥭㟅劦㢅儵725㹺䱡ᇭ⺈ℝ䞷㓆㧴広᧨㠿䞮
ⅲGC䤓劦㢅执Ⰼ᧨65㹺䱡⦷∎䞷₼㡯㽤屘Ⓙ᧨力劐ⅲ㹞㶰GC⋫欎㘴扠1䱡朮᧨夌䏅㹣戒
栎㢅梃㓜↩⒉䘿㶰᧨⇕⋫欎执㢾㣍㈦⮹栎ℕKᇭ

⦍ᇫ5-11ᇫ冥幠㦮梃扟嫛㟿㗽

␜㽷㎞䦚ₚ冥幠㦮梃䤓CPU忓䄟∎䞷䕅⑄ᇭ⦍5-12㢾Eclipse⦷冥幠㦮梃䤓CPU∎䞷䘖
㦁兎⦍᧨㠃₹冥幠扖䲚₼⧖♹∎䞷ℕₜⒿ30%䤓CPU忓䄟᧨⨒⧍㟅楕䤓CPU∎䞷䘖㦁兎㦃
㢾⑯⃝⧟㪖㲹戃侶心⦷怆᧨扨広㢝CPU忓䄟执㦘㈗⮩♾Ⓒ䞷䤓⇨⦿ᇭ



⦍ᇫ5-12ᇫ冥幠㦮梃CPU㦁兎

⒦GC⋫欎㢅梃ᇬCPU忓䄟⹛⇨䤓䥽䤓᧨掌㢾ℕ㘴ₚ㧴㦎㗱㘘Client㲰㆞䤓壩㕮㧉₼
照帳䤓㠿䞮ⅲᇬ劐ⅲ嫛㟅楕⣷⋩枉⨺ᇭ

Eclipseㄣ㇢並㢾∎䞷劔ℳ℡槭デ欠僐䤓ㄣ䞷䲚ㄞ᧨䟀ℝⅲ䪐⮹⮩᧨䶣劔⃯㍾⦷⋩⏷摞
冥幠㒥劔䂔䚕┷⇫䤓㢅⊨᧨∎䞷“Run in Backgroup”┮厌扈冥幠扈其兼ぴ⇫ᇭ⥭欍ₚ⦷
䶻3䵯㙟Ⓙ䤓⑯䱜㟅楕⣷᧨㈗⹈㢢㎂ⒿCMS㢾㦏䶵⚗扨伊⧉㣾䤓㟅楕⣷ᇭ⥯㷳⺬幤⦷
eclipse.ini₼␜┯⏴扨₳₹♑㟿-XX᧶+UseConcMarkSweepGCᇬ-XX᧶
+UseParNewGC᧤ParNew㟅楕⣷㢾∎䞷CMS㟅楕⣷⚝䤓照帳㠿䞮ⅲ㟅楕⣷᧨ₙ⅔㢾ℕ揜
函㦃┯䂔㣿᧥᧨尐㻑壩㕮㧉⦷㠿䞮ⅲ✛劐ⅲ⒕Ⓔ∎䞷ParNew✛CMS㟅楕⣷扪嫛⨒⧍⥭
㟅ᇭ㖖⸩㟅楕⣷⃚⚝᧨␜㶰㿚幤䤓兢㨫Ⱁ⦍5-13㓏䯉᧨☮㧴∎䞷嫛㟅楕⣷⺈㹣᧨㠿䞮ⅲ
⋫欎⅝㹞㶰65㹺䱡ₚ棜Ⓙℕ㹞㶰53㹺䱡᧨力劐ⅲ䤓⋫欎㢅梃㦃㢾⅝725㹺䱡⮶ピₚ棜Ⓙℕ
36㹺䱡ᇭ



⦍ᇫ5-13ᇫ㖖⸩ParNew✛CMS㟅楕⣷⚝䤓GC㟿㗽

㇢䏅᧨CMS䤓⋫欎棅㹄♹㢾㟅楕扖䲚₼䤓⺞捷⒕᧨ㄅₜ㢾䦮䤓㔙⨒⧍㟅楕㢅梃⅝725
㹺䱡♧㒟36㹺䱡ℕᇭ⦷GC㡴㉦₼♾ⅴ䦚ⒿCMS䲚ㄞㄅ♠䤓㢅梃儵400㹺䱡᧨扨㫆㟅楕⣷
䤓扟⇫兢㨫⻀㹣戒ⅳⅉ䅰㎞ℕᇭ

Ⓙ㷳᧨⺈ℝ壩㕮㧉␔ⷧ䤓庒↧⪉㦻⻀兢㧮ℕ᧨扨㶰⸭㒧♾ⅴ䦚⋩㢾㶰丏▥䤓㦜┰䵾庒
↧扖䲚᧨⥯㦜┰䵾庒↧㦘♾厌执↩ⷧ⦷ℝ㦃⮩㡈槱᧨Ⱁ㟿㗽ㄢᇬ忓䄟㻯ᇬ䭐䥧I/O䷘᧨⇕
⺈ℝ壩㕮㧉␔ⷧ捷⒕䤓↧▥᧨扨㶰⸭㒧₼䤓㊬恾㼰㦘⅏⃗⮹⮶ぽⒺᇭ☂∎床劔⸭棔ぴ⇫₼
㘴屵ₜⒿ㦜┰⣷᧨㫈㗽呹むぴ⇫䘾⬒⋩K幤洛᧨㋊兢⑯₹♑㟿常呹む㡴デぴ⇫䘾⬒抮ㄵ㦘
戒⮶ピㄵ㙟◖⃮㢾㈗⒡並䤓ᇭ㦏兗eclipse.ini䤓揜函Ⱁⅲ䪐䂔◤5-12㓏䯉ᇭ

ⅲ䪐䂔◤5-12ᇫ≽㟈㟅楕⣷揜函⚝䤓Eclipse揜函

-vm
D᧶/_DevSpace/jdk1.6.0_21/bin/javaw.exe
-startup
plugins/org.eclipse.equinox.launcher_1.0.201.R35x_v20090715.jar
--launcher.library
plugins/org.eclipse.equinox.launcher.win32.win32.x86_1.0.200.v20090519
-product
org.eclipse.epp.package.jee.product
-showsplash
org.eclipse.platform
-vmargs
-Dcom.sun.management.jmxremote
-Dosgi.requiredJavaVersion=1.5
-Xverify᧶none
-Xmx512m
-Xms512m
-Xmn128m
-XX᧶PermSize=96m
-XX᧶MaxPermSize=96m
-XX᧶+DisableExplicitGC
-Xnoclassgc
-XX᧶+UseParNewGC
-XX᧶+UseConcMarkSweepGC
-XX᧶CMSInitiatingOccupancyFraction=85



5.4ᇫ㦻䵯⺞兢
Java壩㕮㧉䤓␔ⷧ丰䚕⨒⧍㟅楕㢾壩㕮㧉兢㨓⇢侊₼㦏摜尐䤓兓㒟捷⒕᧨⺈䲚ㄞ䤓㊶

厌✛䳂⸩㊶㦘槭デ⮶䤓㈀❜᧨⦷㦻䤓䶻2ᨺ5䵯₼᧨䶣劔⅝䚕幉䩴幕ᇬ㆑デ䘿廰ᇬⅲ䪐ᇬぴ
␆ᇬ㫗√ᇬ⸭㒧䷘⑯₹㡈槱⺈␅扪嫛ℕ幁屲᧨゛㦪床劔㦘㓏㟅噆ᇭ

㦻␂ℝ壩㕮㧉␔ⷧ丰䚕捷⒕Ⓙ㷳㷱⻀兢㧮ℕ᧨⚝槱⺕ⱚ⅚兜Class㠖ↅ壩㕮㧉㓶
嫛侊兮㡈槱䤓䩴幕ᇭ



䶻ₘ捷⒕ᇫ壩㕮㧉㓶嫛侊兮
䶻6䵯ᇫ伊㠖ↅ兢㨓

䶻7䵯ᇫ壩㕮㧉伊┯戌㧉Ⓟ

䶻8䵯ᇫ壩㕮㧉ⷦ唑䪐㓶嫛ㆤ㝝

䶻9䵯ᇫ伊┯戌♙㓶嫛侊兮䤓㫗√⸭㒧



䶻6䵯ᇫ伊㠖ↅ兢㨓
ⅲ䪐冥幠䤓兢㨫⅝㦻⦿㧉⣷䪐懻♧ⷦ唑䪐᧨㢾ⷧ⌷㫋㆞♠⻤䤓⺞㷴᧨☃㢾冥䲚幼岏

♠⻤䤓⮶㷴ᇭ

6.1ᇫ㰑承
帿㈦⦷䶻唑帰並㧉䲚ㄞ庍ₙ㒠䤓劐⻀幁扖᧶“帰並㧉♹帳幕0✛1᧨㓏ⅴ㒠ⅻ䤓䲚

ㄞ榏尐兞冥幠⣷劊幠㒟䟀0✛1㨓㒟䤓ℛ扪Ⓟ㫋㆞㓜厌䟀帰並㧉㓶嫛”ᇭ10⮩㢅梃扖♊ℕ᧨
⅙⮸䤓帰並㧉⅜䏅♹厌幕Ⓔ0✛1᧨⇕䟀ℝ㦏扠10␔壩㕮㧉ⅴ♙⮶摞ㆉ䵚⦷壩㕮㧉⃚ₙ䤓䲚
ㄞ幼岏Ⱁ楷⚝㢴䶚咻⒉䘿ㄅ坻╒♠⻤᧨⺕㒠ⅻ冥䤓䲚ㄞ冥幠㒟ℛ扪Ⓟ㦻⦿㧉⣷䪐᧤Native
Code᧥めₜ␜㢾➾䤓折㕸᧨怙㧴怙⮩䤓䲚ㄞ幼岏折㕸ℕ㝜⇫侊兮✛㧉⣷㖖ⅳ楕㡯␂䤓ᇬ
♿₼䵚䤓㫋㆞⇫䲚ㄞ冥幠⚝䤓ⷧ⌷㫋㆞ᇭ



6.2ᇫ㡯␂㊶䤓⪉䪂
Ⱁ㨫帰並㧉䤓CPU㖖ⅳ楕♹㦘x86䱜᧨㝜⇫侊兮⃮♹㦘Windows䱜᧨挲⃮幇Java幼岏

⻀ₜ↩⒉䘿ᇭJava⦷⒩⒩幭䞮⃚㢅㦍兞㙟⒉扖₹槭デ囦⚜䤓⸲↯♲⚆᧶“㶰冥᧨Ⓙ⮓
扟嫛᧤Write Once,Run Anywhere᧥”᧨扨♴幬⏔⒕嫷才ℕ懾ↅ♠ⅉ⛧⺈⑁䫃♿䟛棟䤓䃃
㻑ᇭ⦷㡯㢅㡯Ⓤₜ⏔䅰䵭℘䤓IT欕⩮᧨ₜ♾厌♹㦘Wintel[1]ⷧ⦷᧨㒠ⅻ⃮ₜ゛㦪♹㦘Wintelⷧ
⦷᧨⚓䱜ₜ⚛䤓䫻ↅ⇢侊兢㨓✛ₜ⚛䤓㝜⇫侊兮匾⸩↩栎㦮ㄅⷧ♠⻤ᇭ“♿㡯␂”䤓䚕㎂
㦏兗⸭䘿⦷㝜⇫侊兮䤓ㄣ䞷⻑ₙ᧶Sun⏻⚇ⅴ♙␅Ⅵ壩㕮㧉㙟∪⟕♠をℕ幇⮩♾ⅴ扟嫛⦷⚓
䱜ₜ⚛♿ₙ䤓壩㕮㧉᧨扨K壩㕮㧉掌♾ⅴ戌⏴✛㓶嫛⚛䱜♿㡯␂䤓ⷦ唑䪐᧨⅝力⸭䘿
ℕ䲚ㄞ䤓“㶰冥᧨Ⓙ⮓扟嫛”ᇭ

⚓䱜ₜ⚛♿䤓壩㕮㧉㓏㦘♿掌兮∎䞷䤓䲚ㄞⷧ⌷㫋㆞——ⷦ唑䪐᧤ByteCode᧥
㢾㨓㒟♿㡯␂㊶䤓⪉䪂᧨⇕㦻唑㪖欧₼Ⓤ㎞䦐䟴ℕ“♿”ℛⷦ᧨挲㢾⥯䶣劔㽷㎞Ⓙ壩㕮
㧉䤓♵⮥䱜₼䵚䔈㊶——幼岏㡯␂㊶㷲怙㧴怙嬺♠劔㓏摜展ᇭⒿ䥽ⓜ㷱᧨㒥幇⮶捷⒕
䲚ㄞ⛧掌执帳Java壩㕮㧉㓶嫛Java䲚ㄞ㢾ↅ䚕㓏㇢䏅✛⮸兞⦿⃘䤓ℚ㍔ᇭ⇕⦷Java♠⻤
⃚⒬᧨幍帰劔⻀㦍兞劒壠扖ㄅ⸭䘿ℕ常␅Ⅵ幼岏扟嫛⦷Java壩㕮㧉⃚ₙ䤓♾厌㊶᧨Ⅵⅻ⦷♠
を屓喒㠖㫲䤓㢅⊨᧨⃮Ⓤ㎞㔙Java䤓屓喒㕕⒕㒟ℕJava幼岏屓喒ᇵThe Java Language
Specificationᇶ♙Java壩㕮㧉屓喒ᇵThe Java Virtual Machine Specificationᇶᇭㄅ₣⦷1997♠
を䤓䶻䓗Java壩㕮㧉屓喒₼⻀㦍兞㔎庉扖᧶“In the future,we will consider bounded extensions
to the Java virtual machine to provide better support for other languages”᧤⦷㦹㧴᧨㒠ⅻ↩⺈Java
壩㕮㧉扪嫛抑㇢䤓㓸⻤᧨ⅴ≎㦃Ⰼ⦿㞾㖐␅Ⅵ幼岏扟嫛ℝJVM⃚ₙ᧥᧨㇢Java壩㕮㧉♠⻤Ⓙ
JDK 1.7ᨺ1.8䤓㢅⊨᧨JVM幍帰劔抩扖JSR-292⪉㦻⏠䘿ℕ扨₹㔎庉ᇭ

㢅咂⅙㡴᧨⟕₩㧉㨓✛䄟㧉㨓め兞⦷Java幼岏⃚⮥♠⻤⒉⮶㔈⦷Java壩㕮㧉⃚ₙ扟
嫛䤓幼岏᧨ⰑClojureᇬGroovyᇬJRubyᇬJythonᇬScala䷘ᇭ∎䞷扖扨K幼岏䤓♠劔♾厌执ₜ
㢾槭デ⮩᧨⇕㢾⚻広扖䤓ⅉ匾⸩め兞ₜ⺠᧨椞䧏㢅梃䤓㘷䲊᧨庐厌≬幐㡴⚝Java壩㕮㧉⦷幼
岏㡯␂㊶ₙ䤓↧╎ₜ↩怅ₙ䞩咂怔怙⸒⦷♿㡯␂㊶ₙ䤓↧╎⛱᧻

⸭䘿幼岏㡯␂㊶䤓⪉䫏⅜䏅㢾壩㕮㧉✛ⷦ唑䪐ⷧ⌷㫋㆞ᇭJava壩㕮㧉ₜ✛▔㕻Java⦷␔
䤓↊⇤幼岏兠⸩᧨⸒♹“Class㠖ↅ”扨䱜䔈⸩䤓ℛ扪Ⓟ㠖ↅ㫋㆞㓏␂勣᧨Class㠖ↅ₼▔⚺
ℕJava壩㕮㧉㖖ⅳ楕✛䶵⚆嫷ⅴ♙啴␅Ⅵ戔┸≰㋾ᇭ⪉ℝ⸘⏷㡈槱䤓劒壠᧨Java壩㕮㧉屓
喒尐㻑⦷Class㠖ↅ₼∎䞷幇⮩㇉Ⓟ㊶䤓幼㽤✛兢㨓▥儵㧮᧨⇕↊桷┮厌㊶幼岏掌♾ⅴ嫷䯉
₹厌嬺Java壩㕮㧉㓏㘴♦䤓㦘㟗䤓Class㠖ↅᇭ⇫₹抩䞷䤓ᇬ㧉⣷㡯␂䤓㓶嫛♿᧨
↊⇤␅Ⅵ幼岏䤓⸭䘿劔掌♾ⅴ⺕Java壩㕮㧉⇫幼岏䤓ℶ❐ℳⅧⴡ⅚ᇭ√Ⱁ᧨∎䞷Java冥幠
⣷♾ⅴ㔙Javaⅲ䪐冥幠ⷧ⌷ⷦ唑䪐䤓Class㠖ↅ᧨∎䞷JRuby䷘␅Ⅵ幼岏䤓冥幠⣷㫆♾ⅴ
㔙䲚ㄞⅲ䪐冥幠㒟Class㠖ↅ᧨壩㕮㧉ㄅₜ␂㉒Class䤓㧴䄟㢾⇤䱜幼岏᧨Ⱁ⦍6-1㓏䯉ᇭ



⦍ᇫ6-1ᇫJava壩㕮㧉㙟∪䤓幼岏㡯␂㊶

Java幼岏₼䤓⚓䱜♧摞ᇬ␂枽ⷦ✛扟並䶵⚆䤓幼⃘㦏兗掌㢾䟀⮩㧰ⷦ唑䪐✌ⅳ兓⚗力㒟
䤓᧨⥯㷳ⷦ唑䪐✌ⅳ㓏厌㙟∪䤓幼⃘㙞承厌┪匾⸩↩㹣Java幼岏㦻愺㦃┯㇉⮶ᇭ⥯㷳᧨㦘
KJava幼岏㦻愺㡯㽤㦘㟗㞾㖐䤓幼岏䔈㊶ₜⅲ嫷ⷦ唑䪐㦻愺㡯㽤㦘㟗㞾㖐᧨扨⃮␅Ⅵ幼岏
⸭䘿K㦘ⒺℝJava䤓幼岏䔈㊶㙟∪ℕ⪉䫏ᇭ

[1]Wintel᧶㈽懾⏻⚇䤓WindowsIntel⏻⚇䤓唾䓖䦇兢⚗᧨㦍兞㢾₩䟛㦏㇉⮶䤓勣䥮ᇭ



6.3ᇫClass伊㠖ↅ䤓兢㨓
屲㨟Class㠖ↅ䤓㟿㗽兢㨓㢾㦻䵯䤓㦏尐␔⹈ᇭ䶣劔㦍兞⦷ⓜ岏₼梟承扖㦻䤓⇫歝

㫋᧶┪㻑⦷≬幐拊戠䫽䤓ⓜ㙟ₚ᧨䞷⻌摞抩≦䤓幼岏✛㫗√♊幁承壩㕮㧉₼♠␂侊㦏
⹕⒖䤓␔⹈ᇭ⇕㢾᧨⺈㟿㗽兢㨓㡈槱䤓幁屲ₜ♾挎⏜⦿↩㹣戒㨾䑴᧨力扨捷⒕␔⹈♗㢾ℕ
屲壩㕮㧉䤓摜尐⪉䫏⃚ᇭⰑ㨫㎂㹣戒䂀⏴⦿ℕ屲壩㕮㧉᧨挲⃗扨捷⒕㢾ₜ厌ₜ㘴屵䤓ᇭ

⦷㦻䵯␂ℝClass㠖ↅ兢㨓䤓幁屲₼᧨㒠ⅻ⺕ⅴᇵJava壩㕮㧉屓喒᧤䶻2䓗᧥ᇶ᧤1999
♠を᧨⺈ㄣℝJDK 1.4㢅ⅲ䤓Java壩㕮㧉᧥₼䤓⸩⃘兎᧨扨捷⒕␔⹈夌䏅♳劐᧨⇕⸒㓏▔
⚺䤓㖖ⅳᇬ⻭㊶㢾Class㠖ↅ₼㦏摜尐✛㦏⪉䫏䤓ᇭ⚛㢅᧨㒠ⅻ⃮↩ⅴ⚝兼JDK 1.5ᨺJDK 1.7
₼䂊┯䤓␔⹈㞾兎扪嫛戒丏䟴䤓ᇬ⅚兜㊶䤓幁屲᧨Ⱁ㨫床劔⺈扨捷⒕␔⹈䔈Ⓔ㎮␃怲᧨
ㆉ帽♑劒䶣劔㓏劊幠䤓ᇵJava壩㕮㧉屓喒᧤Java SE 7᧥ᇶ₼㠖䓗᧨♾ⅴ⦷䶣劔䤓几䵨
᧤http://icyfenix.iteye.com/᧥ₙₚ戌Ⓙ扨㦻䤓⏷㠖PDFᇭ

㽷㎞ᇫ↊⇤₹Class㠖ↅ掌⺈ㄣ䧏➾₹伊㒥㘴♲䤓⸩⃘≰㋾᧨⇕♜扖㧴広᧨伊㒥㘴
♲ㄅₜ⸩掌㈦⸩⃘⦷㠖ↅ摛᧤巻Ⱁ伊㒥㘴♲⃮♾ⅴ抩扖伊┯戌⣷䦃㘴䞮㒟᧥ᇭ㦻䵯₼᧨䶣
劔♹㢾抩≦⦿⺕↊㎞₹㦘㟗䤓伊㒥㘴♲㓏ㄣ㇢䅰恂䤓㫋㆞䱿“Class㠖ↅ㫋㆞”᧨⸭棔ₙ⸒
ㄅₜ⸩ⅴ䭐䥧㠖ↅ䤓ㇱ㆞ⷧ⦷ᇭ

Class㠖ↅ㢾兓ⅴ8⇜ⷦ唑⪉䫏◤⇜䤓ℛ扪Ⓟ㿐᧨⚓₹㟿㗽欈䥽₴㫋㖘䏶欉ㄞ侶①⦿
㘡⒦⦷Class㠖ↅ⃚₼᧨₼梃㼰㦘䂊┯↊⇤⒕椣䶵᧨扨∎㈦㠃₹Class㠖ↅ₼ⷧ⌷䤓␔⹈⑯⃝
⏷捷㢾䲚ㄞ扟嫛䤓㉔尐㟿㗽᧨㼰㦘䴉椨ⷧ⦷ᇭ㇢拖Ⓙ榏尐◯䞷8⇜ⷦ唑ⅴₙ䴉梃䤓㟿㗽欈
㢅᧨⒨↩㖘䏶浧⇜⦷ⓜ[1]䤓㡈㆞⒕━㒟啴₹8⇜ⷦ唑扪嫛ⷧ⌷ᇭ

㫈㗽Java壩㕮㧉屓喒䤓屓⸩᧨Class㠖ↅ㫋㆞摖䞷䱜伊⇋ℝC幼岏兢㨓⇢䤓↹兢㨓㧴ⷧ
⌷㟿㗽᧨扨䱜↹兢㨓₼♹㦘₳䱜㟿㗽伊⨚᧶㡯䶵⚆㟿✛嫷᧨⚝槱䤓屲㨟掌尐ⅴ扨₳䱜㟿㗽伊
⨚⪉䫏᧨㓏ⅴ扨摛尐⏗⅚兜扨₳₹㰑㊄ᇭ

㡯䶵⚆㟿⻭ℝ⪉㦻䤓㟿㗽伊⨚᧨ⅴu1ᇬu2ᇬu4ᇬu8㧴⒕Ⓔⅲ嫷1₹ⷦ唑ᇬ2₹ⷦ唑ᇬ4₹
ⷦ唑✛8₹ⷦ唑䤓㡯䶵⚆㟿᧨㡯䶵⚆㟿♾ⅴ䞷㧴㙞承㟿ⷦᇬ侱ㆤㆤ䞷ᇬ㟿摞⋋㒥劔㖘䏶UTF-8
冥䪐㨓㒟ⷦ䶵⋋ᇭ

嫷㢾䟀⮩₹㡯䶵⚆㟿㒥劔␅Ⅵ嫷⇫㟿㗽欈㨓㒟䤓⮜⚗㟿㗽伊⨚᧨㓏㦘嫷掌⃯㍾㊶⦿
ⅴ“_info”兢⻍ᇭ嫷䞷ℝ㙞承㦘⻑㶰␂侊䤓⮜⚗兢㨓䤓㟿㗽᧨㠃₹Class㠖ↅ㦻德ₙ⻀㢾ㆯ
嫷᧨⸒䟀嫷6-1㓏䯉䤓㟿㗽欈㨓㒟ᇭ



㡯幉㢾㡯䶵⚆㟿执㢾嫷᧨㇢榏尐㙞承⚛伊⨚⇕㟿摞ₜ⸩䤓⮩₹㟿㗽㢅᧨兞デ↩∎䞷
₹ⓜ函䤓⹈摞帰㟿⣷┯啴₹扭兼䤓㟿㗽欈䤓ㇱ㆞᧨扨㢅䱿扨侊⒦扭兼䤓㩟伊⨚䤓㟿㗽
㩟伊⨚䤓楕⚗ᇭ

㦻唑兢㧮⃚ⓜ᧨䶣劔榏尐␜摜⮜幁ₚ᧨Class䤓兢㨓ₜ⍞XML䷘㙞承幼岏᧨䟀ℝ⸒㼰
㦘↊⇤⒕椣䶵⚆᧨㓏ⅴ⦷嫷6-1₼䤓㟿㗽欈᧨㡯幉㢾欉ㄞ执㢾㟿摞᧨䞩咂ℝ㟿㗽ⷧ⌷䤓ⷦ唑
ㄞ᧤Byte Ordering,Class㠖ↅ₼ⷦ唑ㄞBig-Endian᧥扨㫆䤓兕唑᧨掌㢾嬺₴㫋棟⸩䤓᧨❹₹
ⷦ唑ⅲ嫷⅏⃗⚺⃘᧨栎ㄵ㢾⮩⺠᧨⏗⚝欉ㄞⰑ⇤᧨掌ₜ⏐幇㟈♧ᇭ㘴ₚ㧴㒠ⅻ⺕怆䦚䦚扨
₹嫷₼⚓₹㟿㗽欈䤓␆⇢⚺⃘ᇭ

6.3.1ᇫ淣㟿Class㠖ↅ䤓䓗㦻

㹞₹Class㠖ↅ䤓⯃4₹ⷦ唑䱿淣㟿᧤Magic Number᧥᧨⸒䤓➾⇫䞷㢾䫽⸩扨₹㠖ↅ
㢾⚵₹厌嬺壩㕮㧉㘴♦䤓Class㠖ↅᇭ㈗⮩㠖ↅⷧ⌷㪖₼掌∎䞷淣㟿㧴扪嫛愺幕Ⓔ᧨
巻Ⱁ⦍䓖㫋㆞᧨Ⱁgif㒥劔jpeg䷘⦷㠖ↅ⯃₼掌ⷧ㦘淣㟿ᇭ∎䞷淣㟿力ₜ㢾㓸⻤⚜㧴扪嫛幕Ⓔ
尐㢾⪉ℝ⸘⏷㡈槱䤓劒壠᧨⥯㠖ↅ㓸⻤⚜♾ⅴ椞㎞⦿㟈┷ᇭ㠖ↅ㫋㆞䤓Ⓟ⸩劔♾ⅴ呹䟀
⦿折㕸淣㟿⋋᧨♹尐扨₹淣㟿⋋执㼰㦘嬺ㄎ㽪摖䞷扖⚛㢅♗ₜ↩ㆤ怆䂆䁕☂♾ᇭClass㠖ↅ䤓
淣㟿䤓噆㈦㈗㦘“㿹䆺㺣㋾”᧨⋋᧶0xCAFEBABE᧤✥⟰⸬徬᧻᧥᧨扨₹淣㟿⋋⦷Java执䱿
⋩“Oak”幼岏䤓㢅⊨᧤⮶儵㢾1991ⓜ⚝᧥⻀め兞䫽⸩ₚ㧴ℕᇭ⸒执㦘㹄㈗㦘怲䤓☕⚁᧨
㗽Java♠⺞兓㦏⒬䤓␂枽㒟⛧Patrick Naughton㓏広᧶“㒠ⅻ䦃⦷⺊㔍KⰌ䘸䤓ᇬ⹈㢢帿
㉕䤓₫導᧨折㕸0xCAFEBABE㢾⥯⸒廰㈐䧏囦⚜✥⟰❐䓛Peet’s Coffee₼䂀♦㶱扝䤓



Baristas✥⟰”᧨扨₹淣㟿⇋⃝⃮欓䯉䧏㡴⚝“Java”扨₹⟕㪖⚜䱿䤓⒉䘿ᇭ

侶㘴䧏淣㟿䤓4₹ⷦ唑ⷧ⌷䤓㢾Class㠖ↅ䤓䓗㦻⚆᧶䶻5✛䶻6₹ⷦ唑㢾㶰䓗㦻⚆᧤Minor
Version᧥᧨䶻7✛䶻8₹ⷦ唑㢾䓗㦻⚆᧤Major Version᧥ᇭJava䤓䓗㦻⚆㢾⅝45ⱚ
䤓᧨JDK 1.1⃚⚝䤓㹞₹JDK⮶䓗㦻♠を䓗㦻⚆⚠ₙ┯1᧤JDK 1.0ᨺ1.1∎䞷ℕ45.0ᨺ45.3䤓
䓗㦻⚆᧥᧨浧䓗㦻䤓JDK厌⚠ₚ␋⹈ⅴⓜ䓗㦻䤓Class㠖ↅ᧨⇕ₜ厌扟嫛ⅴ⚝䓗㦻䤓Class㠖
ↅ᧨☂∎㠖ↅ㫋㆞ㄅ㦹♠䞮↊⇤♧▥᧨壩㕮㧉⃮㉔權㕡公㓶嫛怔扖␅䓗㦻⚆䤓Class㠖ↅᇭ

√Ⱁ᧨JDK 1.1厌㞾㖐䓗㦻⚆45.0ᨺ45.65535䤓Class㠖ↅ᧨㡯㽤㓶嫛䓗㦻⚆46.0ⅴₙ
䤓Class㠖ↅ᧨力JDK 1.2⒨厌㞾㖐45.0ᨺ46.65535䤓Class㠖ↅᇭ䘿⦷᧨㦏㠿䤓JDK䓗㦻
1.7᧨♾䞮㒟䤓Class㠖ↅ䓗㦻⚆㦏⮶⋋51.0ᇭ

ℕ幁屲㡈≎᧨䶣劔ℕ㹄㦏丏◤䤓Javaⅲ䪐᧤屐ⅲ䪐䂔◤6-1᧥᧨㦻䵯⚝槱䤓␔⹈
掌⺕ⅴ扨㹄⺞䲚ㄞ∎䞷JDK 1.6冥幠戢⒉䤓Class㠖ↅ⪉䫏㧴扪嫛幁屲ᇭ

ⅲ䪐䂔◤6-1ᇫ丏◤䤓Javaⅲ䪐

package org.fenixsoft.clazz᧷
public class TestClass{
private int m᧷
public int inc᧤᧥{
return m+1᧷
}
}

⦍6-2㣍䯉䤓㢾∎䞷◐⏼扪Ⓟ冥戠⣷WinHex㓢扨₹Class㠖ↅ䤓兢㨫᧨♾ⅴ䂔㯩⦿䦚屐
⯃4₹ⷦ唑䤓◐⏼扪Ⓟ嫷䯉㢾0xCAFEBABE᧨ⅲ嫷㶰䓗㦻⚆䤓䶻5₹✛䶻6₹ⷦ唑⋋
0x0000᧨力䓗㦻⚆䤓⋋0x0032᧨⃮☂㢾◐扪Ⓟ䤓50᧨年䓗㦻⚆広㢝扨₹㠖ↅ㢾♾ⅴ嬺
JDK 1.6㒥ⅴₙ䓗㦻壩㕮㧉㓶嫛䤓Class㠖ↅᇭ

⦍ᇫ6-2ᇫJava Class㠖ↅ䤓兢㨓

嫷6-2⒦⒉ℕ⅝JDK 1.1ⒿJDK 1.7᧨㿐JDK䓗㦻冥幠⣷戢⒉䤓照帳✛♾㞾㖐䤓Class㠖ↅ
䓗㦻⚆ᇭ



[1]扨䱜欉ㄞ䱿“Big-Endian”᧨␆⇢㢾㖖㦏浧⇜ⷦ唑⦷⦿⧏㦏⇝⇜ᇬ㦏⇝⇜ⷦ唑⦷⦿⧏㦏浧
⇜䤓欉ㄞ㧴ⷧ⌷㟿㗽᧨⸒㢾SPARCᇬPowerPC䷘⮓䚕⣷䤓照帳⮩ⷦ唑ⷧ⌷欉ㄞ᧨力x86䷘⮓
䚕⣷⒨㢾∎䞷ℕ䦇♜䤓“Little-Endian”欉ㄞ㧴ⷧ⌷㟿㗽ᇭ



6.3.2ᇫデ摞㻯

侶㘴䧏㶰䓗㦻⚆⃚⚝䤓㢾デ摞㻯⏴♲᧨デ摞㻯♾ⅴ䚕屲Class㠖ↅ⃚₼䤓忓䄟Ⅲㄢ᧨
⸒㢾Class㠖ↅ兢㨓₼␅Ⅵ欈䥽␂勣㦏⮩䤓㟿㗽伊⨚᧨⃮㢾◯䞷Class㠖ↅ䴉梃㦏⮶䤓㟿㗽
欈䥽⃚᧨⚛㢅⸒执㢾⦷Class㠖ↅ₼䶻₹⒉䘿䤓嫷伊⨚㟿㗽欈䥽ᇭ

䟀ℝデ摞㻯₼デ摞䤓㟿摞㢾ₜ⦉⸩䤓᧨㓏ⅴ⦷デ摞㻯䤓⏴♲榏尐㟍函欈u2伊⨚䤓㟿
㗽᧨ⅲ嫷デ摞㻯⹈摞帰㟿⋋᧤constant_pool_count᧥ᇭJava₼幼岏⃯㍾ₜ㫆䤓㢾᧨扨₹⹈
摞帰㟿㢾⅝1力ₜ㢾0ⱚ䤓᧨Ⱁ⦍6-3㓏䯉᧨デ摞㻯⹈摞᧤⋞䲊⦿⧏᧶0x00000008᧥◐⏼
扪Ⓟ㟿0x0016᧨☂◐扪Ⓟ䤓22᧨扨⻀ⅲ嫷デ摞㻯₼㦘21欈デ摞᧨侱ㆤ⋋喒⦃1ᨺ21ᇭ⦷
Class㠖ↅ㫋㆞屓喒Ⓟ⸩⃚㢅᧨幍帰劔⺕䶻0欈デ摞䴉⒉㧴㢾㦘䔈㸙劒壠䤓᧨扨㫆⋩䤓䥽䤓⦷
ℝ䅰恂⚝槱㩟K㖖⚠デ摞㻯䤓侱ㆤ⋋䤓㟿㗽⦷䔈⸩㍔⑄ₚ榏尐嫷才“ₜㆤ䞷↊⇤₹デ摞㻯
欈䥽”䤓⚺⃘᧨扨䱜㍔⑄⻀♾ⅴ㔙侱ㆤ⋋函0㧴嫷䯉ᇭClass㠖ↅ兢㨓₼♹㦘デ摞㻯䤓⹈摞帰
㟿㢾⅝1ⱚ᧨⺈ℝ␅Ⅵ楕⚗伊⨚᧨▔㕻㘴♲侱ㆤ楕⚗ᇬⷦ㹄嫷楕⚗ᇬ㡈㽤嫷楕⚗䷘䤓⹈摞
帰㟿掌咻⃯㍾䦇⚛᧨㢾⅝0ⱚ䤓ᇭ

⦍ᇫ6-3ᇫデ摞㻯兢㨓

デ摞㻯₼尐ⷧ㟍₳⮶伊デ摞᧶ⷦ槱摞᧤Literal᧥✛䶵⚆ㆤ䞷᧤Symbolic References᧥ᇭ
ⷦ槱摞㹣戒㘴扠ℝJava幼岏⻑槱䤓デ摞㰑㊄᧨Ⱁ㠖㦻ⷦ䶵ᇬ⭿㢝final䤓デ摞⋋䷘ᇭ力䶵
⚆ㆤ䞷⒨⻭ℝ冥幠☮䚕㡈槱䤓㰑㊄᧨▔㕻ℕₚ槱ₘ伊デ摞᧶

伊✛㘴♲䤓⏷棟⸩⚜᧤Fully Qualified Name᧥

ⷦ㹄䤓⚜䱿✛㙞承䶵᧤Descriptor᧥

㡈㽤䤓⚜䱿✛㙞承䶵

Javaⅲ䪐⦷扪嫛Javac冥幠䤓㢅⊨᧨ㄅₜ⍞C✛C++挲㫆㦘“扭㘴”扨㷴洳᧨力㢾⦷壩㕮
㧉┯戌Class㠖ↅ䤓㢅⊨扪嫛┷㊐扭㘴ᇭ⃮⻀㢾広᧨⦷Class㠖ↅ₼ₜ↩≬ⷧ⚓₹㡈㽤ᇬⷦ㹄
䤓㦏兗␔ⷧを⻏≰㋾᧨⥯㷳扨Kⷦ㹄ᇬ㡈㽤䤓䶵⚆ㆤ䞷ₜ兞扖扟嫛㦮懻㗱䤓幬㡯㽤㈦Ⓙ䦮㷲
䤓␔ⷧ⏴♲⦿⧏᧨⃮⻀㡯㽤䦃㘴嬺壩㕮㧉∎䞷ᇭ㇢壩㕮㧉扟嫛㢅᧨榏尐⅝デ摞㻯噆㈦⺈ㄣ䤓
䶵⚆ㆤ䞷᧨␜⦷伊⒪ㆉ㢅㒥扟嫛㢅屲㨟ᇬ劊幠Ⓙ␆⇢䤓␔ⷧ⦿⧏⃚₼ᇭ␂ℝ伊䤓⒪ㆉ✛┷㊐
扭㘴䤓␔⹈᧨⦷ₚ䵯⅚兜壩㕮㧉伊┯戌扖䲚㢅␜扪嫛幵兕幁屲ᇭ

デ摞㻯₼㹞欈デ摞掌㢾₹嫷᧨⦷JDK 1.7⃚ⓜ␀㦘11䱜兢㨓⚓ₜ䦇⚛䤓嫷兢㨓㟿
㗽᧨⦷JDK 1.7₼ℕ㦃Ⰼ⦿㞾㖐┷㊐幼岏庒䞷᧨♗欬⮥⬭┯ℕ3䱜
᧤CONSTANT_MethodHandle_infoᇬCONSTANT_MethodType_info✛
CONSTANT_InvokeDynamic_info᧨㦻䵯ₜ↩䀘♙扨3䱜㠿⬭䤓伊⨚᧨⦷䶻8䵯⅚兜ⷦ唑䪐㓶嫛



✛㡈㽤庒䞷㢅᧨⺕↩幵兕幁屲᧥ᇭ

扨14䱜嫷掌㦘₹␀⚛䤓䔈䍈᧨⻀㢾嫷ⱚ䤓䶻⇜㢾₹u1伊⨚䤓㪖㉦⇜᧤tag᧨♥⋋
屐嫷6-3₼㪖㉦⒦᧥᧨ⅲ嫷㇢ⓜ扨₹デ摞⻭ℝ❹䱜デ摞伊⨚ᇭ扨14䱜デ摞伊⨚㓏ⅲ嫷䤓␆⇢
⚺⃘屐嫷6-3ᇭ

⃚㓏ⅴ広デ摞㻯㢾㦏䍵䚟䤓㟿㗽᧨㢾⥯扨14䱜デ摞伊⨚⚓呹⧖㦘呹む䤓兢㨓ᇭ⥭⯃䦚
䦚⦍6-3₼デ摞㻯䤓䶻欈デ摞᧨⸒䤓㪖㉦⇜᧤⋞䲊⦿⧏᧶0x0000000A᧥㢾0x07᧨㩴嫷6-3䤓
㪖㉦⒦♠䘿扨₹デ摞⻭ℝCONSTANT_Class_info伊⨚᧨㷳伊⨚䤓デ摞ⅲ嫷₹伊㒥劔㘴♲䤓
䶵⚆ㆤ䞷ᇭCONSTANT_Class_info䤓兢㨓㹣戒丏◤᧨屐嫷6-4ᇭ

tag㢾㪖㉦⇜᧨ₙ槱め兞幁扖ℕ᧨⸒䞷ℝ◉⒕デ摞伊⨚᧷name_index㢾₹侱ㆤ⋋᧨⸒㖖
⚠デ摞㻯₼₹CONSTANT_Utf8_info伊⨚デ摞᧨㷳デ摞ⅲ嫷ℕ扨₹伊᧤㒥劔㘴♲᧥䤓⏷棟
⸩⚜᧨扨摛name_index⋋᧤⋞䲊⦿⧏᧶0x0000000B᧥0x0002᧨⃮☂㢾㖖⚠ℕデ摞㻯₼䤓䶻
ℛ欈デ摞ᇭ其兼⅝⦍6-3₼㩴㔍䶻ℛ欈デ摞᧨⸒䤓㪖㉦⇜᧤⦿⧏᧶0x0000000D᧥㢾0x01᧨㩴
嫷6-3♾䩴䫽⸭㢾₹CONSTANT_Utf8_info伊⨚䤓デ摞ᇭCONSTANT_Utf8_info伊⨚䤓兢㨓



屐嫷6-5ᇭ

length⋋広㢝ℕ扨₹UTF-8冥䪐䤓ⷦ䶵栎ㄵ㢾⮩⺠ⷦ唑᧨⸒⚝槱侶恮䧏䤓栎ㄵlength
ⷦ唑䤓扭兼㟿㗽㢾₹∎䞷UTF-8冸䟴冥䪐嫷䯉䤓ⷦ䶵ᇭUTF-8冸䟴冥䪐㣽抩UTF-8冥䪐
䤓◉Ⓔ㢾᧶⅝'\u0001'Ⓙ'\u007f'⃚梃䤓ⷦ䶵᧤䦇㇢ℝ1ᨺ127䤓ASCII䪐᧥䤓冸䟴冥䪐∎䞷₹
ⷦ唑嫷䯉᧨⅝'\u0080'Ⓙ'\u07ff'⃚梃䤓㓏㦘ⷦ䶵䤓冸䟴冥䪐䞷₳₹ⷦ唑嫷䯉᧨
⅝'\u0800'Ⓙ'\uffff'⃚梃䤓㓏㦘ⷦ䶵䤓冸䟴冥䪐⻀㖘䏶㣽抩UTF-8冥䪐屓⒨∎䞷ₘ₹ⷦ唑嫷䯉ᇭ

欉≎㙟ₚ᧨䟀ℝClass㠖ↅ₼㡈㽤ᇬⷦ㹄䷘掌榏尐ㆤ䞷CONSTANT_Utf8_info⨚デ摞㧴
㙞承⚜䱿᧨㓏ⅴCONSTANT_Utf8_info⨚デ摞䤓㦏⮶栎ㄵ⃮⻀㢾Java₼㡈㽤ᇬⷦ㹄⚜䤓㦏⮶
栎ㄵᇭ力扨摛䤓㦏⮶栎ㄵ⻀㢾length䤓㦏⮶⋋᧨㡱u2伊⨚厌嫷才䤓㦏⮶⋋65535ᇭ㓏ⅴJava䲚
ㄞ₼Ⱁ㨫⸩⃘ℕ怔扖64KB喀㠖ⷦ䶵䤓♧摞㒥㡈㽤⚜᧨⺕↩㡯㽤冥幠ᇭ

㦻√₼扨₹ⷦ䶵䤓length⋋᧤⋞䲊⦿⧏᧶0x0000000E᧥0x001D᧨⃮⻀㢾栎29ⷦ唑᧨
㈏⚝29ⷦ唑㷲Ⰼ掌⦷1ᨺ127䤓ASCII䪐喒⦃ⅴ␔᧨␔⹈“org/fenixsoft/clazz/TestClass”᧨㦘␃
怲䤓床劔♾ⅴ呹む抟₹ⷦ唑㗱並ₚ᧨㗱並兢㨫Ⱁ⦍6-4折₼䤓捷⒕㓏䯉ᇭ

⦍ᇫ6-4ᇫデ摞㻯UTF-8ⷦ䶵兢㨓

Ⓙ㷳㷱᧨㒠ⅻ⒕㨟ℕTestClass.classデ摞㻯₼21₹デ摞₼䤓₳₹᧨␅⇨䤓19₹デ摞掌♾
ⅴ抩扖伊⇋䤓㡈㽤帰並⒉㧴ᇭℕ挎⏜帰並扖䲚◯䞷扖⮩䤓䓗槱᧨⚝兼䤓19₹デ摞䤓帰並扖
䲚♾ⅴ⊮┸帰並㧉㧴ソ㒠ⅻ⸛㒟ᇭ⦷JDK䤓bin䥽₼᧨Oracle⏻⚇め兞㒠ⅻⰌ₹₢
桷䞷ℝ⒕㨟Class㠖ↅⷦ唑䪐䤓ぴ␆᧶javap᧨ⅲ䪐䂔◤6-2₼⒦⒉ℕ∎䞷javapぴ␆䤓-verbose
♑㟿戢⒉䤓TestClass.class㠖ↅⷦ唑䪐␔⹈᧤㷳䂔◤₼䦐䟴ℕデ摞㻯ⅴ⮥䤓≰㋾᧥ᇭⓜ槱㒠ⅻ
㦍兞㙟Ⓙ扖᧨Class㠖ↅ₼执㦘㈗⮩㟿㗽欈掌尐ㆤ䞷デ摞㻯₼䤓デ摞᧨㓏ⅴⅲ䪐䂔◤6-2₼䤓
␔⹈⦷⚝兼䤓幁屲扖䲚₼执尐兞デ∎䞷Ⓙᇭ

ⅲ䪐䂔◤6-2ᇫ∎䞷Javap✌ⅳ戢⒉デ摞嫷

C᧶\᧺javap-verbose TestClass
Compiled from"TestClass.java"
public class org.fenixsoft.clazz.TestClass extends java.lang.Object
SourceFile᧶"TestClass.java"
minor version᧶0



major version᧶50
Constant pool᧶
const#1=class#2᧷//org/fenixsoft/clazz/TestClass
const#2=Asciz org/fenixsoft/clazz/TestClass᧷
const#3=class#4᧷//java/lang/Object
const#4=Asciz java/lang/Object᧷
const#5=Asciz m᧷
const#6=Asciz I᧷
const#7=Asciz᧸init᧺᧷
const#8=Asciz᧤᧥V᧷
const#9=Asciz Code᧷
const#10=Method#3.#11᧷//java/lang/Object."᧸init᧺"᧶᧤᧥V
const#11=NameAndType#7᧶#8᧷//"᧸init᧺"᧶᧤᧥V
const#12=Asciz LineNumberTable᧷
const#13=Asciz LocalVariableTable᧷
const#14=Asciz this᧷
const#15=Asciz Lorg/fenixsoft/clazz/TestClass᧷
const#16=Asciz inc᧷
const#17=Asciz᧤᧥I᧷
const#18=Field#1.#19᧷//org/fenixsoft/clazz/TestClass.m᧶I
const#19=NameAndType#5᧶#6᧷//m᧶I
const#20=Asciz SourceFile᧷
const#21=Asciz TestClass.java᧷

⅝ⅲ䪐䂔◤6-2₼♾ⅴ䦚⒉᧨帰並㧉め兞ソ㒠ⅻ㔙㠃₹デ摞㻯䤓21欈デ摞掌帰並ℕ⒉
㧴᧨ㄅ₣䶻1ᇬ2欈デ摞䤓帰並兢㨫㒠ⅻ㓚ぴ帰並䤓兢㨫咃ᇭⅣ兕䦚ₚ↩♠䘿᧨␅₼㦘
Kデ摞⇋⃝⅝㧴㼰㦘⦷ⅲ䪐₼⒉䘿扖᧨Ⱁ“I”ᇬ“V”ᇬ“᧸init᧺”ᇬ“LineNumberTable”ᇬ
“LocalVariableTable”䷘᧨扨K䦚怆㧴⦷ⅲ䪐↊⇤⮓掌㼰㦘⒉䘿扖䤓デ摞㢾❹摛㧴䤓⛱᧻

扨捷⒕呹┷䞮㒟䤓デ摞䤓䫽㼰㦘⦷Javaⅲ䪐摛槱䦃㘴⒉䘿扖᧨⇕⸒ⅻ↩嬺⚝槱☂⺕幁Ⓙ
䤓ⷦ㹄嫷᧤field_info᧥ᇬ㡈㽤嫷᧤method_info᧥ᇬ⻭㊶嫷᧤attribute_info᧥ㆤ䞷Ⓙ᧨⸒ⅻ↩䞷
㧴㙞承Kₜ㡈≎∎䞷“⦉⸩ⷦ唑”扪嫛嫷才䤓␔⹈ᇭ巻Ⱁ㙞承㡈㽤䤓扣⥭⋋㢾⅏⃗᧻㦘⑯₹
♑㟿᧻㹞₹♑㟿䤓伊⨚㢾⅏⃗᧻⥯Java₼䤓“伊”㢾㡯䴆㡯⻌䤓᧨㡯㽤抩扖丏◤䤓㡯䶵⚆ⷦ
唑㧴㙞承₹㡈㽤䞷Ⓙℕ⅏⃗伊᧨⥯㷳⦷㙞承㡈㽤䤓扨K≰㋾㢅᧨榏尐ㆤ䞷デ摞嫷₼䤓䶵⚆
ㆤ䞷扪嫛嫷才ᇭ扨捷⒕␔⹈⺕⦷⚝槱扪㷴梟承ᇭ㦏⚝᧨䶣劔⺕扨14䱜デ摞欈䤓兢㨓⸩⃘㋊
兢嫷6-6ⅴ∪床劔♑劒ᇭ







6.3.3ᇫ幎桽㪖㉦

⦷デ摞㻯兢㧮⃚⚝᧨侶㘴䧏䤓₳₹ⷦ唑ⅲ嫷幎桽㪖㉦᧤access_flags᧥᧨扨₹㪖㉦䞷ℝ幕
ⒺK伊㒥劔㘴♲⻑㶰䤓幎桽≰㋾᧨▔㕻᧶扨₹Class㢾伊执㢾㘴♲᧷㢾⚵⸩⃘public伊
⨚᧷㢾⚵⸩⃘abstract伊⨚᧷Ⱁ㨫㢾伊䤓幬᧨㢾⚵嬺⭿㢝final䷘ᇭ␆⇢䤓㪖㉦⇜ⅴ♙㪖㉦
䤓⚺⃘屐嫷6-7ᇭ

access_flags₼␀㦘16₹㪖㉦⇜♾ⅴ∎䞷᧨㇢ⓜ♹⸩⃘ℕ␅₼8₹[1]᧨㼰㦘∎䞷Ⓙ䤓㪖㉦
⇜尐㻑㈚0ᇭⅴⅲ䪐䂔◤6-1₼䤓ⅲ䪐√᧨TestClass㢾₹㣽抩Java伊᧨ₜ㢾㘴♲ᇬ㨩
㒥劔㽷屲᧨嬺public␂枽ⷦ≽毿⇕㼰㦘嬺⭿㢝final✛abstract᧨ㄅ₣⸒∎䞷ℕJDK 1.2⃚⚝
䤓冥幠⣷扪嫛冥幠᧨⥯㷳⸒䤓ACC_PUBLICᇬACC_SUPER㪖㉦ㄣ㇢䦮᧨力ACC_FINALᇬ
ACC_INTERFACEᇬACC_ABSTRACTᇬACC_SYNTHETICᇬACC_ANNOTATIONᇬ
ACC_ENUM扨6₹㪖㉦ㄣ㇢⋖᧨⥯㷳⸒䤓access_flags䤓⋋ㄣ᧶0x0001|0x0020=0x0021ᇭ
⅝⦍6-5₼♾ⅴ䦚⒉᧨access_flags㪖㉦᧤⋞䲊⦿⧏᧶0x000000EF᧥䤓䫽0x0021ᇭ

⦍ᇫ6-5ᇫaccess_flags㪖㉦
[1]⦷Java壩㕮㧉屓喒₼᧨♹⸩⃘ℕ⯃5䱜㪖㉦ᇭJDK 1.5₼⬭┯ℕ⚝槱3䱜ᇭ扨K㪖㉦⦷
JSR-202屓喒₼⭿㢝᧨㢾⺈ᇵJava壩㕮㧉屓喒᧤䶻2䓗᧥ᇶ䤓嫴⏔ᇭ㦻⅚兜䤓幎桽㪖㉦ⅴ
JSR-202屓喒ᇭ



6.3.4ᇫ伊侱ㆤᇬ䓅伊侱ㆤ㘴♲侱ㆤ楕⚗

伊侱ㆤ᧤this_class᧥✛䓅伊侱ㆤ᧤super_class᧥掌㢾₹u2伊⨚䤓㟿㗽᧨力㘴♲侱ㆤ楕
⚗᧤interfaces᧥㢾兓u2伊⨚䤓㟿㗽䤓楕⚗᧨Class㠖ↅ₼䟀扨ₘ欈㟿㗽㧴䫽⸩扨₹伊䤓其㔎
␂侊ᇭ伊侱ㆤ䞷ℝ䫽⸩扨₹伊䤓⏷棟⸩⚜᧨䓅伊侱ㆤ䞷ℝ䫽⸩扨₹伊䤓䓅伊䤓⏷棟⸩⚜ᇭ䟀
ℝJava幼岏ₜ⏐幇⮩摜其㔎᧨㓏ⅴ䓅伊侱ㆤ♹㦘₹᧨棳ℕjava.lang.Object⃚⮥᧨㓏㦘䤓Java
伊掌㦘䓅伊᧨⥯㷳棳ℕjava.lang.Object⮥᧨㓏㦘Java伊䤓䓅伊侱ㆤ掌ₜ0ᇭ㘴♲侱ㆤ楕⚗⻀
䞷㧴㙞承扨₹伊⸭䘿ℕ❹K㘴♲᧨扨K嬺⸭䘿䤓㘴♲⺕㖘implements幼♴᧤Ⱁ㨫扨₹伊㦻愺
㢾₹㘴♲᧨⒨ㄣ㇢㢾extends幼♴᧥⚝䤓㘴♲欉ㄞ⅝ふⒿ⚂㘡⒦⦷㘴♲侱ㆤ楕⚗₼ᇭ

伊侱ㆤᇬ䓅伊侱ㆤ✛㘴♲侱ㆤ楕⚗掌㖘欉ㄞ㘡⒦⦷幎桽㪖㉦⃚⚝᧨伊侱ㆤ✛䓅伊侱ㆤ䞷
₳₹u2伊⨚䤓侱ㆤ⋋嫷䯉᧨⸒ⅻ⚓呹㖖⚠₹伊⨚CONSTANT_Class_info䤓伊㙞承䶵デ
摞᧨抩扖CONSTANT_Class_info伊⨚䤓デ摞₼䤓侱ㆤ⋋♾ⅴ㔍Ⓙ⸩⃘⦷
CONSTANT_Utf8_info伊⨚䤓デ摞₼䤓⏷棟⸩⚜ⷦ䶵ᇭ⦍6-6䆣䯉ℕⅲ䪐䂔◤6-1䤓ⅲ䪐䤓伊
侱ㆤ㩴㔍扖䲚ᇭ

⺈ℝ㘴♲侱ㆤ楕⚗᧨⏴♲䤓䶻欈——u2伊⨚䤓㟿㗽㘴♲帰㟿⣷
᧤interfaces_count᧥᧨嫷䯉侱ㆤ嫷䤓⹈摞ᇭⰑ㨫年伊㼰㦘⸭䘿↊⇤㘴♲᧨⒨年帰㟿⣷⋋0᧨
⚝槱㘴♲䤓侱ㆤ嫷ₜ␜◯䞷↊⇤ⷦ唑ᇭⅲ䪐䂔◤6-1₼䤓ⅲ䪐䤓伊侱ㆤᇬ䓅伊侱ㆤ㘴♲嫷
侱ㆤ䤓␔⹈Ⱁ⦍6-7㓏䯉ᇭ

⦍ᇫ6-6ᇫ伊侱ㆤ㩴㔍⏷棟⸩⚜䤓扖䲚

⦍ᇫ6-7ᇫ伊侱ㆤᇬ䓅伊侱ㆤᇬ㘴♲侱ㆤ楕⚗

⅝⋞䲊⦿⧏0x000000F1ⱚ䤓3₹u2伊⨚䤓⋋⒕Ⓔ0x0001ᇬ0x0003ᇬ0x0000᧨⃮⻀㢾
伊侱ㆤ1᧨䓅伊侱ㆤ3᧨㘴♲侱ㆤ楕⚗⮶⺞0᧨㩴幱ⓜ槱ⅲ䪐䂔◤6-2₼javap✌ⅳ帰並⒉
㧴䤓デ摞㻯᧨㔍⒉⺈ㄣ䤓伊✛䓅伊䤓デ摞᧨兢㨫Ⱁⅲ䪐䂔◤6-3㓏䯉ᇭ

ⅲ䪐䂔◤6-3ᇫ捷⒕デ摞㻯␔⹈

const#1=class#2᧷//org/fenixsoft/clazz/TestClass
const#2=Asciz org/fenixsoft/clazz/TestClass᧷
const#3=class#4᧷//java/lang/Object
const#4=Asciz java/lang/Object᧷



6.3.5ᇫⷦ㹄嫷楕⚗

ⷦ㹄嫷᧤field_info᧥䞷ℝ㙞承㘴♲㒥劔伊₼⭿㢝䤓♧摞ᇭⷦ㹄᧤field᧥▔㕻伊儶♧摞ⅴ
♙⸭√儶♧摞᧨⇕ₜ▔㕻⦷㡈㽤␔捷⭿㢝䤓⻏捷♧摞ᇭ㒠ⅻ♾ⅴ㎂㎂⦷Java₼㙞承₹ⷦ
㹄♾ⅴ▔⚺⅏⃗≰㋾᧻♾ⅴ▔㕻䤓≰㋾㦘᧶ⷦ㹄䤓⇫䞷⩮᧤publicᇬprivateᇬprotected≽毿
䶵᧥ᇬ㢾⸭√♧摞执㢾伊♧摞᧤static≽毿䶵᧥ᇬ♾♧㊶᧤final᧥ᇬㄅ♠♾屐㊶᧤volatile≽毿
䶵᧨㢾⚵㇉Ⓟ⅝␔ⷧ床᧥ᇬ♾⚵嬺ㄞ⒦▥᧤transient≽毿䶵᧥ᇬⷦ㹄㟿㗽伊⨚᧤⪉㦻伊
⨚ᇬ⺈廰ᇬ㟿兓᧥ᇬⷦ㹄⚜䱿ᇭₙ承扨K≰㋾₼᧨⚓₹≽毿䶵掌㢾を⺣⋋᧨尐⃗㦘㩟₹≽毿
䶵᧨尐⃗㼰㦘᧨㈗抑⚗∎䞷㪖㉦⇜㧴嫷䯉ᇭ力ⷦ㹄♺⅏⃗⚜ⷦᇬⷦ㹄嬺⸩⃘⅏⃗㟿㗽伊
⨚᧨扨K掌㢾㡯㽤⦉⸩䤓᧨♹厌ㆤ䞷デ摞㻯₼䤓デ摞㧴㙞承ᇭ嫷6-8₼⒦⒉ℕⷦ㹄嫷䤓㦏兗
㫋㆞ᇭ

ⷦ㹄≽毿䶵㟍⦷access_flags欈䥽₼᧨⸒伊₼䤓access_flags欈䥽㢾槭デ伊⇋䤓᧨掌㢾
₹u2䤓㟿㗽伊⨚᧨␅₼♾ⅴ幍函䤓㪖㉦⇜✛⚺⃘屐嫷6-9ᇭ

㈗㢝㣍᧨⦷⸭棔㍔⑄₼᧨ACC_PUBLICᇬACC_PRIVATEᇬACC_PROTECTEDₘ₹㪖㉦
㦏⮩♹厌折㕸␅᧨ACC_FINALᇬACC_VOLATILEₜ厌⚛㢅折㕸ᇭ㘴♲⃚₼䤓ⷦ㹄㉔權㦘
ACC_PUBLICᇬACC_STATICᇬACC_FINAL㪖㉦᧨扨K掌㢾䟀Java㦻愺䤓幼岏屓⒨㓏⑂⸩
䤓ᇭ

恮椞access_flags㪖㉦䤓㢾₳欈侱ㆤ⋋᧶name_index✛descriptor_indexᇭ⸒ⅻ掌㢾⺈デ摞
㻯䤓ㆤ䞷᧨⒕Ⓔⅲ嫷䧏ⷦ㹄䤓丏◤⚜䱿ⅴ♙ⷦ㹄✛㡈㽤䤓㙞承䶵ᇭ䘿⦷榏尐屲摙ₚ“丏◤



⚜䱿”ᇬ“㙞承䶵”ⅴ♙ⓜ槱⒉䘿扖⮩㶰䤓“⏷棟⸩⚜”扨ₘ䱜䔈㸙ⷦ䶵䤓㰑㊄ᇭ

⏷棟⸩⚜✛丏◤⚜䱿㈗Ⰼ䚕屲᧨ⅴⅲ䪐䂔◤6-1₼䤓ⅲ䪐
√᧨“org/fenixsoft/clazz/TestClass”㢾扨₹伊䤓⏷棟⸩⚜᧨⅔⅔㢾㔙伊⏷⚜₼䤓“.”㦎㗱㒟
ℕ“/”力め᧨ℕ∎扭兼䤓⮩₹⏷棟⸩⚜⃚梃ₜℶ䞮䂆䁕᧨⦷∎䞷㢅㦏⚝咻↩┯⏴
₹“᧷”嫷䯉⏷棟⸩⚜兢㧮ᇭ丏◤⚜䱿㢾㖖㼰㦘伊⨚✛♑㟿≽毿䤓㡈㽤㒥劔ⷦ㹄⚜䱿᧨扨₹伊
₼䤓inc᧤᧥㡈㽤✛mⷦ㹄䤓丏◤⚜䱿⒕Ⓔ㢾“inc”✛“m”ᇭ

䦇⺈ℝ⏷棟⸩⚜✛丏◤⚜䱿㧴広᧨㡈㽤✛ⷦ㹄䤓㙞承䶵⻀尐⮜㧑Kᇭ㙞承䶵䤓⇫䞷㢾
䞷㧴㙞承ⷦ㹄䤓㟿㗽伊⨚ᇬ㡈㽤䤓♑㟿⒦嫷᧤▔㕻㟿摞ᇬ伊⨚ⅴ♙欉ㄞ᧥✛扣⥭⋋ᇭ㫈㗽㙞
承䶵屓⒨᧨⪉㦻㟿㗽伊⨚᧤byteᇬcharᇬdoubleᇬfloatᇬintᇬlongᇬshortᇬboolean᧥ⅴ♙ⅲ嫷
㡯扣⥭⋋䤓void伊⨚掌䞷₹⮶ⷦ䶵㧴嫷䯉᧨力⺈廰伊⨚⒨䞷ⷦ䶵L┯⺈廰䤓⏷棟⸩⚜㧴
嫷䯉᧨幵屐嫷6-10ᇭ

[1]

⺈ℝ㟿兓伊⨚᧨㹞冃ㄵ⺕∎䞷₹ⓜ函䤓“[”ⷦ䶵㧴㙞承᧨Ⱁ₹⸩⃘
“java.lang.String[][]”伊⨚䤓ℛ冃㟿兓᧨⺕嬺帿᧶“[[Ljava/lang/String᧷”᧨₹㠃⨚㟿
兓“int[]”⺕嬺帿“[I”ᇭ

䞷㙞承䶵㧴㙞承㡈㽤㢅᧨㖘䏶⏗♑㟿⒦嫷᧨⚝扣⥭⋋䤓欉ㄞ㙞承᧨♑㟿⒦嫷㖘䏶♑㟿䤓
₴㫋欉ㄞ㟍⦷兓⺞㕻⚆“᧤᧥”⃚␔ᇭⰑ㡈㽤void inc᧤᧥䤓㙞承䶵“᧤᧥V”᧨㡈㽤
java.lang.String toString᧤᧥䤓㙞承䶵“᧤᧥Ljava/lang/String᧷”᧨㡈㽤int
indexOf᧤char[]source,int sourceOffset,int sourceCount,char[]target,int targetOffset,int
targetCount,int fromIndex᧥䤓㙞承䶵“᧤[CII[CIII᧥I”ᇭ

⺈ℝⅲ䪐䂔◤6-1₼䤓TestClass.class㠖ↅ㧴広᧨ⷦ㹄嫷楕⚗⅝⦿⧏0x000000F8ⱚ᧨䶻
₹u2伊⨚䤓㟿㗽⹈摞帰㟿⣷fields_count᧨Ⱁ⦍6-8㓏䯉᧨␅⋋0x0001᧨広㢝扨₹伊♹㦘
₹ⷦ㹄嫷㟿㗽ᇭ㘴ₚ㧴侶恮䧏⹈摞帰㟿⣷䤓㢾access_flags㪖㉦᧨⋋0x0002᧨ⅲ嫷private
≽毿䶵䤓ACC_PRIVATE㪖㉦⇜䦮᧤ACC_PRIVATE㪖㉦䤓⋋0x0002᧥᧨␅Ⅵ≽毿䶵
⋖ᇭⅲ嫷ⷦ㹄⚜䱿䤓name_index䤓⋋0x0005᧨⅝ⅲ䪐䂔◤6-2⒦⒉䤓デ摞嫷₼♾㩴㈦䶻5欈
デ摞㢾₹CONSTANT_Utf8_info伊⨚䤓ⷦ䶵᧨␅⋋“m”᧨ⅲ嫷ⷦ㹄㙞承䶵䤓
descriptor_index䤓⋋0x0006᧨㖖⚠デ摞㻯䤓ⷦ䶵“I”᧨㫈㗽扨K≰㋾᧨㒠ⅻ♾ⅴ㘷㠼⒉☮
ⅲ䪐⸩⃘䤓ⷦ㹄᧶“private int m᧷”ᇭ



ⷦ㹄嫷掌▔⚺䤓⦉⸩㟿㗽欈䥽Ⓙdescriptor_index㷱⻀兢㧮ℕ᧨ₜ扖⦷descriptor_index
⃚⚝恮椞䧏₹⻭㊶嫷楕⚗䞷ℝⷧ⌷K欬⮥䤓≰㋾᧨ⷦ㹄掌♾ⅴ⦷⻭㊶嫷₼㙞承榅咂⮩欈
䤓欬⮥≰㋾ᇭ⺈ℝ㦻√₼䤓ⷦ㹄m᧨⸒䤓⻭㊶嫷帰㟿⣷0᧨⃮⻀㢾㼰㦘榏尐欬⮥㙞承䤓≰
㋾᧨⇕㢾᧨Ⱁ㨫⺕ⷦ㹄m䤓⭿㢝㟈“final static int m=123᧷”᧨挲⻀♾厌↩ⷧ⦷欈⚜䱿
ConstantValue䤓⻭㊶᧨␅⋋㖖⚠デ摞123ᇭ␂ℝattribute_info䤓␅Ⅵ␔⹈᧨⺕⦷6.3.7唑⅚兜⻭
㊶嫷䤓㟿㗽欈䥽㢅␜扪㷴幁屲ᇭ

⦍ᇫ6-8ᇫⷦ㹄嫷兢㨓⸭√

ⷦ㹄嫷楕⚗₼ₜ↩⒦⒉⅝怔伊㒥劔䓅㘴♲₼其㔎力㧴䤓ⷦ㹄᧨⇕㦘♾厌⒦⒉☮㦻Javaⅲ
䪐⃚₼ₜⷧ⦷䤓ⷦ㹄᧨巻Ⱁ⦷␔捷伊₼ℕ≬㖐⺈⮥捷伊䤓幎桽㊶᧨↩呹┷䂊┯㖖⚠⮥捷伊
⸭√䤓ⷦ㹄ᇭ♵⮥᧨⦷Java幼岏₼ⷦ㹄㢾㡯㽤摜戌䤓᧨₳₹ⷦ㹄䤓㟿㗽伊⨚ᇬ≽毿䶵ₜ丰㢾
⚵䦇⚛᧨掌㉔權∎䞷ₜ㫆䤓⚜䱿᧨⇕㢾⺈ℝⷦ唑䪐㧴幁᧨Ⱁ㨫₳₹ⷦ㹄䤓㙞承䶵ₜ咃᧨
挲ⷦ㹄摜⚜⻀㢾⚗㽤䤓ᇭ

[1]void伊⨚⦷壩㕮㧉屓喒⃚₼◤䕻⒦⒉“VoidDescriptor”᧨䶣劔ℕ兢㨓兮᧨⺕␅⒦⦷⪉
㦻㟿㗽伊⨚₼怆㙞承ᇭ



6.3.6ᇫ㡈㽤嫷楕⚗

Ⱁ㨫䚕屲ℕₙ唑␂ℝⷦ㹄嫷䤓␔⹈᧨挲㦻唑␂ℝ㡈㽤嫷䤓␔⹈⺕↩♧㈦㈗丏◤ᇭClass
㠖ↅⷧ⌷㫋㆞₼⺈㡈㽤䤓㙞承⺈ⷦ㹄䤓㙞承⑯⃝摖䞷ℕ⸛⏷咃䤓㡈㆞᧨㡈㽤嫷䤓兢㨓Ⱁ
⚛ⷦ㹄嫷㫆᧨∬㶰▔㕻ℕ幎桽㪖㉦᧤access_flags᧥ᇬ⚜䱿侱ㆤ᧤name_index᧥ᇬ㙞承䶵侱
ㆤ᧤descriptor_index᧥ᇬ⻭㊶嫷楕⚗᧤attributes᧥⑯欈᧨屐嫷6-11ᇭ扨K㟿㗽欈䥽䤓⚺⃘⃮槭
デ伊⇋᧨⅔⦷幎桽㪖㉦✛⻭㊶嫷楕⚗䤓♾折欈₼㦘㓏◉Ⓔᇭ

⥯volatile␂枽ⷦ✛transient␂枽ⷦₜ厌≽毿㡈㽤᧨㓏ⅴ㡈㽤嫷䤓幎桽㪖㉦₼㼰㦘ℕ
ACC_VOLATILE㪖㉦✛ACC_TRANSIENT㪖㉦ᇭ⃚䦇⺈䤓᧨synchronizedᇬnativeᇬstrictfp
✛abstract␂枽ⷦ♾ⅴ≽毿㡈㽤᧨㓏ⅴ㡈㽤嫷䤓幎桽㪖㉦₼⬭┯ℕACC_SYNCHRONIZEDᇬ
ACC_NATIVEᇬACC_STRICTFP✛ACC_ABSTRACT㪖㉦ᇭ⺈ℝ㡈㽤嫷᧨㓏㦘㪖㉦⇜♙␅♥
⋋♾♑屐嫷6-12ᇭ

嫛㠖咂㷳᧨⃮幇㦘䤓床劔↩ℶ䞮䠠桽᧨㡈㽤䤓⸩⃘♾ⅴ抩扖幎桽㪖㉦ᇬ⚜䱿侱ㆤᇬ㙞承
䶵侱ㆤ嫷才䂔㯩᧨⇕㡈㽤摛槱䤓ⅲ䪐♊❹摛ℕ᧻㡈㽤摛䤓Javaⅲ䪐᧨兞扖冥幠⣷冥幠㒟ⷦ唑
䪐㖖ⅳ⚝᧨ⷧ㟍⦷㡈㽤⻭㊶嫷楕⚗₼₹⚜“Code”䤓⻭㊶摛槱᧨⻭㊶嫷⇫Class㠖ↅ㫋㆞



₼㦏␆㓸⻤㊶䤓䱜㟿㗽欈䥽᧨⺕⦷6.3.7唑₼幵兕幁屲ᇭ

㒠ⅻ其兼ⅴⅲ䪐䂔◤6-1₼䤓Class㠖ↅ√⺈㡈㽤嫷楕⚗扪嫛⒕㨟᧨Ⱁ⦍6-9㓏䯉᧨㡈㽤
嫷楕⚗䤓⏴♲⦿⧏᧶0x00000101᧨䶻₹u2伊⨚䤓㟿㗽᧤☂㢾帰㟿⣷⹈摞᧥䤓⋋
0x0002᧨ⅲ嫷楕⚗₼㦘₳₹㡈㽤᧤扨₳₹㡈㽤冥幠⣷䂊┯䤓⸭√㨓抯⣷᧸init᧺✛䄟䪐₼
䤓㡈㽤inc᧤᧥᧥ᇭ䶻₹㡈㽤䤓幎桽㪖㉦⋋0x001᧨⃮⻀㢾♹㦘ACC_PUBLIC㪖㉦䦮᧨
⚜䱿侱ㆤ⋋0x0007᧨㩴ⅲ䪐䂔◤6-2䤓デ摞㻯㈦㡈㽤⚜“᧸init᧺”᧨㙞承䶵侱ㆤ⋋
0x0008᧨⺈ㄣデ摞“᧤᧥V”᧨⻭㊶嫷帰㟿⣷attributes_count䤓⋋0x0001⻀嫷䯉㷳㡈㽤䤓⻭
㊶嫷楕⚗㦘欈⻭㊶᧨⻭㊶⚜䱿侱ㆤ0x0009᧨⺈ㄣデ摞“Code”᧨広㢝㷳⻭㊶㢾㡈㽤䤓ⷦ
唑䪐㙞承ᇭ

⦍ᇫ6-9ᇫ㡈㽤嫷兢㨓⸭√

ⷦ㹄嫷楕⚗䦇⺈ㄣ䤓᧨Ⱁ㨫䓅伊㡈㽤⦷伊₼㼰㦘嬺摜᧤Override᧥᧨㡈㽤嫷楕⚗
₼⻀ₜ↩⒉䘿㧴呹䓅伊䤓㡈㽤≰㋾ᇭ⇕⚛㫆䤓᧨㦘♾厌↩⒉䘿䟀冥幠⣷呹┷䂊┯䤓㡈㽤᧨㦏
␇⨚䤓≎㢾伊㨓抯⣷“᧸clinit᧺”㡈㽤✛⸭√㨓抯⣷“᧸init᧺”[1]㡈㽤ᇭ

⦷Java幼岏₼᧨尐摜戌᧤Overload᧥₹㡈㽤᧨棳ℕ尐☮㡈㽤␆㦘䦇⚛䤓丏◤⚜䱿⃚
⮥᧨执尐㻑㉔權㕴㦘₹☮㡈㽤ₜ⚛䤓䔈㈐不⚜[2]᧨䔈㈐不⚜⻀㢾₹㡈㽤₼⚓₹♑㟿⦷
デ摞㻯₼䤓ⷦ㹄䶵⚆ㆤ䞷䤓楕⚗᧨⃮⻀㢾⥯扣⥭⋋ₜ↩▔⚺⦷䔈㈐不⚜₼᧨⥯㷳Java幼岏
摛槱㢾㡯㽤⅔⅔∬槯扣⥭⋋䤓ₜ⚛㧴⺈₹め㦘㡈㽤扪嫛摜戌䤓ᇭ⇕㢾⦷Class㠖ↅ㫋㆞₼᧨
䔈㈐不⚜䤓喒⦃㦃⮶K᧨♹尐㙞承䶵ₜ㢾⸛⏷咃䤓₳₹㡈㽤⃮♾ⅴ␀ⷧᇭ⃮⻀㢾広᧨Ⱁ
㨫₳₹㡈㽤㦘䦇⚛䤓⚜䱿✛䔈㈐不⚜᧨⇕扣⥭⋋ₜ⚛᧨挲⃮⃗㢾♾ⅴ⚗㽤␀ⷧℝ⚛₹Class
㠖ↅ₼䤓ᇭ

[1]᧸init᧺✛᧸clinit᧺䤓幵兕␔⹈屐㦻䤓䶻10䵯ᇭ
[2]⦷ᇵJava壩㕮㧉屓喒᧤䶻2䓗᧥ᇶ䤓“§4.4.4 Signatures”䵯唑♙ᇵJava幼岏屓喒᧤䶻3䓗᧥ᇶ
䤓“§8.4.2 Method Signature”䵯唑₼掌⒕Ⓔ⸩⃘ℕⷦ唑䪐⻑槱䤓㡈㽤䔈㈐不⚜ⅴ♙Javaⅲ䪐⻑
槱䤓㡈㽤䔈㈐不⚜᧨Javaⅲ䪐䤓㡈㽤䔈㈐不⚜♹▔㕻ℕ㡈㽤⚜䱿ᇬ♑㟿欉ㄞ♙♑㟿伊⨚᧨力
ⷦ唑䪐䤓䔈㈐不⚜执▔㕻㡈㽤扣⥭⋋ⅴ♙♦㩴㆑デ嫷᧨庆床劔㫈㗽ₙₚ㠖幼⬒㽷㎞◉⒕ᇭ



6.3.7ᇫ⻭㊶嫷楕⚗

⻭㊶嫷᧤attribute_info᧥⦷ⓜ槱䤓幁屲⃚₼め兞⒉䘿扖㟿㶰᧨⦷Class㠖ↅᇬⷦ㹄嫷ᇬ㡈
㽤嫷掌♾ⅴ㛉サ呹む䤓⻭㊶嫷楕⚗᧨ⅴ䞷ℝ㙞承㩟K⧉㣾₢㦘䤓≰㋾ᇭ

Class㠖ↅ₼␅Ⅵ䤓㟿㗽欈䥽尐㻑₴㫋䤓欉ㄞᇬ栎ㄵ✛␔⹈ₜ⚛᧨⻭㊶嫷楕⚗䤓棟Ⓟ䲜
㈽⹌㨍ℕK᧨ₜ␜尐㻑⚓₹⻭㊶嫷␆㦘₴㫋欉ㄞ᧨ㄅ₣♹尐ₜめ㦘⻭㊶⚜摜⮜᧨↊⇤ⅉ
⸭䘿䤓冥幠⣷掌♾ⅴ⚠⻭㊶嫷₼⏴呹む⸩⃘䤓⻭㊶≰㋾᧨Java壩㕮㧉扟嫛㢅↩㊌䟴㘘⸒ₜ
帳幕䤓⻭㊶ᇭℕ厌㷲䫽屲㨟Class㠖ↅ᧨ᇵJava壩㕮㧉屓喒᧤䶻2䓗᧥ᇶ₼欓⸩⃘ℕ9欈壩㕮
㧉⸭䘿ㄣ㇢厌幕Ⓔ䤓⻭㊶᧨力⦷㦏㠿䤓ᇵJava壩㕮㧉屓喒᧤Java SE 7᧥ᇶ䓗₼᧨欓⸩⃘⻭㊶
め兞⬭┯Ⓙ21欈᧨␆⇢␔⹈屐嫷6-13ᇭₚ㠖₼⺕⺈␅₼K⻭㊶₼䤓␂枽デ䞷䤓捷⒕扪嫛幁
屲ᇭ





⺈ℝ㹞₹⻭㊶᧨⸒䤓⚜䱿榏尐⅝デ摞㻯₼ㆤ䞷₹CONSTANT_Utf8_info伊⨚䤓デ摞㧴
嫷䯉᧨力⻭㊶⋋䤓兢㨓⒨㢾⸛⏷呹⸩⃘䤓᧨♹榏尐抩扖₹u4䤓栎ㄵ⻭㊶♊広㢝⻭㊶⋋㓏◯
䞷䤓⇜㟿☂♾ᇭ₹䶵⚗屓⒨䤓⻭㊶嫷ㄣ年䅰恂嫷6-14₼㓏⸩⃘䤓兢㨓ᇭ

1.Code⻭㊶

Java䲚ㄞ㡈㽤⇢₼䤓ⅲ䪐兞扖Javac冥幠⣷⮓䚕⚝᧨㦏兗♧ⷦ唑䪐㖖ⅳⷧ⌷⦷Code⻭㊶
␔ᇭCode⻭㊶⒉䘿⦷㡈㽤嫷䤓⻭㊶楕⚗⃚₼᧨⇕ㄅ槭㓏㦘䤓㡈㽤嫷掌㉔權ⷧ⦷扨₹⻭㊶᧨巻
Ⱁ㘴♲㒥劔㕌廰伊₼䤓㡈㽤⻀ₜⷧ⦷Code⻭㊶᧨Ⱁ㨫㡈㽤嫷㦘Code⻭㊶ⷧ⦷᧨挲⃗⸒䤓兢㨓
⺕Ⱁ嫷6-15㓏䯉ᇭ

attribute_name_index㢾欈㖖⚠CONSTANT_Utf8_info⨚デ摞䤓侱ㆤ᧨デ摞⋋⦉⸩
“Code”᧨⸒ⅲ嫷ℕ年⻭㊶䤓⻭㊶⚜䱿᧨attribute_length㖖䯉ℕ⻭㊶⋋䤓栎ㄵ᧨䟀ℝ⻭㊶⚜䱿
侱ㆤ⻭㊶栎ㄵ␀6ⷦ唑᧨㓏ⅴ⻭㊶⋋䤓栎ㄵ⦉⸩㠃₹⻭㊶嫷栎ㄵ♊6₹ⷦ唑ᇭ

max_stackⅲ嫷ℕ㝜⇫㟿㪗᧤Operand Stacks᧥䂀ㄵ䤓㦏⮶⋋ᇭ⦷㡈㽤㓶嫛䤓↊㎞㢅Ⓤ᧨
㝜⇫㟿㪗掌ₜ↩怔扖扨₹䂀ㄵᇭ壩㕮㧉扟嫛䤓㢅⊨榏尐㫈㗽扨₹⋋㧴⒕揜㪗ザ᧤Stack
Frame᧥₼䤓㝜⇫㪗䂀ㄵᇭ

max_localsⅲ嫷ℕ⻏捷♧摞嫷㓏榏䤓ⷧ⌷䴉梃ᇭ⦷扨摛᧨max_locals䤓◤⇜㢾Slot,Slot㢾



壩㕮㧉⻏捷♧摞⒕揜␔ⷧ㓏∎䞷䤓㦏⺞◤⇜ᇭ⺈ℝbyteᇬcharᇬfloatᇬintᇬshortᇬboolean
✛returnAddress䷘栎ㄵₜ怔扖32⇜䤓㟿㗽伊⨚᧨㹞₹⻏捷♧摞◯䞷1₹Slot᧨力double✛long扨
₳䱜64⇜䤓㟿㗽伊⨚⒨榏尐₳₹Slot㧴ⷧ㟍ᇭ㡈㽤♑㟿᧤▔㕻⸭√㡈㽤₼䤓椟塞♑
㟿“this”᧥ᇬ㣍㆞㆑デ⮓䚕⣷䤓♑㟿᧤Exception Handler Parameter᧨⻀㢾try-catch幼♴₼catch
⧦㓏⸩⃘䤓㆑デ᧥ᇬ㡈㽤⇢₼⸩⃘䤓⻏捷♧摞掌榏尐∎䞷⻏捷♧摞嫷㧴ⷧ㟍ᇭ♵⮥᧨ㄅₜ㢾
⦷㡈㽤₼䞷Ⓙℕ⮩⺠₹⻏捷♧摞᧨⻀㔙扨K⻏捷♧摞㓏◯Slot⃚✛⇫max_locals䤓⋋᧨☮⥯
㢾⻏捷♧摞嫷₼䤓Slot♾ⅴ摜䞷᧨㇢ⅲ䪐㓶嫛怔⒉₹⻏捷♧摞䤓⇫䞷⩮㢅᧨扨₹⻏捷♧摞
㓏◯䤓Slot♾ⅴ嬺␅Ⅵ⻏捷♧摞㓏∎䞷᧨Javac冥幠⣷↩㫈㗽♧摞䤓⇫䞷⩮㧴⒕揜Slot全⚓₹
♧摞∎䞷᧨䏅⚝帰並⒉max_locals䤓⮶⺞ᇭ

code_length✛code䞷㧴ⷧ⌷Java䄟䲚ㄞ冥幠⚝䞮㒟䤓ⷦ唑䪐㖖ⅳᇭcode_lengthⅲ嫷ⷦ唑䪐
栎ㄵ᧨code㢾䞷ℝⷧ⌷ⷦ唑䪐㖖ⅳ䤓侊⒦ⷦ唑㿐ᇭ㡱䏅♺ⷦ唑䪐㖖ⅳ᧨挲⃗㹞₹㖖ⅳ⻀㢾
₹u1伊⨚䤓◤ⷦ唑᧨㇢壩㕮㧉床♥Ⓙcode₼䤓₹ⷦ唑䪐㢅᧨⻀♾ⅴ⺈ㄣ㔍⒉扨₹ⷦ唑䪐
ⅲ嫷䤓㢾⅏⃗㖖ⅳ᧨ㄅ₣♾ⅴ䩴拢扨㧰㖖ⅳ⚝槱㢾⚵榏尐恮椞♑㟿᧨ⅴ♙♑㟿ㄣ㇢Ⱁ⇤䚕
屲ᇭ㒠ⅻ䩴拢₹u1㟿㗽伊⨚䤓♥⋋喒⦃0x00ᨺ0xFF᧨⺈ㄣ◐扪Ⓟ䤓0ᨺ255᧨⃮⻀㢾␀
♾ⅴ嫷才256㧰㖖ⅳ᧨䥽ⓜ᧨Java壩㕮㧉屓喒め兞⸩⃘ℕ␅₼儵200㧰冥䪐⋋⺈ㄣ䤓㖖ⅳ⚺
⃘᧨冥䪐㖖ⅳ⃚梃䤓⺈ㄣ␂侊♾㩴梔㦻䤓棓B“壩㕮㧉ⷦ唑䪐㖖ⅳ嫷”ᇭ

␂ℝcode_length᧨㦘ↅ⋋㈦㽷㎞䤓ℚ㍔᧨夌䏅⸒㢾₹u4伊⨚䤓栎ㄵ⋋᧨䚕幉ₙ㦏⮶
⋋♾ⅴ才Ⓙ232-1᧨⇕㢾壩㕮㧉屓喒₼㢝䫽棟Ⓟℕ₹㡈㽤ₜ⏐幇怔扖65535㧰ⷦ唑䪐㖖ⅳ᧨
☂⸒⸭棔♹∎䞷ℕu2䤓栎ㄵ᧨Ⱁ㨫怔扖扨₹棟Ⓟ᧨Javac冥幠⣷⃮↩㕡公冥幠ᇭ咻㧴幁᧨冥
Javaⅲ䪐㢅♹尐ₜ㢾Ⓤ㎞♊冥₹怔栎䤓㡈㽤㧴楍冥幠⣷᧨㢾ₜ⮹♾厌怔扖扨₹㦏⮶
⋋䤓棟Ⓟᇭ⇕㢾᧨㩟K䔈㸙㍔⑄᧨√Ⱁ⦷冥幠₹㈗⮜㧑䤓JSP㠖ↅ㢅᧨㩟KJSP冥幠⣷↩㔙
JSP␔⹈✛欄槱戢⒉䤓≰㋾㇡ㄅℝ₹㡈㽤⃚₼᧨⻀♾厌⥯㡈㽤䞮㒟ⷦ唑䪐怔栎䤓☮⥯力
⺋咃冥幠⯀徴ᇭ

Code⻭㊶㢾Class㠖ↅ₼㦏摜尐䤓₹⻭㊶᧨Ⱁ㨫㔙₹Java䲚ㄞ₼䤓≰㋾⒕ⅲ䪐
᧤Code᧨㡈㽤⇢摛槱䤓Javaⅲ䪐᧥✛⏒㟿㗽᧤Metadata᧨▔㕻伊ᇬⷦ㹄ᇬ㡈㽤⸩⃘♙␅Ⅵ≰
㋾᧥₳捷⒕᧨挲⃗⦷㠃₹Class㠖ↅ₼᧨Code⻭㊶䞷ℝ㙞承ⅲ䪐᧨㓏㦘䤓␅Ⅵ㟿㗽欈䥽掌䞷
ℝ㙞承⏒㟿㗽ᇭℕ屲Code⻭㊶㢾⃯ⷵ⚝槱␂ℝⷦ唑䪐㓶嫛ㆤ㝝␔⹈䤓㉔尐⪉䫏᧨厌䦃㘴梔床
ⷦ唑䪐⃮㢾ぴ⇫₼⒕㨟Javaⅲ䪐幼⃘桽欧䤓㉔尐ぴ␆✛⪉㦻㔏厌᧨⥯㷳䶣劔ℕ₹㹣戒
幵兕䤓⸭√㧴幁屲壩㕮㧉㢾Ⱁ⇤∎䞷扨₹⻭㊶䤓ᇭ

其兼ⅴⅲ䪐䂔◤6-1䤓TestClass.class㠖ↅ√᧨Ⱁ⦍6-10㓏䯉᧨扨㢾ₙ唑⒕㨟扖䤓⸭
√㨓抯⣷“᧸init᧺”㡈㽤䤓Code⻭㊶ᇭ⸒䤓㝜⇫㟿㪗䤓㦏⮶䂀ㄵ✛㦻⦿♧摞嫷䤓⹈摞掌
0x0001᧨ⷦ唑䪐◉⩮㓏◯䴉梃䤓栎ㄵ0x0005ᇭ壩㕮㧉床♥Ⓙⷦ唑䪐◉⩮䤓栎ㄵ⚝᧨㖘䏶欉
ㄞ∬㶰床⏴侶椞䤓5₹ⷦ唑᧨ㄅ㫈㗽ⷦ唑䪐㖖ⅳ嫷劊幠⒉㓏⺈ㄣ䤓ⷦ唑䪐㖖ⅳᇭ劊幠“2A B7
00 0A B1”䤓扖䲚᧶

1᧥床⏴2A᧨㩴嫷㈦0x2A⺈ㄣ䤓㖖ⅳaload_0᧨扨₹㖖ⅳ䤓⚺⃘㢾⺕䶻0₹Slot₼
reference伊⨚䤓㦻⦿♧摞㘷抐Ⓙ㝜⇫㟿㪗欅ᇭ

2᧥床⏴B7᧨㩴嫷㈦0xB7⺈ㄣ䤓㖖ⅳinvokespecial᧨扨㧰㖖ⅳ䤓⇫䞷㢾ⅴ㪗欅䤓
reference伊⨚䤓㟿㗽㓏㖖⚠䤓⺈廰⇫㡈㽤㘴㟅劔᧨庒䞷㷳⺈廰䤓⸭√㨓抯⣷㡈㽤ᇬprivate
㡈㽤㒥劔⸒䤓䓅伊䤓㡈㽤ᇭ扨₹㡈㽤㦘₹u2伊⨚䤓♑㟿広㢝␆⇢庒䞷❹₹㡈㽤᧨⸒㖖⚠
デ摞㻯₼䤓₹CONSTANT_Methodref_info伊⨚デ摞᧨☂㷳㡈㽤䤓㡈㽤䶵⚆ㆤ䞷ᇭ



3᧥床⏴00 0A᧨扨㢾invokespecial䤓♑㟿᧨㩴デ摞㻯㈦0x000A⺈ㄣ䤓デ摞⸭√㨓抯
⣷“᧸init᧺”㡈㽤䤓䶵⚆ㆤ䞷ᇭ

4᧥床⏴B1᧨㩴嫷㈦0xB1⺈ㄣ䤓㖖ⅳreturn᧨⚺⃘㢾扣⥭㷳㡈㽤᧨ㄅ₣扣⥭⋋voidᇭ
扨㧰㖖ⅳ㓶嫛⚝᧨㇢ⓜ㡈㽤兢㧮ᇭ

⦍ᇫ6-10ᇫCode⻭㊶兢㨓⸭√

扨㹄ⷦ唑䪐夌䏅㈗䩼᧨⇕㢾咂⺠♾ⅴ䦚⒉⸒䤓㓶嫛扖䲚₼䤓㟿㗽ℳ㗱ᇬ㡈㽤庒䞷䷘㝜⇫
掌㢾⪉ℝ㪗᧤㝜⇫㪗᧥䤓ᇭ㒠ⅻ♾ⅴ⒬㷴䖫㿚᧶Java壩㕮㧉㓶嫛ⷦ唑䪐㢾⪉ℝ㪗䤓⇢侊兢
㨓ᇭ⇕㢾咻⪉ℝ⪕㪗䤓榅ⷦ唑㖖ⅳ♗ₜ⮹㫆᧨㩟K㖖ⅳ᧤Ⱁinvokespecial᧥⚝槱执↩
サ㦘♑㟿᧨␂ℝ壩㕮㧉ⷦ唑䪐㓶嫛䤓幁屲㢾⚝槱₳䵯䤓摜䍈᧨㒠ⅻₜⰷ㔙扨摛䤓䠠桽㟍Ⓙ䶻
8䵯♊屲⑂ᇭ

㒠ⅻ␜㶰∎䞷javap✌ⅳ㔙㷳Class㠖ↅ₼䤓♵⮥₹㡈㽤䤓ⷦ唑䪐㖖ⅳ⃮帰並⒉㧴᧨兢
㨫Ⱁⅲ䪐䂔◤6-4㓏䯉ᇭ

ⅲ䪐䂔◤6-4ᇫ䞷javap✌ⅳ帰並ⷦ唑䪐㖖ⅳ

//☮ⱚJavaⅲ䪐
public class TestClass{
private int m᧷
public int inc᧤᧥{
return m+1᧷
}
}
C᧶\᧺javap-verbose TestClass
//デ摞嫷捷⒕䤓戢⒉屐ⅲ䪐䂔◤6-1᧨⥯䓗槱☮⥯扨摛䦐䟴㘘
{
public org.fenixsoft.clazz.TestClass᧤᧥᧷
Code᧶
Stack=1᧨Locals=1᧨Args_size=1
0᧶aload_0
1᧶invokespecial#10᧷//Method java/lang/Object."᧸init᧺"᧶᧤᧥V
4᧶return
LineNumberTable᧶
line 3᧶0
LocalVariableTable᧶
Start Length Slot Name Signature
0 5 0 this Lorg/fenixsoft/clazz/TestClass᧷
public int inc᧤᧥᧷
Code᧶
Stack=2᧨Locals=1᧨Args_size=1
0᧶aload_0
1᧶getfield#18᧷//Field m᧶I
4᧶iconst_1
5᧶iadd
6᧶ireturn
LineNumberTable᧶
line 8᧶0
LocalVariableTable᧶
Start Length Slot Name Signature
0 7 0 this Lorg/fenixsoft/clazz/TestClass᧷
}

Ⱁ㨫⮶⹅㽷㎞Ⓙjavap₼戢⒉䤓“Args_size”䤓⋋᧨♾厌↩㦘䠠桽᧶扨₹伊㦘₳₹㡈㽤——
⸭√㨓抯⣷᧸init᧺᧤᧥✛inc᧤᧥᧨扨₳₹㡈㽤㈗㢝㣍掌㢾㼰㦘♑㟿䤓᧨⅏⃗Args_size↩
1᧻力₣㡯幉㢾⦷♑㟿⒦嫷摛执㢾㡈㽤⇢␔᧨掌㼰㦘⸩⃘↊⇤⻏捷♧摞᧨挲Locals♗⅏⃗
↩䷘ℝ1᧻Ⱁ㨫㦘扨㫆䤓䠠桽᧨⮶⹅♾厌㢾㊌䟴ℕ䍈᧶⦷↊⇤⸭√㡈㽤摛槱᧨掌♾ⅴ抩
扖“this”␂枽ⷦ幎桽Ⓙ㷳㡈㽤㓏⻭䤓⺈廰ᇭ扨₹幎桽㧉Ⓟ⺈Java䲚ㄞ䤓冥㈗摜尐᧨力⸒䤓⸭
䘿☃槭デ丏◤᧨⅔⅔㢾抩扖Javac冥幠⣷冥幠䤓㢅⊨㔙⺈this␂枽ⷦ䤓幎桽懻♧⺈₹㣽抩



㡈㽤♑㟿䤓幎桽᧨䏅⚝⦷壩㕮㧉庒䞷⸭√㡈㽤㢅呹┷↯⏴㷳♑㟿力めᇭ⥯㷳⦷⸭√㡈㽤䤓⻏
捷♧摞嫷₼咂⺠↩ⷧ⦷₹㖖⚠㇢ⓜ⺈廰⸭√䤓⻏捷♧摞᧨⻏捷♧摞嫷₼⃮↩欓䟨⒉䶻₹
Slot⇜㧴ⷧ㟍⺈廰⸭√䤓ㆤ䞷᧨㡈㽤♑㟿⋋⅝1ⱚ帰並ᇭ扨₹⮓䚕♹⺈⸭√㡈㽤㦘㟗᧨Ⱁ㨫
ⅲ䪐䂔◤6-1₼䤓inc᧤᧥㡈㽤⭿㢝static᧨挲Args_size⻀ₜ↩䷘ℝ1力㢾䷘ℝ0ℕᇭ

⦷ⷦ唑䪐㖖ⅳ⃚⚝䤓㢾扨₹㡈㽤䤓㣍㆞㆑デ⮓䚕嫷᧤ₚ㠖丏䱿㆑デ嫷᧥楕⚗᧨㆑デ嫷⺈
ℝCode⻭㊶㧴広ㄅₜ㢾㉔權ⷧ⦷䤓᧨Ⱁⅲ䪐䂔◤6-4₼⻀㼰㦘㆑デ嫷䞮㒟ᇭ

㆑デ嫷䤓㫋㆞Ⱁ嫷6-16㓏䯉᧨⸒▔⚺4₹ⷦ㹄᧨扨Kⷦ㹄䤓⚺⃘᧶Ⱁ㨫㇢ⷦ唑䪐⦷䶻
start_pc嫛[1]Ⓙ䶻end_pc嫛⃚梃᧤ₜ⚺䶻end_pc嫛᧥⒉䘿ℕ伊⨚catch_type㒥劔␅伊䤓㆑デ
᧤catch_type㖖⚠₹CONSTANT_Class_info⨚デ摞䤓侱ㆤ᧥᧨⒨懻Ⓙ䶻handler_pc嫛其兼
⮓䚕ᇭ㇢catch_type䤓⋋0㢅᧨ⅲ嫷↊㎞㆑デ㍔⑄掌榏尐懻⚠Ⓙhandler_pc⮓扪嫛⮓䚕ᇭ

㆑デ嫷⸭棔ₙ㢾Javaⅲ䪐䤓捷⒕᧨冥幠⣷∎䞷㆑デ嫷力ₜ㢾丏◤䤓悂懻✌ⅳ㧴⸭䘿
Java㆑デ♙finally⮓䚕㧉Ⓟ[2]ᇭ

ⅲ䪐䂔◤6-5㢾㹄䆣䯉㆑デ嫷Ⱁ⇤扟⇫䤓√᧨扨㹄ⅲ䪐尐䆣䯉ℕ⦷ⷦ唑䪐⻑槱₼
try-catch-finally㢾Ⱁ⇤⸭䘿䤓ᇭ⦷梔床ⷦ唑䪐⃚ⓜ᧨⮶⹅ₜⰷ⏗䦚䦚ₚ槱䤓Java䄟䪐᧨㎂ₚ
扨㹄ⅲ䪐䤓扣⥭⋋⦷⒉䘿㆑デ✛ₜ⒉䘿㆑デ䤓㍔⑄ₚ⒕Ⓔㄣ年㢾⮩⺠᧻

ⅲ䪐䂔◤6-5ᇫ㆑デ嫷扟⇫䆣䯉

//Java䄟䪐
public int inc᧤᧥{
int x᧷
try{
x=1᧷
return x᧷
}catch᧤Exception e᧥{
x=2᧷
return x᧷
}finally{
x=3᧷
}
}
//冥幠⚝䤓ByteCodeⷦ唑䪐♙㆑デ嫷
public int inc᧤᧥᧷
Code᧶
Stack=1᧨Locals=5᧨Args_size=1
0᧶iconst_1//try⧦₼䤓x=1
1᧶istore_1
2᧶iload_1//≬ⷧxⒿreturnValue₼᧨㷳㢅x=1
3᧶istore 4
5᧶iconst_3//finaly⧦₼䤓x=3
6᧶istore_1
7᧶iload 4//⺕returnValue₼䤓⋋㟍Ⓙ㪗欅᧨全ireturn扣⥭
9᧶ireturn
10᧶astore_2//全catch₼⸩⃘䤓Exception e忚⋋᧨ⷧ⌷⦷Slot 2₼
11᧶iconst_2//catch⧦₼䤓x=2
12᧶istore_1
13᧶iload_1//≬ⷧxⒿreturnValue₼᧨㷳㢅x=2
14᧶istore 4
16᧶iconst_3//finaly⧦₼䤓x=3
17᧶istore_1
18᧶iload 4//⺕returnValue₼䤓⋋㟍Ⓙ㪗欅᧨全ireturn扣⥭
20᧶ireturn
21᧶astore_3//Ⱁ㨫⒉䘿ℕₜ⻭ℝjava.lang.Exception♙␅伊䤓㆑デ㓜↩忿Ⓙ扨摛
22᧶iconst_3//finaly⧦₼䤓x=3
23᧶istore_1
24᧶aload_3//⺕㆑デ㟍函Ⓙ㪗欅᧨ㄅ㔪⒉
25᧶athrow
Exception table᧶
from to target type
0 5 10 Class java/lang/Exception
0 5 21 any
10 16 21 any



冥幠⣷扨㹄Java䄟䪐䞮㒟ℕ3㧰㆑デ嫷帿᧨⺈ㄣ3㧰♾厌⒉䘿䤓ⅲ䪐㓶嫛恾㈓ᇭ⅝
Javaⅲ䪐䤓幼⃘ₙ幁᧨扨3㧰㓶嫛恾㈓⒕Ⓔ᧶

Ⱁ㨫try幼♴⧦₼⒉䘿⻭ℝException㒥␅伊䤓㆑デ᧨⒨懻Ⓙcatch幼♴⧦⮓䚕ᇭ

Ⱁ㨫try幼♴⧦₼⒉䘿ₜ⻭ℝException㒥␅伊䤓㆑デ᧨⒨懻Ⓙfinally幼♴⧦⮓䚕ᇭ

Ⱁ㨫catch幼♴⧦₼⒉䘿↊⇤㆑デ᧨⒨懻Ⓙfinally幼♴⧦⮓䚕ᇭ

扣⥭Ⓙ㒠ⅻₙ槱㙟⒉䤓桽欧᧨扨㹄ⅲ䪐䤓扣⥭⋋ㄣ年㢾⮩⺠᧻⺈Java幼岏䐮㌘䤓床劔ㄣ
年㈗⹈㢢広⒉䷣㫗᧶Ⱁ㨫㼰㦘⒉䘿㆑デ᧨扣⥭⋋㢾1᧷Ⱁ㨫⒉䘿ℕException㆑デ᧨扣⥭⋋㢾
2᧷Ⱁ㨫⒉䘿ℕExceptionⅴ⮥䤓㆑デ᧨㡈㽤槭㷲デ抏⒉᧨㼰㦘扣⥭⋋ᇭ㒠ⅻ怆㧴⒕㨟ₚ
ⷦ唑䪐䤓㓶嫛扖䲚᧨⅝ⷦ唑䪐䤓⻑槱ₙ䦚䦚⇤↩㦘扨㫆䤓扣⥭兢㨫ᇭ

ⷦ唑䪐₼䶻0ᨺ4嫛㓏⋩䤓㝜⇫⻀㢾⺕㠃㟿1忚⋋全♧摞x᧨ㄅ₣⺕㷳㢅x䤓⋋⮜Ⓟ⓾
㦻Ⓙ㦏⚝₹㦻⦿♧摞嫷䤓Slot₼᧤扨₹Slot摛槱䤓⋋⦷ireturn㖖ⅳ㓶嫛ⓜ⺕↩嬺摜㠿床Ⓙ㝜
⇫㪗欅᧨⇫㡈㽤扣⥭⋋∎䞷ᇭℕ幁屲㡈≎᧨䶣劔全扨₹Slot怆ℕ₹⚜ⷦ᧶returnValue᧥ᇭ
Ⱁ㨫扨㢅㼰㦘⒉䘿㆑デ᧨⒨↩其兼忿Ⓙ䶻5ᨺ9嫛᧨⺕♧摞x忚⋋3᧨䏅⚝⺕⃚ⓜ≬ⷧ⦷
returnValue₼䤓㠃㟿1床⏴Ⓙ㝜⇫㪗欅᧨㦏⚝ireturn㖖ⅳ↩ⅴintㇱ㆞扣⥭㝜⇫㪗欅₼䤓⋋᧨㡈
㽤兢㧮ᇭⰑ㨫⒉䘿ℕ㆑デ᧨PC⹓ⷧ⣷㖖朗懻Ⓙ䶻10嫛᧨䶻10ᨺ20嫛㓏⋩䤓ℚ㍔㢾⺕2忚⋋全
♧摞x᧨䏅⚝⺕♧摞x㷳㢅䤓⋋忚全returnValue᧨㦏⚝␜⺕♧摞x䤓⋋㟈3ᇭ㡈㽤扣⥭ⓜ⚛㫆
⺕returnValue₼≬䟨䤓㠃㟿2床Ⓙℕ㝜⇫㪗欅ᇭ⅝䶻21嫛ⱚ䤓ⅲ䪐᧨⇫䞷㢾♧摞x䤓⋋忚
3᧨ㄅ⺕㪗欅䤓㆑デ㔪⒉᧨㡈㽤兢㧮ᇭ

⻌丰⮶⹅掌䩴拢扨㹄ⅲ䪐⒉䘿㆑デ䤓㰑䘖槭デ⺞᧨⇕ㄅₜ㈀❜⸒㒠ⅻ䆣䯉㆑デ嫷䤓⇫
䞷ᇭⰑ㨫⮶⹅Ⓙ扨摛⅜䏅⺈ⷦ唑䪐䤓扟⇫扖䲚㹣戒㲰余᧨␅⸭⃮ₜ尐侶᧨␂ℝ壩㕮㧉㓶嫛ⷦ
唑䪐䤓扖䲚᧨㦻䶻8䵯₼⺕↩㦘㦃幵兕䤓幁屲ᇭ

2.Exceptions⻭㊶

扨摛䤓Exceptions⻭㊶㢾⦷㡈㽤嫷₼Code⻭㊶儶䤓欈⻭㊶᧨床劔ₜ尐ⓜ槱⒩⒩
幁屲⸛䤓㆑デ嫷ℶ䞮䂆䁕ᇭExceptions⻭㊶䤓⇫䞷㢾⒦⒉㡈㽤₼♾厌㔪⒉䤓♦㩴㆑デ
᧤Checked Excepitons᧥᧨⃮⻀㢾㡈㽤㙞承㢅⦷throws␂枽ⷦ⚝槱⒦䤓㆑デᇭ⸒䤓兢㨓屐嫷
6-17ᇭ

Exceptions⻭㊶₼䤓number_of_exceptions欈嫷䯉㡈㽤♾厌㔪⒉number_of_exceptions䱜♦㩴
㆑デ᧨㹞䱜♦㩴㆑デ∎䞷₹exception_index_table欈嫷䯉᧨exception_index_table㢾₹㖖
⚠デ摞㻯₼CONSTANT_Class_info⨚デ摞䤓侱ㆤ᧨ⅲ嫷ℕ年♦㩴㆑デ䤓伊⨚ᇭ



3.LineNumberTable⻭㊶

LineNumberTable⻭㊶䞷ℝ㙞承Java䄟䪐嫛⚆ⷦ唑䪐嫛⚆᧤ⷦ唑䪐䤓⋞䲊摞᧥⃚梃䤓⺈
ㄣ␂侊ᇭ⸒ㄅₜ㢾扟嫛㢅㉔榏䤓⻭㊶᧨⇕照帳↩䞮㒟ⒿClass㠖ↅ⃚₼᧨♾ⅴ⦷Javac₼⒕Ⓔ
∎䞷-g᧶none㒥-g᧶lines折欈㧴♥䀗㒥尐㻑䞮㒟扨欈≰㋾ᇭⰑ㨫折㕸ₜ䞮㒟LineNumberTable
⻭㊶᧨⺈䲚ㄞ扟嫛ℶ䞮䤓㦏尐䤓㈀❜⻀㢾㇢㔪⒉㆑デ㢅᧨⪕㪗₼⺕ₜ↩㣍䯉⒉枨䤓嫛⚆᧨
ㄅ₣⦷庒幤䲚ㄞ䤓㢅⊨᧨⃮㡯㽤㖘䏶䄟䪐嫛㧴幍函㠼䍈ᇭLineNumberTable⻭㊶䤓兢㨓屐嫷6-
18ᇭ

line_number_table㢾₹㟿摞line_number_table_lengthᇬ伊⨚line_number_info䤓楕
⚗᧨line_number_info嫷▔㕻ℕstart_pc✛line_number₳₹u2伊⨚䤓㟿㗽欈᧨ⓜ劔㢾ⷦ唑䪐嫛
⚆᧨⚝劔㢾Java䄟䪐嫛⚆ᇭ

4.LocalVariableTable⻭㊶

LocalVariableTable⻭㊶䞷ℝ㙞承㪗ザ₼⻏捷♧摞嫷₼䤓♧摞Java䄟䪐₼⸩⃘䤓♧摞⃚
梃䤓␂侊᧨⸒⃮ₜ㢾扟嫛㢅㉔榏䤓⻭㊶᧨⇕照帳↩䞮㒟ⒿClass㠖ↅ⃚₼᧨♾ⅴ⦷Javac₼⒕
Ⓔ∎䞷-g᧶none㒥-g᧶vars折欈㧴♥䀗㒥尐㻑䞮㒟扨欈≰㋾ᇭⰑ㨫㼰㦘䞮㒟扨欈⻭㊶᧨㦏⮶䤓
㈀❜⻀㢾㇢␅Ⅵⅉㆤ䞷扨₹㡈㽤㢅᧨㓏㦘䤓♑㟿⚜䱿掌⺕↩₱⯀᧨IDE⺕↩∎䞷庇Ⱁarg0ᇬ
arg1⃚伊䤓◯⇜䶵ⅲ㦎☮㦘䤓♑㟿⚜᧨扨⺈䲚ㄞ扟嫛㼰㦘㈀❜᧨⇕㢾↩⺈ⅲ䪐冥サ㧴戒⮶
ₜ≎᧨力₣⦷庒幤㦮梃㡯㽤㫈㗽♑㟿⚜䱿⅝ₙₚ㠖₼噆㈦♑㟿⋋ᇭLocalVariableTable⻭㊶䤓
兢㨓屐嫷6-19ᇭ

␅₼᧨local_variable_info欈䥽ⅲ嫷ℕ₹㪗ザ䄟䪐₼䤓⻏捷♧摞䤓␂勣᧨兢㨓屐嫷6-
20ᇭ



start_pc✛length⻭㊶⒕Ⓔⅲ嫷ℕ扨₹⻏捷♧摞䤓䞮✌⛷㦮ⱚ䤓ⷦ唑䪐⋞䲊摞♙␅⇫䞷
喒⦃尕䥥䤓栎ㄵ᧨₳劔兢⚗怆㧴⻀㢾扨₹⻏捷♧摞⦷ⷦ唑䪐⃚₼䤓⇫䞷⩮喒⦃ᇭ

name_index✛descriptor_index掌㢾㖖⚠デ摞㻯₼CONSTANT_Utf8_info⨚デ摞䤓侱ㆤ᧨⒕
Ⓔⅲ嫷ℕ⻏捷♧摞䤓⚜䱿ⅴ♙扨₹⻏捷♧摞䤓㙞承䶵ᇭ

index㢾扨₹⻏捷♧摞⦷㪗ザ⻏捷♧摞嫷₼Slot䤓⇜函ᇭ㇢扨₹♧摞㟿㗽伊⨚㢾64⇜伊⨚
㢅᧤double✛long᧥᧨⸒◯䞷䤓Slotindex✛index+1₳₹ᇭ

欉≎㙟ₚ᧨⦷JDK 1.5ㆤ⏴㽪⨚⃚⚝᧨LocalVariableTable⻭㊶⬭┯ℕ₹“ⱟⱈ⻭㊶”᧶
LocalVariableTypeTable᧨扨₹㠿⬭䤓⻭㊶兢㨓LocalVariableTable槭デ䦇⇋᧨⅔⅔㢾㔙帿
䤓ⷦ㹄㙞承䶵䤓descriptor_index㦎㗱㒟ℕⷦ㹄䤓䔈㈐不⚜᧤Signature᧥᧨⺈ℝ槭㽪⨚伊⨚㧴
広᧨㙞承䶵✛䔈㈐不⚜厌㙞承䤓≰㋾㢾⪉㦻咃䤓᧨⇕㢾㽪⨚ㆤ⏴⃚⚝᧨䟀ℝ㙞承䶵₼㽪⨚
䤓♑㟿▥伊⨚嬺㝵棳㘘[3]᧨㙞承䶵⻀ₜ厌䫽⦿㙞承㽪⨚伊⨚ℕ᧨⥯㷳⒉䘿ℕ
LocalVariableTypeTableᇭ

5.SourceFile⻭㊶

SourceFile⻭㊶䞷ℝ帿䞮㒟扨₹Class㠖ↅ䤓䄟䪐㠖ↅ⚜䱿ᇭ扨₹⻭㊶⃮㢾♾折䤓᧨♾
ⅴ⒕Ⓔ∎䞷Javac䤓-g᧶none㒥-g᧶source折欈㧴␂桼㒥尐㻑䞮㒟扨欈≰㋾ᇭ⦷Java₼᧨⺈ℝ⮶
⮩㟿䤓伊㧴広᧨伊⚜✛㠖ↅ⚜㢾咃䤓᧨⇕㢾㦘K䔈㸙㍔⑄᧤Ⱁ␔捷伊᧥√⮥ᇭⰑ㨫ₜ䞮
㒟扨欈⻭㊶᧨㇢㔪⒉㆑デ㢅᧨⪕㪗₼⺕ₜ↩㣍䯉⒉枨ⅲ䪐㓏⻭䤓㠖ↅ⚜ᇭ扨₹⻭㊶㢾₹⸩
栎䤓⻭㊶᧨␅兢㨓屐嫷6-21ᇭ

sourcefile_index㟿㗽欈㢾㖖⚠デ摞㻯₼CONSTANT_Utf8_info⨚デ摞䤓侱ㆤ᧨デ摞⋋㢾䄟
䪐㠖ↅ䤓㠖ↅ⚜ᇭ



6.ConstantValue⻭㊶

ConstantValue⻭㊶䤓⇫䞷㢾抩䩴壩㕮㧉呹┷槨㊐♧摞忚⋋ᇭ♹㦘嬺static␂枽ⷦ≽毿䤓
♧摞᧤伊♧摞᧥㓜♾ⅴ∎䞷扨欈⻭㊶ᇭ伊⇋“int x=123”✛“static int x=123”扨㫆䤓♧摞⸩⃘⦷
Java䲚ㄞ₼㢾槭デデ屐䤓ℚ㍔᧨⇕壩㕮㧉⺈扨₳䱜♧摞忚⋋䤓㡈㆞✛㢅Ⓤ掌㦘㓏ₜ⚛ᇭ⺈ℝ
槭static伊⨚䤓♧摞᧤⃮⻀㢾⸭√♧摞᧥䤓忚⋋㢾⦷⸭√㨓抯⣷᧸init᧺㡈㽤₼扪嫛䤓᧷力⺈
ℝ伊♧摞᧨⒨㦘₳䱜㡈㆞♾ⅴ折㕸᧶⦷伊㨓抯⣷᧸clinit᧺㡈㽤₼㒥劔∎䞷ConstantValue⻭
㊶ᇭ䥽ⓜSun Javac冥幠⣷䤓折㕸㢾᧶Ⱁ㨫⚛㢅∎䞷final✛static㧴≽毿₹♧摞᧤㖘䏶⃯㍾᧨
扨摛䱿“デ摞”㦃心⒖᧥᧨ㄅ₣扨₹♧摞䤓㟿㗽伊⨚㢾⪉㦻伊⨚㒥劔java.lang.String䤓幬᧨⻀䞮
㒟ConstantValue⻭㊶㧴扪嫛⒬ⱚ▥᧨Ⱁ㨫扨₹♧摞㼰㦘嬺final≽毿᧨㒥劔ㄅ槭⪉㦻伊⨚♙ⷦ
䶵᧨⒨⺕↩折㕸⦷᧸clinit᧺㡈㽤₼扪嫛⒬ⱚ▥ᇭ

夌䏅㦘final␂枽ⷦ㓜㦃䶵⚗“ConstantValue”䤓幼⃘᧨⇕壩㕮㧉屓喒₼ㄅ㼰㦘㇉Ⓟ尐㻑ⷦ
㹄㉔權幍函ℕACC_FINAL㪖㉦᧨♹尐㻑ℕ㦘ConstantValue⻭㊶䤓ⷦ㹄㉔權幍函ACC_STATIC
㪖㉦力め᧨⺈final␂枽ⷦ䤓尐㻑㢾Javac冥幠⣷呹む┯⏴䤓棟Ⓟᇭ力⺈ConstantValue䤓⻭㊶⋋
♹厌棟ℝ⪉㦻伊⨚✛String᧨ₜ扖䶣劔ₜ帳扨㢾⅏⃗棟Ⓟ᧨⥯㷳⻭㊶䤓⻭㊶⋋♹㢾₹
デ摞㻯䤓侱ㆤ⚆᧨䟀ℝClass㠖ↅ㫋㆞䤓デ摞伊⨚₼♹㦘⪉㦻⻭㊶✛ⷦ䶵䦇⺈ㄣ䤓ⷦ槱
摞᧨㓏ⅴ⻀並ConstantValue⻭㊶㎂㞾㖐Ⓔ䤓伊⨚⃮㡯厌┪ᇭConstantValue⻭㊶䤓兢㨓屐嫷
6-22ᇭ

⅝㟿㗽兢㨓₼♾ⅴ䦚⒉᧨ConstantValue⻭㊶㢾₹⸩栎⻭㊶᧨⸒䤓attribute_length㟿㗽欈
⋋㉔權⦉⸩2ᇭconstantvalue_index㟿㗽欈ⅲ嫷ℕデ摞㻯₼₹ⷦ槱摞デ摞䤓ㆤ䞷᧨㫈㗽ⷦ
㹄伊⨚䤓ₜ⚛᧨ⷦ槱摞♾ⅴ㢾CONSTANT_Long_infoᇬCONSTANT_Float_infoᇬ
CONSTANT_Double_infoᇬCONSTANT_Integer_infoᇬCONSTANT_String_infoデ摞₼䤓䱜ᇭ

7.InnerClasses⻭㊶

InnerClasses⻭㊶䞷ℝ帿␔捷伊⹎伊⃚梃䤓␂勣ᇭⰑ㨫₹伊₼⸩⃘ℕ␔捷伊᧨挲
冥幠⣷⺕↩⸒ⅴ♙⸒㓏▔⚺䤓␔捷伊䞮㒟InnerClasses⻭㊶ᇭ年⻭㊶䤓兢㨓屐嫷6-23ᇭ



㟿㗽欈number_of_classesⅲ嫷榏尐帿⮩⺠₹␔捷伊≰㋾᧨㹞₹␔捷伊䤓≰㋾掌䟀
₹inner_classes_info嫷扪嫛㙞承ᇭinner_classes_info嫷䤓兢㨓屐嫷6-24ᇭ

inner_class_info_index✛outer_class_info_index掌㢾㖖⚠デ摞㻯₼CONSTANT_Class_info
⨚デ摞䤓侱ㆤ᧨⒕Ⓔⅲ嫷ℕ␔捷伊✛⹎伊䤓䶵⚆ㆤ䞷ᇭ

inner_name_index㢾㖖⚠デ摞㻯₼CONSTANT_Utf8_info⨚デ摞䤓侱ㆤ᧨ⅲ嫷扨₹␔捷伊
䤓⚜䱿᧨Ⱁ㨫㢾◎⚜␔捷伊᧨挲⃗扨欈⋋0ᇭ

inner_class_access_flags㢾␔捷伊䤓幎桽㪖㉦᧨伊⇋ℝ伊䤓access_flags᧨⸒䤓♥⋋喒⦃屐
嫷6-25ᇭ



8.Deprecated♙Synthetic⻭㊶

Deprecated✛Synthetic₳₹⻭㊶掌⻭ℝ㪖㉦伊⨚䤓を⺣⻭㊶᧨♹ⷧ⦷㦘✛㼰㦘䤓◉Ⓔ᧨㼰
㦘⻭㊶⋋䤓㰑㊄ᇭ

Deprecated⻭㊶䞷ℝ嫷䯉㩟₹伊ᇬⷦ㹄㒥劔㡈㽤᧨め兞嬺䲚ㄞ⇫劔⸩ₜ␜㘷嗟∎䞷᧨
⸒♾ⅴ抩扖⦷ⅲ䪐₼∎䞷@deprecated㽷摙扪嫛幍函ᇭ

Synthetic⻭㊶ⅲ嫷㷳ⷦ㹄㒥劔㡈㽤ㄅₜ㢾䟀Java䄟䪐䦃㘴ℶ䞮䤓᧨力㢾䟀冥幠⣷呹嫛䂊
┯䤓᧨⦷JDK 1.5⃚⚝᧨㪖幕₹伊ᇬⷦ㹄㒥劔㡈㽤㢾冥幠⣷呹┷ℶ䞮䤓᧨⃮♾ⅴ幍函⸒ⅻ
幎桽㪖㉦₼䤓ACC_SYNTHETIC㪖㉦⇜᧨␅₼㦏␇⨚䤓√⻀㢾Bridge Methodᇭ㓏㦘䟀槭䞷
㓆ⅲ䪐ℶ䞮䤓伊ᇬ㡈㽤♙ⷦ㹄掌ㄣ㇢咂⺠幍函Synthetic⻭㊶✛ACC_SYNTHETIC㪖㉦⇜₼䤓
欈᧨➾䤓√⮥㢾⸭√㨓抯⣷“᧸init᧺”㡈㽤✛伊㨓抯⣷“᧸clinit᧺”㡈㽤ᇭ

Deprecated✛Synthetic⻭㊶䤓兢㨓槭デ丏◤᧨屐嫷6-26ᇭ

␅₼attribute_length㟿㗽欈䤓⋋㉔權0x00000000᧨⥯㼰㦘↊⇤⻭㊶⋋榏尐幍函ᇭ

9.StackMapTable⻭㊶

StackMapTable⻭㊶⦷JDK 1.6♠を⚝⬭┯ⒿℕClass㠖ↅ屓喒₼᧨⸒㢾₹⮜㧑䤓♧栎⻭
㊶᧨⇜ℝCode⻭㊶䤓⻭㊶嫷₼ᇭ扨₹⻭㊶↩⦷壩㕮㧉伊┯戌䤓ⷦ唑䪐洛幐棅㹄嬺㠿伊⨚㭏㩴



洛幐⣷᧤Type Checker᧥∎䞷᧤屐7.3.2唑᧥᧨䥽䤓⦷ℝⅲ㦎ⅴⓜ㹣戒䀗劦㊶厌䤓⪉ℝ㟿㗽㿐
⒕㨟䤓伊⨚㘷⺋洛幐⣷ᇭ

扨₹伊⨚㭏㩴洛幐⣷㦏⒬㧴䄟ℝSheng Liang᧤⚻⚜ⷦ⇋⃝㢾壩㕮㧉⥱梮₼䤓◝季㒟⛧᧥
Java ME CLDC⸭䘿䤓ⷦ唑䪐洛幐⣷ᇭ㠿䤓洛幐⣷⦷⚛㫆厌≬幐Class㠖ↅ⚗㽤㊶䤓ⓜ㙟
ₚ᧨䦐䟴ℕ⦷扟嫛㦮抩扖㟿㗽㿐⒕㨟♊䫽帳ⷦ唑䪐䤓嫛拊戠⚗㽤㊶䤓㷴洳᧨力㢾⦷冥幠棅
㹄⺕侊⒦䤓洛幐伊⨚᧤Verification Types᧥䦃㘴帿⦷Class㠖ↅ⃚₼᧨抩扖㭏㩴扨K洛幐
伊⨚ⅲ㦎ℕ伊⨚㘷⺋扖䲚᧨⅝力⮶ピ㙟◖ℕⷦ唑䪐洛幐䤓㊶厌ᇭ扨₹洛幐⣷⦷JDK 1.6₼氥
㶰㙟∪᧨ㄅ⦷JDK 1.7₼㇉Ⓟⅲ㦎☮㦻⪉ℝ伊⨚㘷㠼䤓ⷦ唑䪐洛幐⣷ᇭ␂ℝ扨₹洛幐⣷䤓ぴ
⇫☮䚕᧨ᇵJava壩㕮㧉屓喒᧤Java SE 7䓗᧥ᇶ啀忈ℕ㠃㠃120欄䤓乖ピ㧴幁屲㙞承᧨ㄅ₣⒕
㨟幐㢝㠿洛幐㡈㽤䤓₴康㊶᧨䶣劔⦷㷳ₜ␜忧承ᇭ

StackMapTable⻭㊶₼▔⚺榅咂⮩₹㪗㢯⺓ザ᧤Stack Map Frames᧥᧨㹞₹㪗㢯⺓ザ掌㣍
㆞㒥椟㆞⦿ⅲ嫷ℕ₹ⷦ唑䪐⋞䲊摞᧨䞷ℝ嫷䯉年㓶嫛Ⓙ年ⷦ唑䪐㢅⻏捷♧摞嫷✛㝜⇫㟿㪗
䤓洛幐伊⨚ᇭ伊⨚㭏㩴洛幐⣷↩抩扖㭏㩴䥽㪖㡈㽤䤓⻏捷♧摞✛㝜⇫㟿㪗㓏榏尐䤓伊⨚㧴䫽
⸩㹄ⷦ唑䪐㖖ⅳ㢾⚵䶵⚗拊戠儵㧮ᇭStackMapTable⻭㊶䤓兢㨓屐嫷6-27ᇭ

ᇵJava壩㕮㧉屓喒᧤Java SE 7䓗᧥ᇶ㢝䫽屓⸩᧶⦷䓗㦻⚆⮶ℝ㒥䷘ℝ50.0䤓Class㠖ↅ
₼᧨Ⱁ㨫㡈㽤䤓Code⻭㊶₼㼰㦘棓サStackMapTable⻭㊶᧨挲⻀㎞✂䧏⸒サ㦘₹椟㆞䤓
StackMap⻭㊶ᇭ扨₹StackMap⻭㊶䤓⇫䞷䷘⚛ℝnumber_of_entries⋋0䤓StackMapTable⻭
㊶ᇭ₹㡈㽤䤓Code⻭㊶㦏⮩♹厌㦘₹StackMapTable⻭㊶᧨⚵⒨⺕㔪⒉ClassFormatError
㆑デᇭ

10.Signature⻭㊶

Signature⻭㊶⦷JDK 1.5♠を⚝⬭┯ⒿℕClass㠖ↅ屓喒⃚₼᧨⸒㢾₹♾折䤓⸩栎⻭㊶᧨
♾ⅴ⒉䘿ℝ伊ᇬ⻭㊶嫷✛㡈㽤嫷兢㨓䤓⻭㊶嫷₼ᇭ⦷JDK 1.5₼⮶ピ⬭㇉ℕJava幼岏䤓幼㽤᧨
⦷㷳⃚⚝᧨↊⇤伊ᇬ㘴♲ᇬ⒬ⱚ▥㡈㽤㒥㒟⛧䤓㽪⨚不⚜Ⱁ㨫▔⚺ℕ伊⨚♧摞᧤Type
Variables᧥㒥♑㟿▥伊⨚᧤Parameterized Types᧥᧨⒨Signature⻭㊶↩⸒帿㽪⨚不⚜≰
㋾ᇭ⃚㓏ⅴ尐₢桷∎䞷扨㫆₹⻭㊶♊帿㽪⨚伊⨚᧨㢾⥯Java幼岏䤓㽪⨚摖䞷䤓㢾㝵棳
㽤⸭䘿䤓↹㽪⨚᧨⦷ⷦ唑䪐᧤Code⻭㊶᧥₼᧨㽪⨚≰㋾冥幠᧤伊⨚♧摞ᇬ♑㟿▥伊⨚᧥⃚⚝
掌抩抩嬺㝵棳㘘ᇭ∎䞷㝵棳㽤䤓Ⰼ⮓㢾⸭䘿丏◤᧤尐≽㟈Javac冥幠⣷᧨壩㕮㧉␔捷♹⋩
ℕ㈗⺠䤓㟈┷᧥ᇬ槭デ⹈㢢⸭䘿Backport᧨扟嫛㦮⃮厌⮮唑䦐K伊⨚㓏◯䤓␔ⷧ䴉梃ᇭ⇕
⧞⮓㢾扟嫛㦮⻀㡯㽤⍞C#䷘㦘䦮㽪⨚㞾㖐䤓幼岏挲㫆᧨⺕㽪⨚伊⨚䞷㓆⸩⃘䤓㣽抩伊⨚⚛
䷘⺈㈔᧨√Ⱁ扟嫛㦮⋩♜⺓㢅㡯㽤噆㈦Ⓙ㽪⨚≰㋾ᇭSignature⻭㊶⻀㢾ℕㆴ嫴扨₹凉椆力
⬭幍䤓᧨䘿⦷Java䤓♜⺓API厌⮮噆♥㽪⨚伊⨚᧨㦏兗䤓㟿㗽㧴䄟⃮⻀㢾扨₹⻭㊶ᇭ␂ℝJava



