
 1 
 

ศᩓศᩓศᩓศᩓࣛࣥ࢜ࣛࣥ࢜ࣛࣥ࢜ࣛࣥ࢜ࡢࡢࡢࡢୖୖୖୖ࣒ࢸࢫࢩࢢࣥ࢕ࢸ࣮ࣗࣆࣥࢥ࣒ࢸࢫࢩࢢࣥ࢕ࢸ࣮ࣗࣆࣥࢥ࣒ࢸࢫࢩࢢࣥ࢕ࢸ࣮ࣗࣆࣥࢥ࣒ࢸࢫࢩࢢࣥ࢕ࢸ࣮ࣗࣆࣥࢥ

㛤Ⓨ⎔ቃ㛤Ⓨ⎔ቃ㛤Ⓨ⎔ቃ㛤Ⓨ⎔ቃ࣒࣮ࢤࣥ࢖࣒࣮ࢤࣥ࢖࣒࣮ࢤࣥ࢖࣒࣮ࢤࣥ࢖ pfmࡢࡢࡢࡢタィタィタィタィ 
 

ᘺᐩ ㇦ᏹ 

 

㏆ᖺ࣒࣮ࢤࣥ࢖ࣛࣥ࢜ࡢ⏘ᴗࡣ࡚࠸࠾࡟㸪➇த⃭ࡢ໬ࡽ࠿㸪㛤Ⓨ࣭㐠Ⴀ㈝ࡧࡼ࠾
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ࢢࣥ࢕ࢸ࣮ࣗࣆࣥࢥศᩓࡀ࣒࣮ࢤࣥ࢖ࣛࣥ࢜㸪ࡣ࡟ࡵࡓࡢゎỴࡢ㸬ㄢ㢟ࡿ࠸࡚ࡗ
ࢤࣥ࢖ࣛࣥ࢜ࡢ㸪௚ࡋ࿴⦅ࢆࡉᅔ㞴ࡢࢢ࣑ࣥࣛࢢࣟࣉࡿࡼ࡟࡜ࡇࡿ࠶࡛࣒ࢸࢫࢩ
✏㸬ᮏࡿ࠼⪄࡜ࡿ࠶ᚲせ࡛ࡀ࡜ࡇࡿࡍ࡟࠺ࡼࡿࡁ࡛⏝ඹࢆࣛࣇࣥ࢖࡟⡆༢࡜࣒࣮
࡜࢔ࢺࢫ࣮ࣗࣜࣂ࣮࢟ศᩓ࡞ࣝࣈ࣐ࣛࢢࣟࣉ࡟ࡵࡓࡢゎỴࡢၥ㢟ࡢࡽࢀࡇࡣ࡛
㸪PaaSࢀࡉࣥ࢖ࢨࢹ࡚ࡋ ࡿ࠶㛤Ⓨ⎔ቃ࡛࣒࣮ࢤࡿࡍసື࡚ࡋ࡜ pfm ࡭㏙࡚࠸ࡘ࡟
 㸬ࡿ
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In recent online game industry, it is very important to decrease the cost for development, 
service maintenance and infrastructure because this region become more and more 
competitive. To solve these problems, we need to decrease the difficulty of programing 
on distribute computing system and enable to share infrastructure with other online 
games. In this paper, I explain new online game development environment called 'pfm' 
which is designed as programmable distribute key value store and run as PaaS, and show 
it can solve above problems. 
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㏆ᖺ࣒࣮ࢤࣥ࢖ࣛࣥ࢜ࡢᕷሙࡣ࡚࠸࠾࡟㸪ࢆ࣒࣮ࢤࡢ࡝ぢ࡚ࡶᇶᮏⓗ࠺ࡼࡌྠࡣ࡟