㽪⨚ᇬSignature⻭㊶✛伊⨚㝵棳᧨⦷䶻10䵯⅚兜冥幠⣷↧▥䤓㢅⊨↩抩扖₹␆⇢䤓√㧴
幁屲ᇭSignature⻭㊶䤓兢㨓屐嫷6-28ᇭ

␅₼signature_index欈䤓⋋㉔權㢾₹⺈デ摞㻯䤓㦘㟗侱ㆤᇭデ摞㻯⦷年侱ㆤ⮓䤓欈㉔權
㢾CONSTANT_Utf8_info兢㨓᧨嫷䯉伊不⚜ᇬ㡈㽤伊⨚不⚜㒥ⷦ㹄伊⨚不⚜ᇭⰑ㨫㇢ⓜ䤓
Signature⻭㊶㢾伊㠖ↅ䤓⻭㊶᧨⒨扨₹兢㨓嫷䯉伊不⚜᧨Ⱁ㨫㇢ⓜ䤓Signature⻭㊶㢾㡈㽤嫷
䤓⻭㊶᧨⒨扨₹兢㨓嫷䯉㡈㽤伊⨚不⚜᧨Ⱁ㨫㇢ⓜSignature⻭㊶㢾ⷦ㹄嫷䤓⻭㊶᧨⒨扨₹兢
㨓嫷䯉ⷦ㹄伊⨚不⚜ᇭ

11.BootstrapMethods⻭㊶

BootstrapMethods⻭㊶⦷JDK 1.7♠を⚝⬭┯ⒿℕClass㠖ↅ屓喒⃚₼᧨⸒㢾₹⮜㧑䤓♧
栎⻭㊶᧨⇜ℝ伊㠖ↅ䤓⻭㊶嫷₼ᇭ扨₹⻭㊶䞷ℝ≬ⷧinvokedynamic㖖ⅳㆤ䞷䤓ㆤ⺋㡈㽤棟⸩
䶵ᇭᇵJava壩㕮㧉屓喒᧤Java SE 7䓗᧥ᇶ屓⸩᧨Ⱁ㨫㩟₹伊㠖ↅ兢㨓䤓デ摞㻯₼㦍兞⒉䘿扖
CONSTANT_InvokeDynamic_info伊⨚䤓デ摞᧨挲⃗扨₹伊㠖ↅ䤓⻭㊶嫷₼㉔權ⷧ⦷₹㢝䫽
䤓BootstrapMethods⻭㊶᧨♵⮥᧨☂∎CONSTANT_InvokeDynamic_info伊⨚䤓デ摞⦷デ摞㻯₼
⒉䘿扖⮩㶰᧨伊㠖ↅ䤓⻭㊶嫷₼㦏⮩⃮♹厌㦘₹BootstrapMethods⻭㊶ᇭBootstrapMethods
⻭㊶JSR-292₼䤓InvokeDynamic㖖ⅳ✛java.lang.Invoke▔␂侊槭デ⹕⒖᧨尐⅚兜扨₹⻭㊶䤓
⇫䞷᧨㉔權⏗㆓䂔㯩InovkeDynamic㖖ⅳ䤓扟⇫☮䚕᧨䶣劔⺕⦷䶻8䵯₢桷䞷1唑乖ピ♊⅚兜⸒
ⅻ᧨⦷㷳⏗㤑㢅䟴扖ᇭ

䥽ⓜ䤓Javac㤑㢅㡯㽤䞮㒟InvokeDynamic㖖ⅳ✛BootstrapMethods⻭㊶᧨㉔權抩扖K槭
デ屓䤓㓚㹄㓜厌∎䞷Ⓙ⸒ⅻ᧨⃮幇⦷ₜ⃔䤓⺕㧴᧨䷘JSR-292㦃┯㒟䐮K᧨扨䱜䕅⑄⻀↩
㟈♧ᇭBootstrapMethods⻭㊶䤓兢㨓屐嫷6-29ᇭ

␅₼ㆤ䞷Ⓙ䤓bootstrap_method兢㨓屐嫷6-30ᇭ



BootstrapMethods⻭㊶₼᧨num_bootstrap_methods欈䤓⋋全⒉ℕbootstrap_methods[]㟿兓₼
䤓ㆤ⺋㡈㽤棟⸩䶵䤓㟿摞ᇭ力bootstrap_methods[]㟿兓䤓㹞₹㒟⛧▔⚺ℕ₹㖖⚠デ摞㻯
CONSTANT_MethodHandle兢㨓䤓侱ㆤ⋋᧨⸒ⅲ嫷ℕ₹ㆤ⺋㡈㽤᧨执▔⚺ℕ扨₹ㆤ⺋㡈㽤
槨㊐♑㟿䤓ㄞ⒦᧤♾厌䴉᧥ᇭbootstrap_methods[]㟿兓₼䤓㹞₹㒟⛧㉔權▔⚺ⅴₚ3欈␔
⹈ᇭ

bootstrap_method_ref᧶bootstrap_method_ref欈䤓⋋㉔權㢾₹⺈デ摞㻯䤓㦘㟗侱ㆤᇭデ
摞㻯⦷年侱ㆤ⮓䤓⋋㉔權㢾₹CONSTANT_MethodHandle_info兢㨓ᇭ

num_bootstrap_arguments᧶num_bootstrap_arguments欈䤓⋋全⒉ℕbootstrap_arguments[]㟿
兓㒟⛧䤓㟿摞ᇭ

bootstrap_arguments[]᧶bootstrap_arguments[]㟿兓䤓㹞₹㒟⛧㉔權㢾₹⺈デ摞㻯䤓㦘㟗
侱ㆤᇭデ摞㻯⦷年侱ㆤ⮓㉔權㢾ₚ⒦兢㨓⃚᧶CONSTANT_String_infoᇬ
CONSTANT_Class_infoᇬCONSTANT_Integer_infoᇬCONSTANT_Long_infoᇬ
CONSTANT_Float_infoᇬCONSTANT_Double_infoᇬCONSTANT_MethodHandle_info㒥
CONSTANT_MethodType_infoᇭ

[1]㷳⮓ⷦ唑䪐䤓“嫛”㢾䱜ㇱ廰䤓㙞承᧨㖖䤓㢾ⷦ唑䪐䦇⺈ℝ㡈㽤⇢ⱚ䤓⋞䲊摞᧨力ₜ㢾
Java䄟䪐䤓嫛⚆᧨ₚ⚛ᇭ
[2]⦷JDK1.4.2⃚ⓜ䤓Javac冥幠⣷摖䞷ℕjsr✛ret㖖ⅳ⸭䘿finally幼♴᧨⇕1.4.2⃚⚝め兞㟈冥
幠⣷呹┷⦷㹞㹄♾厌䤓⒕㞾恾㈓⃚⚝掌⺕finally幼♴⧦䤓␔⹈␦⇨䞮㒟拜㧴⸭䘿finally幼
⃘ᇭ⦷JDK 1.7₼᧨め兞⸛⏷䰐㷱Class㠖ↅ₼⒉䘿jsr✛ret㖖ⅳ᧨Ⱁ㨫拖Ⓙ扨₳㧰㖖ⅳ᧨壩㕮
㧉↩⦷伊┯戌䤓ⷦ唑䪐㪰洛棅㹄㔪⒉㆑デᇭ
[3]幵屐䶻10䵯₼␂ℝ幼㽤佥捷⒕䤓␔⹈ᇭ



6.4ᇫⷦ唑䪐㖖ⅳ丏⅚
Java壩㕮㧉䤓㖖ⅳ䟀₹ⷦ唑栎ㄵ䤓ᇬⅲ嫷䧏㩟䱜䔈⸩㝜⇫⚺⃘䤓㟿ⷦ᧤䱿㝜⇫

䪐᧨Opcode᧥ⅴ♙恮椞␅⚝䤓榅咂⮩₹ⅲ嫷㷳㝜⇫㓏榏♑㟿᧤䱿㝜⇫㟿᧨Operands᧥力㨓
㒟ᇭ䟀ℝJava壩㕮㧉摖䞷槱⚠㝜⇫㟿㪗力ₜ㢾⹓ⷧ⣷䤓㩅㨓᧤扨₳䱜㩅㨓䤓◉Ⓔ✛㈀❜⺕⦷
䶻8䵯₼㘱帷᧥᧨㓏ⅴ⮶⮩㟿䤓㖖ⅳ掌ₜ▔⚺㝜⇫㟿᧨♹㦘₹㝜⇫䪐ᇭ

ⷦ唑䪐㖖ⅳ楕㢾䱜␆㦘漫㢝䔈䍈ᇬ↧┲╎掌㈗䴐⒉䤓㖖ⅳ楕㩅㨓᧨䟀ℝ棟ⓅℕJava壩
㕮㧉㝜⇫䪐䤓栎ㄵ₹ⷦ唑᧤☂0ᨺ255᧥᧨扨㎞✂䧏㖖ⅳ楕䤓㝜⇫䪐㋊㟿ₜ♾厌怔扖256
㧰᧷♗䟀ℝClass㠖ↅ㫋㆞㟍㆒ℕ冥幠⚝ⅲ䪐䤓㝜⇫㟿栎ㄵ⺈營᧨扨⻀㎞✂䧏壩㕮㧉⮓䚕挲K
怔扖₹ⷦ唑㟿㗽䤓㢅⊨᧨ₜ㈦ₜ⦷扟嫛㢅⅝ⷦ唑₼摜ㆉ⒉␆⇢㟿㗽䤓兢㨓᧨Ⱁ㨫尐⺕₹
16⇜栎ㄵ䤓㡯䶵⚆㠃㟿∎䞷₳₹㡯䶵⚆ⷦ唑ⷧ⌷怆㧴᧤⺕⸒ⅻ✌⚜byte1✛byte2᧥᧨挲⸒
ⅻ䤓⋋ㄣ年㢾扨㫆䤓᧶

᧤byte1᧸᧸8᧥|byte2

扨䱜㝜⇫⦷㩟䱜䲚ㄵₙ↩⺋咃屲摙㓶嫛ⷦ唑䪐㢅㗮⯀K㊶厌ᇭ⇕扨㫆⋩䤓↧╎⃮槭デ
㢝㣍᧨㟍㆒ℕ㝜⇫㟿栎ㄵ⺈營[1]᧨⻀㎞✂䧏♾ⅴ䦐䟴㈗⮩⫺⏔✛梃椣䶵⚆᧷䞷₹ⷦ唑㧴ⅲ
嫷㝜⇫䪐᧨⃮㢾ℕ⻌♾厌噆㈦䩼⺞位䤓冥幠ⅲ䪐ᇭ扨䱜抌㻑⻌♾厌⺞㟿㗽摞ᇬ浧↯戢㟗
䘖䤓幍帰㢾䟀Java幼岏幍帰⃚⒬槱⚠几八ᇬ㤉厌⹅䟄䤓㔏㦾卛㣾㓏⑂⸩䤓᧨ㄅ䦃㽎䞷咂
⅙ᇭ

Ⱁ㨫ₜ劒壠㆑デ⮓䚕䤓幬᧨挲⃗Java壩㕮㧉䤓屲摙⣷♾ⅴ∎䞷ₚ槱扨₹↹ⅲ䪐㇢⋩㦏⪉
㦻䤓㓶嫛㲰⨚㧴䚕屲᧨扨₹㓶嫛㲰⨚夌䏅㈗丏◤᧨⇕∬䏅♾ⅴ㦘㟗⦿ぴ⇫᧶

do{
呹┷帰並PC⹓ⷧ⣷䤓⋋┯1᧷
㫈㗽PC⹓ⷧ⣷䤓㖖䯉⇜函᧨⅝ⷦ唑䪐㿐₼♥⒉㝜⇫䪐᧷
if᧤ⷦ唑䪐ⷧ⦷㝜⇫㟿᧥⅝ⷦ唑䪐㿐₼♥⒉㝜⇫㟿᧷
㓶嫛㝜⇫䪐㓏⸩⃘䤓㝜⇫᧷
}while᧤ⷦ唑䪐㿐栎ㄵ᧺0᧥᧷

6.4.1ᇫⷦ唑䪐㟿㗽伊⨚

⦷Java壩㕮㧉䤓㖖ⅳ楕₼᧨⮶⮩㟿䤓㖖ⅳ掌▔⚺ℕ␅㝜⇫㓏⺈ㄣ䤓㟿㗽伊⨚≰㋾ᇭ√
Ⱁ᧨iload㖖ⅳ䞷ℝ⅝⻏捷♧摞嫷₼┯戌int⨚䤓㟿㗽Ⓙ㝜⇫㟿㪗₼᧨力fload㖖ⅳ┯戌䤓⒨㢾
float伊⨚䤓㟿㗽ᇭ扨₳㧰㖖ⅳ䤓㝜⇫⦷壩㕮㧉␔捷♾厌↩㢾䟀⚛㹄ⅲ䪐㧴⸭䘿䤓᧨⇕⦷
Class㠖ↅ₼⸒ⅻ㉔權㕴㦘⚓呹䕻䵚䤓㝜⇫䪐ᇭ

⺈ℝ⮶捷⒕㟿㗽伊⨚䦇␂䤓ⷦ唑䪐㖖ⅳ᧨⸒ⅻ䤓㝜⇫䪐┸帿䶵₼掌㦘䔈㸙䤓ⷦ䶵㧴嫷
㢝₢桷❹䱜㟿㗽伊⨚㦜┰᧶iⅲ嫷⺈int伊⨚䤓㟿㗽㝜⇫᧨lⅲ嫷long,sⅲ嫷short,bⅲ嫷byte,cⅲ
嫷char,fⅲ嫷float,dⅲ嫷double,aⅲ嫷referenceᇭ⃮㦘K㖖ⅳ䤓┸帿䶵₼㼰㦘㢝䫽⦿㖖㢝㝜⇫
伊⨚䤓ⷦ㹜᧨Ⱁarraylength㖖ⅳ᧨⸒㼰㦘ⅲ嫷㟿㗽伊⨚䤓䔈㸙ⷦ䶵᧨⇕㝜⇫㟿㻇扫♹厌㢾
₹㟿兓伊⨚䤓⺈廰ᇭ执㦘♵⮥K㖖ⅳ᧨Ⱁ㡯㧰ↅ悂懻㖖ⅳgoto⒨㢾㟿㗽伊⨚㡯␂䤓ᇭ

䟀ℝJava壩㕮㧉䤓㝜⇫䪐栎ㄵ♹㦘₹ⷦ唑᧨㓏ⅴ▔⚺ℕ㟿㗽伊⨚䤓㝜⇫䪐⻀㖖ⅳ楕
䤓幍帰サ㧴ℕ㈗⮶䤓☚┪᧶Ⱁ㨫㹞䱜㟿㗽伊⨚䦇␂䤓㖖ⅳ掌㞾㖐Java壩㕮㧉㓏㦘扟嫛㢅
㟿㗽伊⨚䤓幬᧨挲㖖ⅳ䤓㟿摞㋟㊤⻀↩怔⒉₹ⷦ唑㓏厌嫷䯉䤓㟿摞喒⦃ℕᇭ⥯㷳᧨Java壩



㕮㧉䤓㖖ⅳ楕⺈ℝ䔈⸩䤓㝜⇫♹㙟∪ℕ㦘棟䤓伊⨚䦇␂㖖ⅳ♊㞾㖐⸒᧨㗱♴幬広᧨㖖ⅳ楕⺕
↩㟔㎞嬺幍帰㒟槭⸛⏷䕻䵚䤓᧤Java壩㕮㧉屓喒₼㔙扨䱜䔈㊶䱿“Not Orthogonal”᧨☂ㄅ槭
㹞䱜㟿㗽伊⨚✛㹞䱜㝜⇫掌㦘⺈ㄣ䤓㖖ⅳ᧥ᇭ㦘K◤䕻䤓㖖ⅳ♾ⅴ⦷㉔尐䤓㢅⊨䞷㧴⺕
Kₜ㞾㖐䤓伊⨚懻㗱♾嬺㞾㖐䤓伊⨚ᇭ

嫷6-31⒦ℕJava壩㕮㧉㓏㞾㖐䤓㟿㗽伊⨚䦇␂䤓ⷦ唑䪐㖖ⅳ᧨抩扖∎䞷㟿㗽伊⨚⒦
㓏ⅲ嫷䤓䔈㸙ⷦ䶵㦎㗱opcode⒦䤓㖖ⅳ㲰㨎₼䤓T᧨⻀♾ⅴ㈦Ⓙ₹␆⇢䤓ⷦ唑䪐㖖ⅳᇭⰑ
㨫⦷嫷₼㖖ⅳ㲰㨎㟿㗽伊⨚₳⒦␀⚛䫽⸩䤓㫋䴉᧨⒨広㢝壩㕮㧉ₜ㞾㖐⺈扨䱜㟿㗽伊⨚
㓶嫛扨欈㝜⇫ᇭ√Ⱁ᧨load㖖ⅳ㦘㝜⇫int伊⨚䤓iload᧨⇕㢾㼰㦘㝜⇫byte伊⨚䤓⚛伊㖖ⅳᇭ

㽷㎞᧨⅝嫷6-31₼♾ⅴ䦚⒉᧨⮶捷⒕䤓㖖ⅳ掌㼰㦘㞾㖐㠃㟿伊⨚byteᇬchar✛short᧨䞩咂
㼰㦘↊⇤㖖ⅳ㞾㖐boolean伊⨚ᇭ冥幠⣷↩⦷冥幠㦮㒥扟嫛㦮⺕byte✛short伊⨚䤓㟿㗽サ䶵⚆
㓸⻤᧤Sign-Extend᧥䦇ㄣ䤓int伊⨚㟿㗽᧨⺕boolean✛char伊⨚㟿㗽榅⇜㓸⻤᧤Zero-
Extend᧥䦇ㄣ䤓int伊⨚㟿㗽ᇭ⃚伊⇋᧨⦷⮓䚕booleanᇬbyteᇬshort✛char伊⨚䤓㟿兓㢅᧨
⃮↩懻㗱∎䞷⺈ㄣ䤓int伊⨚䤓ⷦ唑䪐㖖ⅳ㧴⮓䚕ᇭ⥯㷳᧨⮶⮩㟿⺈ℝbooleanᇬbyteᇬshort
✛char伊⨚㟿㗽䤓㝜⇫᧨⸭棔ₙ掌㢾∎䞷䦇ㄣ䤓int伊⨚⇫扟並伊⨚᧤Computational
Type᧥ᇭ



⦷㦻䵯₼᧨♦乖ピ㓏棟᧨㡯㽤⺈ⷦ唑䪐㖖ⅳ楕₼㹞㧰㖖ⅳ扪嫛抟幁屲᧨⇕梔床ⷦ唑䪐
⇫ℕ屲Java壩㕮㧉䤓⪉䫏㔏厌᧨㢾欈ㄣ㇢䐮兒㘛㙰䤓厌┪ᇭ䶣劔⺕ⷦ唑䪐㝜⇫㖘䞷抣⮶
咃⒕9伊᧨㖘䏶⒕伊㧴床劔㰑䟴⅚兜ₚ扨K㖖ⅳ䤓䞷㽤ᇭⰑ㨫床劔榏尐ℕ屲㦃幵兕䤓
≰㋾᧨♾ⅴ♑劒梔床䶣劔劊幠䤓ᇵJava壩㕮㧉屓喒᧤Java SE 7䓗᧥ᇶ䤓䶻6䵯ᇭ

[1]ⷦ唑䪐㖖ⅳ㿐⪉㦻ₙ掌㢾◤ⷦ唑⺈營䤓᧨♹㦘“tableswitch”✛“lookupswitch”₳㧰㖖ⅳ√
⮥᧨䟀ℝ⸒ⅻ䤓㝜⇫㟿㹣戒䔈㸙᧨㢾ⅴ4ⷦ唑䟛⒡⒕䤓᧨㓏ⅴ扨₳㧰㖖ⅳ⃮榏尐欓䟨⒉



䦇ㄣ䤓䴉⇜扪嫛⫺⏔㧴⸭䘿⺈營ᇭ



6.4.2ᇫ┯戌✛ⷧ⌷㖖ⅳ

┯戌✛ⷧ⌷㖖ⅳ䞷ℝ⺕㟿㗽⦷㪗ザ₼䤓⻏捷♧摞嫷✛㝜⇫㟿㪗᧤屐䶻2䵯␂ℝ␔ⷧ◉⩮
䤓⅚兜᧥⃚梃㧴⥭↯戢᧨扨伊㖖ⅳ▔㕻Ⱁₚ␔⹈ᇭ

⺕₹⻏捷♧摞┯戌Ⓙ㝜⇫㪗᧶iloadᇬiload_᧸n᧺ᇬlloadᇬlload_᧸n᧺ᇬfloadᇬfload_
᧸n᧺ᇬdloadᇬdload_᧸n᧺ᇬaloadᇬaload_᧸n᧺ᇭ

⺕₹㟿⋋⅝㝜⇫㟿㪗ⷧ⌷Ⓙ⻏捷♧摞嫷᧶istoreᇬistore_᧸n᧺ᇬlstoreᇬlstore_᧸n᧺ᇬ
fstoreᇬfstore_᧸n᧺ᇬdstoreᇬdstore_᧸n᧺ᇬastoreᇬastore_᧸n᧺ᇭ

⺕₹デ摞┯戌Ⓙ㝜⇫㟿㪗᧶bipushᇬsipushᇬldcᇬldc_wᇬldc2_wᇬaconst_nullᇬ
iconst_m1ᇬiconst_᧸i᧺ᇬlconst_᧸l᧺ᇬfconst_᧸f᧺ᇬdconst_᧸d᧺ᇭ

㓸⏔⻏捷♧摞嫷䤓幎桽侱ㆤ䤓㖖ⅳ᧶wideᇭ

ⷧ⌷㟿㗽䤓㝜⇫㟿㪗✛⻏捷♧摞嫷尐⻀㢾䟀┯戌✛ⷧ⌷㖖ⅳ扪嫛㝜⇫᧨棳㷳⃚⮥᧨执
㦘⺠摞㖖ⅳ᧨Ⱁ幎桽⺈廰䤓ⷦ㹄㒥㟿兓⏒侯䤓㖖ⅳ⃮↩⚠㝜⇫㟿㪗↯戢㟿㗽ᇭ

ₙ槱㓏⒦䤓㖖ⅳ┸帿䶵₼᧨㦘捷⒕㢾ⅴ⺥㕻⚆兢⻍䤓᧤√Ⱁiload_᧸n᧺᧥᧨扨K㖖
ⅳ┸帿䶵⸭棔ₙ㢾ⅲ嫷ℕ兓㖖ⅳ᧤√Ⱁiload_᧸n᧺᧨⸒ⅲ嫷ℕiload_0ᇬiload_1ᇬiload_2✛
iload_3扨⑯㧰㖖ⅳ᧥ᇭ扨⑯兓㖖ⅳ掌㢾㩟₹サ㦘₹㝜⇫㟿䤓抩䞷㖖ⅳ᧤√Ⱁiload᧥䤓䔈㸙
ㇱ㆞᧨⺈ℝ扨啴兓䔈㸙㖖ⅳ㧴広᧨⸒ⅻ䦐䟴㘘ℕ㣍㆞䤓㝜⇫㟿᧨ₜ榏尐扪嫛♥㝜⇫㟿䤓┷
⇫᧨⸭棔ₙ㝜⇫㟿⻀椟⚺⦷㖖ⅳ₼ᇭ棳ℕ扨䍈⃚⮥᧨⸒ⅻ䤓幼⃘☮䞮䤓抩䞷㖖ⅳ⸛⏷咃
᧤√Ⱁiload_0䤓幼⃘㝜⇫㟿0㢅䤓iload㖖ⅳ幼⃘⸛⏷咃᧥ᇭ扨䱜㖖ⅳ嫷䯉㡈㽤⦷㦻
ⅴ♙ᇵJava壩㕮㧉屓喒ᇶ₼掌㢾抩䞷䤓ᇭ



6.4.3ᇫ扟並㖖ⅳ

扟並㒥並㦾㖖ⅳ䞷ℝ⺈₳₹㝜⇫㟿㪗ₙ䤓⋋扪嫛㩟䱜䔈⸩扟並᧨ㄅ㔙兢㨫摜㠿ⷧ⏴Ⓙ㝜
⇫㪗欅ᇭ⮶⇢ₙ並㦾㖖ⅳ♾ⅴ⒕₳䱜᧶⺈㠃⨚㟿㗽扪嫛扟並䤓㖖ⅳ⺈㿽䍈⨚㟿㗽扪嫛扟
並䤓㖖ⅳ᧨㡯幉㢾❹䱜並㦾㖖ⅳ᧨掌∎䞷Java壩㕮㧉䤓㟿㗽伊⨚᧨䟀ℝ㼰㦘䦃㘴㞾㖐byteᇬ
shortᇬchar✛boolean伊⨚䤓並㦾㖖ⅳ᧨⺈ℝ扨伊㟿㗽䤓扟並᧨ㄣ∎䞷㝜⇫int伊⨚䤓㖖ⅳⅲ
㦎ᇭ㠃㟿㿽䍈㟿䤓並㦾㖖ⅳ⦷䄱⒉✛嬺榅棳䤓㢅⊨⃮㦘⚓呹ₜ⚛䤓嫛嫷䘿᧨㓏㦘䤓並㦾
㖖ⅳⰑₚᇭ

┯㽤㖖ⅳ᧶iaddᇬladdᇬfaddᇬdaddᇭ

㽤㖖ⅳ᧶isubᇬlsubᇬfsubᇬdsubᇭ

⃧㽤㖖ⅳ᧶imulᇬlmulᇬfmulᇬdmulᇭ

棳㽤㖖ⅳ᧶idivᇬldivᇬfdivᇬddivᇭ

㻑⇨㖖ⅳ᧶iremᇬlremᇬfremᇬdremᇭ

♥♜㖖ⅳ᧶inegᇬlnegᇬfnegᇬdnegᇭ

⇜䲊㖖ⅳ᧶ishlᇬishrᇬiushrᇬlshlᇬlshrᇬlushrᇭ

㖘⇜㒥㖖ⅳ᧶iorᇬlorᇭ

㖘⇜㖖ⅳ᧶iandᇬlandᇭ

㖘⇜㆑㒥㖖ⅳ᧶ixorᇬlxorᇭ

⻏捷♧摞呹⬭㖖ⅳ᧶iincᇭ

㹣戒㖖ⅳ᧶dcmpgᇬdcmplᇬfcmpgᇬfcmplᇬlcmpᇭ

Java壩㕮㧉䤓㖖ⅳ楕䦃㘴㞾㖐ℕ⦷ᇵJava幼岏屓喒ᇶ₼㙞承䤓⚓䱜⺈㠃㟿♙㿽䍈㟿㝜⇫
᧤♑屐ᇵJava幼岏屓喒᧤䶻3䓗᧥ᇶ₼䤓4.2.2唑✛4.2.4唑᧥䤓幼⃘ᇭ㟿㗽扟並♾厌↩⺋咃䄱
⒉᧨√Ⱁ₳₹㈗⮶䤓㷲㠃㟿䦇┯᧨兢㨫♾厌↩㢾₹微㟿᧨扨䱜㟿ⷵₙₜ♾厌⒉䘿䤓䄱⒉䘿
廰᧨⺈ℝ䲚ㄞ⛧㧴広㢾㈗⹈㢢䚕屲䤓᧨⇕␅⸭Java壩㕮㧉屓喒㼰㦘㢝䫽⸩⃘扖㠃⨚㟿㗽䄱⒉
䤓␆⇢扟並兢㨫᧨⅔屓⸩ℕ⦷⮓䚕㠃⨚㟿㗽㢅᧨♹㦘棳㽤㖖ⅳ᧤idiv✛ldiv᧥ⅴ♙㻑⇨㖖ⅳ
᧤irem✛lrem᧥₼㇢⒉䘿棳㟿榅㢅↩⺋咃壩㕮㧉㔪⒉ArithmeticException㆑デ᧨␅⇨↊⇤㠃
⨚㟿扟並⧉㣾掌ₜㄣ年㔪⒉扟嫛㢅㆑デᇭ

Java壩㕮㧉屓喒尐㻑壩㕮㧉⸭䘿⦷⮓䚕㿽䍈㟿㢅᧨㉔權₴㫋挄㈹IEEE 754屓喒₼㓏屓⸩
䤓嫛✛棟Ⓟᇭ⃮⻀㢾広᧨Java壩㕮㧉㉔權⸛⏷㞾㖐IEEE 754₼⸩⃘䤓槭㷲屓㿽䍈㟿⋋
᧤Denormalized Floating-Point Numbers᧥✛抟儶ₚ䄱᧤Gradual Underflow᧥䤓扟並屓⒨ᇭ扨K
䔈㈐⺕↩∎㩟K㟿⋋並㽤⮓䚕怆㧴♧㈦䦇⺈⹈㢢Kᇭ

Java壩㕮㧉尐㻑⦷扪嫛㿽䍈㟿扟並㢅᧨㓏㦘䤓扟並兢㨫掌㉔權咜⏴Ⓙ抑㇢䤓位ㄵ᧨槭位



䫽䤓兢㨫㉔權咜⏴♾嬺嫷䯉䤓㦏㘴扠䤓位䫽⋋᧨Ⱁ㨫㦘₳䱜♾嫷䯉䤓ㇱ㆞年⋋㫆㘴
扠᧨⺕↧⏗折㕸㦏⇝㦘㟗⇜榅䤓ᇭ扨䱜咜⏴㲰㆞⃮㢾IEEE 754屓喒₼䤓照帳咜⏴㲰㆞᧨䱿
⚠㦏㘴扠㟿咜⏴㲰㆞ᇭ

⦷㔙㿽䍈㟿懻㗱㠃㟿㢅᧨Java壩㕮㧉∎䞷IEEE 754㪖₼䤓⚠榅咜⏴㲰㆞᧨扨䱜㲰㆞
䤓咜⏴兢㨫↩⺋咃㟿ⷦ嬺㒹㠼᧨㓏㦘⺞㟿捷⒕䤓㦘㟗ⷦ唑掌↩嬺₱㆒㘘ᇭ⚠榅咜⏴㲰㆞⺕⦷
䥽㪖㟿⋋伊⨚₼折㕸₹㦏㘴扠⇕㢾ₜ⮶ℝ☮⋋䤓㟿ⷦ㧴⇫㦏位䫽䤓咜⏴兢㨫ᇭ

♵⮥᧨Java壩㕮㧉⦷⮓䚕㿽䍈㟿扟並㢅᧨ₜ↩㔪⒉↊⇤扟嫛㢅㆑デ᧤扨摛㓏幁䤓㢾Java
幼岏₼䤓㆑デ᧨庆床劔▎IEEE 754屓喒₼䤓㿽䍈㆑デ℡䦇䂆䁕᧨IEEE 754䤓㿽䍈㆑デ㢾
䱜扟並≰⚆᧥᧨㇢₹㝜⇫ℶ䞮䄱⒉㢅᧨⺕↩∎䞷㦘䶵⚆䤓㡯䴆⮶㧴嫷䯉᧨Ⱁ㨫㩟₹㝜⇫兢
㨫㼰㦘㢝䫽䤓㟿ⷵ⸩⃘䤓幬᧨⺕↩∎䞷NaN⋋㧴嫷䯉ᇭ㓏㦘∎䞷NaN⋋⇫㝜⇫㟿䤓並㦾㝜
⇫᧨兢㨫掌↩扣⥭NaNᇭ

⦷⺈long伊⨚㟿⋋扪嫛㹣戒㢅᧨壩㕮㧉摖䞷サ䶵⚆䤓㹣戒㡈㆞᧨力⺈㿽䍈㟿⋋扪嫛㹣戒
㢅᧤dcmpgᇬdcmplᇬfcmpgᇬfcmpl᧥᧨壩㕮㧉↩摖䞷IEEE 754屓喒㓏⸩⃘䤓㡯≰⚆㹣戒
᧤Nonsignaling Comparisons᧥㡈㆞ᇭ



6.4.4ᇫ伊⨚懻㗱㖖ⅳ

伊⨚懻㗱㖖ⅳ♾ⅴ⺕₳䱜ₜ⚛䤓㟿⋋伊⨚扪嫛䦇℡懻㗱᧨扨K懻㗱㝜⇫咻䞷ℝ⸭䘿䞷
㓆ⅲ䪐₼䤓㣍㆞伊⨚懻㗱㝜⇫᧨㒥劔䞷㧴⮓䚕㦻唑乖㓏㙟Ⓙ䤓ⷦ唑䪐㖖ⅳ楕₼㟿㗽伊⨚䦇
␂㖖ⅳ㡯㽤㟿㗽伊⨚⺈ㄣ䤓桽欧ᇭ

Java壩㕮㧉䦃㘴㞾㖐᧤☂懻㗱㢅㡯榏㣍㆞䤓懻㗱㖖ⅳ᧥ⅴₚ㟿⋋伊⨚䤓⹌▥伊⨚懻㗱
᧤Widening Numeric Conversions᧨☂⺞喒⦃伊⨚⚠⮶喒⦃伊⨚䤓⸘⏷懻㗱᧥᧶

int伊⨚Ⓙlongᇬfloat㒥劔double伊⨚ᇭ

long伊⨚Ⓙfloatᇬdouble伊⨚ᇭ

float伊⨚Ⓙdouble伊⨚ᇭ

䦇⺈䤓᧨⮓䚕䴓▥伊⨚懻㗱᧤Narrowing Numeric Conversions᧥㢅᧨㉔權㣍㆞⦿∎䞷懻㗱
㖖ⅳ㧴⸛㒟᧨扨K懻㗱㖖ⅳ▔㕻᧶i2bᇬi2cᇬi2sᇬl2iᇬf2iᇬf2lᇬd2iᇬd2l✛d2fᇭ䴓▥伊⨚懻
㗱♾厌↩⺋咃懻㗱兢㨫ℶ䞮ₜ⚛䤓㷲微⚆ᇬₜ⚛䤓㟿摞儶䤓㍔⑄᧨懻㗱扖䲚㈗♾厌↩⺋咃㟿
⋋䤓位ㄵ₱⯀ᇭ

⦷⺕int㒥long伊⨚䴓▥懻㗱㠃㟿伊⨚T䤓㢅⊨᧨懻㗱扖䲚⅔⅔㢾丏◤⦿₱㆒棳㦏⇝⇜N
₹ⷦ唑ⅴ⮥䤓␔⹈᧨N㢾伊⨚T䤓㟿㗽伊⨚栎ㄵ᧨扨⺕♾厌⺋咃懻㗱兢㨫戢⏴⋋㦘ₜ⚛䤓
㷲微⚆ᇭ扨䍈㈗⹈㢢䚕屲᧨⥯☮㧴䶵⚆⇜⮓ℝ㟿⋋䤓㦏浧⇜᧨浧⇜嬺₱㆒⃚⚝᧨懻㗱兢㨫
䤓䶵⚆⻀♥⑂ℝ⇝N₹ⷦ唑䤓氥⇜ℕᇭ

⦷⺕₹㿽䍈⋋䴓▥懻㗱㠃㟿伊⨚T᧤T棟ℝint㒥long伊⨚⃚᧥䤓㢅⊨᧨⺕挄㈹ⅴₚ
懻㗱屓⒨᧶

Ⱁ㨫㿽䍈⋋㢾NaN᧨挲懻㗱兢㨫⻀㢾int㒥long伊⨚䤓0ᇭ

Ⱁ㨫㿽䍈⋋ₜ㢾㡯䴆⮶䤓幬᧨㿽䍈⋋∎䞷IEEE 754䤓⚠榅咜⏴㲰㆞♥㠃᧨噆㈦㠃㟿⋋
v᧨Ⱁ㨫v⦷䥽㪖伊⨚T᧤int㒥long᧥䤓嫷䯉喒⦃⃚␔᧨挲懻㗱兢㨫⻀㢾vᇭ

⚵⒨᧨⺕㫈㗽v䤓䶵⚆᧨懻㗱T㓏厌嫷䯉䤓㦏⮶㒥劔㦏⺞㷲㟿ᇭ

⅝double伊⨚Ⓙfloat伊⨚䤓䴓▥懻㗱扖䲚IEEE 754₼⸩⃘䤓咃᧨抩扖IEEE 754⚠㦏㘴
扠㟿咜⏴㲰㆞咜⏴㈦Ⓙ₹♾ⅴ∎䞷float伊⨚嫷䯉䤓㟿ⷦᇭⰑ㨫懻㗱兢㨫䤓公⺈⋋⮹⺞力㡯
㽤∎䞷float㧴嫷䯉䤓幬᧨⺕扣⥭float伊⨚䤓㷲微榅ᇭⰑ㨫懻㗱兢㨫䤓公⺈⋋⮹⮶力㡯㽤∎䞷
float㧴嫷䯉䤓幬᧨⺕扣⥭float伊⨚䤓㷲微㡯䴆⮶᧨⺈ℝdouble伊⨚䤓NaN⋋⺕㖘屓⸩懻㗱
float伊⨚䤓NaN⋋ᇭ

⻌丰㟿㗽伊⨚䴓▥懻㗱♾厌↩♠䞮ₙ棟䄱⒉ᇬₚ棟䄱⒉✛位ㄵ₱⯀䷘㍔⑄᧨⇕㢾Java壩
㕮㧉屓喒₼㢝䫽屓⸩㟿⋋伊⨚䤓䴓▥懻㗱㖖ⅳ㻇扫ₜ♾厌⺋咃壩㕮㧉㔪⒉扟嫛㢅㆑デᇭ



6.4.5ᇫ⺈廰⒪ㆉ幎桽㖖ⅳ

夌䏅伊⸭√✛㟿兓掌㢾⺈廰᧨⇕Java壩㕮㧉⺈伊⸭√✛㟿兓䤓⒪ㆉ㝜⇫∎䞷ℕₜ⚛䤓
ⷦ唑䪐㖖ⅳ᧤⦷䶻7䵯↩幁Ⓙ㟿兓✛㣽抩伊䤓伊⨚⒪ㆉ扖䲚㢾ₜ⚛䤓᧥ᇭ⺈廰⒪ㆉ⚝᧨⻀♾
ⅴ抩扖⺈廰幎桽㖖ⅳ噆♥⺈廰⸭√㒥劔㟿兓⸭√₼䤓ⷦ㹄㒥劔㟿兓⏒侯᧨扨K㖖ⅳⰑₚᇭ

⒪ㆉ伊⸭√䤓㖖ⅳ᧶newᇭ

⒪ㆉ㟿兓䤓㖖ⅳ᧶newarrayᇬanewarrayᇬmultianewarrayᇭ

幎桽伊ⷦ㹄᧤staticⷦ㹄᧨㒥劔䱿伊♧摞᧥✛⸭√ⷦ㹄᧤槭staticⷦ㹄᧨㒥劔䱿⸭√♧
摞᧥䤓㖖ⅳ᧶getfieldᇬputfieldᇬgetstaticᇬputstaticᇭ

㔙₹㟿兓⏒侯┯戌Ⓙ㝜⇫㟿㪗䤓㖖ⅳ᧶baloadᇬcaloadᇬsaloadᇬialoadᇬlaloadᇬ
faloadᇬdaloadᇬaaloadᇭ

⺕₹㝜⇫㟿㪗䤓⋋ⷧ⌷Ⓙ㟿兓⏒侯₼䤓㖖ⅳ᧶bastoreᇬcastoreᇬsastoreᇬiastoreᇬ
fastoreᇬdastoreᇬaastoreᇭ

♥㟿兓栎ㄵ䤓㖖ⅳ᧶arraylengthᇭ

㭏㩴伊⸭√伊⨚䤓㖖ⅳ᧶instanceofᇬcheckcastᇭ



6.4.6ᇫ㝜⇫㟿㪗丰䚕㖖ⅳ

Ⱁ⚛㝜⇫₹㣽抩㟿㗽兢㨓₼䤓⪕㪗挲㫆᧨Java壩㕮㧉㙟∪ℕK䞷ℝ䦃㘴㝜⇫㝜⇫㟿
㪗䤓㖖ⅳ᧨▔㕻᧶

⺕㝜⇫㟿㪗䤓㪗欅₹㒥₳₹⏒侯⒉㪗᧶popᇬpop2ᇭ

⮜Ⓟ㪗欅₹㒥₳₹㟿⋋ㄅ⺕⮜Ⓟ⋋㒥♛䤓⮜Ⓟ⋋摜㠿☚⏴㪗欅᧶dupᇬdup2ᇬ
dup_x1ᇬdup2_x1ᇬdup_x2ᇬdup2_x2ᇭ

⺕㪗㦏欅䵾䤓₳₹㟿⋋℡㗱᧶swapᇭ



6.4.7ᇫ㘶Ⓟ懻䲊㖖ⅳ

㘶Ⓟ懻䲊㖖ⅳ♾ⅴ常Java壩㕮㧉㦘㧰ↅ㒥㡯㧰ↅ⦿⅝㖖⸩䤓⇜函㖖ⅳ力ₜ㢾㘶Ⓟ懻䲊㖖
ⅳ䤓ₚ㧰㖖ⅳ其兼㓶嫛䲚ㄞ᧨⅝㰑㊄㲰⨚ₙ䚕屲᧨♾ⅴ帳㘶Ⓟ懻䲊㖖ⅳ⻀㢾⦷㦘㧰ↅ㒥
㡯㧰ↅ⦿≽㟈PC⹓ⷧ⣷䤓⋋ᇭ㘶Ⓟ懻䲊㖖ⅳⰑₚᇭ

㧰ↅ⒕㞾᧶ifeqᇬifltᇬifleᇬifneᇬifgtᇬifgeᇬifnullᇬifnonnullᇬif_icmpeqᇬif_icmpneᇬ
if_icmpltᇬif_icmpgtᇬif_icmpleᇬif_icmpgeᇬif_acmpeq✛if_acmpneᇭ

⮜⚗㧰ↅ⒕㞾᧶tableswitchᇬlookupswitchᇭ

㡯㧰ↅ⒕㞾᧶gotoᇬgoto_wᇬjsrᇬjsr_wᇬretᇭ

⦷Java壩㕮㧉₼㦘₢桷䤓㖖ⅳ楕䞷㧴⮓䚕int✛reference伊⨚䤓㧰ↅ⒕㞾㹣戒㝜⇫᧨ℕ
♾ⅴ㡯權㢝㣍㪖幕₹⸭⇢⋋㢾⚵null᧨⃮㦘₢桷䤓㖖ⅳ䞷㧴㭏㿚null⋋ᇭ

ⓜ槱並㦾扟並㢅䤓屓⒨咃᧨⺈ℝboolean伊⨚ᇬbyte伊⨚ᇬchar伊⨚✛short伊⨚䤓㧰
ↅ⒕㞾㹣戒㝜⇫᧨掌㢾∎䞷int伊⨚䤓㹣戒㖖ⅳ㧴⸛㒟᧨力⺈ℝlong伊⨚ᇬfloat伊⨚✛double伊
⨚䤓㧰ↅ⒕㞾㹣戒㝜⇫᧨⒨↩⏗㓶嫛䦇ㄣ伊⨚䤓㹣戒扟並㖖ⅳ᧤dcmpgᇬdcmplᇬfcmpgᇬ
fcmplᇬlcmp᧨屐6.4.3唑᧥᧨扟並㖖ⅳ↩扣⥭₹㠃⨚⋋Ⓙ㝜⇫㟿㪗₼᧨椞⚝␜㓶嫛int伊⨚䤓
㧰ↅ⒕㞾㹣戒㝜⇫㧴⸛㒟㠃₹⒕㞾悂懻ᇭ䟀ℝ⚓䱜伊⨚䤓㹣戒㦏兗掌↩懻▥int伊⨚䤓㹣戒
㝜⇫᧨int伊⨚㹣戒㢾⚵㡈≎⸛⠓⻀㣍㈦⺳摜尐᧨㓏ⅴJava壩㕮㧉㙟∪䤓int伊⨚䤓㧰ↅ⒕㞾
㖖ⅳ㢾㦏₿⹛✛㇉⮶䤓ᇭ



6.4.8ᇫ㡈㽤庒䞷✛扣⥭㖖ⅳ

㡈㽤庒䞷᧤⒕㿍ᇬ㓶嫛扖䲚᧥⺕⦷䶻8䵯␆⇢幁屲᧨扨摛⅔⒦ⅴₚ5㧰䞷ℝ㡈㽤庒䞷䤓
㖖ⅳᇭ

invokevirtual㖖ⅳ䞷ℝ庒䞷⺈廰䤓⸭√㡈㽤᧨㫈㗽⺈廰䤓⸭棔伊⨚扪嫛⒕㿍᧤壩㡈㽤⒕
㿍᧥᧨扨⃮㢾Java幼岏₼㦏デ屐䤓㡈㽤⒕㿍㡈㆞ᇭ

invokeinterface㖖ⅳ䞷ℝ庒䞷㘴♲㡈㽤᧨⸒↩⦷扟嫛㢅㚫侱₹⸭䘿ℕ扨₹㘴♲㡈㽤䤓⺈
廰᧨㔍⒉抑⚗䤓㡈㽤扪嫛庒䞷ᇭ

invokespecial㖖ⅳ䞷ℝ庒䞷K榏尐䔈㸙⮓䚕䤓⸭√㡈㽤᧨▔㕻⸭√⒬ⱚ▥㡈㽤ᇬ䱐㦘
㡈㽤✛䓅伊㡈㽤ᇭ

invokestatic㖖ⅳ䞷ℝ庒䞷伊㡈㽤᧤static㡈㽤᧥ᇭ

invokedynamic㖖ⅳ䞷ℝ⦷扟嫛㢅┷㊐屲㨟⒉庒䞷䍈棟⸩䶵㓏ㆤ䞷䤓㡈㽤᧨ㄅ㓶嫛年㡈
㽤᧨ⓜ槱4㧰庒䞷㖖ⅳ䤓⒕㿍拊戠掌⦉▥⦷Java壩㕮㧉␔捷᧨力invokedynamic㖖ⅳ䤓⒕㿍拊
戠㢾䟀䞷㓆㓏幍⸩䤓ㆤ⺋㡈㽤⑂⸩䤓ᇭ

㡈㽤庒䞷㖖ⅳ㟿㗽伊⨚㡯␂᧨力㡈㽤扣⥭㖖ⅳ㢾㫈㗽扣⥭⋋䤓伊⨚◉⒕䤓᧨▔㕻
ireturn᧤㇢扣⥭⋋㢾booleanᇬbyteᇬcharᇬshort✛int伊⨚㢅∎䞷᧥ᇬlreturnᇬfreturnᇬdreturn✛
areturn᧨♵⮥执㦘㧰return㖖ⅳ∪⭿㢝void䤓㡈㽤ᇬ⸭√⒬ⱚ▥㡈㽤ⅴ♙伊✛㘴♲䤓伊⒬
ⱚ▥㡈㽤∎䞷ᇭ



6.4.9ᇫ㆑デ⮓䚕㖖ⅳ

⦷Java䲚ㄞ₼㣍㆞㔪⒉㆑デ䤓㝜⇫᧤throw幼♴᧥掌䟀athrow㖖ⅳ㧴⸭䘿᧨棳ℕ䞷throw幼
♴㣍㆞㔪⒉㆑デ㍔⑄⃚⮥᧨Java壩㕮㧉屓喒执屓⸩ℕ幇⮩扟嫛㢅㆑デ↩⦷␅ⅥJava壩㕮㧉㖖
ⅳ㭏㿚Ⓙ㆑デ䕅⑄㢅呹┷㔪⒉ᇭ√Ⱁ᧨⦷ⓜ槱⅚兜䤓㠃㟿扟並₼᧨㇢棳㟿榅㢅᧨壩㕮㧉↩
⦷idiv㒥ldiv㖖ⅳ₼㔪⒉ArithmeticException㆑デᇭ

力⦷Java壩㕮㧉₼᧨⮓䚕㆑デ᧤catch幼♴᧥ₜ㢾䟀ⷦ唑䪐㖖ⅳ㧴⸭䘿䤓᧤㈗⃚⃔ⓜ㦍兞
∎䞷jsr✛ret㖖ⅳ㧴⸭䘿᧨䘿⦷め兞ₜ䞷ℕ᧥᧨力㢾摖䞷㆑デ嫷㧴⸛㒟䤓ᇭ



6.4.10ᇫ⚛㷴㖖ⅳ

Java壩㕮㧉♾ⅴ㞾㖐㡈㽤儶䤓⚛㷴✛㡈㽤␔捷㹄㖖ⅳㄞ⒦䤓⚛㷴᧨扨₳䱜⚛㷴兢㨓掌
㢾∎䞷丰䲚᧤Monitor᧥㧴㞾㖐䤓ᇭ

㡈㽤儶䤓⚛㷴㢾椟㆞䤓᧨☂㡯權抩扖ⷦ唑䪐㖖ⅳ㧴㘶Ⓟ᧨⸒⸭䘿⦷㡈㽤庒䞷✛扣⥭㝜⇫
⃚₼ᇭ壩㕮㧉♾ⅴ⅝㡈㽤デ摞㻯䤓㡈㽤嫷兢㨓₼䤓ACC_SYNCHRONIZED幎桽㪖㉦㈦䩴₹
㡈㽤㢾⚵⭿㢝⚛㷴㡈㽤ᇭ㇢㡈㽤庒䞷㢅᧨庒䞷㖖ⅳ⺕↩㭏㩴㡈㽤䤓ACC_SYNCHRONIZED
幎桽㪖㉦㢾⚵嬺幍函᧨Ⱁ㨫幍函ℕ᧨㓶嫛兎䲚⻀尐㻑⏗㒟┮㖐㦘丰䲚᧨䏅⚝㓜厌㓶嫛㡈㽤᧨
㦏⚝㇢㡈㽤⸛㒟᧤㡯幉㢾㷲デ⸛㒟执㢾槭㷲デ⸛㒟᧥㢅摙㟍丰䲚ᇭ⦷㡈㽤㓶嫛㦮梃᧨㓶嫛兎
䲚㖐㦘ℕ丰䲚᧨␅Ⅵ↊⇤兎䲚掌㡯㽤␜噆♥Ⓙ⚛₹丰䲚ᇭⰑ㨫₹⚛㷴㡈㽤㓶嫛㦮梃㔪⒉
ℕ㆑デ᧨ㄅ₣⦷㡈㽤␔捷㡯㽤⮓䚕㷳㆑デ᧨挲⃗扨₹⚛㷴㡈㽤㓏㖐㦘䤓丰䲚⺕⦷㆑デ㔪Ⓙ⚛
㷴㡈㽤⃚⮥㢅呹┷摙㟍ᇭ

⚛㷴㹄㖖ⅳ楕ㄞ⒦抩デ㢾䟀Java幼岏₼䤓synchronized幼♴⧦㧴嫷䯉䤓᧨Java壩㕮㧉䤓
㖖ⅳ楕₼㦘monitorenter✛monitorexit₳㧰㖖ⅳ㧴㞾㖐synchronized␂枽ⷦ䤓幼⃘᧨㷲䫽⸭䘿
synchronized␂枽ⷦ榏尐Javac冥幠⣷Java壩㕮㧉₳劔␀⚛◞⇫㞾㖐᧨巻Ⱁⅲ䪐䂔◤6-6₼㓏
䯉䤓ⅲ䪐ᇭ

ⅲ䪐䂔◤6-6ᇫⅲ䪐⚛㷴䆣䯉

void onlyMe᧤Foo f᧥{
synchronized᧤f᧥{
doSomething᧤᧥᧷
}
}

冥幠⚝᧨扨㹄ⅲ䪐䞮㒟䤓ⷦ唑䪐ㄞ⒦Ⱁₚ᧶

Method void onlyMe᧤Foo᧥
0 aload_1//⺕⺈廰f⏴㪗
1 dup//⮜Ⓟ㪗欅⏒侯᧤☂f䤓ㆤ䞷᧥
2 astore_2//⺕㪗欅⏒侯ⷧ⌷Ⓙ⻏捷♧摞嫷Slot 2₼
3 monitorenter//ⅴ㪗欅⏒侯᧤☂f᧥⇫析᧨ⱚ⚛㷴
4 aload_0//⺕⻏捷♧摞Slot 0᧤☂this㖖朗᧥䤓⏒侯⏴㪗
5 invokevirtual#5//庒䞷doSomething᧤᧥㡈㽤
8 aload_2//⺕⻏捷♧摞Slow 2䤓⏒侯᧤☂f᧥⏴㪗
9 monitorexit//抏⒉⚛㷴
10 goto 18//㡈㽤㷲デ兢㧮᧨悂懻Ⓙ18扣⥭
13 astore_3//⅝扨㷴ⱚ㢾㆑デ恾㈓᧨屐ₚ槱㆑デ嫷䤓Taget 13
14 aload_2//⺕⻏捷♧摞Slow 2䤓⏒侯᧤☂f᧥⏴㪗
15 monitorexit//抏⒉⚛㷴
16 aload_3//⺕⻏捷♧摞Slow 3䤓⏒侯᧤☂㆑デ⺈廰᧥⏴㪗
17 athrow//㔙㆑デ⺈廰摜㠿㔪⒉全onlyMe᧤᧥㡈㽤䤓庒䞷劔
18 return//㡈㽤㷲デ扣⥭
Exception table᧶
FromTo Target Type
4 10 13 any
13 16 13 any

冥幠⣷㉔權䫽≬㡯幉㡈㽤抩扖⇤䱜㡈㆞⸛㒟᧨㡈㽤₼庒䞷扖䤓㹞㧰monitorenter㖖ⅳ掌㉔
權㓶嫛␅⺈ㄣ䤓monitorexit㖖ⅳ᧨力㡯幉扨₹㡈㽤㢾㷲デ兢㧮执㢾㆑デ兢㧮ᇭ

⅝ⅲ䪐䂔◤6-6䤓ⷦ唑䪐ㄞ⒦₼♾ⅴ䦚Ⓙ᧨ℕ≬幐⦷㡈㽤㆑デ⸛㒟㢅monitorenter✛
monitorexit㖖ⅳ∬䏅♾ⅴ㷲䫽揜⺈㓶嫛᧨冥幠⣷↩呹┷ℶ䞮₹㆑デ⮓䚕⣷᧨扨₹㆑デ⮓䚕
⣷⭿㢝♾⮓䚕㓏㦘䤓㆑デ᧨⸒䤓䥽䤓⻀㢾䞷㧴㓶嫛monitorexit㖖ⅳᇭ



6.5ᇫ⏻㦘幍帰✛䱐㦘⸭䘿
Java壩㕮㧉屓喒㙞內ℕJava壩㕮㧉ㄣ㦘䤓␀⚛䲚ㄞⷧ⌷㫋㆞᧶Class㠖ↅ㫋㆞ⅴ♙ⷦ唑䪐

㖖ⅳ楕ᇭ扨K␔⹈䫻ↅᇬ㝜⇫侊兮♙␆⇢䤓Java壩㕮㧉⸭䘿⃚梃㢾⸛⏷䕻䵚䤓᧨壩㕮㧉⸭
䘿劔♾厌㦃㏎㎞㔙⸒ⅻ䦚⋩㢾䲚ㄞ⦷⚓䱜Java♿⸭䘿⃚梃℡䦇⸘⏷⦿ℳ℡䤓㓚㹄ᇭ

䚕屲⏻㦘幍帰䱐㦘⸭䘿⃚梃䤓⒕䟛兎㢾槭デ㦘㉔尐䤓᧨Java壩㕮㧉⸭䘿㉔權厌⮮床♥
Class㠖ↅㄅ位䫽⸭䘿▔⚺⦷␅₼䤓Java壩㕮㧉ⅲ䪐䤓幼⃘ᇭ㖎䧏Java壩㕮㧉屓喒㒟ₜ♧⦿
抟ⷦ⸭䘿␅₼尐㻑䤓␔⹈㇢䏅㢾䱜♾嫛䤓抣㈓᧨⇕₹↧䱏䤓壩㕮㧉⸭䘿᧨⦷䅰恂壩㕮㧉
屓喒䤓儵㧮ₚ⺈␆⇢⸭䘿⋩⒉≽㟈✛↧▥⃮㢾⸛⏷♾嫛䤓᧨ㄅ₣壩㕮㧉屓喒₼㢝䫽熢╀⸭䘿
劔扨㫆⋩ᇭ♹尐↧▥⚝Class㠖ↅ∬䏅♾ⅴ嬺㷲䫽床♥᧨ㄅ₣▔⚺⦷␅₼䤓幼⃘厌㈦Ⓙ⸛㠃䤓
≬㖐᧨挲⸭䘿劔⻀♾ⅴ折㕸↊⇤㡈㆞♊⸭䘿扨K幼⃘᧨壩㕮㧉⚝♿Ⱁ⇤⮓䚕Class㠖ↅ⸛⏷㢾
⸭䘿劔呹む䤓ℚ㍔᧨♹尐⸒⦷⮥捷㘴♲ₙ䦚怆㧴屓喒㙞承䤓咃☂♾[1]ᇭ

壩㕮㧉⸭䘿劔♾ⅴ∎䞷扨䱜⇇冸㊶㧴常Java壩㕮㧉噆㈦㦃浧䤓㊶厌ᇬ㦃⇝䤓␔ⷧ䀗劦㒥
劔㦃Ⰼ䤓♾䲊㮜㊶᧨折㕸❹䱜䔈㊶♥⑂ℝJava壩㕮㧉⸭䘿䤓䥽㪖✛␂㽷䍈㢾⅏⃗ᇭ壩㕮㧉⸭
䘿䤓㡈㆞尐㦘ⅴₚ₳䱜᧶

⺕戢⏴䤓Java壩㕮㧉ⅲ䪐⦷┯戌㒥㓶嫛㢅劊幠㒟♵⮥䱜壩㕮㧉䤓㖖ⅳ楕ᇭ

⺕戢⏴䤓Java壩㕮㧉ⅲ䪐⦷┯戌㒥㓶嫛㢅劊幠㒟⹎㧉CPU䤓㦻⦿㖖ⅳ楕᧤☂JITⅲ䪐䞮
㒟㔏㦾᧥ᇭ

位䫽⸩⃘䤓壩㕮㧉✛䥽㪖㠖ↅ㫋㆞ₜㄣ㇢⺈壩㕮㧉⸭䘿劔䤓⒪抯㊶ℶ䞮⮹⮩䤓棟
Ⓟ᧨Java壩㕮㧉ㄣ嬺幍帰㒟♾ⅴ⏐幇㦘↦⮩ₜ⚛䤓⸭䘿᧨ㄅ₣⚓䱜⸭䘿♾ⅴ⦷≬㖐␋⹈㊶䤓
⚛㢅㙟∪ₜ⚛䤓ᇬ㠿䤓ᇬ㦘怲䤓屲⑂㡈㫗ᇭ

[1]扨摛␅⸭⮩⺠ⷧ⦷K√⮥᧶巻Ⱁ庒幤⣷᧤Debuggers᧥ᇬ㊶厌䥠展⣷᧤Profilers᧥✛☂㢅
冥幠⣷᧤Just-In-Time Code Generator᧥䷘掌♾厌榏尐幎桽K抩デ帳㢾“壩㕮㧉⚝♿”䤓⏒
侯ᇭ



6.6ᇫClass㠖ↅ兢㨓䤓♠⻤
Class㠖ↅ兢㨓呹Java壩㕮㧉屓喒䶻1䓗帱䵚ⅴ㧴᧨め兞㦘◐⮩䤓☕⚁ᇭ扨◐⮩

梃᧨Java㔏㦾⇢侊㦘ℕ劊⮸尕⦿䤓㟈♧᧨JDK䤓䓗㦻⚆め兞⅝1.0㙟◖Ⓙℕ1.7ᇭ䦇⺈ℝ幼岏ᇬ
APIⅴ♙Java㔏㦾⇢侊₼␅Ⅵ㡈槱䤓♧▥᧨Class㠖ↅ兢㨓䦃⮓ℝ㹣戒䳂⸩䤓䕅㊐᧨Class㠖
ↅ䤓⇢兢㨓ᇬⷦ唑䪐㖖ⅳ䤓幼⃘✛㟿摞⑯⃝㼰㦘⒉䘿扖♧┷[1]᧨㓏㦘⺈Class㠖ↅ㫋㆞䤓㟈
扪᧨掌楕₼⦷⚠幎桽㪖㉦ᇬ⻭㊶嫷扨K⦷幍帰ₙ⻀♾㓸⻤䤓㟿㗽兢㨓₼䂊┯␔⹈ᇭ

Ⱁ㨫ⅴᇵJava壩㕮㧉屓喒᧤䶻2䓗᧥ᇶ⪉扪嫛㹣戒䤓幬᧨挲⃗⦷⚝兼Class㠖ↅ㫋㆞
䤓♠⻤扖䲚₼᧨幎桽㪖㉦摛㠿┯⏴ℕACC_SYNTHETICᇬACC_ANNOTATIONᇬ
ACC_ENUMᇬACC_BRIDGEᇬACC_VARARGS␀5₹㪖㉦ᇭ力⻭㊶嫷楕⚗₼᧨⦷JDK 1.5Ⓙ
JDK 1.7䓗㦻⃚梃␀⬭┯ℕ12欈㠿䤓⻭㊶᧨扨K⻭㊶⮶捷⒕䞷ℝ㞾㖐Java₼幇⮩㠿⒉䘿䤓幼
岏䔈㊶᧨Ⱁ㨩ᇬ♧栎♑㟿ᇬ㽪⨚ᇬ┷㊐㽷屲䷘ᇭ执㦘K㢾ℕ㞾㖐㊶厌㟈扪✛庒幤≰
㋾᧨巻ⰑJDK 1.6䤓㠿伊⨚㪰洛⣷䤓StackMapTable⻭㊶✛⺈槭Javaⅲ䪐庒幤₼䞷Ⓙ䤓
SourceDebugExtension⻭㊶ᇭ

Class㠖ↅ㫋㆞㓏␆䤓♿₼䵚᧤ₜ∬忥ℝ䔈⸩䫻ↅ♙㝜⇫侊兮᧥ᇬ侶①ᇬ䳂⸩✛♾㓸
⻤䤓䔈䍈᧨㢾Java㔏㦾⇢侊⸭䘿♿㡯␂ᇬ幼岏㡯␂₳欈䔈㊶䤓摜尐㞾㪀ᇭ

[1]◐⇨梃᧨ⷦ唑䪐䤓㟿摞✛幼⃘♹♠䞮扖⻗㖖♾㟿䤓⑯㶰♧┷᧨√Ⱁ᧨JDK1.0.2㢅㟈┷扖
invokespecial㖖ⅳ䤓幼⃘᧷JDK 1.7⬭┯ℕinvokedynamic㖖ⅳ᧨䰐㷱ℕret✛jsr㖖ⅳᇭ



6.7ᇫ㦻䵯⺞兢
Class㠖ↅ㢾Java壩㕮㧉㓶嫛ㆤ㝝䤓㟿㗽⏴♲᧨⃮㢾Java㔏㦾⇢侊䤓⪉䫏㨓㒟⃚ᇭℕ屲

Class㠖ↅ䤓兢㨓⺈⚝槱扪㷴ℕ屲壩㕮㧉㓶嫛ㆤ㝝㦘㈗摜尐䤓㎞⃘ᇭ

㦻䵯幵兕幁屲ℕClass㠖ↅ兢㨓₼䤓⚓₹兓㒟捷⒕᧨ⅴ♙㹞₹捷⒕䤓⸩⃘ᇬ㟿㗽兢㨓✛∎
䞷㡈㽤ᇭ抩扖ⅲ䪐䂔◤6-1䤓Javaⅲ䪐⸒䤓Class㠖ↅ㫆√᧨ⅴ⸭㒧䤓㡈㆞䆣䯉ℕClass䤓㟿
㗽㢾Ⱁ⇤ⷧ⌷✛幎桽䤓ᇭ⅝䶻7䵯ⱚ᧨㒠ⅻ⺕ⅴ┷㊐䤓ᇬ扟嫛㢅䤓屡ㄵ♊䦚䦚ⷦ唑䪐㿐⦷
壩㕮㧉㓶嫛ㆤ㝝₼㢾㊝㫆嬺屲摙㓶嫛䤓ᇭ



䶻7䵯ᇫ壩㕮㧉伊┯戌㧉Ⓟ
ⅲ䪐冥幠䤓兢㨫⅝㦻⦿㧉⣷䪐懻♧ⷦ唑䪐᧨㢾ⷧ⌷㫋㆞♠⻤䤓⺞㷴᧨☃㢾冥䲚幼岏

♠⻤䤓⮶㷴ᇭ

7.1ᇫ㰑承
ₙ䵯㒠ⅻℕ屲ℕClass㠖ↅⷧ⌷㫋㆞䤓␆⇢兕唑᧨⦷Class㠖ↅ₼㙞承䤓⚓䱜≰㋾᧨㦏

兗掌榏尐┯戌Ⓙ壩㕮㧉₼⃚⚝㓜厌扟嫛✛∎䞷ᇭ力壩㕮㧉Ⱁ⇤┯戌扨KClass㠖ↅ᧻Class㠖
ↅ₼䤓≰㋾扪⏴Ⓙ壩㕮㧉⚝↩♠䞮⅏⃗♧▥᧻扨K掌㢾㦻䵯⺕尐幁屲䤓␔⹈ᇭ

壩㕮㧉㔙㙞承伊䤓㟿㗽⅝Class㠖ↅ┯戌Ⓙ␔ⷧ᧨ㄅ⺈㟿㗽扪嫛㪰洛ᇬ懻㗱屲㨟✛⒬ⱚ
▥᧨㦏兗ㇱ㒟♾ⅴ嬺壩㕮㧉䦃㘴∎䞷䤓Java伊⨚᧨扨⻀㢾壩㕮㧉䤓伊┯戌㧉Ⓟᇭ

挲K⦷冥幠㢅榏尐扪嫛扭㘴ぴ⇫䤓幼岏ₜ⚛᧨⦷Java幼岏摛槱᧨伊⨚䤓┯戌ᇬ扭㘴✛
⒬ⱚ▥扖䲚掌㢾⦷䲚ㄞ扟嫛㦮梃⸛㒟䤓᧨扨䱜䷥䟴夌䏅↩ⅳ伊┯戌㢅䲜㈽⬭┯K㊶厌
枏᧨⇕㢾↩Javaㄣ䞷䲚ㄞ㙟∪浧ㄵ䤓䌄㿊㊶᧨Java摛⮸䞮♾ⅴ┷㊐㓸⻤䤓幼岏䔈㊶⻀㢾∬
忥扟嫛㦮┷㊐┯戌✛┷㊐扭㘴扨₹䔈䍈⸭䘿䤓ᇭ√Ⱁ᧨Ⱁ㨫冥₹槱⚠㘴♲䤓ㄣ䞷䲚ㄞ᧨
♾ⅴ䷘Ⓙ扟嫛㢅␜㖖⸩␅⸭棔䤓⸭䘿伊᧷䞷㓆♾ⅴ抩扖Java欓⸩⃘䤓✛呹⸩⃘伊┯戌⣷᧨常
₹㦻⦿䤓ㄣ䞷䲚ㄞ♾ⅴ⦷扟嫛㢅⅝几八㒥␅Ⅵ⦿㡈┯戌₹ℛ扪Ⓟ㿐⇫䲚ㄞⅲ䪐䤓捷
⒕᧨扨䱜兓孔ㄣ䞷䲚ㄞ䤓㡈㆞䥽ⓜめㄎ㽪ㄣ䞷ℝJava䲚ㄞ⃚₼ᇭ⅝㦏⪉䫏䤓AppletᇬJSPⒿ䦇
⺈⮜㧑䤓OSGi㔏㦾᧨掌∎䞷ℕJava幼岏扟嫛㦮伊┯戌䤓䔈㊶ᇭ

ℕ挎⏜幼岏嫷才₼♾厌ℶ䞮䤓⋞ぽ᧨⦷㦻䵯㷲㆞ⱚ⃚ⓜ᧨䶣劔⏗幍䵚₳₹幼岏ₙ䤓
儵⸩᧶䶻᧨⦷⸭棔㍔⑄₼᧨㹞₹Class㠖ↅ掌㦘♾厌ⅲ嫷䧏Java幼岏₼䤓₹伊㒥㘴♲᧨⚝
㠖₼䦃㘴⺈“伊”䤓㙞承掌▔㕻ℕ伊✛㘴♲䤓♾厌㊶᧨力⺈ℝ伊✛㘴♲榏尐⒕㙞承䤓⧉㣾↩
䔈Ⓔ㖖㢝᧷䶻ℛ᧨ⓜ槱⅚兜Class㠖ↅ㫋㆞㢅䤓儵⸩咃᧨䶣劔㦻䵯㓏㙟Ⓙ䤓“Class㠖
ↅ”ㄅ槭䔈㖖㩟₹ⷧ⦷ℝ␆⇢䭐䥧₼䤓㠖ↅ᧨扨摛㓏広䤓“Class㠖ↅ”ㄣ㇢㢾ℛ扪Ⓟ䤓ⷦ
唑㿐᧨㡯幉ⅴ⇤䱜ㇱ㆞ⷧ⦷掌♾ⅴᇭ



7.2ᇫ伊┯戌䤓㢅㧉
伊⅝嬺┯戌Ⓙ壩㕮㧉␔ⷧ₼ⱚ᧨Ⓙ☇戌⒉␔ⷧ㷱᧨⸒䤓㠃₹䞮✌⛷㦮▔㕻᧶┯戌

᧤Loading᧥ᇬ洛幐᧤Verification᧥ᇬ᧤Preparation᧥ᇬ屲㨟᧤Resolution᧥ᇬ⒬ⱚ▥
᧤Initialization᧥ᇬ∎䞷᧤Using᧥✛☇戌᧤Unloading᧥7₹棅㹄ᇭ␅₼洛幐ᇬᇬ屲㨟3₹
捷⒕兮䱿扭㘴᧤Linking᧥᧨扨7₹棅㹄䤓♠䞮欉ㄞⰑ⦍7-1㓏䯉ᇭ

⦍ᇫ7-1ᇫ伊䤓䞮✌⛷㦮

⦍7-1₼᧨┯戌ᇬ洛幐ᇬᇬ⒬ⱚ▥✛☇戌扨5₹棅㹄䤓欉ㄞ㢾䫽⸩䤓᧨伊䤓┯戌扖䲚
㉔權㖘䏶扨䱜欉ㄞ㖘捷⻀䙼⦿ⱚ᧨力屲㨟棅㹄⒨ₜ⸩᧶⸒⦷㩟K㍔⑄ₚ♾ⅴ⦷⒬ⱚ▥棅
㹄⃚⚝␜ⱚ᧨扨㢾ℕ㞾㖐Java幼岏䤓扟嫛㢅兠⸩᧤⃮䱿┷㊐兠⸩㒥㣩㦮兠⸩᧥ᇭ㽷
㎞᧨扨摛䶣劔䤓㢾㖘捷⻀䙼⦿“ⱚ”᧨力ₜ㢾㖘捷⻀䙼⦿“扪嫛”㒥“⸛㒟”᧨㇉庒扨䍈㢾⥯
扨K棅㹄抩デ掌㢾℡䦇ℳ♘⦿䂆⚗㆞扪嫛䤓᧨抩デ↩⦷₹棅㹄㓶嫛䤓扖䲚₼庒䞷ᇬ䉏㿊
♵⮥₹棅㹄ᇭ

⅏⃗㍔⑄ₚ榏尐ⱚ伊┯戌扖䲚䤓䶻₹棅㹄᧶┯戌᧻Java壩㕮㧉屓喒₼ㄅ㼰㦘扪嫛㇉
Ⓟ儵㧮᧨扨䍈♾ⅴℳ全壩㕮㧉䤓␆⇢⸭䘿㧴呹䟀㔙㙰ᇭ⇕㢾⺈ℝ⒬ⱚ▥棅㹄᧨壩㕮㧉屓喒⒨
㢾₴㫋屓⸩ℕ㦘₣♹㦘5䱜㍔⑄㉔權䵚☂⺈伊扪嫛“⒬ⱚ▥”᧤力┯戌ᇬ洛幐ᇬ呹䏅榏尐
⦷㷳⃚ⓜⱚ᧥᧶

1᧥拖Ⓙnewᇬgetstaticᇬputstatic㒥invokestatic扨4㧰ⷦ唑䪐㖖ⅳ㢅᧨Ⱁ㨫伊㼰㦘扪嫛扖⒬
ⱚ▥᧨⒨榏尐⏗屵♠␅⒬ⱚ▥ᇭ䞮㒟扨4㧰㖖ⅳ䤓㦏デ屐䤓Javaⅲ䪐⧉㣾㢾᧶∎䞷new␂枽ⷦ
⸭√▥⺈廰䤓㢅⊨ᇬ床♥㒥幍函₹伊䤓槨㊐ⷦ㹄᧤嬺final≽毿ᇬめ⦷冥幠㦮㔙兢㨫㟍⏴デ
摞㻯䤓槨㊐ⷦ㹄棳⮥᧥䤓㢅⊨᧨ⅴ♙庒䞷₹伊䤓槨㊐㡈㽤䤓㢅⊨ᇭ

2᧥∎䞷java.lang.reflect▔䤓㡈㽤⺈伊扪嫛♜⺓庒䞷䤓㢅⊨᧨Ⱁ㨫伊㼰㦘扪嫛扖⒬ⱚ▥᧨
⒨榏尐⏗屵♠␅⒬ⱚ▥ᇭ

3᧥㇢⒬ⱚ▥₹伊䤓㢅⊨᧨Ⱁ㨫♠䘿␅䓅伊执㼰㦘扪嫛扖⒬ⱚ▥᧨⒨榏尐⏗屵♠␅䓅
伊䤓⒬ⱚ▥ᇭ

4᧥㇢壩㕮㧉⚾┷㢅᧨䞷㓆榏尐㖖⸩₹尐㓶嫛䤓伊᧤▔⚺main᧤᧥㡈㽤䤓挲₹
伊᧥᧨壩㕮㧉↩⏗⒬ⱚ▥扨₹伊ᇭ

5᧥㇢∎䞷JDK 1.7䤓┷㊐幼岏㞾㖐㢅᧨Ⱁ㨫₹java.lang.invoke.MethodHandle⸭√㦏⚝



䤓屲㨟兢㨫REF_getStaticᇬREF_putStaticᇬREF_invokeStatic䤓㡈㽤♴㩓᧨ㄅ₣扨₹㡈㽤♴㩓
㓏⺈ㄣ䤓伊㼰㦘扪嫛扖⒬ⱚ▥᧨⒨榏尐⏗屵♠␅⒬ⱚ▥ᇭ

⺈ℝ扨5䱜↩屵♠伊扪嫛⒬ⱚ▥䤓⧉㣾᧨壩㕮㧉屓喒₼∎䞷ℕ₹㈗㇉䍗䤓棟⸩幼᧶“㦘
₣♹㦘”᧨扨5䱜⧉㣾₼䤓嫛䱿⺈₹伊扪嫛┷ㆤ䞷ᇭ棳㷳⃚⮥᧨㓏㦘ㆤ䞷伊䤓㡈㆞掌
ₜ↩屵♠⒬ⱚ▥᧨䱿嬺┷ㆤ䞷ᇭₚ槱3₹√㧴広㢝⇤嬺┷ㆤ䞷᧨⒕Ⓔ屐ⅲ䪐䂔◤7-1
ᨺⅲ䪐䂔◤7-3ᇭ

ⅲ䪐䂔◤7-1ᇫ嬺┷ㆤ䞷䤓√⃚

package org.fenixsoft.classloading᧷
/**
*嬺┷∎䞷伊ⷦ㹄䆣䯉᧶
*抩扖伊ㆤ䞷䓅伊䤓槨㊐ⷦ㹄᧨ₜ↩⺋咃伊⒬ⱚ▥
**/
public class SuperClass{
static{
System.out.println᧤"SuperClass init"᧥᧷
}
public static int value=123᧷
}
public class SubClass extends SuperClass{
static{
System.out.println᧤"SubClass init"᧥᧷
}
}
/**
*槭┷∎䞷伊ⷦ㹄䆣䯉
**/
public class NotInitialization{
public static void main᧤String[]args᧥{
System.out.println᧤SubClass.value᧥᧷
}
}

ₙ承ⅲ䪐扟嫛⃚⚝᧨♹↩戢⒉“SuperClass init”᧨力ₜ↩戢⒉“SubClass init”ᇭ⺈ℝ槨
㊐ⷦ㹄᧨♹㦘䦃㘴⸩⃘扨₹ⷦ㹄䤓伊㓜↩嬺⒬ⱚ▥᧨⥯㷳抩扖␅伊㧴ㆤ䞷䓅伊₼⸩⃘䤓槨
㊐ⷦ㹄᧨♹↩屵♠䓅伊䤓⒬ⱚ▥力ₜ↩屵♠伊䤓⒬ⱚ▥ᇭ咂ℝ㢾⚵尐屵♠伊䤓┯戌✛洛
幐᧨⦷壩㕮㧉屓喒₼ㄅ㦹㢝䫽屓⸩᧨扨䍈♥⑂ℝ壩㕮㧉䤓␆⇢⸭䘿ᇭ⺈ℝSun HotSpot壩㕮㧉
㧴広᧨♾抩扖-XX᧶+TraceClassLoading♑㟿屑Ⓙ㷳㝜⇫↩⺋咃伊䤓┯戌ᇭ

ⅲ䪐䂔◤7-2ᇫ嬺┷ㆤ䞷䤓√⃚ℛ

package org.fenixsoft.classloading᧷
/**
*嬺┷∎䞷伊ⷦ㹄䆣䯉ℛ᧶
*抩扖㟿兓⸩⃘㧴ㆤ䞷伊᧨ₜ↩屵♠㷳伊䤓⒬ⱚ▥
**/
public class NotInitialization{
public static void main᧤String[]args᧥{
SuperClass[]sca=new SuperClass[10]᧷
}
}

ℕ唑䦐䓗槱᧨扨㹄ⅲ䪐⮜䞷ℕⅲ䪐䂔◤7-1₼䤓SuperClass᧨扟嫛⃚⚝♠䘿㼰㦘戢
⒉“SuperClass init”᧨広㢝ㄅ㼰㦘屵♠伊org.fenixsoft.classloading.SuperClass䤓⒬ⱚ▥棅㹄ᇭ
⇕㢾扨㹄ⅲ䪐摛槱屵♠ℕ♵⮥₹⚜“[Lorg.fenixsoft.classloading.SuperClass”䤓伊䤓⒬ⱚ▥
棅㹄᧨⺈ℝ䞷㓆ⅲ䪐㧴広᧨扨ㄅₜ㢾₹⚗㽤䤓伊⚜䱿᧨⸒㢾₹䟀壩㕮㧉呹┷䞮㒟䤓ᇬ䦃
㘴其㔎ℝjava.lang.Object䤓伊᧨⒪ㆉ┷⇫䟀ⷦ唑䪐㖖ⅳnewarray屵♠ᇭ

扨₹伊ⅲ嫷ℕ₹⏒侯伊⨚org.fenixsoft.classloading.SuperClass䤓冃㟿兓᧨㟿兓₼ㄣ
㦘䤓⻭㊶✛㡈㽤᧤䞷㓆♾䦃㘴∎䞷䤓♹㦘嬺≽毿public䤓length⻭㊶✛clone᧤᧥㡈㽤᧥掌⸭
䘿⦷扨₹伊摛ᇭJava幼岏₼⺈㟿兓䤓幎桽㹣C/C++䦇⺈⸘⏷㢾⥯扨₹伊⺐孔ℕ㟿兓⏒侯䤓
幎桽㡈㽤[1]᧨力C/C++䦃㘴劊幠⺈㟿兓㖖朗䤓䲊┷ᇭ⦷Java幼岏₼᧨㇢㭏㩴Ⓙ♠䞮㟿兓怙䟛
㢅↩㔪⒉java.lang.ArrayIndexOutOfBoundsException㆑デᇭ



ⅲ䪐䂔◤7-3ᇫ嬺┷ㆤ䞷䤓√⃚ₘ

package org.fenixsoft.classloading᧷
/**
*嬺┷∎䞷伊ⷦ㹄䆣䯉ₘ᧶
*デ摞⦷冥幠棅㹄↩ⷧ⏴庒䞷伊䤓デ摞㻯₼᧨㦻德ₙㄅ㼰㦘䦃㘴ㆤ䞷Ⓙ⸩⃘デ摞䤓伊᧨⥯㷳ₜ↩屵♠⸩⃘デ摞䤓伊䤓⒬ⱚ▥ᇭ
**/
public class ConstClass{
static{
System.out.println᧤"ConstClass init"᧥᧷
}
public static final String HELLOWORLD="hello world"᧷
}
/**
*槭┷∎䞷伊ⷦ㹄䆣䯉
**/
public class NotInitialization{
public static void main᧤String[]args᧥{
System.out.println᧤ConstClass.HELLOWORLD᧥᧷
}
}

ₙ承ⅲ䪐扟嫛⃚⚝᧨⃮㼰㦘戢⒉“ConstClass init”᧨扨㢾⥯夌䏅⦷Java䄟䪐₼ㆤ䞷ℕ
ConstClass伊₼䤓デ摞HELLOWORLD᧨⇕␅⸭⦷冥幠棅㹄抩扖デ摞↯㜼↧▥᧨め兞⺕㷳デ摞
䤓⋋“hello world”ⷧ⌷ⒿℕNotInitialization伊䤓デ摞㻯₼᧨ⅴ⚝NotInitialization⺈デ摞
ConstClass.HELLOWORLD䤓ㆤ䞷⸭棔掌嬺懻▥NotInitialization伊⺈呹愺デ摞㻯䤓ㆤ䞷ℕᇭ
⃮⻀㢾広᧨⸭棔ₙNotInitialization䤓Class㠖ↅ⃚₼ㄅ㼰㦘ConstClass伊䤓䶵⚆ㆤ䞷⏴♲᧨扨₳
₹伊⦷冥幠㒟Class⃚⚝⻀ₜⷧ⦷↊⇤勣侊ℕᇭ

㘴♲䤓┯戌扖䲚伊┯戌扖䲚䲜㦘Kₜ⚛᧨朗⺈㘴♲榏尐⋩K䔈㸙広㢝᧶㘴♲⃮㦘
⒬ⱚ▥扖䲚᧨扨䍈伊㢾咃䤓᧨ₙ槱䤓ⅲ䪐掌㢾䞷槨㊐幼♴⧦“static{}”㧴戢⒉⒬ⱚ▥≰㋾
䤓᧨力㘴♲₼ₜ厌∎䞷“static{}”幼♴⧦᧨⇕冥幠⣷⅜䏅↩㘴♲䞮㒟“᧸clinit᧺᧤᧥”伊㨓抯
⣷[2]᧨䞷ℝ⒬ⱚ▥㘴♲₼㓏⸩⃘䤓㒟⛧♧摞ᇭ㘴♲伊䦮㷲㦘㓏◉Ⓔ䤓㢾ⓜ槱幁承䤓5䱜“㦘
₣⅔㦘”榏尐ⱚ⒬ⱚ▥⧉㣾₼䤓䶻3䱜᧶㇢₹伊⦷⒬ⱚ▥㢅᧨尐㻑␅䓅伊⏷捷掌め兞⒬ⱚ
▥扖ℕ᧨⇕㢾₹㘴♲⦷⒬ⱚ▥㢅᧨ㄅₜ尐㻑␅䓅㘴♲⏷捷掌⸛㒟ℕ⒬ⱚ▥᧨♹㦘⦷䦮㷲∎
䞷Ⓙ䓅㘴♲䤓㢅⊨᧤Ⱁㆤ䞷㘴♲₼⸩⃘䤓デ摞᧥㓜↩⒬ⱚ▥ᇭ

[1]䫽⦿広᧨怙䟛㭏㩴ₜ㢾⺐孔⦷㟿兓⏒侯幎桽䤓伊₼᧨力㢾⺐孔⦷㟿兓幎桽䤓xaloadᇬ
xastoreⷦ唑䪐㖖ⅳ₼ᇭ
[2]␂ℝ伊㨓抯⣷᧸clinit᧺✛㡈㽤㨓抯⣷᧸init᧺䤓䞮㒟扖䲚✛⇫䞷᧨♾♑屐䶻10䵯䤓䦇␂␔
⹈ᇭ



7.3ᇫ伊┯戌䤓扖䲚
㘴ₚ㧴㒠ⅻ幵兕幁屲ₚJava壩㕮㧉₼伊┯戌䤓⏷扖䲚᧨⃮⻀㢾┯戌ᇬ洛幐ᇬᇬ屲

㨟✛⒬ⱚ▥扨5₹棅㹄㓏㓶嫛䤓␆⇢┷⇫ᇭ

7.3.1ᇫ┯戌

“┯戌”㢾“伊┯戌”᧤Class Loading᧥扖䲚䤓₹棅㹄᧨゛㦪床劔㼰㦘䂆䁕扨₳₹䦚怆㧴
㈗䦇⇋䤓⚜幜ᇭ⦷┯戌棅㹄᧨壩㕮㧉榏尐⸛㒟ⅴₚ3ↅℚ㍔᧶

1᧥抩扖₹伊䤓⏷棟⸩⚜㧴噆♥⸩⃘㷳伊䤓ℛ扪Ⓟⷦ唑㿐ᇭ

2᧥⺕扨₹ⷦ唑㿐㓏ⅲ嫷䤓槨㊐ⷧ⌷兢㨓懻▥㡈㽤◉䤓扟嫛㢅㟿㗽兢㨓ᇭ

3᧥⦷␔ⷧ₼䞮㒟₹ⅲ嫷扨₹伊䤓java.lang.Class⺈廰᧨⇫㡈㽤◉扨₹伊䤓⚓䱜㟿㗽
䤓幎桽⏴♲ᇭ

壩㕮㧉屓喒䤓扨3䍈尐㻑␅⸭ㄅₜ並␆⇢᧨⥯㷳壩㕮㧉⸭䘿␆⇢ㄣ䞷䤓䌄㿊ㄵ掌㢾䦇
㇢⮶䤓ᇭ√Ⱁ“抩扖₹伊䤓⏷棟⸩⚜㧴噆♥⸩⃘㷳伊䤓ℛ扪Ⓟⷦ唑㿐”扨㧰᧨⸒㼰㦘㖖㢝ℛ
扪Ⓟⷦ唑㿐尐⅝₹Class㠖ↅ₼噆♥᧨䫽⦿広㢾㫈㦻㼰㦘㖖㢝尐⅝❹摛噆♥ᇬ㊝㫆噆♥ᇭ
壩㕮㧉幍帰⥱梮⦷┯戌棅㹄㚼ㆉℕ₹䦇㇢㟍䤓ᇬㄎ梣䤓“咭♿”᧨Java♠⻤☕䲚₼᧨⏔䅰
⒪抯┪䤓♠ⅉ⛧⒨⦷扨₹“咭♿”ₙ䘸⒉ℕ⚓䱜啀㫆᧨幇⮩恂戊摜䤓Java㔏㦾掌ㆉ䵚⦷扨
⪉䫏⃚ₙ᧨√Ⱁ᧶

⅝ZIP▔₼床♥᧨扨㈗デ屐᧨㦏兗㒟㡴⚝JARᇬEARᇬWAR㫋㆞䤓⪉䫏ᇭ

⅝几八₼噆♥᧨扨䱜⧉㣾㦏␇⨚䤓ㄣ䞷⻀㢾Appletᇭ

扟嫛㢅帰並䞮㒟᧨扨䱜⧉㣾∎䞷㈦㦏⮩䤓⻀㢾┷㊐ⅲ䚕㔏㦾᧨⦷java.lang.reflect.Proxy
₼᧨⻀㢾䞷ℕProxyGenerator.generateProxyClass㧴䔈⸩㘴♲䞮㒟ㇱ㆞“*$Proxy”䤓ⅲ䚕伊
䤓ℛ扪Ⓟⷦ唑㿐ᇭ

䟀␅Ⅵ㠖ↅ䞮㒟᧨␇⨚⧉㣾㢾JSPㄣ䞷᧨☂䟀JSP㠖ↅ䞮㒟⺈ㄣ䤓Class伊ᇭ

⅝㟿㗽ㄢ₼床♥᧨扨䱜⧉㣾䦇⺈⺠屐K᧨√Ⱁ㦘K₼梃ↅ㦜┰⣷᧤ⰑSAP Netweaver᧥
♾ⅴ折㕸㔙䲚ㄞ⸘孔Ⓙ㟿㗽ㄢ₼㧴⸛㒟䲚ㄞⅲ䪐⦷楕刳梃䤓⒕♠ᇭ

……

䦇⺈ℝ伊┯戌扖䲚䤓␅Ⅵ棅㹄᧨₹槭㟿兓伊䤓┯戌棅㹄᧤䫽⦿広᧨㢾┯戌棅㹄₼噆
♥伊䤓ℛ扪Ⓟⷦ唑㿐䤓┷⇫᧥㢾♠ⅉ⛧♾㘶㊶㦏㇉䤓᧨⥯┯戌棅㹄㡱♾ⅴ∎䞷侊兮㙟∪
䤓ㆤ⺋伊┯戌⣷㧴⸛㒟᧨⃮♾ⅴ䟀䞷㓆呹⸩⃘䤓伊┯戌⣷♊⸛㒟᧨♠ⅉ⛧♾ⅴ抩扖⸩⃘呹
む䤓伊┯戌⣷♊㘶Ⓟⷦ唑㿐䤓噆♥㡈㆞᧤☂摜₹伊┯戌⣷䤓loadClass᧤᧥㡈㽤᧥ᇭ

⺈ℝ㟿兓伊力岏᧨㍔⑄⻀㦘㓏ₜ⚛᧨㟿兓伊㦻愺ₜ抩扖伊┯戌⣷⒪ㆉ᧨⸒㢾䟀Java壩㕮
㧉䦃㘴⒪ㆉ䤓ᇭ⇕㟿兓伊伊┯戌⣷⅜䏅㦘㈗⹕⒖䤓␂侊᧨⥯㟿兓伊䤓⏒侯伊⨚᧤Element



Type᧨㖖䤓㢾㟿兓♊㘘㓏㦘冃ㄵ䤓伊⨚᧥㦏兗㢾尐槯伊┯戌⣷♊⒪ㆉ᧨₹㟿兓伊᧤ₚ槱丏
䱿C᧥⒪ㆉ扖䲚⻀挄㈹ⅴₚ屓⒨᧶

Ⱁ㨫㟿兓䤓兓ↅ伊⨚᧤Component Type᧨㖖䤓㢾㟿兓♊㘘₹冃ㄵ䤓伊⨚᧥㢾ㆤ䞷伊
⨚᧨挲⻀抡㇡摖䞷㦻唑₼⸩⃘䤓┯戌扖䲚♊┯戌扨₹兓ↅ伊⨚᧨㟿兓C⺕⦷┯戌年兓ↅ伊⨚
䤓伊┯戌⣷䤓伊⚜䱿䴉梃ₙ嬺㪖幕᧤扨䍈㈗摜尐᧨⦷7.4唑↩⅚兜Ⓙ᧨₹伊㉔權伊┯戌
⣷怆䫽⸩➾㊶᧥ᇭ

Ⱁ㨫㟿兓䤓兓ↅ伊⨚ₜ㢾ㆤ䞷伊⨚᧤√Ⱁint[]㟿兓᧥᧨Java壩㕮㧉⺕↩㔙㟿兓C㪖帿
ㆤ⺋伊┯戌⣷␂勣ᇭ

㟿兓伊䤓♾屐㊶⸒䤓兓ↅ伊⨚䤓♾屐㊶咃᧨Ⱁ㨫兓ↅ伊⨚ₜ㢾ㆤ䞷伊⨚᧨挲㟿兓伊
䤓♾屐㊶⺕照帳publicᇭ

␂ℝ伊┯戌⣷䤓幬欧᧨䶣劔⺕⦷㦻䵯䤓7.4唑₢桷幁承ᇭ

┯戌棅㹄⸛㒟⚝᧨壩㕮㧉⮥捷䤓ℛ扪Ⓟⷦ唑㿐⻀㖘䏶壩㕮㧉㓏榏䤓㫋㆞ⷧ⌷⦷㡈㽤◉⃚
₼᧨㡈㽤◉₼䤓㟿㗽ⷧ⌷㫋㆞䟀壩㕮㧉⸭䘿呹嫛⸩⃘᧨壩㕮㧉屓喒㦹屓⸩㷳◉⩮䤓␆⇢㟿㗽
兢㨓ᇭ䏅⚝⦷␔ⷧ₼⸭√▥₹java.lang.Class伊䤓⺈廰᧤ㄅ㼰㦘㢝䫽屓⸩㢾⦷Java⪕₼᧨⺈
ℝHotSpot壩㕮㧉力岏᧨Class⺈廰㹣戒䔈㸙᧨⸒夌䏅㢾⺈廰᧨⇕㢾ⷧ㟍⦷㡈㽤◉摛槱᧥᧨扨
₹⺈廰⺕⇫䲚ㄞ幎桽㡈㽤◉₼䤓扨K伊⨚㟿㗽䤓⮥捷㘴♲ᇭ

┯戌棅㹄扭㘴棅㹄䤓捷⒕␔⹈᧤Ⱁ捷⒕ⷦ唑䪐㠖ↅ㫋㆞洛幐┷⇫᧥㢾ℳ♘扪嫛䤓᧨
┯戌棅㹄⺩㦹⸛㒟᧨扭㘴棅㹄♾厌め兞ⱚ᧨⇕扨K⯈⦷┯戌棅㹄⃚₼扪嫛䤓┷⇫᧨⅜䏅⻭
ℝ扭㘴棅㹄䤓␔⹈᧨扨₳₹棅㹄䤓ⱚ㢅梃⅜䏅≬㖐䧏⦉⸩䤓⏗⚝欉ㄞᇭ



7.3.2ᇫ洛幐

洛幐㢾扭㘴棅㹄䤓䶻㷴᧨扨棅㹄䤓䥽䤓㢾ℕ䫽≬Class㠖ↅ䤓ⷦ唑㿐₼▔⚺䤓≰㋾
䶵⚗㇢ⓜ壩㕮㧉䤓尐㻑᧨ㄅ₣ₜ↩☀⹂壩㕮㧉呹愺䤓⸘⏷ᇭ

Java幼岏㦻愺㢾䦇⺈⸘⏷䤓幼岏᧤∬䏅㢾䦇⺈ℝC/C++㧴広᧥᧨∎䞷儾佈䤓Javaⅲ䪐㡯
㽤⋩Ⓙ庇Ⱁ幎桽㟿兓扈䟛ⅴ⮥䤓㟿㗽ᇬ⺕₹⺈廰懻⨚⸒ㄅ㦹⸭䘿䤓伊⨚ᇬ悂懻Ⓙₜⷧ⦷
䤓ⅲ䪐嫛⃚伊䤓ℚ㍔᧨Ⱁ㨫扨㫆⋩ℕ᧨冥幠⣷⺕㕡公冥幠ᇭ⇕ⓜ槱め兞広扖᧨Class㠖ↅㄅₜ
⸩尐㻑䞷Java䄟䪐冥幠力㧴᧨♾ⅴ∎䞷↊⇤抣㈓ℶ䞮᧨䞩咂▔㕻䞷◐⏼扪Ⓟ冥戠⣷䦃㘴冥
㧴ℶ䞮Class㠖ↅᇭ⦷ⷦ唑䪐幼岏⻑槱ₙ᧨ₙ承Javaⅲ䪐㡯㽤⋩Ⓙ䤓ℚ㍔掌㢾♾ⅴ⸭䘿䤓᧨
咂⺠幼⃘ₙ㢾♾ⅴ嫷才⒉㧴䤓ᇭ壩㕮㧉Ⱁ㨫ₜ㭏㩴戢⏴䤓ⷦ唑㿐᧨⺈␅⸛⏷≰↊䤓幬᧨㈗♾
厌↩⥯戌⏴ℕ㦘⹂䤓ⷦ唑㿐力⺋咃侊兮⾸䄒᧨㓏ⅴ洛幐㢾壩㕮㧉⺈呹愺≬㔳䤓欈摜尐ぴ
⇫ᇭ

洛幐棅㹄㢾槭デ摜尐䤓᧨扨₹棅㹄㢾⚵₴康᧨䦃㘴⑂⸩ℕJava壩㕮㧉㢾⚵厌㔎♦㌅㎞ⅲ
䪐䤓㟊⒊᧨⅝㓶嫛㊶厌䤓屡ㄵₙ幁᧨洛幐棅㹄䤓ぴ⇫摞⦷壩㕮㧉䤓伊┯戌侊兮₼♗◯ℕ䦇
㇢⮶䤓捷⒕ᇭᇵJava壩㕮㧉屓喒᧤䶻2䓗᧥ᇶ⺈扨₹棅㹄䤓棟Ⓟᇬ㖖⺋执㢾㹣戒䷋兮䤓᧨
屓喒₼⒦ℕKClass㠖ↅ㫋㆞₼䤓槨㊐✛兢㨓▥儵㧮᧨Ⱁ㨫洛幐Ⓙ戢⏴䤓ⷦ唑㿐ₜ䶵⚗
Class㠖ↅ㫋㆞䤓儵㧮᧨壩㕮㧉⻀ㄣ㔪⒉₹java.lang.VerifyError㆑デ㒥␅伊㆑デ᧨⇕␆⇢
ㄣ㇢㭏㩴❹K㡈槱᧨Ⱁ⇤㭏㩴᧨⇤㢅㭏㩴᧨掌㼰㦘恂⮮␆⇢䤓尐㻑✛㢝䫽䤓広㢝ᇭ䦃Ⓙ2011
♠を䤓ᇵJava壩㕮㧉屓喒᧤Java SE 7䓗᧥ᇶ᧨⮶ピ⬭┯ℕ㙞承洛幐扖䲚䤓乖ピ᧤⅝ₜⒿ10
欄⬭┯Ⓙ130欄᧥᧨扨㢅儵㧮✛洛幐屓⒨㓜♧㈦␆⇢怆㧴ᇭ♦乖ピ㓏棟᧨㦻㡯㽤抟㧰屓⒨
♊幁屲᧨⇕⅝㠃⇢ₙ䦚᧨洛幐棅㹄⮶咃ₙ↩⸛㒟ₚ槱4₹棅㹄䤓㭏洛┷⇫᧶㠖ↅ㫋㆞洛幐ᇬ
⏒㟿㗽洛幐ᇬⷦ唑䪐洛幐ᇬ䶵⚆ㆤ䞷洛幐ᇭ

1.㠖ↅ㫋㆞洛幐

䶻棅㹄尐洛幐ⷦ唑㿐㢾⚵䶵⚗Class㠖ↅ㫋㆞䤓屓喒᧨ㄅ₣厌嬺㇢ⓜ䓗㦻䤓壩㕮㧉⮓
䚕ᇭ扨棅㹄♾厌▔㕻ₚ槱扨K洛幐䍈᧶

㢾⚵ⅴ淣㟿0xCAFEBABE⯃ᇭ

ᇬ㶰䓗㦻⚆㢾⚵⦷㇢ⓜ壩㕮㧉⮓䚕喒⦃⃚␔ᇭ

デ摞㻯䤓デ摞₼㢾⚵㦘ₜ嬺㞾㖐䤓デ摞伊⨚᧤㭏㩴デ摞tag㪖㉦᧥ᇭ

㖖⚠デ摞䤓⚓䱜侱ㆤ⋋₼㢾⚵㦘㖖⚠ₜⷧ⦷䤓デ摞㒥ₜ䶵⚗伊⨚䤓デ摞ᇭ

CONSTANT_Utf8_info⨚䤓デ摞₼㢾⚵㦘ₜ䶵⚗UTF8冥䪐䤓㟿㗽ᇭ

Class㠖ↅ₼⚓₹捷⒕♙㠖ↅ㦻愺㢾⚵㦘嬺⒯棳䤓㒥棓┯䤓␅Ⅵ≰㋾ᇭ

……

⸭棔ₙ᧨䶻棅㹄䤓洛幐䍈执扫ₜ㷱扨K᧨ₙ槱扨K♹㢾⅝HotSpot壩㕮㧉䄟䪐[1]₼㛧㔓
䤓⺞捷⒕␔⹈᧨年洛幐棅㹄䤓尐䥽䤓㢾≬幐戢⏴䤓ⷦ唑㿐厌㷲䫽⦿屲㨟ㄅⷧ⌷ℝ㡈㽤◉



⃚␔᧨㫋㆞ₙ䶵⚗㙞承₹Java伊⨚≰㋾䤓尐㻑ᇭ扨棅㹄䤓洛幐㢾⪉ℝℛ扪Ⓟⷦ唑㿐扪嫛
䤓᧨♹㦘抩扖ℕ扨₹棅㹄䤓洛幐⚝᧨ⷦ唑㿐㓜↩扪⏴␔ⷧ䤓㡈㽤◉₼扪嫛ⷧ⌷᧨㓏ⅴ⚝槱䤓
3₹洛幐棅㹄⏷捷㢾⪉ℝ㡈㽤◉䤓ⷧ⌷兢㨓扪嫛䤓᧨ₜ↩␜䦃㘴㝜⇫ⷦ唑㿐ᇭ

2.⏒㟿㗽洛幐

䶻ℛ棅㹄㢾⺈ⷦ唑䪐㙞承䤓≰㋾扪嫛幼⃘⒕㨟᧨ⅴ≬幐␅㙞承䤓≰㋾䶵⚗Java幼岏屓喒
䤓尐㻑᧨扨₹棅㹄♾厌▔㕻䤓洛幐䍈Ⱁₚ᧶

扨₹伊㢾⚵㦘䓅伊᧤棳ℕjava.lang.Object⃚⮥᧨㓏㦘䤓伊掌ㄣ㇢㦘䓅伊᧥ᇭ

扨₹伊䤓䓅伊㢾⚵其㔎ℕₜ⏐幇嬺其㔎䤓伊᧤嬺final≽毿䤓伊᧥ᇭ

Ⱁ㨫扨₹伊ₜ㢾㕌廰伊᧨㢾⚵⸭䘿ℕ␅䓅伊㒥㘴♲⃚₼尐㻑⸭䘿䤓㓏㦘㡈㽤ᇭ

伊₼䤓ⷦ㹄ᇬ㡈㽤㢾⚵䓅伊ℶ䞮䩪䦍᧤√Ⱁ尕䥥ℕ䓅伊䤓finalⷦ㹄᧨㒥劔⒉䘿ₜ䶵⚗
屓⒨䤓㡈㽤摜戌᧨√Ⱁ㡈㽤♑㟿掌咃᧨⇕扣⥭⋋伊⨚☃ₜ⚛䷘᧥ᇭ

……

䶻ℛ棅㹄䤓尐䥽䤓㢾⺈伊䤓⏒㟿㗽≰㋾扪嫛幼⃘㪰洛᧨≬幐ₜⷧ⦷ₜ䶵⚗Java幼岏屓
喒䤓⏒㟿㗽≰㋾ᇭ

3.ⷦ唑䪐洛幐

䶻ₘ棅㹄㢾㠃₹洛幐扖䲚₼㦏⮜㧑䤓₹棅㹄᧨尐䥽䤓㢾抩扖㟿㗽㿐✛㘶Ⓟ㿐⒕㨟᧨
䫽⸩䲚ㄞ幼⃘㢾⚗㽤䤓ᇬ䶵⚗拊戠䤓ᇭ⦷䶻ℛ棅㹄⺈⏒㟿㗽≰㋾₼䤓㟿㗽伊⨚⋩⸛㪰洛⚝᧨
扨₹棅㹄⺕⺈伊䤓㡈㽤⇢扪嫛㪰洛⒕㨟᧨≬幐嬺㪰洛伊䤓㡈㽤⦷扟嫛㢅ₜ↩⋩⒉☀⹂壩㕮㧉
⸘⏷䤓ℚↅ᧨√Ⱁ᧶

≬幐↊㎞㢅Ⓤ㝜⇫㟿㪗䤓㟿㗽伊⨚㖖ⅳⅲ䪐ㄞ⒦掌厌揜⚗ぴ⇫᧨√Ⱁₜ↩⒉䘿伊⇋扨
㫆䤓㍔⑄᧶⦷㝜⇫㪗㟍函ℕ₹int伊⨚䤓㟿㗽᧨∎䞷㢅☃㖘long伊⨚㧴┯戌⏴㦻⦿♧摞嫷
₼ᇭ

≬幐悂懻㖖ⅳₜ↩悂懻Ⓙ㡈㽤⇢ⅴ⮥䤓ⷦ唑䪐㖖ⅳₙᇭ

≬幐㡈㽤⇢₼䤓伊⨚懻㗱㢾㦘㟗䤓᧨√Ⱁ♾ⅴ㔙₹伊⺈廰忚⋋全䓅伊㟿㗽伊⨚᧨扨
㢾⸘⏷䤓᧨⇕㢾㔙䓅伊⺈廰忚⋋全伊㟿㗽伊⨚᧨䞩咂㔙⺈廰忚⋋全⸒㹺㡯其㔎␂侊ᇬ⸛
⏷ₜ䦇䤓₹㟿㗽伊⨚᧨⒨㢾☀棸✛ₜ⚗㽤䤓ᇭ

……

Ⱁ㨫₹伊㡈㽤⇢䤓ⷦ唑䪐㼰㦘抩扖ⷦ唑䪐洛幐᧨挲匾⸩㢾㦘桽欧䤓᧷⇕Ⱁ㨫₹㡈㽤
⇢抩扖ℕⷦ唑䪐洛幐᧨⃮ₜ厌広㢝␅⸩⻀㢾⸘⏷䤓ᇭ☂∎ⷦ唑䪐洛幐⃚₼扪嫛ℕ⮶摞䤓㭏
㩴᧨⃮ₜ厌≬幐扨䍈ᇭ扨摛䀘♙ℕ䱊㟲㟿ⷵ₼₹㈗囦⚜䤓桽欧“Halting Problem”[2]᧶抩≦
䍈䤓広㽤⻀㢾᧨抩扖䲚ㄞ♊㪰洛䲚ㄞ拊戠㢾㡯㽤⋩Ⓙ公⺈䫽䤓——ₜ厌抩扖䲚ㄞ䫽⦿
㭏㩴⒉䲚ㄞ㢾⚵厌⦷㦘棟䤓㢅梃⃚␔兢㧮扟嫛ᇭ



䟀ℝ㟿㗽㿐洛幐䤓浧⮜㧑㊶᧨壩㕮㧉幍帰⥱梮ℕ挎⏜扖⮩䤓㢅梃䀗劦⦷ⷦ唑䪐洛幐棅
㹄᧨⦷JDK 1.6⃚⚝䤓Javac冥幠⣷✛Java壩㕮㧉₼扪嫛ℕ欈↧▥᧨全㡈㽤⇢䤓Code⻭㊶䤓
⻭㊶嫷₼⬭┯ℕ欈⚜“StackMapTable”䤓⻭㊶᧨扨欈⻭㊶㙞承ℕ㡈㽤⇢₼㓏㦘䤓⪉㦻⧦
᧤Basic Block᧨㖘䏶㘶Ⓟ㿐㕕⒕䤓ⅲ䪐⧦᧥ⱚ㢅㦻⦿♧摞嫷✛㝜⇫㪗ㄣ㦘䤓䕅㊐᧨⦷ⷦ唑
䪐洛幐㦮梃᧨⻀ₜ榏尐㫈㗽䲚ㄞ㘷⺋扨K䕅㊐䤓⚗㽤㊶᧨♹榏尐㭏㩴StackMapTable⻭㊶₼
䤓帿㢾⚵⚗㽤☂♾ᇭ扨㫆⺕ⷦ唑䪐洛幐䤓伊⨚㘷⺋懻♧伊⨚㭏㩴⅝力唑䦐K㢅梃ᇭ

䚕幉ₙStackMapTable⻭㊶⃮ⷧ⦷枨幾㒥嬺买㟈䤓♾厌᧨㓏ⅴ㢾⚵㦘♾厌⦷㌅㎞买㟈ℕ
Code⻭㊶䤓⚛㢅᧨⃮䞮㒟䦇ㄣ䤓StackMapTable⻭㊶㧴洦扖壩㕮㧉䤓伊⨚㪰洛⒨㢾壩㕮㧉幍
帰劔⋋㈦㊬劒䤓桽欧ᇭ

⦷JDK 1.6䤓HotSpot壩㕮㧉₼㙟∪ℕ-XX᧶-UseSplitVerifier折欈㧴␂桼扨欈↧▥᧨㒥劔∎
䞷♑㟿-XX᧶+FailOverToOldVerifier尐㻑⦷伊⨚㪰洛⯀徴䤓㢅⊨抏⥭Ⓙ㡶䤓伊⨚㘷⺋㡈㆞扪
嫛㪰洛ᇭ力⦷JDK 1.7⃚⚝᧨⺈ℝ䓗㦻⚆⮶ℝ50䤓Class㠖ↅ᧨∎䞷伊⨚㭏㩴㧴⸛㒟㟿㗽㿐
⒕㨟㪰洛⒨㢾➾䤓折㕸᧨ₜ⏐幇␜抏⥭Ⓙ伊⨚㘷⺋䤓㪰洛㡈㆞ᇭ

4.䶵⚆ㆤ䞷洛幐

㦏⚝₹棅㹄䤓㪰洛♠䞮⦷壩㕮㧉⺕䶵⚆ㆤ䞷懻▥䦃㘴ㆤ䞷䤓㢅⊨᧨扨₹懻▥┷⇫⺕
⦷扭㘴䤓䶻ₘ棅㹄——屲㨟棅㹄₼♠䞮ᇭ䶵⚆ㆤ䞷洛幐♾ⅴ䦚⋩㢾⺈伊呹愺ⅴ⮥᧤デ摞㻯₼
䤓⚓䱜䶵⚆ㆤ䞷᧥䤓≰㋾扪嫛◈揜㊶㪰洛᧨抩デ榏尐㪰洛ₚ⒦␔⹈᧶

䶵⚆ㆤ䞷₼抩扖ⷦ䶵㙞承䤓⏷棟⸩⚜㢾⚵厌㔍Ⓙ⺈ㄣ䤓伊ᇭ

⦷㖖⸩伊₼㢾⚵ⷧ⦷䶵⚗㡈㽤䤓ⷦ㹄㙞承䶵ⅴ♙丏◤⚜䱿㓏㙞承䤓㡈㽤✛ⷦ㹄ᇭ

䶵⚆ㆤ䞷₼䤓伊ᇬⷦ㹄ᇬ㡈㽤䤓幎桽㊶᧤privateᇬprotectedᇬpublicᇬdefault᧥㢾⚵♾嬺
㇢ⓜ伊幎桽ᇭ

……

䶵⚆ㆤ䞷洛幐䤓䥽䤓㢾䫽≬屲㨟┷⇫厌㷲デ㓶嫛᧨Ⱁ㨫㡯㽤抩扖䶵⚆ㆤ䞷洛幐᧨挲⃗⺕
↩㔪⒉₹java.lang.IncompatibleClassChangeError㆑デ䤓伊᧨Ⱁ
java.lang.IllegalAccessErrorᇬjava.lang.NoSuchFieldErrorᇬjava.lang.NoSuchMethodError䷘ᇭ

⺈ℝ壩㕮㧉䤓伊┯戌㧉Ⓟ㧴広᧨洛幐棅㹄㢾₹槭デ摜尐䤓ᇬ⇕ₜ㢾⸩㉔尐᧤⥯⺈
䲚ㄞ扟嫛㦮㼰㦘㈀❜᧥䤓棅㹄ᇭⰑ㨫㓏扟嫛䤓⏷捷ⅲ䪐᧤▔㕻呹む冥䤓♙䶻ₘ㡈▔₼䤓ⅲ
䪐᧥掌め兞嬺♜⮜∎䞷✛洛幐扖᧨挲⃗⦷⸭㡌棅㹄⻀♾ⅴ劒壠∎䞷-Xverify᧶none♑㟿㧴␂
桼⮶捷⒕䤓伊洛幐㘹㡌᧨ⅴ冸䩼壩㕮㧉伊┯戌䤓㢅梃ᇭ

[1]䄟䪐⇜函᧶hotspot\src\share\vm\classfile\classFileParser.cppᇭ
[2]⋫㧉桽欧⻀㢾⒳㠼↊㎞₹䲚ㄞ㢾⚵↩⦷㦘棟䤓㢅梃⃚␔兢㧮扟嫛䤓桽欧ᇭⰑ㨫扨₹桽欧
♾ⅴ⦷㦘棟䤓㢅梃⃚␔屲⑂᧨♾ⅴ㦘₹䲚ㄞ⒳㠼␅㦻愺㢾⚵↩⋫㧉ㄅ⋩⒉䦇♜䤓嫛ᇭ扨
㢅⊨㣍䏅ₜ丰⋫㧉桽欧䤓兢㨫㢾⅏⃗掌ₜ↩䶵⚗尐㻑᧨㓏ⅴ扨㢾₹ₜ♾屲䤓桽欧ᇭ␆⇢䤓
幐㢝扖䲚♾♑劒᧶http://zh.wikipedia.org/zh/⋫㧉桽欧ᇭ



7.3.3ᇫ

棅㹄㢾㷲㆞伊♧摞⒕揜␔ⷧㄅ幍函伊♧摞⒬ⱚ⋋䤓棅㹄᧨扨K♧摞㓏∎䞷䤓␔ⷧ
掌⺕⦷㡈㽤◉₼扪嫛⒕揜ᇭ扨₹棅㹄₼㦘₳₹⹈㢢ℶ䞮䂆䁕䤓㰑㊄榏尐㇉庒ₚ᧨氥⏗᧨扨
㢅⊨扪嫛␔ⷧ⒕揜䤓⅔▔㕻伊♧摞᧤嬺static≽毿䤓♧摞᧥᧨力ₜ▔㕻⸭√♧摞᧨⸭√♧摞⺕
↩⦷⺈廰⸭√▥㢅椞䧏⺈廰怆⒕揜⦷Java⪕₼ᇭ␅㶰᧨扨摛㓏広䤓⒬ⱚ⋋“抩デ㍔⑄”ₚ㢾
㟿㗽伊⨚䤓榅⋋᧨⋖幍₹伊♧摞䤓⸩⃘᧶

public static int value=123᧷

挲♧摞value⦷棅㹄扖⚝䤓⒬ⱚ⋋0力ₜ㢾123᧨⥯扨㢅⊨⺩㦹ⱚ㓶嫛↊⇤Java
㡈㽤᧨力㔙value忚⋋123䤓putstatic㖖ⅳ㢾䲚ㄞ嬺冥幠⚝᧨ⷧ㟍ℝ伊㨓抯⣷᧸clinit᧺᧤᧥㡈
㽤⃚₼᧨㓏ⅴ㔙value忚⋋123䤓┷⇫⺕⦷⒬ⱚ▥棅㹄㓜↩㓶嫛ᇭ嫷7-1⒦⒉ℕJava₼㓏㦘⪉
㦻㟿㗽伊⨚䤓榅⋋ᇭ

ₙ槱㙟Ⓙ᧨⦷“抩デ㍔⑄”ₚ⒬ⱚ⋋㢾榅⋋᧨挲䦇⺈䤓↩㦘K“䔈㸙㍔⑄”᧶Ⱁ㨫伊ⷦ㹄
䤓ⷦ㹄⻭㊶嫷₼ⷧ⦷ConstantValue⻭㊶᧨挲⦷棅㹄♧摞value⻀↩嬺⒬ⱚ▥
ConstantValue⻭㊶㓏㖖⸩䤓⋋᧨⋖幍ₙ槱伊♧摞value䤓⸩⃘♧᧶

public static final int value=123᧷

冥幠㢅Javac⺕↩value䞮㒟ConstantValue⻭㊶᧨⦷棅㹄壩㕮㧉⻀↩㫈㗽
ConstantValue䤓幍函⺕value忚⋋123ᇭ



7.3.4ᇫ屲㨟

屲㨟棅㹄㢾壩㕮㧉⺕デ摞㻯␔䤓䶵⚆ㆤ䞷㦎㗱䦃㘴ㆤ䞷䤓扖䲚᧨䶵⚆ㆤ䞷⦷ⓜ䵯幁
屲Class㠖ↅ㫋㆞䤓㢅⊨め兞⒉䘿扖⮩㶰᧨⦷Class㠖ↅ₼⸒ⅴCONSTANT_Class_infoᇬ
CONSTANT_Fieldref_infoᇬCONSTANT_Methodref_info䷘伊⨚䤓デ摞⒉䘿᧨挲屲㨟棅㹄₼㓏
広䤓䦃㘴ㆤ䞷䶵⚆ㆤ䞷♗㦘⅏⃗␂勣⛱᧻

䶵⚆ㆤ䞷᧤Symbolic References᧥᧶䶵⚆ㆤ䞷ⅴ兓䶵⚆㧴㙞承㓏ㆤ䞷䤓䥽㪖᧨䶵⚆♾
ⅴ㢾↊⇤ㇱ㆞䤓ⷦ槱摞᧨♹尐∎䞷㢅厌㡯㷶⃘⦿⸩⇜Ⓙ䥽㪖☂♾ᇭ䶵⚆ㆤ䞷壩㕮㧉⸭䘿䤓
␔ⷧを⻏㡯␂᧨ㆤ䞷䤓䥽㪖ㄅₜ⸩め兞┯戌Ⓙ␔ⷧ₼ᇭ⚓䱜壩㕮㧉⸭䘿䤓␔ⷧを⻏♾ⅴ⚓
ₜ䦇⚛᧨⇕㢾⸒ⅻ厌㘴♦䤓䶵⚆ㆤ䞷㉔權掌㢾咃䤓᧨⥯䶵⚆ㆤ䞷䤓ⷦ槱摞ㇱ㆞㢝䫽⸩⃘
⦷Java壩㕮㧉屓喒䤓Class㠖ↅ㫋㆞₼ᇭ

䦃㘴ㆤ䞷᧤Direct References᧥᧶䦃㘴ㆤ䞷♾ⅴ㢾䦃㘴㖖⚠䥽㪖䤓㖖朗ᇬ䦇⺈⋞䲊摞㒥㢾
₹厌梃㘴⸩⇜Ⓙ䥽㪖䤓♴㩓ᇭ䦃㘴ㆤ䞷㢾✛壩㕮㧉⸭䘿䤓␔ⷧを⻏䦇␂䤓᧨⚛₹䶵⚆ㆤ
䞷⦷ₜ⚛壩㕮㧉⸭√ₙ劊幠⒉㧴䤓䦃㘴ㆤ䞷咻ₜ↩䦇⚛ᇭⰑ㨫㦘ℕ䦃㘴ㆤ䞷᧨挲ㆤ䞷䤓䥽
㪖㉔⸩め兞⦷␔ⷧ₼ⷧ⦷ᇭ

壩㕮㧉屓喒⃚₼ㄅ㦹屓⸩屲㨟棅㹄♠䞮䤓␆⇢㢅梃᧨♹尐㻑ℕ⦷㓶嫛anewarrayᇬ
checkcastᇬgetfieldᇬgetstaticᇬinstanceofᇬinvokedynamicᇬinvokeinterfaceᇬinvokespecialᇬ
invokestaticᇬinvokevirtualᇬldcᇬldc_wᇬmultianewarrayᇬnewᇬputfield✛putstatic扨16₹䞷ℝ
㝜⇫䶵⚆ㆤ䞷䤓ⷦ唑䪐㖖ⅳ⃚ⓜ᧨⏗⺈⸒ⅻ㓏∎䞷䤓䶵⚆ㆤ䞷扪嫛屲㨟ᇭ㓏ⅴ壩㕮㧉⸭䘿♾
ⅴ㫈㗽榏尐㧴⒳㠼Ⓙㄤ㢾⦷伊嬺┯戌⣷┯戌㢅⻀⺈デ摞㻯₼䤓䶵⚆ㆤ䞷扪嫛屲㨟᧨执㢾䷘Ⓙ
₹䶵⚆ㆤ䞷⺕尐嬺∎䞷ⓜ㓜♊屲㨟⸒ᇭ

⺈⚛₹䶵⚆ㆤ䞷扪嫛⮩㶰屲㨟庆㻑㢾㈗デ屐䤓ℚ㍔᧨棳invokedynamic㖖ⅳⅴ⮥᧨壩㕮
㧉⸭䘿♾ⅴ⺈䶻㶰屲㨟䤓兢㨫扪嫛冢ⷧ᧤⦷扟嫛㢅デ摞㻯₼帿䦃㘴ㆤ䞷᧨ㄅ㔙デ摞㪖幕
め屲㨟䕅㊐᧥⅝力挎⏜屲㨟┷⇫摜⮜扪嫛ᇭ㡯幉㢾⚵䦮㷲㓶嫛ℕ⮩㶰屲㨟┷⇫᧨壩㕮㧉榏
尐≬幐䤓㢾⦷⚛₹⸭⇢₼᧨Ⱁ㨫₹䶵⚆ㆤ䞷⃚ⓜめ兞嬺㒟┮屲㨟扖᧨挲⃗⚝兼䤓ㆤ䞷屲
㨟庆㻑⻀ㄣ㇢䦃㒟┮᧷⚛㫆䤓᧨Ⱁ㨫䶻㶰屲㨟⯀徴ℕ᧨挲⃗␅Ⅵ㖖ⅳ⺈扨₹䶵⚆䤓屲㨟
庆㻑⃮ㄣ年㟅Ⓙ䦇⚛䤓㆑デᇭ

⺈ℝinvokedynamic㖖ⅳ᧨ₙ槱屓⒨⒨ₜ㒟䵚ᇭ㇢䬿Ⓙ㩟₹ⓜ槱め兞䟀invokedynamic㖖ⅳ
屵♠扖屲㨟䤓䶵⚆ㆤ䞷㢅᧨ㄅₜ㎞✂䧏扨₹屲㨟兢㨫⺈ℝ␅Ⅵinvokedynamic㖖ⅳ⃮⚛㫆䞮
㟗ᇭ⥯invokedynamic㖖ⅳ䤓䥽䤓㦻㧴⻀㢾䞷ℝ┷㊐幼岏㞾㖐᧤䥽ⓜ⅔∎䞷Java幼岏ₜ↩䞮
㒟扨㧰ⷦ唑䪐㖖ⅳ᧥᧨⸒㓏⺈ㄣ䤓ㆤ䞷䱿“┷㊐庒䞷䍈棟⸩䶵”᧤Dynamic Call Site
Specifier᧥᧨扨摛“┷㊐”䤓⚺⃘⻀㢾㉔權䷘Ⓙ䲚ㄞ⸭棔扟嫛Ⓙ扨㧰㖖ⅳ䤓㢅⊨᧨屲㨟┷⇫㓜
厌扪嫛ᇭ䦇⺈䤓᧨␅⇨♾屵♠屲㨟䤓㖖ⅳ掌㢾“槨㊐”䤓᧨♾ⅴ⦷⒩⒩⸛㒟┯戌棅㹄᧨执㼰㦘
ⱚ㓶嫛ⅲ䪐㢅⻀扪嫛屲㨟ᇭ

屲㨟┷⇫尐朗⺈伊㒥㘴♲ᇬⷦ㹄ᇬ伊㡈㽤ᇬ㘴♲㡈㽤ᇬ㡈㽤伊⨚ᇬ㡈㽤♴㩓✛庒䞷䍈
棟⸩䶵7伊䶵⚆ㆤ䞷扪嫛᧨⒕Ⓔ⺈ㄣℝデ摞㻯䤓CONSTANT_Class_infoᇬ
CONSTANT_Fieldref_infoᇬCONSTANT_Methodref_infoᇬ
CONSTANT_InterfaceMethodref_infoᇬCONSTANT_MethodType_infoᇬ
CONSTANT_MethodHandle_info✛CONSTANT_InvokeDynamic_info 7䱜デ摞伊⨚ [1]ᇭₚ槱⺕幁
屲ⓜ槱4䱜ㆤ䞷䤓屲㨟扖䲚᧨⺈ℝ⚝槱3䱜᧨JDK 1.7㠿⬭䤓┷㊐幼岏㞾㖐㋾㋾䦇␂᧨䟀ℝ



Java幼岏㢾桷槨㊐伊⨚幼岏᧨⥯㷳⦷㼰㦘⅚兜invokedynamic㖖ⅳ䤓幼⃘⃚ⓜ᧨㼰㦘┭㽤⺕
⸒ⅻ✛䘿⦷䤓Java幼岏⺈ㄣₙ᧨䶣劔⺕⦷䶻8䵯⅚兜┷㊐幼岏庒䞷㢅怆⒕㨟幁屲ᇭ

1.伊㒥㘴♲䤓屲㨟

⋖幍㇢ⓜⅲ䪐㓏⮓䤓伊D᧨Ⱁ㨫尐㔙₹⅝㦹屲㨟扖䤓䶵⚆ㆤ䞷N屲㨟₹伊㒥㘴
♲C䤓䦃㘴ㆤ䞷᧨挲壩㕮㧉⸛㒟㠃₹屲㨟䤓扖䲚榏尐ⅴₚ3₹㷴洳᧶

1᧥Ⱁ㨫Cₜ㢾₹㟿兓伊⨚᧨挲壩㕮㧉⺕↩㔙ⅲ嫷N䤓⏷棟⸩⚜↯抡全D䤓伊┯戌⣷♊
┯戌扨₹伊Cᇭ⦷┯戌扖䲚₼᧨䟀ℝ⏒㟿㗽洛幐ᇬⷦ唑䪐洛幐䤓榏尐᧨♗♾厌屵♠␅Ⅵ䦇␂
伊䤓┯戌┷⇫᧨√Ⱁ┯戌扨₹伊䤓䓅伊㒥⸭䘿䤓㘴♲ᇭ㡵扨₹┯戌扖䲚⒉䘿ℕ↊⇤㆑デ᧨
屲㨟扖䲚⻀⸲⛙⯀徴ᇭ

2᧥Ⱁ㨫C㢾₹㟿兓伊⨚᧨ㄅ₣㟿兓䤓⏒侯伊⨚⺈廰᧨⃮⻀㢾N䤓㙞承䶵↩㢾伊
⇋“[Ljava/lang/Integer”䤓ㇱ㆞᧨挲⺕↩㖘䏶䶻1䍈䤓屓⒨┯戌㟿兓⏒侯伊⨚ᇭⰑ㨫N䤓㙞承䶵
Ⱁⓜ槱㓏⋖幍䤓ㇱ㆞᧨榏尐┯戌䤓⏒侯伊⨚⻀㢾“java.lang.Integer”᧨㘴䧏䟀壩㕮㧉䞮㒟₹
ⅲ嫷㷳㟿兓冃ㄵ✛⏒侯䤓㟿兓⺈廰ᇭ

3᧥Ⱁ㨫ₙ槱䤓㷴洳㼰㦘⒉䘿↊⇤㆑デ᧨挲⃗C⦷壩㕮㧉₼⸭棔ₙめ兞㒟₹㦘㟗䤓伊
㒥㘴♲ℕ᧨⇕⦷屲㨟⸛㒟⃚ⓜ执尐扪嫛䶵⚆ㆤ䞷洛幐᧨䫽帳D㢾⚵␆⺈C䤓幎桽㧒棟ᇭⰑ
㨫♠䘿ₜ␆幎桽㧒棟᧨⺕㔪⒉java.lang.IllegalAccessError㆑デᇭ

2.ⷦ㹄屲㨟

尐屲㨟₹㦹嬺屲㨟扖䤓ⷦ㹄䶵⚆ㆤ䞷᧨氥⏗⺕↩⺈ⷦ㹄嫷␔class_index[2]欈₼侱ㆤ䤓
CONSTANT_Class_info䶵⚆ㆤ䞷扪嫛屲㨟᧨⃮⻀㢾ⷦ㹄㓏⻭䤓伊㒥㘴♲䤓䶵⚆ㆤ䞷ᇭⰑ㨫⦷
屲㨟扨₹伊㒥㘴♲䶵⚆ㆤ䞷䤓扖䲚₼⒉䘿ℕ↊⇤㆑デ᧨掌↩⺋咃ⷦ㹄䶵⚆ㆤ䞷屲㨟䤓⯀徴ᇭ
Ⱁ㨫屲㨟㒟┮⸛㒟᧨挲⺕扨₹ⷦ㹄㓏⻭䤓伊㒥㘴♲䞷C嫷䯉᧨壩㕮㧉屓喒尐㻑㖘䏶Ⱁₚ㷴洳
⺈C扪嫛⚝兼ⷦ㹄䤓㚫侱ᇭ

1᧥Ⱁ㨫C㦻愺⻀▔⚺ℕ丏◤⚜䱿✛ⷦ㹄㙞承䶵掌䥽㪖䦇◈揜䤓ⷦ㹄᧨⒨扣⥭扨₹ⷦ㹄
䤓䦃㘴ㆤ䞷᧨㩴㔍兢㧮ᇭ

2᧥⚵⒨᧨Ⱁ㨫⦷C₼⸭䘿ℕ㘴♲᧨⺕↩㖘䏶其㔎␂侊⅝ₚ㈏ₙ抡㇡㚫侱⚓₹㘴♲✛⸒䤓
䓅㘴♲᧨Ⱁ㨫㘴♲₼▔⚺ℕ丏◤⚜䱿✛ⷦ㹄㙞承䶵掌䥽㪖䦇◈揜䤓ⷦ㹄᧨⒨扣⥭扨₹ⷦ㹄
䤓䦃㘴ㆤ䞷᧨㩴㔍兢㧮ᇭ

3᧥⚵⒨᧨Ⱁ㨫Cₜ㢾java.lang.Object䤓幬᧨⺕↩㖘䏶其㔎␂侊⅝ₚ㈏ₙ抡㇡㚫侱␅䓅
伊᧨Ⱁ㨫⦷䓅伊₼▔⚺ℕ丏◤⚜䱿✛ⷦ㹄㙞承䶵掌䥽㪖䦇◈揜䤓ⷦ㹄᧨⒨扣⥭扨₹ⷦ㹄䤓
䦃㘴ㆤ䞷᧨㩴㔍兢㧮ᇭ

4᧥⚵⒨᧨㩴㔍⯀徴᧨㔪⒉java.lang.NoSuchFieldError㆑デᇭ

Ⱁ㨫㩴㔍扖䲚㒟┮扣⥭ℕㆤ䞷᧨⺕↩⺈扨₹ⷦ㹄扪嫛㧒棟洛幐᧨Ⱁ㨫♠䘿ₜ␆⺈ⷦ㹄
䤓幎桽㧒棟᧨⺕㔪⒉java.lang.IllegalAccessError㆑デᇭ

⦷⸭棔ㄣ䞷₼᧨壩㕮㧉䤓冥幠⣷⸭䘿♾厌↩㹣ₙ承屓喒尐㻑㈦㦃┯₴㫋K᧨Ⱁ㨫㦘



₹⚛⚜ⷦ㹄⚛㢅⒉䘿⦷C䤓㘴♲✛䓅伊₼᧨㒥劔⚛㢅⦷呹む㒥䓅伊䤓⮩₹㘴♲₼⒉䘿᧨挲冥
幠⣷⺕♾厌㕡公冥幠ᇭ⦷ⅲ䪐䂔◤7-4₼᧨Ⱁ㨫㽷摙ℕSub伊₼䤓“public static int A=4᧷”᧨㘴
♲䓅伊⚛㢅ⷧ⦷ⷦ㹄A᧨挲冥幠⣷⺕㙟䯉“The field Sub.A is ambiguous”᧨ㄅ₣㕡公冥幠扨
㹄ⅲ䪐ᇭ

ⅲ䪐䂔◤7-4ᇫⷦ㹄屲㨟

package org.fenixsoft.classloading᧷
public class FieldResolution{
interface Interface0{
int A=0᧷
}
interface Interface1 extends Interface0{
int A=1᧷
}
interface Interface2{
int A=2᧷
}
static class Parent implements Interface1{
public static int A=3᧷
}
static class Sub extends Parent implements Interface2{
public static int A=4᧷
}
public static void main᧤String[]args᧥{
System.out.println᧤Sub.A᧥᧷
}
}

3.伊㡈㽤屲㨟

伊㡈㽤屲㨟䤓䶻₹㷴洳ⷦ㹄屲㨟㫆᧨⃮榏尐⏗屲㨟⒉伊㡈㽤嫷䤓class_index[3]欈₼
侱ㆤ䤓㡈㽤㓏⻭䤓伊㒥㘴♲䤓䶵⚆ㆤ䞷᧨Ⱁ㨫屲㨟㒟┮᧨㒠ⅻ∬䏅䞷C嫷䯉扨₹伊᧨㘴ₚ㧴
壩㕮㧉⺕↩㖘䏶Ⱁₚ㷴洳扪嫛⚝兼䤓伊㡈㽤㚫侱ᇭ

1᧥伊㡈㽤✛㘴♲㡈㽤䶵⚆ㆤ䞷䤓デ摞伊⨚⸩⃘㢾⒕䤓᧨Ⱁ㨫⦷伊㡈㽤嫷₼♠䘿
class_index₼侱ㆤ䤓C㢾₹㘴♲᧨挲⻀䦃㘴㔪⒉java.lang.IncompatibleClassChangeError㆑デᇭ

2᧥Ⱁ㨫抩扖ℕ䶻1㷴᧨⦷伊C₼㩴㔍㢾⚵㦘丏◤⚜䱿✛㙞承䶵掌䥽㪖䦇◈揜䤓㡈㽤᧨
Ⱁ㨫㦘⒨扣⥭扨₹㡈㽤䤓䦃㘴ㆤ䞷᧨㩴㔍兢㧮ᇭ

3᧥⚵⒨᧨⦷伊C䤓䓅伊₼抡㇡㩴㔍㢾⚵㦘丏◤⚜䱿✛㙞承䶵掌䥽㪖䦇◈揜䤓㡈㽤᧨Ⱁ
㨫㦘⒨扣⥭扨₹㡈㽤䤓䦃㘴ㆤ䞷᧨㩴㔍兢㧮ᇭ

4᧥⚵⒨᧨⦷伊C⸭䘿䤓㘴♲⒦嫷♙⸒ⅻ䤓䓅㘴♲⃚₼抡㇡㩴㔍㢾⚵㦘丏◤⚜䱿✛㙞承䶵
掌䥽㪖䦇◈揜䤓㡈㽤᧨Ⱁ㨫ⷧ⦷◈揜䤓㡈㽤᧨広㢝伊C㢾₹㕌廰伊᧨扨㢅㩴㔍兢㧮᧨㔪
⒉java.lang.AbstractMethodError㆑デᇭ

5᧥⚵⒨᧨⸲⛙㡈㽤㩴㔍⯀徴᧨㔪⒉java.lang.NoSuchMethodErrorᇭ

㦏⚝᧨Ⱁ㨫㩴㔍扖䲚㒟┮扣⥭ℕ䦃㘴ㆤ䞷᧨⺕↩⺈扨₹㡈㽤扪嫛㧒棟洛幐᧨Ⱁ㨫♠䘿ₜ
␆⺈㷳㡈㽤䤓幎桽㧒棟᧨⺕㔪⒉java.lang.IllegalAccessError㆑デᇭ

4.㘴♲㡈㽤屲㨟

㘴♲㡈㽤⃮榏尐⏗屲㨟⒉㘴♲㡈㽤嫷䤓class_index[4]欈₼侱ㆤ䤓㡈㽤㓏⻭䤓伊㒥㘴♲䤓䶵
⚆ㆤ䞷᧨Ⱁ㨫屲㨟㒟┮᧨∬䏅䞷C嫷䯉扨₹㘴♲᧨㘴ₚ㧴壩㕮㧉⺕↩㖘䏶Ⱁₚ㷴洳扪嫛⚝兼
䤓㘴♲㡈㽤㚫侱ᇭ



1᧥伊㡈㽤屲㨟ₜ⚛᧨Ⱁ㨫⦷㘴♲㡈㽤嫷₼♠䘿class_index₼䤓侱ㆤC㢾₹伊力ₜ㢾㘴
♲᧨挲⻀䦃㘴㔪⒉java.lang.IncompatibleClassChangeError㆑デᇭ

2᧥⚵⒨᧨⦷㘴♲C₼㩴㔍㢾⚵㦘丏◤⚜䱿✛㙞承䶵掌䥽㪖䦇◈揜䤓㡈㽤᧨Ⱁ㨫㦘⒨扣
⥭扨₹㡈㽤䤓䦃㘴ㆤ䞷᧨㩴㔍兢㧮ᇭ

3᧥⚵⒨᧨⦷㘴♲C䤓䓅㘴♲₼抡㇡㩴㔍᧨䦃Ⓙjava.lang.Object伊᧤㩴㔍喒⦃↩▔㕻
Object伊᧥㷱᧨䦚㢾⚵㦘丏◤⚜䱿✛㙞承䶵掌䥽㪖䦇◈揜䤓㡈㽤᧨Ⱁ㨫㦘⒨扣⥭扨₹㡈
㽤䤓䦃㘴ㆤ䞷᧨㩴㔍兢㧮ᇭ

4᧥⚵⒨᧨⸲⛙㡈㽤㩴㔍⯀徴᧨㔪⒉java.lang.NoSuchMethodError㆑デᇭ

䟀ℝ㘴♲₼䤓㓏㦘㡈㽤照帳掌㢾public䤓᧨㓏ⅴₜⷧ⦷幎桽㧒棟䤓桽欧᧨⥯㷳㘴♲㡈㽤
䤓䶵⚆屲㨟ㄣ㇢ₜ↩㔪⒉java.lang.IllegalAccessError㆑デᇭ

[1]₴㫋㧴広᧨CONSTANT_String_info✛CONSTANT_InterfaceMethodref_info扨₳䱜伊⨚䤓デ
摞⃮㦘屲㨟扖䲚᧨⇕㈗丏◤ᇬ䦃屑᧨ₜ␜⋩◤䕻⅚兜ᇭ
[2]♑屐䶻6䵯₼␂ℝCONSTANT_Fieldref_infoデ摞䤓␔⹈ᇭ
[3]♑屐䶻6䵯␂ℝCONSTANT_Methodref_infoデ摞䤓␔⹈ᇭ
[4]♑屐䶻6䵯₼␂ℝCONSTANT_InterfaceMethodref_infoデ摞䤓␔⹈ᇭ



7.3.5ᇫ⒬ⱚ▥

伊⒬ⱚ▥棅㹄㢾伊┯戌扖䲚䤓㦏⚝㷴᧨ⓜ槱䤓伊┯戌扖䲚₼᧨棳ℕ⦷┯戌棅㹄䞷㓆ㄣ
䞷䲚ㄞ♾ⅴ抩扖呹⸩⃘伊┯戌⣷♑⃚⮥᧨␅⇨┷⇫⸛⏷䟀壩㕮㧉⺋✛㘶ⓅᇭⒿℕ⒬ⱚ▥
棅㹄᧨㓜䦮㷲ⱚ㓶嫛伊₼⸩⃘䤓Java䲚ㄞⅲ䪐᧤㒥劔広㢾ⷦ唑䪐᧥ᇭ

⦷棅㹄᧨♧摞め兞忚扖㶰侊兮尐㻑䤓⒬ⱚ⋋᧨力⦷⒬ⱚ▥棅㹄᧨⒨㫈㗽䲚ㄞ⛧抩
扖䲚ㄞⓅ⸩䤓屑帰⒡♊⒬ⱚ▥伊♧摞✛␅Ⅵ忓䄟᧨㒥劔♾ⅴ⅝♵⮥₹屡ㄵ㧴嫷才᧶⒬ⱚ
▥棅㹄㢾㓶嫛伊㨓抯⣷᧸clinit᧺᧤᧥㡈㽤䤓扖䲚ᇭ㒠ⅻ⦷ₚ㠖↩幁屲᧸clinit᧺᧤᧥㡈㽤㢾㊝
⃗䞮㒟䤓᧨⦷扨摛᧨㒠ⅻ⏗䦚ₚ᧸clinit᧺᧤᧥㡈㽤㓶嫛扖䲚₼K♾厌↩㈀❜䲚ㄞ扟嫛嫛
䤓䔈䍈✛兕唑᧨扨捷⒕䦇⺈㦃心扠ℝ㣽抩䤓䲚ㄞ♠ⅉ⛧[1]ᇭ

᧸clinit᧺᧤᧥㡈㽤㢾䟀冥幠⣷呹┷㟅楕伊₼䤓㓏㦘伊♧摞䤓忚⋋┷⇫✛槨㊐幼♴⧦
᧤static{}⧦᧥₼䤓幼♴⚗ㄅℶ䞮䤓᧨冥幠⣷㟅楕䤓欉ㄞ㢾䟀幼♴⦷䄟㠖ↅ₼⒉䘿䤓欉ㄞ㓏⑂
⸩䤓᧨槨㊐幼♴⧦₼♹厌幎桽Ⓙ⸩⃘⦷槨㊐幼♴⧦⃚ⓜ䤓♧摞᧨⸩⃘⦷⸒⃚⚝䤓♧摞᧨⦷ⓜ
槱䤓槨㊐幼♴⧦♾ⅴ忚⋋᧨⇕㢾ₜ厌幎桽᧨Ⱁⅲ䪐䂔◤7-5₼䤓√㓏䯉ᇭ

ⅲ䪐䂔◤7-5ᇫ槭㽤⚠ⓜㆤ䞷♧摞

public class Test{
static{
i=0᧷//全♧摞忚⋋♾ⅴ㷲デ冥幠抩扖
System.out.print᧤i᧥᧷//扨♴冥幠⣷↩㙟䯉"槭㽤⚠ⓜㆤ䞷"
}
static int i=1᧷
}

᧸clinit᧺᧤᧥㡈㽤伊䤓㨓抯⒌㟿᧤㒥劔広⸭√㨓抯⣷᧸init᧺᧤᧥㡈㽤᧥ₜ⚛᧨⸒ₜ
榏尐㣍㆞⦿庒䞷䓅伊㨓抯⣷᧨壩㕮㧉↩≬幐⦷伊䤓᧸clinit᧺᧤᧥㡈㽤㓶嫛⃚ⓜ᧨䓅伊䤓᧸
clinit᧺᧤᧥㡈㽤め兞㓶嫛⸛㹤ᇭ⥯㷳⦷壩㕮㧉₼䶻₹嬺㓶嫛䤓᧸clinit᧺᧤᧥㡈㽤䤓伊匾⸩
㢾java.lang.Objectᇭ

䟀ℝ䓅伊䤓᧸clinit᧺᧤᧥㡈㽤⏗㓶嫛᧨⃮⻀㎞✂䧏䓅伊₼⸩⃘䤓槨㊐幼♴⧦尐↧⏗ℝ
伊䤓♧摞忚⋋㝜⇫᧨Ⱁ⦷ⅲ䪐䂔◤7-6₼᧨ⷦ㹄B䤓⋋⺕↩㢾2力ₜ㢾1ᇭ

ⅲ䪐䂔◤7-6᧸clinit᧺᧤᧥㡈㽤㓶嫛欉ㄞ

static class Parent{
public static int A=1᧷
static{
A=2᧷
}
}
static class Sub extends Parent{
public static int B=A᧷
}
public static void main᧤String[]args᧥{
System.out.println᧤Sub.B᧥᧷
}

᧸clinit᧺᧤᧥㡈㽤⺈ℝ伊㒥㘴♲㧴広ㄅₜ㢾㉔榏䤓᧨Ⱁ㨫₹伊₼㼰㦘槨㊐幼♴⧦᧨⃮
㼰㦘⺈♧摞䤓忚⋋㝜⇫᧨挲⃗冥幠⣷♾ⅴₜ扨₹伊䞮㒟᧸clinit᧺᧤᧥㡈㽤ᇭ

㘴♲₼ₜ厌∎䞷槨㊐幼♴⧦᧨⇕⅜䏅㦘♧摞⒬ⱚ▥䤓忚⋋㝜⇫᧨⥯㷳㘴♲伊㫆掌↩
䞮㒟᧸clinit᧺᧤᧥㡈㽤ᇭ⇕㘴♲伊ₜ⚛䤓㢾᧨㓶嫛㘴♲䤓᧸clinit᧺᧤᧥㡈㽤ₜ榏尐⏗㓶嫛
䓅㘴♲䤓᧸clinit᧺᧤᧥㡈㽤ᇭ♹㦘㇢䓅㘴♲₼⸩⃘䤓♧摞∎䞷㢅᧨䓅㘴♲㓜↩⒬ⱚ▥ᇭ♵



⮥᧨㘴♲䤓⸭䘿伊⦷⒬ⱚ▥㢅⃮㫆ₜ↩㓶嫛㘴♲䤓᧸clinit᧺᧤᧥㡈㽤ᇭ

壩㕮㧉↩≬幐₹伊䤓᧸clinit᧺᧤᧥㡈㽤⦷⮩兎䲚䘾⬒₼嬺㷲䫽⦿┯析ᇬ⚛㷴᧨Ⱁ㨫⮩
₹兎䲚⚛㢅♊⒬ⱚ▥₹伊᧨挲⃗♹↩㦘₹兎䲚♊㓶嫛扨₹伊䤓᧸clinit᧺᧤᧥㡈㽤᧨␅Ⅵ
兎䲚掌榏尐棊⫭䷘㈔᧨䦃Ⓙ㿊┷兎䲚㓶嫛᧸clinit᧺᧤᧥㡈㽤⸛㹤ᇭⰑ㨫⦷₹伊䤓᧸clinit᧺
᧤᧥㡈㽤₼㦘劦㢅㈗栎䤓㝜⇫᧨⻀♾厌抯㒟⮩₹扪䲚棊⫭[2]᧨⦷⸭棔ㄣ䞷₼扨䱜棊⫭㈏㈏㢾
㈗椟埌䤓ᇭⅲ䪐䂔◤7-7䆣䯉ℕ扨䱜⧉㣾ᇭ

ⅲ䪐䂔◤7-7ᇫⷦ㹄屲㨟

static class DeadLoopClass{
static{
/*Ⱁ㨫ₜ┯ₙ扨₹if幼♴᧨冥幠⣷⺕㙟䯉"Initializer does not complete normally"ㄅ㕡公冥幠*/
if᧤true᧥{
System.out.println᧤Thread.currentThread᧤᧥+"init DeadLoopClass"᧥᧷
while᧤true᧥{
}
}
}
}
public static void main᧤String[]args᧥{
Runnable script=new Runnable᧤᧥{
public void run᧤᧥{
System.out.println᧤Thread.currentThread᧤᧥+"start"᧥᧷
DeadLoopClass dlc=new DeadLoopClass᧤᧥᧷
System.out.println᧤Thread.currentThread᧤᧥+"run over"᧥᧷
}
}᧷
Thread thread1=new Thread᧤script᧥᧷
Thread thread2=new Thread᧤script᧥᧷
thread1.start᧤᧥᧷
thread2.start᧤᧥᧷
}

扟嫛兢㨫Ⱁₚ᧨☂㧰兎䲚⦷㸊㈹䘾ⅴ㲰㕮栎㢅梃㝜⇫᧨♵⮥㧰兎䲚⦷棊⫭䷘㈔ᇭ

Thread[Thread-0᧨5᧨main]start
Thread[Thread-1᧨5᧨main]start
Thread[Thread-0᧨5᧨main]init DeadLoopClass

[1]扨摛♹棟ℝJava幼岏冥幠ℶ䞮䤓Class㠖ↅ᧨ㄅₜ▔㕻␅ⅥJVM幼岏ᇭ
[2]榏尐㽷㎞䤓㢾᧨␅Ⅵ兎䲚夌䏅↩嬺棊⫭᧨⇕Ⱁ㨫㓶嫛᧸clinit᧺᧤᧥㡈㽤䤓挲㧰兎䲚抏⒉
᧸clinit᧺᧤᧥㡈㽤⚝᧨␅Ⅵ兎䲚➳搡⃚⚝ₜ↩␜㶰扪⏴᧸clinit᧺᧤᧥㡈㽤ᇭ⚛₹伊┯戌⣷
ₚ᧨₹伊⨚♹↩⒬ⱚ▥㶰ᇭ



7.4ᇫ伊┯戌⣷
壩㕮㧉幍帰⥱梮㔙伊┯戌棅㹄₼䤓“抩扖₹伊䤓⏷棟⸩⚜㧴噆♥㙞承㷳伊䤓ℛ扪Ⓟⷦ

唑㿐”扨₹┷⇫㟍ⒿJava壩㕮㧉⮥捷♊⸭䘿᧨ⅴ≎常ㄣ䞷䲚ㄞ呹む⑂⸩Ⱁ⇤♊噆♥㓏榏尐䤓
伊ᇭ⸭䘿扨₹┷⇫䤓ⅲ䪐㲰⧦䱿“伊┯戌⣷”ᇭ

伊┯戌⣷♾ⅴ広㢾Java幼岏䤓欈⒪㠿᧨⃮㢾Java幼岏㿐嫛䤓摜尐☮⥯⃚᧨⸒㦏⒬㢾
ℕ䅰恂Java Applet䤓榏㻑力♠⒉㧴䤓ᇭ夌䏅䥽ⓜJava Applet㔏㦾⪉㦻ₙめ兞“㸊㘘” [1]᧨⇕
伊┯戌⣷☃⦷伊⻑㶰⒡⒕ᇬOSGiᇬ䍼捷刁ᇬⅲ䪐┯⹕䷘欕⩮⮶㟍㆑ㇸ᧨㒟ℕJava㔏㦾⇢侊
₼⧦摜尐䤓⪉䪂᧨♾庢㢾⯀⃚㫠㰕᧨㟅⃚₫椔ᇭ

7.4.1ᇫ伊伊┯戌⣷

伊┯戌⣷夌䏅♹䞷ℝ⸭䘿伊䤓┯戌┷⇫᧨⇕⸒⦷Java䲚ㄞ₼怆Ⓙ䤓⇫䞷☃扫扫ₜ棟ℝ伊
┯戌棅㹄ᇭ⺈ℝ↊㎞₹伊᧨掌榏尐䟀┯戌⸒䤓伊┯戌⣷✛扨₹伊㦻愺⚛䫽䵚␅⦷Java壩
㕮㧉₼䤓➾㊶᧨㹞₹伊┯戌⣷᧨掌㕴㦘₹䕻䵚䤓伊⚜䱿䴉梃ᇭ扨♴幬♾ⅴ嫷才㈦㦃抩
≦K᧶㹣戒₳₹伊㢾⚵“䦇䷘”᧨♹㦘⦷扨₳₹伊㢾䟀⚛₹伊┯戌⣷┯戌䤓ⓜ㙟ₚ㓜㦘㎞
⃘᧨⚵⒨᧨☂∎扨₳₹伊㧴䄟ℝ⚛₹Class㠖ↅ᧨嬺⚛₹壩㕮㧉┯戌᧨♹尐┯戌⸒ⅻ䤓伊
┯戌⣷ₜ⚛᧨挲扨₳₹伊⻀㉔⸩ₜ䦇䷘ᇭ

扨摛㓏㖖䤓“䦇䷘”᧨▔㕻ⅲ嫷伊䤓Class⺈廰䤓equals᧤᧥㡈㽤ᇬisAssignableFrom᧤᧥㡈
㽤ᇬisInstance᧤᧥㡈㽤䤓扣⥭兢㨫᧨⃮▔㕻∎䞷instanceof␂枽ⷦ⋩⺈廰㓏⻭␂侊⒳⸩䷘㍔
⑄ᇭⰑ㨫㼰㦘㽷㎞Ⓙ伊┯戌⣷䤓㈀❜᧨⦷㩟K㍔⑄ₚ♾厌↩ℶ䞮␆㦘抆㍠㊶䤓兢㨫᧨ⅲ䪐䂔
◤7-8₼䆣䯉ℕₜ⚛䤓伊┯戌⣷⺈instanceof␂枽ⷦ扟並䤓兢㨫䤓㈀❜ᇭ

ⅲ䪐䂔◤7-8ᇫₜ⚛䤓伊┯戌⣷⺈instanceof␂枽ⷦ扟並䤓兢㨫䤓㈀❜

/**
*伊┯戌⣷instanceof␂枽ⷦ䆣䯉
*
*@author zzm
*/
public class ClassLoaderTest{
public static void main᧤String[]args᧥throws Exception{
ClassLoader myLoader=new ClassLoader᧤᧥{
@Override
public Class᧸?᧺loadClass᧤String name᧥throws ClassNotFoundException{
try{
String fileName=name.substring᧤name.lastIndexOf᧤"."᧥+1᧥+".class"᧷
InputStream is=getClass᧤᧥.getResourceAsStream᧤fileName᧥᧷
if᧤is==null᧥{
return super.loadClass᧤name᧥᧷
}
byte[]b=new byte[is.available᧤᧥]᧷
is.read᧤b᧥᧷
return defineClass᧤name,b᧨0᧨b.length᧥᧷
}catch᧤IOException e᧥{
throw new ClassNotFoundException᧤name᧥᧷
}
}
}᧷
Object obj=myLoader.loadClass᧤"org.fenixsoft.classloading.ClassLoaderTest"᧥.newInstance᧤᧥᧷
System.out.println᧤obj.getClass᧤᧥᧥᧷
System.out.println᧤obj instanceof org.fenixsoft.classloading.ClassLoaderTest᧥᧷
}
}

扟嫛兢㨫᧶

class org.fenixsoft.classloading.ClassLoaderTest
false

ⅲ䪐䂔◤7-8₼㨓抯ℕ₹丏◤䤓伊┯戌⣷᧨⻌丰㈗丏◤᧨⇕㢾⺈ℝ扨₹䆣䯉㧴広执㢾



⮮䞷ℕᇭ⸒♾ⅴ┯戌呹む⦷⚛恾㈓ₚ䤓Class㠖ↅᇭ㒠ⅻ∎䞷扨₹伊┯戌⣷♊┯戌ℕ₹
⚜“org.fenixsoft.classloading.ClassLoaderTest”䤓伊᧨ㄅ⸭√▥ℕ扨₹伊䤓⺈廰ᇭ₳嫛戢⒉兢
㨫₼᧨⅝䶻♴♾ⅴ䦚⒉᧨扨₹⺈廰䫽⸭㢾伊org.fenixsoft.classloading.ClassLoaderTest⸭√▥
⒉㧴䤓⺈廰᧨⇕⅝䶻ℛ♴♾ⅴ♠䘿᧨扨₹⺈廰伊org.fenixsoft.classloading.ClassLoaderTest⋩
㓏⻭伊⨚㭏㩴䤓㢅⊨☃扣⥭ℕfalse᧨扨㢾⥯壩㕮㧉₼ⷧ⦷ℕ₳₹ClassLoaderTest伊᧨₹
㢾䟀侊兮ㄣ䞷䲚ㄞ伊┯戌⣷┯戌䤓᧨♵⮥₹㢾䟀㒠ⅻ呹⸩⃘䤓伊┯戌⣷┯戌䤓᧨夌䏅掌㧴
呹⚛₹Class㠖ↅ᧨⇕∬䏅㢾₳₹䕻䵚䤓伊᧨⋩⺈廰㓏⻭伊⨚㭏㩴㢅兢㨫呹䏅falseᇭ

[1]䔈㖖㿞屗⣷ₙ䤓Java Applets᧨⦷␅Ⅵ欕⩮᧨Ⱁ㤉厌◰ₙ᧨Java Applets⅜䏅㦘ㄎ梣䤓ゑ
⧉ᇭ



7.4.2ᇫ♛⅁Ᵽ㿍㲰⨚

⅝Java壩㕮㧉䤓屡ㄵ㧴幁᧨♹ⷧ⦷₳䱜ₜ⚛䤓伊┯戌⣷᧶䱜㢾⚾┷伊┯戌⣷
᧤Bootstrap ClassLoader᧥᧨扨₹伊┯戌⣷∎䞷C++幼岏⸭䘿[1]᧨㢾壩㕮㧉呹愺䤓捷⒕᧷♵
䱜⻀㢾㓏㦘␅Ⅵ䤓伊┯戌⣷᧨扨K伊┯戌⣷掌䟀Java幼岏⸭䘿᧨䕻䵚ℝ壩㕮㧉⮥捷᧨ㄅ₣
⏷掌其㔎呹㕌廰伊java.lang.ClassLoaderᇭ

⅝Java♠ⅉ⛧䤓屡ㄵ㧴䦚᧨伊┯戌⣷执♾ⅴ⒡⒕㈦㦃兕咃K᧨公⮶捷⒕Java䲚ㄞ掌
↩∎䞷Ⓙⅴₚ3䱜侊兮㙟∪䤓伊┯戌⣷ᇭ

⚾┷伊┯戌⣷᧤Bootstrap ClassLoader᧥᧶ⓜ槱め兞⅚兜扖᧨扨₹伊⺕⣷微徲⺕ⷧ㟍⦷᧸
JAVA_HOME᧺\lib䥽₼䤓᧨㒥劔嬺-Xbootclasspath♑㟿㓏㖖⸩䤓恾㈓₼䤓᧨ㄅ₣㢾壩㕮㧉
幕Ⓔ䤓᧤⅔㖘䏶㠖ↅ⚜幕Ⓔ᧨Ⱁrt.jar᧨⚜ⷦₜ䶵⚗䤓伊ㄢ☂∎㟍⦷lib䥽₼⃮ₜ↩嬺┯戌᧥
伊ㄢ┯戌Ⓙ壩㕮㧉␔ⷧ₼ᇭ⚾┷伊┯戌⣷㡯㽤嬺Java䲚ㄞ䦃㘴ㆤ䞷᧨䞷㓆⦷冥呹⸩⃘伊┯
戌⣷㢅᧨Ⱁ㨫榏尐㔙┯戌庆㻑Ᵽ㿍全ㆤ⺋伊┯戌⣷᧨挲䦃㘴∎䞷nullⅲ㦎☂♾᧨Ⱁⅲ䪐䂔◤
7-9㓏䯉java.lang.ClassLoader.getClassLoader᧤᧥㡈㽤䤓ⅲ䪐䓖㹄ᇭ

ⅲ䪐䂔◤7-9ᇫClassLoader.getClassLoader᧤᧥㡈㽤䤓ⅲ䪐䓖㹄

/**
Returns the class loader for the class.Some implementations may use null to represent the bootstrap class loader.This method will return null in such

implementations if this class was loaded by the bootstrap class loader.
*/
public ClassLoader getClassLoader᧤᧥{
ClassLoader cl=getClassLoader0᧤᧥᧷
if᧤cl==null᧥
return null᧷
SecurityManager sm=System.getSecurityManager᧤᧥᧷
if᧤sm=null᧥{
ClassLoader ccl=ClassLoader.getCallerClassLoader᧤᧥᧷
if᧤ccl=null᧢᧢ccl=cl᧢᧢cl.isAncestor᧤ccl᧥᧥{
sm.checkPermission᧤SecurityConstants.GET_CLASSLOADER_PERMISSION᧥᧷
}
}
return cl᧷
}

㓸⻤伊┯戌⣷᧤Extension ClassLoader᧥᧶扨₹┯戌⣷䟀sun.misc.Launcher
$ExtClassLoader⸭䘿᧨⸒微徲┯戌᧸JAVA_HOME᧺\lib\ext䥽₼䤓᧨㒥劔嬺java.ext.dirs侊
兮♧摞㓏㖖⸩䤓恾㈓₼䤓㓏㦘伊ㄢ᧨♠劔♾ⅴ䦃㘴∎䞷㓸⻤伊┯戌⣷ᇭ

ㄣ䞷䲚ㄞ伊┯戌⣷᧤Application ClassLoader᧥᧶扨₹伊┯戌⣷䟀sun.misc.Launcher $App-
ClassLoader⸭䘿ᇭ䟀ℝ扨₹伊┯戌⣷㢾ClassLoader₼䤓getSystemClassLoader᧤᧥㡈㽤䤓扣⥭
⋋᧨㓏ⅴ咻⃮䱿⸒侊兮伊┯戌⣷ᇭ⸒微徲┯戌䞷㓆伊恾㈓᧤ClassPath᧥ₙ㓏㖖⸩䤓伊
ㄢ᧨♠劔♾ⅴ䦃㘴∎䞷扨₹伊┯戌⣷᧨Ⱁ㨫ㄣ䞷䲚ㄞ₼㼰㦘呹⸩⃘扖呹む䤓伊┯戌⣷᧨
咻㍔⑄ₚ扨₹⻀㢾䲚ㄞ₼照帳䤓伊┯戌⣷ᇭ

㒠ⅻ䤓ㄣ䞷䲚ㄞ掌㢾䟀扨3䱜伊┯戌⣷℡䦇揜⚗扪嫛┯戌䤓᧨Ⱁ㨫㦘㉔尐᧨执♾ⅴ┯⏴
呹む⸩⃘䤓伊┯戌⣷ᇭ扨K伊┯戌⣷⃚梃䤓␂侊咻Ⱁ⦍7-2㓏䯉ᇭ



⦍ᇫ7-2ᇫ伊┯戌⣷♛⅁Ᵽ㿍㲰⨚

⦍7-2₼⻤䯉䤓伊┯戌⣷⃚梃䤓扨䱜⻑㶰␂侊᧨䱿伊┯戌⣷䤓♛⅁Ᵽ㿍㲰⨚᧤Parents
Delegation Model᧥ᇭ♛⅁Ᵽ㿍㲰⨚尐㻑棳ℕ欅⻑䤓⚾┷伊┯戌⣷⮥᧨␅⇨䤓伊┯戌⣷掌ㄣ㇢
㦘呹む䤓䓅伊┯戌⣷ᇭ扨摛伊┯戌⣷⃚梃䤓䓅␂侊咻ₜ↩ⅴ其㔎᧤Inheritance᧥䤓␂侊
㧴⸭䘿᧨力㢾掌∎䞷兓⚗᧤Composition᧥␂侊㧴⮜䞷䓅┯戌⣷䤓ⅲ䪐ᇭ

伊┯戌⣷䤓♛⅁Ᵽ㿍㲰⨚⦷JDK 1.2㦮梃嬺ㆤ⏴ㄅ嬺ㄎ㽪ㄣ䞷ℝ⃚⚝⑯⃝㓏㦘䤓Java䲚ㄞ
₼᧨⇕⸒ㄅₜ㢾₹㇉Ⓟ㊶䤓儵㧮㲰⨚᧨力㢾Java幍帰劔㘷嗟全♠劔䤓䱜伊┯戌⣷⸭䘿
㡈㆞ᇭ

♛⅁Ᵽ㿍㲰⨚䤓ぴ⇫扖䲚㢾᧶Ⱁ㨫₹伊┯戌⣷㟅Ⓙℕ伊┯戌䤓庆㻑᧨⸒氥⏗ₜ↩呹む
♊⺬幤┯戌扨₹伊᧨力㢾㔙扨₹庆㻑Ᵽ㿍全䓅伊┯戌⣷♊⸛㒟᧨㹞₹⻑㶰䤓伊┯戌⣷掌㢾
Ⱁ㷳᧨⥯㷳㓏㦘䤓┯戌庆㻑㦏兗掌ㄣ年↯抐Ⓙ欅⻑䤓⚾┷伊┯戌⣷₼᧨♹㦘㇢䓅┯戌⣷♜気
呹む㡯㽤⸛㒟扨₹┯戌庆㻑᧤⸒䤓㚫侱喒⦃₼㼰㦘㔍Ⓙ㓏榏䤓伊᧥㢅᧨┯戌⣷㓜↩⺬幤呹
む♊┯戌ᇭ

∎䞷♛⅁Ᵽ㿍㲰⨚㧴兓兖伊┯戌⣷⃚梃䤓␂侊᧨㦘₹㣍力㢢屐䤓Ⰼ⮓⻀㢾Java伊椞䧏
⸒䤓伊┯戌⣷怆␆ℕ䱜サ㦘↧⏗儶䤓⻑㶰␂侊ᇭ√Ⱁ伊java.lang.Object᧨⸒ⷧ㟍⦷
rt.jar⃚₼᧨㡯幉❹₹伊┯戌⣷尐┯戌扨₹伊᧨㦏兗掌㢾Ᵽ㿍全⮓ℝ㲰⨚㦏欅䵾䤓⚾┷伊┯
戌⣷扪嫛┯戌᧨⥯㷳Object伊⦷䲚ㄞ䤓⚓䱜伊┯戌⣷䘾⬒₼掌㢾⚛₹伊ᇭ䦇♜᧨Ⱁ㨫㼰㦘
∎䞷♛⅁Ᵽ㿍㲰⨚᧨䟀⚓₹伊┯戌⣷呹嫛♊┯戌䤓幬᧨Ⱁ㨫䞷㓆呹む冥ℕ₹䱿
java.lang.Object䤓伊᧨ㄅ㟍⦷䲚ㄞ䤓ClassPath₼᧨挲侊兮₼⺕↩⒉䘿⮩₹ₜ⚛䤓Object
伊᧨Java伊⨚⇢侊₼㦏⪉䫏䤓嫛⃮⻀㡯㽤≬幐᧨ㄣ䞷䲚ㄞ⃮⺕↩♧㈦䓖䂆℀ᇭⰑ㨫床劔
㦘␃怲䤓幬᧨♾ⅴ⺬幤♊冥₹rt.jar伊ㄢ₼め㦘伊摜⚜䤓Java伊᧨⺕↩♠䘿♾ⅴ㷲デ冥
幠᧨⇕㻇扫㡯㽤嬺┯戌扟嫛[2]ᇭ

♛⅁Ᵽ㿍㲰⨚⺈ℝ≬幐Java䲚ㄞ䤓䳂⸩扟⇫㈗摜尐᧨⇕⸒䤓⸭䘿☃槭デ丏◤᧨⸭䘿♛⅁



Ᵽ㿍䤓ⅲ䪐掌楕₼⦷java.lang.ClassLoader䤓loadClass᧤᧥㡈㽤⃚₼᧨Ⱁⅲ䪐䂔◤7-10㓏䯉᧨
拊戠䂔㣿㢢㑑᧶⏗㭏㩴㢾⚵め兞嬺┯戌扖᧨啴㼰㦘┯戌⒨庒䞷䓅┯戌⣷䤓loadClass᧤᧥㡈
㽤᧨啴䓅┯戌⣷䴉⒨照帳∎䞷⚾┷伊┯戌⣷⇫䓅┯戌⣷ᇭⰑ㨫䓅伊┯戌⯀徴᧨㔪⒉
ClassNotFoundException㆑デ⚝᧨␜庒䞷呹む䤓findClass᧤᧥㡈㽤扪嫛┯戌ᇭ

ⅲ䪐䂔◤7-10ᇫ♛⅁Ᵽ㿍㲰⨚䤓⸭䘿

protected synchronized Class᧸?᧺loadClass᧤String name,boolean resolve᧥throws ClassNotFoundException
{
//氥⏗᧨㭏㩴庆㻑䤓伊㢾⚵め兞嬺┯戌扖ℕ
Class c=findLoadedClass᧤name᧥᧷
if᧤c==null᧥{
try{
if᧤parent=null᧥{
c=parent.loadClass᧤name,false᧥᧷
}else{
c=findBootstrapClassOrNull᧤name᧥᧷
}
}catch᧤ClassNotFoundException e᧥{
//Ⱁ㨫䓅伊┯戌⣷㔪⒉ClassNotFoundException
//広㢝䓅伊┯戌⣷㡯㽤⸛㒟┯戌庆㻑
}
if᧤c==null᧥{
//⦷䓅伊┯戌⣷㡯㽤┯戌䤓㢅⊨
//␜庒䞷㦻愺䤓findClass㡈㽤㧴扪嫛伊┯戌
c=findClass᧤name᧥᧷
}
}
if᧤resolve᧥{
resolveClass᧤c᧥᧷
}
return c᧷
}

[1]扨摛♹棟ℝHotSpot᧨⍞MRPᇬMaxine䷘壩㕮㧉᧨㠃₹壩㕮㧉㦻愺掌㢾䟀Java冥䤓᧨呹
䏅Bootstrap ClassLoader⃮㢾䟀Java幼岏力ₜ㢾C++⸭䘿䤓ᇭ抏㷴幁᧨棳ℕHotSpotⅴ⮥䤓␅
Ⅵ₳₹浧㊶厌壩㕮㧉JRockit✛J9掌㦘₹ⅲ嫷Bootstrap ClassLoader䤓Java伊ⷧ⦷᧨⇕㢾␂枽
㡈㽤䤓⸭䘿⅜䏅㢾∎䞷JNI⥭庒ⒿC᧤㽷㎞ₜ㢾C++᧥䤓⸭䘿ₙ᧨扨₹Bootstrap ClassLoader䤓
⸭√⃮㡯㽤嬺䞷㓆噆♥Ⓙᇭ
[2]☂∎呹⸩⃘ℕ呹む䤓伊┯戌⣷᧨㇉嫛䞷defineClass᧤᧥㡈㽤♊┯戌₹ⅴ“java.lang”⯃
䤓伊⃮ₜ↩㒟┮ᇭⰑ㨫⺬幤扨㫆⋩䤓幬᧨⺕↩㟅Ⓙ₹䟀壩㕮㧉呹む㔪⒉
䤓“java.lang.SecurityException᧶Prohibited package name᧶java.lang”㆑デᇭ



7.4.3ᇫ䫃⧞♛⅁Ᵽ㿍㲰⨚

ₙ㠖㙟Ⓙ扖♛⅁Ᵽ㿍㲰⨚ㄅₜ㢾₹㇉Ⓟ㊶䤓儵㧮㲰⨚᧨力㢾Java幍帰劔㘷嗟全♠劔
䤓伊┯戌⣷⸭䘿㡈㆞ᇭ⦷Java䤓₥䟛₼⮶捷⒕䤓伊┯戌⣷掌挄㈹扨₹㲰⨚᧨⇕⃮㦘√⮥᧨Ⓙ
䥽ⓜ㷱᧨♛⅁Ᵽ㿍㲰⨚尐⒉䘿扖3戒⮶屓㲰䤓“嬺䫃⧞”㍔⑄ᇭ

♛⅁Ᵽ㿍㲰⨚䤓䶻㶰“嬺䫃⧞”␅⸭♠䞮⦷♛⅁Ᵽ㿍㲰⨚⒉䘿⃚ⓜ——☂JDK 1.2♠を⃚
ⓜᇭ䟀ℝ♛⅁Ᵽ㿍㲰⨚⦷JDK 1.2⃚⚝㓜嬺ㆤ⏴᧨力伊┯戌⣷✛㕌廰伊java.lang.ClassLoader⒨
⦷JDK 1.0㢅ⅲ⻀め兞ⷧ⦷᧨槱⺈め兞ⷧ⦷䤓䞷㓆呹⸩⃘伊┯戌⣷䤓⸭䘿ⅲ䪐᧨Java幍帰劔ㆤ
⏴♛⅁Ᵽ㿍㲰⨚㢅ₜ㈦ₜ⋩⒉Kⰴ◞ᇭℕ⚠ⓜ␋⹈᧨JDK 1.2⃚⚝䤓java.lang.ClassLoader
䂊┯ℕ₹㠿䤓protected㡈㽤findClass᧤᧥᧨⦷㷳⃚ⓜ᧨䞷㓆♊其㔎java.lang.ClassLoader䤓
➾䥽䤓⻀㢾ℕ摜loadClass᧤᧥㡈㽤᧨⥯壩㕮㧉⦷扪嫛伊┯戌䤓㢅⊨↩庒䞷┯戌⣷䤓
䱐㦘㡈㽤loadClassInternal᧤᧥᧨力扨₹㡈㽤䤓➾拊戠⻀㢾♊庒䞷呹む䤓loadClass᧤᧥ᇭ

ₙ唑㒠ⅻめ兞䦚扖loadClass᧤᧥㡈㽤䤓ⅲ䪐᧨♛⅁Ᵽ㿍䤓␆⇢拊戠⻀⸭䘿⦷扨₹㡈㽤
⃚₼᧨JDK 1.2⃚⚝めₜ㙟⊰䞷㓆␜♊尕䥥loadClass᧤᧥㡈㽤᧨力ㄣ㇢㔙呹む䤓伊┯戌拊戠
ⒿfindClass᧤᧥㡈㽤₼᧨⦷loadClass᧤᧥㡈㽤䤓拊戠摛Ⱁ㨫䓅伊┯戌⯀徴᧨⒨↩庒䞷呹む
䤓findClass᧤᧥㡈㽤㧴⸛㒟┯戌᧨扨㫆⻀♾ⅴ≬幐㠿⒉㧴䤓伊┯戌⣷㢾䶵⚗♛⅁Ᵽ㿍屓⒨
䤓ᇭ

♛⅁Ᵽ㿍㲰⨚䤓䶻ℛ㶰“嬺䫃⧞”㢾䟀扨₹㲰⨚呹愺䤓凉椆㓏⺋咃䤓᧨♛⅁Ᵽ㿍㈗Ⰼ⦿屲
⑂ℕ⚓₹伊┯戌⣷䤓⪉䫏伊䤓兮桽欧᧤怙⪉䫏䤓伊䟀怙ₙ⻑䤓┯戌⣷扪嫛┯戌᧥᧨⪉䫏伊
⃚㓏ⅴ䱿“⪉䫏”᧨㢾⥯⸒ⅻ㋊㢾⇫嬺䞷㓆ⅲ䪐庒䞷䤓API᧨⇕₥ℚ㈏㈏㼰㦘公⺈䤓⸛
初᧨Ⱁ㨫⪉䫏伊♗尐庒䞷⥭䞷㓆䤓ⅲ䪐᧨挲年㊝⃗┭᧻

扨ㄅ槭㢾ₜ♾厌䤓ℚ㍔᧨₹␇⨚䤓√≎㢾JNDI㦜┰᧨JNDI䘿⦷め兞㢾Java䤓㪖㦜
┰᧨⸒䤓ⅲ䪐䟀⚾┷伊┯戌⣷♊┯戌᧤⦷JDK 1.3㢅㟍扪♊䤓rt.jar᧥᧨⇕JNDI䤓䥽䤓⻀㢾⺈
忓䄟扪嫛楕₼丰䚕✛㩴㔍᧨⸒榏尐庒䞷䟀䕻䵚☑⟕⸭䘿ㄅ捷刁⦷ㄣ䞷䲚ㄞ䤓ClassPathₚ䤓
JNDI㘴♲㙟∪劔᧤SPI,Service Provider Interface᧥䤓ⅲ䪐᧨⇕⚾┷伊┯戌⣷ₜ♾厌“帳幕”扨K
ⅲ䪐⟙挲年㊝⃗┭᧻

ℕ屲⑂扨₹桽欧᧨Java幍帰⥱梮♹Ⰼㆤ⏴ℕ₹ₜ⮹↧楔䤓幍帰᧶兎䲚ₙₚ㠖伊┯戌
⣷᧤Thread Context ClassLoader᧥ᇭ扨₹伊┯戌⣷♾ⅴ抩扖java.lang.Thread伊䤓
setContextClassLoaser᧤᧥㡈㽤扪嫛幍函᧨Ⱁ㨫⒪ㆉ兎䲚㢅执㦹幍函᧨⸒⺕↩⅝䓅兎䲚₼其㔎
₹᧨Ⱁ㨫⦷ㄣ䞷䲚ㄞ䤓⏷⻏喒⦃␔掌㼰㦘幍函扖䤓幬᧨挲扨₹伊┯戌⣷照帳⻀㢾ㄣ䞷䲚ㄞ
伊┯戌⣷ᇭ

㦘ℕ兎䲚ₙₚ㠖伊┯戌⣷᧨⻀♾ⅴ⋩K“咭㆙”䤓ℚ㍔ℕ᧨JNDI㦜┰∎䞷扨₹兎䲚ₙₚ
㠖伊┯戌⣷♊┯戌㓏榏尐䤓SPIⅲ䪐᧨⃮⻀㢾䓅伊┯戌⣷庆㻑伊┯戌⣷♊⸛㒟伊┯戌䤓┷
⇫᧨扨䱜嫛⸭棔ₙ⻀㢾㓢抩ℕ♛⅁Ᵽ㿍㲰⨚䤓⻑㶰兢㨓㧴投⚠∎䞷伊┯戌⣷᧨⸭棔ₙめ兞
扬卛ℕ♛⅁Ᵽ㿍㲰⨚䤓咻㊶☮⒨᧨⇕扨⃮㢾㡯♾⯗⇤䤓ℚ㍔ᇭJava₼㓏㦘䀘♙SPI䤓┯戌┷
⇫⪉㦻ₙ掌摖䞷扨䱜㡈㆞᧨√ⰑJNDIᇬJDBCᇬJCEᇬJAXB✛JBI䷘ᇭ

♛⅁Ᵽ㿍㲰⨚䤓䶻ₘ㶰“嬺䫃⧞”㢾䟀ℝ䞷㓆⺈䲚ㄞ┷㊐㊶䤓抌㻑力⺋咃䤓᧨扨摛㓏広
䤓“┷㊐㊶”㖖䤓㢾㇢ⓜK槭デ“䍼桷”䤓⚜幜᧶ⅲ䪐䍼㦎㗱᧤HotSwap᧥ᇬ㲰⧦䍼捷刁᧤Hot
Deployment᧥䷘᧨広䤌ℕ⻀㢾゛㦪ㄣ䞷䲚ㄞ厌⍞㒠ⅻ䤓帰並㧉⮥幍挲㫆᧨㘴ₙ熯㪖ᇬU䥧᧨



ₜ䞷摜⚾㧉⣷⻀厌䵚☂∎䞷᧨熯㪖㦘桽欧㒥尐◖儶⻀㗱₹熯㪖᧨ₜ䞷⋫㧉⃮ₜ䞷摜⚾ᇭ⺈ℝ
₹ⅉ帰並㧉㧴広᧨摜⚾㶰␅⸭㼰㦘⅏⃗⮶ₜℕ䤓᧨⇕⺈ℝK䞮ℶ侊兮㧴広᧨␂㧉摜⚾
㶰♾厌⻀尐嬺⒦䞮ℶℚ㟔᧨扨䱜㍔⑄ₚ䍼捷刁⻀⺈懾ↅ♠劔᧨⺳␅㢾←₩儶懾ↅ♠劔
␆㦘㈗⮶䤓⛇ㆤ┪ᇭ

Sun⏻⚇㓏㙟⒉䤓JSR-294[1]ᇬJSR-277[2]屓喒⦷JCP兓兖䤓㲰⧦▥屓喒⃚℘₼囌徴全JSR-
291᧤☂OSGi R4.2᧥᧨夌䏅Sunₜ䞧⯀♊Java㲰⧦▥䤓⺋㧒᧨䕻䵚⦷♠⻤Jigsaw欈䥽᧨⇕䥽
ⓜOSGiめ兞㒟ℕ₩䟛“ℚ⸭ₙ”䤓Java㲰⧦▥㪖[3]᧨力OSGi⸭䘿㲰⧦▥䍼捷刁䤓␂枽⒨㢾
⸒呹⸩⃘䤓伊┯戌⣷㧉Ⓟ䤓⸭䘿ᇭ㹞₹䲚ㄞ㲰⧦᧤OSGi₼䱿Bundle᧥掌㦘₹呹む䤓伊
┯戌⣷᧨㇢榏尐㦃㗱₹Bundle㢅᧨⻀㔙Bundle扭⚛伊┯戌⣷怆㗱㘘ⅴ⸭䘿ⅲ䪐䤓䍼㦎
㗱ᇭ

⦷OSGi䘾⬒ₚ᧨伊┯戌⣷ₜ␜㢾♛⅁Ᵽ㿍㲰⨚₼䤓㪠䕅兢㨓᧨力㢾扪㷴♠⻤㦃┯
⮜㧑䤓几䕅兢㨓᧨㇢㟅Ⓙ伊┯戌庆㻑㢅᧨OSGi⺕㖘䏶ₚ槱䤓欉ㄞ扪嫛伊㚫侱᧶

1᧥⺕ⅴjava.*⯃䤓伊Ᵽ㿍全䓅伊┯戌⣷┯戌ᇭ

2᧥⚵⒨᧨⺕Ᵽ㿍⒦嫷⚜◤␔䤓伊Ᵽ㿍全䓅伊┯戌⣷┯戌ᇭ

3᧥⚵⒨᧨⺕Import⒦嫷₼䤓伊Ᵽ㿍全Export扨₹伊䤓Bundle䤓伊┯戌⣷┯戌ᇭ

4᧥⚵⒨᧨㩴㔍㇢ⓜBundle䤓ClassPath᧨∎䞷呹む䤓伊┯戌⣷┯戌ᇭ

5᧥⚵⒨᧨㩴㔍伊㢾⚵⦷呹む䤓Fragment Bundle₼᧨Ⱁ㨫⦷᧨⒨Ᵽ㿍全Fragment Bundle䤓
伊┯戌⣷┯戌ᇭ

6᧥⚵⒨᧨㩴㔍Dynamic Import⒦嫷䤓Bundle᧨Ᵽ㿍全⺈ㄣBundle䤓伊┯戌⣷┯戌ᇭ

7᧥⚵⒨᧨伊㩴㔍⯀徴ᇭ

ₙ槱䤓㩴㔍欉ㄞ₼♹㦘⯃₳䍈⅜䏅䶵⚗♛⅁Ᵽ㿍屓⒨᧨␅⇨䤓伊㩴㔍掌㢾⦷儶䤓伊
┯戌⣷₼扪嫛䤓ᇭ

䶣劔夌䏅∎䞷ℕ“嬺䫃⧞”扨₹幜㧴ㇱ⹈ₙ承ₜ䶵⚗♛⅁Ᵽ㿍㲰⨚☮⒨䤓嫛᧨⇕扨
摛“嬺䫃⧞”ㄅₜサ㦘徻⃘䤓㎮㍔唁ㇸᇭ♹尐㦘恂⮮㎞⃘✛䚕䟀᧨䴐䫃め㦘䤓☮⒨⻀♾帳㢾
䱜⒪㠿ᇭ㷲ⰑOSGi₼䤓伊┯戌⣷ㄅₜ䶵⚗↯兮䤓♛⅁Ᵽ㿍䤓伊┯戌⣷᧨ㄅ₣₩䟛⺈␅
ℕ⸭䘿䍼捷刁力サ㧴䤓欬⮥䤓浧⮜㧑ㄵ执ⷧ⦷ₜ⺠℘帽᧨⇕⦷Java䲚ㄞ⛧₼⪉㦻㦘₹␀
幕᧶OSGi₼⺈伊┯戌⣷䤓∎䞷㢾㈗⋋㈦⃯ⷵ䤓᧨㆓㑑ℕOSGi䤓⸭䘿᧨⻀♾ⅴ並㢾㘛㙰ℕ伊
┯戌⣷䤓位浢ᇭ

[1]JSR-294᧶Improved Modularity Support in the Java Programming Language᧤Java冥䲚幼岏₼䤓
㟈扪㲰⧦㊶㞾㖐᧥ᇭ
[2]JSR-277᧶Java Module System᧤Java㲰⧦侊兮᧥ᇭ
[3]Ⱁ㨫床劔⺈Java㲰⧦▥⃚℘㒥劔OSGi㦻愺㎮␃怲᧨♾ⅴ梔床䶣劔䤓♵㦻ᇵ䂀⏴䚕屲
OSGi᧶Equinox☮䚕ᇬㄣ䞷㦏∂⸭悄ᇶᇭ



7.5ᇫ㦻䵯⺞兢
㦻䵯⅚兜ℕ伊┯戌扖䲚䤓“┯戌”ᇬ“洛幐”ᇬ“”ᇬ“屲㨟”✛“⒬ⱚ▥”5₹棅㹄₼壩㕮㧉

扪嫛ℕ❹K┷⇫᧨执⅚兜ℕ伊┯戌⣷䤓ぴ⇫☮䚕♙␅⺈壩㕮㧉䤓㎞⃘ᇭ

兞扖䶻6✛䶻7₳䵯䤓幁屲᧨䦇≰床劔め兞⺈Ⱁ⇤⦷Class㠖ↅ₼⸩⃘伊᧨Ⱁ⇤⺕伊┯戌Ⓙ
壩㕮㧉₼扨₳₹桽欧㦘ℕ㹣戒侊兮䤓ℕ屲᧨䶻8䵯㒠ⅻ⺕怆㧴䦚䦚壩㕮㧉Ⱁ⇤㓶嫛⸩⃘⦷
Class㠖ↅ摛䤓ⷦ唑䪐ᇭ



䶻8䵯ᇫ壩㕮㧉ⷦ唑䪐㓶嫛ㆤ㝝
ⅲ䪐冥幠䤓兢㨫⅝㦻⦿㧉⣷䪐懻♧ⷦ唑䪐᧨㢾ⷧ⌷㫋㆞♠⻤䤓⺞㷴᧨☃㢾冥䲚幼岏

♠⻤䤓⮶㷴ᇭ

8.1ᇫ㰑承
㓶嫛ㆤ㝝㢾Java壩㕮㧉㦏㫇㉒䤓兓㒟捷⒕⃚ᇭ“壩㕮㧉”㢾₹䦇⺈ℝ“䓸䚕㧉”䤓㰑

㊄᧨扨₳䱜㧉⣷掌㦘ⅲ䪐㓶嫛厌┪᧨␅◉Ⓔ㢾䓸䚕㧉䤓㓶嫛ㆤ㝝㢾䦃㘴ㆉ䵚⦷⮓䚕⣷ᇬ䫻
ↅᇬ㖖ⅳ楕✛㝜⇫侊兮⻑槱ₙ䤓᧨力壩㕮㧉䤓㓶嫛ㆤ㝝⒨㢾䟀呹む⸭䘿䤓᧨⥯㷳♾ⅴ呹嫛Ⓟ
⸩㖖ⅳ楕㓶嫛ㆤ㝝䤓兢㨓⇢侊᧨ㄅ₣厌⮮㓶嫛挲Kₜ嬺䫻ↅ䦃㘴㞾㖐䤓㖖ⅳ楕㫋㆞ᇭ

⦷Java壩㕮㧉屓喒₼Ⓟ⸩ℕ壩㕮㧉ⷦ唑䪐㓶嫛ㆤ㝝䤓㰑㊄㲰⨚᧨扨₹㰑㊄㲰⨚㒟⚓䱜
壩㕮㧉㓶嫛ㆤ㝝䤓兮⮥屑᧤Facade᧥ᇭ⦷ₜ⚛䤓壩㕮㧉⸭䘿摛槱᧨㓶嫛ㆤ㝝⦷㓶嫛Javaⅲ
䪐䤓㢅⊨♾厌↩㦘屲摙㓶嫛᧤抩扖屲摙⣷㓶嫛᧥✛冥幠㓶嫛᧤抩扖☂㢅冥幠⣷ℶ䞮㦻⦿ⅲ䪐
㓶嫛᧥₳䱜折㕸[1]᧨⃮♾厌₳劔␋᧨䞩咂执♾厌↩▔⚺⑯₹ₜ⚛儶Ⓔ䤓冥幠⣷㓶嫛ㆤ㝝ᇭ
⇕⅝⮥屑ₙ䦚怆㧴᧨㓏㦘䤓Java壩㕮㧉䤓㓶嫛ㆤ㝝掌㢾咃䤓᧶戢⏴䤓㢾ⷦ唑䪐㠖ↅ᧨⮓䚕
扖䲚㢾ⷦ唑䪐屲㨟䤓䷘㟗扖䲚᧨戢⒉䤓㢾㓶嫛兢㨫᧨㦻䵯⺕尐⅝㰑㊄㲰⨚䤓屡ㄵ㧴幁屲壩
㕮㧉䤓㡈㽤庒䞷✛ⷦ唑䪐㓶嫛ᇭ

[1]㦘K壩㕮㧉᧤ⰑSun Classic VM᧥䤓␔捷♹ⷧ⦷屲摙⣷᧨♹厌屲摙㓶嫛᧨力♵⮥K壩
㕮㧉᧤ⰑBEA JRockit᧥䤓␔捷♹ⷧ⦷☂㢅冥幠⣷᧨♹厌冥幠㓶嫛ᇭ



8.2ᇫ扟嫛㢅㪗ザ兢㨓
㪗ザ᧤Stack Frame᧥㢾䞷ℝ㞾㖐壩㕮㧉扪嫛㡈㽤庒䞷✛㡈㽤㓶嫛䤓㟿㗽兢㨓᧨⸒㢾壩㕮

㧉扟嫛㢅㟿㗽◉₼䤓壩㕮㧉㪗᧤Virtual Machine Stack᧥ [1]䤓㪗⏒侯ᇭ㪗ザⷧ⌷ℕ㡈㽤䤓⻏捷
♧摞嫷ᇬ㝜⇫㟿㪗ᇬ┷㊐扭㘴✛㡈㽤扣⥭⦿⧏䷘≰㋾ᇭ㹞₹㡈㽤⅝庒䞷ⱚ咂㓶嫛⸛㒟䤓
扖䲚᧨掌⺈ㄣ䧏₹㪗ザ⦷壩㕮㧉㪗摛槱⅝⏴㪗Ⓙ⒉㪗䤓扖䲚ᇭ

㹞₹㪗ザ掌▔㕻ℕ⻏捷♧摞嫷ᇬ㝜⇫㟿㪗ᇬ┷㊐扭㘴ᇬ㡈㽤扣⥭⦿⧏✛K欬⮥䤓棓
┯≰㋾ᇭ⦷冥幠䲚ㄞⅲ䪐䤓㢅⊨᧨㪗ザ₼榏尐⮩⮶䤓⻏捷♧摞嫷᧨⮩䂀䤓㝜⇫㟿㪗掌め兞⸛
⏷䫽⸩ℕ᧨ㄅ₣⏴Ⓙ㡈㽤嫷䤓Code⻭㊶⃚₼[2]᧨⥯㷳₹㪗ザ榏尐⒕揜⮩⺠␔ⷧ᧨ₜ↩♦
Ⓙ䲚ㄞ扟嫛㦮♧摞㟿㗽䤓㈀❜᧨力⅔⅔♥⑂ℝ␆⇢䤓壩㕮㧉⸭䘿ᇭ

₹兎䲚₼䤓㡈㽤庒䞷枍♾厌↩㈗栎᧨㈗⮩㡈㽤掌⚛㢅⮓ℝ㓶嫛䕅㊐ᇭ⺈ℝ㓶嫛ㆤ㝝㧴
広᧨⦷㿊┷兎䲚₼᧨♹㦘⇜ℝ㪗欅䤓㪗ザ㓜㢾㦘㟗䤓᧨䱿㇢ⓜ㪗ザ᧤Current Stack
Frame᧥᧨扨₹㪗ザ䦇␂勣䤓㡈㽤䱿㇢ⓜ㡈㽤᧤Current Method᧥ᇭ㓶嫛ㆤ㝝扟嫛䤓㓏㦘
ⷦ唑䪐㖖ⅳ掌♹朗⺈㇢ⓜ㪗ザ扪嫛㝜⇫᧨⦷㰑㊄㲰⨚ₙ᧨␇⨚䤓㪗ザ兢㨓Ⱁ⦍8-1㓏䯉ᇭ

⦍ᇫ8-1ᇫ㪗ザ䤓㰑㊄兢㨓



㘴ₚ㧴幵兕幁屲ₚ㪗ザ₼䤓⻏捷♧摞嫷ᇬ㝜⇫㟿㪗ᇬ┷㊐扭㘴ᇬ㡈㽤扣⥭⦿⧏䷘⚓₹
捷⒕䤓⇫䞷✛㟿㗽兢㨓ᇭ

8.2.1ᇫ⻏捷♧摞嫷

⻏捷♧摞嫷᧤Local Variable Table᧥㢾兓♧摞⋋ⷧ⌷䴉梃᧨䞷ℝⷧ㟍㡈㽤♑㟿✛㡈㽤
␔捷⸩⃘䤓⻏捷♧摞ᇭ⦷Java䲚ㄞ冥幠Class㠖ↅ㢅᧨⻀⦷㡈㽤䤓Code⻭㊶䤓max_locals㟿
㗽欈₼䫽⸩ℕ年㡈㽤㓏榏尐⒕揜䤓⻏捷♧摞嫷䤓㦏⮶⹈摞ᇭ

⻏捷♧摞嫷䤓⹈摞ⅴ♧摞㲌᧤Variable Slot᧨ₚ䱿Slot᧥㦏⺞◤⇜᧨壩㕮㧉屓喒₼ㄅ㼰
㦘㢝䫽㖖㢝₹Slotㄣ◯䞷䤓␔ⷧ䴉梃⮶⺞᧨♹㢾㈗㦘⺋⚠㊶⦿広Ⓙ㹞₹Slot掌ㄣ年厌ⷧ㟍
₹booleanᇬbyteᇬcharᇬshortᇬintᇬfloatᇬreference㒥returnAddress伊⨚䤓㟿㗽᧨扨8䱜㟿㗽伊
⨚᧨掌♾ⅴ∎䞷32⇜㒥㦃⺞䤓䓸䚕␔ⷧ㧴ⷧ㟍᧨⇕扨䱜㙞承㢝䫽㖖⒉“㹞₹Slot◯䞷32⇜栎
ㄵ䤓␔ⷧ䴉梃”㢾㦘KぽⒺ䤓᧨⸒⏐幇Slot䤓栎ㄵ♾ⅴ椞䧏⮓䚕⣷ᇬ㝜⇫侊兮㒥壩㕮㧉䤓ₜ
⚛力♠䞮♧▥ᇭ♹尐≬幐☂∎⦷64⇜壩㕮㧉₼∎䞷ℕ64⇜䤓䓸䚕␔ⷧ䴉梃♊⸭䘿₹Slot᧨
壩㕮㧉⅜尐∎䞷⺈營✛嫴䤌䤓㓚㹄常Slot⦷⮥屑ₙ䦚怆㧴32⇜壩㕮㧉₼䤓咃ᇭ

㡱䏅ⓜ槱㙟ⒿℕJava壩㕮㧉䤓㟿㗽伊⨚᧨⦷㷳␜丏◤⅚兜ₚ⸒ⅻᇭ₹Slot♾ⅴⷧ㟍
₹32⇜ⅴ␔䤓㟿㗽伊⨚᧨Java₼◯䞷32⇜ⅴ␔䤓㟿㗽伊⨚㦘booleanᇬbyteᇬcharᇬshortᇬ
intᇬfloatᇬreference[3]✛returnAddress 8䱜伊⨚ᇭⓜ槱6䱜ₜ榏尐⮩┯屲摙᧨床劔♾ⅴ㖘䏶Java
幼岏₼⺈ㄣ㟿㗽伊⨚䤓㰑㊄♊䚕屲⸒ⅻ᧤⅔㢾扨㫆䚕屲力め᧨Java幼岏Java壩㕮㧉₼䤓⪉
㦻㟿㗽伊⨚㢾ⷧ⦷㦻德ぽⒺ䤓᧥᧨力䶻7䱜reference伊⨚嫷䯉⺈₹⺈廰⸭√䤓ㆤ䞷᧨壩㕮㧉
屓喒㡱㼰㦘広㢝⸒䤓栎ㄵ᧨⃮㼰㦘㢝䫽㖖⒉扨䱜ㆤ䞷ㄣ㦘㊝㫆䤓兢㨓ᇭ⇕咻㧴広᧨壩㕮㧉
⸭䘿咂⺠掌ㄣ㇢厌抩扖扨₹ㆤ䞷⋩Ⓙ₳䍈᧨㢾⅝㷳ㆤ䞷₼䦃㘴㒥梃㘴⦿㩴㔍Ⓙ⺈廰⦷Java
⪕₼䤓㟿㗽ⷧ㟍䤓怆ⱚ⦿⧏侱ㆤ᧨ℛ㢾㷳ㆤ䞷₼䦃㘴㒥梃㘴⦿㩴㔍Ⓙ⺈廰㓏⻭㟿㗽伊⨚⦷㡈
㽤◉₼䤓ⷧ⌷䤓伊⨚≰㋾᧨⚵⒨㡯㽤⸭䘿Java幼岏屓喒₼⸩⃘䤓幼㽤儵㧮儵㧮[4]ᇭ䶻8䱜☂
returnAddress伊⨚䥽ⓜめ兞㈗⺠屐ℕ᧨⸒㢾ⷦ唑䪐㖖ⅳjsrᇬjsr_w✛ret㦜┰䤓᧨㖖⚠ℕ㧰
ⷦ唑䪐㖖ⅳ䤓⦿⧏᧨㈗♳劐䤓Java壩㕮㧉㦍兞∎䞷扨⑯㧰㖖ⅳ㧴⸭䘿㆑デ⮓䚕᧨䘿⦷め兞䟀
㆑デ嫷ⅲ㦎ᇭ

⺈ℝ64⇜䤓㟿㗽伊⨚᧨壩㕮㧉↩ⅴ浧⇜⺈營䤓㡈㆞␅⒕揜₳₹扭兼䤓Slot䴉梃ᇭJava
幼岏₼㢝䫽䤓᧤reference伊⨚⒨♾厌㢾32⇜⃮♾厌㢾64⇜᧥64⇜䤓㟿㗽伊⨚♹㦘long✛double
₳䱜ᇭ⋋㈦㙟䤓㢾᧨扨摛㔙long✛double㟿㗽伊⨚⒕━ⷧ⌷䤓⋩㽤“long✛double䤓槭☮
㊶◞⸩”₼㔙㶰long✛double㟿㗽伊⨚床⒕━₳㶰32⇜床䤓⋩㽤㦘K伊⇋᧨床劔梔
床ⒿJava␔ⷧ㲰⨚㢅♾ⅴ℡䦇⺈㹣ₚᇭₜ扖᧨䟀ℝ⻏捷♧摞嫷ㆉ䵚⦷兎䲚䤓⪕㪗ₙ᧨㢾兎
䲚䱐㦘䤓㟿㗽᧨㡯幉床₳₹扭兼䤓Slot㢾⚵☮㝜⇫᧨掌ₜ↩ㆤ怆㟿㗽⸘⏷桽欧[5]ᇭ

壩㕮㧉抩扖侱ㆤ⸩⇜䤓㡈㆞∎䞷⻏捷♧摞嫷᧨侱ㆤ⋋䤓喒⦃㢾⅝0ⱚ咂⻏捷♧摞嫷㦏
⮶䤓Slot㟿摞ᇭⰑ㨫幎桽䤓㢾32⇜㟿㗽伊⨚䤓♧摞᧨侱ㆤn⻀ⅲ嫷ℕ∎䞷䶻n₹Slot᧨Ⱁ㨫㢾64
⇜㟿㗽伊⨚䤓♧摞᧨⒨広㢝↩⚛㢅∎䞷n✛n+1₳₹Slotᇭ⺈ℝ₳₹䦇捊䤓␀⚛ⷧ㟍₹64⇜
㟿㗽䤓₳₹Slot᧨ₜ⏐幇摖䞷↊⇤㡈㆞◤䕻幎桽␅₼䤓㩟₹᧨Java壩㕮㧉屓喒₼㢝䫽尐㻑
ℕⰑ㨫拖Ⓙ扪嫛扨䱜㝜⇫䤓ⷦ唑䪐ㄞ⒦᧨壩㕮㧉ㄣ年⦷伊┯戌䤓㪰洛棅㹄㔪⒉㆑デᇭ

⦷㡈㽤㓶嫛㢅᧨壩㕮㧉㢾∎䞷⻏捷♧摞嫷⸛㒟♑㟿⋋Ⓙ♑㟿♧摞⒦嫷䤓↯抡扖䲚䤓᧨Ⱁ
㨫㓶嫛䤓㢾⸭√㡈㽤᧤槭static䤓㡈㽤᧥᧨挲⻏捷♧摞嫷₼䶻0⇜侱ㆤ䤓Slot照帳㢾䞷ℝ↯抡㡈
㽤㓏⻭⺈廰⸭√䤓ㆤ䞷᧨⦷㡈㽤₼♾ⅴ抩扖␂枽ⷦ“this”㧴幎桽Ⓙ扨₹椟⚺䤓♑㟿ᇭ␅⇨♑



㟿⒨㖘䏶♑㟿嫷欉ㄞ㘡⒦᧨◯䞷⅝1ⱚ䤓⻏捷♧摞Slot᧨♑㟿嫷⒕揜⸛㹤⚝᧨␜㫈㗽㡈㽤⇢
␔捷⸩⃘䤓♧摞欉ㄞ✛⇫䞷⩮⒕揜␅⇨䤓Slotᇭ

ℕ⻌♾厌唑䦐㪗ザ䴉梃᧨⻏捷♧摞嫷₼䤓Slot㢾♾ⅴ摜䞷䤓᧨㡈㽤⇢₼⸩⃘䤓♧摞᧨
␅⇫䞷⩮ㄅₜ⸩↩尕䥥㠃₹㡈㽤⇢᧨Ⱁ㨫㇢ⓜⷦ唑䪐PC帰㟿⣷䤓⋋め兞怔⒉ℕ㩟₹♧摞䤓
⇫䞷⩮᧨挲扨₹♧摞⺈ㄣ䤓Slot⻀♾ⅴℳ全␅Ⅵ♧摞∎䞷ᇭₜ扖᧨扨㫆䤓幍帰棳ℕ唑䦐㪗ザ
䴉梃ⅴ⮥᧨执↩⇃椞K欬⮥䤓⓾⇫䞷᧨√Ⱁ᧨⦷㩟K㍔⑄ₚ᧨Slot䤓⮜䞷↩䦃㘴㈀❜Ⓙ侊
兮䤓⨒⧍㟅楕嫛᧨庆䦚ⅲ䪐䂔◤8-1ᨺⅲ䪐䂔◤8-3䤓3₹䆣䯉ᇭ

ⅲ䪐䂔◤8-1ᇫ⻏捷♧摞嫷Slot⮜䞷⺈⨒⧍㟅楕䤓㈀❜⃚

public static void main᧤String[]args᧥᧤᧥{
byte[]placeholder=new byte[64*1024*1024]᧷
System.gc᧤᧥᧷
}

ⅲ䪐䂔◤8-1₼䤓ⅲ䪐㈗丏◤᧨☂⚠␔ⷧ⫺⏔ℕ64MB䤓㟿㗽᧨䏅⚝抩䩴壩㕮㧉扪嫛⨒⧍
㟅楕ᇭ㒠ⅻ⦷壩㕮㧉扟嫛♑㟿₼┯ₙ“-verbose᧶gc”㧴䦚䦚⨒⧍㟅楕䤓扖䲚᧨♠䘿⦷
System.gc᧤᧥扟嫛⚝ㄅ㼰㦘⥭㟅扨64MB䤓␔ⷧ᧨ₚ槱㢾扟嫛䤓兢㨫᧶

[GC 66846K-᧺65824K᧤125632K᧥᧨0.0032678 secs]
[Full GC 65824K-᧺65746K᧤125632K᧥᧨0.0064131 secs]

㼰㦘⥭㟅placeholder㓏◯䤓␔ⷧ厌広㈦扖♊᧨⥯⦷㓶嫛System.gc᧤᧥㢅᧨♧摞
placeholder执⮓ℝ⇫䞷⩮⃚␔᧨壩㕮㧉呹䏅ₜ㟱⥭㟅placeholder䤓␔ⷧᇭ挲㒠ⅻ㔙ⅲ䪐≽㟈
ₚ᧨♧㒟ⅲ䪐䂔◤8-2₼䤓㫆ᇭ

ⅲ䪐䂔◤8-2ᇫ⻏捷♧摞嫷Slot⮜䞷⺈⨒⧍㟅楕䤓㈀❜⃚ℛ

public static void main᧤String[]args᧥᧤᧥{
{
byte[]placeholder=new byte[64*1024*1024]᧷
}
System.gc᧤᧥᧷
}

┯⏴ℕ啀㕻⚆⃚⚝᧨placeholder䤓⇫䞷⩮嬺棟Ⓟ⦷啀㕻⚆⃚␔᧨⅝ⅲ䪐拊戠ₙ幁᧨⦷㓶
嫛System.gc᧤᧥䤓㢅⊨᧨placeholderめ兞ₜ♾厌␜嬺幎桽ℕ᧨⇕㓶嫛ₚ扨㹄䲚ㄞ᧨↩♠䘿
扟嫛兢㨫Ⱁₚ᧨执㢾㦘64MB䤓␔ⷧ㼰㦘嬺⥭㟅᧨扨♗㢾⅏⃗⛱᧻

[GC 66846K-᧺65888K᧤125632K᧥᧨0.0009397 secs]
[Full GC 65888K-᧺65746K᧤125632K᧥᧨0.0051574 secs]

⦷屲摙⅏⃚⃗ⓜ᧨㒠ⅻ⏗⺈扨㹄ⅲ䪐扪嫛䶻ℛ㶰≽㟈᧨⦷庒䞷System.gc᧤᧥⃚ⓜ┯⏴
嫛“int a=0᧷”᧨♧㒟ⅲ䪐䂔◤8-3䤓㫆ᇭ

ⅲ䪐䂔◤8-3ᇫ⻏捷♧摞嫷Slot⮜䞷⺈⨒⧍㟅楕䤓㈀❜⃚ₘ

public static void main᧤String[]args᧥᧤᧥{
{
byte[]placeholder=new byte[64*1024*1024]᧷
}
int a=0᧷
System.gc᧤᧥᧷
}



扨₹≽㟈䦚怆㧴㈗嘺⚜␅Ⱘ᧨⇕扟嫛ₚ䲚ㄞ᧨☃♠䘿扨㶰␔ⷧ䦮䤓嬺㷲䫽⥭㟅ℕᇭ

[GC 66401K-᧺65778K᧤125632K᧥᧨0.0035471 secs]
[Full GC 65778K-᧺218K᧤125632K᧥᧨0.0140596 secs]

⦷ⅲ䪐䂔◤8-1ᨺⅲ䪐䂔◤8-3₼᧨placeholder厌⚵嬺⥭㟅䤓㫈㦻☮⥯㢾᧶⻏捷♧摞嫷₼
䤓Slot㢾⚵执ⷧ㦘␂ℝplaceholder㟿兓⺈廰䤓ㆤ䞷ᇭ䶻㶰≽㟈₼᧨ⅲ䪐夌䏅め兞䱊ℕ
placeholder䤓⇫䞷⩮᧨⇕⦷㷳⃚⚝᧨㼰㦘↊⇤⺈⻏捷♧摞嫷䤓床㝜⇫᧨placeholder☮㦻㓏
◯䞷䤓Slot执㼰㦘嬺␅Ⅵ♧摞㓏⮜䞷᧨㓏ⅴ⇫GC Roots捷⒕䤓⻏捷♧摞嫷⅜䏅≬㖐䧏⺈
⸒䤓␂勣ᇭ扨䱜␂勣㼰㦘嬺♙㢅㓢㠼᧨⦷公⮶捷⒕㍔⑄ₚ㈀❜掌㈗戊㈽ᇭ⇕Ⱁ㨫拖Ⓙ₹㡈
㽤᧨␅⚝槱䤓ⅲ䪐㦘K劦㢅㈗栎䤓㝜⇫᧨力ⓜ槱♗⸩⃘ℕ◯䞷ℕ⮶摞␔ⷧᇬ⸭棔ₙめ兞ₜ
↩␜∎䞷䤓♧摞᧨㓚┷⺕␅幍函null⋋᧤䞷㧴ⅲ㦎挲♴int a=0᧨㔙♧摞⺈ㄣ䤓⻏捷♧摞嫷
Slot䂔䴉᧥≎ₜ屐㈦㢾₹公⺈㡯㎞⃘䤓㝜⇫᧨扨䱜㝜⇫♾ⅴ⇫䱜⦷㨐䔈㸙㍔ㇱ᧤⺈廰
◯䞷␔ⷧ⮶ᇬ㷳㡈㽤䤓㪗ザ栎㢅梃ₜ厌嬺⥭㟅ᇬ㡈㽤庒䞷㶰㟿才ₜⒿJIT䤓冥幠㧰ↅ᧥ₚ
䤓“⯖㔏”㧴∎䞷ᇭJava幼岏䤓㦻槭デ囦⚜䤓仜ᇵPractical Javaᇶ₼㔙“ₜ∎䞷䤓⺈廰ㄣ㓚
┷忚⋋null”⇫㧰㘷嗟䤓冥䪐屓⒨᧨⇕㢾ㄅ㼰㦘屲摙␆⇢䤓☮⥯᧨㈗栎㢅梃⃚␔掌㦘床
劔⺈扨㧰屓⒨㎮Ⓙ䠠㍠ᇭ

夌䏅ⅲ䪐䂔◤8-1ᨺⅲ䪐䂔◤8-3䤓ⅲ䪐䯉√広㢝ℕ忚null⋋䤓㝜⇫⦷㩟K㍔⑄ₚ䫽⸭㢾㦘
䞷䤓᧨⇕䶣劔䤓屑䍈㢾ₜㄣ㇢⺈忚null⋋䤓㝜⇫㦘扖⮩䤓∬忥᧨㦃㼰㦘㉔尐㔙⸒㇢⋩₹㣽
拜䤓冥䪐屓⒨㧴㘷ㄎᇭ☮⥯㦘₳䍈᧨⅝冥䪐屡ㄵ幁᧨ⅴ㋿㇢䤓♧摞⇫䞷⩮㧴㘶Ⓟ♧摞⥭㟅㢅
梃㓜㢾㦏↧楔䤓屲⑂㡈㽤᧨Ⱁⅲ䪐䂔◤8-3挲㫆䤓⧉㣾ㄅₜ⮩屐ᇭ㦃␂枽䤓㢾᧨⅝㓶嫛屡ㄵ
幁᧨∎䞷忚null⋋䤓㝜⇫㧴↧▥␔ⷧ⥭㟅㢾ㆉ䵚⦷⺈ⷦ唑䪐㓶嫛ㆤ㝝㰑㊄㲰⨚䤓䚕屲⃚ₙ
䤓᧨⦷䶻6䵯⅚兜⸛ⷦ唑䪐⚝᧨䶣劔₢桷⬭┯ℕ₹6.5唑“⏻㦘幍帰ᇬ䱐㦘⸭䘿”㧴㇉庒㰑㊄
㲰⨚⸭棔㓶嫛扖䲚㢾⮥捷䦚怆㧴䷘㟗᧨␔捷䦚ₙ♊⒨♾ⅴ⸛⏷ₜ⚛ᇭ⦷壩㕮㧉∎䞷屲摙⣷
㓶嫛㢅᧨抩デ㰑㊄㲰⨚执㹣戒㘴扠᧨⇕兞扖JIT冥幠⣷⚝᧨㓜㢾壩㕮㧉㓶嫛ⅲ䪐䤓尐㡈
㆞᧨忚null⋋䤓㝜⇫⦷兞扖JIT冥幠↧▥⚝⻀↩嬺䀗棳㘘᧨扨㢅⊨⺕♧摞幍函null⻀㢾㼰㦘
㎞⃘䤓ᇭⷦ唑䪐嬺冥幠㦻⦿ⅲ䪐⚝᧨⺈GC Roots䤓㨩⃮屲摙㓶嫛㢅㦮㦘ぷ⮶ぽⒺ᧨ⅴ
ⓜ槱√㧴䦚᧨ⅲ䪐䂔◤8-2⦷兞扖JIT冥幠⚝᧨System.gc᧤᧥㓶嫛㢅⻀♾ⅴ㷲䫽⦿⥭㟅㘘␔
ⷧ᧨㡯權㒟ⅲ䪐䂔◤8-3䤓㫆ᇭ

␂ℝ⻏捷♧摞嫷᧨执㦘䍈♾厌↩⺈⸭棔♠ℶ䞮㈀❜᧨⻀㢾⻏捷♧摞ₜ⍞ⓜ槱⅚兜䤓
伊♧摞挲㫆ⷧ⦷“棅㹄”ᇭ抩扖䶻7䵯䤓幁屲᧨㒠ⅻめ兞䩴拢伊♧摞㦘₳㶰忚⒬ⱚ⋋䤓扖
䲚᧨㶰⦷棅㹄᧨忚℗侊兮⒬ⱚ⋋᧷♵⮥㶰⦷⒬ⱚ▥棅㹄᧨忚℗䲚ㄞ⛧⸩⃘䤓⒬ⱚ
⋋ᇭ⥯㷳᧨☂∎⦷⒬ⱚ▥棅㹄䲚ㄞ⛧㼰㦘伊♧摞忚⋋⃮㼰㦘␂侊᧨伊♧摞⅜䏅␆㦘₹䫽
⸩䤓⒬ⱚ⋋ᇭ⇕⻏捷♧摞⻀ₜ㫆᧨Ⱁ㨫₹⻏捷♧摞⸩⃘ℕ⇕㼰㦘忚⒬ⱚ⋋㢾ₜ厌∎䞷
䤓᧨ₜ尐帳Java₼↊⇤㍔⑄ₚ掌ⷧ⦷庇Ⱁ㠃⨚♧摞照帳0᧨を⺣⨚♧摞照帳false䷘扨㫆
䤓照帳⋋ᇭⰑⅲ䪐䂔◤8-4㓏䯉᧨扨㹄ⅲ䪐␅⸭ㄅₜ厌扟嫛᧨执Ⰼ冥幠⣷厌⦷冥幠㦮梃⻀㭏
㩴Ⓙㄅ㙟䯉扨䍈᧨☂≎冥幠厌抩扖㒥劔㓚┷䞮㒟ⷦ唑䪐䤓㡈㆞Ⓟ抯⒉ₚ槱ⅲ䪐䤓㟗㨫᧨ⷦ
唑䪐㪰洛䤓㢅⊨⃮↩嬺壩㕮㧉♠䘿力⺋咃伊┯戌⯀徴ᇭ

ⅲ䪐䂔◤8-4ᇫ㦹忚⋋䤓⻏捷♧摞

public static void main᧤String[]args᧥{
int a᧷
System.out.println᧤a᧥᧷
}



[1]幵兕␔⹈庆♑屐2.2唑䤓䦇␂␔⹈ᇭ
[2]幵兕␔⹈庆♑屐6.3.7唑䤓䦇␂␔⹈ᇭ
[3]Java壩㕮㧉屓喒₼㼰㦘㢝䫽屓⸩reference伊⨚䤓栎ㄵ᧨⸒䤓栎ㄵ⸭棔∎䞷32执㢾64⇜壩
㕮㧉㦘␂᧨Ⱁ㨫㢾64⇜壩㕮㧉᧨执㢾⚵⚾㩟K⺈廰㖖朗☚冸䤓↧▥㦘␂᧨扨摛㤑₣♹♥
32⇜壩㕮㧉䤓reference栎ㄵᇭ
[4]ㄅₜ㢾㓏㦘幼岏䤓⺈廰ㆤ䞷掌厌䅰恂扨₳䍈᧨√ⰑC++幼岏᧨照帳㍔⑄ₚ᧤ₜ⚾RTTI㞾
㖐䤓㍔⑄᧥᧨⻀♹厌䅰恂䶻䍈᧨力ₜ䅰恂䶻ℛ䍈ᇭ扨⃮㢾⇤C++₼㙟∪Java幼岏摛㈗デ
屐䤓♜⺓䤓㫈㦻☮⥯ᇭ
[5]扨㢾Java␔ⷧ㲰⨚₼⸩⃘䤓␔⹈᧨␂ℝ☮㝜⇫“long✛double䤓槭☮㊶◞⸩”䷘桽
欧᧨⺕⦷㦻䶻12䵯₼幵兕幁屲ᇭ



8.2.2ᇫ㝜⇫㟿㪗

㝜⇫㟿㪗᧤Operand Stack᧥⃮デ䱿㝜⇫㪗᧨⸒㢾₹⚝⏴⏗⒉᧤Last In First
Out,LIFO᧥㪗ᇭ⚛⻏捷♧摞嫷㫆᧨㝜⇫㟿㪗䤓㦏⮶䂀ㄵ⃮⦷冥幠䤓㢅⊨⏴ⒿCode⻭㊶䤓
max_stacks㟿㗽欈₼ᇭ㝜⇫㟿㪗䤓㹞₹⏒侯♾ⅴ㢾↊㎞䤓Java㟿㗽伊⨚᧨▔㕻long✛
doubleᇭ32⇜㟿㗽伊⨚㓏◯䤓㪗⹈摞1᧨64⇜㟿㗽伊⨚㓏◯䤓㪗⹈摞2ᇭ⦷㡈㽤㓶嫛䤓↊
⇤㢅⊨᧨㝜⇫㟿㪗䤓䂀ㄵ掌ₜ↩怔扖⦷max_stacks㟿㗽欈₼幍⸩䤓㦏⮶⋋ᇭ

㇢₹㡈㽤⒩⒩ⱚ㓶嫛䤓㢅⊨᧨扨₹㡈㽤䤓㝜⇫㟿㪗㢾䴉䤓᧨⦷㡈㽤䤓㓶嫛扖䲚₼᧨
↩㦘⚓䱜ⷦ唑䪐㖖ⅳ㈏㝜⇫㟿㪗₼⏴✛㙟♥␔⹈᧨⃮⻀㢾⒉㪗/⏴㪗㝜⇫ᇭ√Ⱁ᧨⦷⋩並
㦾扟並䤓㢅⊨㢾抩扖㝜⇫㟿㪗㧴扪嫛䤓᧨♗㒥劔⦷庒䞷␅Ⅵ㡈㽤䤓㢅⊨㢾抩扖㝜⇫㟿㪗㧴扪
嫛♑㟿↯抡䤓ᇭ

₹√᧨㠃㟿┯㽤䤓ⷦ唑䪐㖖ⅳiadd⦷扟嫛䤓㢅⊨㝜⇫㟿㪗₼㦏㘴扠㪗欅䤓₳₹⏒侯
め兞ⷧ⏴ℕ₳₹int⨚䤓㟿⋋᧨㇢㓶嫛扨₹㖖ⅳ㢅᧨↩⺕扨₳₹int⋋⒉㪗ㄅ䦇┯᧨䏅⚝⺕䦇┯
䤓兢㨫⏴㪗ᇭ

㝜⇫㟿㪗₼⏒侯䤓㟿㗽伊⨚㉔權ⷦ唑䪐㖖ⅳ䤓ㄞ⒦₴㫋◈揜᧨⦷冥幠䲚ㄞⅲ䪐䤓㢅
⊨᧨冥幠⣷尐₴㫋≬幐扨䍈᧨⦷伊㪰洛棅㹄䤓㟿㗽㿐⒕㨟₼执尐␜㶰洛幐扨䍈ᇭ␜ⅴₙ
槱䤓iadd㖖ⅳ√᧨扨₹㖖ⅳ䞷ℝ㠃⨚㟿┯㽤᧨⸒⦷㓶嫛㢅᧨㦏㘴扠㪗欅䤓₳₹⏒侯䤓㟿㗽
伊⨚㉔權int⨚᧨ₜ厌⒉䘿₹long✛₹float∎䞷iadd✌ⅳ䦇┯䤓㍔⑄ᇭ

♵⮥᧨⦷㰑㊄㲰⨚₼᧨₳₹㪗ザ⇫壩㕮㧉㪗䤓⏒侯᧨㢾⸛⏷䦇℡䕻䵚䤓ᇭ⇕⦷⮶⮩壩
㕮㧉䤓⸭䘿摛掌↩⋩K↧▥⮓䚕᧨ⅳ₳₹㪗ザ⒉䘿捷⒕摜♯ᇭ常ₚ槱㪗ザ䤓捷⒕㝜⇫㟿
㪗ₙ槱㪗ザ䤓捷⒕⻏捷♧摞嫷摜♯⦷怆᧨扨㫆⦷扪嫛㡈㽤庒䞷㢅⻀♾ⅴ␀䞷捷⒕㟿
㗽᧨㡯權扪嫛欬⮥䤓♑㟿⮜Ⓟ↯抡᧨摜♯䤓扖䲚Ⱁ⦍8-2㓏䯉ᇭ

⦍ᇫ8-2ᇫ₳₹㪗ザ⃚梃䤓㟿㗽␀℺



Java壩㕮㧉䤓屲摙㓶嫛ㆤ㝝䱿“⪉ℝ㪗䤓㓶嫛ㆤ㝝”᧨␅₼㓏㖖䤓“㪗”⻀㢾㝜⇫㟿㪗ᇭ
㦻䵯䲜⚝↩⺈⪉ℝ㪗䤓ⅲ䪐扖䲚扪嫛㦃幵兕䤓幁屲ᇭ



8.2.3ᇫ┷㊐扭㘴

㹞₹㪗ザ掌▔⚺₹㖖⚠扟嫛㢅デ摞㻯[1]₼年㪗ザ㓏⻭㡈㽤䤓ㆤ䞷᧨㖐㦘扨₹ㆤ䞷㢾
ℕ㞾㖐㡈㽤庒䞷扖䲚₼䤓┷㊐扭㘴᧤Dynamic Linking᧥ᇭ抩扖䶻6䵯䤓幁屲᧨㒠ⅻ䩴拢Class
㠖ↅ䤓デ摞㻯₼ⷧ㦘⮶摞䤓䶵⚆ㆤ䞷᧨ⷦ唑䪐₼䤓㡈㽤庒䞷㖖ⅳ⻀ⅴデ摞㻯₼㖖⚠㡈㽤䤓䶵
⚆ㆤ䞷⇫♑㟿ᇭ扨K䶵⚆ㆤ䞷捷⒕↩⦷伊┯戌棅㹄㒥劔䶻㶰∎䞷䤓㢅⊨⻀懻▥䦃㘴
ㆤ䞷᧨扨䱜懻▥䱿槨㊐屲㨟ᇭ♵⮥捷⒕⺕⦷㹞㶰扟嫛㦮梃懻▥䦃㘴ㆤ䞷᧨扨捷⒕䱿
┷㊐扭㘴ᇭ␂ℝ扨₳₹懻▥扖䲚䤓幵兕≰㋾᧨⺕⦷8.3唑₼幵兕幁屲ᇭ

[1]扟嫛㢅デ摞㻯♾♑劒䶻2䵯ᇭ



8.2.4ᇫ㡈㽤扣⥭⦿⧏

㇢₹㡈㽤ⱚ㓶嫛⚝᧨♹㦘₳䱜㡈㆞♾ⅴ抏⒉扨₹㡈㽤ᇭ䶻䱜㡈㆞㢾㓶嫛ㆤ㝝拖Ⓙ
↊㎞₹㡈㽤扣⥭䤓ⷦ唑䪐㖖ⅳ᧨扨㢅⊨♾厌↩㦘扣⥭⋋↯抡全ₙ⻑䤓㡈㽤庒䞷劔᧤庒䞷㇢
ⓜ㡈㽤䤓㡈㽤䱿庒䞷劔᧥᧨㢾⚵㦘扣⥭⋋✛扣⥭⋋䤓伊⨚⺕㫈㗽拖Ⓙ⇤䱜㡈㽤扣⥭㖖ⅳ㧴
⑂⸩᧨扨䱜抏⒉㡈㽤䤓㡈㆞䱿㷲デ⸛㒟⒉♲᧤Normal Method Invocation Completion᧥ᇭ

♵⮥䱜抏⒉㡈㆞㢾᧨⦷㡈㽤㓶嫛扖䲚₼拖Ⓙℕ㆑デ᧨ㄅ₣扨₹㆑デ㼰㦘⦷㡈㽤⇢␔㈦
Ⓙ⮓䚕᧨㡯幉㢾Java壩㕮㧉␔捷ℶ䞮䤓㆑デ᧨执㢾ⅲ䪐₼∎䞷athrowⷦ唑䪐㖖ⅳℶ䞮䤓㆑
デ᧨♹尐⦷㦻㡈㽤䤓㆑デ嫷₼㼰㦘㚫侱Ⓙ◈揜䤓㆑デ⮓䚕⣷᧨⻀↩⺋咃㡈㽤抏⒉᧨扨䱜抏⒉
㡈㽤䤓㡈㆞䱿㆑デ⸛㒟⒉♲᧤Abrupt Method Invocation Completion᧥ᇭ₹㡈㽤∎䞷㆑デ
⸛㒟⒉♲䤓㡈㆞抏⒉᧨㢾ₜ↩全⸒䤓ₙ⻑庒䞷劔ℶ䞮↊⇤扣⥭⋋䤓ᇭ

㡯幉摖䞷⇤䱜抏⒉㡈㆞᧨⦷㡈㽤抏⒉⃚⚝᧨掌榏尐扣⥭Ⓙ㡈㽤嬺庒䞷䤓⇜函᧨䲚ㄞ㓜厌
其兼㓶嫛᧨㡈㽤扣⥭㢅♾厌榏尐⦷㪗ザ₼≬ⷧK≰㋾᧨䞷㧴ソ┸㋱⮜⸒䤓ₙ⻑㡈㽤䤓㓶嫛
䕅㊐ᇭ咻㧴広᧨㡈㽤㷲デ抏⒉㢅᧨庒䞷劔䤓PC帰㟿⣷䤓⋋♾ⅴ⇫扣⥭⦿⧏᧨㪗ザ₼㈗♾
厌↩≬ⷧ扨₹帰㟿⣷⋋ᇭ力㡈㽤㆑デ抏⒉㢅᧨扣⥭⦿⧏㢾尐抩扖㆑デ⮓䚕⣷嫷㧴䫽⸩䤓᧨㪗
ザ₼咻ₜ↩≬ⷧ扨捷⒕≰㋾ᇭ

㡈㽤抏⒉䤓扖䲚⸭棔ₙ⻀䷘⚛ℝ㔙㇢ⓜ㪗ザ⒉㪗᧨⥯㷳抏⒉㢅♾厌㓶嫛䤓㝜⇫㦘᧶㋱⮜
ₙ⻑㡈㽤䤓⻏捷♧摞嫷✛㝜⇫㟿㪗᧨㔙扣⥭⋋᧤Ⱁ㨫㦘䤓幬᧥☚⏴庒䞷劔㪗ザ䤓㝜⇫㟿㪗
₼᧨庒㠃PC帰㟿⣷䤓⋋ⅴ㖖⚠㡈㽤庒䞷㖖ⅳ⚝槱䤓㧰㖖ⅳ䷘ᇭ



8.2.5ᇫ棓┯≰㋾

壩㕮㧉屓喒⏐幇␆⇢䤓壩㕮㧉⸭䘿⬭┯K屓喒摛㼰㦘㙞承䤓≰㋾Ⓙ㪗ザ⃚₼᧨√Ⱁ
庒幤䦇␂䤓≰㋾᧨扨捷⒕≰㋾⸛⏷♥⑂ℝ␆⇢䤓壩㕮㧉⸭䘿᧨扨摛ₜ␜幵承ᇭ⦷⸭棔♠
₼᧨咻↩㔙┷㊐扭㘴ᇬ㡈㽤扣⥭⦿⧏␅Ⅵ棓┯≰㋾⏷捷㇡伊᧨䱿㪗ザ≰㋾ᇭ



8.3ᇫ㡈㽤庒䞷
㡈㽤庒䞷ㄅₜ䷘⚛ℝ㡈㽤㓶嫛᧨㡈㽤庒䞷棅㹄➾䤓↊┰⻀㢾䫽⸩嬺庒䞷㡈㽤䤓䓗㦻

᧤☂庒䞷❹₹㡈㽤᧥᧨㤑㢅执ₜ䀘♙㡈㽤␔捷䤓␆⇢扟嫛扖䲚ᇭ⦷䲚ㄞ扟嫛㢅᧨扪嫛㡈㽤
庒䞷㢾㦏㣽拜ᇬ㦏欠僐䤓㝜⇫᧨⇕ⓜ槱め兞幁扖᧨Class㠖ↅ䤓冥幠扖䲚₼ₜ▔⚺↯兮冥幠₼
䤓扭㘴㷴洳᧨⒖㡈㽤庒䞷⦷Class㠖ↅ摛槱ⷧ⌷䤓掌♹㢾䶵⚆ㆤ䞷᧨力ₜ㢾㡈㽤⦷⸭棔扟嫛
㢅␔ⷧを⻏₼䤓⏴♲⦿⧏᧤䦇㇢ℝ⃚ⓜ広䤓䦃㘴ㆤ䞷᧥ᇭ扨₹䔈㊶全Javaサ㧴ℕ㦃㇉⮶䤓┷
㊐㓸⻤厌┪᧨⇕⃮∎㈦Java㡈㽤庒䞷扖䲚♧㈦䦇⺈⮜㧑怆㧴᧨榏尐⦷伊┯戌㦮梃᧨䞩咂Ⓙ扟
嫛㦮梃㓜厌䫽⸩䥽㪖㡈㽤䤓䦃㘴ㆤ䞷ᇭ

8.3.1ᇫ屲㨟

其兼ⓜ槱␂ℝ㡈㽤庒䞷䤓幬欧᧨㓏㦘㡈㽤庒䞷₼䤓䥽㪖㡈㽤⦷Class㠖ↅ摛槱掌㢾₹デ
摞㻯₼䤓䶵⚆ㆤ䞷᧨⦷伊┯戌䤓屲㨟棅㹄᧨↩⺕␅₼䤓捷⒕䶵⚆ㆤ䞷懻▥䦃㘴ㆤ䞷᧨扨
䱜屲㨟厌㒟䵚䤓ⓜ㙟㢾᧶㡈㽤⦷䲚ㄞ䦮㷲扟嫛⃚ⓜ⻀㦘₹♾䫽⸩䤓庒䞷䓗㦻᧨ㄅ₣扨₹㡈
㽤䤓庒䞷䓗㦻⦷扟嫛㦮㢾ₜ♾㟈♧䤓ᇭ㗱♴幬広᧨庒䞷䥽㪖⦷䲚ㄞⅲ䪐Ⰼᇬ冥幠⣷扪嫛冥
幠㢅⻀㉔權䫽⸩ₚ㧴ᇭ扨伊㡈㽤䤓庒䞷䱿屲㨟᧤Resolution᧥ᇭ

⦷Java幼岏₼䶵⚗“冥幠㦮♾䩴᧨扟嫛㦮ₜ♾♧”扨₹尐㻑䤓㡈㽤᧨尐▔㕻槨㊐㡈㽤✛
䱐㦘㡈㽤₳⮶伊᧨ⓜ劔伊⨚䦃㘴␂勣᧨⚝劔⦷⮥捷ₜ♾嬺幎桽᧨扨₳䱜㡈㽤⚓呹䤓䔈䍈⑂
⸩ℕ⸒ⅻ掌ₜ♾厌抩扖其㔎㒥Ⓔ䤓㡈㆞摜␅Ⅵ䓗㦻᧨⥯㷳⸒ⅻ掌抑⚗⦷伊┯戌棅㹄扪嫛屲
㨟ᇭ

⃚䦇⺈ㄣ䤓㢾᧨⦷Java壩㕮㧉摛槱㙟∪ℕ5㧰㡈㽤庒䞷ⷦ唑䪐㖖ⅳ᧨⒕ⒺⰑₚᇭ

invokestatic᧶庒䞷槨㊐㡈㽤ᇭ

invokespecial᧶庒䞷⸭√㨓抯⣷᧸init᧺㡈㽤ᇬ䱐㦘㡈㽤✛䓅伊㡈㽤ᇭ

invokevirtual᧶庒䞷㓏㦘䤓壩㡈㽤ᇭ

invokeinterface᧶庒䞷㘴♲㡈㽤᧨↩⦷扟嫛㢅␜䫽⸩₹⸭䘿㷳㘴♲䤓⺈廰ᇭ

invokedynamic᧶⏗⦷扟嫛㢅┷㊐屲㨟⒉庒䞷䍈棟⸩䶵㓏ㆤ䞷䤓㡈㽤᧨䏅⚝␜㓶嫛年㡈
㽤᧨⦷㷳⃚ⓜ䤓4㧰庒䞷㖖ⅳ᧨⒕㿍拊戠㢾⦉▥⦷Java壩㕮㧉␔捷䤓᧨力invokedynamic㖖ⅳ
䤓⒕㿍拊戠㢾䟀䞷㓆㓏幍⸩䤓ㆤ⺋㡈㽤⑂⸩䤓ᇭ

♹尐厌嬺invokestatic✛invokespecial㖖ⅳ庒䞷䤓㡈㽤᧨掌♾ⅴ⦷屲㨟棅㹄₼䫽⸩➾䤓
庒䞷䓗㦻᧨䶵⚗扨₹㧰ↅ䤓㦘槨㊐㡈㽤ᇬ䱐㦘㡈㽤ᇬ⸭√㨓抯⣷ᇬ䓅伊㡈㽤4伊᧨⸒ⅻ⦷伊
┯戌䤓㢅⊨⻀↩㔙䶵⚆ㆤ䞷屲㨟年㡈㽤䤓䦃㘴ㆤ䞷ᇭ扨K㡈㽤♾ⅴ䱿槭壩㡈㽤᧨⃚䦇
♜᧨␅Ⅵ㡈㽤䱿壩㡈㽤᧤棳♊final㡈㽤᧨⚝㠖↩㙟Ⓙ᧥ᇭⅲ䪐䂔◤8-5䆣䯉ℕ₹㦏デ屐䤓
屲㨟庒䞷䤓√᧨㷳㫆√₼᧨槨㊐㡈㽤sayHello᧤᧥♹♾厌⻭ℝ伊⨚StaticResolution᧨㼰㦘↊
⇤㓚㹄♾ⅴ尕䥥㒥椟塞扨₹㡈㽤ᇭ

ⅲ䪐䂔◤8-5ᇫ㡈㽤槨㊐屲㨟䆣䯉



/**
*㡈㽤槨㊐屲㨟䆣䯉
*
*@author zzm
*/
public class StaticResolution{
public static void sayHello᧤᧥{
System.out.println᧤"hello world"᧥᧷
}
public static void main᧤String[]args᧥{
StaticResolution.sayHello᧤᧥᧷
}
}

∎䞷javap✌ⅳ㩴䦚扨㹄䲚ㄞ䤓ⷦ唑䪐᧨↩♠䘿䤓䫽㢾抩扖invokestatic✌ⅳ㧴庒䞷
sayHello᧤᧥㡈㽤䤓ᇭ

D᧶\Develop\᧺javap-verbose StaticResolution
public static void main᧤java.lang.String[]᧥᧷
Code᧶
Stack=0᧨Locals=1᧨Args_size=1
0᧶invokestatic#31᧷//Method sayHello᧶᧤᧥V
3᧶return
LineNumberTable᧶
line 15᧶0
line 16᧶3

Java₼䤓槭壩㡈㽤棳ℕ∎䞷invokestaticᇬinvokespecial庒䞷䤓㡈㽤⃚⮥执㦘䱜᧨⻀㢾嬺
final≽毿䤓㡈㽤ᇭ夌䏅final㡈㽤㢾∎䞷invokevirtual㖖ⅳ㧴庒䞷䤓᧨⇕㢾䟀ℝ⸒㡯㽤嬺尕䥥᧨
㼰㦘␅Ⅵ䓗㦻᧨㓏ⅴ⃮㡯權⺈㡈㽤㘴㟅劔扪嫛⮩㊐折㕸᧨♗㒥劔広⮩㊐折㕸䤓兢㨫匾⸩㢾➾
䤓ᇭ⦷Java幼岏屓喒₼㢝䫽広㢝ℕfinal㡈㽤㢾䱜槭壩㡈㽤ᇭ

屲㨟庒䞷⸩㢾₹槨㊐䤓扖䲚᧨⦷冥幠㦮梃⻀⸛⏷䫽⸩᧨⦷伊孔戌䤓屲㨟棅㹄⻀↩㔙䀘
♙䤓䶵⚆ㆤ䞷⏷捷懻♧♾䫽⸩䤓䦃㘴ㆤ䞷᧨ₜ↩ㆅ扮Ⓙ扟嫛㦮␜♊⸛㒟ᇭ力⒕㿍
᧤Dispatch᧥庒䞷⒨♾厌㢾槨㊐䤓⃮♾厌㢾┷㊐䤓᧨㫈㗽⒕㿍∬㗽䤓⸦摞㟿[1]♾⒕◤⒕㿍✛
⮩⒕㿍ᇭ扨₳伊⒕㿍㡈㆞䤓₳₳兓⚗⻀㨓㒟ℕ槨㊐◤⒕㿍ᇬ槨㊐⮩⒕㿍ᇬ┷㊐◤⒕㿍ᇬ┷㊐
⮩⒕㿍4䱜⒕㿍兓⚗㍔⑄᧨ₚ槱㒠ⅻ␜䦚䦚壩㕮㧉₼䤓㡈㽤⒕㿍㢾Ⱁ⇤扪嫛䤓ᇭ

[1]扨摛䀘♙䤓⒕㿍䤓䦇␂㰑㊄᧤Ⱁ“⸦摞”䷘᧥⦷⚝㠖₼掌↩㦘㓏屲摙ᇭ



8.3.2ᇫ⒕㿍

↦㓏⛷䩴᧨Java㢾桷槱⚠⺈廰䤓䲚ㄞ幼岏᧨⥯Java␆槱⚠⺈廰䤓3₹⪉㦻䔈㈐᧶其
㔎ᇬ⺐孔✛⮩㊐ᇭ㦻唑幁屲䤓⒕㿍庒䞷扖䲚⺕↩㙼䯉⮩㊐㊶䔈㈐䤓K㦏⪉㦻䤓⇢䘿᧨
Ⱁ“摜戌”✛“摜”⦷Java壩㕮㧉⃚₼㢾Ⱁ⇤⸭䘿䤓᧨扨摛䤓⸭䘿㇢䏅ₜ㢾幼㽤ₙ年Ⱁ⇤᧨
㒠ⅻ␂㉒䤓∬䏅㢾壩㕮㧉Ⱁ⇤䫽⸩㷲䫽䤓䥽㪖㡈㽤ᇭ

1.槨㊐⒕㿍

⦷ⱚ幁屲槨㊐⒕㿍[1]ⓜ᧨䶣劔ℕ㹄兞デ⒉䘿⦷槱幤欧₼䤓䲚ㄞⅲ䪐᧨床劔ₜⰷ
⏗䦚拜᧨㎂ₚ䲚ㄞ䤓戢⒉兢㨫㢾⅏⃗ᇭ⚝槱㒠ⅻ䤓幬欧⺕⦃兤扨₹伊䤓㡈㽤㧴摜戌
᧤Overload᧥ⅲ䪐᧨ⅴ⒕㨟壩㕮㧉✛冥幠⣷䫽⸩㡈㽤䓗㦻䤓扖䲚ᇭ㡈㽤槨㊐⒕㿍Ⱁⅲ䪐䂔◤
8-6㓏䯉ᇭ

ⅲ䪐䂔◤8-6ᇫ㡈㽤槨㊐⒕㿍䆣䯉

package org.fenixsoft.polymorphic᧷
/**
*㡈㽤槨㊐⒕㿍䆣䯉
*@author zzm
*/
public class StaticDispatch{
static abstract class Human{
}
static class Man extends Human{
}
static class Woman extends Human{
}
public void sayHello᧤Human guy᧥{
System.out.println᧤"hello,guy"᧥᧷
}
public void sayHello᧤Man guy᧥{
System.out.println᧤"hello,gentleman"᧥᧷
}
public void sayHello᧤Woman guy᧥{
System.out.println᧤"hello,lady"᧥᧷
}
public static void main᧤String[]args᧥{
Human man=new Man᧤᧥᧷
Human woman=new Woman᧤᧥᧷
StaticDispatch sr=new StaticDispatch᧤᧥᧷
sr.sayHello᧤man᧥᧷
sr.sayHello᧤woman᧥᧷
}
}

扟嫛兢㨫᧶

hello,guy
hello,guy

ⅲ䪐䂔◤8-6₼䤓ⅲ䪐⸭棔ₙ㢾⦷劒洛梔床劔⺈摜戌䤓䚕屲䲚ㄵ᧨䦇≰⺈Java冥䲚䲜㦘兞
洛䤓䲚ㄞ⛧䦚⸛䲚ㄞ⚝掌厌㈦⒉㷲䫽䤓扟嫛兢㨫᧨⇕⅏⃗↩折㕸㓶嫛♑㟿伊⨚Human䤓
摜戌⛱᧻⦷屲⑂扨₹桽欧⃚ⓜ᧨㒠ⅻ⏗㖘Ⱁₚⅲ䪐⸩⃘₳₹摜尐䤓㰑㊄ᇭ

Human man=new Man᧤᧥᧷

㒠ⅻ㔙ₙ槱ⅲ䪐₼䤓“Human”䱿♧摞䤓槨㊐伊⨚᧤Static Type᧥᧨㒥劔♺⋩䤓⮥屑伊⨚
᧤Apparent Type᧥᧨⚝槱䤓“Man”⒨䱿♧摞䤓⸭棔伊⨚᧤Actual Type᧥᧨槨㊐伊⨚✛⸭棔
伊⨚⦷䲚ㄞ₼掌♾ⅴ♠䞮K♧▥᧨◉Ⓔ㢾槨㊐伊⨚䤓♧▥⅔⅔⦷∎䞷㢅♠䞮᧨♧摞㦻愺䤓
槨㊐伊⨚ₜ↩嬺㟈♧᧨ㄅ₣㦏兗䤓槨㊐伊⨚㢾⦷冥幠㦮♾䩴䤓᧷力⸭棔伊⨚♧▥䤓兢㨫⦷扟
嫛㦮㓜♾䫽⸩᧨冥幠⣷⦷冥幠䲚ㄞ䤓㢅⊨ㄅₜ䩴拢₹⺈廰䤓⸭棔伊⨚㢾⅏⃗ᇭ√Ⱁₚ槱䤓
ⅲ䪐᧶



//⸭棔伊⨚♧▥
Human man=new Man᧤᧥᧷
man=new Woman᧤᧥᧷
//槨㊐伊⨚♧▥
sr.sayHello᧤᧤Man᧥man᧥
sr.sayHello᧤᧤Woman᧥man᧥

屲摙ℕ扨₳₹㰑㊄᧨␜⥭Ⓙⅲ䪐䂔◤8-6䤓㫆√ⅲ䪐₼ᇭmain᧤᧥摛槱䤓₳㶰
sayHello᧤᧥㡈㽤庒䞷᧨⦷㡈㽤㘴㟅劔め兞䫽⸩㢾⺈廰“sr”䤓ⓜ㙟ₚ᧨∎䞷❹₹摜戌䓗㦻᧨⻀
⸛⏷♥⑂ℝ↯⏴♑㟿䤓㟿摞✛㟿㗽伊⨚ᇭⅲ䪐₼Ⓤ㎞⦿⸩⃘ℕ₳₹槨㊐伊⨚䦇⚛⇕⸭棔伊⨚
ₜ⚛䤓♧摞᧨⇕壩㕮㧉᧤䫽⦿広㢾冥幠⣷᧥⦷摜戌㢅㢾抩扖♑㟿䤓槨㊐伊⨚力ₜ㢾⸭棔伊
⨚⇫⒳⸩∬㗽䤓ᇭㄅ₣槨㊐伊⨚㢾冥幠㦮♾䩴䤓᧨⥯㷳᧨⦷冥幠棅㹄᧨Javac冥幠⣷↩㫈
㗽♑㟿䤓槨㊐伊⨚⑂⸩∎䞷❹₹摜戌䓗㦻᧨㓏ⅴ折㕸ℕsayHello᧤Human᧥⇫庒䞷䥽㪖᧨
ㄅ㔙扨₹㡈㽤䤓䶵⚆ㆤ䞷Ⓙmain᧤᧥㡈㽤摛䤓₳㧰invokevirtual㖖ⅳ䤓♑㟿₼ᇭ

㓏㦘∬忥槨㊐伊⨚㧴⸩⇜㡈㽤㓶嫛䓗㦻䤓⒕㿍┷⇫䱿槨㊐⒕㿍ᇭ槨㊐⒕㿍䤓␇⨚ㄣ䞷
㢾㡈㽤摜戌ᇭ槨㊐⒕㿍♠䞮⦷冥幠棅㹄᧨⥯㷳䫽⸩槨㊐⒕㿍䤓┷⇫⸭棔ₙₜ㢾䟀壩㕮㧉㧴㓶
嫛䤓ᇭ♵⮥᧨冥幠⣷夌䏅厌䫽⸩⒉㡈㽤䤓摜戌䓗㦻᧨⇕⦷㈗⮩㍔⑄ₚ扨₹摜戌䓗㦻ㄅₜ
㢾“➾䤓”᧨㈏㈏♹厌䫽⸩₹“㦃┯⚗抑䤓”䓗㦻ᇭ扨䱜㲰余䤓兢幉⦷䟀0✛1㨓㒟䤓帰並㧉
₥䟛₼並㢾㹣戒“䲏凤”䤓ℚ㍔᧨ℶ䞮扨䱜㲰余兢幉䤓尐☮⥯㢾ⷦ槱摞ₜ榏尐⸩⃘᧨㓏ⅴⷦ
槱摞㼰㦘㣍㆞䤓槨㊐伊⨚᧨⸒䤓槨㊐伊⨚♹厌抩扖幼岏ₙ䤓屓⒨♊䚕屲✛㘷㠼ᇭⅲ䪐䂔◤8-
7䆣䯉ℕ⇤“㦃┯⚗抑䤓”䓗㦻ᇭ

ⅲ䪐䂔◤8-7ᇫ摜戌㡈㽤◈揜↧⏗儶

package org.fenixsoft.polymorphic᧷
public class Overload{
public static void sayHello᧤Object arg᧥{
System.out.println᧤"hello Object"᧥᧷
}
public static void sayHello᧤int arg᧥{
System.out.println᧤"hello int"᧥᧷
}
public static void sayHello᧤long arg᧥{
System.out.println᧤"hello long"᧥᧷
}
public static void sayHello᧤Character arg᧥{
System.out.println᧤"hello Character"᧥᧷
}
public static void sayHello᧤char arg᧥{
System.out.println᧤"hello char"᧥᧷
}
public static void sayHello᧤char……arg᧥{
System.out.println᧤"hello char……"᧥᧷
}
public static void sayHello᧤Serializable arg᧥{
System.out.println᧤"hello Serializable"᧥᧷
}
public static void main᧤String[]args᧥{
sayHello᧤'a'᧥᧷
}
}

ₙ槱䤓ⅲ䪐扟嫛⚝↩戢⒉᧶

hello char

扨㈗Ⰼ䚕屲᧨'a'㢾₹char伊⨚䤓㟿㗽᧨呹䏅↩⺊㔍♑㟿伊⨚char䤓摜戌㡈㽤᧨Ⱁ㨫
㽷摙㘘sayHello᧤char arg᧥㡈㽤᧨挲戢⒉↩♧᧶

hello int

扨㢅♠䞮ℕ㶰呹┷伊⨚懻㗱᧨'a'棳ℕ♾ⅴⅲ嫷₹ⷦ䶵᧨执♾ⅴⅲ嫷㟿ⷦ97᧤ⷦ
䶵'a'䤓Unicode㟿⋋◐扪Ⓟ㟿ⷦ97᧥᧨⥯㷳♑㟿伊⨚int䤓摜戌⃮㢾⚗抑䤓ᇭ㒠ⅻ其兼㽷摙
㘘sayHello᧤int arg᧥㡈㽤᧨挲戢⒉↩♧᧶



hello long

扨㢅♠䞮ℕ₳㶰呹┷伊⨚懻㗱᧨'a'懻⨚㠃㟿97⃚⚝᧨扪㷴懻⨚栎㠃㟿97L᧨◈揜
ℕ♑㟿伊⨚long䤓摜戌ᇭ䶣劔⦷ⅲ䪐₼㼰㦘␅Ⅵ䤓伊⨚Ⱁfloatᇬdouble䷘䤓摜戌᧨ₜ扖⸭
棔ₙ呹┷懻⨚执厌其兼♠䞮⮩㶰᧨㖘䏶char-᧺int-᧺long-᧺float-᧺double䤓欉ㄞ懻⨚扪嫛◈
揜ᇭ⇕ₜ↩◈揜Ⓙbyte✛short伊⨚䤓摜戌᧨⥯charⒿbyte㒥short䤓懻⨚㢾ₜ⸘⏷䤓ᇭ㒠ⅻ其
兼㽷摙㘘sayHello᧤long arg᧥㡈㽤᧨挲戢⒉↩♧᧶

hello Character

扨㢅♠䞮ℕ㶰呹┷孔乀᧨'a'嬺▔孔⸒䤓⺐孔伊⨚java.lang.Character᧨㓏ⅴ◈揜Ⓙℕ
♑㟿伊⨚Character䤓摜戌᧨其兼㽷摙㘘sayHello᧤Character arg᧥㡈㽤᧨挲戢⒉↩♧᧶

hello Serializable

扨₹戢⒉♾厌↩常ⅉ㎮屘㜇ₜ䧏⯃厠᧨₹ⷦ䶵㒥㟿ⷦㄞ⒦▥㦘⅏⃗␂侊᧻⒉䘿hello
Serializable᧨㢾⥯java.lang.Serializable㢾java.lang.Character伊⸭䘿䤓₹㘴♲᧨㇢呹┷孔乀
⃚⚝♠䘿执㢾㔍ₜⒿ孔乀伊᧨⇕㢾㔍Ⓙℕ孔乀伊⸭䘿ℕ䤓㘴♲伊⨚᧨㓏ⅴ侶㘴䧏♗♠䞮㶰
呹┷懻⨚ᇭchar♾ⅴ懻⨚㒟int᧨⇕㢾Character㢾公⺈ₜ↩懻⨚Integer䤓᧨⸒♹厌⸘⏷⦿懻
⨚⸒⸭䘿䤓㘴♲㒥䓅伊ᇭCharacter执⸭䘿ℕ♵⮥₹㘴♲java.lang.Comparable᧸Character
᧺᧨Ⱁ㨫⚛㢅⒉䘿₳₹♑㟿⒕ⒺSerializable✛Comparable᧸Character᧺䤓摜戌㡈㽤᧨挲⸒
ⅻ⦷㷳㢅䤓↧⏗儶㢾㫆䤓ᇭ冥幠⣷㡯㽤䫽⸩尐呹┷懻⨚❹䱜伊⨚᧨↩㙟䯉伊⨚㲰余᧨㕡
公冥幠ᇭ䲚ㄞ㉔權⦷庒䞷㢅㣍㆞⦿㖖⸩ⷦ槱摞䤓槨㊐伊⨚᧨Ⱁ᧶sayHello᧤᧤Comparable᧸
Character᧺᧥'a'᧥᧨㓜厌冥幠抩扖ᇭₚ槱其兼㽷摙㘘sayHello᧤Serializable arg᧥㡈㽤᧨戢⒉
↩♧᧶

hello Object

扨㢅㢾char孔乀⚝懻⨚䓅伊ℕ᧨Ⱁ㨫㦘⮩₹䓅伊᧨挲⺕⦷其㔎␂侊₼⅝ₚ㈏ₙⱚ㚫
侱᧨怙㘴扠ₙ⻑䤓↧⏗儶怙⇝ᇭ☂∎㡈㽤庒䞷↯⏴䤓♑㟿⋋null㢅᧨扨₹屓⒨⅜䏅抑䞷ᇭ
㒠ⅻ㔙sayHello᧤Object arg᧥⃮㽷摙㘘᧨戢⒉⺕↩♧᧶

hello char……

7₹摜戌㡈㽤め兞嬺㽷摙㈦♹⓸₹ℕ᧨♾屐♧栎♑㟿䤓摜戌↧⏗儶㢾㦏⇝䤓᧨扨㢅⊨
ⷦ䶵'a'嬺㇢⋩ℕ₹㟿兓⏒侯ᇭ䶣劔∎䞷䤓㢾char伊⨚䤓♧栎♑㟿᧨床劔⦷洛幐㢅执♾ⅴ折
㕸int伊⨚ᇬCharacter伊⨚ᇬObject伊⨚䷘䤓♧栎♑㟿摜戌㧴㔙ₙ槱䤓扖䲚摜㠿䆣䯉拜ᇭ⇕
尐㽷㎞䤓㢾᧨㦘K⦷◤₹♑㟿₼厌㒟䵚䤓呹┷懻⨚᧨Ⱁchar懻⨚int᧨⦷♧栎♑㟿₼㢾ₜ
㒟䵚䤓[2]ᇭ

ⅲ䪐䂔◤8-7䆣䯉ℕ冥幠㦮梃折㕸槨㊐⒕㿍䥽㪖䤓扖䲚᧨扨₹扖䲚⃮㢾Java幼岏⸭䘿㡈㽤
摜戌䤓㦻德ᇭ䆣䯉㓏䞷䤓扨㹄䲚ㄞ⻭ℝ㈗㨐䵾䤓√᧨棳ℕ䞷⋩槱幤欧楍㻑勛劔ⅴ⮥᧨⦷
⸭棔ぴ⇫₼⑯⃝ₜ♾厌㦘⸭棔䞷抣ᇭ䶣劔㖎㧴⋩䆣䯉⅔⅔㢾䞷ℝ幁屲摜戌㢅䥽㪖㡈㽤折㕸䤓



扖䲚᧨⮶捷⒕㍔⑄ₚ扪嫛扨㫆㨐䵾䤓摜戌掌♾並㢾䦮㷲䤓“␂ℝ嗃氨廕䤓嗃㦘⑯䱜㽤䤓䪣
䴅”ᇭ㡯幉⺈摜戌䤓帳幕㦘⮩⃗䂀Ⓤ᧨₹⚗㫋䤓䲚ㄞ⛧掌ₜㄣ年⦷⸭棔ㄣ䞷₼⒉Ⱁ㷳㨐
䵾䤓摜戌ⅲ䪐ᇭ

♵⮥执㦘䍈床劔♾厌㹣戒⹈㢢䂆䁕᧶䶣劔幁承䤓屲㨟⒕㿍扨₳劔⃚梃䤓␂侊ㄅₜ㢾
ℛ折䤓㘡Ⅵ␂侊᧨⸒ⅻ㢾⦷ₜ⚛⻑㶰ₙ♊䷪折ᇬ䫽⸩䥽㪖㡈㽤䤓扖䲚ᇭ√Ⱁ᧨ⓜ槱広扖᧨
槨㊐㡈㽤↩⦷伊┯戌㦮⻀扪嫛屲㨟᧨力槨㊐㡈㽤㣍䏅⃮㢾♾ⅴ㕴㦘摜戌䓗㦻䤓᧨折㕸摜戌䓗
㦻䤓扖䲚⃮㢾抩扖槨㊐⒕㿍⸛㒟䤓ᇭ

2.┷㊐⒕㿍

ℕ屲ℕ槨㊐⒕㿍᧨㒠ⅻ㘴ₚ㧴䦚ₚ┷㊐⒕㿍䤓扖䲚᧨⸒✛⮩㊐㊶䤓♵⮥₹摜尐⇢
䘿[3]——摜᧤Override᧥㦘䧏㈗⹕⒖䤓␂勣ᇭ㒠ⅻ执㢾䞷ⓜ槱䤓Man✛Woman怆sayHello
䤓√㧴幁屲┷㊐⒕㿍᧨庆䦚ⅲ䪐䂔◤8-8₼㓏䯉䤓ⅲ䪐ᇭ

ⅲ䪐䂔◤8-8ᇫ㡈㽤┷㊐⒕㿍䆣䯉

package org.fenixsoft.polymorphic᧷
/**
*㡈㽤┷㊐⒕㿍䆣䯉
*@author zzm
*/
public class DynamicDispatch{
static abstract class Human{
protected abstract void sayHello᧤᧥᧷
}
static class Man extends Human{
@Override
protected void sayHello᧤᧥{
System.out.println᧤"man say hello"᧥᧷
}
}
static class Woman extends Human{
@Override
protected void sayHello᧤᧥{
System.out.println᧤"woman say hello"᧥᧷
}
}
public static void main᧤String[]args᧥{
Human man=new Man᧤᧥᧷
Human woman=new Woman᧤᧥᧷
man.sayHello᧤᧥᧷
woman.sayHello᧤᧥᧷
man=new Woman᧤᧥᧷
man.sayHello᧤᧥᧷
}
}