࢖࢔࠸㧗ࡢ㸪⊂๰ᛶࡾ࠾࡚ࡗࡲࡋ࡚ࡗ࡞࡟ࡢࡶ࡞࠺ࡼࡿࡍᥦ౪ࢆయ㦂࢖ࣞࣉ࣒࣮ࢤ࡞

ࡣ㛤Ⓨࡢ࣒࣮ࢤࣥ࢖ࣛࣥ࢜ࡽ࡞ࡐ࡞㸬࠸࡞ᑡࡀࢫ࣮ࣜࣜࡢసရ࡞࠺ࡼࡓࡋ࡟ඖࢆ࢔ࢹ

ᩘᖺ࡟Ώࡿ㛤Ⓨᮇ㛫࡜㸪㸯㸮൨෇つᶍ࡛ࡢண⟬ࢆᚲせࡾ࠾࡚ࡋ࡜㸪࡚ࡋ࡜ࢫࢿࢪࣅ཰

࢖࢔࡞㸪⊂๰ⓗࡵࡓࡿ࠸࡚ࢀࡉせồࡀ࡜ࡇࡿࡵ㞟ࢆ࣮ࢨ࣮ࣘࡢከᩘ࡟ࡵࡓࡿࡆ࠶ࢆ┈

࠸࡛ࢇࡋぶ࡟᪤ࡀ࣮ࢨ࣮ࣘࡢከᩘ࡜ࡿ࠼⪄ࢆࢡࢫࣜࡢ㸪ኻᩋࡶ࡚ࡗ࠶㨩ຊⓗ࡛ࡀ࢔ࢹ

 㸬ࡿ࠶࡛ࡽ࠿ࡃാࡃᙉࡀᅽຊࡢୖࢫࢿࢪࣅ࠺࠸࡜࠸࠸ࡀ࠺࡯ࡓࡋ࡟ෆᐜ࣒࣮ࢤ࡞࠺ࡼࡿ

ⓗࣝࣕࢩ࣮ࢯࡢ࣒࣮ࢤ㸪ࡵࡓ࠸࡞ࡽࢃኚࡀ௙ᵝ࡞ᮏ㉁ⓗࡶ࡚ࡋ࢖ࣞࣉࢆ࣒࣮ࢤࡢ࡝

ᴟ✚ࢆ࣒࣮ࢤ࠸ࡋ㸪᪂ࡾ࡞࡟㔜せࡀࡅࡔ㒊ศࡓࡗ࠸࡜㸧࠿࠺࡝࠿ࡿ࠸ࡀせ⣲㸦▱ே࡞

ⓗࡀ࡜ࡇࡿࡍ࢖ࣞࣉ࡟ᑡࡿ࡞ࡃ࡞㸬࡟ࡽࡉࡾࡼ࡟ࢀࡇ᪂つࡢ࣒࣮ࢤࣥ࢖ࣛࣥ࢜ࡢ㛤Ⓨ

ࡢ㈇࠺࠸࡜ࡿ࡞ࡃࡉᑠࡀవᆅࡿࡍ⏝㐺ࢆ࢔ࢹ࢖࢔࡞๰ⓗ⊃ࡍࡲࡍࡲ㸪ࡋቑຍࡀࢡࢫࣜ

 㸬ࡿ࠸࡚ࡋ⏕Ⓨࡀࣝࣛ࢖ࣃࢫ

ࡁ኱࡚ࡵ㸪ᴟࡾ࠾࡚ࡋ㜼ᐖࢆⓎᒎࡢᛶ࣒࣮ࢤࡢศ㔝࠺࠸࡜࣒࣮ࢤࣥ࢖ࣛࣥ࢜ࡣࢀࡇ

ࢥࡢࡵࡓࡢ㐠Ⴀࡢᚋࡢࡑ㸪ࡧࡼ࠾㛤Ⓨࡢ࣒࣮ࢤࣥ࢖࡚ࣛࣥ࢜ࡗࡀࡓࡋ㸬ࡿ࠶ၥ㢟࡛࡞

ୗࢆࣥ࢖࣮ࣛࢲ࣮࣎ࡢᩘ࣮ࢨ࣮ࣘࡿࡀ࠶ࡢ┈཰࡚ࡋ࡜ࢫࢿࢪࣅ㸪ࡋ㍍ῶ࡟኱ᖜࢆࢺࢫ

 㸬ࡿ࠼⪄࡜ࡿ࠸࡚ࡗ࡞࡜ㄢ㢟࡞ࡁ኱ࡀ࡜ࡇࡿࡆ

⌧ᅾࡢ࣒࣮ࢤࣥ࢖ࣛࣥ࢜ࡢ㛤Ⓨ࣭㐠Ⴀࡣࡢࡿ࠸࡚ࡗ࠿࠿ࡀࢺࢫࢥ࡚࠸࠾࡟㸪ศᩓࢥ

ࣥ࢖ࡿࡍᥦ౪ࢆࢫࣅ࣮ࢧ㸪࡜ࢢ࣑ࣥࣛࢢࣟࣉ࡞㞴ゎࡢ࡛ୖ࣒ࢸࢫࢩࢢࣥ࢕ࢸ࣮ࣗࣆࣥ

ࡣศ㔝࡛ࡢࣥࣙࢩ࣮ࢣࣜࣉ࢔ࣈ࢙࢘㸬ࡿ࠶ᮇᢞ㈨࡛ึࡢ࡬ࣛࣇ Ruby  on  Rails ࡼࡢ

ࣇࣥ࢖࡞࠺ࡼࡢࢢࣥ࢕ࢸ࣮ࣗࣆࣥࢥࢻ࢘ࣛࢡ㸪ࡾࡓࡆୗࡃࡁ኱ࢆ㞴᫆ᗘࡢ㸪㛤Ⓨ࡟࠺

ฟࡀ࡜ࡇࡿࡏࡉῶᑡࡃࡁ኱ࢆࢺࢫࢥ࡞࠺ࡼࡢ㸪ୖグࢀࡲ⏕ࡀ⾡ᢏࡿࡍపࢆࢺࢫࢥࡢࣛ

᮶࡚࡜ࡿ࠸ゝࡿ࠼㸬 

୍᪉࡛ࡢ࣒࣮ࢤࣥ࢖ࣛࣥ࢜ศ㔝ࡣ࡚࠸࠾࡟㸪ᚋ㏙ࡢ࡬ࢫ࣐࣮࢛ࣥࣇࣃ࡟࠺ࡼࡿࡍせ

ồࡵࡓࡿ࠶࡛࢔ࣅࢩࡾࡼࡀ㸪ୖグ࡞࠺ࡼࡢᢏ⾡ࡲࡲࡢࡑࢆ౑ࡣ࡜ࡇ࠺㞴ࡀ࠸ࡋ㸪⊂⮬

ࢀࡉࢫ࣮ࣜࣜࡀࢡ࣮࣒࣮࣡ࣞࣇࡢ࠿ࡘ㸪ᗄࡾ࠶ࡣࡁືࡿࡍ࡜࠺ࡼࡋゎỴࢆၥ㢟ࡢࡇ࡟

ࡓࡀ࠸ゝࡣ࡜ࡿ࠸ゎỴฟ᮶࡚ࢆၥ㢟࡟㸪༑ศࡽ࠿⏤⌮࡞࠺ࡼࡢ㸪௨ୗࡋ࠿ࡋ㸬ࡿ࠸࡚

 㸬ࡿ࠶ἣ࡛≦࠸

� 㛤Ⓨ㛤Ⓨ㛤Ⓨ㛤Ⓨࢢ࣑ࣥࣛࢢࣟࣉࢢ࣑ࣥࣛࢢࣟࣉࢢ࣑ࣥࣛࢢࣟࣉࢢ࣑ࣥࣛࢢࣟࣉࡢࡵࡓࡢࡢࡵࡓࡢࡢࡵࡓࡢࡢࡵࡓࡢసᴗసᴗసᴗసᴗࡢࡢࡢࡢ㞴ᗘ㞴ᗘ㞴ᗘ㞴ᗘࡀࡀࡀࡀ㧗㧗㧗㧗࠸࠸࠸࠸     

᪤Ꮡࡣࢡ࣮࣒࣮࣡ࣞࣇࡢ୰⣭௨ୖࢢ࣑ࣥࣛࢢࣟࣉࡢゝㄒࡢ▱㆑ࢆᚲせࡾࡓࡋ࡜㸪㍍㔞

ࡇ㉳ࢆၥ㢟ࡢ㈇Ⲵ㉸㐣ࡢ࣒ࢸࢫࢩ࡟㸪⡆༢ࡶሙྜ࡛ࡿ࠼⾜ࢆゝㄒ࡛㛤Ⓨࢺࣉࣜࢡࢫ࡞

▱ᑓ㛛࡟ࡵࡓࡴ㎸ࡋ࡜ⴠ࡟࣒ࣛࢢࣟࣉࢆෆᐜࡢ࣒࣮ࢤࡔ㸪ᮍࡵࡓࡿࡍࡾࡓࡗࡲࡋ࡚ࡏ

㆑ࢆᣢࡀ࣮࣐ࣛࢢࣟࣉࡓࡗᚲせ࡛ࡿ࠶㸬ࡢ࣮࣐ࣛࢢࣟࣉࡓࡗ࠸࠺ࡑே௳㈝ࡣ኱᢬ࡢሙ

ྜ㧗㢠࡛ࡾ࠶㸪࡚ࡗࡀࡓࡋ㛤Ⓨ㈝ࢆ༑ศ࡟ᢚไࡀ࡜ࡇࡿࡍฟ᮶࠸࡞㸬 
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ࢨ࣮ࣘࡢᙜከᩘ┦ࡶࡾࡼࡳぢ㎸ࡢࣥ࢖ࣛ⟭᥇ࡣ࡟㛤ጞ᫬ࢫࣅ࣮ࢧࡢ࣒࣮ࢤࣥ࢖ࣛࣥ࢜