扟嫛兢㨫᧶

man say hello
woman say hello
woman say hello

扨₹扟嫛兢㨫䦇≰ₜ↩⒉⃝↊⇤ⅉ䤓㎞㠨᧨⺈ℝ⃯㍾ℕ槱⚠⺈廰㊬冃䤓Java䲚ㄞ⛧↩屘
㈦扨㢾⸛⏷䚕㓏㇢䏅䤓ᇭ䘿⦷䤓桽欧执㢾✛ⓜ槱䤓㫆᧨壩㕮㧉㢾Ⱁ⇤䩴拢尐庒䞷❹₹㡈㽤
䤓᧻

㣍䏅扨摛ₜ♾厌␜㫈㗽槨㊐伊⨚㧴⑂⸩᧨⥯槨㊐伊⨚⚛㫆掌㢾Human䤓₳₹♧摞man
✛woman⦷庒䞷sayHello᧤᧥㡈㽤㢅㓶嫛ℕₜ⚛䤓嫛᧨ㄅ₣♧摞man⦷₳㶰庒䞷₼㓶嫛ℕₜ
⚛䤓㡈㽤ᇭ⺋咃扨₹䘿廰䤓☮⥯㈗㢝㣍᧨㢾扨₳₹♧摞䤓⸭棔伊⨚ₜ⚛᧨Java壩㕮㧉㢾Ⱁ⇤
㫈㗽⸭棔伊⨚㧴⒕㿍㡈㽤㓶嫛䓗㦻䤓⛱᧻㒠ⅻ∎䞷javap✌ⅳ戢⒉扨㹄ⅲ䪐䤓ⷦ唑䪐᧨⺬幤⅝
₼⺊㔍䷣㫗᧨戢⒉兢㨫Ⱁⅲ䪐䂔◤8-9㓏䯉ᇭ

ⅲ䪐䂔◤8-9ᇫmain᧤᧥㡈㽤䤓ⷦ唑䪐



public static void main᧤java.lang.String[]᧥᧷
Code᧶
Stack=2᧨Locals=3᧨Args_size=1
0᧶new#16᧷//class org/fenixsoft/polymorphic/Dynamic-
Dispatch $Man
3᧶dup
4᧶invokespecial#18᧷//Method org/fenixsoft/polymorphic/Dynamic-
Dispatch $Man."᧸init᧺"᧶᧤᧥V
7᧶astore_1
8᧶new#19᧷//class org/fenixsoft/polymorphic/Dynamic-
Dispatch $Woman
11᧶dup
12᧶invokespecial#21᧷//Method org/fenixsoft/polymorphic/DynamicDispa
tch $Woman."᧸init᧺"᧶᧤᧥V
15᧶astore_2
16᧶aload_1
17᧶invokevirtual#22᧷//Method org/fenixsoft/polymorphic/Dynamic-
Dispatch $Human.sayHello᧶᧤᧥V
20᧶aload_2
21᧶invokevirtual#22᧷//Method org/fenixsoft/polymorphic/Dynamic-
Dispatch $Human.sayHello᧶᧤᧥V
24᧶new#19᧷//class org/fenixsoft/polymorphic/Dynamic-
Dispatch $Woman
27᧶dup
28᧶invokespecial#21᧷//Method org/fenixsoft/polymorphic/Dynam
icDispatch $Woman."᧸init᧺"᧶᧤᧥V
31᧶astore_1
32᧶aload_1
33᧶invokevirtual#22᧷//Method org/fenixsoft/polymorphic/
DynamicDispatch $Human.sayHello᧶᧤᧥V
36᧶return

0ᨺ15嫛䤓ⷦ唑䪐㢾┷⇫᧨⇫䞷㢾ㆉ䵚man✛woman䤓␔ⷧ䴉梃ᇬ庒䞷Man✛Woman
伊⨚䤓⸭√㨓抯⣷᧨⺕扨₳₹⸭√䤓ㆤ䞷ⷧ㟍⦷䶻1ᇬ2₹⻏捷♧摞嫷Slot⃚₼᧨扨₹┷⇫⃮
⻀⺈ㄣℕⅲ䪐₼䤓扨₳♴᧶

Human man=new Man᧤᧥᧷
Human woman=new Woman᧤᧥᧷

㘴ₚ㧴䤓16ᨺ21♴㢾␂枽捷⒕᧨16ᇬ20₳♴⒕Ⓔ㔙⒩⒩⒪ㆉ䤓₳₹⺈廰䤓ㆤ䞷☚Ⓙ㪗
欅᧨扨₳₹⺈廰㢾⺕尐㓶嫛䤓sayHello᧤᧥㡈㽤䤓㓏㦘劔᧨䱿㘴㟅劔᧤Receiver᧥᧷17✛21
♴㢾㡈㽤庒䞷㖖ⅳ᧨扨₳㧰庒䞷㖖ⅳ◤⅝ⷦ唑䪐屡ㄵ㧴䦚᧨㡯幉㢾㖖ⅳ᧤掌㢾
invokevirtual᧥执㢾♑㟿᧤掌㢾デ摞㻯₼䶻22欈䤓デ摞᧨㽷摙㣍䯉ℕ扨₹デ摞㢾
Human.sayHello᧤᧥䤓䶵⚆ㆤ䞷᧥⸛⏷㫆䤓᧨⇕㢾扨₳♴㖖ⅳ㦏兗㓶嫛䤓䥽㪖㡈㽤ㄅₜ䦇
⚛ᇭ☮⥯⻀榏尐⅝invokevirtual㖖ⅳ䤓⮩㊐㩴㔍扖䲚ⱚ広怆᧨invokevirtual㖖ⅳ䤓扟嫛㢅屲
㨟扖䲚⮶咃⒕ⅴₚ⑯₹㷴洳᧶

1᧥㔍Ⓙ㝜⇫㟿㪗欅䤓䶻₹⏒侯㓏㖖⚠䤓⺈廰䤓⸭棔伊⨚᧨帿⇫Cᇭ

2᧥Ⱁ㨫⦷伊⨚C₼㔍Ⓙデ摞₼䤓㙞承䶵✛丏◤⚜䱿掌䦇䶵䤓㡈㽤᧨⒨扪嫛幎桽㧒棟㪰
洛᧨Ⱁ㨫抩扖⒨扣⥭扨₹㡈㽤䤓䦃㘴ㆤ䞷᧨㩴㔍扖䲚兢㧮᧷Ⱁ㨫ₜ抩扖᧨⒨扣⥭
java.lang.IllegalAccessError㆑デᇭ

3᧥⚵⒨᧨㖘䏶其㔎␂侊⅝ₚ㈏ₙ∬㶰⺈C䤓⚓₹䓅伊扪嫛䶻2㷴䤓㚫侱✛洛幐扖䲚ᇭ

4᧥Ⱁ㨫ⱚ兗㼰㦘㔍Ⓙ⚗抑䤓㡈㽤᧨⒨㔪⒉java.lang.AbstractMethodError㆑デᇭ

䟀ℝinvokevirtual㖖ⅳ㓶嫛䤓䶻㷴⻀㢾⦷扟嫛㦮䫽⸩㘴㟅劔䤓⸭棔伊⨚᧨㓏ⅴ₳㶰庒
䞷₼䤓invokevirtual㖖ⅳ㔙デ摞㻯₼䤓伊㡈㽤䶵⚆ㆤ䞷屲㨟Ⓙℕₜ⚛䤓䦃㘴ㆤ䞷ₙ᧨扨₹扖
䲚⻀㢾Java幼岏₼㡈㽤摜䤓㦻德ᇭ㒠ⅻ㔙扨䱜⦷扟嫛㦮㫈㗽⸭棔伊⨚䫽⸩㡈㽤㓶嫛䓗㦻䤓
⒕㿍扖䲚䱿┷㊐⒕㿍ᇭ

3.◤⒕㿍⮩⒕㿍

㡈㽤䤓㘴㟅劔㡈㽤䤓♑㟿兮䱿㡈㽤䤓⸦摞᧨扨₹⸩⃘㦏㡸ㄣ年㧴䄟ℝᇵJava㲰
㆞ᇶᇭ㫈㗽⒕㿍⪉ℝ⮩⺠䱜⸦摞᧨♾ⅴ⺕⒕㿍⒡⒕◤⒕㿍✛⮩⒕㿍₳䱜ᇭ◤⒕㿍㢾㫈



㗽₹⸦摞⺈䥽㪖㡈㽤扪嫛折㕸᧨⮩⒕㿍⒨㢾㫈㗽⮩ℝ₹⸦摞⺈䥽㪖㡈㽤扪嫛折㕸ᇭ

◤⒕㿍✛⮩⒕㿍䤓⸩⃘床怆㧴㕦♲᧨⅝ⷦ槱ₙ䦚⃮㹣戒㕌廰᧨ₜ扖⺈䏶䧏⸭√䦚⻀ₜ楍
䚕屲ℕᇭⅲ䪐䂔◤8-10₼⒦ℕ₹Father✛Son怆㧴⋩⒉“₹哿楍䤓⑂⸩”䤓√ᇭ

ⅲ䪐䂔◤8-10ᇫ◤⒕㿍✛⮩⒕㿍

/**
*◤⒕㿍ᇬ⮩⒕㿍䆣䯉
*@author zzm
*/
public class Dispatch{
static class QQ{}
static class_360{}
public static class Father{
public void hardChoice᧤QQ arg᧥{
System.out.println᧤"father choose qq"᧥᧷
}
public void hardChoice᧤_360 arg᧥{
System.out.println᧤"father choose 360"᧥᧷
}
}
public static class Son extends Father{
public void hardChoice᧤QQ arg᧥{
System.out.println᧤"son choose qq"᧥᧷
}
public void hardChoice᧤_360 arg᧥{
System.out.println᧤"son choose 360"᧥᧷
}
}
public static void main᧤String[]args᧥{
Father father=new Father᧤᧥᧷
Father son=new Son᧤᧥᧷
father.hardChoice᧤new_360᧤᧥᧥᧷
son.hardChoice᧤new QQ᧤᧥᧥᧷
}
}

扟嫛兢㨫᧶

father choose 360
son choose qq

⦷main⒌㟿₼庒䞷ℕ₳㶰hardChoice᧤᧥㡈㽤᧨扨₳㶰hardChoice᧤᧥㡈㽤䤓折㕸兢㨫⦷
䲚ㄞ戢⒉₼め兞㣍䯉㈦㈗䂔㯩ℕᇭ

㒠ⅻ㧴䦚䦚冥幠棅㹄冥幠⣷䤓折㕸扖䲚᧨⃮⻀㢾槨㊐⒕㿍䤓扖䲚ᇭ扨㢅折㕸䥽㪖㡈㽤䤓
∬㗽㦘₳䍈᧶㢾槨㊐伊⨚㢾Father执㢾Son᧨ℛ㢾㡈㽤♑㟿㢾QQ执㢾360ᇭ扨㶰折㕸兢㨫䤓
㦏兗ℶ䓸㢾ℶ䞮ℕ₳㧰invokevirtual㖖ⅳ᧨₳㧰㖖ⅳ䤓♑㟿⒕Ⓔデ摞㻯₼㖖⚠
Father.hardChoice᧤360᧥♙Father.hardChoice᧤QQ᧥㡈㽤䤓䶵⚆ㆤ䞷ᇭ⥯㢾㫈㗽₳₹⸦摞
扪嫛折㕸᧨㓏ⅴJava幼岏䤓槨㊐⒕㿍⻭ℝ⮩⒕㿍伊⨚ᇭ

␜䦚䦚扟嫛棅㹄壩㕮㧉䤓折㕸᧨⃮⻀㢾┷㊐⒕㿍䤓扖䲚ᇭ⦷㓶嫛“son.hardChoice᧤new
QQ᧤᧥᧥”扨♴ⅲ䪐㢅᧨㦃䫽⦿広᧨㢾⦷㓶嫛扨♴ⅲ䪐㓏⺈ㄣ䤓invokevirtual㖖ⅳ㢅᧨䟀ℝ
冥幠㦮め兞⑂⸩䥽㪖㡈㽤䤓不⚜㉔權hardChoice᧤QQ᧥᧨壩㕮㧉㷳㢅ₜ↩␂㉒↯抡扖㧴䤓
♑㟿“QQ”Ⓙㄤ㢾“名帾QQ”执㢾“⯖䛭QQ”᧨⥯扨㢅♑㟿䤓槨㊐伊⨚ᇬ⸭棔伊⨚掌⺈㡈㽤䤓
折㕸ₜ↩㨓㒟↊⇤㈀❜᧨➾♾ⅴ㈀❜壩㕮㧉折㕸䤓⥯侯♹㦘㷳㡈㽤䤓㘴♦劔䤓⸭棔伊⨚㢾
Father执㢾Sonᇭ⥯♹㦘₹⸦摞⇫折㕸∬㗽᧨㓏ⅴJava幼岏䤓┷㊐⒕㿍⻭ℝ◤⒕㿍伊
⨚ᇭ

㫈㗽ₙ承幉幐䤓兢㨫᧨㒠ⅻ♾ⅴ㋊兢♴᧶⅙⮸᧤䦃咂执㦹♠を䤓Java 1.8᧥䤓Java幼岏
㢾桷槨㊐⮩⒕㿍ᇬ┷㊐◤⒕㿍䤓幼岏ᇭ㇉庒“⅙⮸䤓Java幼岏”㢾⥯扨₹兢幉㦹㉔↩㋡⃔
ₜ♧᧨C#⦷3.0♙⃚ⓜ䤓䓗㦻Java㫆㢾┷㊐◤⒕㿍幼岏᧨⇕⦷C#4.0₼ㆤ⏴ℕdynamic伊⨚
⚝᧨⻀♾ⅴ㈗㡈≎⦿⸭䘿┷㊐⮩⒕㿍ᇭ



㖘䏶䥽ⓜJava幼岏䤓♠⻤怚╎᧨⸒ㄅ㼰㦘䦃㘴♧┷㊐幼岏䤓抈廰᧨力㢾抩扖␔函┷㊐
幼岏᧤ⰑJavaScript᧥㓶嫛ㆤ㝝䤓㡈㆞㧴䅰恂┷㊐㊶䤓榏㻑ᇭ⇕㢾Java壩㕮㧉⻑槱ₙ⒨ₜ㢾Ⱁ
㷳᧨⦷JDK 1.7₼⸭䘿䤓JSR-292[4]摛槱⻀め兞ⱚ㙟∪⺈┷㊐幼岏䤓㞾㖐ℕ᧨JDK 1.7₼㠿⬭
䤓invokedynamic㖖ⅳ⃮㒟ℕ㦏⮜㧑䤓㧰㡈㽤庒䞷䤓ⷦ唑䪐㖖ⅳ᧨䲜⚝䶣劔⺕₢桷幁屲扨
₹JDK 1.7䤓㠿䔈㊶ᇭ

4.壩㕮㧉┷㊐⒕㿍䤓⸭䘿

ⓜ槱⅚兜䤓⒕㿍扖䲚᧨⇫⺈壩㕮㧉㰑㊄㲰⨚䤓屲㨟⪉㦻ₙめ兞恂⮮ℕ᧨⸒め兞屲⑂ℕ
壩㕮㧉⦷⒕㿍₼“↩⋩⅏⃗”扨₹桽欧ᇭ⇕㢾壩㕮㧉“␆⇢㢾Ⱁ⇤⋩Ⓙ䤓”᧨♾厌⚓䱜壩㕮㧉䤓
⸭䘿掌↩㦘KぽⒺᇭ

䟀ℝ┷㊐⒕㿍㢾槭デ欠僐䤓┷⇫᧨力₣┷㊐⒕㿍䤓㡈㽤䓗㦻折㕸扖䲚榏尐扟嫛㢅⦷伊䤓
㡈㽤⏒㟿㗽₼㚫侱⚗抑䤓䥽㪖㡈㽤᧨⥯㷳⦷壩㕮㧉䤓⸭棔⸭䘿₼⪉ℝ㊶厌䤓劒壠᧨⮶捷⒕⸭
䘿掌ₜ↩䦮㷲⦿扪嫛Ⱁ㷳欠僐䤓㚫侱ᇭ槱⺈扨䱜㍔⑄᧨㦏デ䞷䤓“䳂⸩↧▥”㓚㹄⻀㢾伊⦷
㡈㽤◉₼ㆉ䵚₹壩㡈㽤嫷᧤Vritual Method Table᧨⃮䱿vtable᧨㷳⺈ㄣ䤓᧨⦷
invokeinterface㓶嫛㢅⃮↩䞷Ⓙ㘴♲㡈㽤嫷——Inteface Method Table᧨丏䱿itable᧥᧨∎䞷壩
㡈㽤嫷侱ㆤ㧴ⅲ㦎⏒㟿㗽㩴㔍ⅴ㙟浧㊶厌ᇭ㒠ⅻ⏗䦚䦚ⅲ䪐䂔◤8-10㓏⺈ㄣ䤓壩㡈㽤嫷兢㨓
䯉√᧨Ⱁ⦍8-3㓏䯉ᇭ



⦍ᇫ8-3ᇫ㡈㽤嫷兢㨓

壩㡈㽤嫷₼ⷧ㟍䧏⚓₹㡈㽤䤓⸭棔⏴♲⦿⧏ᇭⰑ㨫㩟₹㡈㽤⦷伊₼㼰㦘嬺摜᧨挲
伊䤓壩㡈㽤嫷摛槱䤓⦿⧏⏴♲✛䓅伊䦇⚛㡈㽤䤓⦿⧏⏴♲㢾咃䤓᧨掌㖖⚠䓅伊䤓⸭䘿⏴
♲ᇭⰑ㨫伊₼摜ℕ扨₹㡈㽤᧨伊㡈㽤嫷₼䤓⦿⧏⺕↩㦎㗱㖖⚠伊⸭䘿䓗㦻䤓⏴♲
⦿⧏ᇭ⦍8-3₼᧨Son摜ℕ㧴呹Father䤓⏷捷㡈㽤᧨⥯㷳Son䤓㡈㽤嫷㼰㦘㖖⚠Father伊⨚㟿
㗽䤓丼⯃ᇭ⇕㢾Son✛Father掌㼰㦘摜㧴呹Object䤓㡈㽤᧨㓏ⅴ⸒ⅻ䤓㡈㽤嫷₼㓏㦘⅝
Object其㔎㧴䤓㡈㽤掌㖖⚠ℕObject䤓㟿㗽伊⨚ᇭ

ℕ䲚ㄞ⸭䘿ₙ䤓㡈≎᧨␆㦘䦇⚛不⚜䤓㡈㽤᧨⦷䓅伊ᇬ伊䤓壩㡈㽤嫷₼掌ㄣ㇢␆㦘
㫆䤓侱ㆤㄞ⚆᧨扨㫆㇢伊⨚♧㗱㢅᧨⅔榏尐♧㦃㩴㔍䤓㡈㽤嫷᧨⻀♾ⅴ⅝ₜ⚛䤓壩㡈㽤嫷
₼㖘侱ㆤ懻㗱⒉㓏榏䤓⏴♲⦿⧏ᇭ

㡈㽤嫷咻⦷伊┯戌䤓扭㘴棅㹄扪嫛⒬ⱚ▥᧨ℕ伊䤓♧摞⒬ⱚ⋋⚝᧨壩㕮㧉↩㔙年
伊䤓㡈㽤嫷⃮⒬ⱚ▥⸛㹤ᇭ

ₙ㠖₼䶣劔広㡈㽤嫷㢾⒕㿍庒䞷䤓“䳂⸩↧▥”㓚㹄᧨壩㕮㧉棳ℕ∎䞷㡈㽤嫷⃚⮥᧨⦷㧰
ↅ⏐幇䤓㍔⑄ₚ᧨执↩∎䞷␔勣冢ⷧ᧤Inline Cache᧥✛⪉ℝ“伊⨚其㔎␂侊⒕㨟”᧤Class
Hierarchy Analysis,CHA᧥㔏㦾䤓⸗㔳␔勣᧤Guarded Inlining᧥₳䱜槭䳂⸩䤓“䉏扪↧▥”㓚㹄
㧴噆㈦㦃浧䤓㊶厌᧨␂ℝ扨₳䱜↧▥㔏㦾䤓☮䚕✛扟⇫扖䲚᧨床劔♾ⅴ♑劒㦻䶻11䵯₼䤓
䦇␂␔⹈ᇭ

[1]₴㫋㧴広᧨Dispatch扨₹幜咻ₜ䞷⦷槨㊐䘾⬒⃚₼᧨喀㠖㔏㦾㠖㫲䤓䱿✋㢾“Method
Overload Resolution”᧨⇕⦌␔䤓⚓䱜忓㠨掌㣽拜⺕扨䱜嫛劊幠㒟“槨㊐⒕㿍”᧨䔈㷳広㢝ᇭ
[2]摜戌₼折㕸㦏⚗抑㡈㽤䤓扖䲚᧨♾♑屐Java幼岏屓喒䤓§15.12.2.5 Choosing the Most
Specific Method䵯唑ᇭ
[3]㦘䱜屑䍈帳᧶⥯摜戌㢾槨㊐䤓᧨摜㢾┷㊐䤓᧨㓏ⅴ♹㦘摜並㢾⮩㊐㊶䤓⇢䘿᧨
摜戌ₜ並⮩㊐ᇭ䶣劔帳扨䱜℘幉㼰㦘㎞⃘᧨㰑㊄⅔⅔㢾広㢝桽欧䤓䱜ぴ␆力めᇭ
[4]JSR-292᧶Supporting Dynamically Typed Languages on the Java Platform᧤Java♿䤓┷㊐幼
岏㞾㖐᧥ᇭ



8.3.3ᇫ┷㊐伊⨚幼岏㞾㖐

Java壩㕮㧉䤓ⷦ唑䪐㖖ⅳ楕䤓㟿摞⅝Sun⏻⚇䤓䶻㷍Java壩㕮㧉桽₥咂JDK 7㧴⃚ⓜ
䤓◐⇨㢅梃摛᧨䦃㼰㦘♠䞮↊⇤♧▥ᇭ椞䧏JDK 7䤓♠を᧨ⷦ唑䪐㖖ⅳ楕兗ℝ扝㧴ℕ䶻
⇜㠿㒟⛧——invokedynamic㖖ⅳᇭ扨㧰㠿⬭┯䤓㖖ⅳ㢾JDK 7⸭䘿“┷㊐伊⨚幼
岏”᧤Dynamically Typed Language᧥㞾㖐力扪嫛䤓㟈扪⃚᧨⃮㢾JDK 8♾ⅴ欉Ⓒ⸭䘿
Lambda嫷才㆞⋩㔏㦾ᇭ⦷㦻唑₼᧨㒠ⅻ⺕幵兕幁屲JDK 7扨欈㠿䔈㊶⒉䘿䤓ⓜ⥯⚝㨫✛
⸒䤓䂀扫㎞⃘ᇭ

1.┷㊐伊⨚幼岏

⦷⅚兜Java壩㕮㧉䤓┷㊐伊⨚幼岏㞾㖐⃚ⓜ᧨㒠ⅻ尐⏗㆓㢝䤌┷㊐伊⨚幼岏㢾⅏⃗᧻⸒
Java幼岏ᇬJava壩㕮㧉㦘⅏⃗␂侊᧻ℕ屲JDK 1.7㙟∪┷㊐伊⨚幼岏㞾㖐䤓㔏㦾卛㣾᧨⺈䚕
屲扨₹幼岏䔈㊶㢾㈗㦘㉔尐䤓ᇭ

⅏⃗㢾┷㊐伊⨚幼岏[1]᧻┷㊐伊⨚幼岏䤓␂枽䔈㈐㢾⸒䤓伊⨚㭏㩴䤓⇢扖䲚㢾⦷扟嫛
㦮力ₜ㢾冥幠㦮᧨䅰恂扨₹䔈㈐䤓幼岏㦘㈗⮩᧨デ䞷䤓▔㕻᧶APLᇬClojureᇬErlangᇬ
GroovyᇬJavaScriptᇬJythonᇬLispᇬLuaᇬPHPᇬPrologᇬPythonᇬRubyᇬSmalltalk✛Tcl䷘ᇭ䦇
⺈䤓᧨⦷冥幠㦮⻀扪嫛伊⨚㭏㩴扖䲚䤓幼岏᧤ⰑC++✛Java䷘᧥⻀㢾㦏デ䞷䤓槨㊐伊⨚幼
岏ᇭ

屘㈦ₙ槱⸩⃘扖ℝ㰑㊄▥᧻挲㒠ⅻₜⰷ抩扖₳₹√ⅴ㦏㿔㣍䤓㡈㆞㧴広㢝⅏⃗㢾“⦷
冥幠㦮/扟嫛㦮扪嫛”✛⅏⃗㢾“伊⨚㭏㩴”ᇭ氥⏗䦚ₚ槱扨㹄丏◤䤓Javaⅲ䪐᧨⸒㢾⚵厌㷲デ
冥幠✛扟嫛᧻

public static void main᧤String[]args᧥{
int[][][]array=new int[1][0][-1]᧷
}

扨㹄ⅲ䪐厌⮮㷲デ冥幠᧨⇕扟嫛䤓㢅⊨↩㔴NegativeArraySizeException㆑デᇭ⦷Java壩
㕮㧉屓喒₼㢝䫽屓⸩ℕNegativeArraySizeException㢾₹扟嫛㢅㆑デ᧨抩≦䍈㧴広᧨扟嫛
㢅㆑デ⻀㢾♹尐ⅲ䪐ₜ扟嫛Ⓙ扨嫛⻀ₜ↩㦘桽欧ᇭ扟嫛㢅㆑デ䦇⺈ㄣ䤓㢾扭㘴㢅㆑デ᧨
√Ⱁ㈗デ屐䤓NoClassDefFoundError≎⻭ℝ扭㘴㢅㆑デ᧨☂∎↩⺋咃扭㘴㢅㆑デ䤓ⅲ䪐㟍⦷
㧰㡯㽤㓶嫛Ⓙ䤓⒕㞾恾㈓ₙ᧨伊┯戌㢅᧤Java䤓扭㘴扖䲚ₜ⦷冥幠棅㹄᧨力⦷伊┯戌棅
㹄᧥⃮䏶㫆↩㔪⒉㆑デᇭ

ₜ扖᧨⦷C幼岏₼᧨⚺⃘䦇⚛䤓ⅲ䪐↩⦷冥幠㦮㔴枨᧶

int main᧤void᧥{
int i[1][0][-1]᧷//GCC㕡公冥幠᧨㔴“size of array is negative”
return 0᧷
}

䟀㷳䦚㧴᧨桷幼岏䤓❹䱜㭏㩴嫛尐⦷扟嫛㦮扪嫛᧨❹䱜㭏㩴尐⦷冥幠㦮扪嫛ㄅ
㼰㦘㉔䏅䤓⥯㨫拊戠␂侊᧨␂枽㢾幼岏屓喒₼ⅉ屓⸩䤓ᇭ␜₹√㧴屲摙“伊⨚㭏
㩴”᧨√Ⱁₚ槱扨♴槭デ丏◤䤓ⅲ䪐᧶

obj.println᧤"hello world"᧥᧷



夌䏅㹞₹ⅉ掌厌䦚㑑扨嫛ⅲ䪐尐⋩⅏⃗᧨⇕⺈ℝ帰並㧉㧴広᧨扨嫛ⅲ䪐“㼰⯃㼰⻍”㢾
㡯㽤㓶嫛䤓᧨⸒榏尐₹␆⇢䤓ₙₚ㠖㓜㦘帷幉䤓㎞⃘ᇭ

䘿⦷⋖幍扨嫛ⅲ䪐㢾⦷Java幼岏₼᧨ㄅ₣♧摞obj䤓槨㊐伊⨚java.io.PrintStream᧨挲♧
摞obj䤓⸭棔伊⨚⻀㉔權㢾PrintStream䤓伊᧤⸭䘿ℕPrintStream㘴♲䤓伊᧥㓜㢾⚗㽤䤓ᇭ⚵
⒨᧨❹㊤obj⻭ℝ₹䫽⸭㦘䞷println᧤String᧥㡈㽤᧨⇕PrintStream㘴♲㼰㦘其㔎␂侊᧨ⅲ
䪐∬䏅ₜ♾厌扟嫛——⥯伊⨚㭏㩴ₜ⚗㽤ᇭ

⇕㢾䦇⚛䤓ⅲ䪐⦷ECMAScript᧤JavaScript᧥₼㍔⑄⒨ₜ㫆᧨㡯幉obj␆⇢㢾⇤䱜伊
⨚᧨♹尐扨䱜伊⨚䤓⸩⃘₼䫽⸭▔⚺㦘println᧤String᧥㡈㽤᧨挲㡈㽤庒䞷≎♾㒟┮ᇭ

扨䱜ぽⒺℶ䞮䤓☮⥯㢾Java幼岏⦷冥幠㦮梃め⺕println᧤String᧥㡈㽤⸛㠃䤓䶵⚆ㆤ䞷
᧤㦻√₼₹CONSTANT_InterfaceMethodref_infoデ摞᧥䞮㒟⒉㧴᧨⇫㡈㽤庒䞷㖖ⅳ䤓
♑㟿ⷧ⌷ⒿClass㠖ↅ₼᧨√Ⱁₚ槱扨㹄ⅲ䪐᧶

invokevirtual#4᧷//Method java/io/PrintStream.println᧶᧤Ljava/lang/String᧷᧥V

扨₹䶵⚆ㆤ䞷▔⚺ℕ㷳㡈㽤⸩⃘⦷❹₹␆⇢伊⨚⃚₼ᇬ㡈㽤䤓⚜ⷦⅴ♙♑㟿欉ㄞᇬ♑㟿
伊⨚✛㡈㽤扣⥭⋋䷘≰㋾᧨抩扖扨₹䶵⚆ㆤ䞷᧨壩㕮㧉♾ⅴ劊幠⒉扨₹㡈㽤䤓䦃㘴ㆤ䞷ᇭ力
⦷ECMAScript䷘┷㊐伊⨚幼岏₼᧨♧摞obj㦻愺㢾㼰㦘伊⨚䤓᧨♧摞obj䤓⋋㓜␆㦘伊⨚᧨冥
幠㢅㦏⮩♹厌䫽⸩㡈㽤⚜䱿ᇬ♑㟿ᇬ扣⥭⋋扨K≰㋾᧨力ₜ↩♊䫽⸩㡈㽤㓏⦷䤓␆⇢伊⨚
᧤☂㡈㽤㘴㟅劔ₜ⦉⸩᧥ᇭ“♧摞㡯伊⨚力♧摞⋋㓜㦘伊⨚”扨₹䔈䍈⃮㢾┷㊐伊⨚幼岏䤓
₹摜尐䔈㈐ᇭ

ℕ屲ℕ┷㊐✛槨㊐伊⨚幼岏䤓◉Ⓔ⚝᧨⃮幇床劔䤓ₚ₹桽欧⻀㢾┷㊐ᇬ槨㊐伊⨚幼岏
₳劔庐㦃Ⰼ᧨㒥劔庐㦃┯⏗扪᧻扨䱜㹣戒ₜ↩㦘䫽⒖䷣㫗᧨⥯⸒ⅻ掌㦘呹む䤓↧䍈᧨折㕸
❹䱜幼岏㢾榏尐兞扖㧒嫰䤓ᇭ槨㊐伊⨚幼岏⦷冥幠㦮䫽⸩伊⨚᧨㦏㣍囦䤓Ⰼ⮓㢾冥幠⣷♾ⅴ
㙟∪₴康䤓伊⨚㭏㩴᧨扨㫆伊⨚䦇␂䤓桽欧厌⦷冥䪐䤓㢅⊨⻀♙㢅♠䘿᧨Ⓒℝ䳂⸩㊶♙ⅲ
䪐才Ⓙ㦃⮶屓㲰ᇭ力┷㊐伊⨚幼岏⦷扟嫛㦮䫽⸩伊⨚᧨扨♾ⅴ♠ⅉ⛧㙟∪㦃⮶䤓䌄㿊
㊶᧨㩟K⦷槨㊐伊⨚幼岏₼榏䞷⮶摞“呒华”ⅲ䪐㧴⸭䘿䤓┮厌᧨䟀┷㊐伊⨚幼岏㧴⸭䘿♾厌
↩㦃┯䂔㣿✛丏㾐᧨䂔㣿✛丏㾐抩デ⃮⻀㎞✂䧏♠㟗䘖䤓㙟◖ᇭ

2.JDK 1.7┷㊐伊⨚

⥭Ⓙ㦻唑䤓欧᧨㧴䦚䦚Java幼岏ᇬ壩㕮㧉┷㊐伊⨚幼岏⃚梃㦘⅏⃗␂侊ᇭJava壩㕮
㧉㹺㡯䠠桽㢾Java幼岏䤓扟嫛♿᧨⇕⸒䤓∎✌ㄅₜ⅔棟ℝ㷳᧨㡸⦷1997⒉䓗䤓ᇵJava壩
㕮㧉屓喒ᇶ₼⻀屓⒡ℕ扨㫆₹㏎㣾᧶“⦷㦹㧴᧨㒠ⅻ↩⺈Java壩㕮㧉扪嫛抑㇢䤓㓸⻤᧨ⅴ
≎㦃Ⰼ⦿㞾㖐␅Ⅵ幼岏扟嫛ℝJava壩㕮㧉⃚ₙ”ᇭ力䥽ⓜ䫽⸭め兞㦘幇⮩┷㊐伊⨚幼岏扟嫛
ℝJava壩㕮㧉⃚ₙℕ᧨ⰑClojureᇬGroovyᇬJython✛JRuby䷘᧨厌⮮⦷⚛₹壩㕮㧉ₙ♾ⅴ才
Ⓙ槨㊐伊⨚幼岏䤓₴康㊶┷㊐伊⨚幼岏䤓䌄㿊㊶᧨扨㢾ↅ㈗初Ⱘ䤓ℚ㍔ᇭ

⇕拦㑍䤓㢾᧨Java壩㕮㧉⻑槱⺈┷㊐伊⨚幼岏䤓㞾㖐䦃掌㦘㓏㶯凉᧨尐嫷䘿⦷㡈㽤
庒䞷㡈槱᧶JDK 1.7ⅴⓜ䤓ⷦ唑䪐㖖ⅳ楕₼᧨4㧰㡈㽤庒䞷㖖ⅳ᧤invokevirtualᇬ
invokespecialᇬinvokestaticᇬinvokeinterface᧥䤓䶻₹♑㟿掌㢾嬺庒䞷䤓㡈㽤䤓䶵⚆ㆤ䞷
᧤CONSTANT_Methodref_info㒥劔CONSTANT_InterfaceMethodref_infoデ摞᧥᧨ⓜ槱め兞㙟Ⓙ
扖᧨㡈㽤䤓䶵⚆ㆤ䞷⦷冥幠㢅ℶ䞮᧨力┷㊐伊⨚幼岏♹㦘⦷扟嫛㦮㓜厌䫽⸩㘴㟅劔伊⨚ᇭ扨



㫆᧨⦷Java壩㕮㧉ₙ⸭䘿䤓┷㊐伊⨚幼岏⻀ₜ㈦ₜ∎䞷␅Ⅵ㡈㆞᧤Ⱁ冥幠㢅䟨₹◯⇜䶵伊
⨚᧨扟嫛㢅┷㊐䞮㒟ⷦ唑䪐⸭䘿␆⇢伊⨚Ⓙ◯⇜䶵伊⨚䤓抑揜᧥㧴⸭䘿᧨扨㫆╎㉔常┷㊐伊
⨚幼岏⸭䘿䤓⮜㧑ㄵ⬭┯᧨⃮♾厌サ㧴欬⮥䤓㊶厌㒥劔␔ⷧ枏ᇭ⻌丰♾ⅴⒸ䞷K┭㽤
᧤ⰑCall Site Caching᧥常扨K枏⻌摞♧⺞᧨⇕扨䱜ㄤ⻑桽欧兗㇡㢾ㄣ㇢⦷壩㕮㧉⻑㶰ₙ♊
屲⑂㓜㦏⚗抑᧨⥯㷳⦷Java壩㕮㧉⻑槱ₙ㙟∪┷㊐伊⨚䤓䦃㘴㞾㖐⻀㒟ℕJava♿䤓♠⻤
怚╎⃚᧨扨⻀㢾JDK 1.7᧤JSR-292᧥₼invokedynamic㖖ⅳⅴ♙java.lang.invoke▔⒉䘿䤓㔏㦾
卛㣾ᇭ

3.java.lang.invoke▔

JDK 1.7⸭䘿ℕJSR-292᧨㠿┯⏴䤓java.lang.invoke▔[2]⻀㢾JSR-292䤓₹摜尐兓㒟捷⒕᧨
扨₹▔䤓尐䥽䤓㢾⦷⃚ⓜ◤儾∬槯䶵⚆ㆤ䞷㧴䫽⸩庒䞷䤓䥽㪖㡈㽤扨䱜㡈㆞ⅴ⮥᧨㙟∪
䱜㠿䤓┷㊐䫽⸩䥽㪖㡈㽤䤓㧉Ⓟ᧨䱿MethodHandleᇭ扨䱜嫷才㡈㆞⃮幇ₜ⮹Ⰼ㑑᧻挲ₜⰷ
㔙MethodHandleC/C++₼䤓Function Pointer᧨㒥劔C#摛槱䤓Delegate伊㹣ₚᇭ₹√᧨
Ⱁ㨫㒠ⅻ尐⸭䘿₹サ庢幜䤓㘡ㄞ⒌㟿᧨⦷C/C++₼デ䞷䤓⋩㽤㢾㔙庢幜⸩⃘⒌㟿᧨䞷⒌
㟿㖖朗㔙庢幜↯抡Ⓙ㘡ㄞ㡈㽤᧨Ⱁₚ᧶

void sort᧤int list[]᧨const int size,int᧤*compare᧥᧤int,int᧥᧥

⇕Java幼岏⋩ₜⒿ扨䍈᧨☂㼰㦘┭㽤◤䕻⦿㔙₹⒌㟿⇫♑㟿扪嫛↯抡ᇭ㣽拜䤓⋩
㽤㢾幍帰₹サ㦘compare᧤᧥㡈㽤䤓Comparator㘴♲᧨ⅴ⸭䘿ℕ扨₹㘴♲䤓⺈廰⇫♑㟿᧨
√ⰑCollections.sort᧤᧥⻀㢾扨㫆⸩⃘䤓᧶

void sort᧤List list,Comparator c᧥

ₜ扖᧨⦷㕴㦘Method Handle⃚⚝᧨Java幼岏⃮♾ⅴ㕴㦘伊⇋ℝ⒌㟿㖖朗㒥劔Ᵽ㓧䤓㡈㽤
Ⓔ⚜䤓ぴ␆ℕᇭⅲ䪐䂔◤8-11䆣䯉ℕMethodHandle䤓⪉㦻䞷抣᧨㡯幉obj㢾⇤䱜伊⨚᧤㢅⸩
⃘䤓ClassA㔠㒥㢾⸭䘿PrintStream㘴♲䤓⸭䘿伊System.out᧥᧨掌♾ⅴ㷲䫽⦿庒䞷Ⓙ
println᧤᧥㡈㽤ᇭ

ⅲ䪐䂔◤8-11ᇫMethodHandle䆣䯉

import static java.lang.invoke.MethodHandles.lookup᧷
import java.lang.invoke.MethodHandle᧷
import java.lang.invoke.MethodType᧷
/**
*JSR-292 Method Handle⪉䫏䞷㽤䆣䯉
*@author zzm
*/
public class MethodHandleTest{
static class ClassA{
public void println᧤String s᧥{
System.out.println᧤s᧥᧷
}
}
public static void main᧤String[]args᧥throws Throwable{
Object obj=System.currentTimeMillis᧤᧥%2==0?System.out᧶new ClassA᧤᧥᧷
/*㡯幉obj㦏兗㢾❹₹⸭䘿伊᧨ₚ槱扨♴掌厌㷲䫽庒䞷Ⓙprintln㡈㽤
getPrintlnMH᧤obj᧥.invokeExact᧤"icyfenix"᧥᧷
}
private static MethodHandle getPrintlnMH᧤Object reveiver᧥throws Throwable{
/*MethodType᧶ⅲ嫷“㡈㽤伊⨚”᧨▔⚺ℕ㡈㽤䤓扣⥭⋋᧤methodType᧤᧥䤓䶻₹♑㟿᧥✛␆⇢♑㟿᧤methodType᧤᧥䶻ℛ₹♙ⅴ⚝䤓♑㟿᧥*/
MethodType mt=MethodType.methodType᧤void.class,String.class᧥᧷
/*lookup᧤᧥㡈㽤㧴呹ℝMethodHandles.lookup᧨扨♴䤓⇫䞷㢾⦷㖖⸩伊₼㩴㔍䶵⚗全⸩䤓㡈㽤⚜䱿ᇬ㡈㽤伊⨚᧨ㄅ₣䶵⚗庒䞷㧒棟䤓㡈㽤♴㩓*/
/*⥯扨摛庒䞷䤓㢾₹壩㡈㽤᧨㖘䏶Java幼岏䤓屓⒨᧨㡈㽤䶻₹♑㟿㢾椟㆞䤓᧨ⅲ嫷年㡈㽤䤓㘴㟅劔᧨⃮☂㢾this㖖⚠䤓⺈廰᧨扨₹♑㟿ⅴⓜ㢾㟍⦷♑㟿⒦嫷₼扪嫛↯抡䤓᧨力䘿⦷㙟∪ℕbindTo᧤᧥㡈㽤㧴⸛

㒟扨ↅℚ㍔*/
return lookup᧤᧥.findVirtual᧤reveiver.getClass᧤᧥᧨"println"᧨mt᧥.bindTo᧤reveiver᧥᧷
}
}

⸭棔ₙ᧨㡈㽤getPrintlnMH᧤᧥₼㲰㕮ℕinvokevirtual㖖ⅳ䤓㓶嫛扖䲚᧨♹ₜ扖⸒䤓⒕㿍



拊戠ㄅ槭⦉▥⦷Class㠖ↅ䤓ⷦ唑䪐ₙ᧨力㢾抩扖₹␆⇢㡈㽤㧴⸭䘿ᇭ力扨₹㡈㽤㦻愺䤓扣
⥭⋋᧤MethodHandle⺈廰᧥᧨♾ⅴ展⺈㦏兗庒䞷㡈㽤䤓₹“ㆤ䞷”ᇭⅴ㷳⪉䫏᧨㦘ℕ
MethodHandle⻀♾ⅴ⒉伊⇋ℝₚ槱扨㫆䤓⒌㟿⭿㢝᧶

void sort᧤List list,MethodHandle compare᧥

⅝ₙ槱䤓√♾ⅴ䦚⒉᧨∎䞷MethodHandleㄅ㼰㦘⅏⃗⥿楍᧨ₜ扖䦚⸛⸒䤓䞷㽤⃚⚝᧨
床劔⮶㰑⻀↩ℶ䞮䠠桽᧨䦇⚛䤓ℚ㍔᧨䞷♜⺓ₜ㢾㡸⻀♾ⅴ⸭䘿ℕ⚦᧻

䫽⸭᧨⅔䵨⦷Java幼岏䤓屡ㄵ㧴䦚᧨MethodHandle䤓∎䞷㡈㽤✛㟗㨫Reflection㦘↦⮩
䦇⇋⃚⮓᧨ₜ扖᧨⸒ⅻ执㢾㦘ⅴₚ扨K◉Ⓔ᧶

⅝㦻德ₙ幁᧨Reflection✛MethodHandle㧉Ⓟ掌㢾⦷㲰㕮㡈㽤庒䞷᧨⇕Reflection㢾⦷㲰㕮
Javaⅲ䪐⻑㶰䤓㡈㽤庒䞷᧨力MethodHandle㢾⦷㲰㕮ⷦ唑䪐⻑㶰䤓㡈㽤庒䞷ᇭ⦷
MethodHandles.lookup₼䤓3₹㡈㽤——findStatic᧤᧥ᇬfindVirtual᧤᧥ᇬfindSpecial᧤᧥㷲㢾
ℕ⺈ㄣℝinvokestaticᇬinvokevirtual᧢invokeinterface✛invokespecial扨⑯㧰ⷦ唑䪐㖖ⅳ䤓㓶
嫛㧒棟㪰洛嫛᧨力扨Kㄤ⻑兕唑⦷∎䞷Reflection API㢅㢾ₜ榏尐␂㉒䤓ᇭ

Reflection₼䤓java.lang.reflect.Method⺈廰扫㹣MethodHandle㧉Ⓟ₼䤓
java.lang.invoke.MethodHandle⺈廰㓏▔⚺䤓≰㋾⮩ᇭⓜ劔㢾㡈㽤⦷Java䵾䤓⏷槱㢯⍞᧨▔
⚺ℕ㡈㽤䤓不⚜ᇬ㙞承䶵ⅴ♙㡈㽤⻭㊶嫷₼⚓䱜⻭㊶䤓Java䵾嫷䯉㡈㆞᧨执▔⚺㓶嫛㧒棟䷘
䤓扟嫛㦮≰㋾ᇭ力⚝劔⅔⅔▔⚺㓶嫛年㡈㽤䦇␂䤓≰㋾ᇭ䞷抩≦䤓幬㧴幁᧨Reflection㢾摜
摞儶᧨力MethodHandle㢾戊摞儶ᇭ

䟀ℝMethodHandle㢾⺈ⷦ唑䪐䤓㡈㽤㖖ⅳ庒䞷䤓㲰㕮᧨㓏ⅴ䚕幉ₙ壩㕮㧉⦷扨㡈槱⋩䤓
⚓䱜↧▥᧤Ⱁ㡈㽤␔勣᧥᧨⦷MethodHandleₙ⃮ㄣ㇢♾ⅴ摖䞷伊⇋㊬恾♊㞾㖐᧤⇕䥽ⓜ⸭䘿
执ₜ⸛⠓᧥ᇭ力抩扖♜⺓♊庒䞷㡈㽤⒨ₜ嫛ᇭ

MethodHandleReflection棳ℕₙ槱⒦䤓◉Ⓔ⮥᧨㦏␂枽䤓䍈执⦷ℝ♊㘘ⓜ槱帷幉㡌
┯䤓ⓜ㙟“⅔䵨⦷Java幼岏䤓屡ㄵ㧴䦚”᧶Reflection API䤓幍帰䥽㪖㢾♹Java幼岏㦜┰䤓᧨
力MethodHandle⒨幍帰㒟♾㦜┰ℝ㓏㦘Java壩㕮㧉⃚ₙ䤓幼岏᧨␅₼⃮▔㕻Java幼岏ᇭ

4.invokedynamic㖖ⅳ

㦻唑ⱚ⻀㙟ⒿℕJDK 1.7ℕ㦃Ⰼ⦿㞾㖐┷㊐伊⨚幼岏᧨ㆤ⏴ℕ䶻5㧰㡈㽤庒䞷䤓ⷦ
唑䪐㖖ⅳinvokedynamic᧨⃚⚝䦃㼰㦘␜㙟Ⓙ⸒᧨䞩咂㔙ⅲ䪐䂔◤8-11₼∎䞷MethodHandle
䤓䯉√ⅲ䪐♜冥幠⚝⃮ₜ↩䦚屐invokedynamic䤓愺㈀᧨⸒䤓ㄣ䞷⃚⮓⦷❹摛⛱᧻

⦷㩟䱜䲚ㄵₙ᧨invokedynamic㖖ⅳMethodHandle㧉Ⓟ䤓⇫䞷㢾㫆䤓᧨掌㢾ℕ屲⑂
☮㦘4㧰“invoke*”㖖ⅳ㡈㽤⒕㿍屓⒨⦉▥⦷壩㕮㧉⃚₼䤓桽欧᧨㔙Ⱁ⇤㩴㔍䥽㪖㡈㽤䤓⑂⸩
㧒⅝壩㕮㧉懻ⵐⒿ␆⇢䞷㓆ⅲ䪐⃚₼᧨常䞷㓆᧤▔⚺␅Ⅵ幼岏䤓幍帰劔᧥㦘㦃浧䤓呹䟀ㄵᇭ
力₣᧨⸒ⅻ₳劔䤓㊬恾⃮㢾♾伊㹣䤓᧨♾ⅴ㔙⸒ⅻ㎂廰㒟ℕ才㒟⚛₹䥽䤓᧨₹摖䞷ₙ
⻑Javaⅲ䪐✛API㧴⸭䘿᧨♵₹䞷ⷦ唑䪐✛Class₼␅Ⅵ⻭㊶ᇬデ摞㧴⸛㒟ᇭ⥯㷳᧨Ⱁ㨫䚕
屲ℕⓜ槱䤓MethodHandle√᧨挲⃗䚕屲invokedynamic㖖ⅳ⃮ㄅₜ⥿楍ᇭ

㹞⮓⚺㦘invokedynamic㖖ⅳ䤓⇜函掌䱿⋩“┷㊐庒䞷䍈”᧤Dynamic Call Site᧥᧨扨㧰㖖



ⅳ䤓䶻₹♑㟿ₜ␜㢾ⅲ嫷㡈㽤䶵⚆ㆤ䞷䤓CONSTANT_Methodref_infoデ摞᧨力㢾♧JDK
1.7㠿┯⏴䤓CONSTANT_InvokeDynamic_infoデ摞᧨⅝扨₹㠿デ摞₼♾ⅴ㈦Ⓙ3欈≰㋾᧶ㆤ⺋
㡈㽤᧤Bootstrap Method᧨㷳㡈㽤ⷧ㟍⦷㠿⬭䤓BootstrapMethods⻭㊶₼᧥ᇬ㡈㽤伊⨚
᧤MethodType᧥✛⚜䱿ᇭㆤ⺋㡈㽤㢾㦘⦉⸩䤓♑㟿᧨ㄅ₣扣⥭⋋㢾java.lang.invoke.CallSite⺈
廰᧨扨₹ⅲ嫷䦮㷲尐㓶嫛䤓䥽㪖㡈㽤庒䞷ᇭ㫈㗽CONSTANT_InvokeDynamic_infoデ摞₼㙟∪
䤓≰㋾᧨壩㕮㧉♾ⅴ㔍Ⓙㄅ₣㓶嫛ㆤ⺋㡈㽤᧨⅝力噆㈦₹CallSite⺈廰᧨㦏兗庒䞷尐㓶嫛
䤓䥽㪖㡈㽤ᇭ㒠ⅻ执㢾₹⸭棔䤓√㧴屲摙扨₹扖䲚᧨Ⱁⅲ䪐䂔◤8-12㓏䯉ᇭ

ⅲ䪐䂔◤8-12ᇫinvokedynamic㖖ⅳ䆣䯉

import static java.lang.invoke.MethodHandles.lookup᧷
import java.lang.invoke.CallSite᧷
import java.lang.invoke.ConstantCallSite᧷
import java.lang.invoke.MethodHandle᧷
import java.lang.invoke.MethodHandles᧷
import java.lang.invoke.MethodType᧷
public class InvokeDynamicTest{
public static void main᧤String[]args᧥throws Throwable{
INDY_BootstrapMethod᧤᧥.invokeExact᧤"icyfenix"᧥᧷
}
public static void testMethod᧤String s᧥{
System.out.println᧤"hello String᧶"+s᧥᧷
}
public static CallSite BootstrapMethod᧤MethodHandles.Lookup lookup,String name,MethodType mt᧥throws Throwable{
return new ConstantCallSite᧤lookup.findStatic᧤InvokeDynamicTest.class,name,mt᧥᧥᧷
}
private static MethodType MT_BootstrapMethod᧤᧥{
return MethodType
.fromMethodDescriptorString᧤
"᧤Ljava/lang/invoke/MethodHandles $Lookup᧷Ljava/lang/String᧷Ljava/lang/invoke/MethodType᧷᧥Ljava/lang/invoke/CallSite᧷"᧨
null᧥᧷
}
private static MethodHandle MH_BootstrapMethod᧤᧥throws Throwable{
return lookup᧤᧥.findStatic᧤InvokeDynamicTest.class᧨"BootstrapMethod"᧨MT_BootstrapMethod᧤᧥᧥᧷
}
private static MethodHandle INDY_BootstrapMethod᧤᧥throws Throwable{
CallSite cs=᧤CallSite᧥MH_BootstrapMethod᧤᧥.invokeWithArguments᧤lookup᧤᧥᧨"testMethod"᧨
MethodType.fromMethodDescriptorString᧤"᧤Ljava/lang/String᧷᧥V"᧨null᧥᧥᧷
return cs.dynamicInvoker᧤᧥᧷
}
}

扨㹄ⅲ䪐ⓜ槱MethodHandleTest䤓⇫䞷⪉㦻ₙ㢾㫆䤓᧨夌䏅䶣劔㼰㦘┯ⅴ㽷摙᧨⇕
㢾梔床怆㧴ㄣ㇢ₜ⥿楍ᇭ㦻ⓜ槱㙟Ⓙ扖᧨䟀ℝinvokedynamic㖖ⅳ㓏槱⚠䤓∎䞷劔ㄅ槭Java
幼岏᧨力㢾␅ⅥJava壩㕮㧉⃚ₙ䤓┷㊐幼岏᧨⥯㷳⅔∬槯Java幼岏䤓冥幠⣷Javac㼰㦘┭㽤䞮
㒟サ㦘invokedynamic㖖ⅳ䤓ⷦ唑䪐᧤㦍兞㦘₹java.dyn.InvokeDynamic䤓幼㽤佥♾ⅴ⸭䘿᧨
⇕⚝㧴嬺♥䀗ℕ᧥᧨㓏ⅴ尐∎䞷Java幼岏㧴䆣䯉invokedynamic㖖ⅳ♹厌䞷K♧抩䤓┭㽤ᇭ
John Rose᧤Da Vinci Machine Project䤓Leader᧥冥ℕ₹㔙䲚ㄞ䤓ⷦ唑䪐懻㗱∎䞷
invokedynamic䤓丏◤ぴ␆INDY[3]㧴⸛㒟扨ↅℚ㍔᧨㒠ⅻ尐∎䞷扨₹ぴ␆㧴ℶ䞮㦏兗尐䤓ⷦ唑
䪐᧨⥯㷳扨₹䯉√ⅲ䪐₼䤓㡈㽤⚜䱿ₜ厌椞㎞㟈┷᧨㦃ₜ厌㔙⑯₹㡈㽤⚗ㄅⒿ怆᧨⥯
⸒ⅻ㢾尐嬺INDYぴ␆床♥䤓ᇭ

㔙ₙ槱ⅲ䪐冥幠ᇬ␜∎䞷INDY懻㗱⚝摜㠿䞮㒟䤓ⷦ唑䪐Ⱁⅲ䪐䂔◤8-13㓏䯉᧤兢㨫∎
䞷javap戢⒉᧨⥯䓗槱☮⥯᧨位丏ℕ幇⮩㡯␂䤓␔⹈᧥ᇭ

ⅲ䪐䂔◤8-13ᇫinvokedynamic㖖ⅳ䆣䯉᧤2᧥

Constant pool᧶
#121=NameAndType#33᧶#30//testMethod᧶᧤Ljava/lang/String᧷᧥V
#123=InvokeDynamic#0᧶#121//#0᧶testMethod᧶᧤Ljava/lang/String᧷᧥V
public static void main᧤java.lang.String[]᧥throws java.lang.Throwable᧷
Code᧶
stack=2᧨locals=1᧨args_size=1
0᧶ldc#23//String abc
2᧶invokedynamic#123᧨0//InvokeDynamic#0᧶testMethod᧶᧤Ljava/lang/String᧷᧥V
7᧶nop
8᧶return
public static java.lang.invoke.CallSite BootstrapMethod᧤java.lang.invoke.MethodHandles $Lookup,java.lang.String,java.lang.invoke.MethodType᧥throws

java.lang.Throwable᧷
Code᧶
stack=6᧨locals=3᧨args_size=3
0᧶new#63//class java/lang/invoke/ConstantCallSite
3᧶dup
4᧶aload_0
5᧶ldc#1//class org/fenixsoft/InvokeDynamicTest
7᧶aload_1
8᧶aload_2
9᧶invokevirtual#65//Method java/lang/invoke/MethodHandles $Lookup.findStatic᧶᧤Ljava/lang/Class᧷Ljava/lang/String᧷



Ljava/lang/invoke/MethodType᧷᧥Ljava/lang/invoke/MethodHandle᧷
12᧶invokespecial#71//Method java/lang/invoke/ConstantCallSite."᧸in it᧺"᧶᧤Ljava/lang/invoke/MethodHandle᧷᧥V
15᧶areturn

⅝main᧤᧥㡈㽤䤓ⷦ唑䪐♾屐᧨☮㦻䤓㡈㽤庒䞷㖖ⅳめ兞㦎㗱invokedynamic᧨⸒䤓♑
㟿䶻123欈デ摞᧤䶻ℛ₹⋋0䤓♑㟿⦷HotSpot₼䞷ₜⒿ᧨invokeinterface㖖ⅳ挲₹⋋0
䤓♑㟿㫆掌㢾◯⇜䤓᧥ᇭ

2᧶invokedynamic#123᧨0//InvokeDynamic#0᧶testMethod᧶᧤Ljava/lang/String᧷᧥V

⅝デ摞㻯₼♾屐᧨䶻123欈デ摞㣍䯉“#123=InvokeDynamic#0᧶#121”広㢝⸒㢾欈
CONSTANT_InvokeDynamic_info伊⨚デ摞᧨デ摞⋋₼ⓜ槱䤓“#0”ⅲ嫷ㆤ⺋㡈㽤♥
BootstrapMethods⻭㊶嫷䤓䶻0欈᧤javap㼰㦘⒦⒉⻭㊶嫷䤓␆⇢␔⹈᧨ₜ扖䯉√₼⅔㦘₹ㆤ
⺋㡈㽤᧨☂BootstrapMethod᧤᧥᧥᧨力⚝槱䤓“#121”ⅲ嫷ㆤ䞷䶻121欈伊⨚
CONSTANT_NameAndType_info䤓デ摞᧨⅝扨₹デ摞₼♾ⅴ噆♥㡈㽤⚜䱿✛㙞承䶵᧨☂⚝槱
戢⒉䤓“testMethod᧶᧤Ljava/lang/String᧷᧥V”ᇭ

␜䦚ₚBootstrapMethod᧤᧥᧨扨₹㡈㽤Java䄟䪐₼㼰㦘᧨㢾INDYℶ䞮䤓᧨⇕㢾⸒䤓ⷦ
唑䪐㈗⹈㢢床㑑᧨㓏㦘拊戠⻀㢾庒䞷MethodHandles $Lookup䤓findStatic᧤᧥㡈㽤᧨ℶ䞮
testMethod᧤᧥㡈㽤䤓MethodHandle᧨䏅⚝䞷⸒⒪ㆉ₹ConstantCallSite⺈廰ᇭ㦏⚝᧨扨₹⺈
廰扣⥭全invokedynamic㖖ⅳ⸭䘿⺈testMethod᧤᧥㡈㽤䤓庒䞷᧨invokedynamic㖖ⅳ䤓庒䞷扖
䲚Ⓙ㷳⻀⸲⛙⸛㒟ℕᇭ

5.㘛㘶㡈㽤⒕㿍屓⒨

invokedynamic㖖ⅳⓜ槱4㧰“invoke*”㖖ⅳ䤓㦏⮶ぽⒺ⻀㢾⸒䤓⒕㿍拊戠ₜ㢾䟀壩㕮㧉
⑂⸩䤓᧨力㢾䟀䲚ㄞ⛧⑂⸩ᇭ⦷⅚兜Java壩㕮㧉┷㊐幼岏㞾㖐䤓㦏⚝₹⺞兢₼᧨䶣劔抩扖
₹丏◤√᧤Ⱁⅲ䪐䂔◤8-14㓏䯉᧥᧨ソ┸床劔䚕屲䲚ㄞ⛧⦷♾ⅴ㘛㘶㡈㽤⒕㿍屓⒨⃚
⚝᧨厌⋩⅏⃗ⅴⓜ㡯㽤⋩Ⓙ䤓ℚ㍔ᇭ

ⅲ䪐䂔◤8-14ᇫ㡈㽤庒䞷桽欧

class GrandFather{
void thinking᧤᧥{
System.out.println᧤"i am grandfather"᧥᧷
}
}
class Father extends GrandFather{
void thinking᧤᧥{
System.out.println᧤"i am father"᧥᧷
}
}
class Son extends Father{
void thinking᧤᧥{
//庆床劔⦷扨摛⫺⏴抑㇢䤓ⅲ䪐᧤ₜ厌≽㟈␅Ⅵ⦿㡈䤓ⅲ䪐᧥
//⸭䘿庒䞷䯥䓅伊䤓thinking᧤᧥㡈㽤᧨㓢◿"i am grandfather"
}
}

⦷Java䲚ㄞ₼᧨♾ⅴ抩扖“super”␂枽ⷦ㈗㡈≎⦿庒䞷Ⓙ䓅伊₼䤓㡈㽤᧨⇕Ⱁ㨫尐幎桽䯥
伊䤓㡈㽤⛱᧻床劔⦷梔床㦻ₚ槱㙟∪䤓屲⑂㡈㫗⃚ⓜ᧨ₜⰷ呹む㊬劒ₚ᧨⦷JDK 1.7⃚
ⓜ㦘㼰㦘┭㽤屲⑂扨₹桽欧ᇭ

⦷JDK 1.7⃚ⓜ᧨∎䞷儾佈䤓Java幼岏㈗楍⮓䚕扨₹桽欧᧤䦃㘴䞮㒟ⷦ唑䪐⻀㈗丏◤᧨Ⱁ
∎䞷ASM䷘ⷦ唑䪐ぴ␆᧥᧨☮⥯㢾⦷Son伊䤓thinking᧤᧥㡈㽤₼㡯㽤噆♥₹⸭棔伊⨚㢾
GrandFather䤓⺈廰ㆤ䞷᧨力invokevirtual㖖ⅳ䤓⒕㿍拊戠⻀㢾㖘䏶㡈㽤㘴㟅劔䤓⸭棔伊⨚扪嫛



⒕㿍᧨扨₹拊戠㢾⦉▥⦷壩㕮㧉₼䤓᧨䲚ㄞ⛧㡯㽤㟈♧ᇭ⦷JDK 1.7₼᧨♾ⅴ∎䞷ⅲ䪐䂔◤8-
15₼䤓䲚ㄞ㧴屲⑂扨₹桽欧ᇭ

ⅲ䪐䂔◤8-15ᇫ∎䞷MethodHandle㧴屲⑂䦇␂桽欧

import static java.lang.invoke.MethodHandles.lookup᧷
import java.lang.invoke.MethodHandle᧷
import java.lang.invoke.MethodType᧷
class Test{
class GrandFather{
void thinking᧤᧥{
System.out.println᧤"i am grandfather"᧥᧷
}
}
class Father extends GrandFather{
void thinking᧤᧥{
System.out.println᧤"i am father"᧥᧷
}
}
class Son extends Father{
void thinking᧤᧥{
try{
MethodType mt=MethodType.methodType᧤void.class᧥᧷
MethodHandle mh=lookup᧤᧥.findSpecial᧤GrandFather.class᧨"thinking"᧨mt,getClass᧤᧥᧥᧷
mh.invoke᧤this᧥᧷
}catch᧤Throwable e᧥{
}
}
}
public static void main᧤String[]args᧥{
᧤new Test᧤᧥.new Son᧤᧥᧥.thinking᧤᧥᧷
}
}

扟嫛兢㨫᧶

i am grandfather

[1]㽷㎞᧨┷㊐伊⨚幼岏┷㊐幼岏ᇬ㇀伊⨚幼岏ㄅₜ㢾₹㰑㊄᧨榏尐◉Ⓔ⺈㈔ᇭ
[2]扨₹▔⦷㈗栎㹄㢅梃摛䱿java.dyn᧨⃮㦍兞䩼㤑㦃⚜java.lang.mh᧨Ⱁ㨫床劔⦷␅Ⅵ
忓㠨ₙ䦚Ⓙ扨₳₹▔⚜᧨♾ⅴ㔙⸒ⅻ䚕屲java.lang.invokeᇭ
[3]INDYₚ戌⦿⧏᧶http://blogs.oracle.com/jrose/entry/a_modest_tool_for_writingᇭ



8.4ᇫ⪉ℝ㪗䤓ⷦ唑䪐屲摙㓶嫛ㆤ㝝
壩㕮㧉㢾Ⱁ⇤庒䞷㡈㽤䤓␔⹈め兞幁屲⸛㹤᧨⅝㦻唑ⱚ᧨㒠ⅻ㧴㘱帷壩㕮㧉㢾Ⱁ⇤㓶

嫛㡈㽤₼䤓ⷦ唑䪐㖖ⅳ䤓ᇭₙ㠖₼㙟Ⓙ扖᧨幇⮩Java壩㕮㧉䤓㓶嫛ㆤ㝝⦷㓶嫛Javaⅲ䪐䤓㢅
⊨掌㦘屲摙㓶嫛᧤抩扖屲摙⣷㓶嫛᧥✛冥幠㓶嫛᧤抩扖☂㢅冥幠⣷ℶ䞮㦻⦿ⅲ䪐㓶嫛᧥₳䱜
折㕸᧨⦷㦻䵯₼᧨㒠ⅻ⏗㧴㘱帷ₚ⦷屲摙㓶嫛㢅᧨壩㕮㧉㓶嫛ㆤ㝝㢾Ⱁ⇤ぴ⇫䤓ᇭ

8.4.1ᇫ屲摙㓶嫛

Java幼岏兞デ嬺ⅉⅻ⸩⇜“屲摙㓶嫛”䤓幼岏᧨⦷Java⒬䞮䤓JDK 1.0㢅ⅲ᧨扨䱜⸩⃘执
並㢾㹣戒䫽䤓᧨⇕㇢㿐䤓壩㕮㧉₼掌▔⚺ℕ☂㢅冥幠⣷⚝᧨Class㠖ↅ₼䤓ⅲ䪐Ⓙㄤ↩嬺
屲摙㓶嫛执㢾冥幠㓶嫛᧨⻀㒟ℕ♹㦘壩㕮㧉呹む㓜厌䫽⒳㠼䤓ℚ㍔ᇭ␜⚝㧴᧨Java⃮♠⻤
⒉ℕ♾ⅴ䦃㘴䞮㒟㦻⦿ⅲ䪐䤓冥幠⣷[ⰑGCJ[1]᧤GNU Compiler for the Java᧥]᧨力C/C++幼岏
⃮⒉䘿ℕ抩扖屲摙⣷㓶嫛䤓䓗㦻᧤ⰑCINT[2]᧥᧨扨㢅⊨␜䷋兮⦿広“屲摙㓶嫛”᧨⺈ℝ㠃₹
Java幼岏㧴広⻀㒟ℕ⑯⃝㢾㼰㦘㎞⃘䤓㰑㊄᧨♹㦘䫽⸩ℕ店幉⺈廰㢾㩟䱜␆⇢䤓Java⸭䘿䓗
㦻✛㓶嫛ㆤ㝝扟嫛㲰㆞㢅᧨店屲摙㓶嫛执㢾冥幠㓶嫛㓜↩㹣戒䫽⒖ᇭ

ₜ幉㢾屲摙执㢾冥幠᧨⃮ₜ幉㢾䓸䚕㧉执㢾壩㕮㧉᧨⺈ℝㄣ䞷䲚ㄞ᧨㧉⣷掌ₜ♾厌Ⱁⅉ
挲㫆梔床ᇬ䚕屲᧨䏅⚝⻀噆㈦ℕ㓶嫛厌┪ᇭ⮶捷⒕䤓䲚ㄞⅲ䪐Ⓙ䓸䚕㧉䤓䥽㪖ⅲ䪐㒥壩㕮㧉
厌㓶嫛䤓㖖ⅳ楕⃚ⓜ᧨掌榏尐兞扖⦍8-4₼䤓⚓₹㷴洳ᇭⰑ㨫床劔⺈冥幠☮䚕䤓䦇␂庍䲚执
㦘◿廰䤓幬᧨㈗⹈㢢⻀↩♠䘿⦍8-4₼ₚ槱挲㧰⒕㞾᧨⻀㢾↯兮冥幠☮䚕₼䲚ㄞⅲ䪐Ⓙ䥽㪖
㧉⣷ⅲ䪐䤓䞮㒟扖䲚᧨力₼梃䤓挲㧰⒕㞾᧨呹䏅⻀㢾屲摙㓶嫛䤓扖䲚ᇭ

Ⱁ⅙᧨⪉ℝ䓸䚕㧉ᇬJava壩㕮㧉᧨㒥劔槭Java䤓␅Ⅵ浧儶幼岏壩㕮㧉᧤HLLVM᧥䤓幼
岏᧨⮶⮩掌↩挄㈹扨䱜⪉ℝ䘿ⅲ兞␇冥幠☮䚕䤓㊬恾᧨⦷㓶嫛ⓜ⏗⺈䲚ㄞ䄟䪐扪嫛幜㽤⒕㨟
✛幼㽤⒕㨟⮓䚕᧨㔙䄟䪐懻▥㕌廰幼㽤㪠᧤Abstract Syntax Tree,AST᧥ᇭ⺈ℝ桷␆⇢幼
岏䤓⸭䘿㧴広᧨幜㽤⒕㨟ᇬ幼㽤⒕㨟ⅴ咂⚝槱䤓↧▥⣷✛䥽㪖ⅲ䪐䞮㒟⣷掌♾ⅴ折㕸䕻䵚ℝ
㓶嫛ㆤ㝝᧨ㇱ㒟₹⸛㠃㎞⃘䤓冥幠⣷♊⸭䘿᧨扨伊ⅲ嫷㢾C/C++幼岏ᇭ⃮♾ⅴ折㕸㔙␅₼
捷⒕㷴洳᧤Ⱁ䞮㒟㕌廰幼㽤㪠⃚ⓜ䤓㷴洳᧥⸭䘿₹◙䕻䵚䤓冥幠⣷᧨扨伊ⅲ嫷㢾Java
幼岏ᇭ♗㒥劔㔙扨K㷴洳✛㓶嫛ㆤ㝝⏷捷楕₼⺐孔⦷₹⺐桼䤓煠▲⃚₼᧨Ⱁ⮶⮩㟿䤓
JavaScript㓶嫛⣷ᇭ



⦍ᇫ8-4ᇫ冥幠扖䲚

Java幼岏₼᧨Javac冥幠⣷⸛㒟ℕ䲚ㄞⅲ䪐兞扖幜㽤⒕㨟ᇬ幼㽤⒕㨟Ⓙ㕌廰幼㽤㪠᧨␜拜
☕幼㽤㪠䞮㒟兎㊶䤓ⷦ唑䪐㖖ⅳ㿐䤓扖䲚ᇭ⥯扨捷⒕┷⇫㢾⦷Java壩㕮㧉⃚⮥扪嫛䤓᧨
力屲摙⣷⦷壩㕮㧉䤓␔捷᧨㓏ⅴJava䲚ㄞ䤓冥幠⻀㢾◙䕻䵚䤓⸭䘿ᇭ

[1]GCJ᧶http://gcc.gnu.org/java/ᇭ
[2]CINT᧶http://root.cern.ch/drupal/content/cintᇭ



8.4.2ᇫ⪉ℝ㪗䤓㖖ⅳ楕⪉ℝ⹓ⷧ⣷䤓㖖ⅳ楕

Java冥幠⣷戢⒉䤓㖖ⅳ㿐᧨⪉㦻ₙ[1]㢾䱜⪉ℝ㪗䤓㖖ⅳ楕㩅㨓᧤Instruction Set
Architecture,ISA᧥᧨㖖ⅳ㿐₼䤓㖖ⅳ⮶捷⒕掌㢾榅⦿⧏㖖ⅳ᧨⸒ⅻ∬忥㝜⇫㟿㪗扪嫛ぴ⇫ᇭ
⃚䦇⺈䤓♵⮥⯦デ䞷䤓㖖ⅳ楕㩅㨓㢾⪉ℝ⹓ⷧ⣷䤓㖖ⅳ楕᧨㦏␇⨚䤓⻀㢾x86䤓ℛ⦿⧏
㖖ⅳ楕᧨広㈦抩≦K᧨⻀㢾䘿⦷㒠ⅻ㿐PC㧉₼䦃㘴㞾㖐䤓㖖ⅳ楕㩅㨓᧨扨K㖖ⅳ∬忥⹓
ⷧ⣷扪嫛ぴ⇫ᇭ挲⃗᧨⪉ℝ㪗䤓㖖ⅳ楕⪉ℝ⹓ⷧ⣷䤓㖖ⅳ楕扨₳劔⃚梃㦘⅏⃗ₜ⚛⛱᧻

₹㦏丏◤䤓√᧨⒕Ⓔ∎䞷扨₳䱜㖖ⅳ楕帰並“1+1”䤓兢㨫᧨⪉ℝ㪗䤓㖖ⅳ楕↩㢾扨
㫆䤓᧶

iconst_1
iconst_1
iadd
istore_0

₳㧰iconst_1㖖ⅳ扭兼㔙₳₹デ摞1☚⏴㪗⚝᧨iadd㖖ⅳ㔙㪗欅䤓₳₹⋋⒉㪗ᇬ䦇┯᧨䏅
⚝㔙兢㨫㟍⥭㪗欅᧨㦏⚝istore_0㔙㪗欅䤓⋋㟍Ⓙ⻏捷♧摞嫷䤓䶻0₹Slot₼ᇭ

Ⱁ㨫⪉ℝ⹓ⷧ⣷᧨挲䲚ㄞ♾厌↩㢾扨₹㫆᧶

mov eax᧨1
add eax᧨1

mov㖖ⅳ㔙EAX⹓ⷧ⣷䤓⋋幍1᧨䏅⚝add㖖ⅳ␜㔙扨₹⋋┯1᧨兢㨫⻀≬ⷧ⦷EAX⹓ⷧ
⣷摛槱ᇭ

ℕ屲ℕ⪉ℝ㪗䤓㖖ⅳ楕⪉ℝ⹓ⷧ⣷䤓㖖ⅳ楕䤓◉Ⓔ⚝᧨床劔♾厌↩㦘扪㷴䤓䠠桽᧨
扨₳⯦㖖ⅳ楕庐㦃ⰌK⛱᧻

ㄣ年扨⃗広᧨㡱䏅₳⯦㖖ⅳ楕↩⚛㢅ㄅⷧ✛♠⻤᧨挲匾⸩㢾⚓㦘↧╎䤓᧨Ⱁ㨫㦘⯦㖖
ⅳ楕⏷槱↧ℝ♵⮥⯦䤓幬᧨⻀ₜ↩ⷧ⦷折㕸䤓桽欧ℕᇭ

⪉ℝ㪗䤓㖖ⅳ楕尐䤓↧䍈⻀㢾♾䲊㮜᧨⹓ⷧ⣷䟀䫻ↅ䦃㘴㙟∪[2]᧨䲚ㄞ䦃㘴∬忥扨K
䫻ↅ⹓ⷧ⣷⒨ₜ♾挎⏜⦿尐♦Ⓙ䫻ↅ䤓儵㧮ᇭ√Ⱁ᧨䘿⦷32⇜80x86⇢侊䤓⮓䚕⣷₼㙟∪ℕ8
₹32⇜䤓⹓ⷧ⣷᧨力ARM⇢侊䤓CPU᧤⦷㇢ⓜ䤓㓚㧉ᇬPDA₼䦇㇢㿐嫛䤓䱜⮓䚕⣷᧥⒨㙟
∪ℕ16₹32⇜䤓抩䞷⹓ⷧ⣷ᇭⰑ㨫∎䞷㪗㩅㨓䤓㖖ⅳ楕᧨䞷㓆䲚ㄞₜ↩䦃㘴∎䞷扨K⹓ⷧ
⣷᧨⻀♾ⅴ䟀壩㕮㧉⸭䘿㧴呹嫛⑂⸩㔙K幎桽㦏欠僐䤓㟿㗽᧤䲚ㄞ帰㟿⣷ᇬ㪗欅冢ⷧ䷘᧥
㟍Ⓙ⹓ⷧ⣷₼ⅴ噆♥⻌摞Ⰼ䤓㊶厌᧨扨㫆⸭䘿怆㧴⃮㦃┯丏◤Kᇭ㪗㩅㨓䤓㖖ⅳ楕执㦘
K␅Ⅵ䤓↧䍈᧨Ⱁⅲ䪐䦇⺈㦃┯侶①᧤ⷦ唑䪐₼㹞₹ⷦ唑⻀⺈ㄣ㧰㖖ⅳ᧨力⮩⦿⧏㖖ⅳ楕
₼执榏尐ⷧ㟍♑㟿᧥ᇬ冥幠⣷⸭䘿㦃┯丏◤᧤ₜ榏尐劒壠䴉梃⒕揜䤓桽欧᧨㓏榏䴉梃掌⦷㪗
ₙ㝜⇫᧥䷘ᇭ

㪗㩅㨓㖖ⅳ楕䤓尐凉䍈㢾㓶嫛抮ㄵ䦇⺈㧴広↩䲜㏱Kᇭ㓏㦘㿐䓸䚕㧉䤓㖖ⅳ楕掌
㢾⹓ⷧ⣷㩅㨓⃮⅝∶槱◿幐ℕ扨䍈ᇭ

夌䏅㪗㩅㨓㖖ⅳ楕䤓ⅲ䪐槭デ侶①᧨⇕㢾⸛㒟䦇⚛┮厌㓏榏䤓㖖ⅳ㟿摞咻↩㹣⹓ⷧ⣷
㩅㨓⮩᧨⥯⒉㪗ᇬ⏴㪗㝜⇫㦻愺⻀ℶ䞮ℕ䦇㇢⮩䤓㖖ⅳ㟿摞ᇭ㦃摜尐䤓㢾᧨㪗⸭䘿⦷␔ⷧ



⃚₼᧨欠僐䤓㪗幎桽⃮⻀㎞✂䧏欠僐䤓␔ⷧ幎桽᧨䦇⺈ℝ⮓䚕⣷㧴広᧨␔ⷧⱚ兗㢾㓶嫛抮ㄵ
䤓䞅欗ᇭ⻌丰壩㕮㧉♾ⅴ摖♥㪗欅冢ⷧ䤓㓚㹄᧨㔙㦏デ䞷䤓㝜⇫㢯⺓Ⓙ⹓ⷧ⣷₼挎⏜䦃㘴␔
ⷧ幎桽᧨⇕扨⃮♹厌㢾↧▥㘹㡌力ₜ㢾屲⑂㦻德桽欧䤓㡈㽤ᇭ䟀ℝ㖖ⅳ㟿摞✛␔ⷧ幎桽䤓☮
⥯᧨㓏ⅴ⺋咃ℕ㪗㩅㨓㖖ⅳ楕䤓㓶嫛抮ㄵ↩䦇⺈戒㏱ᇭ

[1]∎䞷“⪉㦻ₙ”᧨㢾⥯捷⒕ⷦ唑䪐㖖ⅳ↩サ㦘♑㟿᧨力儾佈⪉ℝ㪗䤓㖖ⅳ楕㩅㨓₼ㄣ㇢⏷
捷掌㢾榅⦿⧏㖖ⅳ᧨⃮⻀㢾掌ₜⷧ⦷㣍㆞䤓♑㟿ᇭJava扨㫆⸭䘿尐㢾劒壠ℕⅲ䪐䤓♾㪰洛
㊶ᇭ
[2]扨摛広䤓㢾䓸䚕㧉⣷ₙ䤓⹓ⷧ⣷᧨⃮㦘⪉ℝ⹓ⷧ⣷䤓壩㕮㧉᧨ⰑGoogle Android♿䤓
Dalvik VMᇭ☂∎㢾⪉ℝ⹓ⷧ⣷䤓壩㕮㧉᧨⃮゛㦪㔙壩㕮㧉⹓ⷧ⣷⻌摞㢯⺓Ⓙ䓸䚕⹓ⷧ⣷ₙ
ⅴ噆♥⻌♾厌浧䤓㊶厌ᇭ



8.4.3ᇫ⪉ℝ㪗䤓屲摙⣷㓶嫛扖䲚

⒬㷴䤓䚕幉䩴幕め兞幁屲扖ℕ᧨㦻唑ℕ㹄Javaⅲ䪐᧨䦚䦚⦷壩㕮㧉₼⸭棔㢾Ⱁ⇤
㓶嫛䤓ᇭⓜ槱㦍兞扖₹帰並“1+1”䤓√᧨扨㫆䤓並㦾欧䥽㣍䏅⮹扖丏◤ℕ᧨䶣劔
ℕ⥪⒨扟並䤓√᧨庆䦚ⅲ䪐䂔◤8-16ᇭ

ⅲ䪐䂔◤8-16ᇫ㹄丏◤䤓並㦾ⅲ䪐

public int calc᧤᧥{
int a=100᧷
int b=200᧷
int c=300᧷
return᧤a+b᧥*c᧷
}

⅝Java幼岏䤓屡ㄵ㧴䦚᧨扨㹄ⅲ䪐㼰㦘↊⇤屲摙䤓㉔尐᧨♾ⅴ䦃㘴∎䞷javap✌ⅳ䦚䦚⸒
䤓ⷦ唑䪐㖖ⅳ᧨Ⱁⅲ䪐䂔◤8-17㓏䯉ᇭ

ⅲ䪐䂔◤8-17ᇫ㹄丏◤䤓並㦾ⅲ䪐䤓ⷦ唑䪐嫷䯉

public int calc᧤᧥᧷
Code᧶
Stack=2᧨Locals=4᧨Args_size=1
0᧶bipush 100
2᧶istore_1
3᧶sipush 200
6᧶istore_2
7᧶sipush 300
10᧶istore_3
11᧶iload_1
12᧶iload_2
13᧶iadd
14᧶iload_3
15᧶imul
16᧶ireturn
}

javap㙟䯉扨㹄ⅲ䪐榏尐䂀ㄵ2䤓㝜⇫㟿㪗✛4₹Slot䤓⻏捷♧摞䴉梃᧨䶣劔㫈㗽扨K≰
㋾䟊ℕ⦍8-5ᨺ⦍8-11␀7ㆯ⦍᧨䞷⸒ⅻ㧴㙞承ⅲ䪐䂔◤8-17㓶嫛扖䲚₼䤓ⅲ䪐ᇬ㝜⇫㟿㪗✛
⻏捷♧摞嫷䤓♧▥㍔⑄ᇭ

⦍ᇫ8-5ᇫ㓶嫛⋞䲊⦿⧏0䤓㖖ⅳ䤓㍔⑄



⦍ᇫ8-6ᇫ㓶嫛⋞䲊⦿⧏1䤓㖖ⅳ䤓㍔⑄

⦍ᇫ8-7ᇫ㓶嫛⋞䲊⦿⧏11䤓㖖ⅳ䤓㍔⑄



⦍ᇫ8-8ᇫ㓶嫛⋞䲊⦿⧏12䤓㖖ⅳ䤓㍔⑄

⦍ᇫ8-9ᇫ㓶嫛⋞䲊⦿⧏13䤓㖖ⅳ䤓㍔⑄



⦍ᇫ8-10ᇫ㓶嫛⋞䲊⦿⧏14䤓㖖ⅳ䤓㍔⑄

⦍ᇫ8-11ᇫ㓶嫛⋞䲊⦿⧏16䤓㖖ⅳ䤓㍔⑄

ₙ槱䤓㓶嫛扖䲚⅔⅔㢾䱜㰑㊄㲰⨚᧨壩㕮㧉㦏兗↩⺈㓶嫛扖䲚⋩K↧▥㧴㙟浧㊶
厌᧨⸭棔䤓扟⇫扖䲚ₜ⸩⸛⏷䶵⚗㰑㊄㲰⨚䤓㙞承……㦃䫽⦿広᧨⸭棔㍔⑄↩✛ₙ槱㙞
承䤓㰑㊄㲰⨚ぽ恬槭デ⮶᧨扨䱜ぽ恬ℶ䞮䤓☮⥯㢾壩㕮㧉₼屲㨟⣷✛☂㢅冥幠⣷掌↩⺈戢⏴
䤓ⷦ唑䪐扪嫛↧▥᧨√Ⱁ᧨⦷HotSpot壩㕮㧉₼᧨㦘㈗⮩ⅴ“fast_”⯃䤓槭㪖ⷦ唑䪐㖖ⅳ䞷
ℝ⚗ㄅᇬ㦎㗱戢⏴䤓ⷦ唑䪐ⅴ㙟◖屲摙㓶嫛㊶厌᧨力☂㢅冥幠⣷䤓↧▥㓚㹄㦃┯啀㫆僐
⮩[1]ᇭ

ₜ扖᧨㒠ⅻ⅝扨㹄䲚ㄞ䤓㓶嫛₼⃮♾ⅴ䦚⒉㪗兢㨓㖖ⅳ楕䤓咻扟嫛扖䲚᧨㠃₹扟並扖
䲚䤓₼梃♧摞掌ⅴ㝜⇫㟿㪗䤓⒉㪗ᇬ⏴㪗≰㋾ℳ㗱抣㈓᧨䶵⚗㒠ⅻ⦷ⓜ槱⒕㨟䤓䔈䍈ᇭ



[1]␆⇢♾ⅴ♑劒䶻11䵯₼䤓䦇␂␔⹈ᇭ



8.5ᇫ㦻䵯⺞兢
㦻䵯₼᧨㒠ⅻ⒕㨟ℕ壩㕮㧉⦷㓶嫛ⅲ䪐㢅᧨Ⱁ⇤㔍Ⓙ㷲䫽䤓㡈㽤ᇬⰑ⇤㓶嫛㡈㽤␔䤓ⷦ

唑䪐᧨ⅴ♙㓶嫛ⅲ䪐㢅䀘♙䤓␔ⷧ兢㨓ᇭ⦷䶻6ᇬ7ᇬ8ₘ䵯₼᧨㒠ⅻ朗⺈Java䲚ㄞ㢾Ⱁ⇤ⷧ
⌷䤓ᇬⰑ⇤戌⏴᧤⒪ㆉ᧥䤓᧨ⅴ♙Ⱁ⇤㓶嫛䤓桽欧㔙䦇␂䩴幕扪嫛ℕ幁屲᧨䶻9䵯㒠ⅻ⺕
怆䦚䦚扨K䚕幉䩴幕⦷␆⇢♠⃚₼䤓兞␇ㄣ䞷ᇭ



䶻9䵯ᇫ伊┯戌♙㓶嫛侊兮䤓㫗√⸭㒧
ⅲ䪐冥幠䤓兢㨫⅝㦻⦿㧉⣷䪐懻♧ⷦ唑䪐᧨㢾ⷧ⌷㫋㆞♠⻤䤓⺞㷴᧨☃㢾冥䲚幼岏

♠⻤䤓⮶㷴ᇭ

9.1ᇫ㰑承
⦷Class㠖ↅ㫋㆞㓶嫛ㆤ㝝扨捷⒕₼᧨䞷㓆䤓䲚ㄞ厌䦃㘴㈀❜䤓␔⹈ㄅₜ⮹⮩᧨Class

㠖ↅⅴ⇤䱜㫋㆞ⷧ⌷᧨伊⨚⇤㢅┯戌ᇬⰑ⇤扭㘴᧨ⅴ♙壩㕮㧉Ⱁ⇤㓶嫛ⷦ唑䪐㖖ⅳ䷘掌㢾䟀
壩㕮㧉䦃㘴㘶Ⓟ䤓嫛᧨䞷㓆䲚ㄞ㡯㽤⺈␅扪嫛㟈♧ᇭ厌抩扖䲚ㄞ扪嫛㝜⇫䤓᧨尐㢾ⷦ唑
䪐䞮㒟伊┯戌⣷扨₳捷⒕䤓┮厌᧨⇕⅔⅔⦷Ⱁ⇤⮓䚕扨₳䍈ₙ᧨⻀め兞⒉䘿ℕ幇⮩⋋㈦㶲
忞✛⊮攃䤓㊬恾᧨扨K㊬恾⚝㧴㒟ℕ幇⮩デ䞷┮厌✛䲚ㄞ⸭䘿䤓⪉䫏ᇭ⦷㦻䵯₼᧨㒠ⅻ⺕
䦚ₚⓜ槱㓏ⷵ䤓䩴幕⦷⸭棔♠⃚₼㢾Ⱁ⇤ㄣ䞷䤓ᇭ



9.2ᇫ㫗√⒕㨟
⦷㫗√⒕㨟捷⒕᧨䶣劔ℕ4₹√᧨␂ℝ伊┯戌⣷✛ⷦ唑䪐䤓㫗√⚓㦘₳₹ᇭㄅ₣

扨₳₹欕⩮䤓㫗√₼⚓㦘₹㫗√㢾⮶⮩㟿Java♠ⅉ⛧掌∎䞷扖䤓ぴ␆㒥㔏㦾᧨♵⮥₹
㫗√夌䏅ₜ⸩㹞₹ⅉ掌∎䞷扖᧨⇕☃䔈Ⓔ位ㇸ⦿䆣兝⒉扨₹欕⩮₼䤓㔏㦾䔈㊶ᇭ゛㦪扨K
㫗√厌ㆤ怆床劔䤓㊬劒᧨ㄅ全床劔䤓㡴デぴ⇫サ㧴䌄㎮ᇭ

9.2.1ᇫTomcat᧶㷲兮䤓伊┯戌⣷㩅㨓

㿐䤓Java Web㦜┰⣷᧨ⰑTomcatᇬJettyᇬWebLogicᇬWebSphere㒥␅Ⅵ䶣劔㼰㦘⒦
䤓㦜┰⣷᧨掌⸭䘿ℕ呹む⸩⃘䤓伊┯戌⣷᧤咻掌ₜ㷱₹᧥ᇭ⥯₹┮厌⋴⏷䤓Web㦜
┰⣷᧨尐屲⑂Ⱁₚ⑯₹桽欧᧶

捷刁⦷⚛₹㦜┰⣷ₙ䤓₳₹Webㄣ䞷䲚ㄞ㓏∎䞷䤓Java伊ㄢ♾ⅴ⸭䘿䦇℡椣䱊ᇭ扨㢾
㦏⪉㦻䤓榏㻑᧨₳₹ₜ⚛䤓ㄣ䞷䲚ㄞ♾厌↩∬忥⚛₹䶻ₘ㡈伊ㄢ䤓ₜ⚛䓗㦻᧨ₜ厌尐㻑
₹伊ㄢ⦷₹㦜┰⣷₼♹㦘᧨㦜┰⣷ㄣ㇢≬幐₳₹ㄣ䞷䲚ㄞ䤓伊ㄢ♾ⅴ℡䦇䕻䵚∎䞷ᇭ

捷刁⦷⚛₹㦜┰⣷ₙ䤓₳₹Webㄣ䞷䲚ㄞ㓏∎䞷䤓Java伊ㄢ♾ⅴ℡䦇␀℺ᇭ扨₹榏㻑
⃮㈗デ屐᧨√Ⱁ᧨䞷㓆♾厌㦘10₹∎䞷Spring兓兖䤓ㄣ䞷䲚ㄞ捷刁⦷⚛♿㦜┰⣷ₙ᧨Ⱁ㨫
㔙10Spring⒕Ⓔⷧ㟍⦷⚓₹ㄣ䞷䲚ㄞ䤓椣䱊䥽₼᧨⺕↩㢾㈗⮶䤓忓䄟㿹忈——扨尐⊡
ₜ㢾㿹忈䭐䥧䴉梃䤓桽欧᧨力㢾㖖伊ㄢ⦷∎䞷㢅掌尐嬺┯戌Ⓙ㦜┰⣷␔ⷧ᧨Ⱁ㨫伊ㄢₜ厌␀
℺᧨壩㕮㧉䤓㡈㽤◉⻀↩㈗⹈㢢⒉䘿扖ㄵ吷协䤓歝棸ᇭ

㦜┰⣷榏尐⻌♾厌⦿≬幐呹愺䤓⸘⏷ₜ♦捷刁䤓Webㄣ䞷䲚ㄞ㈀❜ᇭ䥽ⓜ᧨㦘幇⮩㿐
䤓Java Web㦜┰⣷呹愺⃮㢾∎䞷Java幼岏㧴⸭䘿䤓ᇭ⥯㷳᧨㦜┰⣷㦻愺⃮㦘伊ㄢ∬忥䤓桽
欧᧨咻㧴広᧨⪉ℝ⸘⏷劒壠᧨㦜┰⣷㓏∎䞷䤓伊ㄢㄣ年ㄣ䞷䲚ㄞ䤓伊ㄢ℡䦇䕻䵚ᇭ

㞾㖐JSPㄣ䞷䤓Web㦜┰⣷᧨⮶⮩㟿掌榏尐㞾㖐HotSwap┮厌ᇭ㒠ⅻ䩴拢᧨JSP㠖ↅ㦏兗
尐冥幠㒟Java Class㓜厌䟀壩㕮㧉㓶嫛᧨⇕JSP㠖ↅ䟀ℝ␅儾㠖㦻ⷧ⌷䤓䔈㊶᧨扟嫛㢅≽㟈䤓
㰑䘖扫扫⮶ℝ䶻ₘ㡈伊ㄢ㒥䲚ㄞ呹愺䤓Class㠖ↅᇭ力₣ASPᇬPHP✛JSP扨K几欄ㄣ䞷⃮㔙
≽㟈⚝㡯權摜⚾⇫₹㈗⮶䤓“↧╎”㧴䦚㈔᧨⥯㷳“㿐”䤓Web㦜┰⣷掌↩㞾㖐JSP䞮㒟伊
䤓䍼㦎㗱᧨㇢䏅⃮㦘“槭㿐”䤓᧨Ⱁ扟嫛⦷䞮ℶ㲰㆞᧤Production Mode᧥ₚ䤓WebLogic㦜┰
⣷照帳⻀ₜ↩⮓䚕JSP㠖ↅ䤓♧▥ᇭ

䟀ℝⷧ⦷ₙ承桽欧᧨⦷捷刁Webㄣ䞷㢅᧨◤䕻䤓₹ClassPath⻀㡯㽤䅰恂榏㻑ℕ᧨㓏ⅴ
⚓䱜Web㦜┰⣷掌“ₜ儵力⚛”⦿㙟∪ℕⰌ⑯₹ClassPath恾㈓∪䞷㓆ⷧ㟍䶻ₘ㡈伊ㄢ᧨扨K恾
㈓咻掌ⅴ“lib”㒥“classes”✌⚜ᇭ嬺㟍函Ⓙₜ⚛恾㈓₼䤓伊ㄢ᧨␆ₜ⚛䤓幎桽喒⦃✛㦜┰
⺈廰᧨抩デ᧨㹞₹䥽掌↩㦘₹䦇ㄣ䤓呹⸩⃘伊┯戌⣷♊┯戌㟍函⦷摛槱䤓Java伊ㄢᇭ
䘿⦷᧨䶣劔⻀ⅴTomcat㦜┰⣷[1]√᧨䦚䦚Tomcat␆⇢㢾Ⱁ⇤屓⒡䞷㓆伊ㄢ兢㨓✛伊┯戌
⣷䤓ᇭ

⦷Tomcat䥽兢㨓₼᧨㦘3兓䥽᧤“/common/*”ᇬ“/server/*”✛“/shared/*”᧥♾ⅴⷧ㟍
Java伊ㄢ᧨♵⮥执♾ⅴ┯ₙWebㄣ䞷䲚ㄞ呹愺䤓䥽“/WEB-INF/*”᧨␀4兓᧨㔙Java伊ㄢ㟍
函⦷扨K䥽₼䤓⚺⃘⒕ⒺⰑₚᇭ

㟍函⦷/common䥽₼᧶伊ㄢ♾嬺Tomcat✛㓏㦘䤓Webㄣ䞷䲚ㄞ␀⚛∎䞷ᇭ



㟍函⦷/server䥽₼᧶伊ㄢ♾嬺Tomcat∎䞷᧨⺈㓏㦘䤓Webㄣ䞷䲚ㄞ掌ₜ♾屐ᇭ

㟍函⦷/shared䥽₼᧶伊ㄢ♾嬺㓏㦘䤓Webㄣ䞷䲚ㄞ␀⚛∎䞷᧨⇕⺈Tomcat呹むₜ♾
屐ᇭ

㟍函⦷/WebApp/WEB-INF䥽₼᧶伊ㄢ⅔⅔♾ⅴ嬺㷳Webㄣ䞷䲚ㄞ∎䞷᧨⺈Tomcat✛␅
ⅥWebㄣ䞷䲚ㄞ掌ₜ♾屐ᇭ

ℕ㞾㖐扨⯦䥽兢㨓᧨ㄅ⺈䥽摛槱䤓伊ㄢ扪嫛┯戌✛椣䱊᧨Tomcat呹⸩⃘ℕ⮩₹伊
┯戌⣷᧨扨K伊┯戌⣷㖘䏶兞␇䤓♛⅁Ᵽ㿍㲰⨚㧴⸭䘿᧨␅␂侊Ⱁ⦍9-1㓏䯉ᇭ



⦍ᇫ9-1ᇫTomcat㦜┰⣷䤓伊┯戌㩅㨓

䋿唁卛㣾䤓3₹伊┯戌⣷㢾JDK照帳㙟∪䤓伊┯戌⣷᧨扨3₹┯戌⣷䤓⇫䞷⦷䶻7䵯₼め
兞⅚兜扖ℕᇭ力CommonClassLoaderᇬCatalinaClassLoaderᇬSharedClassLoader✛
WebappClassLoader⒨㢾Tomcat呹む⸩⃘䤓伊┯戌⣷᧨⸒ⅻ⒕Ⓔ┯戌/common/*ᇬ/server/*ᇬ
/shared/*✛/WebApp/WEB-INF/*₼䤓Java伊ㄢᇭ␅₼WebApp伊┯戌⣷✛Jsp伊┯戌⣷抩デ↩
ⷧ⦷⮩₹⸭√᧨㹞₹Webㄣ䞷䲚ㄞ⺈ㄣ₹WebApp伊┯戌⣷᧨㹞₹JSP㠖ↅ⺈ㄣ₹Jsp
伊┯戌⣷ᇭ



⅝⦍9-1䤓Ᵽ㿍␂侊₼♾ⅴ䦚⒉᧨CommonClassLoader厌┯戌䤓伊掌♾ⅴ嬺Catalina
ClassLoader✛SharedClassLoader∎䞷᧨力CatalinaClassLoader✛SharedClassLoader呹む厌┯戌
䤓伊⒨⺈㡈䦇℡椣䱊ᇭWebAppClassLoader♾ⅴ∎䞷SharedClassLoader┯戌Ⓙ䤓伊᧨⇕⚓
₹WebAppClassLoader⸭√⃚梃䦇℡椣䱊ᇭ力JasperLoader䤓┯戌喒⦃⅔⅔㢾扨₹JSP㠖ↅ㓏
冥幠⒉㧴䤓挲₹Class᧨⸒⒉䘿䤓䥽䤓⻀㢾ℕ嬺₱㆒᧶㇢㦜┰⣷㭏㿚ⒿJSP㠖ↅ嬺≽㟈
㢅᧨↩㦎㗱㘘䥽ⓜ䤓JasperLoader䤓⸭√᧨ㄅ抩扖␜ㆉ䵚₹㠿䤓Jsp伊┯戌⣷㧴⸭䘿JSP㠖ↅ
䤓HotSwap┮厌ᇭ

⺈ℝTomcat䤓6.x䓗㦻᧨♹㦘㖖⸩ℕtomcat/conf/catalina.properties揜函㠖ↅ䤓server.loader
✛share.loader欈⚝㓜↩䦮㷲ㆉ䵚CatalinaClassLoader✛SharedClassLoader䤓⸭√᧨⚵⒨↩䞷Ⓙ
扨₳₹伊┯戌⣷䤓⦿㡈掌↩䞷CommonClassLoader䤓⸭√ⅲ㦎᧨力照帳䤓揜函㠖ↅ₼㼰㦘幍
函扨₳₹loader欈᧨㓏ⅴTomcat 6.x欉䚕㒟䵯⦿㔙/commonᇬ/server✛/sharedₘ₹䥽照帳⚗
ㄅⒿ怆♧㒟₹/lib䥽᧨扨₹䥽摛䤓伊ㄢ䦇㇢ℝⅴⓜ/common䥽₼伊ㄢ䤓⇫䞷ᇭ扨㢾
Tomcat幍帰⥱梮ℕ丏▥⮶⮩㟿䤓捷刁⧉㣾㓏⋩䤓欈㟈扪᧨Ⱁ㨫照帳幍函ₜ厌䅰恂榏尐᧨
䞷㓆♾ⅴ抩扖≽㟈揜函㠖ↅ㖖⸩server.loader✛share.loader䤓㡈㆞摜㠿⚾䞷Tomcat 5.x䤓┯戌
⣷㩅㨓ᇭ

Tomcat┯戌⣷䤓⸭䘿䂔㣿㢢㑑᧨ㄅ₣摖䞷ℕ⸧㡈㘷嗟䤓“㷲兮”䤓∎䞷伊┯戌⣷䤓㡈㆞ᇭ
Ⱁ㨫床劔梔床⸛ₙ槱䤓㫗√⚝᧨厌⸛⏷䚕屲Tomcat幍帰⥱梮扨㫆を函┯戌⣷㩅㨓䤓䞷㎞᧨挲
広㢝め兞⮶咃㘛㙰ℕ伊┯戌⣷“㿐”䤓∎䞷㡈㆞᧨挲⃗䶣劔ₜⰷ␜㙟₹桽欧常床劔㊬劒
ₚ᧶ⓜ槱㦍兞㙟Ⓙ扖₹⧉㣾᧨Ⱁ㨫㦘10₹Webㄣ䞷䲚ㄞ掌㢾䞷Spring㧴扪嫛兓兖✛丰䚕䤓
幬᧨♾ⅴ㔙Spring㟍ⒿCommon㒥Shared䥽ₚ常扨K䲚ㄞ␀℺ᇭSpring尐⺈䞷㓆䲚ㄞ䤓伊扪
嫛丰䚕᧨呹䏅尐厌幎桽Ⓙ䞷㓆䲚ㄞ䤓伊᧨力䞷㓆䤓䲚ㄞ㣍䏅㢾㟍⦷/WebApp/WEB-INF䥽₼
䤓᧨挲⃗嬺CommonClassLoader㒥SharedClassLoader┯戌䤓SpringⰑ⇤幎桽ㄅₜ⦷␅┯戌喒⦃
␔䤓䞷㓆䲚ㄞ⛱᧻Ⱁ㨫床扖㦻䶻7䵯䤓䦇␂␔⹈᧨䦇≰床劔♾ⅴ㈗⹈㢢⦿⥭䷣扨₹桽欧ᇭ

[1]Tomcat㢾Apache⪉摠↩₼䤓㷍䄟䤓Java Web㦜┰⣷᧨欄⦿⧏᧶
http://tomcat.apache.orgᇭ㦻㫗√₼折䞷䤓㢾Tomcat 5.x㦜┰⣷䤓䥽✛伊┯戌⣷兢㨓᧨⦷
Tomcat 6.x䤓照帳揜函ₚ᧨/commonᇬ/server✛/sharedₘ₹䥽め兞⚗ㄅⒿ怆ℕᇭ



9.2.2ᇫOSGi᧶䌄㿊䤓伊┯戌⣷㩅㨓

Java䲚ㄞ䯍◉₼㿐↯䧏扨⃗₹屑䍈᧶“⃯ⷵJEE屓喒᧨♊䦚JBoss䄟䪐᧷⃯ⷵ伊┯戌⣷᧨
⻀♊䦚OSGi䄟䪐”ᇭ⻌丰“JEE屓喒”✛“伊┯戌⣷䤓䩴幕”ㄅₜ㢾₹⺈䷘䤓㰑㊄᧨ₜ扖᧨㡱䏅
扨₹屑䍈厌⦷䲚ㄞ⛧₼㿐↯㧴᧨⃮⅝∶槱広㢝ℕOSGi⺈伊┯戌⣷䤓扟䞷䫽⸭㦘␅䕻Ⓙ⃚
⮓ᇭ

OSGi[1]᧤Open Service Gateway Initiative᧥㢾OSGi勣䥮᧤OSGi Alliance᧥Ⓟ⸩䤓₹⪉ℝ
Java幼岏䤓┷㊐㲰⧦▥屓喒᧨扨₹屓喒㦏⒬䟀SunᇬIBMᇬ䓀䵚≰䷘⏻⚇勣⚗♠怆᧨䥽䤓㢾∎
㦜┰㙟∪⟕抩扖⇞⸔几␂⚓䱜⹅䞷㤉厌幍㙟∪⚓䱜㦜┰᧨⚝㧴扨₹屓喒⦷Java䤓␅Ⅵ㔏
㦾欕⩮⃮㦘䦇㇢ₜ枨䤓♠⻤᧨䘿⦷め兞㒟Java₥䟛₼“ℚ⸭ₙ”䤓㲰⧦▥㪖᧨ㄅ₣め兞㦘
ℕEquinoxᇬFelix䷘㒟䐮䤓⸭䘿ᇭOSGi⦷Java䲚ㄞ⛧₼㦏囦⚜䤓ㄣ䞷㫗√⻀㢾Eclipse IDE᧨♵
⮥执㦘幇⮩⮶⨚䤓懾ↅ♿✛₼梃ↅ㦜┰⣷掌⪉ℝ㒥⭿㢝⺕↩⪉ℝOSGi屓喒㧴⸭䘿᧨ⰑIBM
Jazz♿ᇬGlassFish㦜┰⣷ᇬjBoss OSGi䷘ᇭ

OSGi₼䤓㹞₹㲰⧦᧤䱿Bundle᧥㣽抩䤓Java伊ㄢ◉Ⓔㄅₜ⮹⮶᧨₳劔咻掌ⅴJAR
㫋㆞扪嫛⺐孔᧨ㄅ₣␔捷ⷧ⌷䤓掌㢾Java Package✛Classᇭ⇕㢾₹Bundle♾ⅴ⭿㢝⸒㓏∬
忥䤓Java Package᧤抩扖Import-Package㙞承᧥᧨⃮♾ⅴ⭿㢝⸒⏐幇⺋⒉♠を䤓Java
Package᧤抩扖Export-Package㙞承᧥ᇭ⦷OSGi摛槱᧨Bundle⃚梃䤓∬忥␂侊⅝↯兮䤓ₙ⻑㲰
⧦∬忥ㄤ⻑㲰⧦懻♧儶㲰⧦⃚梃䤓∬忥᧤咂⺠⮥屑ₙⰑ㷳᧥᧨力₣伊ㄢ䤓♾屐㊶厌㈦Ⓙ
槭デ位䫽䤓㘶Ⓟ᧨₹㲰⧦摛♹㦘嬺Export扖䤓Package㓜♾厌䟀⮥䟛幎桽᧨␅Ⅵ䤓Package✛
Class⺕↩椟塞怆㧴ᇭ棳ℕ㦃位䫽䤓㲰⧦⒡⒕✛♾屐㊶㘶Ⓟ⮥᧨ㆤ⏴OSGi䤓♵⮥₹摜尐䚕
䟀㢾᧨⪉ℝOSGi䤓䲚ㄞ㈗♾厌᧤♹㢾㈗♾厌᧨ㄅₜ㢾⸩↩᧥♾ⅴ⸭䘿㲰⧦儶䤓䍼㙡㕣┮
厌᧨㇢䲚ㄞ◖儶㦃㠿㒥庒幤棳枨㢅᧨♾ⅴ♹⋫䞷ᇬ摜㠿⸘孔䏅⚝⚾䞷䲚ㄞ䤓␅₼捷⒕᧨扨
⺈←₩儶䲚ㄞ♠㧴広㢾₹槭デ㦘庀㍠┪䤓䔈㊶ᇭ

OSGi⃚㓏ⅴ厌㦘ₙ承“庀ⅉ”䤓䔈䍈᧨尐㇡┮ℝ⸒䌄㿊䤓伊┯戌⣷㩅㨓ᇭOSGi䤓Bundle伊
┯戌⣷⃚梃♹㦘屓⒨᧨㼰㦘⦉⸩䤓Ᵽ㿍␂侊ᇭ√Ⱁ᧨㩟₹Bundle⭿㢝ℕ₹⸒∬忥䤓
Package᧨Ⱁ㨫㦘␅ⅥBundle⭿㢝♠をℕ扨₹Package᧨挲⃗㓏㦘⺈扨₹Package䤓伊┯戌┷⇫
掌↩Ᵽ㿍全♠を⸒䤓Bundle伊┯戌⣷♊⸛㒟ᇭₜ䀘♙㩟₹␆⇢䤓Package㢅᧨⚓₹Bundle┯戌
⣷掌㢾儶␂侊᧨♹㦘␆⇢∎䞷㩟₹Package✛Class䤓㢅⊨᧨㓜↩㫈㗽Package⺋⏴⺋⒉⸩⃘
㧴㨓抯Bundle梃䤓Ᵽ㿍✛∬忥ᇭ

♵⮥᧨₹Bundle伊┯戌⣷␅ⅥBundle㙟∪㦜┰㢅᧨↩㫈㗽Export-Package⒦嫷₴㫋㘶
Ⓟ幎桽喒⦃ᇭⰑ㨫₹伊ⷧ⦷ℝBundle䤓伊ㄢ₼⇕㢾㼰㦘嬺Export᧨挲⃗扨₹Bundle䤓伊┯
戌⣷厌㔍Ⓙ扨₹伊᧨⇕ₜ↩㙟∪全␅ⅥBundle∎䞷᧨力₣OSGi♿⃮ₜ↩㔙␅ⅥBundle䤓伊
┯戌庆㻑⒕揜全扨₹Bundle㧴⮓䚕ᇭ

㒠ⅻ♾ⅴ₹㦃␆⇢K䤓丏◤√᧨⋖幍ⷧ⦷Bundle AᇬBundle BᇬBundle Cₘ₹㲰
⧦᧨ㄅ₣扨ₘ₹Bundle⸩⃘䤓∬忥␂侊Ⱁₚᇭ

Bundle A᧶⭿㢝♠をℕpackageA᧨∬忥ℕjava.*䤓▔ᇭ

Bundle B᧶⭿㢝∬忥ℕpackageA✛packageC᧨⚛㢅⃮∬忥ℕjava.*䤓▔ᇭ

Bundle C᧶⭿㢝♠をℕpackageC᧨∬忥ℕpackageAᇭ



挲⃗᧨扨ₘ₹Bundle⃚梃䤓伊┯戌⣷♙䓅伊┯戌⣷⃚梃䤓␂侊Ⱁ⦍9-2㓏䯉ᇭ

⦍ᇫ9-2ᇫOSGi䤓伊┯戌⣷㩅㨓

䟀ℝ㼰㦘䔄㓾Ⓙ␆⇢䤓OSGi⸭䘿᧨㓏ⅴ⦍9-2₼䤓伊┯戌⣷掌㼰㦘㖖㢝␆⇢䤓┯戌⣷⸭
䘿᧨♹㢾₹⇢䘿ℕ┯戌⣷⃚梃␂侊䤓㰑㊄㲰⨚᧨ㄅ₣♹㢾⇢䘿ℕOSGi₼㦏丏◤䤓┯戌⣷
Ᵽ㿍␂侊ᇭ咻㧴広᧨⦷OSGi₼᧨┯戌₹伊♾厌♠䞮䤓㩴㔍嫛✛Ᵽ㿍␂侊↩㹣⦍9-2₼
㣍䯉䤓⮜㧑㈦⮩᧨伊┯戌㢅♾厌扪嫛䤓㩴㔍屓⒨Ⱁₚ᧶

ⅴjava.*⯃䤓伊᧨Ᵽ㿍全䓅伊┯戌⣷┯戌ᇭ

⚵⒨᧨Ᵽ㿍⒦嫷⚜◤␔䤓伊᧨Ᵽ㿍全䓅伊┯戌⣷┯戌ᇭ

⚵⒨᧨Import⒦嫷₼䤓伊᧨Ᵽ㿍全Export扨₹伊䤓Bundle䤓伊┯戌⣷┯戌ᇭ

⚵⒨᧨㩴㔍㇢ⓜBundle䤓Classpath᧨∎䞷呹む䤓伊┯戌⣷┯戌ᇭ

⚵⒨᧨㩴㔍㢾⚵⦷呹む䤓Fragment Bundle₼᧨Ⱁ㨫㢾᧨⒨Ᵽ㿍全Fragment Bundle䤓伊┯
戌⣷┯戌ᇭ

⚵⒨᧨㩴㔍Dynamic Import⒦嫷䤓Bundle᧨Ᵽ㿍全⺈ㄣBundle䤓伊┯戌⣷┯戌ᇭ

⚵⒨᧨伊㩴㔍⯀徴ᇭ

⅝⦍9-2₼执♾ⅴ䦚⒉᧨⦷OSGi摛槱᧨┯戌⣷⃚梃䤓␂侊ₜ␜㢾♛⅁Ᵽ㿍㲰⨚䤓㪠ㇱ兢
㨓᧨力㢾め兞扪㷴♠⻤㒟ℕ䱜㦃⮜㧑䤓ᇬ扟嫛㢅㓜厌䫽⸩䤓几䕅兢㨓ᇭ扨䱜几䕅䤓伊
┯戌⣷㩅㨓⦷サ㧴㦃Ⰼ䤓䌄㿊㊶䤓⚛㢅᧨⃮♾厌↩ℶ䞮幇⮩㠿䤓椟㌲ᇭ䶣劔㦍兞♑扖⺕
₹槭OSGi䤓⮶⨚侊兮⚠Equinox OSGi♿扐䲊䤓欈䥽᧨䟀ℝ☕⚁☮⥯᧨ⅲ䪐㲰⧦⃚梃䤓∬忥
␂侊枨冋⮜㧑᧨╘㇉⒕䱊⒉⚓₹㲰⧦䤓Bundle⚝᧨♠䘿⦷浧ㄅ♠䘾⬒ₚ兞デ⒉䘿㸊析ᇭ㒠ⅻ
㈗⹈㢢⻀㔍Ⓙℕ㸊析䤓☮⥯᧶Ⱁ㨫⒉䘿ℕBundle A∬忥Bundle B䤓Package B᧨力Bundle B♗
∬忥ℕBundle A䤓Package A᧨扨₳₹Bundle扪嫛伊┯戌㢅⻀㈗⹈㢢♠䞮㸊析ᇭ␆⇢㍔⑄㢾㇢
Bundle A┯戌Package B䤓伊㢅᧨氥⏗榏尐析⸩㇢ⓜ伊┯戌⣷䤓⸭√⺈廰
᧤java.lang.ClassLoader.loadClass᧤᧥㢾₹synchronized㡈㽤᧥᧨䏅⚝㔙庆㻑Ᵽ㿍全Bundle B



䤓┯戌⣷⮓䚕᧨⇕Ⱁ㨫扨㢅⊨Bundle B⃮㷲Ⰼ㎂┯戌Package A䤓伊᧨⸒⃮⏗析⸩呹む䤓┯戌
⣷␜♊庆㻑Bundle A䤓┯戌⣷⮓䚕᧨扨㫆᧨₳₹┯戌⣷掌⦷䷘㈔⺈㡈⮓䚕呹む䤓庆㻑᧨力⺈
㡈⮓䚕⸛⃚ⓜ呹む♗䦃⮓ℝ⚛㷴析⸩䤓䕅㊐᧨⥯㷳⸒ⅻ⻀℡䦇㸊析᧨㻇扫㡯㽤⸛㒟┯戌庆
㻑ℕᇭEquinox䤓Bug List₼㦘␂ℝ扨伊桽欧䤓Bug[2]᧨⃮㙟∪ℕ₹ⅴ䔉䔁㊶厌ⅲↆ䤓屲⑂
㡈㫗——䞷㓆♾ⅴ⚾䞷osgi.classloader.singleThreadLoads♑㟿㧴㖘◤兎䲚嫛▥䤓㡈㆞㇉Ⓟ
扪嫛伊┯戌┷⇫ᇭ⦷JDK 1.7₼᧨槭㪠䕅其㔎␂侊ₚ䤓伊┯戌⣷㩅㨓扪嫛ℕ㶰₢桷䤓◖
儶[3]᧨䥽䤓㢾⅝ㄤ⻑挎⏜扨伊㸊析⒉䘿䤓♾厌ᇭ

㋊⇢㧴広᧨OSGi㙞內ℕ₹㈗初Ⰼ䤓㲰⧦▥♠䤓䥽㪖᧨力₣⸩⃘ℕ⸭䘿扨₹䥽㪖㓏
榏尐䤓⚓䱜㦜┰᧨⚛㢅⃮㦘㒟䐮㫕㩅⺈␅㙟∪⸭䘿㞾㖐ᇭ⺈ℝ◤₹壩㕮㧉ₚ䤓ㄣ䞷᧨⅝♠
⒬㦮⻀ㆉ䵚⦷OSGiₙ㢾₹㈗ₜ枨䤓折㕸᧨扨㫆≎ℝ儵㧮∬忥ᇭ⇕ㄅ槭㓏㦘䤓ㄣ䞷掌抑⚗
摖䞷OSGi⇫⪉䫏㩅㨓᧨OSGi⦷㙟∪㇉⮶┮厌䤓⚛㢅᧨⃮ㆤ⏴ℕ欬⮥䤓⮜㧑ㄵ᧨サ㧴ℕ兎
䲚㸊析✛␔ⷧ㽓䆞䤓歝棸ᇭ

[1]OSGi⸧㡈䵨䍈᧶http://www.osgi.org/Main/HomePageᇭ
[2]Bug-121737᧶https://bugs.eclipse.org/bugs/show_bug.cgi?id=121737ᇭ
[3]JDK 1.7-Upgrade class-loader architecture᧶
http://openjdk.java.net/projects/jdk7/features/#f352ᇭ



9.2.3ᇫⷦ唑䪐䞮㒟㔏㦾┷㊐ⅲ䚕䤓⸭䘿

“ⷦ唑䪐䞮㒟”ㄅₜ㢾⅏⃗浧䂀䤓㔏㦾᧨床劔⦷䦚Ⓙ“ⷦ唑䪐䞮㒟”扨₹㪖欧㢅⃮⏗ₜ㉔♊
㎂庇ⰑJavassistᇬCGLibᇬASM⃚伊䤓ⷦ唑䪐伊ㄢ᧨⥯JDK摛槱䤓javac✌ⅳ⻀㢾ⷦ唑䪐䞮
㒟㔏㦾䤓“劐䯥⸦”᧨ㄅ₣javac⃮㢾₹䟀Java幼岏㒟䤓䲚ㄞ᧨⸒䤓ⅲ䪐ⷧ㟍⦷OpenJDK䤓
langtools/src/share/classes/com/sun/tools/javac䥽₼[1]ᇭ尐䂀⏴ℕ屲ⷦ唑䪐䞮㒟᧨梔床javac䤓
䄟䪐㢾₹㈗Ⰼ䤓抣㈓᧨ₜ扖javac⺈ℝ㒠ⅻ扨₹√㧴広⮹扖ㄭ⮶ℕᇭ⦷Java摛槱棳ℕjavac✛
ⷦ唑䪐伊ㄢ⮥᧨∎䞷ⷦ唑䪐䞮㒟䤓√执㦘㈗⮩᧨ⰑWeb㦜┰⣷₼䤓JSP冥幠⣷᧨冥幠㢅㮜
⏴䤓AOP㫕㩅᧨执㦘㈗デ䞷䤓┷㊐ⅲ䚕㔏㦾᧨䞩咂⦷∎䞷♜⺓䤓㢅⊨壩㕮㧉掌㦘♾厌↩⦷扟
嫛㢅䞮㒟ⷦ唑䪐㧴㙟浧㓶嫛抮ㄵᇭ㒠ⅻ折㕸␅₼䦇⺈丏◤䤓┷㊐ⅲ䚕㧴䦚䦚ⷦ唑䪐䞮㒟㔏㦾
㢾Ⱁ⇤㈀❜䲚ㄞ扟⇫䤓ᇭ

䦇≰幇⮩Java♠ⅉ⛧掌∎䞷扖┷㊐ⅲ䚕᧨☂∎㼰㦘䦃㘴∎䞷扖java.lang.reflect.Proxy㒥
⸭䘿扖java.lang.reflect.InvocationHandler㘴♲᧨ㄣ年⃮䞷扖Spring㧴⋩扖Bean䤓兓兖丰䚕ᇭⰑ
㨫∎䞷扖Spring᧨挲⮶⮩㟿㍔⑄掌↩䞷扖┷㊐ⅲ䚕᧨⥯Ⱁ㨫Bean㢾槱⚠㘴♲冥䲚᧨挲⃗⦷
Spring␔捷掌㢾抩扖┷㊐ⅲ䚕䤓㡈㆞㧴⺈Bean扪嫛⬭㇉䤓ᇭ┷㊐ⅲ䚕₼㓏庢䤓“┷㊐”᧨㢾朗
⺈∎䞷Javaⅲ䪐⸭棔冥ℕⅲ䚕伊䤓“槨㊐”ⅲ䚕力岏䤓᧨⸒䤓↧╎ₜ⦷ℝ䦐♊ℕ冥ⅲ䚕伊
挲䍈ぴ⇫摞᧨力㢾⸭䘿ℕ♾ⅴ⦷☮ⱚ伊✛㘴♲执㦹䩴䤓㢅⊨᧨⻀䫽⸩ⅲ䚕伊䤓ⅲ䚕嫛᧨
㇢ⅲ䚕伊☮ⱚ伊叀䱊䦃㘴勣侊⚝᧨⻀♾ⅴ㈗䌄㿊⦿摜䞷ℝₜ⚛䤓ㄣ䞷⧉㣾⃚₼ᇭ

ⅲ䪐䂔◤9-1䆣䯉ℕ₹㦏丏◤䤓┷㊐ⅲ䚕䤓䞷㽤᧨☮ⱚ䤓拊戠㢾㓢◿♴“hello
world”᧨ⅲ䚕伊䤓拊戠㢾⦷☮ⱚ伊㡈㽤㓶嫛ⓜ㓢◿♴“welcome”ᇭ㒠ⅻ⏗䦚ₚⅲ䪐᧨䏅
⚝␜⒕㨟JDK㢾Ⱁ⇤⋩Ⓙ䤓ᇭ

ⅲ䪐䂔◤9-1ᇫ┷㊐ⅲ䚕䤓丏◤䯉√

public class DynamicProxyTest{
interface IHello{
void sayHello᧤᧥᧷
}
static class Hello implements IHello{
@Override
public void sayHello᧤᧥{
System.out.println᧤"hello world"᧥᧷
}
}
static class DynamicProxy implements InvocationHandler{
Object originalObj᧷
Object bind᧤Object originalObj᧥{
this.originalObj=originalObj᧷
return
Proxy.newProxyInstance᧤originalObj.getClass᧤᧥.getClassLoader᧤᧥᧨originalObj.getClass᧤᧥.getInterfaces᧤᧥᧨this᧥᧷
}
@Override
public Object invoke᧤Object proxy,Method method,Object[]args᧥throws Throwable{
System.out.println᧤"welcome"᧥᧷
return method.invoke᧤originalObj,args᧥᧷
}
}
public static void main᧤String[]args᧥{
IHello hello=᧤IHello᧥new DynamicProxy᧤᧥.bind᧤new Hello᧤᧥᧥᧷
hello.sayHello᧤᧥᧷
}
}

扟嫛兢㨫Ⱁₚ᧶

welcome
hello world

ₙ承ⅲ䪐摛᧨➾䤓“煠▲”⻀㢾Proxy.newProxyInstance᧤᧥㡈㽤᧨棳㷳⃚⮥␜㼰㦘↊
⇤䔈㸙⃚⮓ᇭ扨₹㡈㽤扣⥭₹⸭䘿ℕIHello䤓㘴♲᧨ㄅ₣ⅲ䚕ℕnew Hello᧤᧥⸭√嫛䤓
⺈廰ᇭ恮悹扨₹㡈㽤䤓䄟䪐᧨♾ⅴ䦚Ⓙ䲚ㄞ扪嫛ℕ洛幐ᇬ↧▥ᇬ冢ⷧᇬ⚛㷴ᇬ䞮㒟ⷦ唑䪐ᇬ



㣍㆞伊┯戌䷘㝜⇫᧨ⓜ槱䤓㷴洳ㄅₜ㢾㒠ⅻ␂㽷䤓摜䍈᧨力㦏⚝⸒庒䞷ℕ
sun.misc.ProxyGenerator.generateProxyClass᧤᧥㡈㽤㧴⸛㒟䞮㒟ⷦ唑䪐䤓┷⇫᧨扨₹㡈㽤♾ⅴ
⦷扟嫛㢅ℶ䞮₹㙞承ⅲ䚕伊䤓ⷦ唑䪐byte[]㟿兓ᇭⰑ㨫㎂䦚䦚扨₹⦷扟嫛㢅ℶ䞮䤓ⅲ䚕
伊₼ℕK⅏⃗᧨♾ⅴ⦷main᧤᧥㡈㽤₼┯⏴ₚ槱扨♴᧶

System.getProperties᧤᧥.put᧤"sun.misc.ProxyGenerator.saveGeneratedFiles"᧨"true"᧥᧷

┯⏴扨♴ⅲ䪐⚝␜㶰扟嫛䲚ㄞ᧨䭐䥧₼⺕↩ℶ䞮₹⚜“$Proxy0.class”䤓ⅲ䚕伊Class
㠖ↅ᧨♜冥幠⚝♾ⅴ䦚屐Ⱁⅲ䪐䂔◤9-2㓏䯉䤓␔⹈ᇭ

ⅲ䪐䂔◤9-2ᇫ♜冥幠䤓┷㊐ⅲ䚕伊䤓ⅲ䪐

package org.fenixsoft.bytecode᧷
import java.lang.reflect.InvocationHandler᧷
import java.lang.reflect.Method᧷
import java.lang.reflect.Proxy᧷
import java.lang.reflect.UndeclaredThrowableException᧷
public final class $Proxy0 extends Proxy
implements DynamicProxyTest.IHello
{
private static Method m3᧷
private static Method m1᧷
private static Method m0᧷
private static Method m2᧷
public $Proxy0᧤InvocationHandler paramInvocationHandler᧥
throws
{
super᧤paramInvocationHandler᧥᧷
}
public final void sayHello᧤᧥
throws
{
try
{
this.h.invoke᧤this,m3᧨null᧥᧷
return᧷
}
catch᧤RuntimeException localRuntimeException᧥
{
throw localRuntimeException᧷
}
catch᧤Throwable localThrowable᧥
{
throw new UndeclaredThrowableException᧤localThrowable᧥᧷
}
}
//㷳⮓䟀ℝ䓗槱☮⥯᧨䦐䟴equals᧤᧥ᇬhashCode᧤᧥ᇬtoString᧤᧥ₘ₹㡈㽤䤓ⅲ䪐
//扨3₹㡈㽤䤓␔⹈sayHello᧤᧥槭デ䦇⇋ᇭ
static
{
try
{
m3=Class.forName᧤"org.fenixsoft.bytecode.DynamicProxyTest $IHello"᧥.getMethod᧤"sayHello"᧨new Class[0]᧥᧷
m1=Class.forName᧤"java.lang.Object"᧥.getMethod᧤"equals"᧨new Class[]{Class.forName᧤"java.lang.Object"᧥}᧥᧷
m0=Class.forName᧤"java.lang.Object"᧥.getMethod᧤"hashCode"᧨new Class[0]᧥᧷
m2=Class.forName᧤"java.lang.Object"᧥.getMethod᧤"toString"᧨new Class[0]᧥᧷
return᧷
}
catch᧤NoSuchMethodException localNoSuchMethodException᧥
{
throw new NoSuchMethodError᧤localNoSuchMethodException.getMessage᧤᧥᧥᧷
}
catch᧤ClassNotFoundException localClassNotFoundException᧥
{
throw new NoClassDefFoundError᧤localClassNotFoundException.getMessage᧤᧥᧥᧷
}
}
}

扨₹ⅲ䚕伊䤓⸭䘿ⅲ䪐⃮㈗丏◤᧨⸒↯⏴㘴♲₼䤓㹞₹㡈㽤᧨ⅴ♙⅝
java.lang.Object₼其㔎㧴䤓equals᧤᧥ᇬhashCode᧤᧥ᇬtoString᧤᧥㡈㽤掌䞮㒟ℕ⺈ㄣ䤓⸭
䘿᧨ㄅ₣兮庒䞷ℕInvocationHandler⺈廰䤓invoke᧤᧥㡈㽤᧤ⅲ䪐₼䤓“this.h”⻀㢾䓅伊
Proxy₼≬ⷧ䤓InvocationHandler⸭√♧摞᧥㧴⸭䘿扨K㡈㽤䤓␔⹈᧨⚓₹㡈㽤䤓◉Ⓔₜ扖㢾
↯⏴䤓♑㟿✛Method⺈廰㦘㓏ₜ⚛力め᧨㓏ⅴ㡯幉庒䞷┷㊐ⅲ䚕䤓❹₹㡈㽤᧨⸭棔ₙ掌㢾
⦷㓶嫛InvocationHandler.invoke᧤᧥₼䤓ⅲ䚕拊戠ᇭ

扨₹√₼ㄅ㼰㦘幁ⒿgenerateProxyClass᧤᧥㡈㽤␆⇢㢾Ⱁ⇤ℶ䞮ⅲ䚕
伊“$Proxy0.class”䤓ⷦ唑䪐䤓᧨⮶咃䤓䞮㒟扖䲚␅⸭⻀㢾㫈㗽Class㠖ↅ䤓㫋㆞屓喒♊㖋孔ⷦ
唑䪐᧨⇕⦷⸭棔♠₼᧨ⅴbyte◤⇜䦃㘴㖋孔⒉ⷦ唑䪐䤓ㄣ䞷⧉⚗㈗⺠屐᧨扨䱜䞮㒟㡈㆞
⃮♹厌ℶ䞮K浧ㄵ㲰㨎▥䤓ⅲ䪐ᇭ⺈ℝ䞷㓆䤓䲚ㄞⅲ䪐㧴広᧨Ⱁ㨫㦘尐⮶摞㝜⇫ⷦ唑䪐䤓



榏㻑᧨执㢾∎䞷⺐孔Ⰼ䤓ⷦ唑䪐伊ㄢ㹣戒⚗抑ᇭⰑ㨫床劔⺈┷㊐ⅲ䚕䤓ⷦ唑䪐㖋孔扖䲚㈗㎮
␃怲᧨♾ⅴ⦷OpenJDK䤓jdk/src/share/classes/sun/misc䥽ₚ㔍Ⓙsun.misc.ProxyGenerator䤓䄟
䪐ᇭ

[1]Ⱁ⇤噆♥OpenJDK䄟䪐᧨庆♑屐㦻䶻1䵯䤓䦇␂␔⹈ᇭ



9.2.4ᇫRetrotranslator᧶恷怙JDK䓗㦻

咻㧴広᧨ⅴ“⋩欈䥽”䤓懾ↅ⏻⚇㹣戒⹈㢢㦃㠿㔏㦾᧨⦷ₚ₹欈䥽₼㗱₹㔏㦾
㫕㩅ᇬ◖儶Ⓙ㦏㠿䤓JDK䓗㦻᧨䞩咂㔙Java㗱㒟C#ᇬC++㧴♠䲚ㄞ掌㢾㦘♾厌䤓ᇭ⇕㇢⏻
⚇♠⻤⭽⮶᧨㔏㦾㦘㓏䱾侾᧨抟䂟㒟ⅴ“⋩ℶ❐”䤓懾ↅ⏻⚇⚝᧨呹折㕸㔏㦾䤓㧒Ⓒ
⻀↩₶⯀㘘᧨⥯⃚ⓜ㓏䱾侾䤓ⅲ䪐✛㔏㦾掌㢾䞷䦮摠䤌枅㗱㧴䤓᧨₹䳂⋴䤓⥱梮⃮ₜ↩
椞㎞⦿㟈♧ㄤ⻑䤓㔏㦾ᇭ䏅力⦷歭抮♠⻤䤓䲚ㄞ幍帰欕⩮᧨㠿㔏㦾㋊㢾㡴㠿㦗㆑ᇬ⻑⒉ₜ
䴆᧨⋞⋞扨K㠿㔏㦾♗Ⱁ漫啀⃚ℝ妫妑㫆᧨⺈䲚ㄞ⛧㟲♠䧏⮸䏅䤓⛇ㆤ┪ᇭ

⦷Java₥䟛摛᧨㹞㶰JDK⮶䓗㦻䤓♠を᧨掌⇃椞䧏⧉⮶屓㲰䤓㔏㦾槸㠿᧨力⺈Java
䲚ㄞ冥⃯㍾㟈♧㦏⮶䤓᧨㡯䠠㢾JDK 1.5䤓♠をᇭ呹┷孔乀ᇬ㽪⨚ᇬ┷㊐㽷屲ᇬ㨩ᇬ♧
栎♑㟿ᇬ拜☕㈹䘾᧤foreach㈹䘾᧥……ℚ⸭ₙ᧨⦷㼰㦘扨K幼㽤䔈㊶䤓ⅲ᧨Java䲚ㄞ⃮䏶
㫆厌᧨⇕㢾䘿⦷䦚㧴᧨ₙ承㹞䱜幼㽤䤓㟈扪⑯⃝掌㢾“㉔ₜ♾⺠”䤓ᇭ⻀Ⱁ⚛⃯㍾ℕ24⺇
䁁㤅㣍䯉⣷䤓䲚ㄞ⛧᧨㈗楍⃯㍾⦷15⺇儾㣍䯉⣷ₙ冥ⅲ䪐ᇭ⇕⋖Ⱁ“ₜㄇ”⥯尐≬㔳䘿
㦘㔤忓ᇬ冃㖐䲚ㄞ兢㨓䳂⸩䷘᧨㉔權∎䞷1.5ⅴⓜ䓗㦻䤓JDK⛱᧻㒠ⅻ㼰㦘┭㽤㔙15⺇㣍䯉⣷
♧㒟24⺇䤓᧨⇕☃♾ⅴ恷怙JDK䓗㦻⃚梃䤓㼮⭠᧨㔙JDK 1.5₼冥䤓ⅲ䪐㟍ⒿJDK 1.4㒥1.3
䤓䘾⬒₼♊捷刁∎䞷ᇭℕ屲⑂扨₹桽欧᧨䱜⚜“Java投⚠䲊㮜”䤓ぴ␆᧤Java
Backporting Tools᧥ㄣ扟力䞮᧨Retrotranslator[1]㢾扨伊ぴ␆₼戒⒉唁䤓₹ᇭ

Retrotranslator䤓⇫䞷㢾⺕JDK 1.5冥幠⒉㧴䤓Class㠖ↅ懻♧♾ⅴ⦷JDK 1.4㒥1.3ₙ捷刁
䤓䓗㦻᧨⸒♾ⅴ㈗Ⰼ⦿㞾㖐呹┷孔乀ᇬ㽪⨚ᇬ┷㊐㽷屲ᇬ㨩ᇬ♧栎♑㟿ᇬ拜☕㈹䘾ᇬ槨㊐
⺋⏴扨K幼㽤䔈㊶᧨䞩咂执♾ⅴ㞾㖐JDK 1.5₼㠿⬭䤓楕⚗㟈扪ᇬㄅ♠▔ⅴ♙⺈㽪⨚ᇬ㽷屲
䷘䤓♜⺓㝜⇫ᇭℕ屲ℕRetrotranslator扨䱜投⚠䲊㮜ぴ␆♾ⅴ⋩⅏⃗ⅴ⚝᧨䘿⦷␂㉒䤓㢾⸒㢾
㊝㫆⋩Ⓙ䤓᧻

尐㎂䩴拢RetrotranslatorⰑ⇤⦷㡶䓗㦻JDK₼㲰㕮㠿䓗㦻JDK䤓┮厌᧨氥⏗尐㆓䂔㯩JDK
◖儶₼↩㙟∪❹K㠿䤓┮厌ᇭJDK㹞㶰◖儶㠿⬭䤓┮厌⮶咃♾ⅴ⒕ⅴₚ4伊᧶

⦷冥幠⣷⻑槱⋩䤓㟈扪ᇭⰑ呹┷孔乀㕕乀᧨⸭棔ₙ⻀㢾冥幠⣷⦷䲚ㄞ₼∎䞷Ⓙ▔孔⺈廰
䤓⦿㡈呹┷㙡⏴ℕ㈗⮩Integer.valueOf᧤᧥ᇬFloat.valueOf᧤᧥⃚伊䤓ⅲ䪐᧷♧栎♑㟿⦷冥幠
⃚⚝⻀呹┷懻▥㒟ℕ₹㟿兓㧴⸛㒟♑㟿↯抡᧷㽪⨚䤓≰㋾⒨⦷冥幠棅㹄⻀め兞㝵棳㘘ℕ
᧤⇕㢾⦷⏒㟿㗽₼执≬䟨䧏᧥᧨䦇ㄣ䤓⦿㡈嬺冥幠⣷呹┷㙡⏴ℕ伊⨚懻㗱ⅲ䪐[2]ᇭ

⺈Java API䤓ⅲ䪐⬭㇉ᇭ巻ⰑJDK 1.2㢅ⅲㆤ⏴䤓java.util.Collections䷘侊⒦楕⚗伊᧨⦷
JDK 1.5㢅ⅲㆤ⏴䤓java.util.concurrentㄅ♠▔䷘ᇭ

榏尐⦷ⷦ唑䪐₼扪嫛㞾㖐䤓㟈┷ᇭⰑJDK 1.7摛槱㠿┯⏴䤓幼㽤䔈㊶᧶┷㊐幼岏㞾㖐᧨
⻀榏尐⦷壩㕮㧉₼㠿⬭㧰invokedynamicⷦ唑䪐㖖ⅳ㧴⸭䘿䦇␂䤓庒䞷┮厌ᇭₜ扖ⷦ唑䪐㖖
ⅳ楕䦃⮓ℝ䦇⺈㹣戒䳂⸩䤓䕅㊐᧨扨䱜榏尐⦷ⷦ唑䪐⻑槱䦃㘴扪嫛䤓㟈┷㢾㹣戒⺠屐䤓ᇭ

壩㕮㧉␔捷䤓㟈扪ᇭⰑJDK 1.5₼⸭䘿䤓JSR-133[3]屓喒摜㠿⸩⃘䤓Java␔ⷧ㲰⨚᧤Java
Memory Model,JMM᧥ᇬCMS㟅楕⣷⃚伊䤓㟈┷᧨扨伊㟈┷⺈ℝ䲚ㄞ⛧冥ⅲ䪐⪉㦻㢾択㢝
䤓᧨⇕↩⺈䲚ㄞ扟嫛㢅ℶ䞮㈀❜ᇭ

ₙ承4伊㠿┮厌₼᧨Retrotranslator♹厌㲰㕮ⓜ₳伊᧨⺈ℝ⚝槱₳伊䦃㘴⦷壩㕮㧉␔捷⸭
䘿䤓㟈扪᧨咻㓏㦘䤓投⚠䲊㮜ぴ␆掌㢾㡯厌┪䤓᧨咂⺠ₜ厌⸛㠃⦿㒥劔⦷♾㘴♦䤓㟗䘖



ₙ⸛㒟⏷捷㲰㕮᧨⚵⒨壩㕮㧉幍帰⥱梮⃮㼰㦘㉔尐咜扠㻑扫⦿㟈┷⮓ℝJDKㄤ⻑䤓壩㕮㧉ᇭ
⦷♾ⅴ㲰㕮䤓₳伊┮厌₼᧨䶻ℛ伊㲰㕮䦇⺈㦃⹈㢢⸭䘿K᧨ⰑJDK 1.5ㆤ⏴䤓
java.util.concurrent▔᧨⸭棔㢾䟀⮩兎䲚⮶Doug Lea♠䤓⯦ㄅ♠▔᧨⦷JDK 1.5⒉䘿⃚ⓜ
⻀め兞ⷧ⦷᧤挲㢅⊨⚜ⷦ♺⋩dl.util.concurrent᧨ㆤ⏴JDK㢅䟀⇫劔✛JDK♠⥱梮␀⚛⋩ℕ
K㟈扪᧥᧨㓏ⅴ尐⦷㡶䤓JDK₼㞾㖐扨捷⒕┮厌᧨ⅴ䕻䵚伊ㄢ䤓㡈㆞≎♾⸭䘿ᇭ
Retrotranslator₼棓サℕ₹⚜♺“backport-util-concurrent.jar”䤓伊ㄢ᧤䟀♵₹⚜“Backport
ot JSR 166”䤓欈䥽㓏㙟∪᧥㧴ⅲ㦎JDK 1.5䤓ㄅ♠▔ᇭ

咂ℝJDK⦷冥幠棅㹄扪嫛⮓䚕䤓挲K㟈扪᧨Retrotranslator⒨㢾∎䞷ASM㫕㩅䦃㘴⺈ⷦ唑
䪐扪嫛⮓䚕ᇭ䟀ℝ兓㒟Class㠖ↅ䤓ⷦ唑䪐㖖ⅳ㟿摞ㄅ㼰㦘㟈♧᧨㓏ⅴ㡯幉㢾JDK 1.3ᇬJDK
1.4执㢾JDK 1.5᧨厌䞷ⷦ唑䪐嫷才䤓幼⃘喒⦃ㄣ年㢾咃䤓ᇭ㇢䏅᧨匾⸩ₜ♾厌丏◤⦿㔙
Class䤓㠖ↅ䓗㦻⚆⅝49.0㟈⥭48.0⻀厌屲⑂桽欧ℕ᧨夌䏅ⷦ唑䪐㖖ⅳ䤓㟿摞㼰㦘♧▥᧨⇕㢾
⏒㟿㗽≰㋾✛K幼㽤㞾㖐䤓␔⹈执㢾尐⋩䦇ㄣ䤓≽㟈ᇭⅴ㨩√᧨⦷JDK 1.5₼⬭┯ℕ
enum␂枽ⷦ᧨⇕㢾Class㠖ↅデ摞㻯䤓CONSTANT_Class_info伊⨚デ摞ㄅ㼰㦘♠䞮↊⇤幼⃘♧
▥᧨⅜䏅㢾ⅲ嫷₹伊㒥㘴♲䤓䶵⚆ㆤ䞷᧨㼰㦘┯⏴㨩᧨⃮㼰㦘⬭┯
扖“CONSTANT_Enum_info”⃚伊䤓“㨩䶵⚆ㆤ䞷”デ摞ᇭ㓏ⅴ∎䞷enum␂枽ⷦ⸩⃘デ摞᧨夌
䏅⅝Java幼㽤ₙ䦚怆㧴∎䞷class␂枽ⷦ⸩⃘伊ᇬ∎䞷interface␂枽ⷦ⸩⃘㘴♲㢾⚛⻑㶰
䤓᧨⇕⸭棔ₙ扨㢾䟀Javac冥幠⣷⋩⒉㧴䤓⋖廰᧨⅝ⷦ唑䪐䤓屡ㄵ㧴䦚᧨㨩⅔⅔㢾₹其
㔎ℝjava.lang.Enumᇬ呹┷䞮㒟ℕvalues᧤᧥✛valueOf᧤᧥㡈㽤䤓㣽抩Java伊力めᇭ

Retrotranslator⺈㨩㓏⋩䤓尐⮓䚕⻀㢾㔙㨩伊䤓䓅伊⅝“java.lang.Enum”㦎㗱⸒扟
嫛㢅伊ㄢ₼▔⚺䤓“net.sf.retrotranslator.runtime.java.lang.Enum_”᧨䏅⚝␜⦷伊✛ⷦ㹄䤓幎桽㪖
㉦₼㕈♊ACC_ENUM㪖㉦⇜ᇭ㇢䏅᧨扨♹㢾⮓䚕䤓㋊⇢㊬恾᧨␆⇢䤓⸭䘿尐㹣ₙ槱広䤓⮜
㧑㈦⮩ᇭ♾ⅴ㎂廰㡱䏅₳₹䓅伊⸭䘿掌ₜ㫆᧨values᧤᧥✛valueOf᧤᧥䤓㡈㽤呹䏅榏尐摜
᧨デ摞㻯榏尐ㆤ⏴⮶摞㠿䤓㧴呹䓅伊䤓䶵⚆ㆤ䞷᧨扨K掌㢾⸭䘿兕唑ᇭ⦍9-3㢾₹∎䞷
JDK 1.5冥幠䤓㨩伊嬺Retrotranslator懻㗱⮓䚕⚝䤓ⷦ唑䪐䤓⺈㹣⦍ᇭ



⦍ᇫ9-3ᇫRetrotranslator⮓䚕ⓜ⚝䤓㨩伊ⷦ唑䪐⺈㹣
[1]Retrotranslator⸧㡈䵨䍈᧶http://retrotranslator.sf.netᇭ
[2]Ⱁ㨫㎂ℕ屲冥幠⣷⦷扨₹棅㹄㓏⋩䤓⚓䱜┷⇫䤓幵兕≰㋾᧨挲⃗♾ⅴ♑劒10.3唑ᇭ
[3]JSR-133᧶Java Memory Model and Thread Specification Revision᧤Java␔ⷧ㲰⨚✛兎䲚屓喒
≽帱᧥ᇭ



9.3ᇫ⸭㒧᧶呹む┷㓚⸭䘿扫䲚㓶嫛┮厌
ₜ䩴拢床劔⦷⋩䲚ㄞ冃㔳䤓㢅⊨㢾⚵拖Ⓙ扖扨伊㍔ㇱ᧶㘡㩴桽欧䤓扖䲚₼᧨㎂㩴䦚␔ⷧ

₼䤓K♑㟿⋋᧨☃♗㼰㦘㡈㽤㔙扨K⋋戢⒉Ⓙ䟛槱㒥㡴㉦₼᧨♗㒥劔⸩⇜Ⓙ㩟₹冢ⷧ㟿㗽
㦘桽欧᧨⇕凉⺠冢ⷧ䤓兮丰䚕䟛槱᧨ₜ㈦ₜ摜⚾㦜┰㓜厌䂔䚕扨₹冢ⷧᇭ伊⇋䤓榏㻑㦘
₹␀⚛䤓䔈䍈᧨挲⻀㢾♹尐⦷㦜┰₼㓶嫛㹄䲚ㄞⅲ䪐᧨⻀♾ⅴ⸩⇜㒥㘡棳桽欧᧨⇕⻀㢾⋞
⋞㔍ₜⒿ♾ⅴ常㦜┰⣷㓶嫛㢅ⅲ䪐䤓抣㈓᧨扨㢅⊨⻀↩゛㦪Java㦜┰⣷₼⃮㦘㙟∪伊⇋
Groovy Console䤓┮厌ᇭ

JDK 1.6⃚⚝㙟∪ℕCompiler API᧨♾ⅴ┷㊐⦿冥幠Java䲚ㄞ᧨夌䏅扨㫆才ₜⒿ┷㊐幼岏
䤓䌄㿊ㄵ᧨⇕常㦜┰⣷㓶嫛㢅ⅲ䪐䤓榏㻑⻀♾ⅴ㈦Ⓙ屲⑂ℕᇭ⦷JDK 1.6⃚ⓜ᧨⃮♾ⅴ抩
扖␅Ⅵ㡈㆞㧴⋩Ⓙ᧨巻Ⱁ₹JSP㠖ↅₙ↯Ⓙ㦜┰⣷᧨䏅⚝⦷㿞屗⣷₼扟嫛⸒᧨㒥劔⦷㦜
┰䵾䲚ㄞ₼┯⏴₹BeanShell ScriptᇬJavaScript䷘䤓㓶嫛ㆤ㝝᧤ⰑMozilla Rhino[1]᧥♊㓶嫛┷
㊐厩㦻ᇭ⦷㦻䵯䤓⸭㒧捷⒕᧨㒠ⅻ⺕∎䞷ⓜ槱ⷵⒿ䤓␂ℝ伊┯戌♙壩㕮㧉㓶嫛侊兮䤓䩴幕
♊⸭䘿⦷㦜┰䵾㓶嫛㢅ⅲ䪐䤓┮厌ᇭ

9.3.1ᇫ䥽㪖

氥⏗᧨⦷⸭䘿“⦷㦜┰䵾㓶嫛㢅ⅲ䪐”扨₹榏㻑⃚ⓜ᧨⏗㧴㢝䫽ₚ㦻㶰⸭㒧䤓␆⇢䥽
㪖᧨㒠ⅻ゛㦪㦏兗䤓ℶ❐㢾扨㫆䤓᧶

ₜ∬忥JDK䓗㦻᧨厌⦷䥽ⓜ执㣽拜∎䞷䤓JDK₼捷刁᧨⃮⻀㢾∎䞷JDK 1.4ᨺJDK 1.7掌♾
ⅴ扟嫛ᇭ

ₜ㟈♧☮㦘㦜┰䵾䲚ㄞ䤓捷刁᧨ₜ∬忥↊⇤䶻ₘ㡈伊ㄢᇭ

ₜ≄⏴☮㦘䲚ㄞ᧨☂㡯權㟈┷☮䲚ㄞ䤓↊⇤ⅲ䪐᧨⃮ₜ↩⺈☮㦘䲚ㄞ䤓扟嫛サ㧴↊⇤㈀
❜ᇭ

劒ⒿBeanShell Script㒥JavaScript䷘厩㦻冥怆㧴ₜ⮹㡈≎᧨“㢅ⅲ䪐”榏尐䦃㘴㞾㖐
Java幼岏ᇭ

“㢅ⅲ䪐”ㄣ㇢␆恂⮮䤓呹䟀ㄵ᧨ₜ榏尐∬忥䔈⸩䤓伊㒥⸭䘿䔈⸩䤓㘴♲ᇭ扨摛䤓
㢾“ₜ榏尐”力ₜ㢾“ₜ♾ⅴ”᧨㇢“㢅ⅲ䪐”榏尐ㆤ䞷␅Ⅵ伊ㄢ㢅⃮㼰㦘棟Ⓟ᧨♹尐㦜┰䵾䲚
ㄞ厌∎䞷䤓᧨㢅ⅲ䪐ㄣ㇢掌厌䦃㘴ㆤ䞷ᇭ

“㢅ⅲ䪐”䤓㓶嫛兢㨫厌扣⥭Ⓙ⸱㓆䵾᧨㓶嫛兢㨫♾ⅴ▔㕻䲚ㄞ₼戢⒉䤓≰㋾♙㔪⒉䤓
㆑デ䷘ᇭ

䦚⸛ₙ槱⒦⒉䤓䥽㪖᧨⇯屘㈦⸛㒟扨₹榏㻑榏尐⋩⮩⺠ぴ⇫⛱᧻⃮幇䷣㫗㹣⮶⮩㟿ⅉ㓏
㎂䤓掌尐丏◤K᧶5₹伊᧨250嫛ⅲ䪐᧤⚺㽷摙᧥᧨⮶儵₹◙⺞㢅ふ⚂䤓♠㢅梃⻀♾ⅴ
ℕ᧨䘿⦷⻀ⱚ冥䲚ㄞ⚶

[1]Rhino䵨䍈᧶http://www.mozilla.org/rhino/᧨Rhinoめ嬺㟅冥⏴JDK 1.6₼ᇭ



9.3.2ᇫ㊬恾

⦷䲚ㄞ⸭䘿䤓扖䲚₼᧨㒠ⅻ榏尐屲⑂ⅴₚ3₹桽欧᧶

Ⱁ⇤冥幠㙟ℳⒿ㦜┰⣷䤓Javaⅲ䪐᧻

Ⱁ⇤㓶嫛冥幠⃚⚝䤓Javaⅲ䪐᧻

Ⱁ⇤㟅楕Javaⅲ䪐䤓㓶嫛兢㨫᧻

⺈ℝ䶻₹桽欧᧨㒠ⅻ㦘₳䱜㊬恾♾ⅴ折㕸᧨䱜㢾∎䞷tools.jar▔᧤⦷Sun JDK/lib䥽
ₚ᧥₼䤓com.sun.tools.javac.Main伊㧴冥幠Java㠖ↅ᧨扨␅⸭✛∎䞷Javac✌ⅳ冥幠㢾㫆䤓ᇭ
扨䱜㊬恾䤓凉䍈㢾ㆤ⏴ℕ欬⮥䤓JAR▔᧨力₣㔙䲚ㄞ“兠㸊”⦷Sun䤓JDKₙℕ᧨尐捷刁Ⓙ␅Ⅵ
⏻⚇䤓JDK₼执㈦㔙tools.jarサₙ᧤夌䏅JRockit✛J9壩㕮㧉⃮㦘扨₹JAR▔᧨⇕⸒㋊ₜ㢾㪖
㓏屓⸩㉔權ⷧ⦷䤓᧥ᇭ♵⮥䱜㊬恾㢾䦃㘴⦷⸱㓆䵾冥幠Ⰼ᧨㔙ⷦ唑䪐力ₜ㢾Javaⅲ䪐↯Ⓙ
㦜┰䵾᧨扨⚻怆㧴Ⰼ⍞㦘䍈㔤㧉♥ぶ᧨咻㧴広䫽⸭ₜㄣ年⋖⸩⸱㓆䵾⸩␆㦘冥幠ⅲ䪐䤓
厌┪᧨⇕㢾㡱䏅䲚ㄞ⛧↩Javaⅲ䪐♊全㦜┰䵾㘡㩴桽欧᧨挲⃗㈗楍㎂廰Ⅵ䤓㧉⣷ₙ↩扭冥
幠Java䲚ㄞ䤓䘾⬒掌㼰㦘ᇭ

⺈ℝ䶻ℛ₹桽欧᧨丏◤⦿㎂᧶尐㓶嫛冥幠⚝䤓Javaⅲ䪐᧨常伊┯戌⣷┯戌扨₹伊䞮㒟
₹Class⺈廰᧨䏅⚝♜⺓庒䞷ₚ㩟₹㡈㽤⻀♾ⅴℕ᧤⥯ₜ⸭䘿↊⇤㘴♲᧨㒠ⅻ♾ⅴ⊮䞷
ₚJava₼ⅉⅉ䤕䩴䤓“main᧤᧥”㡈㽤᧥ᇭ⇕㒠ⅻ执ㄣ年劒壠㈦㦃⛷⏷K᧶㹄䲚ㄞ㈏㈏ₜ
㢾冥ᇬ扟嫛㶰⻀厌才Ⓙ㟗㨫᧨⚛₹伊♾厌尐♜⮜⦿≽㟈ᇬ㙟ℳᇬ㓶嫛ᇭ♵⮥᧨㙟ℳₙ
♊䤓伊尐厌幎桽㦜┰䵾䤓␅Ⅵ伊ㄢ㓜嫛ᇭ执㦘᧨㡱䏅㙟ℳ䤓㢾㢅ⅲ䪐᧨挲㙟ℳ䤓Java伊⦷
㓶嫛⸛⚝⻀ㄣ㇢厌☇戌✛⥭㟅ᇭ

㦏⚝䤓₹桽欧᧨㒠ⅻ㎂㔙䲚ㄞ㈏㪖戢⒉᧤System.out᧥✛㪖枨幾戢⒉
᧤System.err᧥₼㓢◿䤓≰㋾㟅楕怆㧴᧨⇕㪖戢⒉幍㢾㠃₹壩㕮㧉扪䲚⏷⻏␀℺䤓忓䄟᧨
Ⱁ㨫∎䞷System.setOut᧤᧥/System.setErr᧤᧥㡈㽤㔙戢⒉㿐摜⸩⚠Ⓙ呹む⸩⃘䤓PrintStream⺈
廰ₙ⦉䏅♾ⅴ㟅楕戢⒉≰㋾᧨⇕⃮↩⺈☮㦘䲚ㄞℶ䞮㈀❜᧶↩㔙␅Ⅵ兎䲚⚠㪖戢⒉₼㓢◿
䤓≰㋾⃮㟅楕ℕᇭ夌䏅扨Kㄅₜ㢾ₜ厌屲⑂䤓桽欧᧨ₜ扖ℕ才Ⓙ⸛⏷ₜ㈀❜☮䲚ㄞ䤓䥽
䤓᧨㒠ⅻ♾ⅴ摖䞷♵⮥䱜┭㽤᧨☂䦃㘴⦷㓶嫛䤓伊₼㔙⺈System.out䤓䶵⚆ㆤ䞷㦎㗱㒠
ⅻ䤓PrintStream䤓䶵⚆ㆤ䞷᧨∬忥ⓜ槱⃯ⷵ䤓䩴幕᧨⋩Ⓙ扨䍈ㄅₜ⥿楍ᇭ



9.3.3ᇫ⸭䘿

⦷䲚ㄞ⸭䘿捷⒕᧨㒠ⅻ尐䦚ₚⅲ䪐♙␅㽷摙ᇭ氥⏗䦚䦚⸭䘿扖䲚₼榏尐䞷Ⓙ䤓4₹
㞾㖐伊ᇭ䶻₹伊䞷ℝ⸭䘿“⚛₹伊䤓ⅲ䪐♾ⅴ嬺⮩㶰┯戌”扨₹榏㻑᧨☂䞷ℝ屲⑂9.3.1唑
₼⒦䤓䶻2₹桽欧䤓HotSwapClassLoader᧨␆⇢䲚ㄞⰑⅲ䪐䂔◤9-3㓏䯉ᇭ

ⅲ䪐䂔◤9-3ᇫHotSwapClassLoader䤓⸭䘿

/**
*ℕ⮩㶰戌⏴㓶嫛伊力┯⏴䤓┯戌⣷᧸br᧺
*㔙defineClass㡈㽤㟍⒉㧴᧨♹㦘⮥捷㣍㆞庒䞷䤓㢅⊨㓜↩∎䞷ⒿloadByte㡈㽤
*䟀壩㕮㧉庒䞷㢅᧨⅜䏅㖘䏶☮㦘䤓♛⅁Ᵽ㿍屓⒨∎䞷loadClass㡈㽤扪嫛伊┯戌
*
*@author zzm
*/
public class HotSwapClassLoader extends ClassLoader{
public HotSwapClassLoader᧤᧥{
super᧤HotSwapClassLoader.class.getClassLoader᧤᧥᧥᧷
}
public Class loadByte᧤byte[]classByte᧥{
return defineClass᧤null,classByte᧨0᧨classByte.length᧥᧷
}
}

HotSwapClassLoader㓏⋩䤓ℚ㍔⅔⅔㢾⏻䓅伊᧤☂java.lang.ClassLoader᧥₼䤓
protected㡈㽤defineClass᧤᧥᧨㒠ⅻ⺕↩∎䞷扨₹㡈㽤㔙㙟ℳ㓶嫛䤓Java伊䤓byte[]㟿兓懻♧
Class⺈廰ᇭHotSwapClassLoader₼ㄅ㼰㦘摜loadClass᧤᧥㒥findClass᧤᧥㡈㽤᧨⥯㷳Ⱁ
㨫ₜ並⮥捷㓚ぴ庒䞷loadByte᧤᧥㡈㽤䤓幬᧨扨₹伊┯戌⣷䤓伊㩴㔍喒⦃⸒䤓䓅伊┯戌⣷
㢾⸛⏷咃䤓᧨⦷嬺壩㕮㧉庒䞷㢅᧨⸒↩㖘䏶♛⅁Ᵽ㿍㲰⨚ℳ全䓅伊┯戌ᇭ㨓抯⒌㟿₼㖖⸩
┯戌HotSwapClassLoader伊䤓伊┯戌⣷⇫䓅伊┯戌⣷᧨扨㷴㢾⸭䘿㙟ℳ䤓㓶嫛ⅲ䪐♾
ⅴ幎桽㦜┰䵾ㆤ䞷伊ㄢ䤓␂枽᧨ₚ槱㒠ⅻ㧴䦚䦚ⅲ䪐䂔◤9-3ᇭ

䶻ℛ₹伊㢾⸭䘿⺕java.lang.System㦎㗱㒠ⅻ呹む⸩⃘䤓HackSystem伊䤓扖䲚᧨⸒䦃㘴
≽㟈䶵⚗Class㠖ↅ㫋㆞䤓byte[]㟿兓₼䤓デ摞㻯捷⒕᧨⺕デ摞㻯₼㖖⸩␔⹈䤓
CONSTANT_Utf8_infoデ摞㦎㗱㠿䤓ⷦ䶵᧨␆⇢ⅲ䪐Ⱁⅲ䪐䂔◤9-4㓏䯉ᇭClassModifier
₼䀘♙⺈byte[]㟿兓㝜⇫䤓捷⒕᧨尐㢾⺕byte[]int✛String℡䦇懻㗱᧨ⅴ♙㔙⺈byte[]㟿㗽
䤓㦎㗱㝜⇫⺐孔⦷ⅲ䪐䂔◤9-5㓏䯉䤓ByteUtils₼ᇭ

ⅲ䪐䂔◤9-4ᇫClassModifier䤓⸭䘿

/**
*≽㟈Class㠖ↅ᧨㤑㢅♹㙟∪≽㟈デ摞㻯デ摞䤓┮厌
*@author zzm
*/
public class ClassModifier{
/**
*Class㠖ↅ₼デ摞㻯䤓怆ⱚ⋞䲊
*/
private static final int CONSTANT_POOL_COUNT_INDEX=8᧷
/**
*CONSTANT_Utf8_infoデ摞䤓tag㪖㉦
*/
private static final int CONSTANT_Utf8_info=1᧷
/**
*デ摞㻯₼11䱜デ摞㓏◯䤓栎ㄵ᧨CONSTANT_Utf8_info⨚デ摞棳⮥᧨⥯⸒ₜ㢾⸩栎䤓
*/
private static final int[]CONSTANT_ITEM_LENGTH={-1᧨-1᧨-1᧨5᧨5᧨9᧨9᧨3᧨3᧨5᧨5᧨5᧨5}᧷
private static final int u1=1᧷
private static final int u2=2᧷
private byte[]classByte᧷
public ClassModifier᧤byte[]classByte᧥{
this.classByte=classByte᧷
}
/**
*≽㟈デ摞㻯₼CONSTANT_Utf8_infoデ摞䤓␔⹈
*@param oldStr≽㟈ⓜ䤓ⷦ䶵
*@param newStr≽㟈⚝䤓ⷦ䶵
*@return≽㟈兢㨫
*/
public byte[]modifyUTF8Constant᧤String oldStr,String newStr᧥{
int cpc=getConstantPoolCount᧤᧥᧷
int offset=CONSTANT_POOL_COUNT_INDEX+u2᧷
for᧤int i=0᧷i᧸cpc᧷i++᧥{
int tag=ByteUtils.bytes2Int᧤classByte,offset,u1᧥᧷
if᧤tag==CONSTANT_Utf8_info᧥{
int len=ByteUtils.bytes2Int᧤classByte,offset+u1᧨u2᧥᧷
offset+=᧤u1+u2᧥᧷
String str=ByteUtils.bytes2String᧤classByte,offset,len᧥᧷
if᧤str.equalsIgnoreCase᧤oldStr᧥᧥{
byte[]strBytes=ByteUtils.string2Bytes᧤newStr᧥᧷



byte[]strLen=ByteUtils.int2Bytes᧤newStr.length᧤᧥᧨u2᧥᧷
classByte=ByteUtils.bytesReplace᧤classByte,offset-u2᧨u2᧨strLen᧥᧷
classByte=ByteUtils.bytesReplace᧤classByte,offset,len,strBytes᧥᧷
return classByte᧷
}else{
offset+=len᧷
}
}else{
offset+=CONSTANT_ITEM_LENGTH[tag]᧷
}
}
return classByte᧷
}
/**
*噆♥デ摞㻯₼デ摞䤓㟿摞
*@returnデ摞㻯㟿摞
*/
public int getConstantPoolCount᧤᧥{
return ByteUtils.bytes2Int᧤classByte,CONSTANT_POOL_COUNT_INDEX,u2᧥᧷
}
}

ⅲ䪐䂔◤9-5ᇫByteUtils䤓⸭䘿

/**
*Bytes㟿兓⮓䚕ぴ␆
*@author
*/
public class ByteUtils{
public static int bytes2Int᧤byte[]b,int start,int len᧥{
int sum=0᧷
int end=start+len᧷
for᧤int i=start᧷i᧸end᧷i++᧥{
int n=᧤᧤int᧥b[i]᧥᧢0xff᧷
n᧸᧸=᧤--len᧥*8᧷
sum=n+sum᧷
}
return sum᧷
}
public static byte[]int2Bytes᧤int value,int len᧥{
byte[]b=new byte[len]᧷
for᧤int i=0᧷i᧸len᧷i++᧥{
b[len-i-1]=᧤byte᧥᧤᧤value᧺᧺8*i᧥᧢0xff᧥᧷
}
return b᧷
}
public static String bytes2String᧤byte[]b,int start,int len᧥{
return new String᧤b,start,len᧥᧷
}
public static byte[]string2Bytes᧤String str᧥{
return str.getBytes᧤᧥᧷
}
public static byte[]bytesReplace᧤byte[]originalBytes,int offset,int len,byte[]replaceBytes᧥{
byte[]newBytes=new byte[originalBytes.length+᧤replaceBytes.length-len᧥]᧷
System.arraycopy᧤originalBytes᧨0᧨newBytes᧨0᧨offset᧥᧷
System.arraycopy᧤replaceBytes᧨0᧨newBytes,offset,replaceBytes.length᧥᧷
System.arraycopy᧤originalBytes,offset+len,newBytes,offset+replaceBytes.length,originalBytes.length-offset-len᧥᧷
return newBytes᧷
}
}

兞扖ClassModifier⮓䚕⚝䤓byte[]㟿兓㓜↩↯全HotSwapClassLoader.loadByte᧤᧥㡈㽤扪
嫛伊┯戌᧨byte[]㟿兓⦷扨摛㦎㗱䶵⚆ㆤ䞷⃚⚝᧨⸱㓆䵾䦃㘴⦷Javaⅲ䪐₼ㆤ䞷HackSystem
伊␜冥幠䞮㒟䤓Class㢾⸛⏷㫆䤓ᇭ扨㫆䤓⸭䘿㡱挎⏜ℕ⸱㓆䵾冥㢅㓶嫛ⅲ䪐㢅尐∬忥
䔈⸩䤓伊᧤ₜ䏅㡯㽤ㆤ⏴HackSystem᧥᧨♗挎⏜ℕ㦜┰䵾≽㟈㪖戢⒉⚝㈀❜Ⓙ␅Ⅵ䲚ㄞ䤓
戢⒉ᇭₚ槱㒠ⅻ㧴䦚䦚ⅲ䪐䂔◤9-4✛ⅲ䪐䂔◤9-5ᇭ

㦏⚝₹伊⻀㢾ⓜ槱㙟Ⓙ扖䤓䞷㧴ⅲ㦎java.lang.System䤓HackSystem᧨扨₹伊₼䤓㡈㽤
䦚怆㧴ₜ⺠᧨⇕␅⸭棳ℕ㔙out✛err₳₹槨㊐♧摞㟈㒟∎䞷ByteArrayOutputStream⇫㓢◿䥽
㪖䤓⚛₹PrintStream⺈廰᧨ⅴ♙⬭┯ℕ床♥ᇬ䂔䚕ByteArrayOutputStream₼␔⹈䤓
getBufferString᧤᧥✛clearBuffer᧤᧥㡈㽤⮥᧨⻀␜㼰㦘␅Ⅵ㠿漫䤓␔⹈ℕᇭ␅⇨䤓㡈㽤⏷捷
掌㧴呹ℝSystem伊䤓public㡈㽤᧨㡈㽤⚜ⷦᇬ♑㟿ᇬ扣⥭⋋掌⸛⏷㫆᧨ㄅ₣⸭䘿⃮㢾䦃㘴
懻庒ℕSystem伊䤓⺈ㄣ㡈㽤力めᇭ≬䟨扨K㡈㽤䤓䥽䤓᧨㢾ℕ⦷Sytem嬺㦎㗱㒟HackSystem
⃚⚝᧨㓶嫛ⅲ䪐₼庒䞷䤓System䤓␅⇨㡈㽤⅜䏅♾ⅴ其兼∎䞷᧨HackSystem䤓⸭䘿Ⱁⅲ䪐䂔
◤9-6㓏䯉ᇭ

ⅲ䪐䂔◤9-6ᇫHackSystem䤓⸭䘿

/**
*JavaClass┺㖐java.lang.System㙟∪㞾㖐
*棳ℕout✛err⮥᧨␅⇨䤓掌䦃㘴懻♠全System⮓䚕
*
*@author zzm
*/
public class HackSystem{
public final static InputStream in=System.in᧷



private static ByteArrayOutputStream buffer=new ByteArrayOutputStream᧤᧥᧷
public final static PrintStream out=new PrintStream᧤buffer᧥᧷
public final static PrintStream err=out᧷
public static String getBufferString᧤᧥{
return buffer.toString᧤᧥᧷
}
public static void clearBuffer᧤᧥{
buffer.reset᧤᧥᧷
}
public static void setSecurityManager᧤final SecurityManager s᧥{
System.setSecurityManager᧤s᧥᧷
}
public static SecurityManager getSecurityManager᧤᧥{
return System.getSecurityManager᧤᧥᧷
}
public static long currentTimeMillis᧤᧥{
return System.currentTimeMillis᧤᧥᧷
}
public static void arraycopy᧤Object src,int srcPos,Object dest,int destPos,int length᧥{
System.arraycopy᧤src,srcPos,dest,destPos,length᧥᧷
}
public static int identityHashCode᧤Object x᧥{
return System.identityHashCode᧤x᧥᧷
}
//ₚ槱㓏㦘䤓㡈㽤掌java.lang.System䤓⚜䱿㫆
//⸭䘿掌㢾ⷦ唑懻庒System䤓⺈ㄣ㡈㽤
//⥯䓗槱☮⥯᧨䦐䟴ℕ␅Ⅵ㡈㽤
}

咂㷳᧨4₹㞾㖐伊め兞幁屲⸛㹤᧨㒠ⅻ㧴䦚䦚㦏⚝₹伊JavaClassExecuter᧨⸒㢾㙟∪全
⮥捷庒䞷䤓⏴♲᧨庒䞷ⓜ槱⑯₹㞾㖐伊兓孔拊戠᧨⸛㒟伊┯戌ぴ⇫ᇭJavaClassExecuter♹㦘
₹execute᧤᧥㡈㽤᧨䞷戢⏴䤓䶵⚗Class㠖ↅ㫋㆞䤓byte[]㟿兓㦎㗱java.lang.System䤓䶵⚆ㆤ
䞷⚝᧨∎䞷HotSwapClassLoader┯戌䞮㒟₹Class⺈廰᧨䟀ℝ㹞㶰㓶嫛execute᧤᧥㡈㽤掌↩
䞮㒟₹㠿䤓伊┯戌⣷⸭√᧨⥯㷳⚛₹伊♾ⅴ⸭䘿摜⮜┯戌ᇭ䏅⚝᧨♜⺓庒䞷扨₹Class⺈
廰䤓main᧤᧥㡈㽤᧨Ⱁ㨫㦮梃⒉䘿↊⇤㆑デ᧨⺕㆑デ≰㋾㓢◿ⒿHackSystem.out₼᧨㦏⚝㔙冢
⑁◉₼䤓≰㋾⇫㡈㽤䤓兢㨫扣⥭ᇭJavaClassExecuter䤓⸭䘿ⅲ䪐Ⱁⅲ䪐䂔◤9-7㓏䯉ᇭ

ⅲ䪐䂔◤9-7ᇫJavaClassExecuter䤓⸭䘿

/**
*JavaClass㓶嫛ぴ␆
*
*@author zzm
*/
public class JavaClassExecuter{
/**
*㓶嫛⮥捷↯扖㧴䤓ⅲ嫷₹Java伊䤓byte㟿兓᧸br᧺
*⺕戢⏴伊䤓byte㟿兓₼ⅲ嫷java.lang.System䤓CONSTANT_Utf8_infoデ摞≽㟈┺㖐⚝䤓HackSystem伊
*㓶嫛㡈㽤年伊䤓static main᧤String[]args᧥㡈㽤᧨戢⒉兢㨫年伊⚠System.out/err戢⒉䤓≰㋾
*@param classByteⅲ嫷₹Java伊䤓byte㟿兓
*@return㓶嫛兢㨫
*/
public static String execute᧤byte[]classByte᧥{
HackSystem.clearBuffer᧤᧥᧷
ClassModifier cm=new ClassModifier᧤classByte᧥᧷
byte[]modiBytes=cm.modifyUTF8Constant᧤"java/lang/System"᧨"org/fenixsoft/classloading/execute/HackSystem"᧥᧷
HotSwapClassLoader loader=new HotSwapClassLoader᧤᧥᧷
Class clazz=loader.loadByte᧤modiBytes᧥᧷
try{
Method method=clazz.getMethod᧤"main"᧨new Class[]{String[].class}᧥᧷
method.invoke᧤null,new String[]{null}᧥᧷
}catch᧤Throwable e᧥{
e.printStackTrace᧤HackSystem.out᧥᧷
}
return HackSystem.getBufferString᧤᧥᧷
}
}



9.3.4ᇫ洛幐

扫䲚㓶嫛┮厌䤓冥䪐Ⓙ㷳⻀⸛㒟ℕ᧨㘴ₚ㧴⻀尐㭏洛ₚ㒠ⅻ䤓╂┷㒟㨫ℕᇭⰑ㨫♹㢾
㿚幤䤓幬᧨挲⃗♾ⅴ↊㎞₹Java伊᧨␔⹈㡯㓏庢᧨♹尐⚠System.out戢⒉≰㋾☂♾᧨♥⚜
TestClass᧨⚛㢅㟍Ⓙ㦜┰⣷C䥧䤓㫈䥽₼ᇭ䏅⚝᧨ㆉ䵚₹JSP㠖ↅㄅ┯⏴Ⱁⅲ䪐䂔◤9-
8㓏䯉䤓␔⹈᧨⻀♾ⅴ⦷㿞屗⣷₼䦚Ⓙ扨₹伊䤓扟嫛兢㨫ℕᇭ

ⅲ䪐䂔◤9-8ᇫ㿚幤JSP

᧸%@page import="java.lang.*"%᧺
᧸%@page import="java.io.*"%᧺
᧸%@page import="org.fenixsoft.classloading.execute.*"%᧺
᧸%
InputStream is=new FileInputStream᧤"c᧶/TestClass.class"᧥᧷
byte[]b=new byte[is.available᧤᧥]᧷
is.read᧤b᧥᧷
is.close᧤᧥᧷
out.println᧤"᧸textarea style='width᧶1000᧷height=800'᧺"᧥᧷
out.println᧤JavaClassExecuter.execute᧤b᧥᧥᧷
out.println᧤"᧸/textarea᧺"᧥᧷
%᧺

㇢䏅᧨ₙ槱䤓⋩㽤♹㢾䞷ℝ㿚幤✛䆣䯉᧨⸭棔∎䞷扨₹JavaExecuter㓶嫛⣷䤓㢅⊨᧨Ⱁ
㨫执尐㓚ぴ⮜Ⓟ₹Class㠖ↅⒿ㦜┰⣷ₙ⻀㼰㦘⅏⃗㎞⃘ℕᇭ䶣劔全扨₹㓶嫛⣷ℕ
₹“⮥⮂”᧨㢾₹Eclipse㙡ↅ᧨♾ⅴ㔙Java㠖ↅ冥幠⚝↯戢Ⓙ㦜┰⣷₼᧨䏅⚝㔙㓶嫛⣷䤓扣
⥭兢㨫戢⒉ⒿEclipse䤓Console䴦♲摛᧨扨㫆⻀♾ⅴ⦷㦘䌄㎮䤓㢅⊨椞㢅⑯嫛庒幤ⅲ䪐᧨
㟍Ⓙ㿚幤䘾⬒䤓㦜┰⣷ₙ䵚☂扟嫛ℕᇭ夌䏅⸭䘿丏◤᧨⇕㟗㨫㈗ₜ枨᧨⺈庒幤桽欧⃮槭デ㦘
䞷᧨Ⱁ⦍9-4㓏䯉ᇭ

⦍ᇫ9-4ᇫJavaClassExecuter䤓∎䞷



9.4ᇫ㦻䵯⺞兢
㦻䶻6ᨺ9䵯⅚兜ℕClass㠖ↅ㫋㆞ᇬ伊┯戌♙壩㕮㧉㓶嫛ㆤ㝝⑯捷⒕␔⹈᧨扨K␔⹈㢾

壩㕮㧉₼㉔ₜ♾⺠䤓兓㒟捷⒕᧨♹㦘ℕ屲ℕ壩㕮㧉Ⱁ⇤㓶嫛䲚ㄞ᧨㓜厌㦃Ⰼ⦿䚕屲㊝㫆⒉
↧䱏䤓ⅲ䪐ᇭ

␂ℝ壩㕮㧉㓶嫛侊兮䤓⅚兜Ⓙ㷳⻀兢㧮ℕ᧨抩扖扨4䵯䤓幁屲᧨㒠ⅻ㙞內ℕ₹壩㕮
㧉ㄣ年㊝㫆扟嫛Class㠖ↅ䤓㰑㊄㲰⨚ᇭ⺈ℝ␆⇢Ⓙ㩟₹壩㕮㧉䤓⸭䘿᧨ℕ∎⸭䘿丏◤ᇬ䂔
㣿᧨㒥劔ℕ㦃㉺䤓扟嫛抮ㄵ᧨⦷壩㕮㧉␔捷䤓扟⇫恮㰑㊄㲰⨚♾厌↩㦘槭デ⮶䤓ぽ㆑᧨⇕
⅝㦏兗䤓㓶嫛兢㨫㧴䦚ㄣ年㢾咃䤓ᇭ⅝䶻10䵯ⱚ᧨㒠ⅻ⺕㘱侱壩㕮㧉⦷幼㽤✛扟嫛㊶厌
ₙ㢾Ⱁ⇤⺈䲚ㄞ冥⋩⒉⚓䱜↧▥䤓ᇭ



䶻⥪捷⒕ᇫ䲚ㄞ冥幠ⅲ䪐↧▥
䶻10䵯ᇫ㡸㦮᧤冥幠㦮᧥↧▥

䶻11䵯ᇫ㣩㦮᧤扟嫛㦮᧥↧▥



䶻10䵯ᇫ㡸㦮᧤冥幠㦮᧥↧▥
⅝帰並㧉䲚ㄞ⒉䘿䤓䶻⮸怆᧨⺈㟗䘖䤓抌㻑⻀㢾䲚ㄞ⮸䞮䤓⧩⸩≰ⅿ᧨扨₹扖䲚䕈Ⱁ

⧉㼰㦘兗䍈ᇬ㻇ₜ⋫㷖䤓F1㡈䲚㆞䵭忪᧨䲚ㄞ⛧㢾懵㓚᧨㔏㦾♿⒨㢾⦷忪拢ₙ歭泿䤓忪
懵ᇭ

10.1ᇫ㰑承
Java幼岏䤓“冥幠㦮”␅⸭㢾㹄“ₜ䫽⸩”䤓㝜⇫扖䲚᧨⥯⸒♾厌㢾㖖₹ⓜ䵾冥幠⣷

᧤␅⸭♺“冥幠⣷䤓ⓜ䵾”㦃䫽K᧥㔙*.java㠖ↅ懻♧㒟*.class㠖ↅ䤓扖䲚᧷⃮♾厌㢾㖖壩
㕮㧉䤓⚝䵾扟嫛㦮冥幠⣷᧤JIT冥幠⣷᧨Just In Time Compiler᧥㔙ⷦ唑䪐懻♧㒟㧉⣷䪐䤓扖
䲚᧷执♾厌㢾㖖∎䞷槨㊐㙟ⓜ冥幠⣷᧤AOT冥幠⣷᧨Ahead Of Time Compiler᧥䦃㘴㔙*.java
㠖ↅ冥幠㒟㦻⦿㧉⣷ⅲ䪐䤓扖䲚ᇭₚ槱⒦ℕ扨3伊冥幠扖䲚₼K㹣戒㦘ⅲ嫷㊶䤓冥幠
⣷ᇭ

ⓜ䵾冥幠⣷᧶Sun䤓JavacᇬEclipse JDT₼䤓⬭摞㆞冥幠⣷᧤ECJ᧥[1]ᇭ

JIT冥幠⣷᧶HotSpot VM䤓C1ᇬC2冥幠⣷ᇭ

AOT冥幠⣷᧶GNU Compiler for the Java᧤GCJ᧥[2]ᇬExcelsior JET[3]ᇭ

扨3伊扖䲚₼㦏䶵⚗⮶⹅⺈Java䲚ㄞ冥幠帳䩴䤓ㄣ年㢾䶻伊᧨⦷㦻䵯䤓⚝兼㠖ⷦ摛᧨
䶣劔㙟Ⓙ䤓“冥幠㦮”✛“冥幠⣷”掌⅔棟ℝ䶻伊冥幠扖䲚᧨㔙䶻ℛ伊冥幠扖䲚䟨Ⓙₚ䵯₼
帷幉ᇭ棟Ⓟℕ冥幠喒⦃⚝᧨㒠ⅻ⺈ℝ“↧▥”ℛⷦ䤓⸩⃘⻀榏尐⹌㨍K᧨⥯Javac扨伊冥幠
⣷⺈ⅲ䪐䤓扟嫛㟗䘖⑯⃝㼰㦘↊⇤↧▥㘹㡌᧤⦷JDK 1.3⃚⚝᧨Javac䤓-O↧▥♑㟿⻀ₜ␜㦘
㎞⃘᧥ᇭ壩㕮㧉幍帰⥱梮㔙⺈㊶厌䤓↧▥楕₼Ⓙℕ⚝䵾䤓☂㢅冥幠⣷₼᧨扨㫆♾ⅴ常挲Kₜ
㢾䟀Javacℶ䞮䤓Class㠖ↅ᧤ⰑJRubyᇬGroovy䷘幼岏䤓Class㠖ↅ᧥⃮⚛㫆厌℺♦Ⓙ冥幠⣷↧
▥㓏サ㧴䤓Ⰼ⮓ᇭ⇕㢾Javac⋩ℕ幇⮩朗⺈Java幼岏冥䪐扖䲚䤓↧▥㘹㡌㧴㟈⠓䲚ㄞ⛧䤓冥䪐
歝㫋✛㙟浧冥䪐㟗䘖ᇭ䦇㇢⮩㠿䞮䤓Java幼㽤䔈㊶᧨掌㢾槯冥幠⣷䤓“幼㽤佥”㧴⸭䘿᧨力ₜ
㢾∬忥壩㕮㧉䤓ㄤ⻑㟈扪㧴㞾㖐᧨♾ⅴ広᧨Java₼☂㢅冥幠⣷⦷扟嫛㦮䤓↧▥扖䲚⺈ℝ䲚ㄞ
扟嫛㧴広㦃摜尐᧨力ⓜ䵾冥幠⣷⦷冥幠㦮䤓↧▥扖䲚⺈ℝ䲚ㄞ冥䪐㧴広␂侊㦃┯⹕⒖ᇭ

[1]JDT⸧㡈䵨䍈᧶http://www.eclipse.org/jdt/ᇭ
[2]GCJ⸧㡈䵨䍈᧶http://gcc.gnu.org/java/ᇭ
[3]Excelsior JET⸧㡈䵨䍈᧶http://www.excelsior-usa.com/ᇭ



10.2ᇫJavac冥幠⣷
⒕㨟䄟䪐㢾ℕ屲欈㔏㦾䤓⸭䘿␔ヤ㦏㦘㟗䤓㓚㹄᧨Javac冥幠⣷ₜ⍞HotSpot壩㕮㧉挲

㫆∎䞷C++幼岏᧤▔⚺⺠摞C幼岏᧥⸭䘿᧨⸒㦻愺⻀㢾₹䟀Java幼岏冥䤓䲚ㄞ᧨扨儾
Java䤓䲚ㄞ⛧ℕ屲⸒䤓冥幠扖䲚サ㧴ℕ㈗⮶䤓≎Ⓒᇭ

10.2.1ᇫJavac䤓䄟䪐庒幤

Javac䤓䄟䪐ⷧ㟍⦷JDK_SRC_HOME/langtools/src/share/classes/com/sun/tools/javac₼[1]᧨
棳ℕJDK呹愺䤓API⮥᧨⻀♹ㆤ䞷ℕJDK_SRC_HOME/langtools/src/share/classes/com/sun/*摛槱
䤓ⅲ䪐᧨庒幤䘾⬒ㆉ䵚怆㧴丏◤㡈≎᧨⥯⪉㦻ₙₜ榏尐⮓䚕∬忥␂侊ᇭ

ⅴEclipse IDE䘾⬒√᧨⏗ㆉ䵚₹⚜“Compiler_javac”䤓Javaぴ䲚᧨䏅⚝㔙
JDK_SRC_HOME/langtools/src/share/classes/com/sun/*䥽ₚ䤓䄟㠖ↅ⏷捷⮜ⓅⒿぴ䲚䤓䄟䪐
䥽₼᧨Ⱁ⦍10-1㓏䯉ᇭ

⦍ᇫ10-1ᇫEclipse₼䤓Javacぴ䲚

⺋⏴ⅲ䪐㦮梃᧨䄟䪐㠖ↅ“AnnotationProxy Maker.java”♾厌↩㙟䯉“Access Restriction”᧨
嬺Eclipse㕡公冥幠᧨Ⱁ⦍10-2㓏䯉ᇭ



⦍ᇫ10-2ᇫAnnotationProxyMaker嬺㕡公冥幠

扨㢾䟀ℝEclipse䤓JRE System Library₼照帳▔⚺ℕ侊⒦䤓ⅲ䪐幎桽屓⒨᧤Access
Rules᧥᧨Ⱁ㨫ⅲ䪐₼ㆤ䞷ℕ扨K幎桽屓⒨㓏䰐㷱ㆤ䞷䤓伊᧨⻀↩㙟䯉扨₹枨幾ᇭ♾ⅴ抩扖
䂊┯㧰⏐幇幎桽JAR▔₼㓏㦘伊䤓幎桽屓⒨㧴屲⑂扨₹桽欧᧨Ⱁ⦍10-3㓏䯉ᇭ

⦍ᇫ10-3ᇫ幍函幎桽屓⒨

⺋⏴ℕJavac䤓䄟䪐⚝᧨⻀♾ⅴ扟嫛com.sun.tools.javac.Main䤓main᧤᧥㡈㽤㧴㓶嫛冥幠
ℕ᧨✌ⅳ嫛₼∎䞷Javac䤓✌ⅳ㼰㦘⅏⃗◉Ⓔ᧨冥幠䤓㠖ↅ♑㟿⦷Eclipse䤓“Debug
Configurations”槱㨎₼䤓“Arguments”欄不₼㖖⸩ᇭ

壩㕮㧉屓喒₴㫋⸩⃘ℕClass㠖ↅ䤓㫋㆞᧨⇕㢾ᇵJava壩㕮㧉屓喒᧤䶻2䓗᧥ᇶ₼᧨夌䏅
㦘₢桷䤓䵯“Compiling for the Java Virtual Machine”᧨⇕掌㢾ⅴ√䤓ㇱ㆞㙞承᧨ㄅ㼰㦘⺈
Ⱁ⇤㔙Java䄟䪐㠖ↅ懻♧Class㠖ↅ䤓冥幠扖䲚扪嫛◐⒕₴㫋䤓⸩⃘᧨扨⺋咃Class㠖ↅ冥幠
⦷㩟䱜䲚ㄵₙ㢾␆⇢JDK⸭䘿䦇␂䤓᧨⦷K㨐䵾㍔⑄᧨♾厌⒉䘿㹄ⅲ䪐Javac冥幠⣷♾
ⅴ冥幠᧨⇕㢾ECJ冥幠⣷⻀ₜ♾ⅴ冥幠䤓桽欧᧤10.3.1唑₼⺕↩全⒉扨㫆䤓√᧥ᇭ⅝Sun
Javac䤓ⅲ䪐㧴䦚᧨冥幠扖䲚⮶咃♾ⅴ⒕3₹扖䲚᧨⒕Ⓔ㢾᧶



屲㨟⫺⏔䶵⚆嫷扖䲚ᇭ

㙡⏴㆞㽷屲⮓䚕⣷䤓㽷屲⮓䚕扖䲚ᇭ

⒕㨟ⷦ唑䪐䞮㒟扖䲚ᇭ

扨3₹㷴洳⃚梃䤓␂侊ℳ℡欉ㄞⰑ⦍10-4㓏䯉ᇭ

⦍ᇫ10-4ᇫJavac䤓冥幠扖䲚[2]

Javac冥幠┷⇫䤓⏴♲㢾com.sun.tools.javac.main.JavaCompiler伊᧨ₙ承3₹扖䲚䤓ⅲ䪐拊
戠楕₼⦷扨₹伊䤓compile᧤᧥✛compile2᧤᧥㡈㽤₼᧨␅₼⇢ⅲ䪐Ⱁ⦍10-5㓏䯉᧨㠃₹冥
幠㦏␂枽䤓⮓䚕⻀䟀⦍₼㪖㽷䤓8₹㡈㽤㧴⸛㒟᧨ₚ槱㒠ⅻ␆⇢䦚ₚ扨8₹㡈㽤⸭䘿ℕ⅏⃗
┮厌ᇭ

⦍ᇫ10-5ᇫJavac冥幠扖䲚䤓⇢ⅲ䪐
[1]␂ℝⰑ⇤噆♥OpenJDK䄟䪐᧨庆♑劒㦻䶻1䵯ᇭ
[2]⦍䓖㧴䄟᧶http://openjdk.java.net/groups/compiler/doc/compilation-overview/index.html᧨㦻
⺈䦇␂㦾幼扪嫛ℕ劊幠ᇭ



10.2.2ᇫ屲㨟⫺⏔䶵⚆嫷

屲㨟㷴洳䟀⦍10-5₼䤓parseFiles᧤᧥㡈㽤᧤⦍10-5₼䤓扖䲚1.1᧥⸛㒟᧨屲㨟㷴洳▔㕻ℕ
兞␇䲚ㄞ冥幠☮䚕₼䤓幜㽤⒕㨟✛幼㽤⒕㨟₳₹扖䲚ᇭ

1.幜㽤ᇬ幼㽤⒕㨟

幜㽤⒕㨟㢾⺕䄟ⅲ䪐䤓ⷦ䶵㿐懻♧㪖帿᧤Token᧥楕⚗᧨◤₹ⷦ䶵㢾䲚ㄞ冥扖䲚䤓
㦏⺞⏒侯᧨力㪖帿⒨㢾冥幠扖䲚䤓㦏⺞⏒侯᧨␂枽ⷦᇬ♧摞⚜ᇬⷦ槱摞ᇬ扟並䶵掌♾ⅴ㒟
㪖帿᧨Ⱁ“int a=b+2”扨♴ⅲ䪐▔⚺ℕ6₹㪖帿᧨⒕Ⓔ㢾intᇬaᇬ=ᇬbᇬ+ᇬ2᧨夌䏅␂枽ⷦint䟀
3₹ⷦ䶵㨓㒟᧨⇕㢾⸒♹㢾₹Token᧨ₜ♾␜㕕⒕ᇭ⦷Javac䤓䄟䪐₼᧨幜㽤⒕㨟扖䲚䟀
com.sun.tools.javac.parser.Scanner伊㧴⸭䘿ᇭ

幼㽤⒕㨟㢾㫈㗽Tokenㄞ⒦㨓抯㕌廰幼㽤㪠䤓扖䲚᧨㕌廰幼㽤㪠᧤Abstract Syntax
Tree,AST᧥㢾䱜䞷㧴㙞承䲚ㄞⅲ䪐幼㽤兢㨓䤓㪠ㇱ嫷䯉㡈㆞᧨幼㽤㪠䤓㹞₹唑䍈掌ⅲ嫷
䧏䲚ㄞⅲ䪐₼䤓₹幼㽤兢㨓᧤Construct᧥᧨√Ⱁ▔ᇬ伊⨚ᇬ≽毿䶵ᇬ扟並䶵ᇬ㘴♲ᇬ扣⥭
⋋䞩咂ⅲ䪐㽷摙䷘掌♾ⅴ㢾₹幼㽤兢㨓ᇭ

⦍10-6㢾㫈㗽Eclipse AST View㙡ↅ⒕㨟⒉㧴䤓㩟㹄ⅲ䪐䤓㕌廰幼㽤㪠展⦍᧨床劔♾ⅴ
抩扖扨ㆯ⦍⺈㕌廰幼㽤㪠㦘₹䦃屑䤓帳幕ᇭ⦷Javac䤓䄟䪐₼᧨幼㽤⒕㨟扖䲚䟀
com.sun.tools.javac.parser.Parser伊⸭䘿᧨扨₹棅㹄ℶ⒉䤓㕌廰幼㽤㪠䟀
com.sun.tools.javac.tree.JCTree伊嫷䯉᧨兞扖扨₹㷴洳⃚⚝᧨冥幠⣷⻀⪉㦻ₜ↩␜⺈䄟䪐㠖ↅ
扪嫛㝜⇫ℕ᧨⚝兼䤓㝜⇫掌ㆉ䵚⦷㕌廰幼㽤㪠⃚ₙᇭ



⦍ᇫ10-6ᇫ㕌廰幼㽤㪠兢㨓展⦍

2.⫺⏔䶵⚆嫷

⸛㒟ℕ幼㽤⒕㨟✛幜㽤⒕㨟⃚⚝᧨ₚ㷴⻀㢾⫺⏔䶵⚆嫷䤓扖䲚᧨⃮⻀㢾⦍10-5₼
enterTrees᧤᧥㡈㽤᧤⦍10-5₼䤓扖䲚1.2᧥㓏⋩䤓ℚ㍔ᇭ䶵⚆嫷᧤Symbol Table᧥㢾䟀兓䶵
⚆⦿⧏✛䶵⚆≰㋾㨓㒟䤓嫷㫋᧨床劔♾ⅴ㔙⸒㎂廰㒟❗゛嫷₼K-V⋋⺈䤓ㇱ㆞᧤⸭棔ₙ䶵⚆
嫷ₜ⸩㢾❗゛嫷⸭䘿᧨♾ⅴ㢾㦘ㄞ䶵⚆嫷ᇬ㪠䕅䶵⚆嫷ᇬ㪗兢㨓䶵⚆嫷䷘᧥ᇭ䶵⚆嫷₼㓏
䤊帿䤓≰㋾⦷冥幠䤓ₜ⚛棅㹄掌尐䞷Ⓙᇭ⦷幼⃘⒕㨟₼᧨䶵⚆嫷㓏䤊帿䤓␔⹈⺕䞷ℝ幼⃘㭏
㩴᧤Ⱁ㭏㩴₹⚜ⷦ䤓∎䞷✛☮⏗䤓広㢝㢾⚵咃᧥✛ℶ䞮₼梃ⅲ䪐ᇭ⦷䥽㪖ⅲ䪐䞮㒟棅
㹄᧨㇢⺈䶵⚆⚜扪嫛⦿⧏⒕揜㢅᧨䶵⚆嫷㢾⦿⧏⒕揜䤓∬㗽ᇭ

⦷Javac䄟ⅲ䪐₼᧨⫺⏔䶵⚆嫷䤓扖䲚䟀com.sun.tools.javac.comp.Enter伊⸭䘿᧨㷳扖䲚䤓
⒉♲㢾₹㈔⮓䚕⒦嫷᧤To Do List᧥᧨▔⚺ℕ㹞₹冥幠◤⏒䤓㕌廰幼㽤㪠䤓欅儶唑䍈᧨
ⅴ♙package-info.java᧤Ⱁ㨫ⷧ⦷䤓幬᧥䤓欅儶唑䍈ᇭ



10.2.3ᇫ㽷屲⮓䚕⣷

⦷JDK 1.5⃚⚝᧨Java幼岏㙟∪ℕ⺈㽷屲᧤Annotation᧥䤓㞾㖐᧨扨K㽷屲㣽抩䤓Javaⅲ
䪐㫆᧨㢾⦷扟嫛㦮梃♠㖴⇫䞷䤓ᇭ⦷JDK 1.6₼⸭䘿ℕJSR-269屓喒[1]᧨㙟∪ℕ兓㙡⏴㆞
㽷屲⮓䚕⣷䤓㪖API⦷冥幠㦮梃⺈㽷屲扪嫛⮓䚕᧨㒠ⅻ♾ⅴ㔙⸒䦚⋩㢾兓冥幠⣷䤓㙡
ↅ᧨⦷扨K㙡ↅ摛槱᧨♾ⅴ床♥ᇬ≽㟈ᇬ䂊┯㕌廰幼㽤㪠₼䤓↊㎞⏒侯ᇭⰑ㨫扨K㙡ↅ⦷⮓
䚕㽷屲㦮梃⺈幼㽤㪠扪嫛ℕ≽㟈᧨冥幠⣷⺕⥭Ⓙ屲㨟♙⫺⏔䶵⚆嫷䤓扖䲚摜㠿⮓䚕᧨䦃Ⓙ㓏
㦘㙡⏴㆞㽷屲⮓䚕⣷掌㼰㦘␜⺈幼㽤㪠扪嫛≽㟈㷱᧨㹞㶰㈹䘾䱿₹Round᧨⃮⻀㢾
⦍10-4₼䤓⥭䘾扖䲚ᇭ

㦘ℕ冥幠⣷㽷屲⮓䚕䤓㪖API⚝᧨㒠ⅻ䤓ⅲ䪐㓜㦘♾厌䀘冥幠⣷䤓嫛᧨䟀ℝ幼㽤
㪠₼䤓↊㎞⏒侯᧨䞩咂▔㕻ⅲ䪐㽷摙掌♾ⅴ⦷㙡ↅ⃚₼幎桽Ⓙ᧨㓏ⅴ抩扖㙡⏴㆞㽷屲⮓䚕⣷
⸭䘿䤓㙡ↅ⦷┮厌ₙ㦘㈗⮶䤓♠㖴䴉梃ᇭ♹尐㦘恂⮮䤓⒪㎞᧨䲚ㄞ⛧♾ⅴ∎䞷㙡⏴㆞㽷屲⮓
䚕⣷㧴⸭䘿幇⮩☮㦻♹厌⦷冥䪐₼⸛㒟䤓ℚ㍔᧨㦻䵯㦏⚝↩全⒉₹∎䞷㙡⏴㆞㽷屲⮓䚕⣷
䤓丏◤⸭㒧ᇭ

⦷Javac䄟䪐₼᧨㙡⏴㆞㽷屲⮓䚕⣷䤓⒬ⱚ▥扖䲚㢾⦷initPorcessAnnotations᧤᧥㡈㽤₼
⸛㒟䤓᧨力⸒䤓㓶嫛扖䲚⒨㢾⦷processAnnotations᧤᧥㡈㽤₼⸛㒟䤓᧨扨₹㡈㽤⒳㠼㢾⚵执
㦘㠿䤓㽷屲⮓䚕⣷榏尐㓶嫛᧨Ⱁ㨫㦘䤓幬᧨抩扖
com.sun.tools.javac.processing.JavacProcessingEnvironment伊䤓doProcessing᧤᧥㡈㽤䞮㒟₹
㠿䤓JavaCompiler⺈廰⺈冥幠䤓⚝兼㷴洳扪嫛⮓䚕ᇭ

[1]JSR-269᧶Pluggable Annotations Processing API᧤㙡⏴㆞㽷屲⮓䚕API᧥ᇭ



10.2.4ᇫ幼⃘⒕㨟ⷦ唑䪐䞮㒟

幼㽤⒕㨟⃚⚝᧨冥幠⣷噆㈦ℕ䲚ㄞⅲ䪐䤓㕌廰幼㽤㪠嫷䯉᧨幼㽤㪠厌嫷䯉₹兢㨓㷲䫽
䤓䄟䲚ㄞ䤓㕌廰᧨⇕㡯㽤≬幐䄟䲚ㄞ㢾䶵⚗拊戠䤓ᇭ力幼⃘⒕㨟䤓尐↊┰㢾⺈兢㨓ₙ㷲䫽
䤓䄟䲚ㄞ扪嫛ₙₚ㠖㦘␂㊶德䤓⸰㩴᧨Ⱁ扪嫛伊⨚⸰㩴ᇭ₹√᧨⋖幍㦘Ⱁₚ䤓3₹♧摞
⸩⃘幼♴᧶

int a=1᧷
boolean b=false᧷
char c=2᧷

⚝兼♾厌⒉䘿䤓忚⋋扟並᧶

int d=a+c᧷
int d=b+c᧷
char d=a+c᧷

⚝兼ⅲ䪐₼Ⱁ㨫⒉䘿ℕⰑₙ3䱜忚⋋扟並䤓幬᧨挲⸒ⅻ掌厌㨓㒟兢㨓㷲䫽䤓幼㽤㪠᧨⇕
㢾♹㦘䶻1䱜䤓㽤⦷幼⃘ₙ㢾㼰㦘桽欧䤓᧨厌⮮抩扖冥幠᧨␅⇨₳䱜⦷Java幼岏₼㢾ₜ⚗
拊戠䤓᧨㡯㽤冥幠᧤㢾⚵⚗⃝幼⃘拊戠㉔權棟⸩⦷␆⇢䤓幼岏␆⇢䤓ₙₚ㠖䘾⬒⃚₼㓜㦘
㎞⃘ᇭⰑ⦷C幼岏₼᧨aᇬbᇬc䤓ₙₚ㠖⸩⃘ₜ♧᧨䶻2ᇬ3䱜㽤掌㢾♾ⅴ㷲䫽冥幠᧥ᇭ

1.㪖㽷㭏㩴

Javac䤓冥幠扖䲚₼᧨幼⃘⒕㨟扖䲚⒕㪖㽷㭏㩴ⅴ♙㟿㗽♙㘶Ⓟ㿐⒕㨟₳₹㷴洳᧨⒕
Ⓔ䟀⦍10-5₼㓏䯉䤓attribute᧤᧥✛flow᧤᧥㡈㽤᧤⒕Ⓔ⺈ㄣ⦍10-5₼䤓扖䲚3.1✛扖䲚3.2᧥
⸛㒟ᇭ

㪖㽷㭏㩴㷴洳㭏㩴䤓␔⹈▔㕻庇Ⱁ♧摞∎䞷ⓜ㢾⚵め嬺⭿㢝ᇬ♧摞忚⋋⃚梃䤓㟿㗽伊
⨚㢾⚵厌⮮◈揜䷘ᇭ⦷㪖㽷㭏㩴㷴洳₼᧨执㦘₹摜尐䤓┷⇫䱿デ摞㔧♯᧨Ⱁ㨫㒠ⅻ⦷ⅲ
䪐₼ℕⰑₚ⸩⃘᧶

int a=1+2᧷

挲⃗⦷幼㽤㪠ₙ⅜䏅厌䦚Ⓙⷦ槱摞“1”ᇬ“2”ⅴ♙㝜⇫䶵“+”᧨⇕㢾⦷兞扖デ摞㔧♯⃚
⚝᧨⸒ⅻ⺕↩嬺㔧♯ⷦ槱摞“3”᧨Ⱁ⦍10-7㓏䯉᧨扨₹㙡⏴㆞嫷才㆞᧤Infix Expression᧥䤓
⋋め兞⦷幼㽤㪠ₙ㪖㽷⒉㧴ℕ᧤ConstantExpressionValue᧶3᧥ᇭ䟀ℝ冥幠㦮梃扪嫛ℕデ摞㔧
♯᧨㓏ⅴ⦷ⅲ䪐摛槱⸩⃘“a=1+2”㹣怆䦃㘴⸩⃘“a=3”᧨ㄅₜ↩⬭┯䲚ㄞ扟嫛㦮❹㊤⅔⅔₹
CPU㖖ⅳ䤓扟並摞ᇭ



⦍ᇫ10-7ᇫデ摞㔧♯

㪖㽷㭏㩴㷴洳⦷Javac䄟䪐₼䤓⸭䘿伊㢾com.sun.tools.javac.comp.Attr伊✛
com.sun.tools.javac.comp.Check伊ᇭ

2.㟿㗽♙㘶Ⓟ㿐⒕㨟

㟿㗽♙㘶Ⓟ㿐⒕㨟㢾⺈䲚ㄞₙₚ㠖拊戠㦃扪㷴䤓洛幐᧨⸒♾ⅴ㭏㩴⒉庇Ⱁ䲚ㄞ⻏捷♧
摞⦷∎䞷ⓜ㢾⚵㦘忚⋋ᇬ㡈㽤䤓㹞㧰恾㈓㢾⚵掌㦘扣⥭⋋ᇬ㢾⚵㓏㦘䤓♦㩴㆑デ掌嬺㷲䫽⮓
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ⅲ䪐䂔◤10-1ᇫfinal幼⃘㪰洛

//㡈㽤サ㦘final≽毿
public void foo᧤final int arg᧥{
final int var=0᧷
//do something
}
//㡈㽤ℛ㼰㦘final≽毿
public void foo᧤int arg᧥{
int var=0᧷
//do something
}

⦷扨₳₹foo᧤᧥㡈㽤₼᧨䶻䱜㡈㽤䤓♑㟿✛⻏捷♧摞⸩⃘∎䞷ℕfinal≽毿䶵᧨力䶻ℛ
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䤓⋋᧨⇕㢾扨₳㹄ⅲ䪐冥幠⒉㧴䤓Class㠖ↅ㢾㼰㦘↊⇤䍈◉Ⓔ䤓᧨抩扖䶻6䵯䤓幁屲㒠ⅻ
め兞䩴拢᧨⻏捷♧摞ⷦ㹄᧤⸭√♧摞ᇬ伊♧摞᧥㢾㦘◉Ⓔ䤓᧨⸒⦷デ摞㻯₼㼰㦘
CONSTANT_Fieldref_info䤓䶵⚆ㆤ䞷᧨呹䏅⻀㼰㦘幎桽㪖㉦᧤Access_Flags᧥䤓≰㋾᧨䞩咂
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捷♧摞㢾ₜ㢾⭿㢝finalℕᇭ⥯㷳᧨⺕⻏捷♧摞⭿㢝final᧨⺈扟嫛㦮㢾㼰㦘㈀❜䤓᧨♧摞
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10.3.1ᇫ㽪⨚伊⨚㝵棳

㽪⨚㢾JDK 1.5䤓欈㠿⬭䔈㊶᧨⸒䤓㦻德㢾♑㟿▥伊⨚᧤Parametersized Type᧥䤓ㄣ
䞷᧨⃮⻀㢾広㓏㝜⇫䤓㟿㗽伊⨚嬺㖖⸩₹♑㟿ᇭ扨䱜♑㟿伊⨚♾ⅴ䞷⦷伊ᇬ㘴♲✛㡈㽤
䤓⒪ㆉ₼᧨⒕Ⓔ䱿㽪⨚伊ᇬ㽪⨚㘴♲✛㽪⨚㡈㽤ᇭ

㽪⨚㊬㎂㡸⦷C++幼岏䤓㲰㨎᧤Template᧥₼⻀ⱚ䞮㫈♠啌᧨⦷Java幼岏⮓ℝ执㼰㦘
⒉䘿㽪⨚䤓䓗㦻㢅᧨♹厌抩扖Object㢾㓏㦘伊⨚䤓䓅伊✛伊⨚㇉Ⓟ懻㗱₳₹䔈䍈䤓揜⚗㧴⸭
䘿伊⨚㽪▥ᇭ√Ⱁ᧨⦷❗゛嫷䤓ⷧ♥₼᧨JDK 1.5⃚ⓜ∎䞷HashMap䤓get᧤᧥㡈㽤᧨扣⥭⋋
⻀㢾₹Object⺈廰᧨䟀ℝJava幼岏摛槱㓏㦘䤓伊⨚掌其㔎ℝjava.lang.Object᧨㓏ⅴObject懻
⨚㒟↊⇤⺈廰掌㢾㦘♾厌䤓ᇭ⇕㢾⃮⥯㦘㡯棟䤓♾厌㊶᧨⻀♹㦘䲚ㄞ⛧✛扟嫛㦮䤓壩㕮㧉
㓜䩴拢扨₹ObjectⒿㄤ㢾₹⅏⃗伊⨚䤓⺈廰ᇭ⦷冥幠㦮梃᧨冥幠⣷㡯㽤㭏㩴扨₹Object䤓㇉
Ⓟ懻⨚㢾⚵㒟┮᧨Ⱁ㨫⅔⅔∬忥䲚ㄞ⛧♊≬椫扨欈㝜⇫䤓㷲䫽㊶᧨幇⮩ClassCastException䤓
歝棸⻀↩懻ⵐⒿ䲚ㄞ扟嫛㦮⃚₼ᇭ

㽪⨚㔏㦾⦷C#✛Java⃚₼䤓∎䞷㡈㆞䦚⇋䦇⚛᧨⇕⸭䘿ₙ☃㦘䧏㫈㦻㊶䤓⒕㷶᧨C#摛槱
㽪⨚㡯幉⦷䲚ㄞ䄟䪐₼ᇬ冥幠⚝䤓IL₼᧤Intermediate Language᧨₼梃幼岏᧨扨㢅⊨㽪⨚㢾
₹◯⇜䶵᧥᧨㒥㢾扟嫛㦮䤓CLR₼᧨掌㢾⒖⸭ⷧ⦷䤓᧨List᧸int᧺List᧸String᧺⻀㢾₳₹ₜ
⚛䤓伊⨚᧨⸒ⅻ⦷侊兮扟嫛㦮䞮㒟᧨㦘呹む䤓壩㡈㽤嫷✛伊⨚㟿㗽᧨扨䱜⸭䘿䱿伊⨚吷
协᧨⪉ℝ扨䱜㡈㽤⸭䘿䤓㽪⨚䱿䦮⸭㽪⨚ᇭ

Java幼岏₼䤓㽪⨚⒨ₜ㫆᧨⸒♹⦷䲚ㄞ䄟䪐₼ⷧ⦷᧨⦷冥幠⚝䤓ⷦ唑䪐㠖ↅ₼᧨⻀め
兞㦎㗱☮㧴䤓☮䞮伊⨚᧤Raw Type᧨⃮䱿宇伊⨚᧥ℕ᧨ㄅ₣⦷䦇ㄣ䤓⦿㡈㙡⏴ℕ㇉Ⓟ懻
⨚ⅲ䪐᧨⥯㷳᧨⺈ℝ扟嫛㦮䤓Java幼岏㧴広᧨ArrayList᧸int᧺ArrayList᧸String᧺⻀㢾⚛
₹伊᧨㓏ⅴ㽪⨚㔏㦾⸭棔ₙ㢾Java幼岏䤓欦幼㽤佥᧨Java幼岏₼䤓㽪⨚⸭䘿㡈㽤䱿伊⨚
㝵棳᧨⪉ℝ扨䱜㡈㽤⸭䘿䤓㽪⨚䱿↹㽪⨚ᇭ

ⅲ䪐䂔◤10-2㢾㹄丏◤䤓Java㽪⨚䤓√᧨㒠ⅻ♾ⅴ䦚ₚ⸒冥幠⚝䤓兢㨫㢾㊝㫆
䤓ᇭ

ⅲ䪐䂔◤10-2ᇫ㽪⨚㝵棳ⓜ䤓√

public static void main᧤String[]args᧥{
Map᧸String,String᧺map=new HashMap᧸String,String᧺᧤᧥᧷
map.put᧤"hello"᧨"⇯Ⰼ"᧥᧷
map.put᧤"how are you?"᧨"⚒ℕ㼰᧻"᧥᧷
System.out.println᧤map.get᧤"hello"᧥᧥᧷
System.out.println᧤map.get᧤"how are you?"᧥᧥᧷
}
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ⅲ䪐䂔◤10-3ᇫ㽪⨚㝵棳⚝䤓√

public static void main᧤String[]args᧥{
Map map=new HashMap᧤᧥᧷
map.put᧤"hello"᧨"⇯Ⰼ"᧥᧷
map.put᧤"how are you?"᧨"⚒ℕ㼰᧻"᧥᧷
System.out.println᧤᧤String᧥map.get᧤"hello"᧥᧥᧷
System.out.println᧤᧤String᧥map.get᧤"how are you?"᧥᧥᧷
}
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⦷㇢㢅↦⮩䤓㔈幓⃚₼᧨㦘K㢾㹣戒嫷槱䤓᧨执㦘K⅝㊶厌ₙ広㽪⨚↩䟀ℝ㇉Ⓟ懻
⨚㝜⇫✛扟嫛㦮凉⺠朗⺈伊⨚䤓↧▥䷘⅝力⺋咃㹣C#䤓㽪⨚㏱K᧨⒨㢾⸛⏷⋞䱊ℕ㡈⚠᧨
Ⱡ₣ₜ幉Java㽪⨚㢾ₜ㢾䦮䤓↩㹣C#㽪⨚㏱᧨折㕸⅝㊶厌䤓屡ㄵₙ幓ↆ䞷ℝ㙟◖幼⃘䫽㊶
䤓㽪⨚㊬㎂⻀ₜ⮹㋿㇢ᇭ⇕䶣劔⃮ㄅ槭⦷Java䤓㽪⨚戸㔳᧨⸒⦷㩟K⧉㣾ₚ䫽⸭ⷧ⦷ₜ
恂᧨䶣劔帳抩扖㝵棳㽤㧴⸭䘿㽪⨚₶⯀ℕK㽪⨚㊬㎂ㄣ㦘䤓↧楔᧨√Ⱁⅲ䪐䂔◤10-4䤓
√ᇭ

ⅲ䪐䂔◤10-4ᇫ㇢㽪⨚拖屐摜戌1

public class GenericTypes{
public static void method᧤List᧸String᧺list᧥{
System.out.println᧤"invoke method᧤List᧸String᧺list᧥"᧥᧷
}
public static void method᧤List᧸Integer᧺list᧥{
System.out.println᧤"invoke method᧤List᧸Integer᧺list᧥"᧥᧷
}
}

庆㎂㎂᧨ₙ槱扨㹄ⅲ䪐㢾⚵㷲䫽᧨厌⚵冥幠㓶嫛᧻⃮幇⇯め兞㦘ℕ䷣㫗᧨扨㹄ⅲ䪐㢾
ₜ厌嬺冥幠䤓᧨⥯♑㟿List᧸Integer᧺✛List᧸String᧺冥幠⃚⚝掌嬺㝵棳ℕ᧨♧㒟ℕ㫆䤓
☮䞮伊⨚List᧸E᧺᧨㝵棳┷⇫⺋咃扨₳䱜㡈㽤䤓䔈㈐不⚜♧㈦㲰㫆ᇭ⒬㷴䦚㧴᧨㡯㽤摜
戌䤓☮⥯め兞㔍Ⓙℕ᧨⇕䦮䤓⻀㢾Ⱁ㷳⚦᧻♹厌広᧨㽪⨚㝵棳㒟䦇⚛䤓☮䞮伊⨚♹㢾㡯㽤摜
戌䤓␅₼捷⒕☮⥯᧨庆␜㘴䧏䦚䦚ⅲ䪐䂔◤10-5₼䤓␔⹈ᇭ

ⅲ䪐䂔◤10-5ᇫ㇢㽪⨚拖屐摜戌2

public class GenericTypes{
public static String method᧤List᧸String᧺list᧥{
System.out.println᧤"invoke method᧤List᧸String᧺list᧥"᧥᧷
return""᧷
}
public static int method᧤List᧸Integer᧺list᧥{
System.out.println᧤"invoke method᧤List᧸Integer᧺list᧥"᧥᧷
return 1᧷
}
public static void main᧤String[]args᧥{
method᧤new ArrayList᧸String᧺᧤᧥᧥᧷
method᧤new ArrayList᧸Integer᧺᧤᧥᧥᧷
}
}



㓶嫛兢㨫᧶

invoke method᧤List᧸String᧺list᧥
invoke method᧤List᧸Integer᧺list᧥

ⅲ䪐䂔◤10-5ⅲ䪐䂔◤10-4䤓ぽⒺ㢾₳₹method㡈㽤䂊┯ℕₜ⚛䤓扣⥭⋋᧨䟀ℝ扨₳
₹扣⥭⋋䤓┯⏴᧨㡈㽤摜戌⻔䏅㒟┮ℕ᧨☂扨㹄ⅲ䪐♾ⅴ嬺冥幠✛㓶嫛[2]ℕᇭ扨㢾⺈Java幼
岏₼扣⥭⋋ₜ♑摜戌折㕸䤓⪉㦻帳䩴䤓㖠㒧⚦᧻

ⅲ䪐䂔◤10-5₼䤓摜戌㇢䏅ₜ㢾㫈㗽扣⥭⋋㧴䫽⸩䤓᧨⃚㓏ⅴ扨㶰厌冥幠✛㓶嫛㒟┮᧨
㢾⥯₳₹method᧤᧥㡈㽤┯⏴ℕₜ⚛䤓扣⥭⋋⚝㓜厌␀ⷧ⦷₹Class㠖ↅ⃚₼ᇭ䶻6䵯⅚
兜Class㠖ↅ㡈㽤嫷᧤method_info᧥䤓㟿㗽兢㨓㢅㦍兞㙟Ⓙ扖᧨㡈㽤摜戌尐㻑㡈㽤␆ₜ⚛䤓
䔈㈐不⚜᧨扣⥭⋋ㄅₜ▔⚺⦷㡈㽤䤓䔈㈐不⚜⃚₼᧨㓏ⅴ扣⥭⋋ₜ♑摜戌折㕸᧨⇕㢾⦷
Class㠖ↅ㫋㆞⃚₼᧨♹尐㙞承䶵ₜ㢾⸛⏷咃䤓₳₹㡈㽤⻀♾ⅴ␀ⷧᇭ⃮⻀㢾広᧨₳₹㡈㽤
Ⱁ㨫㦘䦇⚛䤓⚜䱿✛䔈㈐不⚜᧨⇕扣⥭⋋ₜ⚛᧨挲⸒ⅻ⃮㢾♾ⅴ⚗㽤⦿␀ⷧℝ₹Class㠖ↅ
₼䤓ᇭ

䟀ℝJava㽪⨚䤓ㆤ⏴᧨⚓䱜⧉㣾᧤壩㕮㧉屲㨟ᇬ♜⺓䷘᧥ₚ䤓㡈㽤庒䞷掌♾厌⺈☮㦘䤓
⪉䫏ℶ䞮㈀❜✛㠿䤓榏㻑᧨Ⱁ⦷㽪⨚伊₼Ⱁ⇤噆♥↯⏴䤓♑㟿▥伊⨚䷘ᇭ⥯㷳᧨JCP兓兖⺈
壩㕮㧉屓喒⋩⒉ℕ䦇ㄣ䤓≽㟈᧨ㆤ⏴ℕ庇ⰑSignatureᇬLocalVariableTypeTable䷘㠿䤓⻭㊶䞷
ℝ屲⑂⇃椞㽪⨚力㧴䤓♑㟿伊⨚䤓幕Ⓔ桽欧᧨Signature㢾␅₼㦏摜尐䤓欈⻭㊶᧨⸒䤓⇫䞷
⻀㢾ⷧ⌷₹㡈㽤⦷ⷦ唑䪐⻑槱䤓䔈㈐不⚜[3]᧨扨₹⻭㊶₼≬ⷧ䤓♑㟿伊⨚ㄅₜ㢾☮䞮伊
⨚᧨力㢾▔㕻ℕ♑㟿▥伊⨚䤓≰㋾ᇭ≽㟈⚝䤓壩㕮㧉屓喒[4]尐㻑㓏㦘厌幕Ⓔ49.0ⅴₙ䓗㦻䤓
Class㠖ↅ䤓壩㕮㧉掌尐厌㷲䫽⦿幕ⒺSignature♑㟿ᇭ

⅝ₙ槱䤓√♾ⅴ䦚Ⓙ㝵棳㽤⺈⸭棔冥䪐サ㧴䤓㈀❜᧨䟀ℝList᧸String᧺✛List᧸Integer
᧺㝵棳⚝㢾⚛₹伊⨚᧨㒠ⅻ♹厌䂊┯₳₹ㄅₜ榏尐⸭棔∎䞷Ⓙ䤓扣⥭⋋㓜厌⸛㒟摜戌᧨扨
㢾䱜㹺㡯↧楔✛初㎮♾岏䤓屲⑂㡈㫗᧨ㄅ₣ⷧ⦷⸩幼㎞ₙ䤓䂆℀᧨巻Ⱁₙ槱厩㽷₼㙟Ⓙ
䤓᧨㉔權䞷Sun JDK 1.6䤓Javac㓜厌冥幠㒟┮᧨␅Ⅵ䓗㦻㒥劔ECJ冥幠⣷掌♾厌㕡公冥幠ᇭ

♵⮥᧨⅝Signature⻭㊶䤓⒉䘿㒠ⅻ执♾ⅴ㈦⒉兢幉᧨㝵棳㽤㓏庢䤓㝵棳᧨⅔⅔㢾⺈㡈㽤
䤓Code⻭㊶₼䤓ⷦ唑䪐扪嫛㝵棳᧨⸭棔ₙ⏒㟿㗽₼执㢾≬䟨ℕ㽪⨚≰㋾᧨扨⃮㢾㒠ⅻ厌抩扖
♜⺓㓚㹄♥㈦♑㟿▥伊⨚䤓㫈㦻∬㗽ᇭ

[1]☮㠖⦿⧏᧶http://www.anyang-window.com.cn/quotthis-is-not-a-genericquot-bruce-eckel-eyes-
of-the-generic-java/ᇭ
[2]㿚幤䤓㢅⊨庆∎䞷Sun JDK 1.6䤓Javac冥幠⣷扪嫛冥幠᧨␅Ⅵ冥幠⣷᧨ⰑEclipse JDT䤓ECJ
冥幠⣷᧨⅜䏅♾厌↩㕡公冥幠扨㹄ⅲ䪐᧨ECJ冥幠㢅↩㙟䯉“Method method᧤List᧸String
᧺᧥has the same erasure method᧤List᧸E᧺᧥as another method in type GenericTypes”ᇭ
[3]⦷ᇵJava壩㕮㧉屓喒᧤䶻2䓗᧥ᇶ᧤JDK 1.5≽㟈⚝䤓䓗㦻᧥䤓“§4.4.4 Signatures”䵯唑♙
ᇵJava幼岏屓喒᧤䶻3䓗᧥ᇶ䤓“§8.4.2 Method Signature”䵯唑₼⒕Ⓔ⸩⃘ℕⷦ唑䪐⻑槱䤓㡈㽤
䔈㈐不⚜᧨ⅴ♙Javaⅲ䪐⻑槱䤓㡈㽤䔈㈐不⚜᧨䔈㈐不⚜㦏摜尐䤓↊┰⻀㢾⇫㡈㽤䕻㡯
ℛ₣ₜ♾摜⮜䤓ID᧨⦷Javaⅲ䪐₼䤓㡈㽤䔈㈐不⚜♹▔㕻ℕ㡈㽤⚜䱿ᇬ♑㟿欉ㄞ♙♑㟿伊
⨚᧨力⦷ⷦ唑䪐₼䤓䔈㈐不⚜执▔㕻㡈㽤扣⥭⋋♙♦㩴㆑デ嫷᧨㦻₼Ⱁ㨫㖖䤓㢾ⷦ唑䪐⻑
槱䤓㡈㽤不⚜᧨䶣劔↩┯⏴棟⸩幼扪嫛広㢝᧨⃮庆床劔㫈㗽ₙₚ㠖幼⬒㽷㎞◉⒕ᇭ
[4]JDK 1.5⺈壩㕮㧉屓喒≽㟈᧶http://jcp.org/aboutJava/communityprocess/maintenance/jsr



924/index.htmlᇭ



10.3.2ᇫ呹┷孔乀ᇬ㕕乀拜☕㈹䘾

⅝儾㔏㦾䤓屡ㄵ㧴幁᧨呹┷孔乀ᇬ呹┷㕕乀拜☕㈹䘾᧤Foreach㈹䘾᧥扨K幼㽤佥᧨㡯
幉㢾⸭䘿ₙ执㢾㊬㎂ₙ掌ₜ厌✛ₙ㠖⅚兜䤓㽪⨚䦇㹣᧨₳劔䤓楍ㄵ✛䂀ㄵ掌㦘㈗⮶ぽ恬ᇭ₢
桷㖎⒉唑㧴幁屲⸒ⅻ♹㦘₹䚕䟀᧶㹺㡯䠠桽᧨⸒ⅻ㢾Java幼岏摛∎䞷㈦㦏⮩䤓幼㽤佥ᇭ
㒠ⅻ抩扖ⅲ䪐䂔◤10-6✛ⅲ䪐䂔◤10-7₼㓏䯉䤓ⅲ䪐㧴䦚䦚扨K幼㽤佥⦷冥幠⚝↩♠䞮⅏⃗
㫆䤓♧▥ᇭ

ⅲ䪐䂔◤10-6ᇫ呹┷孔乀ᇬ㕕乀拜☕㈹䘾

public static void main᧤String[]args᧥{
List᧸Integer᧺list=Arrays.asList᧤1᧨2᧨3᧨4᧥᧷
//Ⱁ㨫⦷JDK 1.7₼᧨执㦘♵⮥欦幼㽤佥[1]
//厌常ₙ槱扨♴ⅲ䪐扪㷴丏㒟List᧸Integer᧺list=[1᧨2᧨3᧨4]᧷
int sum=0᧷
for᧤int i᧶list᧥{
sum+=i᧷
}
System.out.println᧤sum᧥᧷
}

ⅲ䪐䂔◤10-7ᇫ呹┷孔乀ᇬ㕕乀拜☕㈹䘾冥幠⃚⚝

public static void main᧤String[]args᧥{
List list=Arrays.asList᧤new Integer[]{
Integer.valueOf᧤1᧥᧨
Integer.valueOf᧤2᧥᧨
Integer.valueOf᧤3᧥᧨
Integer.valueOf᧤4᧥}᧥᧷
int sum=0᧷
for᧤Iterator localIterator=list.iterator᧤᧥᧷localIterator.hasNext᧤᧥᧷᧥{
int i=᧤᧤Integer᧥localIterator.next᧤᧥᧥.intValue᧤᧥᧷
sum+=i᧷
}
System.out.println᧤sum᧥᧷
}

ⅲ䪐䂔◤10-6₼␀▔⚺ℕ㽪⨚ᇬ呹┷孔乀ᇬ呹┷㕕乀ᇬ拜☕㈹䘾♧栎♑㟿5䱜幼㽤
佥᧨ⅲ䪐䂔◤10-7⒨⻤䯉ℕ⸒ⅻ⦷冥幠⚝䤓♧▥ᇭ㽪⨚⻀ₜ㉔広ℕ᧨呹┷孔乀ᇬ㕕乀⦷冥幠
⃚⚝嬺懻▥㒟ℕ⺈ㄣ䤓▔孔✛执☮㡈㽤᧨Ⱁ㦻√₼䤓Integer.valueOf᧤᧥
Integer.intValue᧤᧥㡈㽤᧨力拜☕㈹䘾⒨㔙ⅲ䪐执☮㒟ℕ扼ⅲ⣷䤓⸭䘿᧨扨⃮㢾⇤拜☕㈹
䘾榏尐嬺拜☕䤓伊⸭䘿Iterable㘴♲䤓☮⥯ᇭ㦏⚝␜䦚䦚♧栎♑㟿᧨⸒⦷庒䞷䤓㢅⊨♧㒟ℕ
₹㟿兓伊⨚䤓♑㟿᧨⦷♧栎♑㟿⒉䘿⃚ⓜ᧨䲚ㄞ⛧⻀㢾∎䞷㟿兓㧴⸛㒟伊⇋┮厌䤓ᇭ

扨K幼㽤佥夌䏅䦚怆㧴㈗丏◤᧨⇕⃮ₜ屐㈦⻀㼰㦘↊⇤⋋㈦㒠ⅻ㽷㎞䤓⦿㡈᧨ⅲ䪐䂔◤
10-8䆣䯉ℕ呹┷孔乀䤓K枨幾䞷㽤ᇭ

ⅲ䪐䂔◤10-8ᇫ呹┷孔乀䤓椆检

public static void main᧤String[]args᧥{
Integer a=1᧷
Integer b=2᧷
Integer c=3᧷
Integer d=3᧷
Integer e=321᧷
Integer f=321᧷
Long g=3L᧷
System.out.println᧤c==d᧥᧷
System.out.println᧤e==f᧥᧷
System.out.println᧤c==᧤a+b᧥᧥᧷
System.out.println᧤c.equals᧤a+b᧥᧥᧷
System.out.println᧤g==᧤a+b᧥᧥᧷
System.out.println᧤g.equals᧤a+b᧥᧥᧷
}

梔床⸛ⅲ䪐䂔◤10-8᧨床劔ₜⰷ㊬劒₳₹桽欧᧶㢾扨6♴㓢◿幼♴䤓戢⒉㢾⅏⃗᧻ℛ
㢾扨6♴㓢◿幼♴₼᧨屲棳幼㽤佥⚝♑㟿↩㢾⅏⃗㫆᧻扨₳₹桽欧䤓䷣㫗♾ⅴ㈗⹈㢢幤洛



⒉㧴᧨䶣劔⻀㤑₣䟴♊䷣㫗᧨゛㦪床劔呹むₙ㧉⸭悄ₚᇭ㡯幉床劔䤓⥭䷣㢾⚵㷲䫽᧨攃ℝ
▔孔伊䤓“==”扟並⦷ₜ拖Ⓙ並㦾扟並䤓㍔⑄ₚₜ↩呹┷㕕乀᧨ⅴ♙⸒ⅻequals᧤᧥㡈㽤ₜ⮓
䚕㟿㗽懻⨚䤓␂侊᧨䶣劔ㆉ帽⦷⸭棔冥䪐₼⻌摞挎⏜扨㫆∎䞷呹┷孔乀㕕乀ᇭ

[1]⦷㦻䵯⸛䳎⃚⚝᧨㷳幼㽤佥椞䧏Project Coin怆嬺⒡⒕ⒿJDK 1.8₼ℕ᧨⦷JDK 1.7摛ₜ↩
▔㕻ᇭ



10.3.3ᇫ㧰ↅ冥幠

幇⮩䲚ㄞ幍帰幼岏掌㙟∪ℕ㧰ↅ冥幠䤓抣㈓᧨ⰑCᇬC++₼∎䞷欓⮓䚕⣷㖖䯉䶵
᧤#ifdef᧥㧴⸛㒟㧰ↅ冥幠ᇭCᇬC++䤓欓⮓䚕⣷㦏⒬䤓↊┰㢾屲⑂冥幠㢅䤓ⅲ䪐∬忥␂侊
᧤Ⱁ槭デデ䞷䤓#include欓⮓䚕✌ⅳ᧥᧨力⦷Java幼岏⃚₼ㄅ㼰㦘∎䞷欓⮓䚕⣷᧨⥯Java幼
岏⮸䏅䤓冥幠㡈㆞᧤冥幠⣷ㄅ槭₹₹⦿冥幠Java㠖ↅ᧨力㢾⺕㓏㦘冥幠◤⏒䤓幼㽤㪠欅儶
唑䍈戢⏴Ⓙ㈔⮓䚕⒦嫷⚝␜扪嫛冥幠᧨⥯㷳⚓₹㠖ↅ⃚梃厌⮮℡䦇㙟∪䶵⚆≰㋾᧥㡯權∎䞷
欓⮓䚕⣷ᇭ挲Java幼岏㢾⚵㦘┭㽤⸭䘿㧰ↅ冥幠⛱᧻

Java幼岏㇢䏅⃮♾ⅴ扪嫛㧰ↅ冥幠᧨㡈㽤⻀㢾∎䞷㧰ↅデ摞䤓if幼♴ᇭⰑⅲ䪐䂔◤10-
9㓏䯉᧨㷳ⅲ䪐₼䤓if幼♴ₜ⚛ℝ␅ⅥJavaⅲ䪐᧨⸒⦷冥幠棅㹄⻀↩嬺“扟嫛”᧨䞮㒟䤓ⷦ唑䪐
⃚₼♹▔㕻“System.out.println᧤"block 1"᧥᧷”㧰幼♴᧨ㄅₜ↩▔⚺if幼♴♙♵⮥₹⒕
₼䤓“System.out.println᧤"block 2"᧥᧷”

ⅲ䪐䂔◤10-9ᇫJava幼岏䤓㧰ↅ冥幠

public static void main᧤String[]args᧥{
if᧤true᧥{
System.out.println᧤"block 1"᧥᧷
}else{
System.out.println᧤"block 2"᧥᧷
}
}

ₙ承ⅲ䪐冥幠⚝Class㠖ↅ䤓♜冥幠兢㨫᧶

public static void main᧤String[]args᧥{
System.out.println᧤"block 1"᧥᧷
}

♹厌∎䞷㧰ↅデ摞䤓if幼♴㓜厌才Ⓙₙ承㟗㨫᧨Ⱁ㨫∎䞷デ摞␅Ⅵサ㦘㧰ↅ⒳㠼厌
┪䤓幼♴㚼揜᧨⒨♾厌⦷㘶Ⓟ㿐⒕㨟₼㙟䯉枨幾᧨嬺㕡公冥幠᧨Ⱁⅲ䪐䂔◤10-10㓏䯉䤓ⅲ
䪐⻀↩嬺冥幠⣷㕡公冥幠ᇭ

ⅲ䪐䂔◤10-10ᇫₜ厌∎䞷␅Ⅵ㧰ↅ幼♴㧴⸛㒟㧰ↅ冥幠

public static void main᧤String[]args᧥{
//冥幠⣷⺕↩㙟䯉“Unreachable code”
while᧤false᧥{
System.out.println᧤""᧥᧷
}
}

Java幼岏₼㧰ↅ冥幠䤓⸭䘿᧨⃮㢾Java幼岏䤓欦幼㽤佥᧨㫈㗽を⺣デ摞⋋䤓䦮⋖᧨冥
幠⣷⺕↩㔙⒕㞾₼ₜ㒟䵚䤓ⅲ䪐⧦䀗棳㘘᧨扨ぴ⇫⺕⦷冥幠⣷屲棳幼㽤佥棅㹄
᧤com.sun.tools.javac.comp.Lower伊₼᧥⸛㒟ᇭ䟀ℝ扨䱜㧰ↅ冥幠䤓⸭䘿㡈㆞∎䞷ℕif幼♴᧨
㓏ⅴ⸒㉔權挄㈹㦏⪉㦻䤓Java幼㽤᧨♹厌⦷㡈㽤⇢␔捷᧨⥯㷳⸒♹厌⸭䘿幼♴⪉㦻⧦
᧤Block᧥儶Ⓔ䤓㧰ↅ冥幠᧨力㼰㦘┭㽤⸭䘿㫈㗽㧰ↅ庒㠃㠃₹Java伊䤓兢㨓ᇭ

棳ℕ㦻唑₼⅚兜䤓㽪⨚ᇬ呹┷孔乀ᇬ呹┷㕕乀ᇬ拜☕㈹䘾ᇬ♧栎♑㟿✛㧰ↅ冥幠⃚
⮥᧨Java幼岏执㦘ₜ⺠␅Ⅵ䤓幼㽤佥᧨Ⱁ␔捷伊ᇬ㨩伊ᇬ㠼岏幼♴ᇬ⺈㨩✛ⷦ䶵᧤⦷
JDK 1.7₼㞾㖐᧥䤓switch㞾㖐ᇬtry幼♴₼⸩⃘✛␂桼忓䄟᧤⦷JDK 1.7₼㞾㖐᧥䷘᧨床劔♾
ⅴ抩扖恮悹Javac䄟䪐ᇬ♜冥幠Class㠖ↅ䷘㡈㆞ℕ屲⸒ⅻ䤓㦻德⸭䘿᧨⦎ℝ乖ピ᧨䶣劔⻀ₜ



␜⅚兜ℕᇭ



10.4ᇫ⸭㒧᧶㙡⏴㆞㽷屲⮓䚕⣷
JDK冥幠↧▥捷⒕⦷㦻₼ㄅ㼰㦘幍函䕻䵚䤓⸭㒧䵯唑᧨⥯㒠ⅻ♠䲚ㄞ᧨劒壠䤓

尐㢾䲚ㄞ↩Ⱁ⇤扟嫛᧨㈗⺠↩㦘朗⺈䲚ㄞ冥幠䤓榏㻑ᇭ⃮⥯扨₹☮⥯᧨⦷JDK䤓冥幠侊
兮摛槱᧨㙟∪全䞷㓆䦃㘴㘶Ⓟ䤓┮厌䦇⺈戒⺠᧨棳ℕ䶻11䵯↩⅚兜䤓壩㕮㧉JIT冥幠䤓⑯₹
䦇␂♑㟿ⅴ⮥᧨㒠ⅻ⻀♹㦘∎䞷JSR-296₼⸩⃘䤓㙡⏴㆞㽷屲⮓䚕⣷API㧴⺈JDK冥幠侊兮
䤓嫛ℶ䞮K㈀❜ᇭ

⇕㢾䶣劔ㄅₜ帳䦇⺈ℝⓜ₳捷⒕⅚兜䤓␔ⷧ丰䚕侊兮✛ⷦ唑䪐㓶嫛侊兮᧨JDK䤓
冥幠侊兮⻀ₜ挲⃗摜尐ᇭ⯦冥䲚幼岏₼冥幠侊兮䤓↧┲᧨㈗⮶䲚ㄵₙ⑂⸩ℕ䲚ㄞ扟嫛
㊶厌䤓Ⰼ⧞✛冥䪐㟗䘖䤓浧⇝᧨⺳␅⦷Java幼岏₼᧨扟嫛㦮☂㢅冥幠壩㕮㧉㓶嫛侊兮槭
デ侶⹕⦿℡䦇∬忥ᇬ揜⚗扟⇫᧤䶻11䵯⺕尐幁屲扨㡈槱䤓␔⹈᧥ᇭℕ屲JDKⰑ⇤冥幠✛↧
▥ⅲ䪐᧨㦘┸ℝ㒠ⅻ⒉抑⚗JDK呹↧▥䤓䲚ㄞᇭₚ槱㒠ⅻ⥭Ⓙ㦻䵯䤓⸭㒧₼᧨䦚䦚㙡⏴㆞
㽷屲⮓䚕⣷API厌⸭䘿⅏⃗┮厌ᇭ

10.4.1ᇫ⸭㒧䥽㪖

抩扖梔床Javac冥幠⣷䤓䄟䪐᧨㒠ⅻ䩴拢冥幠⣷⦷㔙Java䲚ㄞ䄟䪐冥幠ⷦ唑䪐䤓㢅⊨᧨
↩⺈Java䲚ㄞ䄟䪐⋩⚓㡈槱䤓㭏㩴㪰洛ᇭ扨K㪰洛尐ⅴ䲚ㄞ“㈦⺈ₜ⺈”⒉♠䍈᧨夌䏅
⃮㦘⚓䱜WARNING䤓≰㋾᧨⇕㋊⇢㧴幁执㢾戒⺠♊㪰洛䲚ㄞ“㈦ⰌₜⰌ”ᇭ㦘攃ℝ㷳᧨₩
䟛⒉䘿ℕ幇⮩朗⺈䲚ㄞ“㈦ⰌₜⰌ”䤓戔┸㪰洛ぴ␆᧨ⰑCheckStyleᇬFindBugᇬKlocwork
䷘ᇭ扨Kⅲ䪐㪰洛ぴ␆㦘K㢾⪉ℝJava䤓䄟䪐扪嫛㪰洛᧨执㦘K㢾抩扖㓺㙞ⷦ唑䪐㧴⸛
㒟᧨⦷㦻唑䤓⸭㒧₼᧨㒠ⅻ⺕↩∎䞷㽷屲⮓䚕⣷API㧴冥㷍㕴㦘呹む冥䪐歝㫋䤓㪰洛ぴ
␆᧶NameCheckProcessorᇭ

㇢䏅᧨䟀ℝ㒠ⅻ䤓⸭㒧掌㢾ℕ⃯ⷵ✛䆣䯉㔏㦾☮䚕᧨力ₜ㢾ℕ⋩⒉㷍厌ⵁ初
CheckStyle䷘ぴ␆䤓ℶ❐㧴᧨㓏ⅴNameCheckProcessor䤓䥽㪖⃮⅔⸩⺈Java䲚ㄞ✌⚜扪嫛㭏
㩴᧨㫈㗽ᇵJava幼岏屓喒᧤䶻3䓗᧥ᇶ₼䶻6.8唑䤓尐㻑᧨Java䲚ㄞ✌⚜ㄣ㇢䶵⚗ₚ⒦㫋㆞䤓
屓喒ᇭ

伊᧤㒥㘴♲᧥᧶䶵⚗洋㆞✌⚜㽤᧨氥ⷦ㹜⮶ᇭ

㡈㽤᧶䶵⚗洋㆞✌⚜㽤᧨氥ⷦ㹜⺞ᇭ

ⷦ㹄᧶

●伊㒥⸭√♧摞᧶䶵⚗洋㆞✌⚜㽤᧨氥ⷦ㹜⺞ᇭ

●デ摞᧶尐㻑⏷捷䟀⮶ⷦ㹜㒥ₚ⒡兎㨓㒟᧨ㄅ₣䶻₹ⷦ䶵ₜ厌㢾ₚ⒡兎ᇭ

ₙ㠖㙟Ⓙ䤓洋㆞✌⚜㽤᧤Camel Case Name᧥᧨㷲Ⱁ⸒䤓⚜䱿㓏嫷䯉䤓挲㫆᧨㢾㖖䂆⚗
∎䞷⮶⺞ⷦ㹜㧴⒕━㨓㒟♧摞㒥⒌㟿䤓⚜ⷦ᧨䕈Ⱁ洋⽿咻᧨扨㢾㇢ⓜJava幼岏₼㿐䤓
✌⚜屓喒᧨㒠ⅻ䤓⸭㒧䥽㪖⻀㢾Javac冥幠⣷䂊┯₹欬⮥䤓┮厌᧨⦷冥幠䲚ㄞ㢅㭏㩴䲚
ㄞ⚜㢾⚵䶵⚗ₙ承⺈伊᧤㒥㘴♲᧥ᇬ㡈㽤ᇬⷦ㹄䤓✌⚜尐㻑[1]ᇭ

[1]⦷JDK䤓sample/javac/processing䥽₼㦘扨㶰⸭㒧䤓䄟䪐᧤䲜㈽⮜㧑K᧨⇕㋊⇢ₙぽ恬



ₜ⮶᧥᧨床劔♾ⅴ梔床♑劒ᇭ



10.4.2ᇫⅲ䪐⸭䘿

尐抩扖㽷屲⮓䚕⣷API⸭䘿₹冥幠⣷㙡ↅ᧨氥⏗榏尐ℕ屲扨兓API䤓K⪉㦻䩴幕ᇭ㒠
ⅻ⸭䘿㽷屲⮓䚕⣷䤓ⅲ䪐榏尐其㔎㕌廰伊javax.annotation.processing.AbstractProcessor᧨扨₹
㕌廰伊₼♹㦘₹㉔權尕䥥䤓abstract㡈㽤᧶“process᧤᧥”᧨⸒㢾Javac冥幠⣷⦷㓶嫛㽷屲⮓
䚕⣷ⅲ䪐㢅尐庒䞷䤓扖䲚᧨㒠ⅻ♾ⅴ⅝扨₹㡈㽤䤓䶻₹♑㟿“annotations”₼噆♥Ⓙ㷳㽷屲
⮓䚕⣷㓏尐⮓䚕䤓㽷屲楕⚗᧨⅝䶻ℛ₹♑㟿“roundEnv”₼幎桽Ⓙ㇢ⓜ扨₹Round₼䤓幼㽤㪠
唑䍈᧨㹞₹幼㽤㪠唑䍈⦷扨摛嫷䯉₹Elementᇭ⦷JDK 1.6㠿⬭䤓javax.lang.model▔₼⸩
⃘ℕ16伊Element᧨▔㕻ℕJavaⅲ䪐₼㦏デ䞷䤓⏒侯᧨Ⱁ᧶“▔᧤PACKAGE᧥ᇬ㨩
᧤ENUM᧥ᇬ伊᧤CLASS᧥ᇬ㽷屲᧤ANNOTATION_TYPE᧥ᇬ㘴♲᧤INTERFACE᧥ᇬ㨩
⋋᧤ENUM_CONSTANT᧥ᇬⷦ㹄᧤FIELD᧥ᇬ♑㟿᧤PARAMETER᧥ᇬ㦻⦿♧摞
᧤LOCAL_VARIABLE᧥ᇬ㆑デ᧤EXCEPTION_PARAMETER᧥ᇬ㡈㽤᧤METHOD᧥ᇬ㨓抯
⒌㟿᧤CONSTRUCTOR᧥ᇬ槨㊐幼♴⧦᧤STATIC_INIT᧨☂static{}⧦᧥ᇬ⸭√幼♴⧦
᧤INSTANCE_INIT᧨☂{}⧦᧥ᇬ♑㟿▥伊⨚᧤TYPE_PARAMETER᧨㡱㽪⨚⺥㕻⚆␔䤓伊
⨚᧥✛㦹⸩⃘䤓␅Ⅵ幼㽤㪠唑䍈᧤OTHER᧥”ᇭ棳ℕprocess᧤᧥㡈㽤䤓↯⏴♑㟿⃚⮥᧨执㦘
₹㈗デ䞷䤓⸭√♧摞“processingEnv”᧨⸒㢾AbstractProcessor₼䤓₹protected♧摞᧨⦷㽷
屲⮓䚕⣷⒬ⱚ▥䤓㢅⊨᧤init᧤᧥㡈㽤㓶嫛䤓㢅⊨᧥⒪ㆉ᧨其㔎ℕAbstractProcessor䤓㽷屲⮓
䚕⣷ⅲ䪐♾ⅴ䦃㘴幎桽Ⓙ⸒ᇭ⸒ⅲ嫷ℕ㽷屲⮓䚕⣷㫕㩅㙟∪䤓₹ₙₚ㠖䘾⬒᧨尐⒪ㆉ㠿䤓
ⅲ䪐ᇬ⚠冥幠⣷戢⒉≰㋾ᇬ噆♥␅Ⅵぴ␆伊䷘掌榏尐䞷Ⓙ扨₹⸭√♧摞ᇭ

㽷屲⮓䚕⣷棳ℕprocess᧤᧥㡈㽤♙␅♑㟿⃚⮥᧨执㦘₳₹♾ⅴ揜⚗∎䞷䤓Annotations᧶
@SupportedAnnotationTypes✛@SupportedSourceVersion᧨ⓜ劔ⅲ嫷ℕ扨₹㽷屲⮓䚕⣷⺈❹K
㽷屲㎮␃怲᧨♾ⅴ∎䞷㢮⚆“*”⇫抩揜䶵ⅲ嫷⺈㓏㦘䤓㽷屲掌㎮␃怲᧨⚝劔㖖⒉扨₹㽷屲
⮓䚕⣷♾ⅴ⮓䚕❹K䓗㦻䤓Javaⅲ䪐ᇭ

㹞₹㽷屲⮓䚕⣷⦷扟嫛䤓㢅⊨掌㢾◤√䤓᧨Ⱁ㨫ₜ榏尐㟈♧㒥䞮㒟幼㽤㪠䤓␔
⹈᧨process᧤᧥㡈㽤⻀♾ⅴ扣⥭₹⋋false䤓を⺣⋋᧨抩䩴冥幠⣷扨₹Round₼䤓ⅲ䪐㦹
♠䞮♧▥᧨㡯權㨓抯㠿䤓JavaCompiler⸭√᧨⦷扨㶰⸭㒧䤓㽷屲⮓䚕⣷₼♹⺈䲚ㄞ✌⚜扪嫛
㭏㩴᧨ₜ榏尐㟈♧幼㽤㪠䤓␔⹈᧨⥯㷳process᧤᧥㡈㽤䤓扣⥭⋋掌㢾falseᇭ␂ℝ㽷屲⮓䚕⣷
䤓API᧨䶣劔⻀丏◤⅚兜扨K᧨⺈扨₹欕⩮㦘␃怲䤓床劔♾ⅴ梔床䦇␂䤓ソ┸㠖㫲ᇭₚ槱㧴
䦚䦚㽷屲⮓䚕⣷NameCheckProcessor䤓␆⇢ⅲ䪐᧨Ⱁⅲ䪐䂔◤10-11㓏䯉ᇭ

ⅲ䪐䂔◤10-11ᇫ㽷屲⮓䚕⣷NameCheckProcessor

//♾ⅴ䞷"*"嫷䯉㞾㖐㓏㦘Annotations
@SupportedAnnotationTypes᧤"*"᧥
//♹㞾㖐JDK 1.6䤓Javaⅲ䪐
@SupportedSourceVersion᧤SourceVersion.RELEASE_6᧥
public class NameCheckProcessor extends AbstractProcessor{
private NameChecker nameChecker᧷
/**
*⒬ⱚ▥⚜䱿㭏㩴㙡ↅ
*/
@Override
public void init᧤ProcessingEnvironment processingEnv᧥{
super.init᧤processingEnv᧥᧷
nameChecker=new NameChecker᧤processingEnv᧥᧷
}
/**
*⺈戢⏴䤓幼㽤㪠䤓⚓₹唑䍈扪嫛⚜䱿㭏㩴
*/
@Override
public boolean process᧤Set᧸?extends TypeElement᧺annotations,RoundEnvironment roundEnv᧥{
if᧤roundEnv.processingOver᧤᧥᧥{
for᧤Element element᧶roundEnv.getRootElements᧤᧥᧥
nameChecker.checkNames᧤element᧥᧷
}
return false᧷
}
}



⅝ₙ槱ⅲ䪐♾ⅴ䦚⒉᧨NameCheckProcessor厌⮓䚕⪉ℝJDK 1.6䤓䄟䪐᧨⸒ₜ棟ℝ䔈⸩䤓
㽷屲᧨⺈↊⇤ⅲ䪐掌“㎮␃怲”᧨力⦷process᧤᧥㡈㽤₼㢾㔙㇢ⓜRound₼䤓㹞₹
RootElement↯抡Ⓙ₹⚜NameChecker䤓㭏㩴⣷₼㓶嫛⚜䱿㭏㩴拊戠᧨NameChecker䤓ⅲ䪐
Ⱁⅲ䪐䂔◤10-12㓏䯉ᇭ

ⅲ䪐䂔◤10-12ᇫ✌⚜㭏㩴⣷NameChecker

/**
*䲚ㄞ⚜䱿屓喒䤓冥幠⣷㙡ↅ᧶᧸br᧺
*Ⱁ㨫䲚ㄞ✌⚜ₜ⚗屓喒᧨⺕↩戢⒉₹冥幠⣷䤓WARNING≰㋾
*/
public class NameChecker{
private final Messager messager᧷
NameCheckScanner nameCheckScanner=new NameCheckScanner᧤᧥᧷
NameChecker᧤ProcessingEnvironment processsingEnv᧥{
this.messager=processsingEnv.getMessager᧤᧥᧷
}
/**
*⺈Java䲚ㄞ✌⚜扪嫛㭏㩴᧨㫈㗽ᇵJava幼岏屓喒᧤䶻3䓗᧥ᇶ䶻6.8唑䤓尐㻑᧨Java䲚ㄞ✌⚜ㄣ㇢䶵⚗ₚ⒦㫋㆞᧶
*
*᧸ul᧺
*᧸li᧺伊㒥㘴♲᧶䶵⚗洋㆞✌⚜㽤᧨氥ⷦ㹜⮶ᇭ
*᧸li᧺㡈㽤᧶䶵⚗洋㆞✌⚜㽤᧨氥ⷦ㹜⺞ᇭ
*᧸li᧺ⷦ㹄᧶
*᧸ul᧺
*᧸li᧺伊ᇬ⸭√♧摞᧶䶵⚗洋㆞✌⚜㽤᧨氥ⷦ㹜⺞ᇭ
*᧸li᧺デ摞᧶尐㻑⏷捷⮶ᇭ
*᧸/ul᧺
*᧸/ul᧺
*/
public void checkNames᧤Element element᧥{
nameCheckScanner.scan᧤element᧥᧷
}
/**
*⚜䱿㭏㩴⣷⸭䘿伊᧨其㔎ℕJDK 1.6₼㠿㙟∪䤓ElementScanner6᧸br᧺
*⺕↩ⅴVisitor㲰㆞幎桽㕌廰幼㽤㪠₼䤓⏒侯
*/
private class NameCheckScanner extends ElementScanner6᧸Void,Void᧺{
/**
*㷳㡈㽤䞷ℝ㭏㩴Java伊
*/
@Override
public Void visitType᧤TypeElement e,Void p᧥{
scan᧤e.getTypeParameters᧤᧥᧨p᧥᧷
checkCamelCase᧤e,true᧥᧷
super.visitType᧤e,p᧥᧷
return null᧷
}
/**
*㭏㩴㡈㽤✌⚜㢾⚵⚗㽤
*/
@Override
public Void visitExecutable᧤ExecutableElement e,Void p᧥{
if᧤e.getKind᧤᧥==METHOD᧥{
Name name=e.getSimpleName᧤᧥᧷
if
᧤name.contentEquals᧤e.getEnclosingElement᧤᧥.getSimpleName᧤᧥᧥᧥
messager.printMessage᧤WARNING᧨"₹㣽抩㡈㽤""+name+""ₜㄣ㇢伊⚜摜⮜᧨挎⏜㨓抯⒌㟿ℶ䞮䂆䁕"᧨e᧥᧷
checkCamelCase᧤e,false᧥᧷
}
super.visitExecutable᧤e,p᧥᧷
return null᧷
}
/**
*㭏㩴♧摞✌⚜㢾⚵⚗㽤
*/
@Override
public Void visitVariable᧤VariableElement e,Void p᧥{
//Ⱁ㨫扨₹Variable㢾㨩㒥デ摞᧨⒨㖘⮶✌⚜㭏㩴᧨⚵⒨㖘䏶洋㆞✌⚜㽤屓⒨㭏㩴
if᧤e.getKind᧤᧥==ENUM_CONSTANT||e.getConstantValue᧤᧥=null||heuristicallyConstant᧤e᧥᧥
checkAllCaps᧤e᧥᧷
else
checkCamelCase᧤e,false᧥᧷
return null᧷
}
/**
*⒳㠼₹♧摞㢾⚵㢾デ摞
*/
private boolean heuristicallyConstant᧤VariableElement e᧥{
if᧤e.getEnclosingElement᧤᧥.getKind᧤᧥==INTERFACE᧥
return true᧷
else if᧤e.getKind᧤᧥==FIELD᧢᧢e.getModifiers᧤᧥.containsAll᧤EnumSet.of᧤PUBLIC,STATIC,FINAL᧥᧥᧥
return true᧷
else{
return false᧷
}
}
/**
*㭏㩴↯⏴䤓Element㢾⚵䶵⚗洋㆞✌⚜㽤᧨Ⱁ㨫ₜ䶵⚗᧨⒨戢⒉巵⛙≰㋾
*/
private void checkCamelCase᧤Element e,boolean initialCaps᧥{
String name=e.getSimpleName᧤᧥.toString᧤᧥᧷
boolean previousUpper=false᧷
boolean conventional=true᧷
int firstCodePoint=name.codePointAt᧤0᧥᧷
if᧤Character.isUpperCase᧤firstCodePoint᧥᧥{
previousUpper=true᧷
if᧤initialCaps᧥{
messager.printMessage᧤WARNING᧨"⚜䱿""+name+""ㄣ㇢ⅴ⺞ⷦ㹜⯃"᧨e᧥᧷
return᧷
}
}else if᧤Character.isLowerCase᧤firstCodePoint᧥᧥{
if᧤initialCaps᧥{
messager.printMessage᧤WARNING᧨"⚜䱿""+name+""ㄣ㇢ⅴ⮶ⷦ㹜⯃"᧨e᧥᧷
return᧷
}
}else
conventional=false᧷
if᧤conventional᧥{
int cp=firstCodePoint᧷
for᧤int i=Character.charCount᧤cp᧥᧷i᧸name.length᧤᧥᧷i+=Character.charCount᧤cp᧥᧥{
cp=name.codePointAt᧤i᧥᧷
if᧤Character.isUpperCase᧤cp᧥᧥{
if᧤previousUpper᧥{
conventional=false᧷
break᧷