ࡓࡵ㞟࡟㛤ጞ᫬ࡢࢫࣅ࣮ࢧ㸬ࡿ࠸࡚ࡗ࡞࡜ᖖ㆑ࡀ࡜ࡇࡿࡍព⏝ࢆࣛࣇࣥ࢖ࡢࡵࡓࡢ࣮

ࡢࢇࡉࡃࡓ࡟㸪᭱ึࡃከࡀ࡜ࡇࡿࡍỴᐃࢆ฼⏝ேᩘࡢࢫࣅ࣮ࢧࡢᚋࡢࡑࡀᩘ࣮ࢨ࣮ࣘ

᪂ࡣࢀࡇ㸪ࡀࡿ࠶࡛ࡵࡓࡿ࠸࡚ࡗ࡞࡜௳ᑐ᮲⤯ࡢࡵࡓࡢᡂຌࡀ࡜ࡇࡿࡵ㞟ࢆ࣮ࢨ࣮ࣘ

つࢆ࣒࣮ࢤࣥ࢖ࣛࣥ࢜࡟ᥦ౪ࡿࡍሙྜࡣ࡟኱࡞ࡁ㈇ᢸ࡛ࡿ࠶㸬᪤Ꮡࡢᡭἲࡣ㸯࢜ࡢࡘ

࠸ࡓ࡟ၥ㢟ࡢࡇ㸪ࡾ࠾࡚ࡋࢫ࣮࢛࢝ࣇ࡟Ⅼ࠺࠸࡜ࡿࡍ࡟ᐜ᫆ࢆ㛤Ⓨࡢ࣒࣮ࢤࣥ࢖ࣛࣥ

 㸬࠸࡞࠸࡚࠼୚ࢆᨵၿࡢ࠿ࡽఱࡣ࡚ࡋ

 ⴭ⪅ࡢࡽࢀࡇࡣၥ㢟࡟༑ศ࡞ゎỴࢆ୚ࡵࡓࡿ࠼㸪ศᩓ୍ࡢࢢࣥ࢕ࢸ࣮ࣗࣆࣥࢥ᪉ᘧ

ࡿ࠶࡛ PaaS ࡚ࡋ࡜࢔ࢺࢫ࣮ࣗࣜࣂ࣮࢟ศᩓ࡞ࣝࣈ࣐ࣛࢢࣟࣉ㸪ࡣ࡛✏㸬ᮏࡓࡋ┠ὀ࡟

㸪PaaSࢀࡉࣥ࢖ࢨࢹ 㛤Ⓨ⎔ቃ࣒࣮ࢤࡿࡍసື࡚ࡋ࡜ pfmࡢᥦ᱌࡜タィࡢᢏ⾡ⓗゎㄝࢆ

 㸬࠺⾜

 pfm ࣮ࣗࣜࣂ࣮࢟ศᩓࡢᙧᘧࡿࡍ⏝฼ࢆࢻ࣮ࣀ࣮࣮࢝࣡࡜࣮ࢱࢫ࣐ࡣ࡟㸪ᮏ㉁ⓗࡣ

㸦௨ୗศᩓศᩓศᩓศᩓ࢔ࢺࢫ KVS࡜࿧ࡪ㸧࡛ࡀࡿ࠶㸪㏻ᖖࡢศᩓ KVS ࢘࡞ࣝࣈ࣮ࣛࢣࢫ࡟୺ࡀ

㸪pfmࡋᑐ࡟ࡢࡿࡍసື࡚ࡋ࡜ࢻ࢚ࣥࢡࢵࣂࡢࢫࣅ࣮ࢧࣈ࢙ 㸪ศᩓࡣ࡚࠸࠾࡟ KVS ࡢ

ࡶ࡚ࡋ࡜ࢻ࢚ࣥࢺࣥࣟࣇࡿࢀධࡅཷࢆ⥆᥋ࡢࢺࣥ࢔࢖ࣛࢡࡲࡲࡢࡑࡀࢻ࣮ࣀ࣮࣮࢝࣡

ືసࡿࡍ㸬ࡾࡲࡘ㸪pfm ⮬య࡞࡜ࢡ࣮࣒࣮࣡ࣞࣇࣥࣙࢩ࣮ࢣࣜࣉ࢔ࡢࢡࢵࢱࢫࣝࣇࡀ

 㸬ࡿ

㏻ᖖ㸪ศᩓࡓࡲ KVS ࡍ㏻ಙ࡜ࢺࣥ࢔࢖ࣛࢡ࡛ࢻ࣐ࣥࢥࡢ࠿ࡘࡃ࠸ࡓࢀࡉ⩏ᐃࡵணࡀ

㸪pfmࡋᑐ࡟ࡢࡿ ࡜ࢻ࣮ࣀ࣮࣮࢝࣡ࡣ࠸ࡿ࠶㸪ࢻ࣮ࣀ࣮࣮࢝࣡࡜ࢺࣥ࢔࢖ࣛࢡ㸪ࡣ࡛

ࡢ㥑ືᆺࢺࣥ࣋࢖ࡓ࠸⏝ࢆᙧᘧࢬ࢖ࣛ࢔ࣜࢩࣜࢼ࢖ࣂ㛫࡛㸪ࡢࢻ࣮ࣀ࣮࣮࢝࣡ batched 

RPC[a]࡛࣓ࢆࢪ࣮ࢭࢵ㏦ཷಙࡿࡍ㸬pfm 㸪ࡾ࠾࡚ࢀࡲ㎸ࡵᇙࡀࣥࢪ࢚ࣥࢺࣉࣜࢡࢫࡣ࡟

pfm ಙཷ࡚࠸⏝ࢆゝㄒࢺࣉࣜࢡࢫ࡞㍍㔞ࡣ㸧ࡪ࿧࡜⪅㛤Ⓨ⪅㛤Ⓨ⪅㛤Ⓨ⪅㛤Ⓨ࡟㛤Ⓨ⪅㸦௨ୗ༢ࡿ࠸⏝ࢆ

ࡓࡋ RPC ⾜ࢆグ㏙ࡢࡑᙧ࡛࡞ศᩓ㏱㐣ࡣ⪅㸪㛤Ⓨ࡟㝿ࡢࡇ㸬ࡿࡍグ㏙ࢆసືࡢᐇ㝿ࡢ

ࡇࡣࡢࡿ࠸࡛ࢇ࿧࡜࢔ࢺࢫ࣮ࣗࣜࣂ࣮࢟ศᩓ࡞ࣝࣈ࣐ࣛࢢࣟࣉ㸬ୖ࡛ࡿࡁ࡛ࡀ࡜ࡇ࠺