}
previousUpper=true᧷
}else
previousUpper=false᧷
}
}
if᧤conventional᧥
messager.printMessage᧤WARNING᧨"⚜䱿""+name+""ㄣ㇢䶵⚗洋㆞✌⚜㽤᧤Camel Case Names᧥"᧨e᧥᧷
}
/**
*⮶✌⚜㭏㩴᧨尐㻑䶻₹ⷦ㹜㉔權㢾⮶䤓喀㠖ⷦ㹜᧨␅⇨捷⒕♾ⅴ㢾ₚ⒡兎㒥⮶ⷦ㹜
*/
private void checkAllCaps᧤Element e᧥{
String name=e.getSimpleName᧤᧥.toString᧤᧥᧷
boolean conventional=true᧷
int firstCodePoint=name.codePointAt᧤0᧥᧷
if᧤Character.isUpperCase᧤firstCodePoint᧥᧥
conventional=false᧷
else{
boolean previousUnderscore=false᧷
int cp=firstCodePoint᧷
for᧤int i=Character.charCount᧤cp᧥᧷i᧸name.length᧤᧥᧷i+=Character.charCount᧤cp᧥᧥{
cp=name.codePointAt᧤i᧥᧷
if᧤cp==᧤int᧥'_'᧥{
if᧤previousUnderscore᧥{
conventional=false᧷
break᧷
}
previousUnderscore=true᧷
}else{
previousUnderscore=false᧷
if᧤Character.isUpperCase᧤cp᧥᧢᧢Character.isDigit᧤cp᧥᧥
{
conventional=false᧷
break᧷
}
}
}
}
if᧤conventional᧥
messager.printMessage᧤WARNING᧨"デ摞""+name+""ㄣ㇢⏷捷ⅴ⮶ⷦ㹜㒥ₚ⒡兎✌⚜᧨ㄅ₣ⅴⷦ㹜⯃"᧨e᧥᧷
}
}
}

NameChecker䤓ⅲ䪐䦚怆㧴㦘䍈栎᧨⇕⸭棔ₙ㽷摙◯ℕ㈗⮶捷⒕᧨␅⸭☂∎並ₙ㽷摙
⃮ₜⒿ190嫛ᇭ⸒抩扖₹其㔎ℝjavax.lang.model.util.ElementScanner6䤓NameCheckScanner
伊᧨ⅴVisitor㲰㆞㧴⸛㒟⺈幼㽤㪠䤓拜☕᧨⒕Ⓔ㓶嫛visitType᧤᧥ᇬvisitVariable᧤᧥✛
visitExecutable᧤᧥㡈㽤㧴幎桽伊ᇬⷦ㹄✛㡈㽤᧨扨3₹visit㡈㽤⺈⚓呹䤓✌⚜屓⒨⋩䦇ㄣ䤓
㭏㩴᧨checkCamelCase᧤᧥checkAllCaps᧤᧥㡈㽤⒨䞷ℝ⸭䘿洋㆞✌⚜㽤✛⏷⮶✌⚜屓
⒨䤓㭏㩴ᇭ

㠃₹㽷屲⮓䚕⣷♹榏NameCheckProcessor✛NameChecker₳₹伊⻀♾ⅴ⏷捷⸛㒟᧨ℕ
洛幐㒠ⅻ䤓⸭㒧㒟㨫᧨ⅲ䪐䂔◤10-13₼㙟∪ℕ㹄✌⚜屓喒䤓“♜槱㟨㧟”ⅲ䪐᧨␅₼䤓㹞
₹伊ᇬ㡈㽤♙ⷦ㹄䤓✌⚜掌ⷧ⦷桽欧᧨⇕㢾∎䞷㣽抩䤓Javac冥幠扨㹄ⅲ䪐㢅ₜ↩㙟䯉↊
⇤₹Warning≰㋾ᇭ

ⅲ䪐䂔◤10-13ᇫ▔⚺ℕ⮩⮓ₜ屓喒✌⚜䤓ⅲ䪐㫆√

public class BADLY_NAMED_CODE{
enum colors{
red,blue,green᧷
}
static final int_FORTY_TWO=42᧷
public static int NOT_A_CONSTANT=_FORTY_TWO᧷
protected void BADLY_NAMED_CODE᧤᧥{
return᧷
}
public void NOTcamelCASEmethodNAME᧤᧥{
return᧷
}
}



10.4.3ᇫ扟嫛㿚幤

㒠ⅻ♾ⅴ抩扖Javac✌ⅳ䤓“-processor”♑㟿㧴㓶嫛冥幠㢅榏尐棓サ䤓㽷屲⮓䚕⣷᧨Ⱁ㨫
㦘⮩₹㽷屲⮓䚕⣷䤓幬᧨䞷抦⚆⒕椣ᇭ执♾ⅴ∎䞷-XprintRounds✛-XprintProcessorInfo♑㟿
㧴㩴䦚㽷屲⮓䚕⣷扟⇫䤓幵兕≰㋾᧨㦻㶰⸭㒧₼䤓NameCheckProcessor䤓冥幠♙㓶嫛扖䲚Ⱁ
ⅲ䪐䂔◤10-14㓏䯉ᇭ

ⅲ䪐䂔◤10-14ᇫ㽷屲⮓䚕⣷䤓扟嫛扖䲚

D᧶\src᧺javac org/fenixsoft/compile/NameChecker.java
D᧶\src᧺javac org/fenixsoft/compile/NameCheckProcessor.java
D᧶\src᧺javac-processor org.fenixsoft.compile.NameCheckProcessor org/fenixsoft/compile/BADLY_NAMED_CODE.java
org\fenixsoft\compile\BADLY_NAMED_CODE.java᧶3᧶巵⛙᧶⚜䱿"BADLY_NAMED_CODE"ㄣ㇢䶵⚗洋㆞✌⚜㽤᧤Camel Case Names᧥
public class BADLY_NAMED_CODE{
^
org\fenixsoft\compile\BADLY_NAMED_CODE.java᧶5᧶巵⛙᧶⚜䱿"colors"ㄣ㇢ⅴ⮶ⷦ㹜⯃
enum colors{
^
org\fenixsoft\compile\BADLY_NAMED_CODE.java᧶6᧶巵⛙᧶デ摞"red"ㄣ㇢⏷捷ⅴ⮶ⷦ㹜㒥ₚ⒡兎✌⚜᧨ㄅ₣ⅴⷦ㹜⯃
red,blue,green᧷
^
org\fenixsoft\compile\BADLY_NAMED_CODE.java᧶6᧶巵⛙᧶デ摞"blue"ㄣ㇢⏷捷ⅴ⮶ⷦ㹜㒥ₚ⒡兎✌⚜᧨ㄅ₣ⅴⷦ㹜⯃
red,blue,green᧷
^
org\fenixsoft\compile\BADLY_NAMED_CODE.java᧶6᧶巵⛙᧶デ摞"green"ㄣ㇢⏷捷ⅴ⮶ⷦ㹜㒥ₚ⒡兎✌⚜᧨ㄅ₣ⅴⷦ㹜⯃
red,blue,green᧷
^
org\fenixsoft\compile\BADLY_NAMED_CODE.java᧶9᧶巵⛙᧶デ摞"_FORTY_TWO"ㄣ㇢⏷捷ⅴ⮶ⷦ㹜㒥ₚ⒡兎✌⚜᧨ㄅ₣ⅴⷦ㹜⯃
static final int_FORTY_TWO=42᧷
^
org\fenixsoft\compile\BADLY_NAMED_CODE.java᧶11᧶巵⛙᧶⚜䱿"NOT_A_CONSTANT"ㄣ㇢ⅴ⺞ⷦ㹜⯃
public static int NOT_A_CONSTANT=_FORTY_TWO᧷
^
org\fenixsoft\compile\BADLY_NAMED_CODE.java᧶13᧶巵⛙᧶⚜䱿"Test"ㄣ㇢ⅴ⺞ⷦ㹜⯃
protected void Test᧤᧥{
^
org\fenixsoft\compile\BADLY_NAMED_CODE.java᧶17᧶巵⛙᧶⚜䱿"NOTcamelCASEmethodNAME"ㄣ㇢ⅴ⺞ⷦ㹜⯃
public void NOTcamelCASEmethodNAME᧤᧥{
^



10.4.4ᇫ␅Ⅵㄣ䞷㫗√

NameCheckProcessor䤓⸭㒧√♹䆣䯉ℕJSR-269⏴㆞㽷屲⮓䚕⣷API₼䤓捷⒕┮
厌᧨⪉ℝ扨兓API㞾㖐䤓欈䥽执㦘䞷ℝ㪰洛Hibernate㪖不∎䞷㷲䫽㊶䤓Hibernate Validator
Annotation Processor[1]᧤㦻德ₙNameCheckProcessor㓏⋩䤓ℚ㍔ぽₜ⮩᧥ᇬ呹┷ⷦ㹄䞮㒟
getter✛setter㡈㽤䤓Project Lombok[2]᧤㫈㗽め㦘⏒侯䞮㒟㠿䤓幼㽤㪠⏒侯᧥䷘᧨床劔㦘␃怲䤓
幬♾ⅴ♑劒⸒ⅻ⸧㡈䵨䍈䤓䦇␂␔⹈ᇭ

[1]⸧㡈䵨䍈᧶http://www.hibernate.org/subprojects/validator.htmlᇭ
[2]⸧㡈䵨䍈᧶http://projectlombok.org/ᇭ



10.5ᇫ㦻䵯⺞兢
⦷㦻䵯₼᧨㒠ⅻ⅝冥幠⣷䄟䪐⸭䘿䤓⻑㶰ₙℕ屲ℕJava䄟ⅲ䪐冥幠ⷦ唑䪐䤓扖䲚᧨⒕

㨟ℕJava幼岏₼㽪⨚ᇬ┷孔乀/㕕乀ᇬ㧰ↅ冥幠䷘⮩䱜幼㽤佥䤓ⓜ⥯⚝㨫᧨ㄅ⸭㒧兒⃯ℕⰑ
⇤∎䞷㙡⏴㆞㽷屲⮓䚕⣷㧴⸛㒟₹㭏㩴䲚ㄞ✌⚜屓喒䤓冥幠⣷㙡ↅᇭⰑ㦻䵯㰑承₼㓏広䤓
挲㫆᧨⦷ⓜ䵾冥幠⣷₼᧨“↧▥”㓚㹄尐䞷ℝ㙟◖䲚ㄞ䤓冥䪐㟗䘖᧨⃚㓏ⅴ㔙Javac扨伊⺕
Javaⅲ䪐懻♧ⷦ唑䪐䤓冥幠⣷䱿⋩“ⓜ䵾冥幠⣷”᧨㢾⥯⸒♹⸛㒟ℕ⅝䲚ㄞⒿ㕌廰幼㽤㪠
㒥₼梃ⷦ唑䪐䤓䞮㒟᧨力⦷㷳⃚⚝᧨执㦘兓␔函ℝ壩㕮㧉␔捷䤓“⚝䵾冥幠⣷”⸛㒟ℕ⅝ⷦ
唑䪐䞮㒟㦻⦿㧉⣷䪐䤓扖䲚᧨☂ⓜ槱⮩㶰㙟Ⓙ䤓☂㢅冥幠⣷㒥JIT冥幠⣷᧨扨₹冥幠⣷䤓冥
幠抮ㄵ♙冥幠兢㨫䤓↧┲᧨㢾嫰摞壩㕮㧉㊶厌₹㈗摜尐䤓㖖㪖ᇭ⦷䶻11䵯₼᧨㒠ⅻ⺕↩⅚
兜☂㢅冥幠⣷䤓扟⇫✛↧▥扖䲚ᇭ



䶻11䵯ᇫ㣩㦮᧤扟嫛㦮᧥↧▥
⅝帰並㧉䲚ㄞ⒉䘿䤓䶻⮸怆᧨⺈㟗䘖䤓抌㻑⻀㢾䲚ㄞ⮸䞮䤓⧩⸩≰ⅿ᧨扨₹扖䲚䕈Ⱁ

⧉㼰㦘兗䍈ᇬ㻇ₜ⋫㷖䤓F1㡈䲚㆞䵭忪᧨䲚ㄞ⛧㢾懵㓚᧨㔏㦾♿⒨㢾⦷忪拢ₙ歭泿䤓忪
懵ᇭ

11.1ᇫ㰑承
⦷捷⒕䤓⟕䞷壩㕮㧉᧤Sun HotSpotᇬIBM J9᧥₼᧨Java䲚ㄞ㦏⒬㢾抩扖屲摙⣷

᧤Interpreter᧥扪嫛屲摙㓶嫛䤓᧨㇢壩㕮㧉♠䘿㩟₹㡈㽤㒥ⅲ䪐⧦䤓扟嫛䔈Ⓔ欠僐㢅᧨⻀↩㔙
扨Kⅲ䪐帳⸩“䍼䍈ⅲ䪐”᧤Hot Spot Code᧥ᇭℕ㙟浧䍼䍈ⅲ䪐䤓㓶嫛㟗䘖᧨⦷扟嫛㢅᧨
壩㕮㧉⺕↩㔙扨Kⅲ䪐冥幠㒟㦻⦿♿䦇␂䤓㧉⣷䪐᧨ㄅ扪嫛⚓䱜⻑㶰䤓↧▥᧨⸛㒟扨₹
↊┰䤓冥幠⣷䱿☂㢅冥幠⣷᧤Just In Time Compiler᧨ₚ㠖₼丏䱿JIT冥幠⣷᧥ᇭ

☂㢅冥幠⣷ㄅₜ㢾壩㕮㧉㉔榏䤓捷⒕᧨Java壩㕮㧉屓喒ㄅ㼰㦘屓⸩Java壩㕮㧉␔㉔權尐
㦘☂㢅冥幠⣷ⷧ⦷᧨㦃㼰㦘棟⸩㒥㖖⺋☂㢅冥幠⣷ㄣ年Ⱁ⇤♊⸭䘿ᇭ⇕㢾᧨☂㢅冥幠⣷冥幠
㊶厌䤓Ⰼ⧞ᇬⅲ䪐↧▥䲚ㄵ䤓浧⇝☃㢾嫰摞㷍⟕䞷壩㕮㧉↧䱏⚵䤓㦏␂枽䤓㖖㪖⃚᧨
⸒⃮㢾壩㕮㧉₼㦏㫇㉒₣㦏厌⇢䘿壩㕮㧉㔏㦾㻃䤓捷⒕ᇭ⦷㦻䵯₼᧨㒠ⅻ⺕忿扪壩㕮㧉䤓
␔捷᧨㘱侱☂㢅冥幠⣷䤓扟⇫扖䲚ᇭ

䟀ℝJava壩㕮㧉屓喒㼰㦘␆⇢䤓儵㧮屓⒨♊棟Ⓟ☂㢅冥幠⣷ㄣ年Ⱁ⇤⸭䘿᧨㓏ⅴ扨捷⒕
┮厌⸛⏷㢾壩㕮㧉␆⇢⸭䘿᧤Implementation Specific᧥䦇␂䤓␔⹈᧨Ⱁ㡯䔈㸙広㢝᧨㦻䵯
㙟♙䤓冥幠⣷ᇬ☂㢅冥幠⣷掌㢾㖖HotSpot壩㕮㧉␔䤓☂㢅冥幠⣷᧨壩㕮㧉⃮㢾䔈㖖HotSpot
壩㕮㧉ᇭₜ扖᧨㦻䵯䤓⮶捷⒕␔⹈㢾㙞承☂㢅冥幠⣷䤓嫛᧨䀘♙冥幠⣷⸭䘿⻑槱䤓␔⹈戒
⺠᧨力㿐壩㕮㧉₼☂㢅冥幠⣷䤓嫛♗㦘㈗⮩䦇⇋✛䦇抩⃚⮓᧨⥯㷳᧨⺈␅Ⅵ壩㕮㧉㧴広
⃮␆㦘戒浧䤓♑劒㎞⃘ᇭ



11.2ᇫHotSpot壩㕮㧉␔䤓☂㢅冥幠⣷
⦷㦻唑₼᧨㒠ⅻ⺕尐ℕ屲HotSpot壩㕮㧉␔䤓☂㢅冥幠⣷䤓扟⇫扖䲚᧨⚛㢅᧨执尐屲⑂

ⅴₚ⑯₹桽欧᧶

⇤HotSpot壩㕮㧉尐∎䞷屲摙⣷冥幠⣷ㄅⷧ䤓㩅㨓᧻

⇤HotSpot壩㕮㧉尐⸭䘿₳₹ₜ⚛䤓☂㢅冥幠⣷᧻

䲚ㄞ⇤㢅∎䞷屲摙⣷㓶嫛᧻⇤㢅∎䞷冥幠⣷㓶嫛᧻

❹K䲚ㄞⅲ䪐↩嬺冥幠㦻⦿ⅲ䪐᧻Ⱁ⇤冥幠㦻⦿ⅲ䪐᧻

Ⱁ⇤⅝⮥捷屑☂㢅冥幠⣷䤓冥幠扖䲚✛冥幠兢㨫᧻

11.2.1ᇫ屲摙⣷冥幠⣷

⻌丰ㄅₜ㢾㓏㦘䤓Java壩㕮㧉掌摖䞷屲摙⣷冥幠⣷ㄅⷧ䤓㩅㨓᧨⇕幇⮩㿐䤓⟕䞷壩
㕮㧉᧨ⰑHotSpotᇬJ9䷘᧨掌⚛㢅▔⚺屲摙⣷冥幠⣷[1]ᇭ屲摙⣷冥幠⣷₳劔⚓㦘↧╎᧶㇢
䲚ㄞ榏尐扔抮⚾┷✛㓶嫛䤓㢅⊨᧨屲摙⣷♾ⅴ氥⏗♠㖴⇫䞷᧨䦐♊冥幠䤓㢅梃᧨䵚☂㓶嫛ᇭ
⦷䲚ㄞ扟嫛⚝᧨椞䧏㢅梃䤓㘷䲊᧨冥幠⣷抟䂟♠㖴⇫䞷᧨㔙怙㧴怙⮩䤓ⅲ䪐冥幠㒟㦻⦿ⅲ䪐
⃚⚝᧨♾ⅴ噆♥㦃浧䤓㓶嫛㟗䘖ᇭ㇢䲚ㄞ扟嫛䘾⬒₼␔ⷧ忓䄟棟Ⓟ戒⮶᧤Ⱁ捷⒕⏴㆞侊兮
₼᧥᧨♾ⅴ∎䞷屲摙㓶嫛唑儵␔ⷧ᧨♜⃚♾ⅴ∎䞷冥幠㓶嫛㧴㙟◖㟗䘖ᇭ⚛㢅᧨屲摙⣷执♾
ⅴ⇫冥幠⣷䉏扪↧▥㢅䤓₹“抒䞮桷”᧨常冥幠⣷㫈㗽㰑䘖折㕸K⮶⮩㟿㢅⊨掌厌㙟◖
扟嫛抮ㄵ䤓↧▥㓚㹄᧨㇢䉏扪↧▥䤓⋖幍ₜ㒟䵚᧨Ⱁ┯戌ℕ㠿伊⚝伊⨚其㔎兢㨓⒉䘿♧▥ᇬ
⒉䘿“凤屐椆检”᧤Uncommon Trap᧥㢅♾ⅴ抩扖投↧▥᧤Deoptimization᧥抏⥭Ⓙ屲摙䕅㊐其
兼㓶嫛᧤捷⒕㼰㦘屲摙⣷䤓壩㕮㧉₼⃮↩摖䞷ₜ扪嫛䉏扪↧▥䤓C1冥幠⣷[2]㕔↊“抒䞮桷”䤓
屡唁᧥᧨⥯㷳᧨⦷㠃₹壩㕮㧉㓶嫛㩅㨓₼᧨屲摙⣷冥幠⣷兞デ揜⚗ぴ⇫᧨Ⱁ⦍11-1㓏䯉ᇭ

⦍ᇫ11-1ᇫ屲摙⣷冥幠⣷䤓ℳ℡

HotSpot壩㕮㧉₼␔函ℕ₳₹☂㢅冥幠⣷᧨⒕Ⓔ䱿Client Compiler✛Server Compiler᧨
㒥劔丏䱿C1冥幠⣷✛C2冥幠⣷᧤⃮♺Opto冥幠⣷᧥ᇭ䥽ⓜ㿐䤓HotSpot壩㕮㧉᧤Sun侊⒦



JDK 1.7♙⃚ⓜ䓗㦻䤓壩㕮㧉᧥₼᧨照帳摖䞷屲摙⣷␅₼₹冥幠⣷䦃㘴揜⚗䤓㡈㆞ぴ
⇫᧨䲚ㄞ∎䞷❹₹冥幠⣷᧨♥⑂ℝ壩㕮㧉扟嫛䤓㲰㆞᧨HotSpot壩㕮㧉↩㫈㗽呹愺䓗㦻⹎
㧉⣷䤓䫻ↅ㊶厌呹┷折㕸扟嫛㲰㆞᧨䞷㓆⃮♾ⅴ∎䞷“-client”㒥“-server”♑㟿♊㇉Ⓟ㖖⸩壩
㕮㧉扟嫛⦷Client㲰㆞㒥Server㲰㆞ᇭ

㡯幉摖䞷䤓冥幠⣷㢾Client Compiler执㢾Server Compiler᧨屲摙⣷冥幠⣷㚼揜∎䞷䤓㡈
㆞⦷壩㕮㧉₼䱿“䂆⚗㲰㆞”᧤Mixed Mode᧥᧨䞷㓆♾ⅴ∎䞷♑㟿“-Xint”㇉Ⓟ壩㕮㧉扟嫛
ℝ“屲摙㲰㆞”᧤Interpreted Mode᧥᧨扨㢅冥幠⣷⸛⏷ₜ⅚⏴ぴ⇫᧨⏷捷ⅲ䪐掌∎䞷屲摙㡈㆞
㓶嫛ᇭ♵⮥᧨⃮♾ⅴ∎䞷♑㟿“-Xcomp”㇉Ⓟ壩㕮㧉扟嫛ℝ“冥幠㲰㆞”᧤Compiled Mode᧥[3]᧨
扨㢅⺕↧⏗摖䞷冥幠㡈㆞㓶嫛䲚ㄞ᧨⇕㢾屲摙⣷⅜䏅尐⦷冥幠㡯㽤扪嫛䤓㍔⑄ₚ⅚⏴㓶嫛扖
䲚᧨♾ⅴ抩扖壩㕮㧉䤓“-version”✌ⅳ䤓戢⒉兢㨫㣍䯉⒉扨3䱜㲰㆞᧨Ⱁⅲ䪐䂔◤11-1㓏䯉᧨
庆㽷㎞煠⇢ⷦ捷⒕ᇭ

ⅲ䪐䂔◤11-1ᇫ壩㕮㧉㓶嫛㲰㆞

C᧶\᧺java-version
java version"1.6.0_22"
Java᧤TM᧥SE Runtime Environment᧤build 1.6.0_22-b04᧥
Dynamic Code Evolution 64-Bit Server VM᧤build 0.2-b02-internal᧨19.0-b04-internal,mixed mode᧥
C᧶\᧺java-Xint-version
java version"1.6.0_22"
Java᧤TM᧥SE Runtime Environment᧤build 1.6.0_22-b04᧥
Dynamic Code Evolution 64-Bit Server VM᧤build 0.2-b02-internal᧨19.0-b04-internal,interpreted mode᧥
C᧶\᧺java-Xcomp-version
java version"1.6.0_22"
Java᧤TM᧥SE Runtime Environment᧤build 1.6.0_22-b04᧥
Dynamic Code Evolution 64-Bit Server VM᧤build 0.2-b02-internal᧨19.0-b04-internal,compiled mode᧥

䟀ℝ☂㢅冥幠⣷冥幠㦻⦿ⅲ䪐榏尐◯䞷䲚ㄞ扟嫛㢅梃᧨尐冥幠⒉↧▥䲚ㄵ㦃浧䤓ⅲ䪐᧨
㓏啀忈䤓㢅梃♾厌㦃栎᧷力₣㎂尐冥幠⒉↧▥䲚ㄵ㦃浧䤓ⅲ䪐᧨屲摙⣷♾厌执尐㦎冥幠⣷㟅
楕㊶厌䥠㘶≰㋾᧨扨⺈屲摙㓶嫛䤓抮ㄵ⃮㦘㈀❜ᇭℕ⦷䲚ㄞ⚾┷❜ㄣ抮ㄵ扟嫛㟗䘖⃚梃
才Ⓙ㦏∂嫰᧨HotSpot壩㕮㧉执↩抟䂟⚾䞷⒕⻑冥幠᧤Tiered Compilation᧥ [4]䤓䷥䟴᧨⒕⻑
冥幠䤓㰑㊄⦷JDK 1.6㢅㦮⒉䘿᧨⚝㧴䦃⮓ℝ㟈扪棅㹄᧨㦏兗⦷JDK 1.7䤓Server㲰㆞壩㕮
㧉₼⇫照帳冥幠䷥䟴嬺⚾ᇭ⒕⻑冥幠㫈㗽冥幠⣷冥幠ᇬ↧▥䤓屓㲰劦㢅᧨⒡⒕⒉ₜ⚛
䤓冥幠⻑㶰᧨␅₼▔㕻᧶

䶻0⻑᧨䲚ㄞ屲摙㓶嫛᧨屲摙⣷ₜ⚾㊶厌䥠㘶┮厌᧤Profiling᧥᧨♾屵♠䶻1⻑冥幠ᇭ

䶻1⻑᧨⃮䱿C1冥幠᧨⺕ⷦ唑䪐冥幠㦻⦿ⅲ䪐᧨扪嫛丏◤ᇬ♾槯䤓↧▥᧨Ⱁ㦘㉔尐
⺕┯⏴㊶厌䥠㘶䤓拊戠ᇭ

䶻2⻑᧤㒥2⻑ⅴₙ᧥᧨⃮䱿C2冥幠᧨⃮㢾⺕ⷦ唑䪐冥幠㦻⦿ⅲ䪐᧨⇕㢾↩⚾䞷K
冥幠劦㢅戒栎䤓↧▥᧨䞩咂↩㫈㗽㊶厌䥠㘶≰㋾扪嫛Kₜ♾槯䤓䉏扪↧▥ᇭ

⸭㡌⒕⻑冥幠⚝᧨Client Compiler✛Server Compiler⺕↩⚛㢅ぴ⇫᧨幇⮩ⅲ䪐掌♾厌↩嬺
⮩㶰冥幠᧨䞷Client Compiler噆♥㦃浧䤓冥幠抮ㄵ᧨䞷Server Compiler㧴噆♥㦃Ⰼ䤓冥幠德
摞᧨⦷屲摙㓶嫛䤓㢅⊨⃮㡯權␜㔎㕔㟅楕㊶厌䥠㘶≰㋾䤓↊┰ᇭ

[1]⇫ₘ⮶⟕䞷壩㕮㧉⃚䤓JRockit㢾₹√⮥᧨⸒␔捷㼰㦘屲摙⣷᧨⥯㷳↩ⷧ⦷㦻₼㓏広
䤓“⚾┷❜ㄣ㢅梃栎”⃚伊䤓凉䍈᧨⇕⸒尐㢾槱⚠㦜┰䵾䤓ㄣ䞷᧨扨伊ㄣ䞷咻ₜ↩摜䍈␂
㽷⚾┷㢅梃ᇭ
[2]⦷壩㕮㧉₼⃯㍾⺕Client Compiler䱿C1᧨⺕Server Compiler䱿C2ᇭ
[3]⦷㦏㠿䤓Sun HotSpot₼᧨め兞♊㘘ℕ-Xcomp♑㟿ᇭ



[4]Tiered Compilation䤓㰑㊄⦷JDK 1.6㢅㦮⒉䘿᧨⇕JDK 1.7⃚ⓜ榏尐∎䞷-XX᧶
+TieredCompilation♑㟿㧴㓚┷⚾᧨Ⱁ㨫ₜ⚾⒕⻑冥幠䷥䟴᧨力壩㕮㧉♗扟嫛⦷Server㲰
㆞᧨Server Compiler榏尐㊶厌䥠㘶≰㋾㙟∪冥幠∬㗽᧨⒨♾ⅴ䟀屲摙⣷㟅楕㊶厌䥠㘶≰㋾∪
Server Compiler∎䞷ᇭ⒕⻑冥幠䤓䦇␂忓㠨♾♑屐᧶
http://weblogs.java.net/blog/forax/archive/2010/09/04/tiered-compilationᇭ



11.2.2ᇫ冥幠⺈廰屵♠㧰ↅ

ₙ㠖₼㙟Ⓙ扖᧨⦷扟嫛扖䲚₼↩嬺☂㢅冥幠⣷冥幠䤓“䍼䍈ⅲ䪐”㦘₳伊᧨☂᧶

嬺⮩㶰庒䞷䤓㡈㽤ᇭ

嬺⮩㶰㓶嫛䤓㈹䘾⇢ᇭ

ⓜ劔㈗Ⰼ䚕屲᧨₹㡈㽤嬺庒䞷㈦⮩ℕ᧨㡈㽤⇢␔ⅲ䪐㓶嫛䤓㶰㟿呹䏅⻀⮩᧨⸒㒟
“䍼䍈ⅲ䪐”㢾䚕㓏㇢䏅䤓ᇭ力⚝劔⒨㢾ℕ屲⑂₹㡈㽤♹嬺庒䞷扖㶰㒥⺠摞䤓⑯㶰᧨
⇕㢾㡈㽤⇢␔捷ⷧ⦷㈹䘾㶰㟿戒⮩䤓㈹䘾⇢䤓桽欧᧨扨㫆㈹䘾⇢䤓ⅲ䪐⃮嬺摜⮜㓶嫛⮩㶰᧨
⥯㷳扨Kⅲ䪐⃮ㄣ年帳㢾“䍼䍈ⅲ䪐”ᇭ

⺈ℝ䶻䱜㍔⑄᧨䟀ℝ㢾䟀㡈㽤庒䞷屵♠䤓冥幠᧨⥯㷳冥幠⣷䚕㓏㇢䏅⦿↩ⅴ㠃₹㡈㽤
⇫冥幠⺈廰᧨扨䱜冥幠⃮㢾壩㕮㧉₼㪖䤓JIT冥幠㡈㆞ᇭ力⺈ℝ⚝䱜㍔⑄᧨⻌丰冥幠
┷⇫㢾䟀㈹䘾⇢㓏屵♠䤓᧨⇕冥幠⣷∬䏅↩ⅴ㠃₹㡈㽤᧤力ₜ㢾◤䕻䤓㈹䘾⇢᧥⇫冥幠⺈
廰ᇭ扨䱜冥幠㡈㆞⥯冥幠♠䞮⦷㡈㽤㓶嫛扖䲚⃚₼᧨⥯㷳ㇱ廰⦿䱿⃚㪗ₙ㦎㗱᧤On
Stack Replacement᧨丏䱿OSR冥幠᧨☂㡈㽤㪗ザ执⦷㪗ₙ᧨㡈㽤⻀嬺㦎㗱ℕ᧥ᇭ

床劔♾厌执↩㦘䠠桽᧨⦷ₙ槱䤓㠖ⷦ㙞承₼᧨㡯幉㢾“⮩㶰㓶嫛䤓㡈㽤”᧨执㢾“⮩㶰㓶
嫛䤓ⅲ䪐⧦”᧨㓏庢“⮩㶰”掌ₜ㢾₹␆⇢ᇬ₴康䤓䞷幼᧨挲Ⓙㄤ⮩⺠㶰㓜並“⮩㶰”⛱᧻执
㦘₹桽欧᧨⻀㢾壩㕮㧉Ⱁ⇤兮帰₹㡈㽤㒥㹄ⅲ䪐嬺㓶嫛扖⮩⺠㶰⛱᧻屲⑂ℕ扨₳₹桽
欧᧨⃮⻀⥭䷣ℕ☂㢅冥幠嬺屵♠䤓㧰ↅᇭ

⒳㠼㹄ⅲ䪐㢾ₜ㢾䍼䍈ⅲ䪐᧨㢾ₜ㢾榏尐屵♠☂㢅冥幠᧨扨㫆䤓嫛䱿䍼䍈㘱㿚
᧤Hot Spot Detection᧥᧨␅⸭扪嫛䍼䍈㘱㿚ㄅₜ⸩尐䩴拢㡈㽤␆⇢嬺庒䞷ℕ⮩⺠㶰᧨䥽ⓜ
尐䤓䍼䍈㘱㿚⒳⸩㡈㆞㦘₳䱜[1]᧨⒕ⒺⰑₚᇭ

⪉ℝ摖㫆䤓䍼䍈㘱㿚᧤Sample Based Hot Spot Detection᧥᧶摖䞷扨䱜㡈㽤䤓壩㕮㧉↩⛷
㦮㊶⦿㭏㩴⚓₹兎䲚䤓㪗欅᧨Ⱁ㨫♠䘿㩟₹᧤㒥㩟K᧥㡈㽤兞デ⒉䘿⦷㪗欅᧨挲扨₹㡈㽤⻀
㢾“䍼䍈㡈㽤”ᇭ⪉ℝ摖㫆䤓䍼䍈㘱㿚䤓Ⰼ⮓㢾⸭䘿丏◤ᇬ浧㟗᧨执♾ⅴ㈗⹈㢢⦿噆♥㡈㽤庒
䞷␂侊᧤⺕庒䞷⪕㪗⻤☂♾᧥᧨凉䍈㢾㈗楍位䫽⦿䫽帳₹㡈㽤䤓䍼ㄵ᧨⹈㢢⥯♦Ⓙ兎
䲚棊⫭㒥Ⓔ䤓⮥䟛⥯侯䤓㈀❜力㓿℀䍼䍈㘱㿚ᇭ

⪉ℝ帰㟿⣷䤓䍼䍈㘱㿚᧤Counter Based Hot Spot Detection᧥᧶摖䞷扨䱜㡈㽤䤓壩㕮㧉↩
㹞₹㡈㽤᧤䞩咂㢾ⅲ䪐⧦᧥ㆉ䵚帰㟿⣷᧨兮帰㡈㽤䤓㓶嫛㶰㟿᧨Ⱁ㨫㓶嫛㶰㟿怔扖⸩䤓
梗⋋⻀帳⸒㢾“䍼䍈㡈㽤”ᇭ扨䱜兮帰㡈㽤⸭䘿怆㧴煊䍵K᧨榏尐㹞₹㡈㽤ㆉ䵚ㄅ冃㔳
帰㟿⣷᧨力₣ₜ厌䦃㘴噆♥Ⓙ㡈㽤䤓庒䞷␂侊᧨⇕㢾⸒䤓兮帰兢㨫䦇⺈㧴広㦃┯位䫽✛₴
康ᇭ

⦷HotSpot壩㕮㧉₼∎䞷䤓㢾䶻ℛ䱜——⪉ℝ帰㟿⣷䤓䍼䍈㘱㿚㡈㽤᧨⥯㷳⸒㹞₹㡈
㽤ℕ₳伊帰㟿⣷᧶㡈㽤庒䞷帰㟿⣷᧤Invocation Counter᧥✛⥭扈帰㟿⣷᧤Back Edge
Counter᧥ᇭ

⦷䫽⸩壩㕮㧉扟嫛♑㟿䤓ⓜ㙟ₚ᧨扨₳₹帰㟿⣷掌㦘₹䫽⸩䤓梗⋋᧨㇢帰㟿⣷怔扖梗
⋋䄱⒉ℕ᧨⻀↩屵♠JIT冥幠ᇭ



㒠ⅻ氥⏗㧴䦚䦚㡈㽤庒䞷帰㟿⣷ᇭ欍⚜㊬⃘᧨扨₹帰㟿⣷⻀䞷ℝ兮帰㡈㽤嬺庒䞷䤓㶰
㟿᧨⸒䤓照帳梗⋋⦷Client㲰㆞ₚ㢾1500㶰᧨⦷Server㲰㆞ₚ㢾10 000㶰᧨扨₹梗⋋♾ⅴ抩扖
壩㕮㧉♑㟿-XX᧶CompileThreshold㧴ⅉ幍⸩ᇭ㇢₹㡈㽤嬺庒䞷㢅᧨↩⏗㭏㩴年㡈㽤㢾⚵
ⷧ⦷嬺JIT冥幠扖䤓䓗㦻᧨Ⱁ㨫ⷧ⦷᧨⒨↧⏗∎䞷冥幠⚝䤓㦻⦿ⅲ䪐㧴㓶嫛ᇭⰑ㨫ₜⷧ⦷め
嬺冥幠扖䤓䓗㦻᧨⒨⺕㷳㡈㽤䤓庒䞷帰㟿⣷⋋┯1᧨䏅⚝⒳㠼㡈㽤庒䞷帰㟿⣷⥭扈帰㟿⣷
⋋⃚✛㢾⚵怔扖㡈㽤庒䞷帰㟿⣷䤓梗⋋ᇭⰑ㨫め怔扖梗⋋᧨挲⃗⺕↩⚠☂㢅冥幠⣷㙟ℳ₹
年㡈㽤䤓ⅲ䪐冥幠庆㻑ᇭ

Ⱁ㨫ₜ⋩↊⇤幍函᧨㓶嫛ㆤ㝝ㄅₜ↩⚛㷴䷘㈔冥幠庆㻑⸛㒟᧨力㢾其兼扪⏴屲摙⣷㖘䏶
屲摙㡈㆞㓶嫛ⷦ唑䪐᧨䦃Ⓙ㙟ℳ䤓庆㻑嬺冥幠⣷冥幠⸛㒟ᇭ㇢冥幠ぴ⇫⸛㒟⃚⚝᧨扨₹㡈㽤
䤓庒䞷⏴♲⦿⧏⻀↩嬺侊兮呹┷㟈㒟㠿䤓᧨ₚ㶰庒䞷年㡈㽤㢅⻀↩∎䞷め冥幠䤓䓗㦻ᇭ
㠃₹JIT冥幠䤓ℳ℡扖䲚Ⱁ⦍11-2㓏䯉ᇭ



⦍ᇫ11-2ᇫ㡈㽤庒䞷帰㟿⣷屵♠☂㢅冥幠

Ⱁ㨫ₜ⋩↊⇤幍函᧨㡈㽤庒䞷帰㟿⣷兮帰䤓ㄅₜ㢾㡈㽤嬺庒䞷䤓公⺈㶰㟿᧨力㢾₹䦇
⺈䤓㓶嫛欠䘖᧨☂㹄㢅梃⃚␔㡈㽤嬺庒䞷䤓㶰㟿ᇭ㇢怔扖⸩䤓㢅梃棟ㄵ᧨Ⱁ㨫㡈㽤䤓庒
䞷㶰㟿⅜䏅ₜ恂ⅴ常⸒㙟ℳ全☂㢅冥幠⣷冥幠᧨挲扨₹㡈㽤䤓庒䞷帰㟿⣷⻀↩嬺⺠◙᧨
扨₹扖䲚䱿㡈㽤庒䞷帰㟿⣷䍼ㄵ䤓嫿᧤Counter Decay᧥᧨力扨㹄㢅梃⻀䱿㷳㡈㽤兮帰
䤓◙嫿⛷㦮᧤Counter Half Life Time᧥ᇭ扪嫛䍼ㄵ嫿䤓┷⇫㢾⦷壩㕮㧉扪嫛⨒⧍㟅楕㢅欉
≎扪嫛䤓᧨♾ⅴ∎䞷壩㕮㧉♑㟿-XX᧶-UseCounterDecay㧴␂桼䍼ㄵ嫿᧨常㡈㽤帰㟿⣷兮帰
㡈㽤庒䞷䤓公⺈㶰㟿᧨扨㫆᧨♹尐侊兮扟嫛㢅梃恂⮮栎᧨公⮶捷⒕㡈㽤掌↩嬺冥幠㒟㦻⦿ⅲ
䪐ᇭ♵⮥᧨♾ⅴ∎䞷-XX᧶CounterHalfLifeTime♑㟿幍函◙嫿⛷㦮䤓㢅梃᧨◤⇜㢾䱡ᇭ

䘿⦷㒠ⅻ␜㧴䦚䦚♵⮥₹帰㟿⣷——⥭扈帰㟿⣷᧨⸒䤓⇫䞷㢾兮帰₹㡈㽤₼㈹䘾⇢
ⅲ䪐㓶嫛䤓㶰㟿[2]᧨⦷ⷦ唑䪐₼拖Ⓙ㘶Ⓟ㿐⚠⚝悂懻䤓㖖ⅳ䱿“⥭扈”᧤Back Edge᧥ᇭ㣍
䏅᧨ㆉ䵚⥭扈帰㟿⣷兮帰䤓䥽䤓⻀㢾ℕ屵♠OSR冥幠ᇭ

␂ℝ⥭扈帰㟿⣷䤓梗⋋᧨夌䏅HotSpot壩㕮㧉⃮㙟∪ℕ₹伊⇋ℝ㡈㽤庒䞷帰㟿⣷梗⋋-
XX᧶CompileThreshold䤓♑㟿-XX᧶BackEdgeThreshold∪䞷㓆幍函᧨⇕㢾㇢ⓜ䤓壩㕮㧉⸭棔
ₙㄅ㦹∎䞷㷳♑㟿᧨⥯㷳㒠ⅻ榏尐幍函♵⮥₹♑㟿-XX᧶OnStackReplacePercentage㧴梃㘴
庒㠃⥭扈帰㟿⣷䤓梗⋋᧨␅帰並⏻㆞Ⱁₚᇭ

壩㕮㧉扟嫛⦷Client㲰㆞ₚ᧨⥭扈帰㟿⣷梗⋋帰並⏻㆞᧶

㡈㽤庒䞷帰㟿⣷梗⋋᧤CompileThreshold᧥×OSR㹣䘖᧤OnStackReplacePercentage᧥/100

␅₼OnStackReplacePercentage照帳⋋933᧨Ⱁ㨫掌♥照帳⋋᧨挲Client㲰㆞壩㕮㧉䤓⥭
扈帰㟿⣷䤓梗⋋13995ᇭ

壩㕮㧉扟嫛⦷Server㲰㆞ₚ᧨⥭扈帰㟿⣷梗⋋䤓帰並⏻㆞᧶

㡈㽤庒䞷帰㟿⣷梗⋋᧤CompileThreshold᧥×᧤OSR㹣䘖᧤OnStackReplacePercentage᧥-屲
摙⣷䥠㘶㹣䘖᧤InterpreterProfilePercentage᧥/100

␅₼OnStackReplacePercentage照帳⋋140᧨InterpreterProfilePercentage照帳⋋33᧨Ⱁ
㨫掌♥照帳⋋᧨挲Server㲰㆞壩㕮㧉⥭扈帰㟿⣷䤓梗⋋10700ᇭ

㇢屲摙⣷拖Ⓙ㧰⥭扈㖖ⅳ㢅᧨↩⏗㩴㔍⺕尐㓶嫛䤓ⅲ䪐䓖㹄㢾⚵㦘め兞冥幠Ⰼ䤓䓗
㦻᧨Ⱁ㨫㦘᧨⸒⺕↩↧⏗㓶嫛め冥幠䤓ⅲ䪐᧨⚵⒨⻀㔙⥭扈帰㟿⣷䤓⋋┯1᧨䏅⚝⒳㠼㡈㽤
庒䞷帰㟿⣷⥭扈帰㟿⣷⋋⃚✛㢾⚵怔扖⥭扈帰㟿⣷䤓梗⋋ᇭ㇢怔扖梗⋋䤓㢅⊨᧨⺕↩㙟ℳ
₹OSR冥幠庆㻑᧨ㄅ₣㔙⥭扈帰㟿⣷䤓⋋棜⇝K᧨ⅴ≎其兼⦷屲摙⣷₼㓶嫛㈹䘾᧨䷘㈔
冥幠⣷戢⒉冥幠兢㨫᧨㠃₹㓶嫛扖䲚Ⱁ⦍11-3㓏䯉ᇭ



⦍ᇫ11-3ᇫ⥭扈帰㟿⣷屵♠☂㢅冥幠

㡈㽤帰㟿⣷ₜ⚛᧨⥭扈帰㟿⣷㼰㦘帰㟿䍼ㄵ嫿䤓扖䲚᧨⥯㷳扨₹帰㟿⣷兮帰䤓⻀㢾
年㡈㽤㈹䘾㓶嫛䤓公⺈㶰㟿ᇭ㇢帰㟿⣷䄱⒉䤓㢅⊨᧨⸒执↩㔙㡈㽤帰㟿⣷䤓⋋⃮庒㠃Ⓙ䄱⒉
䕅㊐᧨扨㫆ₚ㶰␜扪⏴年㡈㽤䤓㢅⊨⻀↩㓶嫛㪖冥幠扖䲚ᇭ

㦏⚝榏尐㙟搡䍈᧨⦍11-2✛⦍11-3掌⅔⅔㙞承ℕClient VM䤓☂㢅冥幠㡈㆞᧨⺈ℝ
Server VM㧴広᧨㓶嫛㍔⑄↩㹣ₙ槱䤓㙞承㦃⮜㧑Kᇭ⅝䚕幉ₙℕ屲扖冥幠⺈廰✛冥幠屵
♠㧰ↅ⚝᧨㒠ⅻ␜⅝HotSpot壩㕮㧉䤓䄟䪐₼屑ₚ᧨⦷MethodOop.hpp᧤₹methodOop⺈
廰ⅲ嫷ℕ₹Java㡈㽤᧥₼᧨⸩⃘ℕJava㡈㽤⦷壩㕮㧉₼䤓␔ⷧを⻏᧨Ⱁₚ㓏䯉᧶



⦷扨₹␔ⷧを⻏₼᧨嫛栎ㄵ32 bit᧨⅝₼♾ⅴ䂔㯩⦿䦚Ⓙ㡈㽤庒䞷帰㟿⣷✛⥭扈帰



㟿⣷㓏⦷䤓⇜函✛栎ㄵᇭ执㦘from_compiled_entry✛from_interpreted_entry扨₳₹㡈㽤䤓⏴
♲ᇭ

[1]棳扨₳䱜㡈㆞⮥᧨执㦘␅Ⅵ䍼䍈ⅲ䪐䤓㘱㿚㡈㆞᧨Ⱁ⪉ℝ“悹抈”᧤Trace᧥䤓䍼䍈㘱㿚⦷
㦏扠䦇㇢㿐嫛᧨⍞FireFox₼䤓TraceMonkey✛Dalvik₼㠿䤓JIT冥幠⣷掌䞷ℕ扨䱜䍼䍈㘱㿚㡈
㆞ᇭ
[2]䫽⦿広᧨ㄣ㇢㢾⥭扈䤓㶰㟿力ₜ㢾㈹䘾㶰㟿᧨⥯ㄅ槭㓏㦘䤓㈹䘾掌㢾⥭扈᧨Ⱁ䴉㈹䘾
⸭棔ₙ⻀♾ⅴ展呹む悂懻Ⓙ呹む䤓扖䲚᧨⥯㷳ㄅₜ並⇫㘶Ⓟ㿐⚠⚝悂懻᧨⃮ₜ↩嬺⥭扈帰
㟿⣷兮帰ᇭ



11.2.3ᇫ冥幠扖䲚

⦷照帳幍函ₚ᧨㡯幉㢾㡈㽤庒䞷ℶ䞮䤓☂㢅冥幠庆㻑᧨执㢾OSR冥幠庆㻑᧨壩㕮㧉⦷ⅲ
䪐冥幠⣷执㦹⸛㒟⃚ⓜ᧨掌⅜䏅⺕㖘䏶屲摙㡈㆞其兼㓶嫛᧨力冥幠┷⇫⒨⦷⚝♿䤓冥幠兎䲚
₼扪嫛ᇭ䞷㓆♾ⅴ抩扖♑㟿-XX᧶-BackgroundCompilation㧴䰐㷱⚝♿冥幠᧨⦷䰐㷱⚝♿冥幠
⚝᧨㡵才ⒿJIT䤓冥幠㧰ↅ᧨㓶嫛兎䲚⚠壩㕮㧉㙟ℳ冥幠庆㻑⚝⺕↩䦃䷘㈔᧨䦃Ⓙ冥幠
扖䲚⸛㒟⚝␜ⱚ㓶嫛冥幠⣷戢⒉䤓㦻⦿ⅲ䪐ᇭ

挲⃗⦷⚝♿㓶嫛冥幠䤓扖䲚₼᧨冥幠⣷⋩ℕ⅏⃗ℚ㍔⛱᧻Server Compiler✛Client
Compiler₳₹冥幠⣷䤓冥幠扖䲚㢾ₜ㫆䤓ᇭ⺈ℝClient Compiler㧴広᧨⸒㢾₹丏◤㉺抮䤓
ₘ㹄㆞冥幠⣷᧨尐䤓␂㽷䍈⦷ℝ⻏捷㊶䤓↧▥᧨力㟍㆒ℕ幇⮩劦㢅戒栎䤓⏷⻏↧▥㓚㹄ᇭ

⦷䶻₹棅㹄᧨₹♿䕻䵚䤓ⓜ䵾⺕ⷦ唑䪐㨓抯㒟䱜浧儶₼梃ⅲ䪐嫷䯉᧤High-
Level Intermediate Representaion,HIR᧥ᇭHIR∎䞷槨㊐◤⒕揜᧤Static Single Assignment,SSA᧥
䤓ㇱ㆞㧴ⅲ嫷ⅲ䪐⋋᧨扨♾ⅴ∎㈦K⦷HIR䤓㨓抯扖䲚⃚₼✛⃚⚝扪嫛䤓↧▥┷⇫㦃⹈㢢
⸭䘿ᇭ⦷㷳⃚ⓜ冥幠⣷↩⦷ⷦ唑䪐ₙ⸛㒟捷⒕⪉䫏↧▥᧨Ⱁ㡈㽤␔勣ᇬデ摞↯㜼䷘↧▥⺕
↩⦷ⷦ唑䪐嬺㨓抯㒟HIR⃚ⓜ⸛㒟ᇭ

⦷䶻ℛ₹棅㹄᧨₹♿䦇␂䤓⚝䵾⅝HIR₼ℶ䞮⇝儶₼梃ⅲ䪐嫷䯉᧤Low-Level
Intermediate Representation,LIR᧥᧨力⦷㷳⃚ⓜ↩⦷HIRₙ⸛㒟♵⮥K↧▥᧨Ⱁ䴉⋋㭏㩴䀗
棳ᇬ喒⦃㭏㩴䀗棳䷘᧨ⅴ≎常HIR才Ⓙ㦃浧㟗䤓ⅲ䪐嫷䯉ㇱ㆞ᇭ

㦏⚝棅㹄㢾⦷♿䦇␂䤓⚝䵾∎䞷兎㊶㓺㙞並㽤᧤Linear Scan Register Allocation᧥⦷LIR
ₙ⒕揜⹓ⷧ⣷᧨ㄅ⦷LIRₙ⋩䴴ⷣ᧤Peephole᧥↧▥᧨䏅⚝ℶ䞮㧉⣷ⅲ䪐ᇭClient Compiler䤓
⮶咃㓶嫛扖䲚Ⱁ⦍11-4㓏䯉ᇭ

⦍ᇫ11-4ᇫClient Compiler㩅㨓



力Server Compiler⒨㢾₢桷槱⚠㦜┰䵾䤓␇⨚ㄣ䞷ㄅ㦜┰䵾䤓㊶厌揜函䔈Ⓔ庒㠃扖䤓
冥幠⣷᧨⃮㢾₹⏔⒕↧▥扖䤓浧儶冥幠⣷᧨⑯⃝厌才ⒿGNU C++冥幠⣷∎䞷-O2♑㟿㢅䤓
↧▥㇉ㄵ᧨⸒↩㓶嫛㓏㦘兞␇䤓↧▥┷⇫᧨Ⱁ㡯䞷ⅲ䪐䀗棳᧤Dead Code Elimination᧥ᇬ㈹
䘾⻤᧤Loop Unrolling᧥ᇬ㈹䘾嫷才㆞⮥㙟᧤Loop Expression Hoisting᧥ᇬ䀗棳⏻␀嫷才
㆞᧤Common Subexpression Elimination᧥ᇬデ摞↯㜼᧤Constant Propagation᧥ᇬ⪉㦻⧦摜㘡ㄞ
᧤Basic Block Reordering᧥䷘᧨执↩⸭㡌KJava幼岏䔈㊶⹕⒖䦇␂䤓↧▥㔏㦾᧨Ⱁ喒⦃
㭏㩴䀗棳᧤Range Check Elimination᧥ᇬ䴉⋋㭏㩴䀗棳᧤Null Check Elimination᧨ₜ扖ㄅ槭㓏
㦘䤓䴉⋋㭏㩴䀗棳掌㢾∬忥冥幠⣷↧▥䤓᧨㦘K㢾⦷ⅲ䪐扟嫛扖䲚₼呹┷↧▥ℕ᧥䷘ᇭ♵
⮥᧨执♾厌㫈㗽屲摙⣷㒥Client Compiler㙟∪䤓㊶厌䥠㘶≰㋾᧨扪嫛Kₜ䳂⸩䤓䉏扪↧
▥᧨Ⱁ⸗㔳␔勣᧤Guarded Inlining᧥ᇬ⒕㞾欠䘖欓㿚᧤Branch Frequency Prediction᧥䷘ᇭ㦻䵯
䤓ₚ◙捷⒕⺕↩㖠折ₙ承䤓捷⒕↧▥㓚㹄扪嫛⒕㨟✛幁屲ᇭ

Server Compiler䤓⹓ⷧ⣷⒕揜⣷㢾₹⏷⻏⦍䧏唁⒕揜⣷᧨⸒♾ⅴ⏔⒕Ⓒ䞷㩟K⮓䚕⣷
㩅㨓᧤ⰑRISC᧥ₙ䤓⮶⹓ⷧ⣷楕⚗ᇭⅴ☂㢅冥幠䤓㪖㧴䦚᧨Server Compiler㡯䠠㢾㹣戒冢
㏱䤓᧨⇕⸒䤓冥幠抮ㄵ∬䏅扫扫怔扖↯兮䤓槨㊐↧▥冥幠⣷᧨力₣⸒䦇⺈ℝClient Compiler
冥幠戢⒉䤓ⅲ䪐德摞㦘㓏㙟浧᧨♾ⅴ⺠㦻⦿ⅲ䪐䤓㓶嫛㢅梃᧨⅝力㕄䀗ℕ欬⮥䤓冥幠㢅梃
枏᧨㓏ⅴ⃮㦘㈗⮩槭㦜┰䵾䤓ㄣ䞷折㕸∎䞷Server㲰㆞䤓壩㕮㧉扟嫛ᇭ

⦷㦻唑₼᧨䀘♙ℕ幇⮩冥幠☮䚕✛ⅲ䪐↧▥₼䤓㰑㊄⚜幜᧨㼰㦘扨㡈槱⪉䫏䤓床劔᧨梔
床怆㧴↩㎮屘Ⓙ㕌廰✛䚕幉▥ᇭ㦘扨䱜㎮屘ㄅₜ⯖㊹᧨JIT冥幠扖䲚㦻㧴⻀㢾₹壩㕮㧉₼
㦏⇢䘿㔏㦾㻃⃮㢾㦏⮜㧑䤓捷⒕᧨ₜ♾厌ⅴ戒䩼䤓乖ピ⻀⅚兜㈦㈗幵兕᧨♵⮥᧨扨₹扖䲚
⺈Java♠㧴広㢾択㢝䤓᧨䲚ㄞ⛧㢅㡯㽤㎮䩴⸒䤓ⷧ⦷᧨执ⰌHotSpot壩㕮㧉㙟∪ℕ₳₹♾
展▥䤓ぴ␆᧨常㒠ⅻ♾ⅴ“䦚屐”JIT冥幠⣷䤓↧▥扖䲚᧨⦷䲜⚝䶣劔⺕䆣䯉扨₹扖䲚ᇭ



11.2.4ᇫ㩴䦚♙⒕㨟☂㢅冥幠兢㨫

咻㧴広᧨壩㕮㧉䤓☂㢅冥幠扖䲚⺈䞷㓆䲚ㄞ㢾⸛⏷択㢝䤓᧨壩㕮㧉抩扖屲摙㓶嫛ⅲ䪐
执㢾冥幠㓶嫛ⅲ䪐᧨⺈ℝ䞷㓆㧴広ㄅ㼰㦘⅏⃗㈀❜᧤㓶嫛兢㨫㼰㦘㈀❜᧨抮ㄵₙ↩㦘㈗⮶ぽ
Ⓔ᧥᧨⦷⮶⮩㟿㍔⑄ₚ䞷㓆⃮㼰㦘㉔尐䩴拢ᇭ⇕㢾壩㕮㧉⃮㙟∪ℕK♑㟿䞷㧴戢⒉☂㢅冥
幠✛㩟K↧▥㓚㹄᧤Ⱁ㡈㽤␔勣᧥䤓㓶嫛䕅⑄᧨㦻唑⺕⅚兜Ⱁ⇤⅝⮥捷屑壩㕮㧉䤓☂㢅冥
幠嫛ᇭ

㦻唑₼㙟Ⓙ䤓扟嫛♑㟿㦘捷⒕榏尐Debug㒥FastDebug䓗壩㕮㧉䤓㞾㖐᧨Product䓗䤓壩
㕮㧉㡯㽤∎䞷扨捷⒕♑㟿ᇭⰑ㨫床劔∎䞷䤓㢾㫈㗽㦻䶻1䵯䤓␔⹈呹む冥幠䤓JDK᧨㽷㎞
⺕SKIP_DEBUG_BUILD㒥SKIP_FASTDEBUG_BUILD♑㟿幍函false᧨⃮♾ⅴ⦷OpenJDK几
䵨ₙ䦃㘴ₚ戌FastDebug䓗䤓JDK᧤⅝JDK 6u25⃚⚝Oracle⸧几⻀ₜ␜㙟∪FastDebug䤓JDKₚ
戌ℕ᧥ᇭ㽷㎞᧨㦻唑₼㓏㦘䤓㿚幤掌⪉ℝⅲ䪐䂔◤11-2㓏䯉䤓Javaⅲ䪐ᇭ

ⅲ䪐䂔◤11-2ᇫ㿚幤ⅲ䪐

public static final int NUM=15000᧷
public static int doubleValue᧤int i᧥{
//扨₹䴉㈹䘾䞷ℝ⚝槱䆣䯉JITⅲ䪐↧▥扖䲚
for᧤int j=0᧷j᧸100000᧷j++᧥᧷
return i*2᧷
}
public static long calcSum᧤᧥{
long sum=0᧷
for᧤int i=1᧷i᧸=100᧷i++᧥{
sum+=doubleValue᧤i᧥᧷
}
return sum᧷
}
public static void main᧤String[]args᧥{
for᧤int i=0᧷i᧸NUM᧷i++᧥{
calcSum᧤᧥᧷
}
}

氥⏗扟嫛扨㹄ⅲ䪐᧨ㄅ₣䫽帳扨㹄ⅲ䪐㢾⚵屵♠ℕ☂㢅冥幠᧨尐䩴拢㩟₹㡈㽤㢾⚵嬺冥
幠扖᧨♾ⅴ∎䞷♑㟿-XX᧶+PrintCompilation尐㻑壩㕮㧉⦷☂㢅冥幠㢅⺕嬺冥幠㒟㦻⦿ⅲ䪐䤓
㡈㽤⚜䱿㓢◿⒉㧴᧨Ⱁⅲ䪐䂔◤11-3㓏䯉᧤␅₼サ㦘“%”䤓戢⒉広㢝㢾䟀⥭扈帰㟿⣷屵♠䤓
OSR冥幠᧥ᇭ

ⅲ䪐䂔◤11-3ᇫ嬺☂㢅冥幠䤓ⅲ䪐

VM option'+PrintCompilation'
310 1 java.lang.String᧶charAt᧤33 bytes᧥
329 2 org.fenixsoft.jit.Test᧶calcSum᧤26 bytes᧥
329 3 org.fenixsoft.jit.Test᧶doubleValue᧤4 bytes᧥
332 1%org.fenixsoft.jit.Test᧶main@5᧤20 bytes᧥

⅝ⅲ䪐䂔◤11-3戢⒉䤓䫽帳≰㋾₼♾ⅴ䫽帳main᧤᧥ᇬcalcSum᧤᧥✛doubleValue᧤᧥㡈
㽤め兞嬺冥幠᧨㒠ⅻ执♾ⅴ┯ₙ♑㟿-XX᧶+PrintInlining尐㻑壩㕮㧉戢⒉㡈㽤␔勣≰㋾᧨Ⱁⅲ
䪐䂔◤11-4㓏䯉ᇭ

ⅲ䪐䂔◤11-4ᇫ␔勣≰㋾

VM option'+PrintCompilation'
VM option'+PrintInlining'
273 1 java.lang.String᧶charAt᧤33 bytes᧥
291 2 org.fenixsoft.jit.Test᧶calcSum᧤26 bytes᧥
@9 org.fenixsoft.jit.Test᧶doubleValue inline᧤hot᧥
294 3 org.fenixsoft.jit.Test᧶doubleValue᧤4 bytes᧥
295 1%org.fenixsoft.jit.Test᧶main@5᧤20 bytes᧥
@5 org.fenixsoft.jit.Test᧶calcSum inline᧤hot᧥
@9 org.fenixsoft.jit.Test᧶doubleValue inline᧤hot᧥



⅝ⅲ䪐䂔◤11-4䤓戢⒉₼♾ⅴ䦚Ⓙ㡈㽤doubleValue᧤᧥嬺␔勣冥幠ⒿcalcSum᧤᧥₼᧨力
calcSum᧤᧥♗嬺␔勣冥幠Ⓙ㡈㽤main᧤᧥₼᧨㓏ⅴ壩㕮㧉␜㶰㓶嫛main᧤᧥㡈㽤䤓㢅⊨᧤
√力め᧨main᧤᧥㡈㽤ㄅₜ↩扟嫛₳㶰᧥᧨calcSum᧤᧥✛doubleValue᧤᧥㡈㽤掌ₜ↩␜嬺
庒䞷᧨⸒ⅻ䤓ⅲ䪐拊戠掌嬺䦃㘴␔勣Ⓙmain᧤᧥㡈㽤₼ℕᇭ

棳ℕ㩴䦚❹K㡈㽤嬺冥幠⃚⮥᧨执♾ⅴ扪㷴㩴䦚☂㢅冥幠⣷䞮㒟䤓㧉⣷䪐␔⹈᧨ₜ扖
Ⱁ㨫壩㕮㧉戢⒉0✛1᧨⺈ℝ㒠ⅻ䤓梔床㧴広㢾㼰㦘㎞⃘䤓᧨㧉⣷䪐㉔權♜㻖冥㒟⪉㦻䤓
㻖冥幼岏㓜♾厌嬺梔床ᇭ壩㕮㧉㙟∪ℕ兓抩䞷䤓♜㻖冥㘴♲[1]᧨♾ⅴ㘴⏴⚓䱜♿ₚ䤓♜
㻖冥抑揜⣷㧴∎䞷᧨Ⱁ∎䞷32⇜80x86♿⒨折䞷hsdis-i386抑揜⣷᧨␅⇨♿䤓抑揜⣷执㦘
hsdis-amd64ᇬhsdis-sparc✛hsdis-sparcv9䷘᧨♾ⅴₚ戌㒥呹む冥幠⒉♜㻖冥抑揜⣷[2]᧨䏅⚝⺕
␅㟍函⦷JRE/bin/client㒥/server䥽ₚ᧨♹尐jvm.dll䤓恾㈓䦇⚛☂♾嬺壩㕮㧉庒䞷ᇭ⦷
壩㕮㧉⸘孔ℕ♜㻖冥抑揜⣷⃚⚝᧨⻀♾ⅴ∎䞷-XX᧶+PrintAssembly♑㟿尐㻑壩㕮㧉㓢◿冥幠
㡈㽤䤓㻖冥ⅲ䪐ℕ᧨␆⇢䤓㝜⇫♾ⅴ♑劒㦻4.2.7唑ᇭ

Ⱁ㨫㼰㦘HSDIS㙡ↅ㞾㖐᧨⃮♾ⅴ∎䞷-XX᧶+PrintOptoAssembly᧤䞷ℝServer VM᧥㒥-
XX᧶+PrintLIR᧤䞷ℝClient VM᧥㧴戢⒉㹣戒㘴扠㦏兗兢㨫䤓₼梃ⅲ䪐嫷䯉᧨ⅲ䪐䂔◤11-2
嬺冥幠⚝捷⒕♜㻖冥᧤∎䞷-XX᧶+PrintOptoAssembly᧥䤓戢⒉兢㨫Ⱁⅲ䪐䂔◤11-5㓏䯉ᇭ⅝
梔床屡ㄵ㧴広᧨∎䞷-XX᧶+PrintOptoAssembly♑㟿戢⒉䤓↹㻖冥兢㨫▔⚺ℕ㦃⮩䤓≰㋾᧤
尐㢾㽷摙᧥᧨Ⓒℝ梔床ㄅ䚕屲壩㕮㧉JIT冥幠⣷䤓↧▥兢㨫ᇭ

ⅲ䪐䂔◤11-5ᇫ㦻⦿㧉⣷䪐♜㻖冥≰㋾᧤捷⒕᧥

……
000 B1᧶#N1᧸-BLOCK HEAD IS JUNK Freq᧶1
000 pushq rbp
subq rsp᧨#16#Create frame
nop#nop for patch_verified_entry
006 movl RAX,RDX#spill
008 sall RAX᧨#1
00a addq rsp᧨16#Destroy frame
popq rbp
testl rax᧨[rip+#offset_to_poll_page]#Safepoint᧶poll for GC
……

ⓜ槱㙟Ⓙ䤓∎䞷-XX᧶+PrintAssembly♑㟿戢⒉♜㻖冥≰㋾榏尐Debug㒥劔FastDebug䓗䤓
壩㕮㧉㓜厌䦃㘴㞾㖐᧨Ⱁ㨫∎䞷Product䓗䤓壩㕮㧉᧨⒨榏尐┯⏴♑㟿-XX᧶
+UnlockDiagnosticVMOptions㓢壩㕮㧉幙㠼㲰㆞⚝㓜厌∎䞷ᇭ

Ⱁ㨫棳ℕ㦻⦿ⅲ䪐䤓䞮㒟兢㨫⮥᧨执㎂␜扪㷴恮悹㦻⦿ⅲ䪐䞮㒟䤓␆⇢扖䲚᧨挲执♾
ⅴ∎䞷♑㟿-XX᧶+PrintCFGToFile᧤∎䞷Client Compiler᧥㒥-XX᧶PrintIdealGraphFile᧤∎䞷
Server Compiler᧥ⅳ壩㕮㧉⺕冥幠扖䲚₼⚓₹棅㹄䤓㟿㗽᧤√Ⱁ᧨⺈C1冥幠⣷㧴広᧨▔㕻ⷦ
唑䪐ᇬHIR䞮㒟ᇬLIR䞮㒟ᇬ⹓ⷧ⣷⒕揜扖䲚ᇬ㦻⦿ⅲ䪐䞮㒟䷘㟿㗽᧥戢⒉Ⓙ㠖ↅ₼ᇭ䏅⚝∎
䞷Java HotSpot Client Compiler Visualizer[3]᧤䞷ℝ⒕㨟Client Compiler᧥㒥Ideal Graph
Visualizer[4]᧤䞷ℝ⒕㨟Server Compiler᧥㓢扨K㟿㗽㠖ↅ扪嫛⒕㨟ᇭⅴServer Compiler
√᧨䶣劔⒕㨟ₚJIT冥幠⣷䤓ⅲ䪐䞮㒟扖䲚ᇭ

Server Compiler䤓₼梃ⅲ䪐嫷䯉㢾䱜⚜Ideal䤓SSAㇱ㆞䲚ㄞ∬忥⦍᧤Program
Dependence Graph᧥᧨⦷扟嫛Java䲚ㄞ䤓JVM♑㟿₼┯⏴“-XX᧶PrintIdealGraphLevel=2-XX᧶
PrintIdealGraphFile=ideal.xml”᧨冥幠⚝⺕ℶ䞮₹⚜ideal.xml䤓㠖ↅ᧨⸒▔⚺ℕServer
Compiler冥幠ⅲ䪐䤓扖䲚≰㋾᧨♾ⅴ∎䞷Ideal Graph Visualizer⺈扨K≰㋾扪嫛⒕㨟ᇭ

Ideal Graph Visualizer┯戌ideal.xml㠖ↅ⚝᧨⦷Outline槱㨎ₙ⺕㣍䯉䲚ㄞ扟嫛扖䲚₼冥幠



扖䤓㡈㽤⒦嫷᧨Ⱁ⦍11-5㓏䯉ᇭ扨摛⒦⒉䤓㡈㽤㢾ⅲ䪐䂔◤11-2₼䤓㿚幤ⅲ䪐᧨␅₼
doubleValue᧤᧥㡈㽤⒉䘿ℕ₳㶰᧨扨㢾䟀ℝ年㡈㽤䤓冥幠兢㨫ⷧ⦷㪖冥幠✛OSR冥幠₳₹
䓗㦻ᇭ⦷ⅲ䪐䂔◤11-2₼᧨䶣劔䔈ⒺdoubleValue᧤᧥㡈㽤⬭┯ℕ₹䴉㈹䘾᧨扨₹㈹䘾⺈
㡈㽤䤓扟並兢㨫ₜ↩ℶ䞮㈀❜᧨⇕Ⱁ㨫㼰㦘↊⇤↧▥᧨㓶嫛䴉㈹䘾↩◯䞷CPU㢅梃᧨Ⓙ⅙⮸
执㦘幇⮩䲚ㄞ幍帰䤓⏴桷㟨䲚㔙䴉㈹䘾㇢⋩䲚ㄞㆅ㢅䤓㓚㹄㧴⅚兜᧨⦷Java₼扨㫆䤓⋩㽤䦮
䤓厌怆Ⓙㆅ㢅䤓⇫䞷⚦᧻

⦍ᇫ11-5ᇫ冥幠扖䤓㡈㽤⒦嫷

⻤㡈㽤㫈唑䍈᧨♾ⅴ䦚Ⓙₚ槱処⒦ℕ㡈㽤↧▥扖䲚䤓⚓₹棅㹄᧤㫈㗽↧▥㘹㡌䤓ₜ
⚛᧨㹞₹㡈㽤㓏兞扖䤓棅㹄⃮↩㦘㓏ぽⒺ᧥䤓Ideal⦍᧨㒠ⅻ⏗㓢“After Parsing”扨₹棅㹄ᇭ
ₙ㠖㙟Ⓙ᧨JIT冥幠⣷⦷冥幠₹Java㡈㽤㢅᧨氥⏗尐㔙ⷦ唑䪐屲㨟㒟㩟䱜₼梃嫷䯉ㇱ㆞᧨䏅
⚝㓜♾ⅴ其兼⋩⒕㨟✛↧▥᧨㦏兗䞮㒟ⅲ䪐ᇭ“After Parsing”⻀㢾Server Compiler⒩⸛㒟屲
㨟᧨执㼰㦘⋩↊⇤↧▥㢅䤓Ideal⦍嫷䯉ᇭ⦷㓢扨₹⦍⚝᧨床劔↩䦚Ⓙ␅₼㦘㈗⮩㦘欫唁䤓
㡈⧦᧨Ⱁ⦍11-6㓏䯉ᇭ㹞₹㡈⧦⻀ⅲ嫷ℕ₹䲚ㄞ䤓⪉㦻⧦᧤Basic Block᧥᧨⪉㦻⧦䤓䔈
䍈㢾♹㦘➾䤓₹⏴♲✛➾䤓₹⒉♲᧨♹尐⪉㦻⧦₼䶻㧰㖖ⅳ㓶嫛ℕ᧨挲⃗⪉㦻⧦
␔㓏㦘㓶嫛掌↩㖘䏶欉ㄞ⅔㓶嫛㶰ᇭ

ⅲ䪐䂔◤11-2䤓doubleValue᧤᧥㡈㽤夌䏅♹㦘丏◤䤓₳嫛ⷦ᧨⇕㢾㖘⪉㦻⧦⒡⒕⚝᧨ㇱ
㒟䤓⦍ㇱ兢㨓尐㹣㎂廰₼⮜㧑㈦⮩᧨扨㡈槱㢾尐䅰恂Java幼岏㓏⸩⃘䤓⸘⏷榏尐᧤Ⱁ伊⨚
⸘⏷ᇬ䴉㖖朗㭏㩴᧥✛Java壩㕮㧉䤓扟⇫榏尐᧤ⰑSafepoint懽幱᧥᧨♵㡈槱㢾䟀ℝ㦘K䲚
ㄞⅲ䪐₼嫛幼♴⻀♾厌ㇱ㒟Ⰼ⑯₹⪉㦻⧦᧤√Ⱁ㈹䘾᧥ᇭ⺈ℝ√₼䤓doubleValue᧤᧥㡈
㽤᧨Ⱁ㨫㊌䟴幼岏⸘⏷㭏㩴䤓⪉㦻⧦᧨♾ⅴ丏◤䚕屲㖘欉ㄞ㓶嫛ℕⅴₚ⑯ↅℚ㍔᧶

1᧥䲚ㄞ⏴♲᧨ㆉ䵚㪗ザᇭ

2᧥幍函j=0᧨扪嫛Safepoint懽幱᧨悂懻Ⓙ4᧥䤓㧰ↅ㭏㩴ᇭ

3᧥㓶嫛j++ᇭ



4᧥㧰ↅ㭏㩴᧨Ⱁ㨫j᧸100000᧨悂懻Ⓙ3᧥ᇭ

5᧥幍函i=i*2᧨扪嫛Safepoint懽幱᧨⒌㟿扣⥭ᇭ

⦍ᇫ11-6ᇫ⪉㦻⧦⦍䯉᧤1᧥

ⅴₙ⑯₹㷴洳᧨♜㢯ⒿIdeal Graph Visualizer䤓⦍ₙ᧨⻀㢾Ⱁ⦍11-7㓏䯉䤓␔⹈ᇭ扨㫆㒠
ⅻ尐䦚䴉㈹䘾㢾⚵↧▥᧨㒥劔⇤㢅↧▥᧨♹尐屑ⅲ嫷㈹䘾䤓⪉㦻⧦㢾⚵䀗棳᧨㒥劔⇤㢅䀗
棳⻀♾ⅴℕᇭ

尐屑Ⓙ扨䍈᧨♾ⅴ⦷Outline槱㨎ₙ⚂枽䍈⒊“Difference to current graph”᧨常懾ↅ呹



┷⒕㨟㖖⸩棅㹄㇢ⓜ㓢䤓Ideal⦍⃚梃䤓ぽ㆑᧨Ⱁ㨫⪉㦻⧦嬺䀗棳ℕ᧨⺕↩ⅴ儱唁㣍䯉ᇭ
⺈“After Parsing”✛“PhaseIdealLoop 1”棅㹄䤓Ideal⦍扪嫛ぽ㆑⒕㨟᧨♠䘿⦷“PhaseIdealLoop
1”棅㹄㈹䘾㝜⇫嬺䀗棳ℕ᧨Ⱁ⦍11-8㓏䯉᧨扨⃮⻀広㢝䴉㈹䘾⸭棔ₙ㢾ₜ↩嬺㓶嫛䤓ᇭ

⦍ᇫ11-7ᇫ⪉㦻⧦⦍䯉᧤2᧥



⦍ᇫ11-8ᇫ⪉㦻⧦⦍䯉᧤3᧥

⅝“After Parsing”棅㹄ⱚ᧨䦃Ⓙ㦏⚝䤓“Final Code”棅㹄᧨♾ⅴ䦚ⒿdoubleValue᧤᧥
㡈㽤䤓Ideal⦍⅝僐Ⓙ丏䤓♧扐扖䲚᧨扨⃮㢾Java壩㕮㧉⦷⻌┪↧▥ⅲ䪐䤓扖䲚ᇭⒿℕ㦏⚝
䤓“Final Code”棅㹄᧨ₜ⅔䴉㈹䘾䤓枏䀗棳ℕ᧨幇⮩幼岏⸘⏷✛Safepoint懽幱䤓㝜⇫⃮怆
䀗棳ℕ᧨⥯冥幠⣷⒳㠼☂∎ₜ⋩扨K⸘⏷≬椫᧨壩㕮㧉⃮ₜ↩♦ⒿⲐ卐ᇭ

㦏⚝㙟搡ₚ床劔᧨尐戢⒉CFG㒥IdealGraph㠖ↅ᧨榏尐₹Debug䓗㒥FastDebug䓗䤓壩
㕮㧉㞾㖐᧨Product䓗䤓壩㕮㧉㡯㽤戢⒉扨K㠖ↅᇭ

[1]䦇␂≰㋾᧶http://wikis.sun.com/display/HotSpotInternals/PrintAssemblyᇭ
[2]HSDIS䤓䄟䪐♾ⅴ⅝ⅴₚ⦿⧏噆♥᧶
http://hg.openjdk.java.net/jdk7/hotspot/hotspot/file/tip/src/share/tools/hsdis/ᇭ♵⮥᧨䦇␂几䵨♾ⅴ
ₚ戌₹め兞冥幠Ⰼℕ䤓抑⚗32⇜80x86♿∎䞷䤓♜㻖冥抑揜⣷᧨Ⱁ⦷ITeye䤓浧儶幼岏壩
㕮㧉⦗䤓␀℺◉᧤http://hllvm.group.iteye.com/group/share᧥₼♾ⅴₚ戌ᇭ
[3]⸧㡈䵨䍈᧶http://java.net/projects/c1visualizer/ᇭ



[4]⸧㡈䵨䍈᧶http://ssw.jku.at/General/Staff/TW/igv.htmlᇭ



11.3ᇫ冥幠↧▥㔏㦾
Java䲚ㄞ⛧㦘₹␀幕᧨ⅴ冥幠㡈㆞㓶嫛㦻⦿ⅲ䪐㹣屲摙㡈㆞㦃㉺᧨⃚㓏ⅴ㦘扨㫆䤓␀

幕᧨棳♊壩㕮㧉屲摙㓶嫛ⷦ唑䪐㢅欬⮥䀗劦㢅梃䤓☮⥯⮥᧨执㦘₹㈗摜尐䤓☮⥯⻀㢾壩㕮
㧉幍帰⥱梮⑯⃝㔙⺈ⅲ䪐䤓㓏㦘↧▥㘹㡌掌楕₼⦷ℕ☂㢅冥幠⣷⃚₼᧤⦷JDK 1.3⃚
⚝᧨Javac⻀♊棳ℕ-O折欈᧨ₜ↩䞮㒟↊⇤ⷦ唑䪐儶Ⓔ䤓↧▥ⅲ䪐ℕ᧥᧨⥯㷳咻㧴広᧨☂
㢅冥幠⣷ℶ䞮䤓㦻⦿ⅲ䪐↩㹣Javacℶ䞮䤓ⷦ唑䪐㦃┯↧䱏[1]ᇭₚ槱᧨䶣劔⺕⅚兜KHotSpot
壩㕮㧉䤓☂㢅冥幠⣷⦷䞮㒟ⅲ䪐㢅摖䞷䤓ⅲ䪐↧▥㔏㦾ᇭ

11.3.1ᇫ↧▥㔏㦾㰑屗

⦷Sun⸧㡈䤓Wikiₙ᧨HotSpot壩㕮㧉幍帰⥱梮⒦⒉ℕ₹䦇⺈㹣戒⏷槱䤓ᇬ⦷☂㢅冥幠
⣷₼摖䞷䤓↧▥㔏㦾⒦嫷[2]᧤屐嫷11-1᧥᧨␅₼㦘ₜ⺠兞␇冥幠⣷䤓↧▥㓚㹄᧨⃮㦘幇⮩朗
⺈Java幼岏᧤䫽⦿広㢾朗⺈扟嫛⦷Java壩㕮㧉ₙ䤓㓏㦘幼岏᧥㦻愺扪嫛䤓↧▥㔏㦾᧨㦻唑
⺕⺈扨K㔏㦾扪嫛㰑㕻㊶䤓⅚兜᧨⦷⚝槱⑯唑₼᧨␜㖠折啴摜尐₣␇⨚䤓↧▥᧨床劔
怆䦚䦚↧▥ⓜ⚝䤓ⅲ䪐ℶ䞮ℕ㊝㫆䤓♧▥ᇭ







ₙ承䤓↧▥㔏㦾䦚怆㧴㈗⮩᧨力₣⅝⚜ⷦ䦚掌㣍㈦㦘䍈“浧䂀嘺㿚”᧨夌䏅⸭䘿扨K↧▥
⃮幇䫽⸭㦘K楍ㄵ᧨⇕⮶捷⒕㔏㦾䚕屲怆㧴掌ㄅₜ⥿楍ᇭℕ䀗棳床劔⺈扨K↧▥㔏㦾䤓棛
䞮㎮᧨䶣劔₹丏◤䤓√᧨☂抩扖⮶⹅䐮㌘䤓Javaⅲ䪐♧▥㧴⻤䯉␅₼⑯䱜↧▥㔏㦾㢾
Ⱁ⇤♠㖴⇫䞷䤓᧤⅔∎䞷Javaⅲ䪐㧴嫷䯉力め᧥ᇭ氥⏗⅝☮ⱚⅲ䪐ⱚ᧨Ⱁⅲ䪐䂔◤11-6㓏
䯉[3]ᇭ

ⅲ䪐䂔◤11-6ᇫ↧▥ⓜ䤓☮ⱚⅲ䪐

static class B{
int value᧷
final int get᧤᧥{
return value᧷
}
}
public void foo᧤᧥{
y=b.get᧤᧥᧷
//……do stuff……
z=b.get᧤᧥᧷
sum=y+z᧷
}

氥⏗榏尐㢝䫽䤓㢾᧨扨Kⅲ䪐↧▥♧㗱㢾ㆉ䵚⦷ⅲ䪐䤓㩟䱜₼梃嫷䯉㒥㧉⣷䪐⃚ₙ᧨公
ₜ㢾ㆉ䵚⦷Java䄟䪐⃚ₙ䤓᧨ℕ⻤䯉㡈≎᧨䶣劔∎䞷ℕJava幼岏䤓幼㽤㧴嫷䯉扨K↧▥㔏
㦾㓏♠㖴䤓⇫䞷ᇭ

ⅲ䪐䂔◤11-6䤓ⅲ䪐め兞槭デ丏◤ℕ᧨⇕㢾⅜㦘幇⮩↧▥䤓⇨⦿ᇭ䶻㷴扪嫛㡈㽤␔勣
᧤Method Inlining᧥᧨㡈㽤␔勣䤓摜尐㊶尐浧ℝ␅Ⅵ↧▥㘹㡌᧨⸒䤓尐䥽䤓㦘₳₹᧨㢾
♊棳㡈㽤庒䞷䤓㒟㦻᧤Ⱁㆉ䵚㪗ザ䷘᧥᧨ℛ㢾␅Ⅵ↧▥ㆉ䵚哾Ⰼ䤓⪉䫏᧨㡈㽤␔勣吷协⃚
⚝♾ⅴ≎ℝ⦷㦃⮶喒⦃ₙ摖♥⚝兼䤓↧▥㓚㹄᧨⅝力噆♥㦃Ⰼ䤓↧▥㟗㨫ᇭ⥯㷳᧨⚓䱜冥幠
⣷咻掌↩㔙␔勣↧▥㟍⦷↧▥ㄞ⒦䤓㦏槯ⓜ⇜函ᇭ␔勣⚝䤓ⅲ䪐Ⱁⅲ䪐䂔◤11-7㓏䯉ᇭ

ⅲ䪐䂔◤11-7ᇫ␔勣⚝䤓ⅲ䪐

public void foo᧤᧥{
y=b.value᧷
//……do stuff……
z=b.value᧷
sum=y+z᧷
}

䶻ℛ㷴扪嫛␦⇨幎桽䀗棳᧤Redundant Loads Elimination᧥᧨⋖幍ⅲ䪐₼梃㽷摙㘘
䤓“dostuff……”㓏ⅲ嫷䤓㝜⇫ₜ↩㟈♧b.value䤓⋋᧨挲⻀♾ⅴ㔙“z=b.value”㦎㗱“z=y”᧨⥯
ₙ♴“y=b.value”め兞≬幐ℕ♧摞yb.value㢾咃䤓᧨扨㫆⻀♾ⅴₜ␜♊幎桽⺈廰b䤓⻏
捷♧摞ℕᇭⰑ㨫㔙b.value䦚⋩㢾₹嫷才㆞᧨挲⃮♾ⅴ㔙扨欈↧▥䦚㒟㢾⏻␀嫷才㆞䀗棳
᧤Common Subexpression Elimination᧥᧨↧▥⚝䤓ⅲ䪐Ⱁⅲ䪐䂔◤11-8㓏䯉ᇭ

ⅲ䪐䂔◤11-8ᇫ␦⇨ⷧ⌷䀗棳䤓ⅲ䪐

public void foo᧤᧥{
y=b.value᧷
//……do stuff……
z=y᧷
sum=y+z᧷
}

䶻ₘ㷴㒠ⅻ扪嫛⮜↯㜼᧤Copy Propagation᧥᧨⥯⦷扨㹄䲚ㄞ䤓拊戠₼ㄅ㼰㦘㉔尐∎
䞷₹欬⮥䤓♧摞“z”᧨⸒♧摞“y”㢾⸛⏷䦇䷘䤓᧨⥯㷳♾ⅴ∎䞷“y”㧴ⅲ㦎“z”ᇭ⮜↯㜼
⃚⚝䲚ㄞⰑⅲ䪐䂔◤11-9㓏䯉ᇭ



ⅲ䪐䂔◤11-9ᇫ⮜↯㜼䤓ⅲ䪐

public void foo᧤᧥{
y=b.value᧷
//……do stuff……
y=y᧷
sum=y+y᧷
}

䶻⥪㷴㒠ⅻ扪嫛㡯䞷ⅲ䪐䀗棳᧤Dead Code Elimination᧥ᇭ㡯䞷ⅲ䪐♾厌㢾㻇扫ₜ↩嬺
㓶嫛䤓ⅲ䪐᧨⃮♾厌㢾⸛⏷㼰㦘㎞⃘䤓ⅲ䪐᧨⥯㷳᧨⸒♗ㇱ廰⦿䱿“Dead Code”᧨⦷ⅲ䪐
䂔◤11-9₼᧨“y=y”㢾㼰㦘㎞⃘䤓᧨㔙⸒䀗棳⚝䤓䲚ㄞⰑⅲ䪐䂔◤11-10㓏䯉ᇭ

ⅲ䪐䂔◤11-10ᇫ扪嫛㡯䞷ⅲ䪐䀗棳䤓ⅲ䪐

public void foo᧤᧥{
y=b.value᧷
//……do stuff……
sum=y+y᧷
}

兞扖⥪㶰↧▥⃚⚝᧨ⅲ䪐䂔◤11-10ⅲ䪐䂔◤11-6㓏才Ⓙ䤓㟗㨫㢾咃䤓᧨⇕㢾ⓜ劔㹣
⚝劔䦐䟴ℕ幇⮩幼♴᧤⇢䘿⦷ⷦ唑䪐✛㧉⣷䪐㖖ⅳₙ䤓ぽ恬↩㦃⮶᧥᧨㓶嫛㟗䘖⃮↩㦃浧ᇭ
冥幠⣷䤓扨K↧▥㔏㦾⸭䘿怆㧴⃮幇㹣戒⮜㧑᧨⇕㢾尐䚕屲⸒ⅻ䤓嫛⺈ℝ₹㣽抩䤓䲚ㄞ
⛧㧴広㢾㼰㦘⥿楍䤓᧨㘴ₚ㧴᧨㒠ⅻ⺕其兼㩴䦚Ⱁₚ䤓⑯欈㦏㦘ⅲ嫷㊶䤓↧▥㔏㦾㢾Ⱁ⇤扟
⇫䤓᧨⸒ⅻ⒕Ⓔ㢾᧶

幼岏㡯␂䤓兞␇↧▥㔏㦾⃚᧶⏻␀嫷才㆞䀗棳ᇭ

幼岏䦇␂䤓兞␇↧▥㔏㦾⃚᧶㟿兓喒⦃㭏㩴䀗棳ᇭ

㦏摜尐䤓↧▥㔏㦾⃚᧶㡈㽤␔勣ᇭ

㦏ⓜ㽎䤓↧▥㔏㦾⃚᧶抒拇⒕㨟ᇭ

[1]㦻⦿ⅲ䪐ⷦ唑䪐₳劔㢾㡯㽤䦃㘴㹣戒䤓᧨䫽⦿広ㄣ㇢㢾㖖᧶䟀冥幠⣷↧▥㈦Ⓙ䤓㦻⦿
ⅲ䪐䟀屲摙⣷屲摙ⷦ唑䪐⚝⸭棔㓶嫛䤓㦻⦿ⅲ䪐⃚梃䤓⺈㹣ᇭ
[2]⦿⧏᧶http://wikis.sun.com/display/HotSpotInternals/PerformanceTacticIndexᇭ
[3]㦻√≽㟈呹᧶
http://download.oracle.com/docs/cd/E13150_01/jrockit_jvm/jrockit/geninfo/diagnos/underst_jit.htmlᇭ



11.3.2ᇫ⏻␀嫷才㆞䀗棳

⏻␀嫷才㆞䀗棳㢾₹㣽拜ㄣ䞷ℝ⚓䱜冥幠⣷䤓兞␇↧▥㔏㦾᧨⸒䤓⚺⃘㢾᧶Ⱁ㨫
₹嫷才㆞Eめ兞帰並扖ℕ᧨ㄅ₣⅝⏗ⓜ䤓帰並Ⓙ䘿⦷E₼㓏㦘♧摞䤓⋋掌㼰㦘♠䞮♧▥᧨挲⃗
E䤓扨㶰⒉䘿⻀㒟ℕ⏻␀嫷才㆞ᇭ⺈ℝ扨䱜嫷才㆞᧨㼰㦘㉔尐啀㢅梃␜⺈⸒扪嫛帰並᧨
♹榏尐䦃㘴䞷ⓜ槱帰並扖䤓嫷才㆞兢㨫ⅲ㦎E⻀♾ⅴℕᇭⰑ㨫扨䱜↧▥⅔棟ℝ䲚ㄞ䤓⪉㦻⧦
␔᧨≎䱿⻏捷⏻␀嫷才㆞䀗棳᧤Local Common Subexpression Elimination᧥᧨Ⱁ㨫扨䱜↧
▥䤓喒⦃䁄䥥ℕ⮩₹⪉㦻⧦᧨挲⻀䱿⏷⻏⏻␀嫷才㆞䀗棳᧤Global Common
Subexpression Elimination᧥ᇭ₹丏◤䤓√㧴広㢝⸒䤓↧▥扖䲚᧨⋖幍ⷧ⦷Ⱁₚⅲ䪐᧶

int d=᧤c * b᧥*12+a+᧤a+b * c᧥᧷

Ⱁ㨫扨㹄ⅲ䪐ℳ全Javac冥幠⣷⒨ₜ↩扪嫛↊⇤↧▥᧨挲䞮㒟䤓ⅲ䪐⺕Ⱁⅲ䪐䂔◤11-11
㓏䯉᧨㢾⸛⏷挄䏶Java䄟䪐䤓㽤䦃幠力㒟䤓ᇭ

ⅲ䪐䂔◤11-11ᇫ㦹⋩↊⇤↧▥䤓ⷦ唑䪐

iload_2//b
imul//帰並b * c
bipush 12//㘷⏴12
imul//帰並᧤c * b᧥*12
iload_1//a
iadd//帰並᧤c * b᧥*12+a
iload_1//a
iload_2//b
iload_3//c
imul//帰並b * c
iadd//帰並a+b * c
iadd//帰並᧤c * b᧥*12+a+᧤a+b * c᧥
istore 4

㇢扨㹄ⅲ䪐扪⏴Ⓙ壩㕮㧉☂㢅冥幠⣷⚝᧨⸒⺕扪嫛Ⱁₚ↧▥᧶冥幠⣷㭏㿚Ⓙ“c * b”“b
* c”㢾㫆䤓嫷才㆞᧨力₣⦷帰並㦮梃bc䤓⋋㢾ₜ♧䤓ᇭ⥯㷳᧨扨㧰嫷才㆞⻀♾厌嬺展
᧶

int d=E*12+a+᧤a+E᧥᧷

扨㢅᧨冥幠⣷执♾厌᧤♥⑂ℝ❹䱜壩㕮㧉䤓冥幠⣷ⅴ♙␆⇢䤓ₙₚ㠖力⸩᧥扪嫛♵⮥
䱜↧▥᧶ⅲ㟿▥丏᧤Algebraic Simplification᧥᧨㔙嫷才㆞♧᧶

int d=E*13+a*2᧷

嫷才㆞扪嫛♧㗱⃚⚝᧨␜帰並怆㧴⻀♾ⅴ唑䦐K㢅梃ℕᇭⰑ㨫床劔执⺈␅Ⅵ䤓兞␇冥
幠↧▥㔏㦾㎮␃怲᧨♾ⅴ♑劒ᇵ冥幠☮䚕ᇶ᧤≦䱿“爨”᧨㘷嗟∎䞷Java䤓䲚ㄞ⛧梔床2006
䓗䤓“侺爨”᧥₼䤓䦇␂䵯唑ᇭ



11.3.3ᇫ㟿兓扈䟛㭏㩴䀗棳

㟿兓扈䟛㭏㩴䀗棳᧤Array Bounds Checking Elimination᧥㢾☂㢅冥幠⣷₼䤓欈幼岏䦇
␂䤓兞␇↧▥㔏㦾ᇭ㒠ⅻ䩴拢Java幼岏㢾桷┷㊐⸘⏷䤓幼岏᧨⺈㟿兓䤓床幎桽⃮ₜ⍞
CᇬC++挲㫆⦷㦻德ₙ㢾宇㖖朗㝜⇫ᇭⰑ㨫㦘₹㟿兓foo[]᧨⦷Java幼岏₼幎桽㟿兓⏒侯
foo[i]䤓㢅⊨侊兮⺕↩呹┷扪嫛ₙₚ䟛䤓喒⦃㭏㩴᧨☂㭏㩴i㉔權䅰恂i᧺=0᧢᧢i᧸foo.length扨
₹㧰ↅ᧨⚵⒨⺕㔪⒉₹扟嫛㢅㆑デ᧶java.lang.ArrayIndexOutOfBoundsExceptionᇭ扨⺈懾ↅ
♠劔㧴広㢾ↅ㈗Ⰼ䤓ℚ㍔᧨☂∎䲚ㄞ⛧㼰㦘₢桷冥棁㈰ⅲ䪐᧨⃮♾ⅴ挎⏜⮶捷⒕䤓䄱
⒉㟊⒊ᇭ⇕㢾⺈ℝ壩㕮㧉䤓㓶嫛侊兮㧴広᧨㹞㶰㟿兓⏒侯䤓床掌サ㦘㶰椟⚺䤓㧰ↅ⒳
⸩㝜⇫᧨⺈ℝ㕴㦘⮶摞㟿兓幎桽䤓䲚ㄞⅲ䪐᧨扨㡯䠠⃮㢾䱜㊶厌微㕔ᇭ

㡯幉Ⱁ⇤᧨ℕ⸘⏷᧨㟿兓扈䟛㭏㩴匾⸩㢾㉔權⋩䤓᧨⇕㟿兓扈䟛㭏㩴㢾ₜ㢾㉔權⦷扟
嫛㦮梃㶰ₜ䆞⦿㭏㩴⒨㢾♾ⅴ“⟕摞”䤓ℚ㍔ᇭ√Ⱁₚ槱扨₹丏◤䤓㍔⑄᧶㟿兓ₚ㪖㢾₹
デ摞᧨Ⱁfoo[3]᧨♹尐⦷冥幠㦮㫈㗽㟿㗽㿐⒕㨟㧴䫽⸩foo.length䤓⋋᧨ㄅ⒳㠼ₚ㪖“3”㼰㦘怙
䟛᧨㓶嫛䤓㢅⊨⻀㡯權⒳㠼ℕᇭ㦃┯デ屐䤓㍔⑄㢾㟿兓幎桽♠䞮⦷㈹䘾⃚₼᧨ㄅ₣∎䞷㈹䘾
♧摞㧴扪嫛㟿兓幎桽᧨Ⱁ㨫冥幠⣷♹尐抩扖㟿㗽㿐⒕㨟⻀♾ⅴ⒳⸩㈹䘾♧摞䤓♥⋋喒⦃㻇扫
⦷◉梃[0᧨foo.length᧥⃚␔᧨挲⦷㠃₹㈹䘾₼⻀♾ⅴ㔙㟿兓䤓ₙₚ䟛㭏㩴䀗棳᧨扨♾ⅴ唑䦐
㈗⮩㶰䤓㧰ↅ⒳㠼㝜⇫ᇭ

⺕扨₹㟿兓扈䟛㭏㩴䤓√㟍⦷㦃浧䤓屡ㄵ㧴䦚᧨⮶摞䤓⸘⏷㭏㩴ⅳ冥Java䲚ㄞ㹣冥
C/C++䲚ㄞ⹈㢢㈗⮩᧨Ⱁ㟿兓怙䟛↩㈦ⒿArrayIndexOutOfBoundsException㆑デ᧨䴉㖖朗幎
桽↩㈦ⒿNullPointException᧨棳㟿榅↩㈦ⒿArithmeticException䷘᧨⦷C/C++䲚ㄞ₼⒉䘿伊
⇋䤓桽欧᧨ₜ⺞㉒⻀↩⒉䘿Segment Fault≰⚆㒥劔Window冥䲚₼デ屐䤓“xxx␔ⷧₜ厌
Read/Write”⃚伊䤓㙟䯉᧨⮓䚕ₜⰌ䲚ㄞ⻀䦃㘴⾸䄒抏⒉ℕᇭ⇕扨K⸘⏷㭏㩴⃮⺋咃ℕ䦇⚛䤓
䲚ㄞ᧨Java尐㹣C/C++⋩㦃⮩䤓ℚ㍔᧤⚓䱜㭏㩴⒳㠼᧥᧨扨Kℚ㍔⻀㒟䱜椟㆞枏᧨Ⱁ
㨫⮓䚕ₜⰌ⸒ⅻ᧨⻀㈗♾厌㒟₹Java幼岏㹣C/C++㦃㏱䤓⥯侯ᇭ尐䀗棳扨K椟㆞枏᧨
棳ℕⰑ㟿兓扈䟛㭏㩴↧▥扨䱜⻌♾厌㔙扟嫛㦮㭏㩴㙟Ⓙ冥幠㦮⸛㒟䤓㊬恾⃚⮥᧨♵⮥执㦘
䱜挎⏜㊬恾——椟㆞㆑デ⮓䚕᧨Java₼䴉㖖朗㭏㩴✛並㦾扟並₼棳㟿榅䤓㭏㩴掌摖䞷ℕ扨
䱜㊬恾ᇭ₹√᧨√Ⱁ䲚ㄞ₼幎桽₹⺈廰᧤⋖幍⺈廰♺foo᧥䤓㩟₹⻭㊶᧤⋖幍⻭㊶♺
value᧥᧨挲ⅴJava↹ⅲ䪐㧴嫷䯉壩㕮㧉幎桽foo.value䤓扖䲚Ⱁₚᇭ

if᧤foo=null᧥{
return foo.value᧷
}else{
throw new NullPointException᧤᧥᧷
}

⦷∎䞷椟㆞㆑デ↧▥⃚⚝᧨壩㕮㧉↩㔙ₙ槱↹ⅲ䪐㓏嫷䯉䤓幎桽扖䲚♧Ⱁₚ↹ⅲ䪐ᇭ

try{
return foo.value᧷
}catch᧤segment_fault᧥{
uncommon_trap᧤᧥᧷
}

壩㕮㧉↩㽷␛₹Segment Fault≰⚆䤓㆑デ⮓䚕⣷᧤↹ⅲ䪐₼䤓uncommon_trap᧤᧥᧥᧨
扨㫆㇢fooₜ䴉䤓㢅⊨᧨⺈value䤓幎桽㢾ₜ↩欬⮥䀗劦㶰⺈foo⒳䴉䤓枏䤓ᇭⅲↆ⻀㢾
㇢foo䦮䤓䴉㢅᧨㉔權懻⏴Ⓙ㆑デ⮓䚕⣷₼㋱⮜ㄅ㔪⒉NullPointException㆑デ᧨扨₹扖䲚㉔
權⅝䞷㓆㊐懻Ⓙ␔㫇㊐₼⮓䚕᧨兢㧮⚝␜⥭Ⓙ䞷㓆㊐᧨抮ㄵ扫㹣㶰⒳䴉㭏㩴㏱ᇭ㇢foo㨐
⺠䴉䤓㢅⊨᧨椟㆞㆑デ↧▥㢾⋋㈦䤓᧨⇕⋖Ⱁfoo兞デ䴉䤓幬᧨扨㫆䤓↧▥♜力↩常䲚



ㄞ㦃㏱᧨执ⰌHotSpot壩㕮㧉恂⮮“勹㢝”᧨⸒↩㫈㗽扟嫛㦮㟅楕Ⓙ䤓Profile≰㋾呹┷折㕸㦏↧
㡈㫗ᇭ

幼岏䦇␂䤓␅Ⅵ䀗棳㝜⇫执㦘ₜ⺠᧨Ⱁ呹┷孔乀䀗棳᧤Autobox Elimination᧥ᇬ⸘⏷䍈
䀗棳᧤Safepoint Elimination᧥ᇬ䀗棳♜⺓᧤Dereflection᧥䷘᧨䶣劔⻀ₜ␜⅚兜ℕᇭ



11.3.4ᇫ㡈㽤␔勣

⦷ⓜ槱䤓幁屲⃚₼㒠ⅻ㙟Ⓙ扖㡈㽤␔勣᧨⸒㢾冥幠⣷㦏摜尐䤓↧▥㓚㹄⃚᧨棳ℕ䀗棳
㡈㽤庒䞷䤓㒟㦻⃚⮥᧨⸒㦃摜尐䤓㎞⃘㢾␅Ⅵ↧▥㓚㹄ㆉ䵚哾Ⰼ䤓⪉䫏᧨Ⱁⅲ䪐䂔◤11-
12㓏䯉䤓丏◤√⻀㙼䯉ℕ␔勣⺈␅Ⅵ↧▥㓚㹄䤓㎞⃘᧶ℚ⸭ₙtestInline᧤᧥㡈㽤䤓␔捷⏷
捷掌㢾㡯䞷䤓ⅲ䪐᧨Ⱁ㨫ₜ⋩␔勣᧨⚝兼☂∎扪嫛ℕ㡯䞷ⅲ䪐䀗棳䤓↧▥᧨⃮㡯㽤♠䘿↊
⇤“Dead Code”᧨⥯Ⱁ㨫⒕㧴䦚᧨foo᧤᧥✛testInline᧤᧥₳₹㡈㽤摛槱䤓㝜⇫掌♾厌㢾
㦘㎞⃘䤓ᇭ

ⅲ䪐䂔◤11-12ᇫ㦹⋩↊⇤↧▥䤓ⷦ唑䪐

public static void foo᧤Object obj᧥{
if᧤obj=null᧥{
System.out.println᧤"do something"᧥᧷
}
}
public static void testInline᧤String[]args᧥{
Object obj=null᧷
foo᧤obj᧥᧷
}

㡈㽤␔勣䤓↧▥嫛䦚怆㧴㈗丏◤᧨ₜ扖㢾㔙䥽㪖㡈㽤䤓ⅲ䪐“⮜Ⓟ”Ⓙ♠怆庒䞷䤓㡈㽤
⃚₼᧨挎⏜♠䞮䦮⸭䤓㡈㽤庒䞷力めᇭ⇕⸭棔ₙJava壩㕮㧉₼䤓␔勣扖䲚扫扫㼰㦘挲⃗丏
◤᧨⥯Ⱁ㨫ₜ㢾☂㢅冥幠⣷⋩ℕK䔈Ⓔ䤓┹┪᧨㖘䏶兞␇冥幠☮䚕䤓↧▥䚕幉᧨⮶⮩㟿
䤓Java㡈㽤掌㡯㽤扪嫛␔勣ᇭ

㡯㽤␔勣䤓☮⥯␅⸭⦷䶻8䵯₼幁屲Java㡈㽤屲㨟✛⒕㿍庒䞷䤓㢅⊨⻀め兞⅚兜扖ᇭ♹
㦘∎䞷invokespecial㖖ⅳ庒䞷䤓䱐㦘㡈㽤ᇬ⸭√㨓抯⣷ᇬ䓅伊㡈㽤ⅴ♙∎䞷invokestatic㖖ⅳ
扪嫛庒䞷䤓槨㊐㡈㽤㓜㢾⦷冥幠㦮扪嫛屲㨟䤓᧨棳ℕₙ承4䱜㡈㽤⃚⮥᧨␅Ⅵ䤓Java㡈㽤庒
䞷掌榏尐⦷扟嫛㢅扪嫛㡈㽤㘴㟅劔䤓⮩㊐折㕸᧨ㄅ₣掌㦘♾厌ⷧ⦷⮩ℝ₹䓗㦻䤓㡈㽤㘴㟅
劔᧤㦏⮩␜棳♊嬺final≽毿䤓㡈㽤扨䱜䔈㸙㍔⑄᧨⻌丰⸒∎䞷invokevirtual㖖ⅳ庒䞷᧨⇕⃮㢾
槭壩㡈㽤᧨Java幼岏屓喒₼㢝䫽広㢝ℕ扨䍈᧥᧨丏力岏⃚᧨Java幼岏₼照帳䤓⸭√㡈㽤㢾壩
㡈㽤ᇭ

⺈ℝ₹壩㡈㽤᧨冥幠㦮⋩␔勣䤓㢅⊨㫈㦻㡯㽤䫽⸩ㄣ年∎䞷❹₹㡈㽤䓗㦻᧨Ⱁ㨫ⅴⅲ
䪐䂔◤11-7₼㔙“b.get᧤᧥”␔勣“b.value”√䤓幬᧨⻀㢾ₜ∬忥ₙₚ㠖⻀㡯㽤䫽⸩b䤓⸭棔
伊⨚㢾⅏⃗ᇭ⋖Ⱁ㦘ParentB✛SubB₳₹␆㦘其㔎␂侊䤓伊᧨ㄅ₣伊摜ℕ䓅伊䤓get᧤᧥
㡈㽤᧨挲⃗᧨㢾尐㓶嫛䓅伊䤓get᧤᧥㡈㽤执㢾伊䤓get᧤᧥㡈㽤᧨榏尐⦷扟嫛㦮㓜厌䫽
⸩᧨冥幠㦮㡯㽤㈦⒉兢幉ᇭ

䟀ℝJava幼岏㙟⊰∎䞷槱⚠⺈廰䤓冥䲚㡈㆞扪嫛冥䲚᧨力Java⺈廰䤓㡈㽤照帳⻀㢾壩㡈
㽤᧨⥯㷳Java梃㘴熢╀ℕ䲚ㄞ⛧∎䞷⮶摞䤓壩㡈㽤㧴⸛㒟䲚ㄞ拊戠ᇭ㫈㗽ₙ槱䤓⒕㨟᧨Ⱁ㨫
␔勣壩㡈㽤⃚梃ℶ䞮“䩪䦍”᧨挲年㊝⃗┭⛱᧻㢾ₜ㢾ℕ㙟浧㓶嫛㊶厌᧨⻀尐Ⓙ⮓∎䞷
final␂枽ⷦ♊≽毿㡈㽤⛱᧻

ℕ屲⑂壩㡈㽤䤓␔勣桽欧᧨Java壩㕮㧉幍帰⥱梮㎂ℕ㈗⮩┭㽤᧨氥⏗㢾ㆤ⏴ℕ䱜⚜
“伊⨚其㔎␂侊⒕㨟”᧤Class Hierarchy Analysis,CHA᧥䤓㔏㦾᧨扨㢾䱜⪉ℝ㠃₹ㄣ䞷䲚
ㄞ䤓伊⨚⒕㨟㔏㦾᧨⸒䞷ℝ䫽⸩⦷䥽ⓜめ┯戌䤓伊₼᧨㩟₹㘴♲㢾⚵㦘⮩ℝ䱜䤓⸭䘿᧨㩟
₹伊㢾⚵ⷧ⦷伊ᇬ伊㢾⚵㕌廰伊䷘≰㋾ᇭ

冥幠⣷⦷扪嫛␔勣㢅᧨Ⱁ㨫㢾槭壩㡈㽤᧨挲⃗䦃㘴扪嫛␔勣⻀♾ⅴℕ᧨扨㢅⊨䤓␔勣㢾



㦘䳂⸩ⓜ㙟≬椫䤓ᇭⰑ㨫拖Ⓙ壩㡈㽤᧨⒨↩⚠CHA㩴幱㷳㡈㽤⦷㇢ⓜ䲚ㄞₚ㢾⚵㦘⮩₹䥽㪖
䓗㦻♾∪折㕸᧨Ⱁ㨫㩴幱兢㨫♹㦘₹䓗㦻᧨挲⃮♾ⅴ扪嫛␔勣᧨ₜ扖扨䱜␔勣⻀⻭ℝ䉏扪
↧▥᧨榏尐欓䟨₹“抒䞮桷”᧤Guard㧰ↅₜ㒟䵚㢅䤓Slow Path᧥᧨䱿⸗㔳␔勣᧤Guarded
Inlining᧥ᇭⰑ㨫䲚ㄞ䤓⚝兼㓶嫛扖䲚₼᧨壩㕮㧉䦃㼰㦘┯戌Ⓙ↩ⅳ扨₹㡈㽤䤓㘴㟅劔䤓其
㔎␂侊♠䞮♧▥䤓伊᧨挲扨₹␔勣↧▥䤓ⅲ䪐⻀♾ⅴ䦃∎䞷ₚ♊ᇭ⇕Ⱁ㨫┯戌ℕ⺋咃其㔎
␂侊♠䞮♧▥䤓㠿伊᧨挲⻀榏尐㔪㆒め兞冥幠䤓ⅲ䪐᧨抏⥭Ⓙ屲摙䕅㊐㓶嫛᧨㒥劔摜㠿扪嫛
冥幠ᇭ

Ⱁ㨫⚠CHA㩴幱⒉㧴䤓兢㨫㢾㦘⮩₹䓗㦻䤓䥽㪖㡈㽤♾∪折㕸᧨⒨冥幠⣷执⺕↩扪嫛㦏
⚝㶰┹┪᧨∎䞷␔勣冢ⷧ᧤Inline Cache᧥㧴⸛㒟㡈㽤␔勣᧨扨㢾₹ㆉ䵚⦷䥽㪖㡈㽤㷲デ
⏴♲⃚ⓜ䤓冢ⷧ᧨⸒䤓ぴ⇫☮䚕⮶咃㢾᧶⦷㦹♠䞮㡈㽤庒䞷⃚ⓜ᧨␔勣冢ⷧ䕅㊐䴉᧨㇢䶻
㶰庒䞷♠䞮⚝᧨冢ⷧ帿ₚ㡈㽤㘴㟅劔䤓䓗㦻≰㋾᧨ㄅ₣㹞㶰扪嫛㡈㽤庒䞷㢅掌㹣戒㘴㟅
劔䓗㦻᧨Ⱁ㨫ⅴ⚝扪㧴䤓㹞㶰庒䞷䤓㡈㽤㘴㟅劔䓗㦻掌㢾㫆䤓᧨挲扨₹␔勣执♾ⅴ䦃䞷
ₚ♊ᇭⰑ㨫♠䞮ℕ㡈㽤㘴㟅劔ₜ咃䤓㍔⑄᧨⻀広㢝䲚ㄞ䦮㷲∎䞷ℕ壩㡈㽤䤓⮩㊐䔈㊶᧨扨
㢅㓜↩♥䀗␔勣᧨㩴㔍壩㡈㽤嫷扪嫛㡈㽤⒕㿍ᇭ

㓏ⅴ広᧨⦷幇⮩㍔⑄ₚ壩㕮㧉扪嫛䤓␔勣掌㢾䱜䉏扪↧▥᧨䉏扪↧▥䤓㓚㹄⦷浧㊶厌
䤓⟕䞷壩㕮㧉₼㈗デ屐᧨棳ℕ␔勣⃚⮥᧨⺈ℝ⒉䘿㰑䘖㈗⺞᧤抩扖兞洛㟿㗽㒥屲摙⣷㟅楕Ⓙ
䤓㊶厌䥠㘶≰㋾䫽⸩㰑䘖⮶⺞᧥䤓椟㆞㆑デᇬ∎䞷㰑䘖㈗⺞䤓⒕㞾䷘掌♾ⅴ嬺䉏扪↧▥“䲊
棳”᧨Ⱁ㨫䦮䤓⒉䘿ℕ⺞㰑䘖ℚↅ᧨扨㢅㓜↩⅝“抒䞮桷”⥭Ⓙ屲摙䕅㊐摜㠿㓶嫛ᇭ



11.3.5ᇫ抒拇⒕㨟

抒拇⒕㨟᧤Escape Analysis᧥㢾䥽ⓜJava壩㕮㧉₼㹣戒ⓜ㽎䤓↧▥㔏㦾᧨⸒伊⨚其㔎
␂侊⒕㨟㫆᧨ㄅₜ㢾䦃㘴↧▥ⅲ䪐䤓㓚㹄᧨力㢾␅Ⅵ↧▥㓚㹄㙟∪∬㗽䤓⒕㨟㔏㦾ᇭ

抒拇⒕㨟䤓⪉㦻嫛⻀㢾⒕㨟⺈廰┷㊐⇫䞷⩮᧶㇢₹⺈廰⦷㡈㽤₼嬺⸩⃘⚝᧨⸒♾厌
嬺⮥捷㡈㽤㓏ㆤ䞷᧨√Ⱁ⇫庒䞷♑㟿↯抡Ⓙ␅Ⅵ㡈㽤₼᧨䱿㡈㽤抒拇ᇭ䞩咂执㦘♾厌嬺
⮥捷兎䲚幎桽Ⓙ᧨巻Ⱁ忚⋋全伊♧摞㒥♾ⅴ⦷␅Ⅵ兎䲚₼幎桽䤓⸭√♧摞᧨䱿兎䲚抒拇ᇭ

Ⱁ㨫厌幐㢝₹⺈廰ₜ↩抒拇Ⓙ㡈㽤㒥兎䲚⃚⮥᧨⃮⻀㢾Ⓔ䤓㡈㽤㒥兎䲚㡯㽤抩扖↊⇤
抣㈓幎桽Ⓙ扨₹⺈廰᧨⒨♾厌扨₹♧摞扪嫛K浧㟗䤓↧▥᧨Ⱁₚ㓏䯉ᇭ

㪗ₙ⒕揜᧤Stack Allocation᧥᧶Java壩㕮㧉₼᧨⦷Java⪕ₙ⒕揜⒪ㆉ⺈廰䤓␔ⷧ䴉梃⑯⃝
㢾Java䲚ㄞ⛧掌䂔㯩䤓デ幕ℕ᧨Java⪕₼䤓⺈廰⺈ℝ⚓₹兎䲚掌㢾␀℺✛♾屐䤓᧨♹尐㖐㦘
扨₹⺈廰䤓ㆤ䞷᧨⻀♾ⅴ幎桽⪕₼ⷧ⌷䤓⺈廰㟿㗽ᇭ壩㕮㧉䤓⨒⧍㟅楕侊兮♾ⅴ⥭㟅⪕₼ₜ
␜∎䞷䤓⺈廰᧨⇕⥭㟅┷⇫㡯幉㢾䷪折♾⥭㟅⺈廰᧨执㢾⥭㟅✛㠃䚕␔ⷧ掌榏尐劦忈㢅梃ᇭ
Ⱁ㨫䫽⸩₹⺈廰ₜ↩抒拇⒉㡈㽤⃚⮥᧨挲常扨₹⺈廰⦷㪗ₙ⒕揜␔ⷧ⺕↩㢾₹㈗ₜ枨䤓
㎞᧨⺈廰㓏◯䞷䤓␔ⷧ䴉梃⻀♾ⅴ椞㪗ザ⒉㪗力枏㹐ᇭ⦷咻ㄣ䞷₼᧨ₜ↩抒拇䤓⻏捷⺈
廰㓏◯䤓㹣√㈗⮶᧨Ⱁ㨫厌∎䞷㪗ₙ⒕揜᧨挲⮶摞䤓⺈廰⻀↩椞䧏㡈㽤䤓兢㧮力呹┷枏㹐
ℕ᧨⨒⧍㟅楕侊兮䤓☚┪⺕↩⺞㈗⮩ᇭ

⚛㷴䀗棳᧤Synchronization Elimination᧥᧶兎䲚⚛㷴㦻愺㢾₹䦇⺈劦㢅䤓扖䲚᧨Ⱁ㨫抒
拇⒕㨟厌⮮䫽⸩₹♧摞ₜ↩抒拇⒉兎䲚᧨㡯㽤嬺␅Ⅵ兎䲚幎桽᧨挲扨₹♧摞䤓床匾⸩⻀
ₜ↩㦘䵭℘᧨⺈扨₹♧摞⸭㡌䤓⚛㷴㘹㡌⃮⻀♾ⅴ䀗棳㘘ᇭ

㪖摞㦎㗱᧤Scalar Replacement᧥᧶㪖摞᧤Scalar᧥㢾㖖₹㟿㗽め兞㡯㽤␜⒕屲㒟㦃⺞
䤓㟿㗽㧴嫷䯉ℕ᧨Java壩㕮㧉₼䤓☮ⱚ㟿㗽伊⨚᧤intᇬlong䷘㟿⋋伊⨚ⅴ♙reference伊⨚䷘᧥
掌ₜ厌␜扪㷴⒕屲᧨⸒ⅻ⻀♾ⅴ䱿㪖摞ᇭ䦇⺈䤓᧨Ⱁ㨫₹㟿㗽♾ⅴ其兼⒕屲᧨挲⸒⻀
䱿⇫勩⚗摞᧤Aggregate᧥᧨Java₼䤓⺈廰⻀㢾㦏␇⨚䤓勩⚗摞ᇭⰑ㨫㔙₹Java⺈廰㕕㟲᧨
㫈㗽䲚ㄞ幎桽䤓㍔⑄᧨⺕␅∎䞷Ⓙ䤓㒟⛧♧摞㋱⮜☮ⱚ伊⨚㧴幎桽⻀♺⋩㪖摞㦎㗱ᇭⰑ㨫抒
拇⒕㨟幐㢝₹⺈廰ₜ↩嬺⮥捷幎桽᧨ㄅ₣扨₹⺈廰♾ⅴ嬺㕕㟲䤓幬᧨挲䲚ㄞ䦮㷲㓶嫛䤓㢅
⊨⺕♾厌ₜ⒪ㆉ扨₹⺈廰᧨力㟈䦃㘴⒪ㆉ⸒䤓啴₹嬺扨₹㡈㽤∎䞷Ⓙ䤓㒟⛧♧摞㧴ⅲ
㦎ᇭ⺕⺈廰㕕⒕⚝᧨棳ℕ♾ⅴ常⺈廰䤓㒟⛧♧摞⦷㪗ₙ᧤㪗ₙⷧ⌷䤓㟿㗽᧨㦘㈗⮶䤓㰑䘖↩
嬺壩㕮㧉⒕揜咂䓸䚕㧉⣷䤓浧抮⹓ⷧ⣷₼ⷧ⌷᧥⒕揜✛床⃚⮥᧨执♾ⅴ⚝兼扪㷴䤓↧
▥㓚㹄⒪ㆉ㧰ↅᇭ

␂ℝ抒拇⒕㨟䤓幉㠖⦷1999⻀め兞♠嫷᧨⇕䦃ⒿSun JDK 1.6㓜⸭䘿ℕ抒拇⒕㨟᧨力₣
䦃Ⓙ䘿⦷扨欈↧▥⺩㦹恂⮮㒟䐮᧨⅜㦘㈗⮶䤓㟈扪⇨⦿ᇭₜ㒟䐮䤓☮⥯尐㢾ₜ厌≬幐抒拇
⒕㨟䤓㊶厌㟅䥙㉔⸩浧ℝ⸒䤓䀗劦ᇭⰑ㨫尐⸛⏷䫽⦿⒳㠼₹⺈廰㢾⚵↩抒拇᧨榏尐扪嫛
㟿㗽㿐㟞㎮䤓侊⒦⮜㧑⒕㨟᧨⅝力䫽⸩䲚ㄞ⚓₹⒕㞾㓶嫛㢅⺈㷳⺈廰䤓㈀❜ᇭ扨㢾₹䦇
⺈浧劦㢅䤓扖䲚᧨Ⱁ㨫⒕㨟⸛⚝♠䘿㼰㦘⑯₹ₜ抒拇䤓⺈廰᧨挲扨K扟嫛㦮劦䞷䤓㢅梃⻀䤌
䤌㿹忈ℕ᧨㓏ⅴ䥽ⓜ壩㕮㧉♹厌摖䞷ₜ挲⃗䫽᧨⇕㢅梃☚┪䦇⺈戒⺞䤓並㽤㧴⸛㒟抒拇⒕
㨟ᇭ执㦘䍈㢾᧨⪉ℝ抒拇⒕㨟䤓K↧▥㓚㹄᧨Ⱁₙ槱㙟Ⓙ䤓“㪗ₙ⒕揜”᧨䟀ℝHotSpot壩
㕮㧉䥽ⓜ䤓⸭䘿㡈㆞⺋咃㪗ₙ⒕揜⸭䘿怆㧴㹣戒⮜㧑᧨⥯㷳⦷HotSpot₼㤑㢅执㼰㦘⋩扨欈
↧▥ᇭ



⦷㿚幤兢㨫₼᧨⸭㡌抒拇⒕㨟⚝䤓䲚ㄞ⦷MicroBenchmarks₼㈏㈏厌扟嫛⒉ₜ枨䤓㒟
典᧨⇕㢾⦷⸭棔䤓ㄣ䞷䲚ㄞ᧨⺳␅㢾⮶⨚䲚ㄞ₼♜力♠䘿⸭㡌抒拇⒕㨟♾厌⒉䘿㟗㨫ₜ䳂⸩
䤓㍔⑄᧨㒥⥯⒕㨟扖䲚劦㢅⇕☃㡯㽤㦘㟗⒳Ⓔ⒉槭抒拇⺈廰力⺋咃㊶厌᧤☂㢅冥幠䤓㟅䥙᧥
㦘㓏ₚ棜᧨㓏ⅴ⦷㈗栎䤓㹄㢅梃摛᧨☂∎㢾Server Compiler᧨⃮照帳ₜ⚾抒拇⒕㨟[1]᧨䞩
咂⦷㩟K䓗㦻᧤ⰑJDK 1.6 Update 18᧥₼执㦍兞䩼㤑⦿⸛⏷䰐㷱ℕ扨欈↧▥ᇭ

Ⱁ㨫㦘榏尐᧨ㄅ₣䫽帳⺈䲚ㄞ扟嫛㦘䥙᧨䞷㓆♾ⅴ∎䞷♑㟿-XX᧶+DoEscapeAnalysis㧴
㓚┷⚾抒拇⒕㨟᧨⚾⃚⚝♾ⅴ抩扖♑㟿-XX᧶+PrintEscapeAnalysis㧴㩴䦚⒕㨟兢㨫ᇭ㦘
ℕ抒拇⒕㨟㞾㖐⃚⚝᧨䞷㓆♾ⅴ∎䞷♑㟿-XX᧶+EliminateAllocations㧴⚾㪖摞㦎㗱᧨∎䞷
+XX᧶+EliminateLocks㧴⚾⚛㷴䀗棳᧨∎䞷♑㟿-XX᧶+PrintEliminateAllocations㩴䦚㪖摞
䤓㦎㗱㍔⑄ᇭ

⻌丰䥽ⓜ抒拇⒕㨟䤓㔏㦾⅜ₜ㢾◐⒕㒟䐮᧨⇕㢾⸒☃㢾☂㢅冥幠⣷↧▥㔏㦾䤓₹摜尐
䤓♠⻤㡈⚠᧨⦷⅙⚝䤓壩㕮㧉₼᧨抒拇⒕㨟㔏㦾匾⸩↩㞾㜠怆侊⒦⸭䞷㦘㟗䤓↧▥㔏㦾ᇭ

[1]⦷JDK 1.6 Update 23䤓Server Compiler₼㓜ⱚ照帳⚾ℕ抒拇⒕㨟ᇭ



11.4ᇫJavaC/C++䤓冥幠⣷⺈㹣
⮶⮩㟿䲚ㄞ⛧掌帳C/C++↩㹣Java幼岏㉺᧨䞩咂屘㈦⅝Java幼岏幭䞮ⅴ㧴“㓶嫛抮ㄵ冢

㏱”䤓ヌ⻀ㄣ㇢㓲⦷⸒䤓⯃欅᧨扨䱜屑䍈䤓⒉䘿㢾䟀ℝJava⒩⒉䘿䤓㢅⊨☂㢅冥幠㔏㦾执
ₜ㒟䐮᧨尐槯屲摙⣷㓶嫛䤓Java幼岏㊶厌䫽⸭㹣戒⇝ₚᇭ⇕䥽ⓜ☂㢅冥幠㔏㦾め兞◐⒕㒟
䐮᧨Java幼岏㦘♾厌⦷抮ㄵₙC/C++℘浧ₚ⚦᧻尐㎂䩴拢扨₹桽欧䤓䷣㫗᧨常㒠ⅻ⅝₳
劔䤓冥幠⣷店怆[1]ᇭ

JavaC/C++䤓冥幠⣷⺈㹣⸭棔ₙⅲ嫷ℕ㦏兞␇䤓☂㢅冥幠⣷槨㊐冥幠⣷䤓⺈㹣᧨㈗
⮶䲚ㄵₙ⃮⑂⸩ℕJavaC/C++䤓㊶厌⺈㹣䤓兢㨫᧨⥯㡯幉㢾C/C++执㢾Javaⅲ䪐᧨㦏兗冥
幠⃚⚝嬺㧉⣷㓶嫛䤓掌㢾㦻⦿㧉⣷䪐᧨❹䱜幼岏䤓㊶厌㦃浧᧨棳ℕ⸒ⅻ呹愺䤓APIㄢ⸭䘿㈦
Ⰼ⧞ⅴ⮥᧨␅⇨䤓㹣戒⻀㒟ℕ⧉“㖋冥幠⣷”✛“㖋戢⒉ⅲ䪐德摞”䤓䃇㒞ᇭ㇢䏅᧨扨䱜㹣戒
⃮㢾ⓣ棳ℕ♠㟗䘖䤓䓖槱⺈㹣᧨幼岏梃ⷿ↧ⷿ┲ᇬ庐㉺庐㏱䤓桽欧掌㢾㈗楍㦘兢㨫䤓℘
幉᧨ₚ槱㒠ⅻ⻀⥭Ⓙ㷲欧᧨䦚䦚扨₳䱜幼岏䤓冥幠⣷⚓㦘⇤䱜↧╎ᇭ

Java壩㕮㧉䤓☂㢅冥幠⣷C/C++䤓槨㊐↧▥冥幠⣷䦇㹣᧨♾厌↩䟀ℝₚ⒦扨K☮⥯力
⺋咃戢⒉䤓㦻⦿ⅲ䪐㦘K┲╎᧤ₚ槱⒦䤓⃮▔㕻K壩㕮㧉㓶嫛侊兮䤓㊶厌┲╎᧥᧶

䶻᧨⥯☂㢅冥幠⣷扟嫛◯䞷䤓㢾䞷㓆䲚ㄞ䤓扟嫛㢅梃᧨␆㦘㈗⮶䤓㢅梃☚┪᧨⸒厌
㙟∪䤓↧▥㓚㹄⃮₴摜♦Ⓟℝ冥幠㒟㦻ᇭⰑ㨫冥幠抮ㄵₜ厌才Ⓙ尐㻑᧨挲䞷㓆⺕⦷⚾┷䲚ㄞ
㒥䲚ㄞ䤓㩟捷⒕屘Ⓙ摜⮶ㆅ扮᧨扨䍈∎㈦☂㢅冥幠⣷ₜ㟱椞≎ㆤ⏴⮶屓㲰䤓↧▥㔏㦾᧨力
冥幠䤓㢅梃㒟㦻⦷槨㊐↧▥冥幠⣷₼ㄅₜ㢾尐䤓␂㽷䍈ᇭ

䶻ℛ᧨Java幼岏㢾┷㊐䤓伊⨚⸘⏷幼岏᧨扨⻀㎞✂䧏榏尐䟀壩㕮㧉㧴䫽≬䲚ㄞₜ↩扬♜
幼岏幼⃘㒥幎桽槭兢㨓▥␔ⷧᇭ⅝⸭䘿⻑槱ₙ䦚᧨扨⻀㎞✂䧏壩㕮㧉㉔權欠僐⦿扪嫛┷㊐㭏
㩴᧨Ⱁ⸭√㡈㽤幎桽㢅㭏㩴䴉㖖朗ᇬ㟿兓⏒侯幎桽㢅㭏㩴ₙₚ䟛喒⦃ᇬ伊⨚懻㗱㢅㭏㩴其㔎
␂侊䷘ᇭ⺈ℝ扨伊䲚ㄞⅲ䪐㼰㦘㢝䫽⒉䤓㭏㩴嫛᧨⻌丰冥幠⣷↩┹┪扪嫛↧▥᧨⇕㢾㋊
⇢ₙ⅜䏅尐䀗劦ₜ⺠䤓扟嫛㢅梃ᇭ

䶻ₘ᧨Java幼岏₼夌䏅㼰㦘virtual␂枽ⷦ᧨⇕㢾∎䞷壩㡈㽤䤓欠䘖☃扫扫⮶ℝC/C++幼
岏᧨扨㎞✂䧏扟嫛㢅⺈㡈㽤㘴㟅劔扪嫛⮩㊐折㕸䤓欠䘖尐扫扫⮶ℝC/C++幼岏᧨⃮㎞✂䧏☂
㢅冥幠⣷⦷扪嫛K↧▥᧤Ⱁⓜ槱㙟Ⓙ䤓㡈㽤␔勣᧥㢅䤓楍ㄵ尐扫⮶ℝC/C++䤓槨㊐↧▥冥
幠⣷ᇭ

䶻⥪᧨Java幼岏㢾♾ⅴ┷㊐㓸⻤䤓幼岏᧨扟嫛㢅┯戌㠿䤓伊♾厌㟈♧䲚ㄞ伊⨚䤓其㔎␂
侊᧨扨∎㈦㈗⮩⏷⻏䤓↧▥掌楍ⅴ扪嫛᧨⥯冥幠⣷㡯㽤䦚屐䲚ㄞ䤓⏷弛᧨幇⮩⏷⻏䤓↧▥
㘹㡌掌♹厌ⅴ䉏扪↧▥䤓㡈㆞㧴⸛㒟᧨冥幠⣷ₜ㈦ₜ㢅Ⓤ㽷㎞ㄅ椞䧏伊⨚䤓♧▥力⦷扟嫛㢅
㜳枏㒥摜㠿扪嫛K↧▥ᇭ

䶻℣᧨Java幼岏₼⺈廰䤓␔ⷧ⒕揜掌㢾⪕ₙ扪嫛䤓᧨♹㦘㡈㽤₼䤓⻏捷♧摞㓜厌⦷㪗ₙ
⒕揜[2]ᇭ力C/C++䤓⺈廰⒨㦘⮩䱜␔ⷧ⒕揜㡈㆞᧨㡱♾厌⦷⪕ₙ⒕揜᧨♗♾厌⦷㪗ₙ⒕揜᧨Ⱁ
㨫♾ⅴ⦷㪗ₙ⒕揜兎䲚䱐㦘䤓⺈廰᧨⺕戊␔ⷧ⥭㟅䤓☚┪ᇭ♵⮥᧨C/C++₼尐䟀䞷㓆䲚
ㄞⅲ䪐㧴⥭㟅⒕揜䤓␔ⷧ᧨扨⻀ₜⷧ⦷㡯䞷⺈廰䷪折䤓扖䲚᧨⥯㷳㟗䘖ₙ᧤⅔㖖扟嫛㟗䘖᧨
㘡棳ℕ♠㟗䘖᧥⃮㹣⨒⧍㟅楕㧉Ⓟ尐浧ᇭ

ₙ槱広ℕ⮶⪕Java幼岏䦇⺈C/C++䤓┲╎᧨ₜ㢾広Java⻀䦮䤓ₜⰑC/C++ℕ᧨䦇≰床劔



⃮㽷㎞Ⓙℕ᧨Java幼岏䤓扨K㊶厌ₙ䤓┲╎掌㢾ℕ㗱♥♠㟗䘖ₙ䤓↧╎力Ⅷ⒉䤓ⅲↆ᧨
┷㊐⸘⏷ᇬ┷㊐㓸⻤ᇬ⨒⧍⥭㟅扨K“㕥⚝后”䤓䔈㊶掌Java幼岏䤓♠㟗䘖⋩⒉ℕ㈗⮶徰
䖽ᇭ

⇤⑄᧨执㦘幇⮩↧▥㢾Java䤓☂㢅冥幠⣷厌⋩力C/C++䤓槨㊐↧▥冥幠⣷ₜ厌⋩㒥劔ₜ
Ⰼ⋩䤓ᇭ√Ⱁ᧨⦷C/C++₼᧨Ⓔ⚜⒕㨟᧤Alias Analysis᧥䤓楍ㄵ⻀尐扫浧ℝJavaᇭJava䤓伊⨚
⸘⏷≬幐ℕ⦷伊⇋Ⱁₚⅲ䪐₼᧨♹尐ClassA✛ClassB㼰㦘其㔎␂侊᧨挲⺈廰objA✛objB⻀公
ₜ♾厌㢾⚛₹⺈廰᧨☂ₜ↩㢾⚛⧦␔ⷧ₳₹ₜ⚛Ⓔ⚜ᇭ

void foo᧤ClassA objA,ClassB objB᧥{
objA.x=123᧷
objB.y=456᧷
//♹尐objB.yₜ㢾objA.x䤓Ⓔ⚜᧨ₚ槱⻀♾ⅴ≬幐戢⒉123
print᧤objA.x᧥᧷
}

䫽⸩ℕobjA✛objBㄅ槭⺈㡈䤓Ⓔ⚜⚝᧨幇⮩㟿㗽∬忥䦇␂䤓↧▥㓜♾ⅴ扪嫛᧤摜㘡
ㄞᇬ♧摞ⅲ㗱᧥ᇭ␆⇢Ⓙ扨₹√₼᧨⻀㢾㡯權㕔㉒objB.y␅⸭objA.x㖖⚠⚛⧦␔ⷧ᧨
扨㫆⻀♾ⅴ⸘⏷⦿䫽⸩㓢◿幼♴₼䤓objA.x123ᇭ

Java冥幠⣷♵⮥₹儱Ⓒ㢾䟀⸒䤓┷㊐㊶㓏サ㧴䤓᧨䟀ℝC/C++冥幠⣷㓏㦘↧▥掌⦷冥
幠㦮⸛㒟᧨ⅴ扟嫛㦮㊶厌䥠㘶⪉䫏䤓↧▥㘹㡌⸒掌㡯㽤扪嫛᧨Ⱁ庒䞷欠䘖欓㿚᧤Call
Frequency Prediction᧥ᇬ⒕㞾欠䘖欓㿚᧤Branch Frequency Prediction᧥ᇬ子⓹㦹嬺折㕸䤓⒕㞾
᧤Untaken Branch Pruning᧥䷘᧨扨K掌↩㒟Java幼岏䕻㦘䤓㊶厌↧╎ᇭ

[1]C/C++Javaⷿ↧ⷿ┲ᇬ庐㉺庐㏱扨伊幬欧め兞℘幉ℕ◐⑯᧨♛㡈䤓㞾㖐劔⅝㧴掌㼰㦘
広㦜扖⺈㡈᧨㦘㦚♚Ⰼ㎞㙟搡扖䶣劔ₜ尐悂⏴扨䱜幼岏㊶厌℘幉䤓“䋺⧠”᧨㔙扨唑䲊棳㘘ᇭ
䶣劔⦷㷳⃮䔈Ⓔ広㢝᧨㦻唑䤓䥽䤓⅔㢾⅝冥幠✛㓶嫛䤓屡ㄵ㧴㘱帷₳劔䤓ぽ㆑᧨ㄅₜ㢾♊幓
⒳ⷿ↧ⷿ┲ᇭ
[2]Java₼槭抒拇⺈廰䤓㪖摞㦎㗱↧▥♾ⅴ䦚⋩㢾䱜浧ㄵ↧▥⚝䤓㪗ₙ⒕揜᧨⇕⸒䦇㇢ℝ㔙
⺈廰㕕㟲㒟⻏捷♧摞␜扪嫛䤓㪗ₙ⒕揜᧨力ₜ㢾C/C++挲䱜䲚ㄞⅲ䪐♾㘶䤓㪗ₙ⒕揜㡈㆞ᇭ



11.5ᇫ㦻䵯⺞兢
䶻10ᨺ11₳䵯⒕Ⓔ⅚兜ℕJava䲚ㄞ⅝䄟䪐冥幠㒟ⷦ唑䪐✛⅝ⷦ唑䪐冥幠㒟㦻⦿㧉⣷䪐䤓

扖䲚᧨Javacⷦ唑䪐冥幠⣷壩㕮㧉␔䤓JIT冥幠⣷䤓㓶嫛扖䲚⚗ㄅ怆㧴␅⸭⻀䷘⚛ℝ₹↯
兮冥幠⣷㓏㓶嫛䤓冥幠扖䲚ᇭ

㦻䵯₼᧨㒠ⅻ䧏摜ℕ屲ℕ壩㕮㧉䤓䍼䍈㘱㿚㡈㽤ᇬHotSpot䤓☂㢅冥幠⣷ᇬ冥幠屵♠㧰
ↅ᧨ⅴ♙Ⱁ⇤⅝壩㕮㧉⮥捷屑✛⒕㨟JIT冥幠䤓㟿㗽✛兢㨫᧨执折㕸ℕ⑯䱜デ屐䤓冥幠㦮
↧▥㔏㦾扪嫛幁屲ᇭ⺈Java冥幠⣷䤓䂀⏴ℕ屲᧨㦘┸ℝ⦷ぴ⇫₼⒕户❹Kⅲ䪐㢾冥幠⣷♾ⅴ
ソ㒠ⅻ⮓䚕䤓᧨❹Kⅲ䪐榏尐呹む庒唑ⅴ≎㦃抑⚗冥幠⣷䤓↧▥ᇭ



䶻℣捷⒕ᇫ浧㟗ㄅ♠
䶻12䵯ᇫJava␔ⷧ㲰⨚兎䲚

䶻13䵯ᇫ兎䲚⸘⏷析↧▥



䶻12䵯ᇫJava␔ⷧ㲰⨚兎䲚
ㄅ♠⮓䚕䤓ㄎ㽪ㄣ䞷㢾∎㈦Amdahl⸩㈚ⅲ㦎㛸⺣⸩㈚[1]㒟帰並㧉㊶厌♠⻤䄟┷┪䤓㫈

㦻☮⥯᧨⃮㢾ⅉ伊“☚㰷”帰並㧉扟並厌┪䤓㦏㦘┪㷵⣷ᇭ

12.1ᇫ㰑承
⮩↊┰⮓䚕⦷䘿ⅲ帰並㧉㝜⇫侊兮₼⑯⃝め㢾欈㉔䤓┮厌ℕᇭ⦷幇⮩㍔⑄ₚ᧨常帰

並㧉⚛㢅♊⋩⑯ↅℚ㍔᧨ₜ⅔㢾⥯帰並㧉䤓扟並厌┪㇉⮶ℕ᧨执㦘₹㈗摜尐䤓☮⥯㢾帰
並㧉䤓扟並抮ㄵ⸒䤓ⷧ⌷✛抩≰侊兮抮ㄵ䤓ぽ恬⮹⮶᧨⮶摞䤓㢅梃掌啀忈⦷䭐䥧I/Oᇬ
几八抩≰㒥劔㟿㗽ㄢ幎桽ₙᇭⰑ㨫ₜ゛㦪⮓䚕⣷⦷⮶捷⒕㢅梃摛掌⮓ℝ䷘㈔␅Ⅵ忓䄟䤓䕅
㊐᧨⻀㉔權∎䞷K㓚㹄♊㔙⮓䚕⣷䤓扟並厌┪“☚㰷”⒉㧴᧨⚵⒨⻀↩抯㒟㈗⮶䤓㿹忈᧨力
常帰並㧉⚛㢅⮓䚕⑯欈↊┰⒨㢾㦏⹈㢢㎂Ⓙᇬ⃮嬺幐㢝㢾槭デ㦘㟗䤓“☚㰷”㓚㹄ᇭ

棳ℕ⏔⒕Ⓒ䞷帰並㧉⮓䚕⣷䤓厌┪⮥᧨₹㦜┰䵾⚛㢅⺈⮩₹⸱㓆䵾㙟∪㦜┰⒨㢾♵
₹㦃␆⇢䤓ㄅ♠ㄣ䞷⧉㣾ᇭ嫰摞₹㦜┰㊶厌䤓浧⇝Ⰼ⧞᧨㹞䱡ℚ┰⮓䚕㟿᧤Transactions
Per Second,TPS᧥㢾㦏摜尐䤓㖖㪖⃚᧨⸒ⅲ嫷䧏䱡␔㦜┰䵾⧖厌❜ㄣ䤓庆㻑㋊㟿᧨力
TPS⋋䲚ㄞ䤓ㄅ♠厌┪♗㦘槭デ⹕⒖䤓␂侊ᇭ⺈ℝ帰並摞䦇⚛䤓↊┰᧨䲚ㄞ兎䲚ㄅ♠◞庒
㈦怙㦘㧰ₜ侙᧨㟗䘖呹䏅⻀↩怙浧᧷♜⃚᧨兎䲚⃚梃欠僐棊⫭䞩咂㸊析᧨⺕↩⮶⮶棜⇝䲚ㄞ
䤓ㄅ♠厌┪ᇭ

㦜┰䵾㢾Java幼岏㦏㝔栎䤓欕⩮⃚᧨扨₹欕⩮䤓ㄣ䞷◯ℕJavaㄣ䞷₼㦏⮶䤓⧦
欬[2]᧨ₜ扖Ⱁ⇤Ⰼㄅ♠ㄣ䞷䲚ㄞ☃♗㢾㦜┰䵾䲚ㄞ♠䤓楍䍈⃚᧨⮓䚕Ⰼㄅ♠㡈槱䤓桽
欧抩デ榏尐㦃⮩䤓冥䪐兞洛㧴㞾㖐ᇭㄇⰌJava幼岏✛壩㕮㧉㙟∪ℕ幇⮩ぴ␆᧨㔙ㄅ♠冥䲚䤓
桷㱪棜⇝ℕₜ⺠ᇭㄅ₣⚓䱜₼梃ↅ㦜┰⣷ᇬ⚓伊㫕㩅掌┹┪⦿㦎䲚ㄞ⛧⮓䚕⻌♾厌⮩䤓兎䲚
ㄅ♠兕唑᧨∎㈦䲚ㄞ⛧⦷冥䪐㢅厌㦃␂㽷₩┰拊戠᧨力ₜ㢾啀忈⮶捷⒕㢅梃♊␂㽷㷳㦜┰↩
⚛㢅嬺⮩⺠ⅉ庒䞷ᇬⰑ⇤◞庒䫻ↅ忓䄟ᇭ㡯幉幼岏ᇬ₼梃ↅ✛㫕㩅Ⱁ⇤⏗扪᧨♠ⅉ⛧掌ₜ
厌㦮㦪⸒ⅻ厌䕻䵚⸛㒟㓏㦘ㄅ♠⮓䚕䤓ℚ㍔᧨ℕ屲ㄅ♠䤓␔ヤ⃮㢾㒟₹浧儶䲚ㄞ⛧ₜ♾
凉⺠䤓庍䲚ᇭ

“浧㟗ㄅ♠”㢾㦻幁屲Java壩㕮㧉䤓㦏⚝捷⒕᧨⺕↩⚠床劔⅚兜壩㕮㧉Ⱁ⇤⸭䘿⮩兎
䲚ᇬ⮩兎䲚⃚梃䟀ℝ␀℺✛䵭℘㟿㗽力⺋咃䤓侊⒦桽欧♙屲⑂㡈㫗ᇭ

[1]Amdahl⸩㈚抩扖侊兮₼ㄅ嫛▥嫛▥䤓㹣摜㧴㙞承⮩⮓䚕⣷侊兮厌噆㈦䤓扟並┯抮厌
┪᧨㛸⺣⸩㈚⒨䞷ℝ㙞承⮓䚕⣷㤅⇢丰㟿摞扟嫛㟗䘖⃚梃䤓♠⻤␂侊ᇭ扨₳₹⸩㈚䤓㦃㦎
ⅲ嫷ℕ扠㧴䫻ↅ♠⻤⅝抌㻑⮓䚕⣷欠䘖Ⓙ抌㻑⮩㫇㉒ㄅ嫛⮓䚕䤓♠⻤扖䲚ᇭ
[2]㉔權ⅴⅲ䪐䤓㋊⇢屓㲰㧴嫰摞᧨㦜┰䵾ㄣ䞷ₜ厌JavaCardᇬ䲊┷兗䵾扨K欕⩮♊㹣公⺈
㟿摞ᇭ



12.2ᇫ䫻ↅ䤓㟗䘖咃㊶
⦷㷲㆞幁屲Java壩㕮㧉ㄅ♠䦇␂䤓䩴幕⃚ⓜ᧨㒠ⅻ⏗啀忈䍈㢅梃♊ℕ屲ₚ䓸䚕帰並

㧉₼䤓ㄅ♠桽欧᧨䓸䚕㧉拖Ⓙ䤓ㄅ♠桽欧壩㕮㧉₼䤓㍔⑄㦘ₜ⺠䦇⇋⃚⮓᧨䓸䚕㧉⺈ㄅ♠
䤓⮓䚕㡈㫗⺈ℝ壩㕮㧉䤓⸭䘿⃮㦘䦇㇢⮶䤓♑劒㎞⃘ᇭ

“常帰並㧉ㄅ♠㓶嫛啴₹扟並↊┰”“㦃⏔⒕⦿Ⓒ䞷帰並㧉⮓䚕⣷䤓㟗厌”⃚梃䤓⥯㨫
␂侊᧨䦚怆㧴欉䚕㒟䵯᧨⸭棔ₙ⸒ⅻ⃚梃䤓␂侊ㄅ㼰㦘㎂廰₼䤓挲⃗丏◤᧨␅₼₹摜尐䤓
⮜㧑㊶㧴䄟㢾公⮶⮩㟿䤓扟並↊┰掌ₜ♾厌♹槯⮓䚕⣷“帰並”⻀厌⸛㒟᧨⮓䚕⣷咂⺠尐␔
ⷧℳ℡᧨Ⱁ床♥扟並㟿㗽ᇬⷧ⌷扟並兢㨫䷘᧨扨₹I/O㝜⇫㢾㈗楍䀗棳䤓᧤㡯㽤⅔槯⹓ⷧ⣷
㧴⸛㒟㓏㦘扟並↊┰᧥ᇭ䟀ℝ帰並㧉䤓ⷧ⌷幍⮓䚕⣷䤓扟並抮ㄵ㦘⑯₹㟿摞儶䤓ぽ恬᧨
㓏ⅴ䘿ⅲ帰並㧉侊兮掌ₜ㈦ₜ┯⏴⻑床抮ㄵ⻌♾厌㘴扠⮓䚕⣷扟並抮ㄵ䤓浧抮冢ⷧ
᧤Cache᧥㧴⇫␔ⷧ⮓䚕⣷⃚梃䤓冢⑁᧶⺕扟並榏尐∎䞷Ⓙ䤓㟿㗽⮜ⓅⒿ冢ⷧ₼᧨常扟
並厌㉺抮扪嫛᧨㇢扟並兢㧮⚝␜⅝冢ⷧ⚛㷴⥭␔⃚ⷧ₼᧨扨㫆⮓䚕⣷⻀㡯權䷘㈔冢㏱䤓␔ⷧ
床ℕᇭ

⪉ℝ浧抮冢ⷧ䤓ⷧ⌷ℳ℡㈗Ⰼ⦿屲⑂ℕ⮓䚕⣷␔ⷧ䤓抮ㄵ䩪䦍᧨⇕㢾⃮帰並㧉侊兮
サ㧴㦃浧䤓⮜㧑ㄵ᧨⥯⸒ㆤ⏴ℕ₹㠿䤓桽欧᧶冢ⷧ咃㊶᧤Cache Coherence᧥ᇭ⦷⮩⮓
䚕⣷侊兮₼᧨㹞₹⮓䚕⣷掌㦘呹む䤓浧抮冢ⷧ᧨力⸒ⅻ♗␀℺⚛␔ⷧ᧤Main
Memory᧥᧨Ⱁ⦍12-1㓏䯉ᇭ㇢⮩₹⮓䚕⣷䤓扟並↊┰掌䀘♙⚛⧦␔ⷧ◉⩮㢅᧨⺕♾厌⺋
咃⚓呹䤓冢ⷧ㟿㗽ₜ咃᧨Ⱁ㨫䦮䤓♠䞮扨䱜㍔⑄᧨挲⚛㷴⥭Ⓙ␔ⷧ㢅ⅴ庐䤓冢ⷧ㟿㗽
⛱᧻ℕ屲⑂咃㊶䤓桽欧᧨榏尐⚓₹⮓䚕⣷幎桽冢ⷧ㢅掌挄㈹K◞帽᧨⦷床㢅尐㫈
㗽◞帽㧴扪嫛㝜⇫᧨扨伊◞帽㦘MSIᇬMESI᧤Illinois Protocol᧥ᇬMOSIᇬSynapseᇬFirefly♙
Dragon Protocol䷘ᇭ⦷㦻䵯₼⺕↩⮩㶰㙟Ⓙ䤓“␔ⷧ㲰⨚”幜᧨♾ⅴ䚕屲⦷䔈⸩䤓㝜⇫◞
帽ₚ᧨⺈䔈⸩䤓␔ⷧ㒥浧抮冢ⷧ扪嫛床幎桽䤓扖䲚㕌廰ᇭₜ⚛㩅㨓䤓䓸䚕㧉⣷♾ⅴ㕴㦘ₜ
㫆䤓␔ⷧ㲰⨚᧨力Java壩㕮㧉⃮㦘呹む䤓␔ⷧ㲰⨚᧨ㄅ₣扨摛⅚兜䤓␔ⷧ幎桽㝜⇫䫻ↅ
䤓冢ⷧ幎桽㝜⇫␆㦘㈗浧䤓♾㹣㊶ᇭ

⦍ᇫ12-1ᇫ⮓䚕⣷ᇬ浧抮冢ⷧᇬ␔ⷧ梃䤓ℳ℡␂侊

棳ℕ⬭┯浧抮冢⃚ⷧ⮥᧨ℕ∎㈦⮓䚕⣷␔捷䤓扟並◤⏒厌⻌摞嬺⏔⒕Ⓒ䞷᧨⮓䚕⣷♾
厌↩⺈戢⏴ⅲ䪐扪嫛℀ㄞ㓶嫛᧤Out-Of-Order Execution᧥↧▥᧨⮓䚕⣷↩⦷帰並⃚⚝⺕℀ㄞ
㓶嫛䤓兢㨫摜兓᧨≬幐年兢㨫欉ㄞ㓶嫛䤓兢㨫㢾咃䤓᧨⇕ㄅₜ≬幐䲚ㄞ₼⚓₹幼♴帰並
䤓⏗⚝欉ㄞ戢⏴ⅲ䪐₼䤓欉ㄞ咃᧨⥯㷳᧨Ⱁ㨫ⷧ⦷₹帰並↊┰∬忥♵⮥₹帰並↊┰
䤓₼梃兢㨫᧨挲⃗␅欉ㄞ㊶ㄅₜ厌槯ⅲ䪐䤓⏗⚝欉ㄞ㧴≬幐ᇭ⮓䚕⣷䤓℀ㄞ㓶嫛↧▥伊



⇋᧨Java壩㕮㧉䤓☂㢅冥幠⣷₼⃮㦘伊⇋䤓㖖ⅳ摜㘡ㄞ᧤Instruction Reorder᧥↧▥ᇭ



12.3ᇫJava␔ⷧ㲰⨚
Java壩㕮㧉屓喒₼幤⦍⸩⃘䱜Java␔ⷧ㲰⨚[1]᧤Java Memory Model,JMM᧥㧴⻞埌㘘⚓

䱜䫻ↅ✛㝜⇫侊兮䤓␔ⷧ幎桽ぽ㆑᧨ⅴ⸭䘿常Java䲚ㄞ⦷⚓䱜♿ₚ掌厌才Ⓙ咃䤓␔ⷧ幎
桽㟗㨫ᇭ⦷㷳⃚ⓜ᧨㿐䲚ㄞ幼岏᧤ⰑC/C++䷘᧥䦃㘴∎䞷䓸䚕䫻ↅ✛㝜⇫侊兮䤓␔ⷧ㲰
⨚᧨⥯㷳᧨↩䟀ℝₜ⚛♿ₙ␔ⷧ㲰⨚䤓ぽ㆑᧨㦘♾厌⺋咃䲚ㄞ⦷⯦♿ₙㄅ♠⸛⏷㷲
デ᧨力⦷♵⮥⯦♿ₙㄅ♠幎桽☃兞デ⒉枨᧨⥯㷳⦷㩟K⧉㣾⻀㉔權朗⺈ₜ⚛䤓♿㧴冥
䲚ㄞᇭ

⸩⃘Java␔ⷧ㲰⨚ㄅ槭ↅ⹈㢢䤓ℚ㍔᧨扨₹㲰⨚㉔權⸩⃘㈦恂⮮₴康᧨㓜厌常Java䤓
ㄅ♠␔ⷧ幎桽㝜⇫ₜ↩ℶ䞮㷶⃘᧷⇕㢾᧨⃮㉔權⸩⃘㈦恂⮮⹌㨍᧨∎㈦壩㕮㧉䤓⸭䘿㦘恂⮮
䤓呹䟀䴉梃♊Ⓒ䞷䫻ↅ䤓⚓䱜䔈㊶᧤⹓ⷧ⣷ᇬ浧抮冢ⷧ✛㖖ⅳ楕₼㩟K䔈㦘䤓㖖ⅳ᧥㧴噆♥
㦃Ⰼ䤓㓶嫛抮ㄵᇭ兞扖栎㢅梃䤓洛幐✛≽嫴᧨⦷JDK 1.5᧤⸭䘿ℕJSR-133[2]᧥♠を⚝᧨Java␔
ⷧ㲰⨚め兞㒟䐮✛⸛⠓怆㧴ℕᇭ

12.3.1ᇫ␔ⷧぴ⇫␔ⷧ

Java␔ⷧ㲰⨚䤓尐䥽㪖㢾⸩⃘䲚ㄞ₼⚓₹♧摞䤓幎桽屓⒨᧨☂⦷壩㕮㧉₼⺕♧摞ⷧ⌷
Ⓙ␔ⷧ✛⅝␔ⷧ₼♥⒉♧摞扨㫆䤓ㄤ⻑兕唑ᇭ㷳⮓䤓♧摞᧤Variables᧥Java冥䲚₼㓏広䤓
♧摞㦘㓏◉Ⓔ᧨⸒▔㕻ℕ⸭√ⷦ㹄ᇬ槨㊐ⷦ㹄✛㨓㒟㟿兓⺈廰䤓⏒侯᧨⇕ₜ▔㕻⻏捷♧摞
㡈㽤♑㟿᧨⥯⚝劔㢾兎䲚䱐㦘䤓[3]᧨ₜ↩嬺␀℺᧨呹䏅⻀ₜ↩ⷧ⦷䵭℘桽欧ᇭℕ噆㈦戒
Ⰼ䤓㓶嫛㟗厌᧨Java␔ⷧ㲰⨚ㄅ㼰㦘棟Ⓟ㓶嫛ㆤ㝝∎䞷⮓䚕⣷䤓䔈⸩⹓ⷧ⣷㒥冢ⷧ㧴✛␔
ⷧ扪嫛ℳ℡᧨⃮㼰㦘棟Ⓟ☂㢅冥幠⣷扪嫛庒㠃ⅲ䪐㓶嫛欉ㄞ扨伊↧▥㘹㡌ᇭ

Java␔ⷧ㲰⨚屓⸩ℕ㓏㦘䤓♧摞掌ⷧ⌷⦷␔ⷧ᧤Main Memory᧥₼᧤㷳⮓䤓␔ⷧ
⅚兜䓸䚕䫻ↅ㢅䤓␔ⷧ⚜ⷦ㫆᧨₳劔⃮♾ⅴ℡䦇伊㹣᧨⇕㷳⮓⅔㢾壩㕮㧉␔ⷧ䤓捷
⒕᧥ᇭ㹞㧰兎䲚执㦘呹む䤓ぴ⇫␔ⷧ᧤Working Memory᧨♾ⓜ槱幁䤓⮓䚕⣷浧抮冢ⷧ伊
㹣᧥᧨兎䲚䤓ぴ⇫␔ⷧ₼≬ⷧℕ嬺年兎䲚∎䞷Ⓙ䤓♧摞䤓␔ⷧ⓾㦻㖆徬[4]᧨兎䲚⺈♧摞䤓
㓏㦘㝜⇫᧤床♥ᇬ忚⋋䷘᧥掌㉔權⦷ぴ⇫␔ⷧ₼扪嫛᧨力ₜ厌䦃㘴床␔ⷧ₼䤓♧摞[5]ᇭ
ₜ⚛䤓兎䲚⃚梃⃮㡯㽤䦃㘴幎桽⺈㡈ぴ⇫␔ⷧ₼䤓♧摞᧨兎䲚梃♧摞⋋䤓↯抡⧖榏尐抩扖
␔ⷧ㧴⸛㒟᧨兎䲚ᇬ␔ⷧᇬぴ⇫␔ⷧₘ劔䤓ℳ℡␂侊Ⱁ⦍12-2㓏䯉ᇭ

扨摛㓏幁䤓␔ⷧᇬぴ⇫␔ⷧ㦻䶻2䵯㓏幁䤓Java␔ⷧ◉⩮₼䤓Java⪕ᇬ㪗ᇬ㡈㽤◉
䷘ㄅₜ㢾⚛₹⻑㶰䤓␔ⷧ⒡⒕᧨扨₳劔⪉㦻ₙ㢾㼰㦘␂侊䤓᧨Ⱁ㨫₳劔⸩尐╘㇉⺈ㄣ怆
㧴᧨挲⅝♧摞ᇬ␔ⷧᇬぴ⇫␔ⷧ䤓⸩⃘㧴䦚᧨␔ⷧ尐⺈ㄣℝJava⪕₼䤓⺈廰⸭√㟿㗽
捷⒕[6]᧨力ぴ⇫␔ⷧ⒨⺈ㄣℝ壩㕮㧉㪗₼䤓捷⒕◉⩮ᇭ⅝㦃⇝⻑㶰ₙ広᧨␔ⷧ⻀䦃㘴⺈ㄣ
ℝ䓸䚕䫻ↅ䤓␔ⷧ᧨力ℕ噆♥㦃Ⰼ䤓扟嫛抮ㄵ᧨壩㕮㧉᧤䞩咂㢾䫻ↅ侊兮㦻愺䤓↧▥㘹
㡌᧥♾厌↩常ぴ⇫␔ⷧ↧⏗ⷧ⌷ℝ⹓ⷧ⣷✛浧抮冢ⷧ₼᧨⥯䲚ㄞ扟嫛㢅尐幎桽床䤓㢾
ぴ⇫␔ⷧᇭ



⦍ᇫ12-2ᇫ兎䲚ᇬ␔ⷧᇬぴ⇫␔ⷧₘ劔䤓ℳ℡␂侊᧤庆⦍12-1⺈㹣᧥
[1]㦻₼䤓Java␔ⷧ㲰⨚掌䔈㖖䥽ⓜ㷲⦷∎䞷䤓᧨☂⦷JDK 1.2⃚⚝ㆉ䵚怆㧴ㄅ⦷JDK 1.5₼
⸛扖䤓␔ⷧ㲰⨚ᇭ
[2]JSR-133᧶Java Memory Model and Thread Specification Revision᧤Java␔ⷧ㲰⨚✛兎䲚屓喒
≽帱᧥ᇭ
[3]㷳⮓庆床劔㽷㎞◉⒕㰑㊄᧶Ⱁ㨫⻏捷♧摞㢾₹reference伊⨚᧨⸒ㆤ䞷䤓⺈廰⦷Java⪕₼
♾嬺⚓₹兎䲚␀℺᧨⇕㢾reference㦻愺⦷Java㪗䤓⻏捷♧摞嫷₼᧨⸒㢾兎䲚䱐㦘䤓ᇭ
[4]㦘ₜ⺠床劔↩⺈扨㹄㙞承₼䤓“㖆徬⓾㦻”㙟⒉䠠桽᧨Ⱁ“⋖幍兎䲚₼幎桽₹10MB䤓⺈
廰᧨⃮↩㔙扨10MB䤓␔ⷧ⮜Ⓟ㖆徬⒉㧴⚦᧻”᧨ℚ⸭ₙㄅₜ↩Ⱁ㷳᧨扨₹⺈廰䤓ㆤ䞷ᇬ
⺈廰₼㩟₹⦷兎䲚幎桽Ⓙ䤓ⷦ㹄㢾㦘♾厌ⷧ⦷㖆徬䤓᧨⇕ₜ↩㦘壩㕮㧉⸭䘿㒟㔙㠃₹⺈廰㖆
徬A㶰ᇭ
[5]㫈㗽Java壩㕮㧉屓喒䤓屓⸩᧨volatile♧摞∬䏅㦘ぴ⇫␔ⷧ䤓㖆徬᧨⇕㢾䟀ℝ⸒䔈㸙䤓㝜⇫
欉ㄞ㊶屓⸩᧤⚝㠖↩幁Ⓙ᧥᧨㓏ⅴ䦚怆㧴Ⱁ⚛䦃㘴⦷␔ⷧ₼床幎桽咻᧨⥯㷳扨摛䤓㙞
承⺈ℝvolatile⃮ㄅₜⷧ⦷√⮥ᇭ
[6]棳ℕ⸭√㟿㗽᧨Java⪕执≬ⷧℕ⺈廰䤓␅Ⅵ≰㋾᧨⺈ℝHotSpot壩㕮㧉㧴幁᧨㦘Mark
Word᧤ⷧ⌷⺈廰❗゛䪐ᇬGC㪖㉦ᇬGC爓ᇬ⚛㷴析䷘≰㋾᧥ᇬKlass Point᧤㖖⚠ⷧ⌷伊⨚
⏒㟿㗽䤓㖖朗᧥♙K䞷ℝⷦ唑⺈營嫴䤌䤓⫺⏔㟿㗽᧤Ⱁ㨫⸭√㟿㗽⒩Ⰼ䅰恂8ⷦ唑⺈營䤓
幬᧨⒨♾ⅴₜⷧ⦷嫴䤌᧥ᇭ



12.3.2ᇫ␔ⷧ梃ℳ℡㝜⇫

␂ℝ␔ⷧぴ⇫␔⃚ⷧ梃␆⇢䤓ℳ℡◞帽᧨☂₹♧摞Ⱁ⇤⅝␔ⷧ㖆徬Ⓙぴ⇫␔
ⷧᇬⰑ⇤⅝ぴ⇫␔ⷧ⚛㷴⥭␔⃚ⷧ伊䤓⸭䘿兕唑᧨Java␔ⷧ㲰⨚₼⸩⃘ℕⅴₚ8䱜㝜⇫㧴
⸛㒟᧨壩㕮㧉⸭䘿㢅㉔權≬幐ₚ槱㙟♙䤓㹞䱜㝜⇫掌㢾☮䤓ᇬₜ♾␜⒕䤓᧤⺈ℝdouble
✛long伊⨚䤓♧摞㧴広᧨loadᇬstoreᇬread✛write㝜⇫⦷㩟K♿ₙ⏐幇㦘√⮥᧨扨₹桽欧
⦷12.3.4唑␜幁᧥[1]ᇭ

lock᧤析⸩᧥᧶⇫䞷ℝ␔ⷧ䤓♧摞᧨⸒㔙₹♧摞㪖幕㧰兎䲚䕻◯䤓䕅㊐ᇭ

unlock᧤屲析᧥᧶⇫䞷ℝ␔ⷧ䤓♧摞᧨⸒㔙₹⮓ℝ析⸩䕅㊐䤓♧摞摙㟍⒉㧴᧨摙㟍
⚝䤓♧摞㓜♾ⅴ嬺␅Ⅵ兎䲚析⸩ᇭ

read᧤床♥᧥᧶⇫䞷ℝ␔ⷧ䤓♧摞᧨⸒㔙₹♧摞䤓⋋⅝␔ⷧ↯戢Ⓙ兎䲚䤓ぴ⇫␔
ⷧ₼᧨ⅴ≎椞⚝䤓load┷⇫∎䞷ᇭ

load᧤戌⏴᧥᧶⇫䞷ℝぴ⇫␔ⷧ䤓♧摞᧨⸒㔙read㝜⇫⅝␔ⷧ₼㈦Ⓙ䤓♧摞⋋㟍⏴ぴ
⇫␔ⷧ䤓♧摞⓾㦻₼ᇭ

use᧤∎䞷᧥᧶⇫䞷ℝぴ⇫␔ⷧ䤓♧摞᧨⸒㔙ぴ⇫␔ⷧ₼₹♧摞䤓⋋↯抡全㓶嫛ㆤ
㝝᧨㹞㇢壩㕮㧉拖Ⓙ₹榏尐∎䞷Ⓙ♧摞䤓⋋䤓ⷦ唑䪐㖖ⅳ㢅⺕↩㓶嫛扨₹㝜⇫ᇭ

assign᧤忚⋋᧥᧶⇫䞷ℝぴ⇫␔ⷧ䤓♧摞᧨⸒㔙₹⅝㓶嫛ㆤ㝝㘴㟅Ⓙ䤓⋋忚全ぴ⇫␔
ⷧ䤓♧摞᧨㹞㇢壩㕮㧉拖Ⓙ₹全♧摞忚⋋䤓ⷦ唑䪐㖖ⅳ㢅㓶嫛扨₹㝜⇫ᇭ

store᧤ⷧ⌷᧥᧶⇫䞷ℝぴ⇫␔ⷧ䤓♧摞᧨⸒㔙ぴ⇫␔ⷧ₼₹♧摞䤓⋋↯抐Ⓙ␔ⷧ
₼᧨ⅴ≎椞⚝䤓write㝜⇫∎䞷ᇭ

write᧤⏴᧥᧶⇫䞷ℝ␔ⷧ䤓♧摞᧨⸒㔙store㝜⇫⅝ぴ⇫␔ⷧ₼㈦Ⓙ䤓♧摞䤓⋋㟍⏴
␔ⷧ䤓♧摞₼ᇭ

Ⱁ㨫尐㔙₹♧摞⅝␔ⷧ⮜ⓅⒿぴ⇫␔ⷧ᧨挲⻀尐欉ㄞ⦿㓶嫛read✛load㝜⇫᧨Ⱁ㨫
尐㔙♧摞⅝ぴ⇫␔ⷧ⚛㷴⥭␔ⷧ᧨⻀尐欉ㄞ⦿㓶嫛store✛write㝜⇫ᇭ㽷㎞᧨Java␔ⷧ㲰⨚
♹尐㻑ₙ承₳₹㝜⇫㉔權㖘欉ㄞ㓶嫛᧨力㼰㦘≬幐㢾扭兼㓶嫛ᇭ⃮⻀㢾広᧨readload⃚
梃ᇬstorewrite⃚梃㢾♾㙡⏴␅Ⅵ㖖ⅳ䤓᧨Ⱁ⺈␔ⷧ₼䤓♧摞aᇬb扪嫛幎桽㢅᧨䱜♾厌
⒉䘿欉ㄞ㢾read aᇬread bᇬload bᇬload aᇭ棳㷳⃚⮥᧨Java␔ⷧ㲰⨚执屓⸩ℕ⦷㓶嫛ₙ承8䱜
⪉㦻㝜⇫㢅㉔權䅰恂Ⱁₚ屓⒨᧶

ₜ⏐幇read✛loadᇬstore✛write㝜⇫⃚◤䕻⒉䘿᧨☂ₜ⏐幇₹♧摞⅝␔ⷧ床♥ℕ
⇕ぴ⇫␔ⷧₜ㘴♦᧨㒥劔⅝ぴ⇫␔ⷧ♠怆⥭ℕ⇕␔ⷧₜ㘴♦䤓㍔⑄⒉䘿ᇭ

ₜ⏐幇₹兎䲚₱㆒⸒䤓㦏扠䤓assign㝜⇫᧨☂♧摞⦷ぴ⇫␔ⷧ₼㟈♧ℕ⃚⚝㉔權㔙年
♧▥⚛㷴⥭␔ⷧᇭ

ₜ⏐幇₹兎䲚㡯☮⥯⦿᧤㼰㦘♠䞮扖↊⇤assign㝜⇫᧥㔙㟿㗽⅝兎䲚䤓ぴ⇫␔ⷧ⚛㷴
⥭␔ⷧ₼ᇭ



₹㠿䤓♧摞♹厌⦷␔ⷧ₼“幭䞮”᧨ₜ⏐幇⦷ぴ⇫␔ⷧ₼䦃㘴∎䞷₹㦹嬺⒬ⱚ▥
᧤load㒥assign᧥䤓♧摞᧨㗱♴幬広᧨⻀㢾⺈₹♧摞⸭㡌useᇬstore㝜⇫⃚ⓜ᧨㉔權⏗㓶嫛
扖ℕassign✛load㝜⇫ᇭ

₹♧摞⦷⚛₹㢅Ⓤ♹⏐幇㧰兎䲚⺈␅扪嫛lock㝜⇫᧨⇕lock㝜⇫♾ⅴ嬺⚛㧰兎
䲚摜⮜㓶嫛⮩㶰᧨⮩㶰㓶嫛lock⚝᧨♹㦘㓶嫛䦇⚛㶰㟿䤓unlock㝜⇫᧨♧摞㓜↩嬺屲析ᇭ

Ⱁ㨫⺈₹♧摞㓶嫛lock㝜⇫᧨挲⺕↩䂔䴉ぴ⇫␔ⷧ₼㷳♧摞䤓⋋᧨⦷㓶嫛ㆤ㝝∎䞷扨
₹♧摞ⓜ᧨榏尐摜㠿㓶嫛load㒥assign㝜⇫⒬ⱚ▥♧摞䤓⋋ᇭ

Ⱁ㨫₹♧摞ℚ⏗㼰㦘嬺lock㝜⇫析⸩᧨挲⻀ₜ⏐幇⺈⸒㓶嫛unlock㝜⇫᧨⃮ₜ⏐幇♊
unlock₹嬺␅Ⅵ兎䲚析⸩⇞䤓♧摞ᇭ

⺈₹♧摞㓶嫛unlock㝜⇫⃚ⓜ᧨㉔權⏗㔙㷳♧摞⚛㷴⥭␔ⷧ₼᧤㓶嫛storeᇬwrite㝜
⇫᧥ᇭ

扨8䱜␔ⷧ幎桽㝜⇫ⅴ♙ₙ承屓⒨棟⸩᧨␜┯ₙ䲜⚝⅚兜䤓⺈volatile䤓K䔈㸙屓⸩᧨
⻀め兞⸛⏷䫽⸩ℕJava䲚ㄞ₼❹K␔ⷧ幎桽㝜⇫⦷ㄅ♠ₚ㢾⸘⏷䤓ᇭ䟀ℝ扨䱜⸩⃘䦇㇢₴康
⇕♗◐⒕䍵䚟᧨⸭悄怆㧴㈗煊䍵᧨㓏ⅴ⦷12.3.6唑₼䶣劔⺕⅚兜扨䱜⸩⃘䤓₹䷘㟗⒳㠼☮
⒨——⏗嫛♠䞮☮⒨᧨䞷㧴䫽⸩₹幎桽⦷ㄅ♠䘾⬒ₚ㢾⚵⸘⏷ᇭ

[1]⪉ℝ䚕屲楍ㄵ✛₴康㊶劒壠᧨㦏㠿䤓JSR-133㠖㫲₼᧨め兞㟍㆒摖䞷扨8䱜㝜⇫♊⸩⃘Java
␔ⷧ㲰⨚䤓幎桽◞帽ℕ᧤⅔㢾㙞承㡈㆞㟈♧ℕ᧨Java␔ⷧ㲰⨚ㄅ㼰㦘㟈♧᧥ᇭ



12.3.3ᇫ⺈ℝvolatile⨚♧摞䤓䔈㸙屓⒨

␂枽ⷦvolatile♾ⅴ広㢾Java壩㕮㧉㙟∪䤓㦏戊摞儶䤓⚛㷴㧉Ⓟ᧨⇕㢾⸒ㄅₜ⹈㢢⸛⏷嬺
㷲䫽ᇬ⸛㠃⦿䚕屲᧨ⅴ咂ℝ幇⮩䲚ㄞ⛧掌⃯㍾ₜ♊∎䞷⸒᧨拖Ⓙ榏尐⮓䚕⮩兎䲚㟿㗽䵭℘桽
欧䤓㢅⊨㈚∎䞷synchronized㧴扪嫛⚛㷴ᇭℕ屲volatile♧摞䤓幼⃘⺈⚝槱ℕ屲⮩兎䲚㝜⇫䤓
␅Ⅵ䔈㊶㈗㦘㎞⃘᧨⦷㦻唑₼㒠ⅻ⺕⮩啀忈K㢅梃♊㆓䂔㯩volatile䤓幼⃘Ⓙㄤ㢾⅏⃗ᇭ

Java␔ⷧ㲰⨚⺈volatile₢桷⸩⃘ℕK䔈㸙䤓幎桽屓⒨᧨⦷⅚兜扨K㹣戒㕦♲䤓屓⒨⸩
⃘⃚ⓜ᧨䶣劔⏗䞷ₜ挲⃗㷲㆞⇕抩≦㢢㑑䤓幼岏㧴⅚兜ₚ扨₹␂枽ⷦ䤓⇫䞷ᇭ

㇢₹♧摞⸩⃘volatile⃚⚝᧨⸒⺕␆₳䱜䔈㊶᧨䶻㢾≬幐㷳♧摞⺈㓏㦘兎䲚䤓♾
屐㊶᧨扨摛䤓“♾屐㊶”㢾㖖㇢㧰兎䲚≽㟈ℕ扨₹♧摞䤓⋋᧨㠿⋋⺈ℝ␅Ⅵ兎䲚㧴広㢾♾ⅴ
䵚☂㈦䩴䤓ᇭ力㣽抩♧摞ₜ厌⋩Ⓙ扨䍈᧨㣽抩♧摞䤓⋋⦷兎䲚梃↯抡⧖榏尐抩扖␔ⷧ㧴
⸛㒟᧨√Ⱁ᧨兎䲚A≽㟈₹㣽抩♧摞䤓⋋᧨䏅⚝⚠␔ⷧ扪嫛⥭᧨♵⮥㧰兎䲚B⦷兎
䲚A⥭⸛㒟ℕ⃚⚝␜⅝␔ⷧ扪嫛床♥㝜⇫᧨㠿♧摞⋋㓜↩⺈兎䲚B♾屐ᇭ

␂ℝvolatile♧摞䤓♾屐㊶᧨兞デ↩嬺♠ⅉ⛧幾屲᧨帳ⅴₚ㙞承㒟䵚᧶“volatile♧摞
⺈㓏㦘兎䲚㢾䵚☂♾屐䤓᧨⺈volatile♧摞㓏㦘䤓㝜⇫掌厌䵚Ⓤ♜ㄣⒿ␅Ⅵ兎䲚⃚₼᧨㗱♴
幬広᧨volatile♧摞⦷⚓₹兎䲚₼㢾咃䤓᧨㓏ⅴ⪉ℝvolatile♧摞䤓扟並⦷ㄅ♠ₚ㢾⸘⏷
䤓”ᇭ扨♴幬䤓幉㗽捷⒕ㄅ㼰㦘枨᧨⇕㢾␅幉㗽ㄅₜ厌㈦⒉“⪉ℝvolatile♧摞䤓扟並⦷ㄅ♠ₚ
㢾⸘⏷䤓”扨₹兢幉ᇭvolatile♧摞⦷⚓₹兎䲚䤓ぴ⇫␔ⷧ₼ₜⷧ⦷咃㊶桽欧᧤⦷⚓₹兎䲚
䤓ぴ⇫␔ⷧ₼᧨volatile♧摞⃮♾ⅴⷧ⦷ₜ咃䤓㍔⑄᧨⇕䟀ℝ㹞㶰∎䞷⃚ⓜ掌尐⏗Ⓠ㠿᧨㓶
嫛ㆤ㝝䦚ₜⒿₜ咃䤓㍔⑄᧨⥯㷳♾ⅴ帳ₜⷧ⦷咃㊶桽欧᧥᧨⇕㢾Java摛槱䤓扟並ㄅ槭
☮㝜⇫᧨⺋咃volatile♧摞䤓扟並⦷ㄅ♠ₚ㫆㢾ₜ⸘⏷䤓᧨㒠ⅻ♾ⅴ抩扖㹄丏◤䤓䆣䯉
㧴広㢝☮⥯᧨庆䦚ⅲ䪐䂔◤12-1₼䆣䯉䤓√ᇭ

ⅲ䪐䂔◤12-1ᇫvolatile䤓扟並

/**
*volatile♧摞呹⬭扟並㿚幤
*
*@author zzm
*/
public class VolatileTest{
public static volatile int race=0᧷
public static void increase᧤᧥{
race++᧷
}
private static final int THREADS_COUNT=20᧷
public static void main᧤String[]args᧥{
Thread[]threads=new Thread[THREADS_COUNT]᧷
for᧤int i=0᧷i᧸THREADS_COUNT᧷i++᧥{
threads[i]=new Thread᧤new Runnable᧤᧥{
@Override
public void run᧤᧥{
for᧤int i=0᧷i᧸10000᧷i++᧥{
increase᧤᧥᧷
}
}
}᧥᧷
threads[i].start᧤᧥᧷
}
//䷘㈔㓏㦘侾┯兎䲚掌兢㧮
while᧤Thread.activeCount᧤᧥᧺1᧥
Thread.yield᧤᧥᧷
System.out.println᧤race᧥᧷
}
}

扨㹄ⅲ䪐♠怆ℕ20₹兎䲚᧨㹞₹兎䲚⺈race♧摞扪嫛10000㶰呹⬭㝜⇫᧨Ⱁ㨫扨㹄ⅲ䪐厌
⮮㷲䫽ㄅ♠䤓幬᧨㦏⚝戢⒉䤓兢㨫ㄣ年㢾200000ᇭ床劔扟嫛⸛扨㹄ⅲ䪐⃚⚝᧨ㄅₜ↩噆㈦㦮
㦪䤓兢㨫᧨力₣↩♠䘿㹞㶰扟嫛䲚ㄞ᧨戢⒉䤓兢㨫掌ₜ㫆᧨掌㢾₹⺞ℝ200000䤓㟿ⷦ᧨
扨㢾⅏⃗⛱᧻



桽欧⻀⒉䘿⦷呹⬭扟並“race++”⃚₼᧨㒠ⅻ䞷Javap♜冥幠扨㹄ⅲ䪐⚝↩㈦Ⓙⅲ䪐䂔◤
12-2᧨♠䘿♹㦘嫛ⅲ䪐䤓increase᧤᧥㡈㽤⦷Class㠖ↅ₼㢾䟀4㧰ⷦ唑䪐㖖ⅳ㨓㒟䤓᧤return
㖖ⅳₜ㢾䟀race++ℶ䞮䤓᧨扨㧰㖖ⅳ♾ⅴₜ帰並᧥᧨⅝ⷦ唑䪐⻑槱ₙ㈗⹈㢢⻀⒕㨟⒉ㄅ♠⯀
徴䤓☮⥯ℕ᧶㇢getstatic㖖ⅳ㔙race䤓⋋♥Ⓙ㝜⇫㪗欅㢅᧨volatile␂枽ⷦ≬幐ℕrace䤓⋋⦷㷳
㢅㢾㷲䫽䤓᧨⇕㢾⦷㓶嫛iconst_1ᇬiadd扨K㖖ⅳ䤓㢅⊨᧨␅Ⅵ兎䲚♾厌め兞㔙race䤓⋋┯⮶
ℕ᧨力⦷㝜⇫㪗欅䤓⋋⻀♧㒟ℕ扖㦮䤓㟿㗽᧨㓏ⅴputstatic㖖ⅳ㓶嫛⚝⻀♾厌㔙戒⺞䤓race⋋
⚛㷴⥭␔⃚ⷧ₼ᇭ

ⅲ䪐䂔◤12-2ᇫVolatileTest䤓ⷦ唑䪐

public static void increase᧤᧥᧷
Code᧶
Stack=2᧨Locals=0᧨Args_size=0
0᧶getstatic#13᧷//Field race᧶I
3᧶iconst_1
4᧶iadd
5᧶putstatic#13᧷//Field race᧶I
8᧶return
LineNumberTable᧶
line 14᧶0
line 15᧶8

⸱屑⦿広᧨䶣劔⦷㷳∎䞷ⷦ唑䪐㧴⒕㨟ㄅ♠桽欧᧨⅜䏅㢾ₜ₴康䤓᧨⥯☂∎冥幠⒉㧴
♹㦘㧰ⷦ唑䪐㖖ⅳ᧨⃮ㄅₜ㎞✂㓶嫛扨㧰㖖ⅳ⻀㢾₹☮㝜⇫ᇭ㧰ⷦ唑䪐㖖ⅳ⦷屲摙
㓶嫛㢅᧨屲摙⣷⺕尐扟嫛幇⮩嫛ⅲ䪐㓜厌⸭䘿⸒䤓幼⃘᧨Ⱁ㨫㢾冥幠㓶嫛᧨㧰ⷦ唑䪐㖖ⅳ
⃮♾厌懻▥㒟啴㧰㦻⦿㧉⣷䪐㖖ⅳ᧨㷳⮓∎䞷-XX᧶+PrintAssembly♑㟿戢⒉♜㻖冥㧴⒕㨟
↩㦃┯₴康K᧨⇕劒壠Ⓙ床劔梔床䤓㡈≎᧨ㄅ₣ⷦ唑䪐め兞厌広㢝桽欧᧨㓏ⅴ㷳⮓∎䞷ⷦ
唑䪐㧴⒕㨟ᇭ

䟀ℝvolatile♧摞♹厌≬幐♾屐㊶᧨⦷ₜ䶵⚗ⅴₚ₳㧰屓⒨䤓扟並⧉㣾₼᧨㒠ⅻ⅜䏅尐抩
扖┯析᧤∎䞷synchronized㒥java.util.concurrent₼䤓☮伊᧥㧴≬幐☮㊶ᇭ

扟並兢㨫ㄅₜ∬忥♧摞䤓㇢ⓜ⋋᧨㒥劔厌⮮䫽≬♹㦘◤䤓兎䲚≽㟈♧摞䤓⋋ᇭ

♧摞ₜ榏尐␅Ⅵ䤓䕅㊐♧摞␀⚛♑ₜ♧儵㧮ᇭ

力⦷⍞Ⱁₚ䤓ⅲ䪐䂔◤12-3㓏䯉䤓扨伊⧉㣾⻀㈗抑⚗∎䞷volatile♧摞㧴㘶Ⓟㄅ♠᧨㇢
shutdown᧤᧥㡈㽤嬺庒䞷㢅᧨厌≬幐㓏㦘兎䲚₼㓶嫛䤓doWork᧤᧥㡈㽤掌䵚☂⋫ₚ㧴ᇭ

ⅲ䪐䂔◤12-3ᇫvolatile䤓∎䞷⧉㣾

volatile boolean shutdownRequested᧷
public void shutdown᧤᧥{
shutdownRequested=true᧷
}
public void doWork᧤᧥{
while᧤shutdownRequested᧥{
//do stuff
}
}

∎䞷volatile♧摞䤓䶻ℛ₹幼⃘㢾䰐㷱㖖ⅳ摜㘡ㄞ↧▥᧨㣽抩䤓♧摞⅔⅔↩≬幐⦷年㡈㽤
䤓㓶嫛扖䲚₼㓏㦘∬忥忚⋋兢㨫䤓⦿㡈掌厌噆♥Ⓙ㷲䫽䤓兢㨫᧨力ₜ厌≬幐♧摞忚⋋㝜⇫䤓
欉ㄞ䲚ㄞⅲ䪐₼䤓㓶嫛欉ㄞ咃ᇭ⥯⦷₹兎䲚䤓㡈㽤㓶嫛扖䲚₼㡯㽤㎮䩴Ⓙ扨䍈᧨扨
⃮⻀㢾Java␔ⷧ㲰⨚₼㙞承䤓㓏庢䤓“兎䲚␔嫷䘿嫛䤓幼⃘”᧤Within-Thread As-If-Serial
Semantics᧥ᇭ



ₙ槱䤓㙞承⅜䏅ₜ⮹⹈㢢䚕屲᧨㒠ⅻ执㢾其兼抩扖₹√㧴䦚䦚⇤㖖ⅳ摜㘡ㄞ↩
㓿䲚ㄞ䤓ㄅ♠㓶嫛᧨䆣䯉䲚ㄞⰑⅲ䪐䂔◤12-4㓏䯉ᇭ

ⅲ䪐䂔◤12-4ᇫ㖖ⅳ摜㘡ㄞ

Map configOptions᧷
char[]configText᧷
//㷳♧摞㉔權⸩⃘volatile
volatile boolean initialized=false᧷
//⋖幍ⅴₚⅲ䪐⦷兎䲚A₼㓶嫛
//㲰㕮床♥揜函≰㋾᧨㇢床♥⸛㒟⚝⺕initialized幍函trueⅴ抩䩴␅Ⅵ兎䲚揜函♾䞷
configOptions=new HashMap᧤᧥᧷
configText=readConfigFile᧤fileName᧥᧷
processConfigOptions᧤configText,configOptions᧥᧷
initialized=true᧷
//⋖幍ⅴₚⅲ䪐⦷兎䲚B₼㓶嫛
//䷘㈔initializedtrue᧨ⅲ嫷兎䲚Aめ兞㔙揜函≰㋾⒬ⱚ▥⸛㒟
while᧤initialized᧥{
sleep᧤᧥᧷
}
//∎䞷兎䲚A₼⒬ⱚ▥Ⰼ䤓揜函≰㋾
doSomethingWithConfig᧤᧥᧷

ⅲ䪐䂔◤12-4₼䤓䲚ㄞ㢾㹄↹ⅲ䪐᧨␅₼㙞承䤓⧉㣾◐⒕デ屐᧨♹㢾㒠ⅻ⦷⮓䚕揜函
㠖ↅ㢅咻ₜ↩⒉䘿ㄅ♠力めᇭⰑ㨫⸩⃘initialized♧摞㢅㼰㦘∎䞷volatile≽毿᧨⻀♾厌↩䟀
ℝ㖖ⅳ摜㘡ㄞ䤓↧▥᧨⺋咃⇜ℝ兎䲚A₼㦏⚝♴䤓ⅲ䪐“initialized=true”嬺㙟ⓜ㓶嫛᧤扨摛
夌䏅∎䞷Java⇫↹ⅲ䪐᧨⇕㓏㖖䤓摜㘡ㄞ↧▥㢾㧉⣷儶䤓↧▥㝜⇫᧨㙟ⓜ㓶嫛㢾㖖扨♴幬
⺈ㄣ䤓㻖冥ⅲ䪐嬺㙟ⓜ㓶嫛᧥᧨扨㫆⦷兎䲚B₼∎䞷揜函≰㋾䤓ⅲ䪐⻀♾厌⒉䘿枨幾᧨力
volatile␂枽ⷦ⒨♾ⅴ挎⏜㷳伊㍔⑄䤓♠䞮[1]ᇭ

㖖ⅳ摜㘡ㄞ㢾ㄅ♠冥䲚₼㦏⹈㢢常♠ⅉ⛧ℶ䞮䠠㍠䤓⦿㡈᧨棳ℕₙ槱↹ⅲ䪐䤓√⃚
⮥᧨䶣劔␜₹♾ⅴ⸭棔㝜⇫扟嫛䤓√㧴⒕㨟volatile␂枽ⷦ㢾Ⱁ⇤䰐㷱㖖ⅳ摜㘡ㄞ↧▥
䤓ᇭⅲ䪐䂔◤12-5㢾㹄㪖䤓DCL◤√ⅲ䪐᧨♾ⅴ屑┯⏴volatile✛㦹┯⏴volatile␂枽ⷦ
㢅㓏䞮㒟㻖冥ⅲ䪐䤓ぽⒺ᧤Ⱁ⇤噆㈦JIT䤓㻖冥ⅲ䪐᧨庆♑劒4.2.7唑᧥ᇭ

ⅲ䪐䂔◤12-5ᇫDCL◤√㲰㆞

public class Singleton{
private volatile static Singleton instance᧷
public static Singleton getInstance᧤᧥{
if᧤instance==null᧥{
synchronized᧤Singleton.class᧥{
if᧤instance==null᧥{
instance=new Singleton᧤᧥᧷
}
}
}
return instance᧷
}
public static void main᧤String[]args᧥{
Singleton.getInstance᧤᧥᧷
}

冥幠⚝᧨扨㹄ⅲ䪐⺈instance♧摞忚⋋捷⒕Ⱁⅲ䪐䂔◤12-6㓏䯉ᇭ

ⅲ䪐䂔◤12-6

0x01a3de0f᧶mov$0x3375cdb0᧨%esi᧷……beb0cd75 33
᧷{oop᧤'Singleton'᧥}
0x01a3de14᧶mov%eax᧨0x150᧤%esi᧥᧷……89865001 0000
0x01a3de1a᧶shr$0x9᧨%esi᧷……c1ee09
0x01a3de1d᧶movb$0x0᧨0x1104800᧤%esi᧥᧷……c6860048 100100
0x01a3de24᧶lock addl$0x0᧨᧤%esp᧥᧷……f0830424 00
᧷*putstatic instance
᧷-
Singleton᧶getInstance@24

抩扖⺈㹣⻀↩♠䘿᧨␂枽♧▥⦷ℝ㦘volatile≽毿䤓♧摞᧨忚⋋⚝᧤ⓜ槱
mov%eax᧨0x150᧤%esi᧥扨♴≎㢾忚⋋㝜⇫᧥⮩㓶嫛ℕ₹“lock addl ᧠0x0᧨᧤%esp᧥”㝜



⇫᧨扨₹㝜⇫䦇㇢ℝ₹␔ⷧ⻞椫᧤Memory Barrier㒥Memory Fence᧨㖖摜㘡ㄞ㢅ₜ厌㔙⚝
槱䤓㖖ⅳ摜㘡ㄞⒿ␔ⷧ⻞椫⃚ⓜ䤓⇜函᧥᧨♹㦘₹CPU幎桽␔ⷧ㢅᧨ㄅₜ榏尐␔ⷧ⻞椫᧷
⇕Ⱁ㨫㦘₳₹㒥㦃⮩CPU幎桽⚛⧦␔ⷧ᧨₣␅₼㦘₹⦷屑㿚♵₹᧨⻀榏尐␔ⷧ⻞椫㧴
≬幐咃㊶ℕᇭ扨♴㖖ⅳ₼䤓“addl ᧠0x0᧨᧤%esp᧥”᧤㔙ESP⹓ⷧ⣷䤓⋋┯0᧥㣍䏅㢾₹
䴉㝜⇫᧤摖䞷扨₹䴉㝜⇫力ₜ㢾䴉㝜⇫㖖ⅳnop㢾⥯IA32㓚␛屓⸩lockⓜ冏ₜ⏐幇揜⚗nop
㖖ⅳ∎䞷᧥᧨␂枽⦷ℝlockⓜ冏᧨㩴幱IA32㓚␛᧨⸒䤓⇫䞷㢾∎㈦㦻CPU䤓Cache⏴ℕ␔
ⷧ᧨年⏴┷⇫⃮↩ㆤ怆Ⓔ䤓CPU㒥劔Ⓔ䤓␔㫇㡯㟗▥᧤Invalidate᧥␅Cache᧨扨䱜㝜⇫䦇
㇢ℝ⺈Cache₼䤓♧摞⋩ℕ㶰ⓜ槱⅚兜Java␔ⷧ㲰㆞₼㓏広䤓“store✛write”㝜⇫[2]ᇭ㓏ⅴ抩
扖扨㫆₹䴉㝜⇫᧨♾常ⓜ槱volatile♧摞䤓≽㟈⺈␅ⅥCPU䵚☂♾屐ᇭ

挲⇤広⸒䰐㷱㖖ⅳ摜㘡ㄞ⛱᧻⅝䫻ↅ㩅㨓ₙ幁᧨㖖ⅳ摜㘡ㄞ㢾㖖CPU摖䞷ℕ⏐幇⺕⮩
㧰㖖ⅳₜ㖘䲚ㄞ屓⸩䤓欉ㄞ⒕♠抐全⚓䦇ㄣ䟄恾◤⏒⮓䚕ᇭ⇕ㄅₜ㢾広㖖ⅳ↊㎞摜
㘡᧨CPU榏尐厌㷲䫽⮓䚕㖖ⅳ∬忥㍔⑄ⅴ≬椫䲚ㄞ厌㈦⒉㷲䫽䤓㓶嫛兢㨫ᇭ巻Ⱁ㖖ⅳ1㔙⦿
⧏A₼䤓⋋┯10᧨㖖ⅳ2㔙⦿⧏A₼䤓⋋⃧ⅴ2᧨㖖ⅳ3㔙⦿⧏B₼䤓⋋♊3᧨扨㢅㖖ⅳ1✛㖖
ⅳ2㢾㦘∬忥䤓᧨⸒ⅻ⃚梃䤓欉ㄞₜ厌摜㘡——᧤A+10᧥*2A*2+10㣍䏅ₜ䦇䷘᧨⇕㖖ⅳ3
♾ⅴ摜㘡Ⓙ㖖ⅳ1ᇬ2⃚ⓜ㒥劔₼梃᧨♹尐≬幐CPU㓶嫛⚝槱∬忥ⒿAᇬB⋋䤓㝜⇫㢅厌噆♥Ⓙ
㷲䫽䤓A✛B⋋☂♾ᇭ㓏ⅴ⦷㦻␔CPU₼᧨摜㘡ㄞ䦚怆㧴∬䏅㢾㦘ㄞ䤓ᇭ⥯㷳᧨lock
addl᧠0x0᧨᧤%esp᧥㖖ⅳ㔙≽㟈⚛㷴Ⓙ␔ⷧ㢅᧨㎞✂䧏㓏㦘⃚ⓜ䤓㝜⇫掌め兞㓶嫛⸛㒟᧨
扨㫆≎ㇱ㒟ℕ“㖖ⅳ摜㘡ㄞ㡯㽤怙扖␔ⷧ⻞椫”䤓㟗㨫ᇭ

屲⑂ℕvolatile䤓幼⃘桽欧᧨␜㧴䦚䦚⦷↦⮩≬椫ㄅ♠⸘⏷䤓ぴ␆₼折䞷volatile䤓㎞⃘
——⸒厌常㒠ⅻ䤓ⅲ䪐㹣∎䞷␅Ⅵ䤓⚛㷴ぴ␆㦃㉺⚦᧻⦷㩟K㍔⑄ₚ᧨volatile䤓⚛㷴㧉Ⓟ䤓
㊶厌䫽⸭尐↧ℝ析᧤∎䞷synchronized␂枽ⷦ㒥java.util.concurrent▔摛槱䤓析᧥᧨⇕㢾䟀ℝ壩
㕮㧉⺈析⸭嫛䤓幇⮩䀗棳✛↧▥᧨∎㈦㒠ⅻ㈗楍摞▥⦿帳volatile⻀↩㹣synchronized㉺⮩
⺠ᇭⰑ㨫常volatile呹む呹む㹣戒᧨挲♾ⅴ䫽⸩₹☮⒨᧶volatile♧摞床㝜⇫䤓㊶厌䀗劦
㣽抩♧摞⑯⃝㼰㦘⅏⃗ぽⒺ᧨⇕㢾㝜⇫⒨♾厌↩㏱K᧨⥯⸒榏尐⦷㦻⦿ⅲ䪐₼㙡⏴幇
⮩␔ⷧ⻞椫㖖ⅳ㧴≬幐⮓䚕⣷ₜ♠䞮℀ㄞ㓶嫛ᇭₜ扖☂≎Ⱁ㷳᧨⮶⮩㟿⧉㣾ₚvolatile䤓㋊
枏⅜䏅尐㹣析⇝᧨㒠ⅻ⦷volatile析⃚₼折㕸䤓➾∬㗽⅔⅔㢾volatile䤓幼⃘厌⚵䅰恂∎䞷
⧉㣾䤓榏㻑ᇭ

⦷㦻唑䤓㦏⚝᧨㒠ⅻ⥭⯃䦚ₚJava␔ⷧ㲰⨚₼⺈volatile♧摞⸩⃘䤓䔈㸙屓⒨ᇭ⋖⸩T
嫷䯉₹兎䲚᧨V✛W⒕Ⓔ嫷䯉₳₹volatile⨚♧摞᧨挲⃗⦷扪嫛readᇬloadᇬuseᇬassignᇬ
store✛write㝜⇫㢅榏尐䅰恂Ⱁₚ屓⒨᧶

♹㦘㇢兎䲚T⺈♧摞V㓶嫛䤓ⓜ₹┷⇫㢾load䤓㢅⊨᧨兎䲚T㓜厌⺈♧摞V㓶嫛use┷
⇫᧷ㄅ₣᧨♹㦘㇢兎䲚T⺈♧摞V㓶嫛䤓⚝₹┷⇫㢾use䤓㢅⊨᧨兎䲚T㓜厌⺈♧摞V㓶嫛
load┷⇫ᇭ兎䲚T⺈♧摞V䤓use┷⇫♾ⅴ帳㢾✛兎䲚T⺈♧摞V䤓loadᇬread┷⇫䦇␂勣᧨㉔
權扭兼怆⒉䘿᧤扨㧰屓⒨尐㻑⦷ぴ⇫␔ⷧ₼᧨㹞㶰∎䞷Vⓜ掌㉔權⏗⅝␔ⷧⓆ㠿㦏㠿䤓
⋋᧨䞷ℝ≬幐厌䦚屐␅Ⅵ兎䲚⺈♧摞V㓏⋩䤓≽㟈⚝䤓⋋᧥ᇭ

♹㦘㇢兎䲚T⺈♧摞V㓶嫛䤓ⓜ₹┷⇫㢾assign䤓㢅⊨᧨兎䲚T㓜厌⺈♧摞V㓶嫛store┷
⇫᧷ㄅ₣᧨♹㦘㇢兎䲚T⺈♧摞V㓶嫛䤓⚝₹┷⇫㢾store䤓㢅⊨᧨兎䲚T㓜厌⺈♧摞V㓶嫛
assign┷⇫ᇭ兎䲚T⺈♧摞V䤓assign┷⇫♾ⅴ帳㢾✛兎䲚T⺈♧摞V䤓storeᇬwrite┷⇫䦇␂
勣᧨㉔權扭兼怆⒉䘿᧤扨㧰屓⒨尐㻑⦷ぴ⇫␔ⷧ₼᧨㹞㶰≽㟈V⚝掌㉔權䵚Ⓤ⚛㷴⥭␔
ⷧ₼᧨䞷ℝ≬幐␅Ⅵ兎䲚♾ⅴ䦚Ⓙ呹む⺈♧摞V㓏⋩䤓≽㟈᧥ᇭ



⋖⸩┷⇫A㢾兎䲚T⺈♧摞V⸭㡌䤓use㒥assign┷⇫᧨⋖⸩┷⇫F㢾✛┷⇫A䦇␂勣䤓load
㒥store┷⇫᧨⋖⸩┷⇫P㢾✛┷⇫F䦇ㄣ䤓⺈♧摞V䤓read㒥write┷⇫᧷伊⇋䤓᧨⋖⸩┷⇫B㢾
兎䲚T⺈♧摞W⸭㡌䤓use㒥assign┷⇫᧨⋖⸩┷⇫G㢾✛┷⇫B䦇␂勣䤓load㒥store┷⇫᧨⋖
⸩┷⇫Q㢾✛┷⇫G䦇ㄣ䤓⺈♧摞W䤓read㒥write┷⇫ᇭⰑ㨫A⏗ℝB᧨挲⃗P⏗ℝQ᧤扨㧰屓
⒨尐㻑volatile≽毿䤓♧摞ₜ↩嬺㖖ⅳ摜㘡ㄞ↧▥᧨≬幐ⅲ䪐䤓㓶嫛欉ㄞ䲚ㄞ䤓欉ㄞ䦇
⚛᧥ᇭ

[1]volatile⻞埌㖖ⅳ摜㘡ㄞ䤓幼⃘⦷JDK 1.5₼㓜嬺⸛⏷≽⮜᧨㷳ⓜ䤓JDK₼☂∎⺕♧摞⭿㢝
volatile⃮⅜䏅ₜ厌⸛⏷挎⏜摜㘡ㄞ㓏⺋咃䤓桽欧᧤尐㢾volatile♧摞ⓜ⚝䤓ⅲ䪐⅜䏅ⷧ⦷
摜㘡ㄞ桽欧᧥᧨扨䍈⃮㢾⦷JDK 1.5⃚ⓜ䤓Java₼㡯㽤⸘⏷⦿∎䞷DCL᧤♛析㭏㿚᧥㧴⸭䘿◤
√㲰㆞䤓☮⥯ᇭ
[2]Doug Lea⒦⒉ℕ⚓䱜⮓䚕⣷㩅㨓ₚ䤓␔ⷧ⻞椫㖖ⅳ᧶
http://g.oswego.edu/dl/jmm/cookbook.htmlᇭ



12.3.4ᇫ⺈ℝlong✛double⨚♧摞䤓䔈㸙屓⒨

Java␔ⷧ㲰⨚尐㻑lockᇬunlockᇬreadᇬloadᇬassignᇬuseᇬstoreᇬwrite扨8₹㝜⇫掌␆㦘
☮㊶᧨⇕㢾⺈ℝ64⇜䤓㟿㗽伊⨚᧤long✛double᧥᧨⦷㲰⨚₼䔈Ⓔ⸩⃘ℕ㧰䦇⺈⹌㨍䤓
屓⸩᧶⏐幇壩㕮㧉⺕㼰㦘嬺volatile≽毿䤓64⇜㟿㗽䤓床㝜⇫⒡⒕₳㶰32⇜䤓㝜⇫㧴扪
嫛᧨☂⏐幇壩㕮㧉⸭䘿折㕸♾ⅴₜ≬幐64⇜㟿㗽伊⨚䤓loadᇬstoreᇬread✛write扨4₹㝜⇫䤓
☮㊶᧨扨䍈⻀㢾㓏庢䤓long✛double䤓槭☮㊶◞⸩᧤Nonatomic Treatment ofdouble and
long Variables᧥ᇭ

Ⱁ㨫㦘⮩₹兎䲚␀℺₹ㄅ㦹⭿㢝volatile䤓long㒥double伊⨚䤓♧摞᧨ㄅ₣⚛㢅⺈⸒
ⅻ扪嫛床♥✛≽㟈㝜⇫᧨挲⃗㩟K兎䲚♾厌↩床♥Ⓙ₹㡱槭☮⋋᧨⃮ₜ㢾␅Ⅵ兎䲚≽㟈⋋
䤓ⅲ嫷ℕ“◙₹♧摞”䤓㟿⋋ᇭ

ₜ扖扨䱜床♥Ⓙ“◙₹♧摞”䤓㍔⑄槭デ凤屐᧤⦷䥽ⓜ⟕䞷Java壩㕮㧉₼ₜ↩⒉䘿᧥᧨⥯
Java␔ⷧ㲰⨚夌䏅⏐幇壩㕮㧉ₜ㔙long✛double♧摞䤓床⸭䘿㒟☮㝜⇫᧨⇕⏐幇壩㕮㧉
折㕸㔙扨K㝜⇫⸭䘿␆㦘☮㊶䤓㝜⇫᧨力₣执“㇉䍗ㆉ帽”壩㕮㧉扨㫆⸭䘿ᇭ⦷⸭棔♠
₼᧨䥽ⓜ⚓䱜♿ₚ䤓⟕䞷壩㕮㧉⑯⃝掌折㕸㔙64⇜㟿㗽䤓床㝜⇫⇫☮㝜⇫㧴⺈㈔᧨
⥯㷳㒠ⅻ⦷冥ⅲ䪐㢅咻ₜ榏尐㔙䞷Ⓙ䤓long✛double♧摞₢桷⭿㢝volatileᇭ



12.3.5ᇫ☮㊶ᇬ♾屐㊶㦘ㄞ㊶

⅚兜⸛Java␔ⷧ㲰⨚䤓䦇␂㝜⇫✛屓⒨᧨㒠ⅻ␜㠃⇢⥭欍ₚ扨₹㲰⨚䤓䔈㈐ᇭJava␔
ⷧ㲰⨚㢾⦃兤䧏⦷ㄅ♠扖䲚₼Ⱁ⇤⮓䚕☮㊶ᇬ♾屐㊶✛㦘ㄞ㊶扨3₹䔈㈐㧴ㆉ䵚䤓᧨㒠ⅻ
抟₹㧴䦚ₚ❹K㝜⇫⸭䘿ℕ扨3₹䔈㊶ᇭ

☮㊶᧤Atomicity᧥᧶䟀Java␔ⷧ㲰⨚㧴䦃㘴≬幐䤓☮㊶♧摞㝜⇫▔㕻readᇬloadᇬ
assignᇬuseᇬstore✛write᧨㒠ⅻ⮶咃♾ⅴ帳⪉㦻㟿㗽伊⨚䤓幎桽床㢾␆☮㊶䤓᧤√
⮥⻀㢾long✛double䤓槭☮㊶◞⸩᧨床劔♹尐䩴拢扨ↅℚ㍔⻀♾ⅴℕ᧨㡯權⮹扖⦷㎞扨K
⑯⃝ₜ↩♠䞮䤓√⮥㍔⑄᧥ᇭ

Ⱁ㨫ㄣ䞷⧉㣾榏尐₹㦃⮶喒⦃䤓☮㊶≬幐᧤兞デ↩拖Ⓙ᧥᧨Java␔ⷧ㲰⨚执㙟∪ℕ
lock✛unlock㝜⇫㧴䅰恂扨䱜榏㻑᧨⻌丰壩㕮㧉㦹㔙lock✛unlock㝜⇫䦃㘴㟍全䞷㓆∎䞷᧨
⇕㢾☃㙟∪ℕ㦃浧⻑㶰䤓ⷦ唑䪐㖖ⅳmonitorenter✛monitorexit㧴椟㆞⦿∎䞷扨₳₹㝜⇫᧨扨
₳₹ⷦ唑䪐㖖ⅳ♜㢯ⒿJavaⅲ䪐₼⻀㢾⚛㷴⧦——synchronized␂枽ⷦ᧨⥯㷳⦷synchronized⧦
⃚梃䤓㝜⇫⃮␆☮㊶ᇭ

♾屐㊶᧤Visibility᧥᧶♾屐㊶㢾㖖㇢₹兎䲚≽㟈ℕ␀℺♧摞䤓⋋᧨␅Ⅵ兎䲚厌⮮䵚☂
㈦䩴扨₹≽㟈ᇭₙ㠖⦷幁屲volatile♧摞䤓㢅⊨㒠ⅻめ幵兕帷幉扖扨䍈ᇭJava␔ⷧ㲰⨚㢾抩
扖⦷♧摞≽㟈⚝⺕㠿⋋⚛㷴⥭␔ⷧ᧨⦷♧摞床♥ⓜ⅝␔ⷧⓆ㠿♧摞⋋扨䱜∬忥␔ⷧ⇫
↯抡ⴡ⅚䤓㡈㆞㧴⸭䘿♾屐㊶䤓᧨㡯幉㢾㣽抩♧摞执㢾volatile♧摞掌㢾Ⱁ㷳᧨㣽抩♧摞
volatile♧摞䤓◉Ⓔ㢾᧨volatile䤓䔈㸙屓⒨≬幐ℕ㠿⋋厌䵚☂⚛㷴Ⓙ␔ⷧ᧨ⅴ♙㹞㶰∎䞷ⓜ
䵚☂⅝␔ⷧⓆ㠿ᇭ⥯㷳᧨♾ⅴ広volatile≬幐ℕ⮩兎䲚㝜⇫㢅♧摞䤓♾屐㊶᧨力㣽抩♧摞⒨
ₜ厌≬幐扨䍈ᇭ

棳ℕvolatile⃚⮥᧨Java执㦘₳₹␂枽ⷦ厌⸭䘿♾屐㊶᧨☂synchronized✛finalᇭ⚛㷴⧦䤓
♾屐㊶㢾䟀“⺈₹♧摞㓶嫛unlock㝜⇫⃚ⓜ᧨㉔權⏗㔙㷳♧摞⚛㷴⥭␔ⷧ₼᧤㓶嫛storeᇬ
write㝜⇫᧥”扨㧰屓⒨噆㈦䤓᧨力final␂枽ⷦ䤓♾屐㊶㢾㖖᧶嬺final≽毿䤓ⷦ㹄⦷㨓抯⣷₼
㡵⒬ⱚ▥⸛㒟᧨ㄅ₣㨓抯⣷㼰㦘㔙“this”䤓ㆤ䞷↯抡⒉♊᧤thisㆤ䞷抒拇㢾ↅ㈗☀棸䤓ℚ
㍔᧨␅Ⅵ兎䲚㦘♾厌抩扖扨₹ㆤ䞷幎桽Ⓙ“⒬ⱚ▥ℕ◙”䤓⺈廰᧥᧨挲⦷␅Ⅵ兎䲚₼⻀厌䦚
屐finalⷦ㹄䤓⋋ᇭⰑⅲ䪐䂔◤12-7㓏䯉᧨♧摞ij掌␆♾屐㊶᧨⸒ⅻ㡯權⚛㷴⻀厌嬺␅Ⅵ
兎䲚㷲䫽幎桽ᇭ

ⅲ䪐䂔◤12-7ᇫfinal♾屐㊶

public static final int i᧷
public final int j᧷
static{
i=0᧷
//do something
}
{
//⃮♾ⅴ折㕸⦷㨓抯⒌㟿₼⒬ⱚ▥
j=0᧷
//do something
}

㦘ㄞ㊶᧤Ordering᧥᧶Java␔ⷧ㲰⨚䤓㦘ㄞ㊶⦷ⓜ槱幁屲volatile㢅⃮幵兕⦿帷幉扖
ℕ᧨Java䲚ㄞ₼⮸䏅䤓㦘ㄞ㊶♾ⅴ㋊兢♴幬᧶Ⱁ㨫⦷㦻兎䲚␔屑᧨㓏㦘䤓㝜⇫掌㢾㦘
ㄞ䤓᧷Ⱁ㨫⦷₹兎䲚₼屑♵₹兎䲚᧨㓏㦘䤓㝜⇫掌㢾㡯ㄞ䤓ᇭⓜ◙♴㢾㖖“兎䲚␔嫷
䘿嫛䤓幼⃘”᧤Within-Thread As-If-Serial Semantics᧥᧨⚝◙♴㢾㖖“㖖ⅳ摜㘡ㄞ”䘿廰
✛“ぴ⇫␔ⷧ␔ⷧ⚛㷴ㆅ扮”䘿廰ᇭ



Java幼岏㙟∪ℕvolatile✛synchronized₳₹␂枽ⷦ㧴≬幐兎䲚⃚梃㝜⇫䤓㦘ㄞ㊶᧨volatile
␂枽ⷦ㦻愺⻀▔⚺ℕ䰐㷱㖖ⅳ摜㘡ㄞ䤓幼⃘᧨力synchronized⒨㢾䟀“₹♧摞⦷⚛₹㢅Ⓤ
♹⏐幇㧰兎䲚⺈␅扪嫛lock㝜⇫”扨㧰屓⒨噆㈦䤓᧨扨㧰屓⒨⑂⸩ℕ㖐㦘⚛₹析䤓₳₹⚛
㷴⧦♹厌嫛⦿扪⏴ᇭ

⅚兜⸛ㄅ♠₼3䱜摜尐䤓䔈㊶⚝᧨床劔㦘㼰㦘♠䘿synchronized␂枽ⷦ⦷榏尐扨3䱜䔈㊶䤓
㢅⊨掌♾ⅴ⇫␅₼䱜䤓屲⑂㡈㫗᧻䦚怆㧴㈗“ₖ厌”⚶ᇭ䤓䫽᧨⮶捷⒕䤓ㄅ♠㘶Ⓟ㝜⇫掌
厌∎䞷synchronized㧴⸛㒟ᇭsynchronized䤓“ₖ厌”⃮梃㘴抯⻀ℕ⸒嬺䲚ㄞ⛧䅴䞷䤓⻏槱᧨
怙“ₖ厌”䤓ㄅ♠㘶Ⓟ᧨抩デ↩⇃椞䧏怙⮶䤓㊶厌㈀❜᧨扨䍈㒠ⅻ⺕⦷䶻13䵯幁屲壩㕮㧉析↧
▥㢅␜⅚兜ᇭ



12.3.6ᇫ⏗嫛♠䞮☮⒨

Ⱁ㨫Java␔ⷧ㲰⨚₼㓏㦘䤓㦘ㄞ㊶掌⅔⅔槯volatile✛synchronized㧴⸛㒟᧨挲⃗㦘K㝜
⇫⺕↩♧㈦㈗䍵䚟᧨⇕㢾㒠ⅻ⦷冥Javaㄅ♠ⅲ䪐䤓㢅⊨ㄅ㼰㦘㎮屘Ⓙ扨䍈᧨扨㢾⥯
Java幼岏₼㦘₹“⏗嫛♠䞮”᧤happens-before᧥䤓☮⒨ᇭ扨₹☮⒨槭デ摜尐᧨⸒㢾⒳㠼㟿㗽
㢾⚵ⷧ⦷䵭℘ᇬ兎䲚㢾⚵⸘⏷䤓尐∬㗽᧨∬槯扨₹☮⒨᧨㒠ⅻ♾ⅴ抩扖⑯㧰屓⒨㚌⦿
屲⑂ㄅ♠䘾⬒ₚ₳₹㝜⇫⃚梃㢾⚵♾厌ⷧ⦷⑁䴐䤓㓏㦘桽欧ᇭ

䘿⦷⻀㧴䦚䦚“⏗嫛♠䞮”☮⒨㖖䤓㢾⅏⃗ᇭ⏗嫛♠䞮㢾Java␔ⷧ㲰⨚₼⸩⃘䤓₳欈㝜⇫
⃚梃䤓⋞ㄞ␂侊᧨Ⱁ㨫広㝜⇫A⏗嫛♠䞮ℝ㝜⇫B᧨␅⸭⻀㢾広⦷♠䞮㝜⇫B⃚ⓜ᧨㝜⇫Aℶ
䞮䤓㈀❜厌嬺㝜⇫B屑Ⓙ᧨“㈀❜”▔㕻≽㟈ℕ␔ⷧ₼␀℺♧摞䤓⋋ᇬ♠抐ℕ䀗㋾ᇬ庒䞷ℕ
㡈㽤䷘ᇭ扨♴幬ₜ楍䚕屲᧨⇕⸒㎞✂䧏⅏⃗⛱᧻㒠ⅻ♾ⅴ₹√㧴広㢝ₚ᧨Ⱁⅲ䪐䂔◤
12-8₼㓏䯉䤓扨3♴↹ⅲ䪐ᇭ

ⅲ䪐䂔◤12-8ᇫ⏗嫛♠䞮☮⒨䯉√1

//ⅴₚ㝜⇫⦷兎䲚A₼㓶嫛
i=1᧷
//ⅴₚ㝜⇫⦷兎䲚B₼㓶嫛
j=i᧷
//ⅴₚ㝜⇫⦷兎䲚C₼㓶嫛
i=2᧷

⋖幍兎䲚A₼䤓㝜⇫“i=1”⏗嫛♠䞮ℝ兎䲚B䤓㝜⇫“j=i”᧨挲⃗♾ⅴ䫽⸩⦷兎䲚B䤓㝜⇫
㓶嫛⚝᧨♧摞j䤓⋋⸩䷘ℝ1᧨㈦⒉扨₹兢幉䤓∬㗽㦘₳₹᧶㢾㫈㗽⏗嫛♠䞮☮
⒨᧨“i=1”䤓兢㨫♾ⅴ嬺屑Ⓙ᧷ℛ㢾兎䲚C执㼰“䤊⧉”᧨兎䲚A㝜⇫兢㧮⃚⚝㼰㦘␅Ⅵ兎䲚
↩≽㟈♧摞i䤓⋋ᇭ䘿⦷␜㧴劒壠兎䲚C᧨㒠ⅻ∬䏅≬㖐兎䲚A✛兎䲚B⃚梃䤓⏗嫛♠䞮␂
侊᧨力兎䲚C⒉䘿⦷兎䲚A✛兎䲚B䤓㝜⇫⃚梃᧨⇕㢾兎䲚C兎䲚B㼰㦘⏗嫛♠䞮␂侊᧨挲j
䤓⋋↩㢾⮩⺠⛱᧻䷣㫗㢾ₜ䫽⸩1✛2掌㦘♾厌᧨⥯兎䲚C⺈♧摞i䤓㈀❜♾厌↩嬺兎䲚B
屑Ⓙ᧨⃮♾厌ₜ↩᧨扨㢅⊨兎䲚B⻀ⷧ⦷床♥Ⓙ扖㦮㟿㗽䤓歝棸᧨ₜ␆⮩兎䲚⸘⏷㊶ᇭ

ₚ槱㢾Java␔ⷧ㲰⨚ₚK“⮸䏅䤓”⏗嫛♠䞮␂侊᧨扨K⏗嫛♠䞮␂侊㡯權↊⇤⚛㷴⣷
◞┸⻀め兞ⷧ⦷᧨♾ⅴ⦷冥䪐₼䦃㘴∎䞷ᇭⰑ㨫₳₹㝜⇫⃚梃䤓␂侊ₜ⦷㷳⒦᧨ㄅ₣㡯㽤⅝
ₚ⒦屓⒨㘷⺋⒉㧴䤓幬᧨⸒ⅻ⻀㼰㦘欉ㄞ㊶≬椫᧨壩㕮㧉♾ⅴ⺈⸒ⅻ椞㎞⦿扪嫛摜㘡ㄞᇭ

䲚ㄞ㶰ㄞ屓⒨᧤Program Order Rule᧥᧶⦷₹兎䲚␔᧨㖘䏶䲚ㄞⅲ䪐欉ㄞ᧨⦷ⓜ槱
䤓㝜⇫⏗嫛♠䞮ℝ⦷⚝槱䤓㝜⇫ᇭ䫽⦿広᧨ㄣ年㢾㘶Ⓟ㿐欉ㄞ力ₜ㢾䲚ㄞⅲ䪐欉ㄞ᧨
⥯尐劒壠⒕㞾ᇬ㈹䘾䷘兢㨓ᇭ

丰䲚析⸩屓⒨᧤Monitor Lock Rule᧥᧶₹unlock㝜⇫⏗嫛♠䞮ℝ⚝槱⺈⚛₹析䤓lock
㝜⇫ᇭ扨摛㉔權㇉庒䤓㢾⚛₹析᧨力“⚝槱”㢾㖖㢅梃ₙ䤓⏗⚝欉ㄞᇭ

volatile♧摞屓⒨᧤Volatile Variable Rule᧥᧶⺈₹volatile♧摞䤓㝜⇫⏗嫛♠䞮ℝ⚝槱
⺈扨₹♧摞䤓床㝜⇫᧨扨摛䤓“⚝槱”⚛㫆㢾㖖㢅梃ₙ䤓⏗⚝欉ㄞᇭ

兎䲚⚾┷屓⒨᧤Thread Start Rule᧥᧶Thread⺈廰䤓start᧤᧥㡈㽤⏗嫛♠䞮ℝ㷳兎䲚䤓㹞
₹┷⇫ᇭ

兎䲚兗㷱屓⒨᧤Thread Termination Rule᧥᧶兎䲚₼䤓㓏㦘㝜⇫掌⏗嫛♠䞮ℝ⺈㷳兎䲚䤓



兗㷱㭏㿚᧨㒠ⅻ♾ⅴ抩扖Thread.join᧤᧥㡈㽤兢㧮ᇬThread.isAlive᧤᧥䤓扣⥭⋋䷘㓚㹄㭏㿚
Ⓙ兎䲚め兞兗㷱㓶嫛ᇭ

兎䲚₼㠼屓⒨᧤Thread Interruption Rule᧥᧶⺈兎䲚interrupt᧤᧥㡈㽤䤓庒䞷⏗嫛♠䞮ℝ嬺
₼㠼兎䲚䤓ⅲ䪐㭏㿚Ⓙ₼㠼ℚↅ䤓♠䞮᧨♾ⅴ抩扖Thread.interrupted᧤᧥㡈㽤㭏㿚Ⓙ㢾⚵㦘
₼㠼♠䞮ᇭ

⺈廰兗兢屓⒨᧤Finalizer Rule᧥᧶₹⺈廰䤓⒬ⱚ▥⸛㒟᧤㨓抯⒌㟿㓶嫛兢㧮᧥⏗嫛♠
䞮ℝ⸒䤓finalize᧤᧥㡈㽤䤓ⱚᇭ

↯抡㊶᧤Transitivity᧥᧶Ⱁ㨫㝜⇫A⏗嫛♠䞮ℝ㝜⇫B᧨㝜⇫B⏗嫛♠䞮ℝ㝜⇫C᧨挲⻀
♾ⅴ㈦⒉㝜⇫A⏗嫛♠䞮ℝ㝜⇫C䤓兢幉ᇭ

Java幼岏㡯權↊⇤⚛㷴㓚㹄≬椫⻀厌㒟䵚䤓⏗嫛♠䞮屓⒨⻀♹㦘ₙ槱扨Kℕ᧨䶣劔䆣䯉
ₚⰑ⇤∎䞷扨K屓⒨♊⒳⸩㝜⇫梃㢾⚵␆欉ㄞ㊶᧨⺈ℝ床␀℺♧摞䤓㝜⇫㧴広᧨⻀㢾
兎䲚㢾⚵⸘⏷᧨床劔执♾ⅴ⅝ₚ槱扨₹√₼㎮♦ₚ“㢅梃ₙ䤓⏗⚝欉ㄞ”“⏗嫛♠䞮”⃚
梃㦘⅏⃗ₜ⚛ᇭ䆣䯉√Ⱁⅲ䪐䂔◤12-9㓏䯉ᇭ

ⅲ䪐䂔◤12-9ᇫ⏗嫛♠䞮☮⒨䯉√2

private int value=0᧷
pubilc void setValue᧤int value᧥{
this.value=value᧷
}
public int getValue᧤᧥{
return value᧷
}

ⅲ䪐䂔◤12-9₼㣍䯉䤓㢾兓␜㣽抩ₜ扖䤓getter/setter㡈㽤᧨⋖幍ⷧ⦷兎䲚A✛B᧨兎䲚
A⏗᧤㢅梃ₙ䤓⏗⚝᧥庒䞷ℕ“setValue᧤1᧥”᧨䏅⚝兎䲚B庒䞷ℕ⚛₹⺈廰
䤓“getValue᧤᧥”᧨挲⃗兎䲚B㟅Ⓙ䤓扣⥭⋋㢾⅏⃗᧻

㒠ⅻ∬㶰⒕㨟ₚ⏗嫛♠䞮☮⒨₼䤓⚓欈屓⒨᧨䟀ℝ₳₹㡈㽤⒕Ⓔ䟀兎䲚A✛兎䲚B庒
䞷᧨ₜ⦷₹兎䲚₼᧨㓏ⅴ䲚ㄞ㶰ㄞ屓⒨⦷扨摛ₜ抑䞷᧷䟀ℝ㼰㦘⚛㷴⧦᧨呹䏅⻀ₜ↩♠䞮
lock✛unlock㝜⇫᧨㓏ⅴ丰䲚析⸩屓⒨ₜ抑䞷᧷䟀ℝvalue♧摞㼰㦘嬺volatile␂枽ⷦ≽毿᧨㓏
ⅴvolatile♧摞屓⒨ₜ抑䞷᧷⚝槱䤓兎䲚⚾┷ᇬ兗㷱ᇬ₼㠼屓⒨✛⺈廰兗兢屓⒨⃮✛扨摛⸛⏷
㼰㦘␂侊ᇭ⥯㼰㦘₹抑䞷䤓⏗嫛♠䞮屓⒨᧨㓏ⅴ㦏⚝㧰↯抡㊶⃮㡯⅝店怆᧨⥯㷳㒠ⅻ
♾ⅴ⒳⸩⻌丰兎䲚A⦷㝜⇫㢅梃ₙ⏗ℝ兎䲚B᧨⇕㢾㡯㽤䫽⸩兎䲚B₼“getValue᧤᧥”㡈㽤䤓
扣⥭兢㨫᧨㗱♴幬広᧨扨摛槱䤓㝜⇫ₜ㢾兎䲚⸘⏷䤓ᇭ

挲㊝⃗≽⮜扨₹桽欧⛱᧻㒠ⅻ咂⺠㦘₳䱜㹣戒丏◤䤓㡈㫗♾ⅴ折㕸᧶尐⃗㔙getter/setter
㡈㽤掌⸩⃘synchronized㡈㽤᧨扨㫆⻀♾ⅴ⯦䞷丰䲚析⸩屓⒨᧷尐⃗㔙value⸩⃘volatile
♧摞᧨䟀ℝsetter㡈㽤⺈value䤓≽㟈ₜ∬忥value䤓☮⋋᧨䅰恂volatile␂枽ⷦ∎䞷⧉㣾᧨扨㫆
⻀♾ⅴ⯦䞷volatile♧摞屓⒨㧴⸭䘿⏗嫛♠䞮␂侊ᇭ

抩扖ₙ槱䤓√᧨㒠ⅻ♾ⅴ㈦⒉兢幉᧶₹㝜⇫“㢅梃ₙ䤓⏗♠䞮”ₜⅲ嫷扨₹㝜⇫↩
㢾“⏗嫛♠䞮”᧨挲Ⱁ㨫₹㝜⇫“⏗嫛♠䞮”㢾⚵⻀厌㘷⺋⒉扨₹㝜⇫㉔⸩㢾“㢅梃ₙ䤓⏗♠
䞮”⛱᧻㈗拦㑍᧨扨₹㘷幉⃮㢾ₜ㒟䵚䤓᧨₹␇⨚䤓√⻀㢾⮩㶰㙟Ⓙ䤓“㖖ⅳ摜㘡ㄞ”᧨
䆣䯉√Ⱁⅲ䪐䂔◤12-10㓏䯉ᇭ



ⅲ䪐䂔◤12-10ᇫ⏗嫛♠䞮☮⒨䯉√3

//ⅴₚ㝜⇫⦷⚛₹兎䲚₼㓶嫛
int i=1᧷
int j=2᧷

ⅲ䪐䂔◤12-10䤓₳㧰忚⋋幼♴⦷⚛₹兎䲚⃚₼᧨㫈㗽䲚ㄞ㶰ㄞ屓⒨᧨“int i=1”䤓㝜⇫
⏗嫛♠䞮ℝ“int j=2”᧨⇕㢾“int j=2”䤓ⅲ䪐⸛⏷♾厌⏗嬺⮓䚕⣷㓶嫛᧨扨ㄅₜ㈀❜⏗嫛♠䞮☮
⒨䤓㷲䫽㊶᧨⥯㒠ⅻ⦷扨㧰兎䲚⃚₼㼰㦘┭㽤㎮䩴Ⓙ扨䍈ᇭ

ₙ槱₳₹√冋⚗怆㧴幐㢝ℕ₹兢幉᧶㢅梃⏗⚝欉ㄞ⏗嫛♠䞮☮⒨⃚梃⪉㦻㼰㦘⮹
⮶䤓␂侊᧨㓏ⅴ㒠ⅻ嫰摞ㄅ♠⸘⏷桽欧䤓㢅⊨ₜ尐♦Ⓙ㢅梃欉ㄞ䤓㓿᧨⒖㉔權ⅴ⏗嫛♠
䞮☮⒨ᇭ



12.4ᇫJava兎䲚
ㄅ♠ₜ⸩尐∬忥⮩兎䲚᧤ⰑPHP₼㈗デ屐䤓⮩扪䲚ㄅ♠᧥᧨⇕㢾⦷Java摛槱店幉ㄅ

♠᧨⮶⮩㟿掌兎䲚叀ₜ␂侊ᇭ㡱䏅㒠ⅻ扨㦻㘱帷䤓幬欧㢾Java壩㕮㧉䤓䔈㊶᧨挲幁Ⓙ
Java兎䲚᧨㒠ⅻ⻀⅝Java兎䲚⦷壩㕮㧉₼䤓⸭䘿ⱚ幁怆ᇭ

12.4.1ᇫ兎䲚䤓⸭䘿

㒠ⅻ䩴拢᧨兎䲚㢾㹣扪䲚㦃戊摞儶䤓庒ㄵ㓶嫛◤⇜᧨兎䲚䤓ㆤ⏴᧨♾ⅴ㔙₹扪䲚䤓忓
䄟⒕揜✛㓶嫛庒ㄵ⒕᧨⚓₹兎䲚㡱♾ⅴ␀℺扪䲚忓䄟᧤␔ⷧ⦿⧏ᇬ㠖ↅI/O䷘᧥᧨♗♾ⅴ
䕻䵚庒ㄵ᧤兎䲚㢾CPU庒ㄵ䤓⪉㦻◤⇜᧥ᇭ

㿐䤓㝜⇫侊兮掌㙟∪ℕ兎䲚⸭䘿᧨Java幼岏⒨㙟∪ℕ⦷ₜ⚛䫻ↅ✛㝜⇫侊兮♿ₚ⺈
兎䲚㝜⇫䤓兮⮓䚕᧨㹞₹め兞㓶嫛start᧤᧥₣执㦹兢㧮䤓java.lang.Thread伊䤓⸭√⻀ⅲ嫷
ℕ₹兎䲚ᇭ㒠ⅻ㽷㎞ⒿThread伊⮶捷⒕䤓Java API㦘㣍囦䤓ぽⒺ᧨⸒䤓㓏㦘␂枽㡈㽤掌
㢾⭿㢝Native䤓ᇭ⦷Java API₼᧨₹Native㡈㽤㈏㈏㎞✂䧏扨₹㡈㽤㼰㦘∎䞷㒥㡯㽤∎䞷
♿㡯␂䤓㓚㹄㧴⸭䘿᧤㇢䏅⃮♾厌㢾ℕ㓶嫛㟗䘖力∎䞷Native㡈㽤᧨ₜ扖᧨抩デ㦏浧㟗
䘖䤓㓚㹄⃮⻀㢾♿䦇␂䤓㓚㹄᧥ᇭ㷲⥯Ⱁ㷳᧨⇫劔㔙㦻唑䤓㪖欧⸩“兎䲚䤓⸭䘿”力ₜ
㢾“Java兎䲚䤓⸭䘿”ᇭ

⸭䘿兎䲚尐㦘3䱜㡈㆞᧶∎䞷␔㫇兎䲚⸭䘿ᇬ∎䞷䞷㓆兎䲚⸭䘿✛∎䞷䞷㓆兎䲚┯戊
摞儶扪䲚䂆⚗⸭䘿ᇭ

1.∎䞷␔㫇兎䲚⸭䘿

␔㫇兎䲚᧤Kernel-Level Thread,KLT᧥⻀㢾䦃㘴䟀㝜⇫侊兮␔㫇᧤Kernel᧨ₚ䱿␔㫇᧥㞾
㖐䤓兎䲚᧨扨䱜兎䲚䟀␔㫇㧴⸛㒟兎䲚⒖㗱᧨␔㫇抩扖㝜兄庒ㄵ⣷᧤Scheduler᧥⺈兎䲚扪嫛
庒ㄵ᧨ㄅ微徲⺕兎䲚䤓↊┰㢯⺓Ⓙ⚓₹⮓䚕⣷ₙᇭ㹞₹␔㫇兎䲚♾ⅴ展␔㫇䤓₹⒕愺᧨
扨㫆㝜⇫侊兮⻀㦘厌┪⚛㢅⮓䚕⮩ↅℚ㍔᧨㞾㖐⮩兎䲚䤓␔㫇⻀♺⋩⮩兎䲚␔㫇᧤Multi-
Threads Kernel᧥ᇭ

䲚ㄞ咻ₜ↩䦃㘴♊∎䞷␔㫇兎䲚᧨力㢾♊∎䞷␔㫇兎䲚䤓䱜浧儶㘴♲——戊摞儶扪
䲚᧤Light Weight Process,LWP᧥᧨戊摞儶扪䲚⻀㢾㒠ⅻ抩デ㎞⃘ₙ㓏幁䤓兎䲚᧨䟀ℝ㹞₹戊
摞儶扪䲚掌䟀₹␔㫇兎䲚㞾㖐᧨⥯㷳♹㦘⏗㞾㖐␔㫇兎䲚᧨㓜厌㦘戊摞儶扪䲚ᇭ扨䱜戊摞
儶扪䲚␔㫇兎䲚⃚梃1:1䤓␂侊䱿⺈䤓兎䲚㲰⨚᧨Ⱁ⦍12-3㓏䯉ᇭ
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䟀ℝ␔㫇兎䲚䤓㞾㖐᧨㹞₹戊摞儶扪䲚掌㒟₹䕻䵚䤓庒ㄵ◤⏒᧨☂∎㦘₹戊摞儶
扪䲚⦷侊兮庒䞷₼棊⫭ℕ᧨⃮ₜ↩㈀❜㠃₹扪䲚其兼ぴ⇫᧨⇕㢾戊摞儶扪䲚␆㦘⸒䤓⻏棟
㊶᧶氥⏗᧨䟀ℝ㢾⪉ℝ␔㫇兎䲚⸭䘿䤓᧨㓏ⅴ⚓䱜兎䲚㝜⇫᧨Ⱁ⒪ㆉᇬ㨟㨓♙⚛㷴᧨掌榏尐
扪嫛侊兮庒䞷ᇭ力侊兮庒䞷䤓ⅲↆ䦇⺈戒浧᧨榏尐⦷䞷㓆㊐᧤User Mode᧥✛␔㫇㊐᧤Kernel
Mode᧥₼㧴⥭⒖㗱ᇭ␅㶰᧨㹞₹戊摞儶扪䲚掌榏尐㦘₹␔㫇兎䲚䤓㞾㖐᧨⥯㷳戊摞儶扪
䲚尐䀗劦⸩䤓␔㫇忓䄟᧤Ⱁ␔㫇兎䲚䤓㪗䴉梃᧥᧨⥯㷳₹侊兮㞾㖐戊摞儶扪䲚䤓㟿摞㢾
㦘棟䤓ᇭ

2.∎䞷䞷㓆兎䲚⸭䘿

⅝ㄎ⃘ₙ㧴幁᧨₹兎䲚♹尐ₜ㢾␔㫇兎䲚᧨⻀♾ⅴ帳㢾䞷㓆兎䲚᧤User
Thread,UT᧥᧨⥯㷳᧨⅝扨₹⸩⃘ₙ㧴幁᧨戊摞儶扪䲚⃮⻭ℝ䞷㓆兎䲚᧨⇕戊摞儶扪䲚䤓⸭
䘿ⱚ兗㢾ㆉ䵚⦷␔㫇⃚ₙ䤓᧨幇⮩㝜⇫掌尐扪嫛侊兮庒䞷᧨㟗䘖↩♦Ⓙ棟Ⓟᇭ

力䕼⃘ₙ䤓䞷㓆兎䲚㖖䤓㢾⸛⏷ㆉ䵚⦷䞷㓆䴉梃䤓兎䲚ㄢₙ᧨侊兮␔㫇ₜ厌㎮䩴兎䲚ⷧ
⦷䤓⸭䘿ᇭ䞷㓆兎䲚䤓ㆉ䵚ᇬ⚛㷴ᇬ枏㹐✛庒ㄵ⸛⏷⦷䞷㓆㊐₼⸛㒟᧨ₜ榏尐␔㫇䤓ソ┸ᇭ
Ⱁ㨫䲚ㄞ⸭䘿㈦㇢᧨扨䱜兎䲚ₜ榏尐⒖㗱Ⓙ␔㫇㊐᧨⥯㷳㝜⇫♾ⅴ㢾槭デ㉺抮₣⇝䀗劦䤓᧨
⃮♾ⅴ㞾㖐屓㲰㦃⮶䤓兎䲚㟿摞᧨捷⒕浧㊶厌㟿㗽ㄢ₼䤓⮩兎䲚⻀㢾䟀䞷㓆兎䲚⸭䘿䤓ᇭ扨
䱜扪䲚䞷㓆兎䲚⃚梃1᧶N䤓␂侊䱿⺈⮩䤓兎䲚㲰⨚᧨Ⱁ⦍12-4㓏䯉ᇭ
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∎䞷䞷㓆兎䲚䤓↧╎⦷ℝₜ榏尐侊兮␔㫇㞾㚃᧨┲╎⃮⦷ℝ㼰㦘侊兮␔㫇䤓㞾㚃᧨㓏㦘
䤓兎䲚㝜⇫掌榏尐䞷㓆䲚ㄞ呹む⮓䚕ᇭ兎䲚䤓⒪ㆉᇬ⒖㗱✛庒ㄵ掌㢾榏尐劒壠䤓桽欧᧨力₣
䟀ℝ㝜⇫侊兮♹㔙⮓䚕⣷忓䄟⒕揜Ⓙ扪䲚᧨挲庇Ⱁ“棊⫭Ⱁ⇤⮓䚕”ᇬ“⮩⮓䚕⣷侊兮₼Ⱁ⇤
⺕兎䲚㢯⺓Ⓙ␅Ⅵ⮓䚕⣷ₙ”扨伊桽欧屲⑂怆㧴⺕↩㆑デ⥿楍᧨䞩咂ₜ♾厌⸛㒟ᇭ⥯力∎䞷
䞷㓆兎䲚⸭䘿䤓䲚ㄞ咻掌㹣戒⮜㧑[1]᧨棳ℕⅴⓜ⦷ₜ㞾㖐⮩兎䲚䤓㝜⇫侊兮₼᧤ⰑDOS᧥
䤓⮩兎䲚䲚ㄞ⺠㟿㦘䔈㸙榏㻑䤓䲚ㄞ⮥᧨䘿⦷∎䞷䞷㓆兎䲚䤓䲚ㄞ怙㧴怙⺠ℕ᧨Javaᇬ
Ruby䷘幼岏掌㦍兞∎䞷扖䞷㓆兎䲚᧨㦏兗♗掌㟍㆒∎䞷⸒ᇭ

3.∎䞷䞷㓆兎䲚┯戊摞儶扪䲚䂆⚗⸭䘿

兎䲚棳ℕ∬忥␔㫇兎䲚⸭䘿✛⸛⏷䟀䞷㓆䲚ㄞ呹む⸭䘿⃚⮥᧨执㦘䱜⺕␔㫇兎䲚䞷
㓆兎䲚怆∎䞷䤓⸭䘿㡈㆞ᇭ⦷扨䱜䂆⚗⸭䘿ₚ᧨㡱ⷧ⦷䞷㓆兎䲚᧨⃮ⷧ⦷戊摞儶扪䲚ᇭ䞷
㓆兎䲚执㢾⸛⏷ㆉ䵚⦷䞷㓆䴉梃₼᧨⥯㷳䞷㓆兎䲚䤓⒪ㆉᇬ⒖㗱ᇬ㨟㨓䷘㝜⇫∬䏅ㅘↆ᧨ㄅ
₣♾ⅴ㞾㖐⮶屓㲰䤓䞷㓆兎䲚ㄅ♠ᇭ力㝜⇫侊兮㙟∪㞾㖐䤓戊摞儶扪䲚⒨⇫䞷㓆兎䲚✛␔
㫇兎䲚⃚梃䤓㫴㬐᧨扨㫆♾ⅴ∎䞷␔㫇㙟∪䤓兎䲚庒ㄵ┮厌♙⮓䚕⣷㢯⺓᧨ㄅ₣䞷㓆兎䲚䤓
侊兮庒䞷尐抩扖戊摞儶兎䲚㧴⸛㒟᧨⮶⮶棜⇝ℕ㠃₹扪䲚嬺⸛⏷棊⫭䤓歝棸ᇭ⦷扨䱜䂆⚗㲰
㆞₼᧨䞷㓆兎䲚戊摞儶扪䲚䤓㟿摞㹣㢾ₜ⸩䤓᧨☂N᧶M䤓␂侊᧨Ⱁ⦍12-5㓏䯉᧨扨䱜
⻀㢾⮩⺈⮩䤓兎䲚㲰⨚ᇭ

幇⮩UNIX侊⒦䤓㝜⇫侊兮᧨ⰑSolarisᇬHP-UX䷘掌㙟∪ℕN᧶M䤓兎䲚㲰⨚⸭䘿ᇭ
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4.Java兎䲚䤓⸭䘿

Java兎䲚⦷JDK 1.2⃚ⓜ᧨㢾⪉ℝ䱿“冎唁兎䲚”᧤Green Threads᧥䤓䞷㓆兎䲚⸭䘿䤓᧨
力⦷JDK 1.2₼᧨兎䲚㲰⨚㦎㗱⪉ℝ㝜⇫侊兮☮䞮兎䲚㲰⨚㧴⸭䘿ᇭ⥯㷳᧨⦷䥽ⓜ䤓JDK䓗
㦻₼᧨㝜⇫侊兮㞾㖐㊝㫆䤓兎䲚㲰⨚᧨⦷㈗⮶䲚ㄵₙ⑂⸩ℕJava壩㕮㧉䤓兎䲚㢾㊝㫆㢯⺓
䤓᧨扨䍈⦷ₜ⚛䤓♿ₙ㼰㦘┭㽤才㒟咃᧨壩㕮㧉屓喒₼⃮ㄅ㦹棟⸩Java兎䲚榏尐∎䞷❹
䱜兎䲚㲰⨚㧴⸭䘿ᇭ兎䲚㲰⨚♹⺈兎䲚䤓ㄅ♠屓㲰✛㝜⇫㒟㦻ℶ䞮㈀❜᧨⺈Java䲚ㄞ䤓冥䪐
✛扟嫛扖䲚㧴広᧨扨Kぽ㆑掌㢾択㢝䤓ᇭ

⺈ℝSun JDK㧴広᧨⸒䤓Windows䓗Linux䓗掌㢾∎䞷⺈䤓兎䲚㲰⨚⸭䘿䤓᧨㧰
Java兎䲚⻀㢯⺓Ⓙ㧰戊摞儶扪䲚⃚₼᧨⥯Windows✛Linux侊兮㙟∪䤓兎䲚㲰⨚⻀㢾⺈
䤓[2]ᇭ

力⦷Solaris♿₼᧨䟀ℝ㝜⇫侊兮䤓兎䲚䔈㊶♾ⅴ⚛㢅㞾㖐⺈᧤抩扖Bound Threads
㒥Alternate Libthread⸭䘿᧥♙⮩⺈⮩᧤抩扖LWP/Thread Based Synchronization⸭䘿᧥䤓兎䲚㲰
⨚᧨⥯㷳⦷Solaris䓗䤓JDK₼⃮⺈ㄣ㙟∪ℕ₳₹♿₢㦘䤓壩㕮㧉♑㟿᧶-XX᧶
+UseLWPSynchronization᧤照帳⋋᧥✛-XX᧶+UseBoundThreads㧴㢝䫽㖖⸩壩㕮㧉∎䞷❹䱜兎
䲚㲰⨚ᇭ

[1]㷳⮓㓏幁䤓“⮜㧑”“䲚ㄞ呹む⸛㒟兎䲚㝜⇫”᧨ㄅₜ棟Ⓟ䲚ㄞ₼㉔權冥ℕ⮜㧑䤓⸭䘿䞷
㓆兎䲚䤓ⅲ䪐᧨∎䞷䞷㓆兎䲚䤓䲚ㄞ᧨㈗⮩掌∬忥䔈⸩䤓兎䲚ㄢ㧴⸛㒟⪉㦻䤓兎䲚㝜⇫᧨扨
K⮜㧑㊶掌⺐孔⦷兎䲚ㄢ⃚₼ᇭ
[2]Windowsₚ㦘儳䲚▔᧤Fiber Package᧥᧨Linuxₚ⃮㦘NGPT᧤⦷2.4␔㫇䤓ⅲ᧥㧴⸭䘿
N᧶M㲰⨚᧨⇕㢾⸒ⅻ掌㼰㦘㒟㿐ᇭ



12.4.2ᇫJava兎䲚庒ㄵ

兎䲚庒ㄵ㢾㖖侊兮兎䲚⒕揜⮓䚕⣷∎䞷㧒䤓扖䲚᧨尐庒ㄵ㡈㆞㦘₳䱜᧨⒕Ⓔ㢾◞⚛
㆞兎䲚庒ㄵ᧤Cooperative Threads-Scheduling᧥✛㔱◯㆞兎䲚庒ㄵ᧤Preemptive Threads-
Scheduling᧥ᇭ

Ⱁ㨫∎䞷◞⚛㆞庒ㄵ䤓⮩兎䲚侊兮᧨兎䲚䤓㓶嫛㢅梃䟀兎䲚㦻愺㧴㘶Ⓟ᧨兎䲚㔙呹む䤓
ぴ⇫㓶嫛⸛ℕ⃚⚝᧨尐┷抩䩴侊兮⒖㗱Ⓙ♵⮥₹兎䲚ₙᇭ◞⚛㆞⮩兎䲚䤓㦏⮶Ⰼ⮓㢾⸭
䘿丏◤᧨力₣䟀ℝ兎䲚尐㔙呹む䤓ℚ㍔⸛⚝㓜↩扪嫛兎䲚⒖㗱᧨⒖㗱㝜⇫⺈兎䲚呹む㢾♾
䩴䤓᧨㓏ⅴ㼰㦘⅏⃗兎䲚⚛㷴䤓桽欧ᇭLua幼岏₼䤓“◞⚛√䲚”⻀㢾扨伊⸭䘿ᇭ⸒䤓⧞⮓⃮
㈗㢝㣍᧶兎䲚㓶嫛㢅梃ₜ♾㘶Ⓟ᧨䞩咂Ⱁ㨫₹兎䲚冥㦘桽欧᧨䦃ₜ⛙䩴侊兮扪嫛兎䲚
⒖㗱᧨挲⃗䲚ㄞ⻀↩䦃棊⫭⦷挲摛ᇭ㈗⃔ⅴⓜ䤓Windows 3.x侊兮⻀㢾∎䞷◞⚛㆞㧴⸭䘿
⮩扪䲚⮩↊┰䤓᧨䦇㇢ₜ䳂⸩᧨₹扪䲚⧩㖐ₜ常⒉CPU㓶嫛㢅梃⻀♾厌↩⺋咃㠃₹侊兮⾸
䄒ᇭ

Ⱁ㨫∎䞷㔱◯㆞庒ㄵ䤓⮩兎䲚侊兮᧨挲⃗㹞₹兎䲚⺕䟀侊兮㧴⒕揜㓶嫛㢅梃᧨兎䲚䤓⒖
㗱ₜ䟀兎䲚㦻愺㧴⑂⸩᧤⦷Java₼᧨Thread.yield᧤᧥♾ⅴ常⒉㓶嫛㢅梃᧨⇕㢾尐噆♥㓶嫛㢅
梃䤓幬᧨兎䲚㦻愺㢾㼰㦘⅏⃗┭㽤䤓᧥ᇭ⦷扨䱜⸭䘿兎䲚庒ㄵ䤓㡈㆞ₚ᧨兎䲚䤓㓶嫛㢅梃㢾
侊兮♾㘶䤓᧨⃮ₜ↩㦘₹兎䲚⺋咃㠃₹扪䲚棊⫭䤓桽欧᧨Java∎䞷䤓兎䲚庒ㄵ㡈㆞⻀㢾㔱
◯㆞庒ㄵ[1]ᇭⓜ槱㓏広䤓Windows 3.x䤓√䦇⺈᧨⦷Windows 9x/NT␔㫇₼⻀㢾∎䞷㔱◯
㆞㧴⸭䘿⮩扪䲚䤓᧨㇢₹扪䲚⒉ℕ桽欧᧨㒠ⅻ执♾ⅴ∎䞷↊┰丰䚕⣷㔙扨₹扪䲚“㧏㘘”᧨
力ₜ咂ℝ⺋咃侊兮⾸䄒ᇭ

夌䏅Java兎䲚庒ㄵ㢾侊兮呹┷⸛㒟䤓᧨⇕㢾㒠ⅻ执㢾♾ⅴ“ㆉ帽”侊兮全㩟K兎䲚⮩⒕揜
䍈㓶嫛㢅梃᧨♵⮥䤓K兎䲚⒨♾ⅴ⺠⒕揜䍈——扨欈㝜⇫♾ⅴ抩扖幍函兎䲚↧⏗儶㧴
⸛㒟ᇭJava幼岏␀幍函ℕ10₹儶Ⓔ䤓兎䲚↧⏗儶᧤Thread.MIN_PRIORITY咂
Thread.MAX_PRIORITY᧥᧨⦷₳₹兎䲚⚛㢅⮓ℝReady䕅㊐㢅᧨↧⏗儶怙浧䤓兎䲚怙⹈㢢嬺
侊兮折㕸㓶嫛ᇭ

ₜ扖᧨兎䲚↧⏗儶ㄅₜ㢾⮹槯廀᧨☮⥯㢾Java䤓兎䲚㢾抩扖㢯⺓Ⓙ侊兮䤓☮䞮兎䲚ₙ㧴
⸭䘿䤓᧨㓏ⅴ兎䲚庒ㄵ㦏兗执㢾♥⑂ℝ㝜⇫侊兮᧨夌䏅䘿⦷㈗⮩㝜⇫侊兮掌㙟∪兎䲚↧⏗儶
䤓㰑㊄᧨⇕㢾ㄅₜ屐㈦厌Java兎䲚䤓↧⏗儶⺈ㄣ᧨ⰑSolaris₼㦘2147483648᧤232᧥䱜
↧⏗儶᧨⇕Windows₼⻀♹㦘7䱜᧨㹣Java兎䲚↧⏗儶⮩䤓侊兮执Ⰼ広᧨₼梃䟨ₚ䍈䴉⇜⻀
♾ⅴℕ᧨⇕㹣Java兎䲚↧⏗儶⺠䤓侊兮᧨⻀ₜ㈦ₜ⒉䘿⑯₹↧⏗儶䦇⚛䤓㍔⑄ℕ᧨嫷12-1㣍
䯉ℕJava兎䲚↧⏗儶Windows兎䲚↧⏗儶⃚梃䤓⺈ㄣ␂侊᧨Windows♿䤓JDK₼∎䞷ℕ棳
THREAD_PRIORITY_IDLE⃚⮥䤓␅⇨6䱜兎䲚↧⏗儶ᇭ



ₙ㠖広Ⓙ“兎䲚↧⏗儶ㄅₜ㢾⮹槯廀”᧨ₜ⅔⅔㢾広⦷K♿ₙₜ⚛䤓↧⏗儶⸭棔↩♧
㈦䦇⚛扨䍈᧨执㦘␅Ⅵ㍔⑄常㒠ⅻₜ厌⮹∬忥↧⏗儶᧶↧⏗儶♾厌↩嬺侊兮呹嫛㟈♧ᇭ√
Ⱁ᧨⦷Windows侊兮₼ⷧ⦷₹䱿“↧⏗儶㘷扪⣷”᧤Priority Boosting᧨㇢䏅⸒♾ⅴ嬺␂桼
㘘᧥䤓┮厌᧨⸒䤓⮶咃⇫䞷⻀㢾㇢侊兮♠䘿₹兎䲚㓶嫛㈦䔈Ⓔ“╳⯚┹┪”䤓幬᧨♾厌↩怙
扖兎䲚↧⏗儶♊⸒⒕揜㓶嫛㢅梃ᇭ⥯㷳᧨㒠ⅻₜ厌⦷䲚ㄞ₼抩扖↧⏗儶㧴⸛⏷䫽⦿⒳㠼
兓䕅㊐掌Ready䤓兎䲚⺕↩⏗㓶嫛❹₹ᇭ

[1]⦷JDK⚝兼䓗㦻₼㦘♾厌↩㙟∪◞䲚᧤Coroutines᧥㡈㆞㧴扪嫛⮩↊┰⮓䚕᧨䦇␂忓㠨♾
♑屐᧶http://wikis.sun.com/display/mlvm/Coroutinesᇭ



12.4.3ᇫ䕅㊐懻㗱

Java幼岏⸩⃘ℕ5䱜兎䲚䕅㊐᧨⦷↊㎞₹㢅梃䍈᧨₹兎䲚♹厌㦘₣♹㦘␅₼䤓䱜
䕅㊐᧨扨5䱜䕅㊐⒕ⒺⰑₚᇭ

㠿ㆉ᧤New᧥᧶⒪ㆉ⚝⺩㦹⚾┷䤓兎䲚⮓ℝ扨䱜䕅㊐ᇭ

扟嫛᧤Runable᧥᧶Runable▔㕻ℕ㝜⇫侊兮兎䲚䕅㊐₼䤓Running✛Ready᧨⃮⻀㢾⮓ℝ㷳
䕅㊐䤓兎䲚㦘♾厌㷲⦷㓶嫛᧨⃮㦘♾厌㷲⦷䷘㈔䧏CPU⸒⒕揜㓶嫛㢅梃ᇭ

㡯棟㦮䷘㈔᧤Waiting᧥᧶⮓ℝ扨䱜䕅㊐䤓兎䲚ₜ↩嬺⒕揜CPU㓶嫛㢅梃᧨⸒ⅻ尐䷘㈔嬺
␅Ⅵ兎䲚㣍㆞⦿➳搡ᇭⅴₚ㡈㽤↩常兎䲚椆⏴㡯棟㦮䤓䷘㈔䕅㊐᧶

●㼰㦘幍函Timeout♑㟿䤓Object.wait᧤᧥㡈㽤ᇭ

●㼰㦘幍函Timeout♑㟿䤓Thread.join᧤᧥㡈㽤ᇭ

●LockSupport.park᧤᧥㡈㽤ᇭ

棟㦮䷘㈔᧤Timed Waiting᧥᧶⮓ℝ扨䱜䕅㊐䤓兎䲚⃮ₜ↩嬺⒕揜CPU㓶嫛㢅梃᧨ₜ扖㡯
權䷘㈔嬺␅Ⅵ兎䲚㣍㆞⦿➳搡᧨⦷⸩㢅梃⃚⚝⸒ⅻ↩䟀侊兮呹┷➳搡ᇭⅴₚ㡈㽤↩常兎䲚
扪⏴棟㦮䷘㈔䕅㊐᧶

●Thread.sleep᧤᧥㡈㽤ᇭ

●幍函ℕTimeout♑㟿䤓Object.wait᧤᧥㡈㽤ᇭ

●幍函ℕTimeout♑㟿䤓Thread.join᧤᧥㡈㽤ᇭ

●LockSupport.parkNanos᧤᧥㡈㽤ᇭ

●LockSupport.parkUntil᧤᧥㡈㽤ᇭ

棊⫭᧤Blocked᧥᧶兎䲚嬺棊⫭ℕ᧨“棊⫭䕅㊐”“䷘㈔䕅㊐”䤓◉Ⓔ㢾᧶“棊⫭䕅㊐”⦷䷘
㈔䧏噆♥Ⓙ₹㘡Ⅵ析᧨扨₹ℚↅ⺕⦷♵⮥₹兎䲚㟍㆒扨₹析䤓㢅⊨♠䞮᧷力“䷘㈔䕅
㊐”⒨㢾⦷䷘㈔㹄㢅梃᧨㒥劔➳搡┷⇫䤓♠䞮ᇭ⦷䲚ㄞ䷘㈔扪⏴⚛㷴◉⩮䤓㢅⊨᧨兎䲚⺕
扪⏴扨䱜䕅㊐ᇭ

兢㧮᧤Terminated᧥᧶め兗㷱兎䲚䤓兎䲚䕅㊐᧨兎䲚め兞兢㧮㓶嫛ᇭ

ₙ承5䱜䕅㊐⦷拖Ⓙ䔈⸩ℚↅ♠䞮䤓㢅⊨⺕↩℡䦇懻㗱᧨⸒ⅻ䤓懻㗱␂侊Ⱁ⦍12-6㓏
䯉ᇭ



⦍ᇫ12-6ᇫ兎䲚䕅㊐懻㗱␂侊



12.5ᇫ㦻䵯⺞兢
㦻䵯₼᧨㒠ⅻ氥⏗ℕ屲ℕ壩㕮㧉Java␔ⷧ㲰⨚䤓兢㨓♙㝜⇫᧨䏅⚝幁屲ℕ☮㊶ᇬ♾屐

㊶ᇬ㦘ㄞ㊶⦷Java␔ⷧ㲰⨚₼䤓⇢䘿᧨㦏⚝⅚兜ℕ⏗嫛♠䞮☮⒨䤓屓⒨♙∎䞷ᇭ♵⮥᧨㒠ⅻ
执ℕ屲ℕ兎䲚⦷Java幼岏⃚₼㢾Ⱁ⇤⸭䘿䤓ᇭ

␂ℝ“浧㟗ㄅ♠”扨₹幬欧᧨⦷㦻䵯₼尐⅚兜ℕ壩㕮㧉Ⱁ⇤⸭䘿“ㄅ♠”᧨⦷䶻13䵯₼᧨
㒠ⅻ䤓尐␂㽷䍈⺕㢾壩㕮㧉Ⱁ⇤⸭䘿“浧㟗”᧨ⅴ♙壩㕮㧉⺈㒠ⅻ冥䤓ㄅ♠ⅲ䪐㙟∪ℕ⅏
⃗㫆䤓↧▥㓚㹄ᇭ