 㸬ࡿ࠸࡚ࡋᣦࢆᚩ≉࡞࠺ࡼࡢ

࡟ࡽࡉ  pfm 㸪ࡀ࠸࡞ࡋᏑᅾ࠿ࡋࡘ㸯ࡣࢫࢭࣟࣉ࣮ࣂ࣮ࢧࡁࡘ࡟ࡘ㸯ࢻ࣮ࣀ࣮࣮࢝࣡ࡢ

ࡀ࡜ࡇࡿࡏࡉసືࢆ࣒ࣛࢢࣟࣉ࣮ࣂ࣮ࢧࡢ࣒࣮ࢤࣥ࢖ࣛࣥ࢜ࡢᩘ「࡛ୖࢫࢭࣟࣉࡢࡇ

㸪ྡ๓✵㛫࡚࠸࠾࡟࣒ࣛࢢࣟࣉࡢ࣒࣮ࢤࣥ࢖ࣛࣥ࢜ࡿ࡞␗ࡢୖࢫࢭࣟࣉࡌ㸬ྠࡿࡁ࡛

ၥ㢟ୖ࣮࢕ࢸࣜࣗ࢟ࢭࡶ࡛ࡳࡢࢻ࣮ࣀ㸪㸯ࡵࡓࡿ࠸࡚ࢀࡉᥦ౪ࡀࣥࣙࢩ࣮ࣞࢯ࢖࢔ࡢ

 㸬ࡿ࠶࡛⬟ྍࡀ࡜ࡇࡿࡍࢢࣥ࢕ࢸࢫ࣍ࢆ࣒࣮ࢤࣥ࢖ࣛࣥ࢜ࡢᩘ「ࡃ࡞

 㸬ࡿ࡞࡜⬟ྍࡀ࡜ࡇ࡞࠺ࡼࡢ௨ୗ࡚ࡗࡼ࡟࣮ࣕࢳࢡࢸ࣮࢟࢔ࡢࡇ

(1) Ꮫ⩦᭤⥺Ꮫ⩦᭤⥺Ꮫ⩦᭤⥺Ꮫ⩦᭤⥺ࡀࡀࡀࡀᑠᑠᑠᑠࡃࡉࡃࡉࡃࡉࡃࡉ㸪㸪㸪㸪ศᩓศᩓศᩓศᩓ࠸ࡘ࡟࠸ࡘ࡟࠸ࡘ࡟࠸ࡘ࡟ࢢ࣑ࣥࣛࢢࣟࣉ࢔ࢥࢳ࣐ࣝࢢ࣑ࣥࣛࢢࣟࣉ࢔ࢥࢳ࣐ࣝࢢ࣑ࣥࣛࢢࣟࣉ࢔ࢥࢳ࣐ࣝࢢ࣑ࣥࣛࢢࣟࣉ࢔ࢥࢳ࣐ࣝࡸࡸࡸࡸࢢࣥ࢕ࢸ࣮ࣗࣆࣥࢥࢢࣥ࢕ࢸ࣮ࣗࣆࣥࢥࢢࣥ࢕ࢸ࣮ࣗࣆࣥࢥࢢࣥ࢕ࢸ࣮ࣗࣆࣥࢥ

 㸬㸬㸬㸬⬟ྍ⬟ྍ⬟ྍ⬟ྍࡀࡀࡀࡀ㛤Ⓨ㛤Ⓨ㛤Ⓨ㛤Ⓨࡶ࡚ࡃ࡞ࡀࡶ࡚ࡃ࡞ࡀࡶ࡚ࡃ࡞ࡀࡶ࡚ࡃ࡞ࡀ㆑▱㆑▱㆑▱㆑▱ࡢࡢࡢࡢ࣒ࣛࢢࣟࣉ࣒ࣛࢢࣟࣉ࣒ࣛࢢࣟࣉ࣒ࣛࢢࣟࣉ࡞࡞࡞࡞ู≉ู≉ู≉ู≉ࡢ࡚ࡢ࡚ࡢ࡚ࡢ࡚

                                                                 
a )RPC 㐜࡛࡜ࡇࡿࡍࢆ⌮ฎ࡟㸪㠀ྠᮇⓗࡋ㏦ಙ࡟ᗘ୍࡚ࡵ࡜ࡲࢆࢺࢫ࢚ࢡࣜࡢᩘ「㸪࡚࠸࠾࡟ᐇ⿦ࡢ

ᘏࢆ㞃ⶸࡿࡍᡭἲ  

(2) PaaSື࡚ࡋ࡜࡚ࡋ࡜࡚ࡋ࡜࡚ࡋ࡜సືసືసືసࡁ࡛ࡀ࡜ࡇࡿࡏࡉࡁ࡛ࡀ࡜ࡇࡿࡏࡉࡁ࡛ࡀ࡜ࡇࡿࡏࡉࡁ࡛ࡀ࡜ࡇࡿࡏࡉ㸪㸪㸪㸪᪂᪂᪂᪂ࡢࡢࡢࡢ࣒࣮ࢤࣥ࢖࣒࣮ࢤࣥ࢖࣒࣮ࢤࣥ࢖࣒࣮ࢤࣥ࢖ࣛࣥ࢜ࣛࣥ࢜ࣛࣥ࢜ࣛࣥ࢜࠸ࡋ࠸ࡋ࠸ࡋ࠸ࡋ㛤Ⓨ㛤Ⓨ㛤Ⓨ㛤Ⓨ࡟࡟࡟࡟ᚲせᚲせᚲせᚲせࣥ࢖ࣥ࢖ࣥ࢖ࣥ࢖࡞࡞࡞࡞

 㸬㸬㸬㸬ࡿࡁ࡛ࡿࡁ࡛ࡿࡁ࡛ࡿࡁ๐ῶ๐ῶ๐ῶ๐ῶ࡛ࡃࡁࡃࡁࡃࡁࡃࡁ኱኱኱኱ࢆࢆࢆࢆ㏣ຍᢞ㈨㏣ຍᢞ㈨㏣ຍᢞ㈨㏣ຍᢞ㈨ࡢࡢࡢࡢ㐠⏝᫬㐠⏝᫬㐠⏝᫬㐠⏝᫬ࡸࡸࡸࡸᮇᢞ㈨ึᮇᢞ㈨ึᮇᢞ㈨ึᮇᢞ㈨ึࡢ࡬ࡢ࡬ࡢ࡬ࡢ࡬ࣛࣇࣛࣇࣛࣇࣛࣇ