䶻13䵯ᇫ兎䲚⸘⏷析↧▥
ㄅ♠⮓䚕䤓ㄎ㽪ㄣ䞷㢾∎㈦Amdahl⸩㈚ⅲ㦎㛸⺣⸩㈚㒟帰並㧉㊶厌♠⻤䄟┷┪䤓㫈㦻

☮⥯᧨⃮㢾ⅉ伊“☚㰷”帰並㧉扟並厌┪䤓㦏㦘┪㷵⣷ᇭ

13.1ᇫ㰑承
⦷懾ↅ₩♠⻤䤓⒬㦮᧨䲚ㄞ冥掌㢾ⅴ並㽤㫇㉒䤓᧨䲚ㄞ⛧↩㔙㟿㗽✛扖䲚⒕Ⓔ⇫

䕻䵚䤓捷⒕㧴劒壠᧨㟿㗽ⅲ嫷桽欧䴉梃₼䤓⸱⇢᧨䲚ㄞⅲ䪐⒨䞷ℝ⮓䚕扨K㟿㗽᧨扨䱜㊬冃
㡈㆞䦃㘴䵨⦷帰並㧉䤓屡ㄵ♊㕌廰桽欧✛屲⑂桽欧᧨䱿槱⚠扖䲚䤓冥䲚㊬㎂ᇭ㷳䦇⺈䤓
㢾᧨槱⚠⺈廰䤓冥䲚㊬㎂㢾䵨⦷䘿⸭₥䟛䤓屡ㄵ♊㕌廰✛屲⑂桽欧᧨⸒㔙㟿㗽✛嫛掌䦚⋩
㢾⺈廰䤓捷⒕᧨扨㫆♾ⅴ常䲚ㄞ⛧厌ⅴ䶵⚗䘿⸭₥䟛䤓㊬冃㡈㆞㧴冥✛兓兖䲚ㄞᇭ

槱⚠扖䲚䤓冥䲚㊬㎂㨐⮶⦿㙟◖ℕ䘿ⅲ懾ↅ♠䤓䞮ℶ㟗䘖✛懾ↅ♾ⅴ才Ⓙ䤓屓㲰᧨⇕
㢾䘿⸭₥䟛帰並㧉₥䟛⃚梃ₜ♾挎⏜⦿ⷧ⦷Kぽ㆑ᇭ√Ⱁ᧨ⅉⅻ㈗楍㎂廰䘿⸭₼䤓⺈廰
⦷欈ぴ⇫扪嫛㦮梃᧨↩嬺ₜ⋫⦿₼㠼✛⒖㗱᧨⺈廰䤓⻭㊶᧤㟿㗽᧥♾厌↩⦷₼㠼㦮梃嬺≽
㟈✛♧“厞”᧨力扨Kℚↅ⦷帰並㧉₥䟛₼⒨㢾㈗㷲デ䤓ℚ㍔ᇭ㦘㢅⊨᧨哾Ⰼ䤓幍帰☮⒨ₜ㈦
ₜ⚠䘿⸭⋩⒉K常㷴᧨㒠ⅻ㉔權常䲚ㄞ⦷帰並㧉₼㷲䫽㡯幾⦿扟嫛᧨䏅⚝␜劒壠Ⱁ⇤⺕ⅲ
䪐兓兖㈦㦃Ⰼ᧨常䲚ㄞ扟嫛㈦㦃㉺ᇭ⺈ℝ扨捷⒕䤓欧“浧㟗ㄅ♠”㧴幁᧨氥⏗榏尐≬幐ㄅ♠
䤓㷲䫽㊶᧨䏅⚝⦷㷳⪉䫏ₙ⸭䘿浧㟗ᇭ㦻䵯⏗⅝Ⱁ⇤≬幐ㄅ♠䤓㷲䫽㊶✛Ⱁ⇤⸭䘿兎䲚⸘⏷
幁怆ᇭ



13.2ᇫ兎䲚⸘⏷
“兎䲚⸘⏷”扨₹⚜䱿᧨䦇≰䲜㦘兞洛䤓䲚ㄞ⛧掌↩⚻広扖᧨䞩咂⦷ⅲ䪐冥✛忿㩴䤓㢅

⊨♾厌执↩兞デ㖑⦷⣃扈᧨⇕㢾Ⱁ⇤㔍Ⓙ₹ₜ⮹㕦♲䤓㰑㊄㧴⸩⃘兎䲚⸘⏷☃ₜ㢾ↅ⹈
㢢䤓ℚ㍔᧨䶣劔⺬幤⦷Google₼㚫侱⸒䤓㰑㊄᧨㔍Ⓙ䤓㢾伊⇋ℝ“Ⱁ㨫₹⺈廰♾ⅴ⸘⏷⦿
嬺⮩₹兎䲚⚛㢅∎䞷᧨挲⸒⻀㢾兎䲚⸘⏷䤓”扨㫆䤓⸩⃘——ㄅₜ厌広⸒ₜ㷲䫽᧨⇕㢾ⅉⅻ
㡯㽤⅝₼噆♥Ⓙ↊⇤㦘䞷䤓≰㋾ᇭ

䶣劔帳ᇵJava Concurrency In Practiceᇶ䤓⇫劔Brian Goetz⺈“兎䲚⸘⏷”㦘₹㹣戒㋿㇢
䤓⸩⃘᧶“㇢⮩₹兎䲚幎桽₹⺈廰㢅᧨Ⱁ㨫ₜ䞷劒壠扨K兎䲚⦷扟嫛㢅䘾⬒ₚ䤓庒ㄵ✛ℳ
㦎㓶嫛᧨⃮ₜ榏尐扪嫛欬⮥䤓⚛㷴᧨㒥劔⦷庒䞷㡈扪嫛↊⇤␅Ⅵ䤓◞庒㝜⇫᧨庒䞷扨₹⺈廰
䤓嫛掌♾ⅴ噆㈦㷲䫽䤓兢㨫᧨挲扨₹⺈廰㢾兎䲚⸘⏷䤓”ᇭ

扨₹⸩⃘㹣戒₴康᧨⸒尐㻑兎䲚⸘⏷䤓ⅲ䪐掌㉔權␆₹䔈㈐᧶ⅲ䪐㦻愺⺐孔ℕ㓏㦘
㉔尐䤓㷲䫽㊶≬椫㓚㹄᧤Ⱁ℡㠴⚛㷴䷘᧥᧨ⅳ庒䞷劔㡯權␂㉒⮩兎䲚䤓桽欧᧨㦃㡯權呹む摖
♥↊⇤㘹㡌㧴≬幐⮩兎䲚䤓㷲䫽庒䞷ᇭ扨䍈⚻怆㧴丏◤᧨⇕␅⸭ㄅₜ⹈㢢⋩Ⓙ᧨⦷⮶⮩㟿⧉
㣾₼᧨㒠ⅻ掌↩⺕扨₹⸩⃘㇀▥K᧨Ⱁ㨫㔙“庒䞷扨₹⺈廰䤓嫛”棟⸩“◤㶰庒䞷”᧨扨
₹⸩⃘䤓␅Ⅵ㙞承⃮厌⮮㒟䵚䤓幬᧨㒠ⅻ⻀♾ⅴ䱿⸒㢾兎䲚⸘⏷ℕ᧨⅏⃗尐㇀▥扨₹⸩
⃘᧨䘿⦷㤑₣㟍ₚ᧨䲜⚝␜幵兕㘱帷ᇭ

13.2.1ᇫJava幼岏₼䤓兎䲚⸘⏷

㒠ⅻめ兞㦘ℕ兎䲚⸘⏷䤓₹㕌廰⸩⃘᧨挲㘴ₚ㧴⻀帷幉ₚ⦷Java幼岏₼᧨兎䲚⸘⏷
␆⇢㢾Ⱁ⇤⇢䘿䤓᧻㦘❹K㝜⇫㢾兎䲚⸘⏷䤓᧻㒠ⅻ扨摛帷幉䤓兎䲚⸘⏷᧨⻀棟⸩ℝ⮩₹兎
䲚⃚梃ⷧ⦷␀℺㟿㗽幎桽扨₹ⓜ㙟᧨⥯Ⱁ㨫㹄ⅲ䪐㫈㦻ₜ↩␅Ⅵ兎䲚␀℺㟿㗽᧨挲⃗
⅝兎䲚⸘⏷䤓屡ㄵ㧴䦚᧨䲚ㄞ㢾嫛㓶嫛执㢾⮩兎䲚㓶嫛⺈⸒㧴広㢾⸛⏷㼰㦘◉Ⓔ䤓ᇭ

ℕ㦃┯䂀⏴⦿䚕屲兎䲚⸘⏷᧨⦷扨摛㒠ⅻ♾ⅴₜ㔙兎䲚⸘⏷㇢⋩₹槭䦮☂⋖䤓ℛ⏒
㘡Ⅵ折欈㧴䦚㈔᧨㖘䏶兎䲚⸘⏷䤓“⸘⏷䲚ㄵ”䟀㇉咂㇀㧴㘡ㄞ᧨㒠ⅻ[1]♾ⅴ⺕Java幼岏₼⚓䱜
㝜⇫␀℺䤓㟿㗽⒕ⅴₚ5伊᧶ₜ♾♧ᇬ公⺈兎䲚⸘⏷ᇬ䦇⺈兎䲚⸘⏷ᇬ兎䲚␋⹈✛兎䲚⺈
䵚ᇭ

1.ₜ♾♧

⦷Java幼岏₼᧤䔈㖖JDK 1.5ⅴ⚝᧨☂Java␔ⷧ㲰⨚嬺≽㷲⃚⚝䤓Java幼岏᧥᧨ₜ♾♧
᧤Immutable᧥䤓⺈廰⸩㢾兎䲚⸘⏷䤓᧨㡯幉㢾⺈廰䤓㡈㽤⸭䘿执㢾㡈㽤䤓庒䞷劔᧨掌ₜ榏
尐␜摖♥↊⇤䤓兎䲚⸘⏷≬椫㘹㡌᧨⦷䶻12䵯㒠ⅻ店Ⓙfinal␂枽ⷦサ㧴䤓♾屐㊶㢅㦍兞㙟Ⓙ
扖扨䍈᧨♹尐₹ₜ♾♧䤓⺈廰嬺㷲䫽⦿㨓ㆉ⒉㧴᧤㼰㦘♠䞮thisㆤ䞷抒拇䤓㍔⑄᧥᧨挲
␅⮥捷䤓♾屐䕅㊐㻇扫⃮ₜ↩㟈♧᧨㻇扫⃮ₜ↩䦚Ⓙ⸒⦷⮩₹兎䲚⃚₼⮓ℝₜ咃䤓䕅㊐ᇭ
“ₜ♾♧”サ㧴䤓⸘⏷㊶㢾㦏丏◤✛㦏儾佈䤓ᇭ

Java幼岏₼᧨Ⱁ㨫␀℺㟿㗽㢾₹⪉㦻㟿㗽伊⨚᧨挲⃗♹尐⦷⸩⃘㢅∎䞷final␂枽ⷦ≽
毿⸒⻀♾ⅴ≬幐⸒㢾ₜ♾♧䤓ᇭⰑ㨫␀℺㟿㗽㢾₹⺈廰᧨挲⻀榏尐≬幐⺈廰䤓嫛ₜ↩⺈
␅䕅㊐ℶ䞮↊⇤㈀❜㓜嫛᧨Ⱁ㨫床劔执㼰㎂㢝䤌扨♴幬᧨ₜⰷ㎂㎂java.lang.String伊䤓⺈
廰᧨⸒㢾₹␇⨚䤓ₜ♾♧⺈廰᧨㒠ⅻ庒䞷⸒䤓substring᧤᧥ᇬreplace᧤᧥✛concat᧤᧥扨K
㡈㽤掌ₜ↩㈀❜⸒☮㧴䤓⋋᧨♹↩扣⥭₹㠿㨓抯䤓ⷦ䶵⺈廰ᇭ



≬幐⺈廰嫛ₜ㈀❜呹む䕅㊐䤓抣㈓㦘㈗⮩䱜᧨␅₼㦏丏◤䤓⻀㢾㔙⺈廰₼サ㦘䕅㊐䤓
♧摞掌⭿㢝final᧨扨㫆⦷㨓抯⒌㟿兢㧮⃚⚝᧨⸒⻀㢾ₜ♾♧䤓᧨√Ⱁⅲ䪐䂔◤13-1₼
java.lang.Integer㨓抯⒌㟿㓏䯉䤓᧨⸒抩扖⺕␔捷䕅㊐♧摞value⸩⃘final㧴≬椫䕅㊐ₜ♧ᇭ

ⅲ䪐䂔◤13-1ᇫJDK₼Integer伊䤓㨓抯⒌㟿

/**
*The value of the᧸code᧺Integer᧸/code᧺.
*@serial
*/
private final int value᧷
/**
*Constructs a newly allocated᧸code᧺Integer᧸/code᧺object that
*represents the specified᧸code᧺int᧸/code᧺value.
*
*@param value the value to be represented by the
*᧸code᧺Integer᧸/code᧺object.
*/
public Integer᧤int value᧥{
this.value=value᧷
}

⦷Java API₼䶵⚗ₜ♾♧尐㻑䤓伊⨚᧨棳ℕₙ槱㙟Ⓙ䤓String⃚⮥᧨デ䞷䤓执㦘㨩伊
⨚᧨ⅴ♙java.lang.Number䤓捷⒕伊᧨ⰑLong✛Double䷘㟿⋋▔孔伊⨚᧨BigInteger✛
BigDecimal䷘⮶㟿㗽伊⨚᧷⇕⚛Number䤓伊⨚䤓☮伊AtomicInteger✛AtomicLong⒨ㄅ
槭ₜ♾♧䤓᧨床劔ₜⰷ䦚䦚扨₳₹☮伊䤓䄟䪐᧨㎂㎂⅏⃗ᇭ

2.公⺈兎䲚⸘⏷

公⺈䤓兎䲚⸘⏷⸛⏷䅰恂Brian Goetz全⒉䤓兎䲚⸘⏷䤓⸩⃘᧨扨₹⸩⃘␅⸭㢾㈗₴㫋
䤓᧨₹伊尐才Ⓙ“ₜ丰扟嫛㢅䘾⬒Ⱁ⇤᧨庒䞷劔掌ₜ榏尐↊⇤欬⮥䤓⚛㷴㘹㡌”抩デ榏尐Ⅷ
⒉㈗⮶䤓᧨䞩咂㦘㢅⊨㢾ₜ⒖⸭棔䤓ⅲↆᇭ⦷Java API₼㪖㽷呹む㢾兎䲚⸘⏷䤓伊᧨⮶⮩㟿
掌ₜ㢾公⺈䤓兎䲚⸘⏷ᇭ㒠ⅻ♾ⅴ抩扖Java API₼₹ₜ㢾“公⺈兎䲚⸘⏷”䤓兎䲚⸘⏷伊㧴
䦚䦚扨摛䤓“公⺈”㢾⅏⃗㎞㊬ᇭ

Ⱁ㨫広java.util.Vector㢾₹兎䲚⸘⏷䤓⹈⣷᧨䦇≰㓏㦘䤓Java䲚ㄞ⛧⺈㷳掌ₜ↩㦘㆑
帽᧨⥯⸒䤓add᧤᧥ᇬget᧤᧥✛size᧤᧥扨伊㡈㽤掌㢾嬺synchronized≽毿䤓᧨⻌丰扨㫆㟗
䘖㈗⇝᧨⇕䫽⸭㢾⸘⏷䤓ᇭ⇕㢾᧨☂∎⸒㓏㦘䤓㡈㽤掌嬺≽毿㒟⚛㷴᧨⃮ₜ㎞✂䧏庒䞷⸒䤓
㢅⊨㻇扫掌ₜ␜榏尐⚛㷴㓚㹄ℕ᧨庆䦚ₚⅲ䪐䂔◤13-2₼䤓㿚幤ⅲ䪐ᇭ

ⅲ䪐䂔◤13-2ᇫ⺈Vector兎䲚⸘⏷䤓㿚幤

private static Vector᧸Integer᧺vector=new Vector᧸Integer᧺᧤᧥᧷
public static void main᧤String[]args᧥{
while᧤true᧥{
for᧤int i=0᧷i᧸10᧷i++᧥{
vector.add᧤i᧥᧷
}
Thread removeThread=new Thread᧤new Runnable᧤᧥{
@Override
public void run᧤᧥{
for᧤int i=0᧷i᧸vector.size᧤᧥᧷i++᧥{
vector.remove᧤i᧥᧷
}
}
}᧥᧷
Thread printThread=new Thread᧤new Runnable᧤᧥{
@Override
public void run᧤᧥{
for᧤int i=0᧷i᧸vector.size᧤᧥᧷i++᧥{
System.out.println᧤᧤vector.get᧤i᧥᧥᧥᧷
}
}
}᧥᧷
removeThread.start᧤᧥᧷
printThread.start᧤᧥᧷
//ₜ尐⚛㢅ℶ䞮扖⮩䤓兎䲚᧨⚵⒨↩⺋咃㝜⇫侊兮⋖㸊
while᧤Thread.activeCount᧤᧥᧺20᧥᧷
}
}



扟嫛兢㨫Ⱁₚ᧶

Exception in thread"Thread-132"java.lang.ArrayIndexOutOfBoundsException᧶
Array index out of range᧶17
at java.util.Vector.remove᧤Vector.java᧶777᧥
at org.fenixsoft.mulithread.VectorTest$1.run᧤VectorTest.java᧶21᧥
at java.lang.Thread.run᧤Thread.java᧶662᧥

㈗㢝㣍᧨⻌丰扨摛∎䞷Ⓙ䤓Vector䤓get᧤᧥ᇬremove᧤᧥✛size᧤᧥㡈㽤掌㢾⚛㷴䤓᧨
⇕㢾⦷⮩兎䲚䤓䘾⬒₼᧨Ⱁ㨫ₜ⦷㡈㽤庒䞷䵾⋩欬⮥䤓⚛㷴㘹㡌䤓幬᧨∎䞷扨㹄ⅲ䪐⅜䏅㢾
ₜ⸘⏷䤓᧨⥯Ⱁ㨫♵₹兎䲚㋿Ⰼ⦷枨幾䤓㢅梃摛⒯棳ℕ₹⏒侯᧨⺋咃ㄞ⚆iめ兞ₜ␜
♾䞷䤓幬᧨␜䞷i幎桽㟿兓⻀↩㔪⒉₹ArrayIndexOutOfBoundsExceptionᇭⰑ㨫尐≬幐扨㹄ⅲ
䪐厌㷲䫽㓶嫛ₚ♊᧨㒠ⅻₜ㈦ₜ㔙removeThread✛printThread䤓⸩⃘㟈㒟Ⱁⅲ䪐䂔◤13-3㓏
䯉䤓㫆ᇭ

ⅲ䪐䂔◤13-3ᇫ㉔權┯⏴⚛㷴ⅴ≬幐Vector幎桽䤓兎䲚⸘⏷㊶

Thread removeThread=new Thread᧤new Runnable᧤᧥{
@Override
public void run᧤᧥{
synchronized᧤vector᧥{
for᧤int i=0᧷i᧸vector.size᧤᧥᧷i++᧥{
vector.remove᧤i᧥᧷
}
}
}
}᧥᧷
Thread printThread=new Thread᧤new Runnable᧤᧥{
@Override
public void run᧤᧥{
synchronized᧤vector᧥{
for᧤int i=0᧷i᧸vector.size᧤᧥᧷i++᧥{
System.out.println᧤᧤vector.get᧤i᧥᧥᧥᧷
}
}
}
}᧥᧷

3.䦇⺈兎䲚⸘⏷

䦇⺈䤓兎䲚⸘⏷⻀㢾㒠ⅻ抩デ㎞⃘ₙ㓏幁䤓兎䲚⸘⏷᧨⸒榏尐≬幐⺈扨₹⺈廰◤䕻䤓㝜
⇫㢾兎䲚⸘⏷䤓᧨㒠ⅻ⦷庒䞷䤓㢅⊨ₜ榏尐⋩欬⮥䤓≬椫㘹㡌᧨⇕㢾⺈ℝK䔈⸩欉ㄞ䤓扭
兼庒䞷᧨⻀♾厌榏尐⦷庒䞷䵾∎䞷欬⮥䤓⚛㷴㓚㹄㧴≬幐庒䞷䤓㷲䫽㊶ᇭₙ槱ⅲ䪐䂔◤13-2
✛ⅲ䪐䂔◤13-3⻀㢾䦇⺈兎䲚⸘⏷䤓㢝㣍䤓㫗√ᇭ

⦷Java幼岏₼᧨⮶捷⒕䤓兎䲚⸘⏷伊掌⻭ℝ扨䱜伊⨚᧨√ⰑVectorᇬHashTableᇬ
Collections䤓synchronizedCollection᧤᧥㡈㽤▔孔䤓楕⚗䷘ᇭ

4.兎䲚␋⹈

兎䲚␋⹈㢾㖖⺈廰㦻愺ㄅₜ㢾兎䲚⸘⏷䤓᧨⇕㢾♾ⅴ抩扖⦷庒䞷䵾㷲䫽⦿∎䞷⚛㷴㓚㹄
㧴≬幐⺈廰⦷ㄅ♠䘾⬒₼♾ⅴ⸘⏷⦿∎䞷᧨㒠ⅻデ広₹伊ₜ㢾兎䲚⸘⏷䤓᧨公⮶⮩㟿㢅
⊨㖖䤓㢾扨䱜㍔⑄ᇭJava API₼⮶捷⒕䤓伊掌㢾⻭ℝ兎䲚␋⹈䤓᧨Ⱁⓜ槱䤓Vector✛
HashTable䦇⺈ㄣ䤓楕⚗伊ArrayList✛HashMap䷘ᇭ

5.兎䲚⺈䵚

兎䲚⺈䵚㢾㖖㡯幉庒䞷䵾㢾⚵摖♥ℕ⚛㷴㘹㡌᧨掌㡯㽤⦷⮩兎䲚䘾⬒₼ㄅ♠∎䞷䤓ⅲ
䪐ᇭ䟀ℝJava幼岏⮸䞮⻀␆⮩兎䲚䔈㊶᧨兎䲚⺈䵚扨䱜㘡㠴⮩兎䲚䤓ⅲ䪐㢾㈗⺠⒉䘿䤓᧨
力₣抩デ掌㢾㦘⹂䤓᧨ㄣ㇢⻌摞挎⏜ᇭ



₹兎䲚⺈䵚䤓√㢾Thread伊䤓suspend᧤᧥✛resume᧤᧥㡈㽤᧨Ⱁ㨫㦘₳₹兎䲚⚛㢅
㖐㦘₹兎䲚⺈廰᧨₹⺬幤♊₼㠼兎䲚᧨♵₹⺬幤♊㋱⮜兎䲚᧨Ⱁ㨫ㄅ♠扪嫛䤓幬᧨㡯
幉庒䞷㢅㢾⚵扪嫛ℕ⚛㷴᧨䥽㪖兎䲚掌㢾ⷧ⦷㸊析歝棸䤓᧨Ⱁ㨫suspend᧤᧥₼㠼䤓兎䲚⻀㢾
☂⺕尐㓶嫛resume᧤᧥䤓挲₹兎䲚᧨挲⻀匾⸩尐ℶ䞮㸊析ℕᇭ⃮㷲㢾䟀ℝ扨₹☮
⥯᧨suspend᧤᧥✛resume᧤᧥㡈㽤め兞嬺JDK⭿㢝ㄮ㆒᧤@Deprecated᧥ℕᇭデ屐䤓兎䲚⺈䵚
䤓㝜⇫执㦘System.setIn᧤᧥ᇬSytem.setOut᧤᧥✛System.runFinalizersOnExit᧤᧥䷘ᇭ

[1]扨䱜⒡⒕㡈㽤⃮㢾Brian Goetz⦷IBM developWorkersₙ♠嫷䤓乖幉㠖₼㙟⒉䤓᧨扨摛
“㒠ⅻ”儾佈㢾䶣劔ₚ䶣嫛㠖₼䤓幼岏䞷㽤ᇭ



13.2.2ᇫ兎䲚⸘⏷䤓⸭䘿㡈㽤

ℕ屲ℕ⅏⃗㢾兎䲚⸘⏷⃚⚝᧨侶㘴䧏䤓₹桽欧⻀㢾㒠ⅻㄣ年Ⱁ⇤⸭䘿兎䲚⸘⏷᧨扨⚻
怆㧴⇋⃝㢾ↅ䟀ⅲ䪐Ⱁ⇤冥㧴⑂⸩䤓ℚ㍔᧨䫽⸭᧨Ⱁ⇤⸭䘿兎䲚⸘⏷ⅲ䪐冥㦘㈗⮶
䤓␂侊᧨⇕壩㕮㧉㙟∪䤓⚛㷴✛析㧉Ⓟ⃮怆Ⓙℕ槭デ摜尐䤓⇫䞷ᇭ㦻唑₼᧨ⅲ䪐冥Ⱁ⇤⸭
䘿兎䲚⸘⏷✛壩㕮㧉Ⱁ⇤⸭䘿⚛㷴析扨₳劔掌↩㦘㓏䀘♙᧨䦇⺈力岏㦃⋞摜⚝劔K᧨♹
尐床劔ℕ屲ℕ壩㕮㧉兎䲚⸘⏷㓚㹄䤓扟⇫扖䲚᧨呹む♊㊬劒ⅲ䪐Ⱁ⇤冥ㄅₜ㢾ↅ⥿楍䤓
ℚ㍔ᇭ

1.℡㠴⚛㷴

℡㠴⚛㷴᧤Mutual Exclusion᧢Synchronization᧥㢾デ屐䤓䱜ㄅ♠㷲䫽㊶≬椫㓚㹄ᇭ⚛㷴
㢾㖖⦷⮩₹兎䲚ㄅ♠幎桽␀℺㟿㗽㢅᧨≬幐␀℺㟿㗽⦷⚛₹㢅Ⓤ♹嬺₹᧤㒥劔㢾K᧨
∎䞷≰⚆摞䤓㢅⊨᧥兎䲚∎䞷ᇭ力℡㠴㢾⸭䘿⚛㷴䤓䱜㓚㹄᧨䟛◉᧤Critical
Section᧥ᇬ℡㠴摞᧤Mutex᧥✛≰⚆摞᧤Semaphore᧥掌㢾尐䤓℡㠴⸭䘿㡈㆞ᇭ⥯㷳᧨⦷扨
4₹ⷦ摛槱᧨℡㠴㢾⥯᧨⚛㷴㢾㨫᧷℡㠴㢾㡈㽤᧨⚛㷴㢾䥽䤓ᇭ

⦷Java₼᧨㦏⪉㦻䤓℡㠴⚛㷴㓚㹄⻀㢾synchronized␂枽ⷦ᧨synchronized␂枽ⷦ兞扖冥幠
⃚⚝᧨↩⦷⚛㷴⧦䤓ⓜ⚝⒕Ⓔㇱ㒟monitorenter✛monitorexit扨₳₹ⷦ唑䪐㖖ⅳ᧨扨₳₹ⷦ唑
䪐掌榏尐₹reference伊⨚䤓♑㟿㧴㖖㢝尐析⸩✛屲析䤓⺈廰ᇭⰑ㨫Java䲚ㄞ₼䤓
synchronized㢝䫽㖖⸩ℕ⺈廰♑㟿᧨挲⻀㢾扨₹⺈廰䤓reference᧷Ⱁ㨫㼰㦘㢝䫽㖖⸩᧨挲⻀㫈
㗽synchronized≽毿䤓㢾⸭√㡈㽤执㢾伊㡈㽤᧨♊♥⺈ㄣ䤓⺈廰⸭√㒥Class⺈廰㧴⇫析⺈
廰ᇭ

㫈㗽壩㕮㧉屓喒䤓尐㻑᧨⦷㓶嫛monitorenter㖖ⅳ㢅᧨氥⏗尐⺬幤噆♥⺈廰䤓析ᇭⰑ㨫扨
₹⺈廰㼰嬺析⸩᧨㒥劔㇢ⓜ兎䲚め兞㕴㦘ℕ挲₹⺈廰䤓析᧨㔙析䤓帰㟿⣷┯1᧨䦇ㄣ䤓᧨⦷
㓶嫛monitorexit㖖ⅳ㢅↩⺕析帰㟿⣷1᧨㇢帰㟿⣷0㢅᧨析⻀嬺摙㟍ᇭⰑ㨫噆♥⺈廰析⯀
徴᧨挲㇢ⓜ兎䲚⻀尐棊⫭䷘㈔᧨䦃Ⓙ⺈廰析嬺♵⮥₹兎䲚摙㟍㷱ᇭ

⦷壩㕮㧉屓喒⺈monitorenter✛monitorexit䤓嫛㙞承₼᧨㦘₳䍈㢾榏尐䔈Ⓔ㽷㎞䤓ᇭ氥
⏗᧨synchronized⚛㷴⧦⺈⚛㧰兎䲚㧴広㢾♾摜⏴䤓᧨ₜ↩⒉䘿呹む㔙呹む析㸊䤓桽欧ᇭ␅
㶰᧨⚛㷴⧦⦷め扪⏴䤓兎䲚㓶嫛⸛⃚ⓜ᧨↩棊⫭⚝槱␅Ⅵ兎䲚䤓扪⏴ᇭ䶻12䵯幁扖᧨Java䤓
兎䲚㢾㢯⺓Ⓙ㝜⇫侊兮䤓☮䞮兎䲚⃚ₙ䤓᧨Ⱁ㨫尐棊⫭㒥➳搡₹兎䲚᧨掌榏尐㝜⇫侊兮㧴
ソ㉨⸛㒟᧨扨⻀榏尐⅝䞷㓆㊐懻㗱Ⓙ㫇㉒㊐₼᧨⥯㷳䕅㊐懻㗱榏尐劦忈㈗⮩䤓⮓䚕⣷㢅梃ᇭ
⺈ℝⅲ䪐丏◤䤓⚛㷴⧦᧤Ⱁ嬺synchronized≽毿䤓getter᧤᧥㒥setter᧤᧥㡈㽤᧥᧨䕅㊐懻㗱䀗
劦䤓㢅梃㦘♾厌㹣䞷㓆ⅲ䪐㓶嫛䤓㢅梃执尐栎ᇭ㓏ⅴsynchronized㢾Java幼岏₼₹摜摞儶
᧤Heavyweight᧥䤓㝜⇫᧨㦘兞洛䤓䲚ㄞ⛧掌↩⦷䫽⸭㉔尐䤓㍔⑄ₚ㓜∎䞷扨䱜㝜⇫ᇭ力壩㕮
㧉㦻愺⃮↩扪嫛K↧▥᧨巻Ⱁ⦷抩䩴㝜⇫侊兮棊⫭兎䲚⃚ⓜ┯⏴㹄呹㡚䷘㈔扖䲚᧨挎⏜
欠僐⦿⒖⏴Ⓙ㫇㉒㊐⃚₼ᇭ

棳ℕsynchronized⃚⮥᧨㒠ⅻ执♾ⅴ∎䞷java.util.concurrent᧤ₚ㠖䱿J.U.C᧥▔₼䤓摜⏴析
᧤ReentrantLock᧥㧴⸭䘿⚛㷴᧨⦷⪉㦻䞷㽤ₙ᧨ReentrantLocksynchronized㈗䦇⇋᧨Ⅵⅻ掌
␆㫆䤓兎䲚摜⏴䔈㊶᧨♹㢾ⅲ䪐㽤ₙ㦘䍈◉Ⓔ᧨₹嫷䘿API⻑槱䤓℡㠴析
᧤lock᧤᧥✛unlock᧤᧥㡈㽤揜⚗try/finally幼♴⧦㧴⸛㒟᧥᧨♵₹嫷䘿☮䞮幼㽤⻑槱䤓℡
㠴析ᇭₜ扖᧨䦇㹣synchronized,ReentrantLock⬭┯ℕK浧儶┮厌᧨尐㦘ⅴₚ3欈᧶䷘㈔♾
₼㠼ᇬ♾⸭䘿⏻析᧨ⅴ♙析♾ⅴ兠⸩⮩₹㧰ↅᇭ



䷘㈔♾₼㠼㢾㖖㇢㖐㦘析䤓兎䲚栎㦮ₜ摙㟍析䤓㢅⊨᧨㷲⦷䷘㈔䤓兎䲚♾ⅴ折㕸㟍㆒䷘
㈔᧨㟈⮓䚕␅Ⅵℚ㍔᧨♾₼㠼䔈㊶⺈⮓䚕㓶嫛㢅梃槭デ栎䤓⚛㷴⧦㈗㦘ソ┸ᇭ

⏻析㢾㖖⮩₹兎䲚⦷䷘㈔⚛₹析㢅᧨㉔權㖘䏶䟂庆析䤓㢅梃欉ㄞ㧴∬㶰噆㈦析᧷力
槭⏻析⒨ₜ≬幐扨䍈᧨⦷析嬺摙㟍㢅᧨↊⇤₹䷘㈔析䤓兎䲚掌㦘㧉↩噆㈦析ᇭ
synchronized₼䤓析㢾槭⏻䤓᧨ReentrantLock照帳㍔⑄ₚ⃮㢾槭⏻䤓᧨⇕♾ⅴ抩扖サを⺣
⋋䤓㨓抯⒌㟿尐㻑∎䞷⏻析ᇭ

析兠⸩⮩₹㧰ↅ㢾㖖₹ReentrantLock⺈廰♾ⅴ⚛㢅兠⸩⮩₹Condition⺈廰᧨力⦷
synchronized₼᧨析⺈廰䤓wait᧤᧥✛notify᧤᧥㒥notifyAll᧤᧥㡈㽤♾ⅴ⸭䘿₹椟⚺䤓㧰
ↅ᧨Ⱁ㨫尐✛⮩ℝ₹䤓㧰ↅ␂勣䤓㢅⊨᧨⻀ₜ㈦ₜ欬⮥⦿䂊┯₹析᧨力ReentrantLock⒨
㡯權扨㫆⋩᧨♹榏尐⮩㶰庒䞷newCondition᧤᧥㡈㽤☂♾ᇭ

Ⱁ㨫榏尐∎䞷ₙ承┮厌᧨折䞷ReentrantLock㢾₹㈗Ⰼ䤓折㕸᧨挲Ⱁ㨫㢾⪉ℝ㊶厌劒壠
⛱᧻␂ℝsynchronized✛ReentrantLock䤓㊶厌桽欧᧨Brian Goetz⺈扨₳䱜析⦷JDK 1.5◤㫇⮓
䚕⣷᧨ⅴ♙JDK 1.5♛Xeon⮓䚕⣷䘾⬒ₚ⋩ℕ兓⚭⚟摞⺈㹣䤓⸭洛[1]᧨⸭洛兢㨫Ⱁ⦍13-1
✛⦍13-2㓏䯉ᇭ

⦍ᇫ13-1ᇫJDK 1.5ᇬ◤㫇⮓䚕⣷ₚ₳䱜析䤓⚭⚟摞⺈㹣

⅝⦍13-1✛⦍13-2♾ⅴ䦚⒉᧨⮩兎䲚䘾⬒ₚsynchronized䤓⚭⚟摞ₚ棜㈦槭デ₴摜᧨力
ReentrantLock⒨厌⪉㦻≬㖐⦷⚛₹㹣戒䳂⸩䤓㻃ₙᇭ␅広ReentrantLock㊶厌Ⰼ᧨执ₜ
Ⱁ広synchronized执㦘槭デ⮶䤓↧▥⇨⦿ᇭ⚝兼䤓㔏㦾♠⻤⃮幐㢝ℕ扨䍈᧨JDK 1.6₼┯⏴
ℕ㈗⮩朗⺈析䤓↧▥㘹㡌᧤13.3唑㒠ⅻ⻀↩幁屲扨K↧▥㘹㡌᧥᧨JDK 1.6♠を⃚⚝᧨ⅉⅻ⻀
♠䘿synchronizedReentrantLock䤓㊶厌⪉㦻ₙ㢾⸛⏷㖐ℕᇭ⥯㷳᧨Ⱁ㨫床劔䤓䲚ㄞ㢾∎䞷
JDK 1.6㒥ⅴₙ捷刁䤓幬᧨㊶厌⥯侯⻀ₜ␜㢾折㕸ReentrantLock䤓䚕䟀ℕ᧨壩㕮㧉⦷㦹㧴䤓㊶
厌㟈扪₼匾⸩⃮↩㦃┯⋞⚠ℝ☮䞮䤓synchronized᧨㓏ⅴ执㢾㙟⊰⦷synchronized厌⸭䘿榏㻑
䤓㍔⑄ₚ᧨↧⏗劒壠∎䞷synchronized㧴扪嫛⚛㷴ᇭ



⦍ᇫ13-2ᇫJDK 1.5ᇬ♛Xeon⮓䚕⣷ₚ₳䱜析䤓⚭⚟摞⺈㹣

2.槭棊⫭⚛㷴

℡㠴⚛㷴㦏尐䤓桽欧⻀㢾扪嫛兎䲚棊⫭✛➳搡㓏サ㧴䤓㊶厌桽欧᧨⥯㷳扨䱜⚛㷴⃮䱿
棊⫭⚛㷴᧤Blocking Synchronization᧥ᇭ⅝⮓䚕桽欧䤓㡈㆞ₙ広᧨℡㠴⚛㷴⻭ℝ䱜㍁屑䤓
ㄅ♠䷥䟴᧨㋊㢾帳♹尐ₜ♊⋩㷲䫽䤓⚛㷴㘹㡌᧤√Ⱁ┯析᧥᧨挲⻀匾⸩↩⒉䘿桽欧᧨㡯幉
␀℺㟿㗽㢾⚵䦮䤓↩⒉䘿䵭℘᧨⸒掌尐扪嫛┯析᧤扨摛帷幉䤓㢾㰑㊄㲰⨚᧨⸭棔ₙ壩㕮㧉↩
↧▥㘘㈗⮶捷⒕ₜ㉔尐䤓┯析᧥ᇬ䞷㓆㊐㫇㉒㊐懻㗱ᇬ冃㔳析帰㟿⣷✛㭏㩴㢾⚵㦘嬺棊⫭
䤓兎䲚榏尐➳搡䷘㝜⇫ᇭ椞䧏䫻ↅ㖖ⅳ楕䤓♠⻤᧨㒠ⅻ㦘ℕ♵⮥₹折㕸᧶⪉ℝ⑁䴐㭏㿚䤓
⃟屑ㄅ♠䷥䟴᧨抩≦⦿広᧨⻀㢾⏗扪嫛㝜⇫᧨Ⱁ㨫㼰㦘␅Ⅵ兎䲚℘䞷␀℺㟿㗽᧨挲㝜⇫⻀㒟
┮ℕ᧷Ⱁ㨫␀℺㟿㗽㦘℘䞷᧨ℶ䞮ℕ⑁䴐᧨挲⻀␜摖♥␅Ⅵ䤓嫴⌎㘹㡌᧤㦏デ屐䤓嫴⌎㘹㡌
⻀㢾ₜ㠼⦿摜幤᧨䦃Ⓙ㒟┮㷱᧥᧨扨䱜⃟屑䤓ㄅ♠䷥䟴䤓幇⮩⸭䘿掌ₜ榏尐㔙兎䲚㖑怆᧨
⥯㷳扨䱜⚛㷴㝜⇫䱿槭棊⫭⚛㷴᧤Non-Blocking Synchronization᧥ᇭ

⅏⃗䶣劔広∎䞷⃟屑ㄅ♠䷥䟴榏尐“䫻ↅ㖖ⅳ楕䤓♠⻤”㓜厌扪嫛⛱᧻⥯㒠ⅻ榏尐㝜
⇫✛⑁䴐㭏㿚扨₳₹㷴洳␆☮㊶᧨槯⅏⃗㧴≬幐⛱᧻Ⱁ㨫扨摛␜∎䞷℡㠴⚛㷴㧴≬幐⻀
⯀♊㎞⃘ℕ᧨㓏ⅴ㒠ⅻ♹厌槯䫻ↅ㧴⸛㒟扨ↅℚ㍔᧨䫻ↅ≬幐₹⅝幼⃘ₙ䦚怆㧴榏尐⮩㶰
㝜⇫䤓嫛♹抩扖㧰⮓䚕⣷㖖ⅳ⻀厌⸛㒟᧨扨伊㖖ⅳデ䞷䤓㦘᧶

㿚幤ㄅ幍函᧤Test-and-Set᧥ᇭ

噆♥ㄅ⬭┯᧤Fetch-and-Increment᧥ᇭ

ℳ㗱᧤Swap᧥ᇭ

㹣戒ㄅℳ㗱᧤Compare-and-Swap᧨ₚ㠖䱿CAS᧥ᇭ

┯戌枍㘴/㧰ↅⷧ⌷᧤Load-Linked/Store-Conditional᧨ₚ㠖䱿LL/SC᧥ᇭ

␅₼᧨ⓜ槱䤓3㧰㢾20₥儹⻀め兞ⷧ⦷ℝ⮶⮩㟿㖖ⅳ楕⃚₼䤓⮓䚕⣷㖖ⅳ᧨⚝槱䤓₳㧰
㢾䘿ⅲ⮓䚕⣷㠿⬭䤓᧨力₣扨₳㧰㖖ⅳ䤓䥽䤓✛┮厌㢾伊⇋䤓ᇭ⦷IA64ᇬx86㖖ⅳ楕₼㦘



cmpxchg㖖ⅳ⸛㒟CAS┮厌᧨⦷sparc-TSO⃮㦘casa㖖ⅳ⸭䘿᧨力⦷ARM✛PowerPC㩅㨓ₚ᧨
⒨榏尐∎䞷⺈ldrex/strex㖖ⅳ㧴⸛㒟LL/SC䤓┮厌ᇭ

CAS㖖ⅳ榏尐㦘3₹㝜⇫㟿᧨⒕Ⓔ㢾␔ⷧ⇜函᧤⦷Java₼♾ⅴ丏◤䚕屲♧摞䤓␔ⷧ⦿
⧏᧨䞷V嫷䯉᧥ᇬ㡶䤓欓㦮⋋᧤䞷A嫷䯉᧥✛㠿⋋᧤䞷B嫷䯉᧥ᇭCAS㖖ⅳ㓶嫛㢅᧨㇢₣⅔㇢
V䶵⚗㡶欓㦮⋋A㢅᧨⮓䚕⣷䞷㠿⋋B㦃㠿V䤓⋋᧨⚵⒨⸒⻀ₜ㓶嫛㦃㠿᧨⇕㢾㡯幉㢾⚵㦃㠿
ℕV䤓⋋᧨掌↩扣⥭V䤓㡶⋋᧨ₙ承䤓⮓䚕扖䲚㢾₹☮㝜⇫ᇭ

⦷JDK 1.5⃚⚝᧨Java䲚ㄞ₼㓜♾ⅴ∎䞷CAS㝜⇫᧨年㝜⇫䟀sun.misc.Unsafe伊摛槱䤓
compareAndSwapInt᧤᧥✛compareAndSwapLong᧤᧥䷘⑯₹㡈㽤▔孔㙟∪᧨壩㕮㧉⦷␔捷⺈
扨K㡈㽤⋩ℕ䔈㸙⮓䚕᧨☂㢅冥幠⒉㧴䤓兢㨫⻀㢾㧰♿䦇␂䤓⮓䚕⣷CAS㖖ⅳ᧨㼰㦘㡈
㽤庒䞷䤓扖䲚᧨㒥劔♾ⅴ帳㢾㡯㧰ↅ␔勣扪♊ℕ[2]ᇭ

䟀ℝUnsafe伊ₜ㢾㙟∪全䞷㓆䲚ㄞ庒䞷䤓伊᧤Unsafe.getUnsafe᧤᧥䤓ⅲ䪐₼棟Ⓟℕ♹㦘
⚾┷伊┯戌⣷᧤Bootstrap ClassLoader᧥┯戌䤓Class㓜厌幎桽⸒᧥᧨⥯㷳᧨Ⱁ㨫ₜ摖䞷♜⺓
㓚㹄᧨㒠ⅻ♹厌抩扖␅Ⅵ䤓Java API㧴梃㘴∎䞷⸒᧨ⰑJ.U.C▔摛槱䤓㠃㟿☮伊᧨␅₼䤓
compareAndSet᧤᧥✛getAndIncrement᧤᧥䷘㡈㽤掌∎䞷ℕUnsafe伊䤓CAS㝜⇫ᇭ

㒠ⅻₜⰷ㖎㹄⦷䶻12䵯₼㼰㦘屲⑂䤓桽欧ⅲ䪐㧴䦚䦚Ⱁ⇤∎䞷CAS㝜⇫㧴挎⏜棊⫭⚛
㷴᧨ⅲ䪐Ⱁⅲ䪐䂔◤12-1㓏䯉ᇭ㒠ⅻ㦍兞抩扖扨㹄20₹兎䲚呹⬭10000㶰䤓ⅲ䪐㧴幐㢝
volatile♧摞ₜ␆☮㊶᧨挲⃗Ⱁ⇤㓜厌常⸒␆☮㊶⛱᧻㔙“race++”㝜⇫㒥increase᧤᧥
㡈㽤䞷⚛㷴⧦▔守怆㧴㇢䏅㢾₹┭㽤᧨⇕㢾Ⱁ㨫㟈㒟Ⱁⅲ䪐䂔◤13-4㓏䯉䤓ⅲ䪐᧨挲㟗䘖
⺕↩㙟浧幇⮩ᇭ

ⅲ䪐䂔◤13-4ᇫAtomic䤓☮呹⬭扟並

/**
*Atomic♧摞呹⬭扟並㿚幤
*
*@author zzm
*/
public class AtomicTest{
public static AtomicInteger race=new AtomicInteger᧤0᧥᧷
public static void increase᧤᧥{
race.incrementAndGet᧤᧥᧷
}
private static final int THREADS_COUNT=20᧷
public static void main᧤String[]args᧥throws Exception{
Thread[]threads=new Thread[THREADS_COUNT]᧷
for᧤int i=0᧷i᧸THREADS_COUNT᧷i++᧥{
threads[i]=new Thread᧤new Runnable᧤᧥{
@Override
public void run᧤᧥{
for᧤int i=0᧷i᧸10000᧷i++᧥{
increase᧤᧥᧷
}
}
}᧥᧷
threads[i].start᧤᧥᧷
}
while᧤Thread.activeCount᧤᧥᧺1᧥
Thread.yield᧤᧥᧷
System.out.println᧤race᧥᧷
}
}

扟嫛兢㨫Ⱁₚ᧶

200000

∎䞷AtomicIntegerⅲ㦎int⚝᧨䲚ㄞ戢⒉ℕ㷲䫽䤓兢㨫᧨⒖掌尐㇡┮ℝ
incrementAndGet᧤᧥㡈㽤䤓☮㊶ᇭ⸒䤓⸭䘿␅⸭槭デ丏◤᧨Ⱁⅲ䪐䂔◤13-5㓏䯉ᇭ



ⅲ䪐䂔◤13-5ᇫincrementAndGet᧤᧥㡈㽤䤓JDK䄟䪐

/**
*Atomically increment by one the current value.
*@return the updated value
*/
public final int incrementAndGet᧤᧥{
for᧤᧷᧥{
int current=get᧤᧥᧷
int next=current+1᧷
if᧤compareAndSet᧤current,next᧥᧥
return next᧷
}
}

incrementAndGet᧤᧥㡈㽤⦷₹㡯棟㈹䘾₼᧨ₜ㠼⺬幤⺕₹㹣㇢ⓜ⋋⮶1䤓㠿⋋忚全
呹むᇭⰑ㨫⯀徴ℕ᧨挲広㢝⦷㓶嫛“噆♥-幍函”㝜⇫䤓㢅⊨⋋め兞㦘ℕ≽㟈᧨ℝ㢾␜㶰㈹䘾
扪嫛ₚ㶰㝜⇫᧨䦃Ⓙ幍函㒟┮㷱ᇭ

⻌丰CAS䦚怆㧴㈗初᧨⇕㣍䏅扨䱜㝜⇫㡯㽤䁄䥥℡㠴⚛㷴䤓㓏㦘∎䞷⧉㣾᧨ㄅ₣CAS⅝
幼⃘ₙ㧴広ㄅₜ㢾⸛初䤓᧨ⷧ⦷扨㫆䤓₹拊戠䆞㾭᧶Ⱁ㨫₹♧摞V⒬㶰床♥䤓㢅⊨㢾A
⋋᧨ㄅ₣⦷忚⋋䤓㢅⊨㭏㩴Ⓙ⸒⅜䏅A⋋᧨挲㒠ⅻ⻀厌広⸒䤓⋋㼰㦘嬺␅Ⅵ兎䲚㟈♧
扖ℕ⚦᧻Ⱁ㨫⦷扨㹄㦮梃⸒䤓⋋㦍兞嬺㟈㒟ℕB᧨⚝㧴♗嬺㟈⥭A᧨挲CAS㝜⇫⻀↩幾帳
⸒⅝㧴㼰㦘嬺㟈♧扖ᇭ扨₹䆞㾭䱿CAS㝜⇫䤓“ABA”桽欧ᇭJ.U.C▔ℕ屲⑂扨₹桽欧᧨
㙟∪ℕ₹サ㦘㪖帿䤓☮ㆤ䞷伊“AtomicStampedReference”᧨⸒♾ⅴ抩扖㘶Ⓟ♧摞⋋䤓䓗㦻
㧴≬幐CAS䤓㷲䫽㊶ᇭₜ扖䥽ⓜ㧴広扨₹伊㹣戒“炰匚”᧨⮶捷⒕㍔⑄ₚABA桽欧ₜ↩㈀❜䲚
ㄞㄅ♠䤓㷲䫽㊶᧨Ⱁ㨫榏尐屲⑂ABA桽欧᧨㟈䞷↯兮䤓℡㠴⚛㷴♾厌↩㹣☮伊㦃浧㟗ᇭ

3.㡯⚛㷴㡈㫗

尐≬幐兎䲚⸘⏷᧨ㄅₜ㢾⸩⻀尐扪嫛⚛㷴᧨₳劔㼰㦘⥯㨫␂侊ᇭ⚛㷴♹㢾≬幐␀℺㟿
㗽℘䞷㢅䤓㷲䫽㊶䤓㓚㹄᧨Ⱁ㨫₹㡈㽤㦻㧴⻀ₜ䀘♙␀℺㟿㗽᧨挲⸒呹䏅⻀㡯權↊⇤⚛㷴
㘹㡌♊≬幐㷲䫽㊶᧨⥯㷳↩㦘Kⅲ䪐⮸䞮⻀㢾兎䲚⸘⏷䤓᧨䶣劔丏◤⦿⅚兜␅₼䤓₳伊ᇭ

♾摜⏴ⅲ䪐᧤Reentrant Code᧥᧶扨䱜ⅲ䪐⃮♺⋩儾ⅲ䪐᧤Pure Code᧥᧨♾ⅴ⦷ⅲ䪐㓶
嫛䤓↊⇤㢅Ⓤ₼㠼⸒᧨懻力♊㓶嫛♵⮥㹄ⅲ䪐᧤▔㕻抡㇡庒䞷⸒㦻愺᧥᧨力⦷㘶Ⓟ㧒扣⥭
⚝᧨☮㧴䤓䲚ㄞₜ↩⒉䘿↊⇤枨幾ᇭ䦇⺈兎䲚⸘⏷㧴広᧨♾摜⏴㊶㢾㦃⪉㦻䤓䔈㊶᧨⸒♾ⅴ
≬幐兎䲚⸘⏷᧨☂㓏㦘䤓♾摜⏴䤓ⅲ䪐掌㢾兎䲚⸘⏷䤓᧨⇕㢾ㄅ槭㓏㦘䤓兎䲚⸘⏷䤓ⅲ䪐掌
㢾♾摜⏴䤓ᇭ

♾摜⏴ⅲ䪐㦘K␀⚛䤓䔈㈐᧨√Ⱁₜ∬忥ⷧ⌷⦷⪕ₙ䤓㟿㗽✛⏻䞷䤓侊兮忓䄟ᇬ䞷Ⓙ
䤓䕅㊐摞掌䟀♑㟿₼↯⏴ᇬₜ庒䞷槭♾摜⏴䤓㡈㽤䷘ᇭ㒠ⅻ♾ⅴ抩扖₹丏◤䤓☮⒨㧴⒳㠼
ⅲ䪐㢾⚵␆♾摜⏴㊶᧶Ⱁ㨫₹㡈㽤᧨⸒䤓扣⥭兢㨫㢾♾ⅴ欓㿚䤓᧨♹尐戢⏴ℕ䦇⚛䤓㟿
㗽᧨⻀掌厌扣⥭䦇⚛䤓兢㨫᧨挲⸒⻀䅰恂♾摜⏴㊶䤓尐㻑᧨㇢䏅⃮⻀㢾兎䲚⸘⏷䤓ᇭ

兎䲚㦻⦿ⷧ⌷᧤Thread Local Storage᧥᧶Ⱁ㨫㹄ⅲ䪐₼㓏榏尐䤓㟿㗽㉔權␅Ⅵⅲ䪐
␀℺᧨挲⻀䦚䦚扨K␀℺㟿㗽䤓ⅲ䪐㢾⚵厌≬幐⦷⚛₹兎䲚₼㓶嫛᧻Ⱁ㨫厌≬幐᧨㒠ⅻ⻀
♾ⅴ㔙␀℺㟿㗽䤓♾屐喒⦃棟Ⓟ⦷⚛₹兎䲚⃚␔᧨扨㫆᧨㡯權⚛㷴⃮厌≬幐兎䲚⃚梃ₜ⒉
䘿㟿㗽℘䞷䤓桽欧ᇭ

䶵⚗扨䱜䔈䍈䤓ㄣ䞷ㄅₜ⺠屐᧨⮶捷⒕∎䞷䀗忈梮⒦䤓㩅㨓㲰㆞᧤Ⱁ“䞮ℶ劔-䀗忈
劔”㲰㆞᧥掌↩⺕ℶ❐䤓䀗忈扖䲚⻌摞⦷₹兎䲚₼䀗忈⸛᧨␅₼㦏摜尐䤓₹ㄣ䞷⸭√⻀
㢾兞␇Webℳ℡㲰⨚₼䤓“₹庆㻑⺈ㄣ₹㦜┰⣷兎䲚”᧤Thread-per-Request᧥䤓⮓䚕㡈



㆞᧨扨䱜⮓䚕㡈㆞䤓ㄎ㽪ㄣ䞷∎㈦㈗⮩Web㦜┰䵾ㄣ䞷掌♾ⅴ∎䞷兎䲚㦻⦿ⷧ⌷㧴屲⑂兎䲚
⸘⏷桽欧ᇭ

Java幼岏₼᧨Ⱁ㨫₹♧摞尐嬺⮩兎䲚幎桽᧨♾ⅴ∎䞷volatile␂枽ⷦ⭿㢝⸒“㢢♧
䤓”᧷Ⱁ㨫₹♧摞尐嬺㩟₹兎䲚䕻℺᧨Java₼⻀㼰㦘伊⇋C++₼__declspec᧤thread᧥[3]扨㫆
䤓␂枽ⷦ᧨ₜ扖执㢾♾ⅴ抩扖java.lang.ThreadLocal伊㧴⸭䘿兎䲚㦻⦿ⷧ⌷䤓┮厌ᇭ㹞₹兎
䲚䤓Thread⺈廰₼掌㦘₹ThreadLocalMap⺈廰᧨扨₹⺈廰ⷧ⌷ℕ兓ⅴ
ThreadLocal.threadLocalHashCode枽᧨ⅴ㦻⦿兎䲚♧摞⋋䤓K-V⋋⺈᧨ThreadLocal⺈廰⻀
㢾㇢ⓜ兎䲚䤓ThreadLocalMap䤓幎桽⏴♲᧨㹞₹ThreadLocal⺈廰掌▔⚺ℕ₹䕻㡯ℛ䤓
threadLocalHashCode⋋᧨∎䞷扨₹⋋⻀♾ⅴ⦷兎䲚K-V⋋⺈₼㔍⥭⺈ㄣ䤓㦻⦿兎䲚♧摞ᇭ

[1]㦻√₼䤓㟿㗽♙⦍䓖㧴䄟ℝBrian GoetzIBM developerWorks㜿䤓幉㠖᧶ᇵJava theory
and practice᧶More flexible,scalable locking in JDK 5.0ᇶ᧨☮㠖⦿⧏㢾᧶
http://www.ibm.com/developerworks/java/library/j-jtp10264/?S_TACT=105AGX52᧢S_CMP=cn-
a-jᇭ
[2]扨䱜嬺壩㕮㧉䔈㸙⮓䚕䤓㡈㽤䱿⦉㦘⒌㟿᧤Intrinsics᧥᧨伊⇋䤓⦉㦘⒌㟿执㦘
Math.sin᧤᧥䷘ᇭ
[3]⦷Visual C++₼㢾“__declspec᧤thread᧥”␂枽ⷦ᧨力⦷GCC₼㢾“__thread”ᇭ



13.3ᇫ析↧▥
浧㟗ㄅ♠㢾⅝JDK 1.5ⒿJDK 1.6䤓₹摜尐㟈扪᧨HotSpot壩㕮㧉♠⥱梮⦷扨₹䓗㦻ₙ

啀忈ℕ⮶摞䤓位┪♊⸭䘿⚓䱜析↧▥㔏㦾᧨Ⱁ抑ㄣ㊶呹㡚᧤Adaptive Spinning᧥ᇬ析䀗棳
᧤Lock Elimination᧥ᇬ析伦▥᧤Lock Coarsening᧥ᇬ戊摞儶析᧤Lightweight Locking᧥✛⋞⚠
析᧤Biased Locking᧥䷘᧨扨K㔏㦾掌㢾ℕ⦷兎䲚⃚梃㦃浧㟗⦿␀℺㟿㗽᧨ⅴ♙屲⑂䵭℘桽
欧᧨⅝力㙟浧䲚ㄞ䤓㓶嫛㟗䘖ᇭ

13.3.1ᇫ呹㡚析呹抑ㄣ呹㡚

ⓜ槱㒠ⅻ帷幉℡㠴⚛㷴䤓㢅⊨᧨㙟Ⓙℕ℡㠴⚛㷴⺈㊶厌㦏⮶䤓㈀❜㢾棊⫭䤓⸭䘿᧨㖑怆
兎䲚✛㋱⮜兎䲚䤓㝜⇫掌榏尐懻⏴␔㫇㊐₼⸛㒟᧨扨K㝜⇫全侊兮䤓ㄅ♠㊶厌サ㧴ℕ㈗⮶䤓
☚┪ᇭ⚛㢅᧨壩㕮㧉䤓♠⥱梮⃮㽷㎞Ⓙ⦷幇⮩ㄣ䞷ₙ᧨␀℺㟿㗽䤓析⸩䕅㊐♹↩㖐兼㈗䩼
䤓㹄㢅梃᧨ℕ扨㹄㢅梃♊㖑怆✛㋱⮜兎䲚ㄅₜ⋋㈦ᇭⰑ㨫䓸䚕㧉⣷㦘₹ⅴₙ䤓⮓䚕
⣷᧨厌常₳₹㒥ⅴₙ䤓兎䲚⚛㢅ㄅ嫛㓶嫛᧨㒠ⅻ⻀♾ⅴ常⚝槱庆㻑析䤓挲₹兎䲚“䲜䷘
ₚ”᧨⇕ₜ㟍㆒⮓䚕⣷䤓㓶嫛㢅梃᧨䦚䦚㖐㦘析䤓兎䲚㢾⚵㈗㉺⻀↩摙㟍析ᇭℕ常兎䲚䷘
㈔᧨㒠ⅻ♹榏常兎䲚㓶嫛₹㉨㈹䘾᧤呹㡚᧥᧨扨欈㔏㦾⻀㢾㓏庢䤓呹㡚析ᇭ

呹㡚析⦷JDK 1.4.2₼⻀め兞ㆤ⏴᧨♹ₜ扖照帳㢾␂桼䤓᧨♾ⅴ∎䞷-XX᧶+UseSpinning
♑㟿㧴⚾᧨⦷JDK 1.6₼⻀め兞㟈照帳⚾ℕᇭ呹㡚䷘㈔ₜ厌ⅲ㦎棊⫭᧨₣⏗ₜ広⺈⮓
䚕⣷㟿摞䤓尐㻑᧨呹㡚䷘㈔㦻愺夌䏅挎⏜ℕ兎䲚⒖㗱䤓枏᧨⇕⸒㢾尐◯䞷⮓䚕⣷㢅梃䤓᧨
⥯㷳᧨Ⱁ㨫析嬺◯䞷䤓㢅梃㈗䩼᧨呹㡚䷘㈔䤓㟗㨫⻀↩槭デⰌ᧨♜⃚᧨Ⱁ㨫析嬺◯䞷䤓㢅梃
㈗栎᧨挲⃗呹㡚䤓兎䲚♹↩䤌䤌䀗劦⮓䚕⣷忓䄟᧨力ₜ↩⋩↊⇤㦘䞷䤓ぴ⇫᧨♜力↩サ㧴㊶
厌ₙ䤓㿹忈ᇭ⥯㷳᧨呹㡚䷘㈔䤓㢅梃㉔權尐㦘⸩䤓棟ㄵ᧨Ⱁ㨫呹㡚怔扖ℕ棟⸩䤓㶰㟿⅜䏅
㼰㦘㒟┮噆㈦析᧨⻀ㄣ㇢∎䞷↯兮䤓㡈㆞♊㖑怆兎䲚ℕᇭ呹㡚㶰㟿䤓照帳⋋㢾10㶰᧨䞷㓆♾
ⅴ∎䞷♑㟿-XX᧶PreBlockSpin㧴㦃㟈ᇭ

⦷JDK 1.6₼ㆤ⏴ℕ呹抑ㄣ䤓呹㡚析ᇭ呹抑ㄣ㎞✂䧏呹㡚䤓㢅梃ₜ␜⦉⸩ℕ᧨力㢾䟀ⓜ
㶰⦷⚛₹析ₙ䤓呹㡚㢅梃♙析䤓㕴㦘劔䤓䕅㊐㧴⑂⸩ᇭⰑ㨫⦷⚛₹析⺈廰ₙ᧨呹㡚䷘
㈔⒩⒩㒟┮噆㈦扖析᧨ㄅ₣㖐㦘析䤓兎䲚㷲⦷扟嫛₼᧨挲⃗壩㕮㧉⻀↩帳扨㶰呹㡚⃮㈗㦘
♾厌␜㶰㒟┮᧨扪力⸒⺕⏐幇呹㡚䷘㈔㖐兼䦇⺈㦃栎䤓㢅梃᧨㹣Ⱁ100₹㈹䘾ᇭ♵⮥᧨Ⱁ㨫
⺈ℝ㩟₹析᧨呹㡚㈗⺠㒟┮噆㈦扖᧨挲⦷ⅴ⚝尐噆♥扨₹析㢅⺕♾厌䦐䟴㘘呹㡚扖䲚᧨ⅴ挎
⏜㿹忈⮓䚕⣷忓䄟ᇭ㦘ℕ呹抑ㄣ呹㡚᧨椞䧏䲚ㄞ扟嫛✛㊶厌䥠㘶≰㋾䤓ₜ㠼⸛⠓᧨壩㕮㧉⺈
䲚ㄞ析䤓䕅⑄欓㿚⻀↩怙㧴怙䫽᧨壩㕮㧉⻀↩♧㈦怙㧴怙“勹㢝”ℕᇭ



13.3.2ᇫ析䀗棳

析䀗棳㢾㖖壩㕮㧉☂㢅冥幠⣷⦷扟嫛㢅᧨⺈Kⅲ䪐ₙ尐㻑⚛㷴᧨⇕㢾嬺㭏㿚Ⓙₜ♾厌
ⷧ⦷␀℺㟿㗽䵭℘䤓析扪嫛䀗棳ᇭ析䀗棳䤓尐⒳⸩∬㗽㧴䄟ℝ抒拇⒕㨟䤓㟿㗽㞾㖐᧤䶻11
䵯め兞幁屲扖抒拇⒕㨟㔏㦾᧥᧨Ⱁ㨫⒳㠼⦷㹄ⅲ䪐₼᧨⪕ₙ䤓㓏㦘㟿㗽掌ₜ↩抒拇⒉♊⅝
力嬺␅Ⅵ兎䲚幎桽Ⓙ᧨挲⻀♾ⅴ㔙⸒ⅻ㇢⋩㪗ₙ㟿㗽⺈㈔᧨帳⸒ⅻ㢾兎䲚䱐㦘䤓᧨⚛㷴┯
析呹䏅⻀㡯權扪嫛ᇭ

⃮幇床劔↩㦘䠠桽᧨♧摞㢾⚵抒拇᧨⺈ℝ壩㕮㧉㧴広榏尐∎䞷㟿㗽㿐⒕㨟㧴䫽⸩᧨⇕㢾
䲚ㄞ⛧呹むㄣ年㢾㈗䂔㯩䤓᧨㊝⃗↩⦷㢝䩴拢ₜⷧ⦷㟿㗽℘䞷䤓㍔⑄ₚ尐㻑⚛㷴⛱᧻䷣㫗㢾
㦘幇⮩⚛㷴㘹㡌ㄅₜ㢾䲚ㄞ⛧呹む┯⏴䤓᧨⚛㷴䤓ⅲ䪐⦷Java䲚ㄞ₼䤓㣽拜䲚ㄵ⃮幇怔扖ℕ
⮶捷⒕床劔䤓㎂廰ᇭ㒠ⅻ㧴䦚䦚ⅲ䪐䂔◤13-6₼䤓√᧨扨㹄槭デ丏◤䤓ⅲ䪐⅔⅔㢾戢⒉3
₹ⷦ䶵䦇┯䤓兢㨫᧨㡯幉㢾䄟䪐ⷦ槱ₙ执㢾䲚ㄞ幼⃘ₙ掌㼰㦘⚛㷴ᇭ

ⅲ䪐䂔◤13-6ᇫ㹄䦚怆㧴㼰㦘⚛㷴䤓ⅲ䪐

public String concatString᧤String s1᧨String s2᧨String s3᧥{
return s1+s2+s3᧷
}

㒠ⅻ⃮䩴拢᧨䟀ℝString㢾₹ₜ♾♧䤓伊᧨⺈ⷦ䶵䤓扭㘴㝜⇫㋊㢾抩扖䞮㒟㠿䤓
String⺈廰㧴扪嫛䤓᧨⥯㷳Javac冥幠⣷↩⺈String扭㘴⋩呹┷↧▥ᇭ⦷JDK 1.5⃚ⓜ᧨↩懻▥
StringBuffer⺈廰䤓扭兼append᧤᧥㝜⇫᧨⦷JDK 1.5♙ⅴ⚝䤓䓗㦻₼᧨↩懻▥
StringBuilder⺈廰䤓扭兼append᧤᧥㝜⇫᧨☂ⅲ䪐䂔◤13-6₼䤓ⅲ䪐♾厌↩♧㒟ⅲ䪐䂔◤13-7
䤓㫆[1]ᇭ

ⅲ䪐䂔◤13-7ᇫJavac懻▥⚝䤓ⷦ䶵扭㘴㝜⇫

public String concatString᧤String s1᧨String s2᧨String s3᧥{
StringBuffer sb=new StringBuffer᧤᧥᧷
sb.append᧤s1᧥᧷
sb.append᧤s2᧥᧷
sb.append᧤s3᧥᧷
return sb.toString᧤᧥᧷
}

䘿⦷⮶⹅执帳扨㹄ⅲ䪐㼰㦘䀘♙⚛㷴⚦᧻㹞₹StringBuffer.append᧤᧥㡈㽤₼掌㦘₹
⚛㷴⧦᧨析⻀㢾sb⺈廰ᇭ壩㕮㧉屑♧摞sb᧨㈗㉺⻀↩♠䘿⸒䤓┷㊐⇫䞷⩮嬺棟Ⓟ⦷
concatString᧤᧥㡈㽤␔捷ᇭ⃮⻀㢾広᧨sb䤓㓏㦘ㆤ䞷㻇扫ₜ↩“抒拇”ⒿconcatString᧤᧥㡈㽤
⃚⮥᧨␅Ⅵ兎䲚㡯㽤幎桽Ⓙ⸒᧨⥯㷳᧨夌䏅扨摛㦘析᧨⇕㢾♾ⅴ嬺⸘⏷⦿䀗棳㘘᧨⦷☂㢅冥
幠⃚⚝᧨扨㹄ⅲ䪐⻀↩㊌䟴㘘㓏㦘䤓⚛㷴力䦃㘴㓶嫛ℕᇭ

[1]⸱屑⦿広᧨㡱䏅店Ⓙ析䀗棳抒拇⒕㨟᧨挲壩㕮㧉⻀ₜ♾厌㢾JDK 1.5⃚ⓜ䤓䓗㦻᧨⸭棔
ₙ↩懻▥槭兎䲚⸘⏷䤓StringBuilder㧴⸛㒟ⷦ䶵㖋㘴᧨ㄅₜ↩┯析᧨⇕扨⃮ₜ㈀❜䶣劔
䞷扨₹√幐㢝Java⺈廰₼⚛㷴䤓㣽拜㊶ᇭ



13.3.3ᇫ析伦▥

☮⒨ₙ᧨㒠ⅻ⦷冥ⅲ䪐䤓㢅⊨᧨㋊㢾㘷嗟⺕⚛㷴⧦䤓⇫䞷喒⦃棟Ⓟ㈦⻌摞⺞——♹⦷
␀℺㟿㗽䤓⸭棔⇫䞷⩮₼㓜扪嫛⚛㷴᧨扨㫆㢾ℕ∎㈦榏尐⚛㷴䤓㝜⇫㟿摞⻌♾厌♧⺞᧨Ⱁ
㨫ⷧ⦷析䵭℘᧨挲䷘㈔析䤓兎䲚⃮厌⻌㉺㖎Ⓙ析ᇭ

⮶捷⒕㍔⑄ₚ᧨ₙ槱䤓☮⒨掌㢾㷲䫽䤓᧨⇕㢾Ⱁ㨫侊⒦䤓扭兼㝜⇫掌⺈⚛₹⺈廰♜
⮜┯析✛屲析᧨䞩咂┯析㝜⇫㢾⒉䘿⦷㈹䘾⇢₼䤓᧨挲☂∎㼰㦘兎䲚䵭℘᧨欠僐⦿扪嫛℡㠴
⚛㷴㝜⇫⃮↩⺋咃ₜ㉔尐䤓㊶厌㗮劦ᇭ

ⅲ䪐䂔◤13-7₼扭兼䤓append᧤᧥㡈㽤⻀⻭ℝ扨伊㍔⑄ᇭⰑ㨫壩㕮㧉㘱㿚Ⓙ㦘扨㫆
榅䬝䤓㝜⇫掌⺈⚛₹⺈廰┯析᧨⺕↩㔙┯析⚛㷴䤓喒⦃㓸⻤᧤伦▥᧥Ⓙ㠃₹㝜⇫ㄞ⒦䤓⮥
捷᧨ⅴⅲ䪐䂔◤13-7√᧨⻀㢾㓸⻤Ⓙ䶻₹append᧤᧥㝜⇫⃚ⓜ䦃咂㦏⚝₹append᧤᧥
㝜⇫⃚⚝᧨扨㫆♹榏尐┯析㶰⻀♾ⅴℕᇭ



13.3.4ᇫ戊摞儶析

戊摞儶析㢾JDK 1.6⃚₼┯⏴䤓㠿⨚析㧉Ⓟ᧨⸒⚜ⷦ₼䤓“戊摞儶”㢾䦇⺈ℝ∎䞷㝜⇫侊兮
℡㠴摞㧴⸭䘿䤓↯兮析力岏䤓᧨⥯㷳↯兮䤓析㧉Ⓟ⻀䱿“摜摞儶”析ᇭ氥⏗榏尐㇉庒䍈䤓
㢾᧨戊摞儶析ㄅₜ㢾䞷㧴ⅲ㦎摜摞儶析䤓᧨⸒䤓㦻㎞㢾⦷㼰㦘⮩兎䲚䵭℘䤓ⓜ㙟ₚ᧨⺠↯
兮䤓摜摞儶析∎䞷㝜⇫侊兮℡㠴摞ℶ䞮䤓㊶厌䀗劦ᇭ

尐䚕屲戊摞儶析᧨ⅴ♙⚝槱↩幁Ⓙ䤓⋞⚠析䤓☮䚕✛扟⇫扖䲚᧨㉔權⅝HotSpot壩㕮㧉
䤓⺈廰᧤⺈廰⯃捷⒕᧥䤓␔ⷧを⻏ⱚ⅚兜ᇭHotSpot壩㕮㧉䤓⺈廰⯃᧤Object Header᧥⒕
₳捷⒕≰㋾᧨䶻捷⒕䞷ℝⷧ⌷⺈廰呹愺䤓扟嫛㢅㟿㗽᧨Ⱁ❗゛䪐᧤HashCode᧥ᇬGC⒕ⅲ
爓᧤Generational GC Age᧥䷘᧨扨捷⒕㟿㗽䤓栎ㄵ⦷32⇜✛64⇜䤓壩㕮㧉₼⒕Ⓔ32bit✛
64bit᧨⸧㡈䱿⸒“Mark Word”᧨⸒㢾⸭䘿戊摞儶析✛⋞⚠析䤓␂枽ᇭ♵⮥捷⒕䞷ℝⷧ⌷
㖖⚠㡈㽤◉⺈廰伊⨚㟿㗽䤓㖖朗᧨Ⱁ㨫㢾㟿兓⺈廰䤓幬᧨执↩㦘₹欬⮥䤓捷⒕䞷ℝⷧ⌷㟿
兓栎ㄵᇭ

⺈廰⯃≰㋾㢾⺈廰呹愺⸩⃘䤓㟿㗽㡯␂䤓欬⮥ⷧ⌷㒟㦻᧨劒壠Ⓙ壩㕮㧉䤓䴉梃㟗
䘖᧨Mark Word嬺幍帰㒟₹槭⦉⸩䤓㟿㗽兢㨓ⅴ≎⦷㨐⺞䤓䴉梃␔ⷧ⌷⻌摞⮩䤓≰㋾᧨⸒
↩㫈㗽⺈廰䤓䕅㊐⮜䞷呹む䤓ⷧ⌷䴉梃ᇭ√Ⱁ᧨⦷32⇜䤓HotSpot壩㕮㧉₼⺈廰㦹嬺析⸩䤓
䕅㊐ₚ᧨Mark Word䤓32bit䴉梃₼䤓25bit䞷ℝⷧ⌷⺈廰❗゛䪐᧤HashCode᧥᧨4bit䞷ℝⷧ⌷
⺈廰⒕ⅲ爓᧨2bit䞷ℝⷧ⌷析㪖㉦⇜᧨1bit⦉⸩0᧨⦷␅Ⅵ䕅㊐᧤戊摞儶析⸩ᇬ摜摞儶析
⸩ᇬGC㪖帿ᇬ♾⋞⚠᧥ₚ⺈廰䤓ⷧ⌷␔⹈屐嫷13-1ᇭ

丏◤⦿⅚兜ℕ⺈廰䤓␔ⷧを⻏⚝᧨㒠ⅻ㔙幬欧扣⥭Ⓙ戊摞儶析䤓㓶嫛扖䲚ₙᇭ⦷ⅲ䪐扪
⏴⚛㷴⧦䤓㢅⊨᧨Ⱁ㨫㷳⚛㷴⺈廰㼰㦘嬺析⸩᧤析㪖㉦⇜“01”䕅㊐᧥᧨壩㕮㧉氥⏗⺕⦷㇢
ⓜ兎䲚䤓㪗ザ₼ㆉ䵚₹⚜析帿᧤Lock Record᧥䤓䴉梃᧨䞷ℝⷧ⌷析⺈廰䥽ⓜ䤓Mark
Word䤓㖆徬᧤⸧㡈㔙扨㖆徬┯ℕ₹Displacedⓜ冏᧨☂Displaced Mark Word᧥᧨扨㢅⊨兎
䲚⪕㪗⺈廰⯃䤓䕅㊐Ⱁ⦍13-3㓏䯉ᇭ

䏅⚝᧨壩㕮㧉⺕∎䞷CAS㝜⇫⺬幤⺕⺈廰䤓Mark Word㦃㠿㖖⚠Lock Record䤓㖖朗ᇭ
Ⱁ㨫扨₹㦃㠿┷⇫㒟┮ℕ᧨挲⃗扨₹兎䲚⻀㕴㦘ℕ年⺈廰䤓析᧨ㄅ₣⺈廰Mark Word䤓析㪖
㉦⇜᧤Mark Word䤓㦏⚝2bit᧥⺕懻♧“00”᧨☂嫷䯉㷳⺈廰⮓ℝ戊摞儶析⸩䕅㊐᧨扨㢅⊨兎
䲚⪕㪗⺈廰⯃䤓䕅㊐Ⱁ⦍13-4㓏䯉ᇭ



⦍ᇫ13-3ᇫ戊摞儶析CAS㝜⇫⃚ⓜ⪕㪗⺈廰䤓䕅㊐[1]

⦍ᇫ13-4ᇫ戊摞儶析CAS㝜⇫⃚⚝⪕㪗⺈廰䤓䕅㊐

Ⱁ㨫扨₹㦃㠿㝜⇫⯀徴ℕ᧨壩㕮㧉氥⏗↩㭏㩴⺈廰䤓Mark Word㢾⚵㖖⚠㇢ⓜ兎䲚䤓㪗
ザ᧨Ⱁ㨫♹広㢝㇢ⓜ兎䲚め兞㕴㦘ℕ扨₹⺈廰䤓析᧨挲⻀♾ⅴ䦃㘴扪⏴⚛㷴⧦其兼㓶嫛᧨⚵
⒨広㢝扨₹析⺈廰め兞嬺␅Ⅵ兎䲚㔱◯ℕᇭⰑ㨫㦘₳㧰ⅴₙ䤓兎䲚℘䞷⚛₹析᧨挲戊摞儶
析⻀ₜ␜㦘㟗᧨尐吷协摜摞儶析᧨析㪖㉦䤓䕅㊐⋋♧“10”᧨Mark Word₼ⷧ⌷䤓⻀㢾㖖
⚠摜摞儶析᧤℡㠴摞᧥䤓㖖朗᧨⚝槱䷘㈔析䤓兎䲚⃮尐扪⏴棊⫭䕅㊐ᇭ

ₙ槱㙞承䤓㢾戊摞儶析䤓┯析扖䲚᧨⸒䤓屲析扖䲚⃮㢾抩扖CAS㝜⇫㧴扪嫛䤓᧨Ⱁ㨫⺈
廰䤓Mark Word⅜䏅㖖⚠䧏兎䲚䤓析帿᧨挲⻀䞷CAS㝜⇫㔙⺈廰㇢ⓜ䤓Mark Word✛兎䲚₼
⮜Ⓟ䤓Displaced Mark Word㦎㗱⥭㧴᧨Ⱁ㨫㦎㗱㒟┮᧨㠃₹⚛㷴扖䲚⻀⸛㒟ℕᇭⰑ㨫㦎㗱⯀
徴᧨広㢝㦘␅Ⅵ兎䲚⺬幤扖噆♥年析᧨挲⻀尐⦷摙㟍析䤓⚛㢅᧨➳搡嬺㖑怆䤓兎䲚ᇭ

戊摞儶析厌㙟◖䲚ㄞ⚛㷴㊶厌䤓∬㗽㢾“⺈ℝ公⮶捷⒕䤓析᧨⦷㠃₹⚛㷴⛷㦮␔掌㢾ₜ
ⷧ⦷䵭℘䤓”᧨扨㢾₹兞洛㟿㗽ᇭⰑ㨫㼰㦘䵭℘᧨戊摞儶析∎䞷CAS㝜⇫挎⏜ℕ∎䞷℡㠴
摞䤓枏᧨⇕Ⱁ㨫ⷧ⦷析䵭℘᧨棳ℕ℡㠴摞䤓枏⮥᧨执欬⮥♠䞮ℕCAS㝜⇫᧨⥯㷳⦷㦘䵭
℘䤓㍔⑄ₚ᧨戊摞儶析↩㹣↯兮䤓摜摞儶析㦃㏱ᇭ

[1]⦍13-3✛⦍13-4㧴䄟ℝHotSpot壩㕮㧉䤓⇜Senior Staff Engineer——Paul Hohensee㓏䤓
PPT“The Hotspot Java Virtual Machine”ᇭ



13.3.5ᇫ⋞⚠析

⋞⚠析⃮㢾JDK 1.6₼ㆤ⏴䤓欈析↧▥᧨⸒䤓䥽䤓㢾䀗棳㟿㗽⦷㡯䵭℘㍔⑄ₚ䤓⚛㷴
☮幼᧨扪㷴㙟浧䲚ㄞ䤓扟嫛㊶厌ᇭⰑ㨫広戊摞儶析㢾⦷㡯䵭℘䤓㍔⑄ₚ∎䞷CAS㝜⇫♊䀗
棳⚛㷴∎䞷䤓℡㠴摞᧨挲⋞⚠析⻀㢾⦷㡯䵭℘䤓㍔⑄ₚ㔙㠃₹⚛㷴掌䀗棳㘘᧨扭CAS㝜⇫掌
ₜ⋩ℕᇭ

⋞⚠析䤓“⋞”᧨⻀㢾⋞㉒䤓“⋞”ᇬ⋞嬡䤓“⋞”᧨⸒䤓㎞㊬㢾扨₹析↩⋞⚠ℝ䶻₹噆㈦
⸒䤓兎䲚᧨Ⱁ㨫⦷㘴ₚ㧴䤓㓶嫛扖䲚₼᧨年析㼰㦘嬺␅Ⅵ䤓兎䲚噆♥᧨⒨㖐㦘⋞⚠析䤓兎䲚
⺕㻇扫ₜ榏尐␜扪嫛⚛㷴ᇭ

Ⱁ㨫床劔床㑑ℕⓜ槱戊摞儶析₼␂ℝ⺈廰⯃Mark Word兎䲚⃚梃䤓㝜⇫扖䲚᧨挲⋞⚠
析䤓☮䚕䚕屲怆㧴⻀↩㈗丏◤ᇭ⋖幍㇢ⓜ壩㕮㧉⚾䞷ℕ⋞⚠析᧤⚾䞷♑㟿-XX᧶
+UseBiasedLocking᧨扨㢾JDK 1.6䤓照帳⋋᧥᧨挲⃗᧨㇢析⺈廰䶻㶰嬺兎䲚噆♥䤓㢅⊨᧨
壩㕮㧉⺕↩㔙⺈廰⯃₼䤓㪖㉦⇜幍“01”᧨☂⋞⚠㲰㆞ᇭ⚛㢅∎䞷CAS㝜⇫㔙噆♥Ⓙ扨₹析
䤓兎䲚䤓ID帿⦷⺈廰䤓Mark Word⃚₼᧨Ⱁ㨫CAS㝜⇫㒟┮᧨㖐㦘⋞⚠析䤓兎䲚ⅴ⚝㹞㶰
扪⏴扨₹析䦇␂䤓⚛㷴⧦㢅᧨壩㕮㧉掌♾ⅴₜ␜扪嫛↊⇤⚛㷴㝜⇫᧤√ⰑLockingᇬUnlocking
♙⺈Mark Word䤓Update䷘᧥ᇭ

㇢㦘♵⮥₹兎䲚♊⺬幤噆♥扨₹析㢅᧨⋞⚠㲰㆞⻀⸲⛙兢㧮ᇭ㫈㗽析⺈廰䥽ⓜ㢾⚵⮓
ℝ嬺析⸩䤓䕅㊐᧨㜳枏⋞⚠᧤Revoke Bias᧥⚝㋱⮜Ⓙ㦹析⸩᧤㪖㉦⇜“01”᧥㒥戊摞儶析⸩
᧤㪖㉦⇜“00”᧥䤓䕅㊐᧨⚝兼䤓⚛㷴㝜⇫⻀Ⱁₙ槱⅚兜䤓戊摞儶析挲㫆㓶嫛ᇭ⋞⚠析ᇬ戊
摞儶析䤓䕅㊐懻▥♙⺈廰Mark Word䤓␂侊Ⱁ⦍13-5㓏䯉ᇭ

⦍ᇫ13-5ᇫ⋞⚠析ᇬ戊摞儶析䤓䕅㊐懻▥♙⺈廰Mark Word䤓␂侊

⋞⚠析♾ⅴ㙟浧サ㦘⚛㷴⇕㡯䵭℘䤓䲚ㄞ㊶厌ᇭ⸒⚛㫆㢾₹サ㦘㟗䥙㧒嫰᧤Trade
Off᧥㊶德䤓↧▥᧨⃮⻀㢾広᧨⸒ㄅₜ⸩㋊㢾⺈䲚ㄞ扟嫛㦘Ⓒ᧨Ⱁ㨫䲚ㄞ₼⮶⮩㟿䤓析㋊



㢾嬺⮩₹ₜ⚛䤓兎䲚幎桽᧨挲⋞⚠㲰㆞⻀㢾⮩⇨䤓ᇭ⦷␆⇢桽欧␆⇢⒕㨟䤓ⓜ㙟ₚ᧨㦘㢅⊨
∎䞷♑㟿-XX᧶-UseBiasedLocking㧴䰐㷱⋞⚠析↧▥♜力♾ⅴ㙟◖㊶厌ᇭ



13.4ᇫ㦻䵯⺞兢
㦻䵯⅚兜ℕ兎䲚⸘⏷㓏䀘♙䤓㰑㊄✛⒕伊ᇬ⚛㷴⸭䘿䤓㡈㆞♙壩㕮㧉䤓ㄤ⻑扟⇫☮䚕᧨

ㄅ₣⅚兜ℕ壩㕮㧉ℕ⸭䘿浧㟗ㄅ♠㓏摖♥䤓侊⒦析↧▥㘹㡌ᇭ

幇⮩忓䂀䤓䲚ㄞ⛧掌広扖᧨厌⮮⒉浧⇇冸㊶䤓ㄅ♠䲚ㄞ㢾桷唉㦾᧨力ℕ屲ㄅ♠⦷侊
兮ㄤ⻑㢾Ⱁ⇤⸭䘿䤓᧨⒨㢾㘛㙰扨桷唉㦾䤓ⓜ㙟㧰ↅ᧨⃮㢾㒟栎浧儶䲚ㄞ⛧䤓㉔䩴幕⃚
ᇭ



棓
棓Aᇫ冥幠Windows䓗䤓OpenJDK

棓Bᇫ壩㕮㧉ⷦ唑䪐㖖ⅳ嫷

棓CᇫHotSpot壩㕮㧉尐♑㟿嫷

棓Dᇫ⺈廰㩴幱幼岏᧤OQL᧥丏⅚

棓EᇫJDK☕⚁䓗㦻懷抈



棓Aᇫ冥幠Windows䓗䤓OpenJDK

A.1ᇫ噆♥JDK䄟䪐
氥⏗䫽⸩尐∎䞷䤓JDK䓗㦻᧨OpenJDK 6✛OpenJDK 7掌㢾䄟䤓᧨䄟䪐掌♾ⅴ⦷⸒ⅻ䤓

欄᧤http://openjdk.java.net/᧥ₙ㔍Ⓙ᧨OpenJDK 6䤓䄟䪐␅⸭㢾⅝OpenJDK 7䤓㩟₹⪉兎₼
ㆤ⒉䤓᧨䏅⚝⓴䱊㘘JDK 1.7䦇␂䤓ⅲ䪐᧨⅝力㈦Ⓙ♾ⅴ抩扖TCK 6䤓JDK 1.6⸭䘿᧨⥯
㷳䦃㘴冥幠OpenJDK 7↩㦃┯“☮㻐☮✂”K᧨␅⸭扨₳₹䓗㦻䤓冥幠扖䲚ぽ㆑ㄅₜ⮶ᇭ

噆♥䄟䪐㦘₳䱜㡈㆞ᇭ䱜㢾抩扖Mercurialⅲ䪐䓗㦻丰䚕ぴ␆⅝Repository₼䦃㘴♥㈦
䄟䪐᧤Repository⦿⧏᧶http://hg.openjdk.java.net/jdk7/jdk7᧥᧨扨㢾㦏䦃㘴䤓㡈㆞᧨⅝䓗㦻丰
䚕₼䦚♧㦃懷抈㹣䦚⅏⃗Release Note掌㧴㈦⸭⦷᧨ₜ扖⧞⮓呹䏅㢾⮹煊䍵ℕK᧨⺳␅㢾
Mercurial扫ₜⰑSVNᇬClearCase㒥CVS⃚伊䤓䓗㦻㘶Ⓟぴ␆挲㫆㣽♙ᇭ♵䱜⻀㢾䦃㘴ₚ戌
⸧㡈㓢▔Ⰼ䤓䄟䪐▔ℕ᧨♾ⅴ⅝Source Releases欄槱᧤⦿⧏᧶
http://download.java.net/openjdk/jdk7/᧥♥㈦㓢▔Ⰼ䤓䄟䪐᧨咻㧴広⮶㰑₹㦗↩㦃㠿
㶰᧨夌䏅ₜ⮮♙㢅᧨⇕䤓䫽㡈≎ℕ幇⮩ᇭ䶣劔ₚ戌䤓㢾OpenJDK 7 Early Access Source Build
b121䓗᧨201012㦗9㡴♠を䤓᧨⮶㰑81.7MB᧨屲☚⚝儵308MBᇭ



A.2ᇫ侊兮榏㻑
Ⱁ㨫♾厌᧨䶣劔ㆉ帽⻌摞⦷Linux㒥Solarisₙ㨓ㆉOpenJDK᧨扨尐㹣⦷Windows♿ₙ戊

㨍幇⮩᧨力₣几八ₙ厌㔍Ⓙ䤓忓㠨公⮶捷⒕掌㢾⦷Linuxₙ冥幠䤓ᇭⰑ㨫⸩尐⦷Windows
♿ₙ冥幠᧨ㆉ帽床劔帳䦮梔床ₚ䄟䪐₼䤓README-builds.html㠖㫲᧤㡯幉⦷OpenJDK几䵨
ₙ执㢾⦷ₚ戌䤓䄟䪐▔摛槱掌㦘扨㠖㫲᧥᧨⥯冥幠扖䲚₼榏尐㽷㎞䤓兕唑槭デ⮩ᇭ夌䏅
ₜ咂ℝ⍞㠖㫲ₙ㓏㙞承䤓“Building the source code for the JDK requires a high level of technical
expertise.Sun provides the source code primarily for technical experts who want to conduct
research᧤冥幠JDK榏尐㈗浧䤓₢₩㔏㦾᧨Sun㙟∪JDK䄟䪐㢾ℕ㔏㦾₢⹅扪嫛䪣䴅⃚
䞷᧥”挲⃗⯇ㆯ᧨⇕㢾Ⱁ㨫床劔㢾䶻㶰冥幠᧨挲⦷ₙ槱劦忈㠃⮸⃒咂㦃⮩䤓㢅梃掌㈗㷲
デᇭ

䶣劔⦷㦻㶰⸭㒧₼䆣䯉䤓㢾⦷32⇜Windows 7♿ₚ冥幠x86䓗䤓OpenJDK᧤⃮⻀㢾32⇜
䤓JDK᧥᧨Ⱁ㨫榏尐冥幠x64䓗᧨挲㹺㡯䠠桽⃮榏尐₹64⇜䤓㝜⇫侊兮ᇭ♵⮥᧨冥幠䀘♙
䤓㓏㦘㠖ↅ掌㉔權ⷧ㟍⦷NTFS㫋㆞䤓㠖ↅ侊兮₼᧨⥯FAT32㫋㆞㡯㽤㞾㖐⮶⺞㟞㎮䤓
㠖ↅ⚜ᇭ⦷⸧㡈㠖㫲ₙ䧏᧶冥幠咂⺠榏尐512MB䤓␔ⷧ✛600MB䤓䭐䥧䴉梃ᇭ512MB䤓␔
ⷧ⪉㦻ₙ⃮♾ⅴ①⚗∎䞷᧨ₜ扖600MB䤓䭐䥧䴉梃⅔⅔㢾㖖ⷧ㟍OpenJDK䄟䪐✛䦇␂∬忥欈
䤓䴉梃᧨尐⸛㒟冥幠᧨600MB匾⸩㢾㡯幉Ⱁ⇤掌ₜ⮮䤓᧨扨㶰⸭㒧₼㓏ₚ戌䤓ぴ␆ᇬ∬忥
欈ᇬ䄟䪐᧨⏷捷⸘孔ᇬ屲☚⸛㒟㦏⺠᧤㦏⺠㢾㖖♹ₚ戌C++冥幠⣷᧨ₜₚ戌VS䤓IDE᧥榏尐
怔扖1GB䤓䴉梃ᇭ

⺈侊兮䤓㦏⚝䍈尐㻑⻀㢾㓏㦘䤓㠖ↅ᧨▔㕻䄟䪐✛∬忥欈䥽᧨掌ₜ尐㟍⦷▔⚺₼㠖㒥
䴉㫋䤓䥽摛槱᧨扨㫆⋩ₜ㢾⸩ₜ♾ⅴ᧨♹㢾扨㫆↩⚝兼ㆉ䵚CYGWIN䘾⬒サ㧴㈗⮩欬
⮥䤓ぴ⇫᧨扨㢾䟀ℝLinux✛Windows䤓䭐䥧恾㈓ぽⒺ㓏⺋咃䤓᧨㒠ⅻ⃮㼰㦘㉔尐全呹む㔍煊
䍵ᇭ



A.3ᇫ㨓ㆉ冥幠䘾⬒
冥幠䘾⬒䤓䶻㷴㢾♊⸘孔₹CYGWIN[1]ᇭ扨㢾₹⦷Windows♿ₚ㲰㕮Linux

扟嫛䘾⬒䤓懾ↅ᧨㙟∪ℕ侊⒦䤓Linux✌ⅳ㞾㖐ᇭ榏尐CYGWIN䤓☮⥯㢾⦷冥幠₼尐∎䞷
GNU Make㧴㓶嫛Makefile㠖ↅ᧤C/C++䲚ㄞ⛧匾⸩㈗䐮㌘᧨Ⱁ㨫♹∎䞷Java᧨挲㔙扨₹₫導
㇢⋩C++䓗㦻䤓ANT䦚㈔⻀♾ⅴℕ᧥ᇭ⸘孔CYGWIN㢅ₜ厌䦃㘴照帳⸘孔᧨⥯嫷A-1₼㓏
䯉䤓ぴ␆掌ₜ↩扪嫛照帳⸘孔᧨⇕♗㢾冥幠扖䲚₼榏尐䤓᧨⥯㷳尐⦷⦍A-1䤓⸘孔䟛槱₼扪
嫛㓚ぴ折㕸ᇭ

CYGWIN⸘孔㢅䤓⸩Ⓟ▔折㕸䟛槱Ⱁ⦍A-1㓏䯉᧶



⦍ᇫA-1ᇫCYGWIN⸘孔䟛槱

ㆉ䵚冥幠䘾⬒䤓䶻ℛ㷴㢾⸘孔冥幠⣷ᇭJDK₼㦏㫇㉒䤓ⅲ䪐᧤Java壩㕮㧉♙JDK₼Native
㡈㽤䤓⸭䘿䷘᧥㢾∎䞷C++幼岏♙⺠摞䤓C幼岏冥䤓᧨⸧㡈㠖㫲₼広Ⅵⅻ䤓␔捷♠䘾⬒
㢾⦷Microsoft Visual Studio C++2003᧤VS2003᧥₼扪嫛冥幠᧨⚛㢅⃮⦷Microsoft Visual Studio
C++2010᧤VS2010᧥₼㿚幤扖᧨㓏ⅴ㦏Ⰼ♹折㕸扨₳₹冥幠⣷⃚扪嫛冥幠ᇭⰑ㨫折㕸
VS2010᧨挲⃗⦷冥幠⣷⃚₼め兞▔⚺ℕWindows SDK v 7.0a᧨⚵⒨♾厌执尐呹む♊ₚ戌扨₹
SDK᧨ㄅ₣㦃㠿PlatformSDK䥽ᇭ䟀ℝVisual Studio 2010䤓IDE㢾㟅忈䤓᧨㓏ⅴ⅔⅔ₚ戌ℕ
VS2010 Express₼㙟♥⒉㧴䤓C++冥幠⣷᧨扨捷⒕㢾⏜忈䤓᧨⇕◤䕻⸘孔Ⰼ冥幠⣷㹣戒煊
䍵ᇭㆉ帽床劔折㕸∎䞷㠃⯦Visual Studio C++2010㒥Visual Studio C++2010 Express䓗扪嫛冥
幠ᇭ

榏尐䔈Ⓔ㽷㎞䤓䍈㢾᧨CYGWIN✛VS2010⸘孔⃚⚝掌↩⦷㝜⇫侊兮䤓PATH䘾⬒♧摞
₼⏴呹む䤓bin䥽恾㈓᧨㉔權㭏㩴ㄅ≬幐VS2010䤓bin䥽⸩尐⦷CYGWIN䤓bin䥽⃚
ⓜ᧨⥯扨₳₹懾ↅ䤓bin䥽⃚₼⚓呹掌㦘₹扭㘴⣷“link.exe”᧨⇕㢾♹㦘VS2010₼䤓扭㘴
⣷♾ⅴ⸛㒟OpenJDK䤓冥幠ᇭ

JDK冥幠䘾⬒䤓䶻ₘ㷴⻀㢾ₚ戌₹め兞冥幠Ⰼℕ䤓JDKᇭ扨⚻怆㧴⃮幇㦘䍈䅠䳌
——尐䞷炰奚⸄⺞炰执䦮㈦㉔權⏗␊♹㹜炰⛏᧻⇕Ⅳ兕㎂㎂␅⸭扨₹㷴洳㈗⚗䚕᧶⥯
JDK▔⚺䤓⚓₹捷⒕᧤HotspotᇬJDK APIᇬJAXWSᇬJAXP……᧥㦘䤓㢾∎䞷C++冥䤓᧨力
㦃⮩䤓ⅲ䪐⒨㢾∎䞷Java呹愺⸭䘿䤓᧨⥯㷳冥幠扨KJavaⅲ䪐榏尐䞷Ⓙ₹♾䞷䤓JDK᧨⸧
㡈䱿扨₹JDK“Bootstrap JDK”ᇭ力冥幠OpenJDK 7䤓幬᧨Bootstrap JDK㉔權∎䞷JDK6
Update 14㒥⃚⚝䤓䓗㦻᧨䶣劔折䞷䤓㢾JDK6 Update 21ᇭ

㦏⚝₹㷴洳㢾ₚ戌₹Apache ANT,JDK₼Javaⅲ䪐捷⒕掌㢾∎䞷ANT厩㦻扪嫛冥幠



䤓᧨ANT䓗㦻尐㻑⦷1.6.5ⅴₙ᧨扨捷⒕㢾Java䤓⪉䫏䩴幕᧨⺈㦻䤓床劔㧴広ㄣ年㼰㦘楍
ㄵ᧨䶣劔ₜ␜幵承ᇭ

[1]CYGWINₚ戌⦿⧏᧶http://www.cygwin.com/ᇭ



A.4ᇫ∬忥欈
ⓜ槱広扖᧨OpenJDK₼㟍䤓䄟䪐ㄅ㼰㦘才Ⓙ100%᧨执㦘㨐⺠摞䤓㡯㽤䄟䤓ℶ㧒ⅲ

䪐ⷧ⦷ᇭOpenJDK㔎庉㡴⚝⺕抟㷴∎䞷䄟⸭䘿㧴㦎㗱㘘扨捷⒕ℶ㧒ⅲ䪐᧨⇕咂⺠⦷⅙⮸᧨
冥幠JDK执榏尐扨捷⒕桼䄟▔᧨⸧㡈䱿⃚“JDK Plug”[1]᧨⸒ⅻ⅝ⓜ槱䤓Source Releases欄槱
⻀♾ⅴₚ戌Ⓙᇭ⦷Windows♿䤓JDK Plug㢾ⅴJar▔䤓ㇱ㆞㙟∪䤓᧨抩扖ₚ槱扨㧰✌ⅳ♾ⅴ
⸘孔⸒᧶

java-jar jdk-7-ea-plug-b121-windows-i586-09_dec_2010.jar

扟嫛⚝⺕↩㣍䯉Ⱁ⦍A-2㓏䯉䤓◞帽᧨䍈⒊ACCEPT㘴♦◞帽᧨䏅⚝㔙Plug⸘孔Ⓙ㖖⸩䥽
☂♾ᇭ⸘孔⸛㹤⚝ㆉ䵚₹䘾⬒♧摞“ALT_BINARY_PLUGS_PATH”᧨♧摞⋋㷳JDK
Plug䤓⸘孔恾㈓᧨⚝槱冥幠䲚ㄞ㢅榏尐䞷Ⓙ⸒ᇭ

棳ℕ尐䞷ⒿJDK Plug⮥᧨冥幠㢅执榏尐ㆤ䞷JDK䤓扟嫛㢅▔᧨扨₹㢾冥幠JDK₼䞷Javaⅲ
䪐冥䤓挲捷⒕㓏榏尐䤓᧨Ⱁ㨫⅔⅔㢾㎂冥幠₹HotSpot壩㕮㧉䤓幬⒨♾ⅴₜ䞷ᇭ⸧㡈㠖
㫲㔙扨捷⒕䱿“Optional Import JDK”᧨♾ⅴ䦃㘴∎䞷ⓜ槱Bootstrap JDK䤓扟嫛㢅▔᧨㒠ⅻ榏
尐ㆉ䵚₹⚜“ALT_JDK_IMPORT_PATH”䤓䘾⬒♧摞㖖⚠JDK䤓⸘孔䥽ᇭ

⦍ᇫA-2ᇫJDK Plug⸘孔◞帽

䏅⚝㢾⸘孔₹⮶ℝ2.3䓗䤓FreeType[2]᧨扨㢾₹⏜忈䤓ⷦ⇢䃁㩢ㄢ᧨JDK䤓Swing捷⒕
✛JConsole扨伊ぴ␆尐∎䞷Ⓙ⸒ᇭ⸘孔Ⰼ⚝ㆉ䵚₳₹䘾⬒♧
摞“ALT_FREETYPE_LIB_PATH”✛“ALT_FREETYPE_HEADERS_PATH”᧨⒕Ⓔ㖖⚠FreeType
⸘孔䥽ₚ䤓bin䥽✛include䥽ᇭ♵⮥执㦘䍈⸧㡈㠖㫲㼰㦘㙟Ⓙ⇕㉔權尐⋩䤓ℚ㍔㢾㔙
FreeType䤓bin䥽┯⏴ⒿPATH䘾⬒♧摞₼ᇭ

䏅⚝ₚ戌Microsoft DirectX 9.0 SDK᧤Summer 2004᧥᧨⸘孔⚝⮶儵㦘298MB᧨⦷㈽懾⸧
㡈几䵨ₙ㚫侱ₚ⻀♾ⅴ㔍Ⓙₚ戌⦿⧏᧨⸒㢾⏜忈䤓ᇭ⸘孔⚝ㆉ䵚䘾⬒♧



摞“ALT_DXSDK_PATH”㖖⚠DirectX 9.0 SDK䤓⸘孔䥽ᇭ

䏅⚝♊⺊㔍₹⚜“MSVCR100.DLL”䤓┷㊐枍㘴ㄢ᧨Ⱁ㨫床劔⦷ⓜ槱⸘孔ℕ⏷⯦䤓
Visual Studio 2010᧨挲扨₹㠖ↅ⦷㦻㧉⻀厌㔍Ⓙ᧨⚵⒨ₙ几㚫侱ₚ⃮厌㔍Ⓙ◤䕻䤓ₚ戌⦿
⧏᧨⮶㰑㦘744KBᇭㆉ䵚䘾⬒♧摞“ALT_MSVCRNN_DLL_PATH”㖖⚠扨₹㠖ↅ㓏⦷䤓䥽ᇭ
Ⱁ㨫床劔折㕸䤓㢾VS2003᧨扨₹㠖ↅ⚜ㄣ㇢“MSVCR73.DLL”᧨ㄣ年⦷㈗⮩懾ↅ₼掌▔⚺
㦘扨₹㠖ↅ᧨Ⱁ㨫㔍ₜⒿ䤓幬᧨ⓜ槱ₚ戌䤓“Bootstrap JDK”䤓bin䥽₼ㄣ年⃮㦘₹᧨䦃㘴
㖎㧴䞷⚶ᇭ

[1]⦷2011᧨JDK plugめ兞ₜ␜榏尐ℕ᧨⇕⦷䶣劔㦻㶰⸭㒧㢅∎䞷䤓201012㦗9㡴♠を
䤓OpenJDK b121䓗执㢾榏尐扨KJDK plugᇭ
[2]FreeType欄᧶http://www.freetype.org/ᇭ



A.5ᇫ扪嫛冥幠
䘿⦷榏尐ₚ戌䤓冥幠䘾⬒✛∬忥欈䥽掌營⏷ℕ᧨㦏⚝㒠ⅻ执榏尐⺈侊兮⋩K幍函

ⅴ≎冥幠厌⮮欉Ⓒ抩扖ᇭ

氥⏗㓶嫛VS2010₼䤓VCVARS32.BAT᧨扨₹㔈⮓䚕㠖ↅ䤓䥽䤓尐㢾幍函INCLUDEᇬ
LIB✛PATH扨⑯₹䘾⬒♧摞᧨Ⱁ㨫✛䶣劔㫆♹㢾ₚ戌ℕ冥幠⣷䤓幬⒨榏尐㓚ぴ幍函⸒ⅻ᧨
⚓₹䘾⬒♧摞䤓幍函⋋♾ⅴ♑劒ₚ槱全⒉䤓ⅲ䪐䂔◤A-1₼䤓␔⹈ᇭ㔈⮓䚕扟嫛⸛⃚⚝ㆉ
䵚“ALT_COMPILER_PATH”䘾⬒♧摞常Makefile䩴拢⦷❹摛♾ⅴ㔍Ⓙ冥幠⣷ᇭ

␜ㆉ䵚“ALT_BOOTDIR”✛“ALT_JDK_IMPORT_PATH”₳₹䘾⬒♧摞㖖⚠ⓜ槱㙟Ⓙ䤓
JDK 1.6䤓⸘孔䥽ᇭㆉ䵚“ANT_HOME”㖖⚠Apache ANT䤓⸘孔䥽ᇭㆉ䵚䤓䘾⬒♧摞㈗
⮩᧨ℕ挎⏜拦䆞᧨䶣劔ℕ₹㔈⮓䚕㠖ↅⅴ∪床劔♑劒᧨Ⱁⅲ䪐䂔◤A-1㓏䯉ᇭ

ⅲ䪐䂔◤A-1ᇫ䘾⬒♧摞幍函

SET ALT_BOOTDIR=D᧶/_DevSpace/JDK 1.6.0_21
SET ALT_BINARY_PLUGS_PATH=D᧶/jdkBuild/jdk7plug/openjdk-binary-plugs
SET ALT_JDK_IMPORT_PATH=D᧶/_DevSpace/JDK 1.6.0_21
SET ANT_HOME=D᧶/jdkBuild/apache-ant-1.7.0
SET ALT_MSVCRNN_DLL_PATH=D᧶/jdkBuild/msvcr100
SET ALT_DXSDK_PATH=D᧶/jdkBuild/msdxsdk
SET ALT_COMPILER_PATH=D᧶/jdkBuild/vcpp2010.x86/bin
SET ALT_FREETYPE_HEADERS_PATH=D᧶/jdkBuild/freetype-2.3.5-1-bin/include
SET ALT_FREETYPE_LIB_PATH=D᧶/jdkBuild/freetype-2.3.5-1-bin/bin
SET INCLUDE=D᧶/jdkBuild/vcpp2010.x86/include᧷D᧶/jdkBuild/vcpp2010.x86/sdk/Include᧷%INCLUDE%
SET LIB=D᧶/jdkBuild/vcpp2010.x86/lib᧷D᧶/jdkBuild/vcpp2010.x86/sdk/Lib᧷%LIB%
SET LIBPATH=D᧶/jdkBuild/vcpp2010.x86/lib᧷%LIB%
SET PATH=D᧶/jdkBuild/vcpp2010.x86/bin᧷D᧶/jdkBuild/vcpp2010.x86/dll/x86᧷D᧶/Software/OpenSource/cygwin/bin᧷%ALT_FREETYPE_LIB_PATH%᧷%PATH%

㦏⚝执榏尐扪嫛₳欈庒㠃᧨夌䏅᧨⸧㡈㠖㫲㼰㦘広㢝扨₳欈᧨⇕㢾㉔權尐⋩⸛㓜厌≬幐
冥幠扖䲚䤓欉Ⓒ抩扖᧶欈㢾♥䀗䘾⬒♧摞JAVA_HOME᧨扨䍈㈗丏◤᧷♵⮥欈㢾⻌摞⦷
喀㠖䤓㝜⇫侊兮ₙ冥幠᧨Ⱁ㨫ₜ厌⦷喀㠖䤓侊兮ₙ冥幠⻀㔙侊兮䤓㠖ⷦ㫋㆞庒㠃“喀幼
᧤初⦌᧥”᧨⦷㘶Ⓟ槱㨎-◉⩮✛幼岏折欈䤓䶻₹欄不₼♾ⅴ幍函ᇭⰑ㨫扨₹幍函执ₜ厌㦃
㟈⻀ㆉ䵚₹“BUILD_CORBA”䤓䘾⬒♧摞᧨⺕⋋幍函false᧨♥䀗冥幠CORBA捷⒕᧨⚵⒨
Java IDL᧤idlj.exe᧥*.idl㠖ↅ䞮㒟CORBA抑揜⣷ⅲ䪐䤓㢅⊨↩ℶ䞮₼㠖㽷摙᧨力扨K₼㠖
㽷摙↩⥯ⷦ䶵楕䤓桽欧力⺋咃冥幠⯀徴ᇭ

⸛㒟ℕₙ承䤓ぴ⇫⃚⚝᧨㒠ⅻ兗ℝ♾ⅴⱚ冥幠ℕᇭ扪⏴㘶Ⓟ♿᧤Cmd.exe᧥⚝扟
嫛⒩㓜Ⰼ䤓幍函䘾⬒♧摞䤓㔈⮓䚕㠖ↅ᧨䏅⚝戢⏴bash扪⏴Bourne Again Shell䘾⬒᧤sh
㒥ksh⃮♾ⅴ᧥ᇭⰑ㨫JDK䤓⸘孔䄟䪐₼ⷧ⦷“jdk_generic_profile.sh”扨₹Shell厩㦻᧨⏗㓶嫛
⸒᧨䶣劔ₚ戌䤓OpenJDK 7 B121䓗㼰㦘扨₹㠖ↅℕ᧨㓏ⅴ䦃㘴戢⏴make sanity㧴㭏㩴㒠ⅻⓜ
槱㓏⋩䤓幍函㢾⚵⏷捷㷲䫽ᇭⰑ㨫⒖欉Ⓒ᧨挲⃗⑯䱡朮⃚⚝↩㦘伊⇋ⅲ䪐䂔◤A-2㓏䯉䤓
戢⒉ᇭ

ⅲ䪐䂔◤A-2ᇫmake sanity㭏㩴

D᧶\jdkBuild\openjdk7᧺bash
bash-3.2$make sanity
cygwin warning᧶
MS-DOS style path detected᧶C᧶/Windows/system32/wscript.exe
Preferred POSIX equivalent is᧶/cygdrive/c/Windows/system32/wscript.exe
CYGWIN environment variable option"nodosfilewarning"turns off this warning.
Consult the user's guide for more details about POSIX paths᧶
http://cygwin.com/cygwin-ug-net/using.html#using-pathnames
᧤cd./jdk/make᧢᧢\
……⥯乖ピ␂侊᧨₼梃䦐䟴ℕ⮶摞䤓戢⒉␔⹈……
OpenJDK-specific settings᧶
FREETYPE_HEADERS_PATH=D᧶/jdkBuild/freetype-2.3.5-1-bin/include
ALT_FREETYPE_HEADERS_PATH=D᧶/jdkBuild/freetype-2.3.5-1-bin/include
FREETYPE_LIB_PATH=D᧶/jdkBuild/freetype-2.3.5-1-bin/bin
ALT_FREETYPE_LIB_PATH=D᧶/jdkBuild/freetype-2.3.5-1-bin/bin
OPENJDK Import Binary Plug Settings᧶



IMPORT_BINARY_PLUGS=true
BINARY_PLUGS_JARFILE=D᧶/jdkBuild/jdk7plug/openjdk-binary-plugs/jre/lib/rt-closed.jar
ALT_BINARY_PLUGS_JARFILE=
BINARY_PLUGS_PATH=D᧶/jdkBuild/jdk7plug/openjdk-binary-plugs
ALT_BINARY_PLUGS_PATH=D᧶/jdkBuild/jdk7plug/openjdk-binary-plugs
BUILD_BINARY_PLUGS_PATH=J᧶/re/jdk/1.7.0/promoted/latest/openjdk/binaryplugs
ALT_BUILD_BINARY_PLUGS_PATH=
PLUG_LIBRARY_NAMES=
Previous JDK Settings᧶
PREVIOUS_RELEASE_PATH=USING-PREVIOUS_RELEASE_IMAGE
ALT_PREVIOUS_RELEASE_PATH=
PREVIOUS_JDK_VERSION=1.6.0
ALT_PREVIOUS_JDK_VERSION=
PREVIOUS_JDK_FILE=
ALT_PREVIOUS_JDK_FILE=
PREVIOUS_JRE_FILE=
ALT_PREVIOUS_JRE_FILE=
PREVIOUS_RELEASE_IMAGE=D᧶/_DevSpace/JDK 1.6.0_21
ALT_PREVIOUS_RELEASE_IMAGE=
Sanity check passed.

Makefile䤓Sanity㭏㩴扖䲚戢⒉ℕ冥幠㓏榏䤓㓏㦘䘾⬒♧摞᧨Ⱁ㨫䦚Ⓙ“Sanity check
passed.”᧨広㢝㭏㩴扖䲚抩扖ℕ᧨♾ⅴ戢⏴“make”㓶嫛㠃₹Makefile᧨䶣劔∎䞷Core i5/4GB
RAM䤓㧉⣷冥幠㠃₹JDK⮶㰑榏尐◙₹⮩⺞㢅ᇭⰑ㨫⯀徴⒨榏尐㫈㗽侊兮戢⒉䤓⯀徴☮⥯᧨
⥭⯃␜㭏㩴ₚ⺈ㄣ䤓幍函ᇭㄅ₣㦏Ⰼ⦷ₚ㶰冥幠⃚ⓜ⏗㓶嫛“make clean”㧴䂔䚕㘘ₙ㶰
冥幠拦䟨䤓㠖ↅᇭ

冥幠⸛㒟⃚⚝᧨㓢OpenJDK䄟䪐ₚ䤓build䥽᧨䦚䦚㢾ₜ㢾め兞㦘₹冥幠Ⰼ䤓JDK
⦷挲摛䷘䧏ℕ᧻㓶嫛ₚ“java-version”᧨䦚Ⓙⅴ呹む㧉⣷✌⚜䤓JDKℕ⚶᧨㈗㦘㒟⻀㎮⚶
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㦻♑㟿嫷ⅴJDK 1.6⪉䫏冥᧨JDK 1.6䤓HotSpot壩㕮㧉㦘㈗⮩槭䳂⸩♑㟿᧤Unstable

Options᧨☂ⅴ-XX᧶⯃䤓♑㟿᧨JDK 1.6䤓壩㕮㧉₼⮶㰑㦘660⮩₹᧥᧨∎䞷-XX᧶
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+UnlockExperimentalVMOptions怆∎䞷᧥᧨ₚ槱䤓⚓₹嫷㫋♹▔⚺ℕ␅₼㦏デ䞷䤓᧤㒥⦷㦻
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-XX᧶-᧸option᧺␂桼option♑㟿ᇭ

-XX᧶᧸option᧺=᧸value᧺⺕option♑㟿䤓⋋幍函valueᇭ
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棓Dᇫ⺈廰㩴幱幼岏᧤OQL᧥丏⅚[1]

D.1ᇫSELECT♴
SELECT♴䞷ℝ䫽⸩㩴幱幼♴榏尐⅝⪕懻⌷㉺䏶₼折㕸⅏⃗␔⹈ᇭⰑ㨫榏尐㣍䯉⪕懻

⌷㉺䏶₼䤓⺈廰᧨ㄅ₣㿞屗扨K⺈廰䤓ㆤ䞷␂侊᧨♾ⅴ∎䞷“*”᧨扨↯兮SQL幼♴₼䤓⃯㍾
㢾咃䤓᧨Ⱁ᧶

SELECT * FROM java.lang.String

1.折㕸䔈⸩䤓㣍䯉⒦

㩴幱⃮♾ⅴ折㕸䔈⸩䤓榏尐㣍䯉䤓ⷦ㹄᧨Ⱁ᧶

SELECT toString᧤s᧥᧨s.count,s.value FROM java.lang.String s

㩴幱♾ⅴ䞷“@”䶵⚆㧴∎䞷Java⺈廰䤓␔ⷧ⻭㊶幎桽⣷ᇭMAT㙟∪ℕ侊⒦䤓␔函⒌㟿
㧴噆♥⒕㨟䦇␂䤓≰㋾᧨Ⱁ᧶

SELECT toString᧤s᧥᧨s.@usedHeapSize,s.@retainedHeapSize FROM java.lang.String s

␂ℝ⺈廰⻭㊶幎桽⣷䤓␆⇢␔⹈᧨♾ⅴ♑屐ₚ㠖䤓“⻭㊶幎桽⣷”ᇭ

2.∎䞷⒦Ⓔ⚜

♾ⅴ∎䞷AS␂枽ⷦ㧴⺈折㕸䤓⒦扪嫛✌⚜᧨Ⱁ᧶

SELECT toString᧤s᧥AS Value᧨
s.@usedHeapSize AS"Shallow Size"᧨
s.@retainedHeapSize AS"Retained Size"
FROM java.lang.String s

♾ⅴ∎䞷“AS RETAINED SET”␂枽ⷦ㧴噆㈦折㕸⺈廰䦇␂勣䤓⺈廰楕⚗᧨Ⱁ᧶

SELECT AS RETAINED SET * FROM java.lang.String

3.㖋⚗㒟₹⺈廰⒦嫷折㕸欈䥽

♾ⅴ∎䞷“OBJECTS”␂枽ⷦ㔙SELECT♴₼㩴㔍⒉㧴䤓㟿㗽欈䥽懻♧⺈廰᧨Ⱁ᧶

SELECT OBJECTS dominators᧤s᧥FROM java.lang.String s

ₙ槱√₼᧨⒌㟿“dominators᧤᧥”⺕↩扣⥭₹⺈廰㟿兓᧨⥯㷳᧨Ⱁ㨫㼰
㦘“OBJECTS”␂枽ⷦ᧨ₙ槱䤓㩴幱⺕扣⥭兓ℛ冃䤓⺈廰㟿兓䤓⒦嫷ᇭ抩扖∎䞷␂枽
ⷦ“OBJECTS”᧨㒠ⅻ扺∎OQL㔙㩴幱兢㨫冸冃䤓⺈廰⒦嫷ᇭ



4.㘡棳摜⮜⺈廰

∎䞷“DISTINCT”␂枽ⷦ♾ⅴ㘡棳兢㨫楕₼䤓摜⮜⺈廰᧨Ⱁ᧶

SELECT DISTINCT classof᧤s᧥FROM java.lang.String s

ₙ槱䤓√₼᧨⒌㟿“classof᧤᧥”䤓⇫䞷㢾扣⥭⺈廰㓏⻭䤓Java伊᧨㇢䏅᧨㓏㦘ⷦ䶵
⺈廰䤓㓏⻭伊掌㢾java.lang.String᧨⥯㷳᧨Ⱁ㨫ₙ槱䤓㩴幱₼㼰㦘┯⏴DISTINCT␂枽ⷦ᧨㩴
幱兢㨫⻀↩扣⥭㉺䏶₼䤓ⷦ䶵㟿摞㫆⮩䤓嫛帿᧨ㄅ₣㹞嫛帿䤓␔⹈掌㢾
java.lang.String伊⨚ᇭ

[1]㦻棓劊幠呹Eclipse Memory Analyzer Tool᧤MAT,Eclipse⒉❐䤓␔ⷧ⒕㨟ぴ␆᧥䤓OQLソ
┸㠖㫲ᇭ



D.2ᇫFROM♴
1.FROM♴㖖⸩榏尐㩴幱䤓伊

OQL㩴幱榏尐⦷FROM♴⸩⃘䤓㩴幱喒⦃ₙ扪嫛㝜⇫ᇭFROM♴♾ⅴ㘴♦䤓㩴幱喒
⦃㙞承▔㕻ₚ⒦⑯䱜㡈㆞᧶

1᧥抩扖伊⚜扪嫛㩴幱᧨Ⱁ᧶

SELECT * FROM java.lang.String

2᧥抩扖㷲⒨嫷才㆞◈揜兓伊⚜扪嫛㩴幱᧨Ⱁ᧶

SELECT * FROM"java\.lang\..*"

3᧥抩扖伊⺈廰⦷⪕懻⌷㉺䏶₼䤓⦿⧏扪嫛㩴幱᧨Ⱁ᧶

SELECT * FROM 0xe14a100

4᧥抩扖⺈廰⦷⪕懻⌷㉺䏶₼䤓ID扪嫛㩴幱᧨Ⱁ᧶

SELECT * FROM 3022

5᧥⦷㩴幱₼䤓兢㨫楕₼扪嫛㩴幱᧨Ⱁ᧶

SELECT * FROM᧤SELECT * FROM java.lang.Class c WHERE c implements org.eclipse.mat.snapshot.model.IClass᧥

ₙ槱䤓㩴幱扣⥭⪕懻⌷㉺䏶₼㓏㦘⸭䘿ℕ“org.eclipse.mat.snapshot.model.IClass”㘴♲䤓
伊ᇭₚ槱䤓扨♴㩴幱∎䞷⻭㊶幎桽⣷才Ⓙℕ⚛㫆䤓㟗㨫᧨⸒䦃㘴庒䞷ℕISnapshot⺈廰䤓㡈
㽤᧶

SELECT * FROM $snapshot.getClasses᧤᧥

2.▔⚺伊

∎䞷“INSTANCEOF”␂枽ⷦ㔙㖖⸩伊䤓伊⒦⏴㩴幱兢㨫楕⃚₼᧨Ⱁ᧶

SELECT * FROM INSTANCEOF java.lang.ref.Reference

扨₹㩴幱䤓兢㨫楕₼⺕↩▔⚺WeakReferenceᇬSoftReference✛PhantomReference伊⨚䤓⺈
廰᧨⥯⸒ⅻ掌其㔎呹java.lang.ref.Referenceᇭₚ槱扨♴㩴幱⃮㦘䦇⚛䤓兢㨫᧶

SELECT * FROM $snapshot.getClassesByName᧤"java.lang.ref.Reference"᧨true᧥



3.䰐㷱㩴幱伊⸭√

⦷FROM♴₼∎䞷“OBJECTS”␂枽ⷦ♾ⅴ䰐㷱OQL㔙㩴幱䤓喒⦃屲摙⺈廰⸭√᧨
Ⱁ᧶

SELECT * FROM OBJECTS java.lang.String

扨₹㩴幱䤓兢㨫ₜ㢾扣⥭㉺䏶₼㓏㦘䤓ⷦ䶵᧨力㢾♹㦘₹⺈廰᧨⃮⻀㢾
java.lang.String伊⺈ㄣ䤓Class⺈廰ᇭ



D.3ᇫWHERE♴
1.᧺=ᇬ᧸=ᇬ᧺ᇬ᧸ᇬ[NOT]LIKE᧨[NOT]IN᧤␂侊㝜⇫᧥

WHERE♴䞷ℝ㖖⸩㚫侱䤓㧰ↅ᧨☂⅝㩴幱兢㨫₼⒯棳ₜ榏尐䤓㟿㗽᧨Ⱁ᧶

SELECT * FROM java.lang.String s WHERE s.count᧺=100
SELECT * FROM java.lang.String s WHERE toString᧤s᧥LIKE".*day"
SELECT * FROM java.lang.String s WHERE s.value NOT IN dominators᧤s᧥

2.=ᇬ=᧤䷘ℝ㝜⇫᧥

SELECT * FROM java.lang.String s WHERE toString᧤s᧥="monday"

3.AND᧤㧰ↅ“”㝜⇫᧥

SELECT * FROM java.lang.String s WHERE s.count᧺100 AND s.@retainedHeapSize᧺s.@usedHeapSize

4.OR᧤㧰ↅ“㒥”㝜⇫᧥

㧰ↅ“㒥”㝜⇫♾ⅴㄣ䞷ℝ嫷才㆞ᇬデ摞㠖㦻✛㩴幱⃚₼᧨Ⱁ᧶

SELECT * FROM java.lang.String s WHERE s.count᧺1000 OR s.value.@length᧺1000

5.㠖ⷦ嫷才㆞

㠖ⷦ嫷才㆞▔㕻ℕを⺣⋋ᇬⷦ䶵ᇬ㠃⨚ᇬ栎㠃⨚✛null᧨Ⱁ᧶

SELECT * FROM java.lang.String s
WHERE᧤s.count᧺1000᧥=true
WHERE toString᧤s᧥="monday"
WHERE dominators᧤s᧥.size᧤᧥=0
WHERE s.@retainedHeapSize᧺1024L
WHERE s.@GCRootInfo=null



D.4ᇫ⻭㊶幎桽⣷
1.幎桽⪕懻⌷㉺䏶₼⺈廰䤓ⷦ㹄

⺈廰䤓␔ⷧ⻭㊶♾ⅴ抩扖↯兮䤓“䍈嫷䯉㽤”扪嫛幎桽᧨㫋㆞᧶

[᧸alias᧺.]᧸field᧺.᧸field᧺.᧸field᧺……

2.幎桽Java Bean⻭㊶

㫋㆞᧶

[᧸alias᧺.]@᧸attribute᧺……

∎䞷@䶵⚆᧨OQL♾ⅴ幎桽ㄤ⻑Java⺈廰䤓␔ⷧ⻭㊶ᇭₚ嫷⒦⒉ℕKデ䞷䤓Java⻭
㊶ᇭ

3.庒䞷OQL Java㡈㽤

㫋㆞᧶

[᧸alias᧺.]@᧸㡈㽤᧺᧤[᧸嫷才㆞᧺᧨᧸嫷才㆞᧺]᧥……

┯“᧤᧥”⺕↩ⅳMAT屲摙₹OQL Java㡈㽤庒䞷ᇭ扨₹㡈㽤䤓庒䞷㢾抩扖♜⺓㓶嫛
䤓ᇭデ屐䤓OQL Java㡈㽤Ⱁₚ᧶



4.OQL䤓␔ㆉ⒌㟿

㫋㆞᧶

᧸function᧺᧤᧸parameter᧺᧥



D.5ᇫOQL幼岏䤓BNF喒㆞







棓EᇫJDK☕⚁䓗㦻懷抈
⮶捷⒕䤓JDK☕⚁䓗㦻᧤JDK 1.1.6⃚⚝䤓䓗㦻᧥᧨ⅴ♙JDK㓏棓サ䤓⚓䱜ぴ␆䤓☕⚁䓗

㦻᧨掌♾ⅴ⅝Oracle⏻⚇䤓几䵨[1]ₙₚ戌Ⓙᇭ









[1]ₚ戌欄槱⦿⧏᧶http://www.oracle.com/technetwork/java/archive-139210.htmlᇭ
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