 㸬࠺ࢁ࠶࡛࠿ࡽ᫂ࡣ࡜ࡇࡿ࠸࡚ࡋゎỴࢆၥ㢟ࡢグୖࡀࡽࢀࡇ

ᮏ✏࡛ࡎࡲࡣ 2 ࡟ᛶ⬟せồࡢ࡚ࡋ࡜ࢫࣅ࣮ࢧࢡ࣮࣡ࢺࢵࢿࡢ࣒࣮ࢤࣥ࢖࡛ࣛࣥ࢜❶

せồࡢࡑࡣ࡛ࢡ࣮࣒࣮࣡ࣞࣇࡢࣥࣙࢩ࣮ࢣࣜࣉ࢔ࣈ࢙࢘࡞ⓗ⯡୍ࡢ㸪⌧ᅾ࡭㏙࡚࠸ࡘ

㸬3ࡍ♧ࢆ࡜ࡇ࠸ࡋ㞴ࡀ࡜ࡇࡿࡍᑐᛂ࡟ 㐠Ⴀ࡜㛤Ⓨ࡟ࡽࡉ㸪ࡋᑐᛂ࡟せồࡢࡑࡣ࡛❶

ࡿ࠶ᥦ᱌ᡭἲ࡛ࡿࡍ๐ῶ࡟኱ᖜࢆࢺࢫࢥࡢ pfm 㸬ࡿࡍㄝ࡚᫂࠸ࡘ࡟᝿╔ࡿ࡞࡜ᇶᮏࡢ

4 ࡣ࡛❶ pfm ࡀ PaaS 㸬5ࡿࡍᐹ⪄࡚࠸ࡘ࡟⬟ᶵ࡞ᚲせ࡟ࡵࡓࡿࡍసື࡚ࡋ࡜ ࡣ࡛❶ pfm

㸬6ࡿࡌㄽ࡚࠸ࡘ࡟௳ᶵ⬟せࡢࡑ㸪࡜ᵓᡂせ⣲ࡢ ࡣ࡛❶ pfm ࣮࣒࣮࣡ࣞࣇࡓࡋᐇ⿦ࢆ

ࢡ yue 㸬7ࡿࡍㄝ࡚᫂࠸ࡘ࡟ヲ⣽ࡢ ࡣ࡛❶ 6 ❶࡛ㄝ᫂ࡓࡋ yue ࣖ࢖ࣞࣉ㸪ࡆ࠶࡟౛ࢆ

㸬8ࡿࡍㄝ࡚᫂ࡗ㏣ࢆ㡰ࢆసືࡢࣥ࢖ࢢࣟࡢ࣮ ࡣ࡛❶ pfm ᛶ⬟ホࡿࡍ㛵࡟ฎ⌮⬟ຊࡢ

౯࡚࠸ࡘ࡟ࢺࢫࢸࡢࡵࡓࡢㄝ᫂ࡿࡍ㸬9  㸬ࡿࡍᐹ⪄࡚࠸ࡘ࡟ㄢ㢟ࡢ௒ᚋ࡜ࡵ࡜ࡲࡣ࡛❶

 ᛶ⬟せồᛶ⬟せồᛶ⬟せồᛶ⬟せồࡢ࡚ࡋ࡜ࡢ࡚ࡋ࡜ࡢ࡚ࡋ࡜ࡢ࡚ࡋ࡜ࢫࣅ࣮ࢧࢡ࣮࣡ࢺࢵࢿࢫࣅ࣮ࢧࢡ࣮࣡ࢺࢵࢿࢫࣅ࣮ࢧࢡ࣮࣡ࢺࢵࢿࢫࣅ࣮ࢧࢡ࣮࣡ࢺࢵࢿࡢࡢࡢࡢ࣒࣮ࢤࣥ࢖࣒࣮ࣛࣥ࢜ࢤࣥ࢖࣒࣮ࣛࣥ࢜ࢤࣥ࢖࣒࣮ࣛࣥ࢜ࢤࣥ࢖ࣛࣥ࢜ .2

ࡇ࠺࠸࡜ࡿ࠶ࡶ࡛ࣥࣙࢩ࣮ࢣࣜࣉ࢔࣒࣮ࢤࡀࢀࡑ㸪ࡣⅬ࡞Ṧ≉ࡢ࣒࣮ࢤࣥ࢖ࣛࣥ࢜ 

࣮ࣖ࢖ࣞࣉ㸪ࡋẚ㍑࡜ࣥࣙࢩ࣮ࢣࣜࣉ࢔ࡢ㏻ᖖࡣࣥࣙࢩ࣮ࢣࣜࣉ࢔࣒࣮ࢤ㸬ࡿ࠶࡛࡜

࣮ࢣࣜࣉ࢔ࡓࡲ㸪࡜ࡇࡿࡏࡉ⏕Ⓨࢆࣥࣙࢩࢡࣛࢱࣥ࢖࡟㏿㎿࡚ࡵ㸪ᴟ࡚ࡋᑐ࡟ධຊࡢ

 㸬[b]ࡿࡍ࡜ᚩ≉ࢆ࡜ࡇ࠸῝ࡀ౫Ꮡ㛵ಀࡢ㛫ࢱ࣮ࢹࡿࢀࡉ⌮⟶࡛ࣥࣙࢩ

ᛶ≉࡞࠺ࡼࡢ௨ୗ࡚ࡋẚ㍑ࢆࢫࣅ࣮ࢧࣈ࢙࢘࡞ⓗ⯡୍ࡢ㸪⌧ᅾࡽ࠿⏤⌮ࡓࡗ࠸࠺ࡇ 

 㸬ࡿ࠼ゝ࡜ࡿ࠶ࡀ

(1) ᭦᪂᭦᪂᭦᪂᭦᪂ࡢࡢࡢࡢ㏻▱㏻▱㏻▱㏻▱࡟࡟࡟࡟ࢺࣥ࢔࢖ࣛࢡࢺࣥ࢔࢖ࣛࢡࢺࣥ࢔࢖ࣛࢡࢺࣥ࢔࢖ࣛࢡࡀࡀࡀࡀఏᦙఏᦙఏᦙఏᦙࡢ࡛ࡲࡿࡍࡢ࡛ࡲࡿࡍࡢ࡛ࡲࡿࡍࡢ࡛ࡲࡿࡍ㐜ᘏ㐜ᘏ㐜ᘏ㐜ᘏࡀࡀࡀࡀᑠᑠᑠᑠ࠸ࡉ࠸ࡉ࠸ࡉ࠸ࡉ 

ᚋࡓࡋ⏕Ⓨ࡟㸪୍⯡ⓗࡣ᭦᪂ࡢែ≦ࡢ୰࣒࣮ࢤ 100㹼200ms ⛬ᗘ࡛ᚲせࣥ࢔࢖ࣛࢡ࡞

ື⾜ࡢ࣮ࣖ࢖ࣞࣉࡣ࡟ࡵࡓࡿࡍ❧ᡂ࡚ࡋ࡜࣒࣮ࢤࡀࢫࣅ࣮ࢧ㸬ࡿࢀࡉ▱㏻࡚ࡋᑐ࡟ࢺ

㸬ࡿ࠶࡛ࡵࡓ࠸࡞ࡅ࠸ࡣ࡚ࡏࡉࡌឤࢆࢢࣛ࡟ࣥࣙࢩࢡࣛࢱࣥ࢖ࡿࡍⓎ࡚ࡗࡼ࡟ࢀࡑ࡜

[c] 

 ࠸࠸࠸࠸㧗㧗㧗㧗ࡀࡀࡀࡀ㢖ᗘ㢖ᗘ㢖ᗘ㢖ᗘࢺࢫ࢚ࢡࣜࢺࢫ࢚ࢡࣜࢺࢫ࢚ࢡࣜࢺࢫ࢚ࢡࣜࡢࡽ࠿ࡢࡽ࠿ࡢࡽ࠿ࡢࡽ࠿ࢺࣥ࢔࢖ࣛࢡࢺࣥ࢔࢖ࣛࢡࢺࣥ࢔࢖ࣛࢡࢺࣥ࢔࢖ࣛࢡ (2)

ሙྜ㸪3-10qps/clientࡢ࣒࣮ࢤࣥ࢖ࣛࣥ࢜ ⛬ᗘࡀᚲせࡿ࡞࡜㸬࡟࣒࣮ࢤཧຍࣉࡿ࠸࡚ࡋ

ఏ㐩࡟࣮ࣂ࣮ࢧ࡟㏿㎿ࡀෆᐜࡢస᧯ࡢ࡛ࢺࣥ࢔࢖ࣛࢡ㸪ࡵࡓࡿྲྀࢆ㛫࡛ྠᮇ࣮ࣖ࢖ࣞ

 㸬ࡿ࠶࡛ࡵࡓࡿ࠶ࡀᚲせࡿࢀࡉ

 ࠸ࡉ࠸ࡉ࠸ࡉ࠸ࡉᑠᑠᑠᑠࡀࡀࡀࡀࢬ࢖ࢧࢺࢵࢣࣃࢬ࢖ࢧࢺࢵࢣࣃࢬ࢖ࢧࢺࢵࢣࣃࢬ࢖ࢧࢺࢵࢣࣃ㏻ಙ㏻ಙ㏻ಙ㏻ಙࡢࡢࡢࡢ㛫㛫㛫㛫࣮ࣂ࣮ࢧ࣮ࣂ࣮ࢧ࣮ࣂ࣮ࢧ࣮ࣂ࣮ࢧ࣭࣭࣭࣭ࢺࣥ࢔࢖ࣛࢡࢺࣥ࢔࢖ࣛࢡࢺࣥ࢔࢖ࣛࢡࢺࣥ࢔࢖ࣛࢡ (3)

                                                                 
b) ౛ࡤ࠼㸪ྠࡌ㒊ᒇ࣒࣮ࢤࡢ࣮ࣖ࢖ࣞࣉࡾࡼ࡟ᩘࡢ࣮ࣖ࢖ࣞࣉࡿ࠸࡟୰࡛ࡢ⛣ື㏿ᗘࡀኚ࡝࡞ࡿࢃ㸪࣒࣮ࢤ

 㸬ࡵࡓ࠸ከࡀ࡜ࡇࡃ࠸࡚ࡗసࢆ࣮࡚ࣝࣝࡅࡘࢆཧ↷㛵ಀ࡞ࡲࡊࡲࡉ࡟ពᅗⓗ࡟ኈྠࢱ࣮ࢹࡣ࡛

c) ୍⯡ⓗ࡟㸪ே㛫ࡀ㸰ࡢࡘ஦㇟࡛ࢢ࣑ࣥ࢖ࢱࡢูࡀⓎ⏕࡜ࡿ࠸࡚ࡋឤࡿࡌ᫬㛫㛫㝸ࡢ㜈್ࡀ 100ms ࡜ࡿ࠶࡛

ゝࡿ࠸࡚ࢀࢃ㸬࡚ࡗࡀࡓࡋ㸪㐜ᘏࡀ 100ms ࡽ࠼ᤊ࡜ࢢࣛࡣࡽ࠿࣮ࣖ࢖ࣞࣉ࡟ᇶᮏⓗࡣሙྜࡿ࡞ࡃࡁ኱ࡶࡾࡼ

㸬200msࡿ࡞࡜ᚲせࡀᕤኵࡢୖ࣒ࣛࢢࣟࣉ࡞࠺ࡼࡿࡍ㞃ⶸࢆ㐜ᘏࡢࡑ㸪ࡵࡓࡿࢀ ࠺ࡑ㸪࡜ࡿ࠶࡛࠺ࡼࡿ࠼㉸ࢆ

 ࡿ࡞ࡃࡋ㞴ࡣ࡜ࡇ࠸࡞ࡏࡉࡌឤࢆ㐜ᘏࡶ࡚ࡗ⾜ࢆᕤኵࡢୖ࣒ࣛࢢࣟࣉࡓࡗ࠸
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༑ᩘࡀ࡝ࢇ࡜࡯ࡣࢺࢵࢣࣃ㏻ಙࡿࡍ㛵㐃࡟స᧯ࡢ࣒࣮ࢤࡢ࣮ࣖ࢖ࣞࣉ byte 㸬኱ࡿ࠶࡛

㔞ࡀ࣮ࣖ࢖ࣞࣉࡢ࿘ᅖ࡟Ꮡᅾࡿࡍሙྜ㸪᭱ᝏᩘⓒࡢࢺࢡ࢙ࢪࣈ࢜࠺࠸࡜≧ែ᭦᪂୍ࡀ

ᗘ࡟㏻▱ࡿ࠶࡛ࡽ࠿ࡿࡍࡾࡓࢀࡉ㸬 

(4) 㧗㧗㧗㧗ࡢ࡬ࡢ࡬ࡢ࡬ࡢ࡬ࢺࢫ࢚ࢡࣜࢺࢫ࢚ࢡࣜࢺࢫ࢚ࢡࣜࢺࢫ࢚ࢡࣜ࠸࠸࠸࠸ᛂ⟅㏿ᗘᛂ⟅㏿ᗘᛂ⟅㏿ᗘᛂ⟅㏿ᗘࡀࡀࡀࡀせồせồせồせồࡿࢀࡉࡿࢀࡉࡿࢀࡉࡿࢀࡉ 

ࡀ㐜ᘏࡢࢺࢵࢿ࣮ࢱࣥ࢖ 50ms ࡽ࠿ 100ms ⛬ᗘ࡛ࢆ࡜ࡇࡿ࠶⪃៖࡟ධ࡜ࡿࢀ㸪ྛࣜࢡ

༑ᩘࡶᝏ࡛᭱ࡣࢺࢫ࢚ ms ࡛ฎ⌮ࡿࢀࡉᚲせࡿ࠶ࡀ㸬୍⯡ⓗࡣ࡟ 1ms ᮍ‶࡛ࡿ࠶㸬 

 ࠸࠸࠸࠸㧗㧗㧗㧗ࡀࡀࡀࡀ㢖ᗘ㢖ᗘ㢖ᗘ㢖ᗘࡢࡢࡢࡢ↷ཧ↷ཧ↷ཧ↷ཧࡸࡸࡸࡸ᭦᪂᭦᪂᭦᪂᭦᪂ࡢࡢࡢࡢࢱ࣮ࢹࢱ࣮ࢹࢱ࣮ࢹࢱ࣮ࢹࡿࡍࡿࡍࡿࡍࡿࡍ⌮⟶⌮⟶⌮⟶⌮⟶ࡀࡀࡀࡀ࣒࣮ࢤ࣒࣮ࢤ࣒࣮ࢤ࣒࣮ࢤ (5)

㛫ᩘ⛊ࡀ↷ཧࡸ㸪᭦᪂ࡋᏑᅾࢻ࣮ࢥ୓ࣞᩘࡣ➼ࢱ࣮ࢹࡢ࣮ࣖ࢖ࣞࣉࡿࡍཧຍ࡟࣒࣮ࢤ

༑ᅇࡿ࠶ࡶ࡜ࡇࡪࡼ࠾࡟㸬 ࡢࢱ࣮ࢹ౫Ꮡ㛵ಀࡢ㧗ࡾࡼ࡟ࡉ㸯࡞ࡲࡊࡲࡉࡀࢱ࣮ࢹࡢࡘ

 㸬ࡿ࠶࡛ࡵࡓࡿࢀࡉ↷᭦᪂࣭ཧ࡚ࡋ࡜࣮࢞ࣜࢺࢆࢺࢫ࢚ࢡࣜ

࡚ࡋ࡜ࣝࢥࢺࣟࣉ㸪㏻ಙࡽ࠿ᛶ≉ࡢࡽࢀࡇ  http ࠿ࢃࡀ࡜ࡇ࠸ࡋ㞴ࡀ࡜ࡇࡿࡍ⏝฼ࢆ

࡟ࡵࡓࡿࡍᚓྲྀࢆ㸬᭦᪂ࡿ http ᥋⥆ࡢࡵࡓࡿࡍ❧☜ࢆ㏻ಙ࡛ᩘⓒ ms ࡲࡋ࡚ࡋ㈝ᾘࢆ

࠶࡛ࡽ࠿࠸࡞ࢃྜ࡟㛫ࡀ▱㏻ࡢ᭦᪂ࡢែ≦ࡢ㐜ᘏ᫬㛫࡛ࡿ࠸࡚ࢀࡉ㸪(1)࡛せồࡵࡓ࠺

࡟㸬௬ࡿ keepalive 㸪httpࡶ࡚ࡋ࡜ࡓࡋ⏝฼ࢆ ୍ࡣ࡛ࣥࣙࢩࢡࢿࢥࡢ㸪୍ᮏࡽ࠿௙ᵝࡢ

ᗘ࡟㸯ࢆࢺࢫ࢚ࢡࣜࡢࡘ㏦ಙࡵࡓ࠸↓࠿ࡋࡿࡍ㸪(2)ࡢせồࢵࣉ࣮ࣝࢫࡢ࡝࡯ࡍࡓ‶ࢆ

ࡢᮏᩘ「ࡾࡓ࠶ࢺࣥ࢔࢖ࣛࢡ㸬㸯࠸࡞ࡁ࡛ࡀ࡜ࡇࡿᚓࢆࢺ keepalive ᙇࢆࣥࣙࢩࢡࢿࢥ

 㸬࠸࡞ࡣᐇⓗ࡛⌧࡜ࡿ࠼⪄ࢆ༨᭷㔞ࡢࢫ࣮ࢯࣜࡣࡢࡿࡅ⥆ࡾ

࠿ࢃࡀ࡜ࡇ࠸࡞ࡣ࡛ࡁ࡭࠺౑ࢆࣝࢥࢺࣟࣉࢺࢫ࢟ࢸࡶࡑࡶࡑ㸪ࡽ࠿せồࡢ(3)࡟ࡽࡉ 

⏝฼࡟ຠ⋡ⓗࡾ㝈ࡿ࠺ฟ᮶ࡣࢺ࢖ࣂ㸪ྛࡵࡓࡿࡍࡃࡉᑠࢆࢬ࢖ࢧࡢࢺࢵࢣࣃ㸬㏻ಙࡿ

ࢸሙྜ㸪ࡿࡍ⏕Ⓨࡀ㢖ᗘ࡛㏻ಙࡢ࡝࡯ࡿ࠸࡚࡭㏙࡛ࡇࡇ࡟ࡽࡉ㸪ࡋࡿ࠶࡛ࡁ࡭ࡿࢀࡉ

࠶࡛ࡽ࠿ࡿ࡞ࡃࡁ኱࡝࡯࠸࡞ࡁど࡛↓ࡀฎ⌮᫬㛫ࡿࢃ㛵࡟ࢫ࣮ࣃࡢࣝࢥࢺࣟࣉࢺࢫ࢟

 㸬[d]ࡿ

 ௨ୖࡽ࠿㸪㏻ಙ࡚ࡋ࡜ࣝࢥࢺࣟࣉ http 㸬httpࡿ࠼࠸࡜࠸࡞ࡁ࡛ࡀ࡜ࡇ࠺౑ࢆ ᅾ⌧ࡣ

㸪ࡵࡓࡿ࠶࡛⊫㑅ᢥ࠸࠸࡚ࡗゝ࡜၏୍ࡣ࡛ࢡ࣮࣒࣮࣡ࣞࣇࡢࣥࣙࢩ࣮ࢣࣜࣉ࢔ࣈ࢙࢘ࡢ

࣮ࣞࣇࡢ᪤Ꮡࡢࣥࣙࢩ࣮ࢣࣜࣉ࢔ࣈ࢙࡚࢘ࡋ࡜࣒࣮࢛ࣇࢺࢵࣛࣉࡢ࣒࣮ࢤࣥ࢖ࣛࣥ࢜

 㸬࠸ࡋ㞴ࡣ࡜ࡇ࠺౑ࢆࢡ࣮࣒࣡

ࢆせồࡢ(5),(4)࡛ୖࡓࡋ⏝฼ࢆࢡ࣮࣒࣮࣡ࣞࣇࡢ㸪᪤Ꮡࡶ࡚࠸ࡘ࡟Ọ⥆໬ࡢࢱ࣮ࢹ 

㏲ḟ࡟㛫▐ࡓࡋ⏕Ⓨࡀ᭦᪂ࡢࢱ࣮ࢹ㸬ࡿ࠶ᅔ㞴࡛ࡣ࡜ࡇࡍࡓ‶ MySQL ࢕ࢹ࡞࠺ࡼࡢ

ࡢࢫ࣮࣋ࢡࢫ RDBMS ࡿࢀࢃ⾜ࡃࡼ࡛ࣥࣙࢩ࣮ࢣࣜࣉ࢔ࣈ࢙࢘㸪ࡓࡗ࠸࡜ࡴ㎸ࡁ᭩࡟

ࡢ㸬኱㔞ࡿ࠶࡛ࡵࡓ࠺ࡲࡋ࡚ࡋ୙㊊ࡀࢫ࣐࣮࢛ࣥࣇࣃࡢ⌮᭦᪂ฎ࡟≉ࡣ᪉࡛ࡾࡸ DB

ࡋព⏝ࢆ࣮ࣂ࣮ࢧ sharding 㸪ࡀࡿࢀࡽ࠼⪄࡜ࡿ࠶࡛⬟ྍࡶ࡜ࡇࡍࡓ‶ࢆせồࡤ࠼⾜ࢆ

ࡋ࡚ࡗ࡞ࡃ࡞ࡏࡓ‶ࢆⓗ┠ࡢᥦ᱌ࡢ㸪௒ᅇࡏࡉቑຍ࡟኱ᖜࢆᢞ㈨ࡢ࡬ࣛࣇࣥ࢖ࡣࢀࡑ

 㸬࠺ࢁ࠶࡛࠺ࡲ

 ௨ୖࡽ࠿⌧ᅾ࡚ࡗࡼ࡟ࢡ࣮࣒࣮࣡ࣞࣇࣥࣙࢩ࣮ࢣࣜࣉ࢔ࣈ࢙࢘ࡢ㸪⌧≧࢖ࣛࣥ࢜ࡢ

                                                                 
d) ౛ࡤ࠼ memcached  㸬ࡓࢀࡉ㛤Ⓨ࡟ᚋࡀࣝࢥࢺࣟࣉࣜࢼ࢖ࣂࡽ࠿ၥ㢟ࡢᵝྠࡶ࡛

ࢀࡉ࡜Ⅼ࡛ᚲせࡢ㸪௨ୗࡣ࡜ࡇࡿࡍゎᾘࢆၥ㢟ࡢ㒊ศࡢࢺࢫࢥ㛤Ⓨ࡟≉㸪ࡢ࣒࣮ࢤࣥ

 㸬ࡿࢀࡽ࠼⪄࡜ࡿ࠶ᅔ㞴࡛࡚ࡳࡽ࠿ぢᆅ࠺࠸࡜ࡍࡓ‶ࢆᛶ⬟せồࡿ

� ㏻ಙ㏻ಙ㏻ಙ㏻ಙࡢࡢࡢࡢ㢖ᗘ㢖ᗘ㢖ᗘ㢖ᗘࡧࡼ࠾ࡧࡼ࠾ࡧࡼ࠾ࡧࡼ࠾㐜ᘏ᫬㛫㐜ᘏ᫬㛫㐜ᘏ᫬㛫㐜ᘏ᫬㛫 

� Ọ⥆໬Ọ⥆໬Ọ⥆໬Ọ⥆໬ࡢࡢࡢࡢࢱ࣮ࢹࢱ࣮ࢹࢱ࣮ࢹࢱ࣮ࢹࡿࢀࡉࡿࢀࡉࡿࢀࡉࡿࢀࡉ᭦᪂㢖ᗘ᭦᪂㢖ᗘ᭦᪂㢖ᗘ᭦᪂㢖ᗘ 

3. Pfmࡢࡢࡢࡢᇶᮏⓗ╔᝿ᇶᮏⓗ╔᝿ᇶᮏⓗ╔᝿ᇶᮏⓗ╔᝿ 

3.1 ᛶ⬟せồᛶ⬟せồᛶ⬟せồᛶ⬟せồࡢࡢࡢࡢಖドಖドಖドಖド 

 ᮏ✏࡛ᥦ᱌ࡿࡍᡭἲࡣ㸰❶࡛⪃ᐹࡓࡋ㏻ಙࢱ࣮ࢹࡧࡼ࠾᭦᪂࡟ᑐࡿࡍᛶ⬟せồࢆ‶

ࢫࢥࡢࣛࣇࣥ࢖ࡣ࡛✲◊㸬ᮏ࠸࡞ࡽ࡞ࡤࢀࡅ࡞࠼୚ࢆ฼Ⅼࡢ㹼(2)(1)ࡢ❶㸪㸯ࡘࡘࡋࡓ

ࡽ࠿ᚲせࡢ๐ῶ㸦㸯❶(2)㸧ࡢࢺ PaaS ࡎࡲ ࡣᮏ⠇࡛࡛ࡇࡑ㸬ࡿ࠸࡚ࡋ࡜࠺ࡼࡋ⏝฼ࢆ

ᛶ⬟せồࡢಖドࡵࡓࡢ㸪࡚ࡋ࡜ࡵࡓࡢ࣒࣮ࢤࣥ࢖ࣛࣥ࢜༑ศ࡞ᛶ⬟࡛ PaaS సື࡚ࡋ࡜

 㸬ࡓࡋᐹ⪄࡚࠸ࡘ࡟᪉ᘧ࡞㐺ษ࡚ࡋ࡜࢔࢙࢘ࢺࣇࢯࡿࡍ

ࢹࡢ㸪࣓ࣔࣜୖࡣ࡟㝿ࡢ᭦᪂ࡶ࡜ࡃ࡞㸪ᑡࡵࡓࡿᚓࢆ⬟᭦᪂ᛶࢱ࣮ࢹ࡞㸪༑ศࡎࡲ 

ࡼࡢᅇ୍࡟⛊㹼ᩘ༑⛊ᩘࢆࡳ㎸ࡁ᭩ࡢ࡬ࢡࢫ࢕ࢹࡢࡵࡓࡢ㸪Ọ⥆໬ࡋ᭦᪂ࢆࡳࡢࢱ࣮

࡟࠺ lazy ࡟ሙྜ㸪㞀ᐖⓎ⏕᫬ࡓࡗ࡜ࢆᡭἲࡢࡇ㸪ࡋ࠿ࡋ㸬ࡓ࠼⪄࡜ࡿ࠶࡛ࡁ࡭ࡿࡍ࡟

 㸬࠺ࡲࡋ࡚ࢀࢃኻࡀ᭦᪂ෆᐜࡢ᫬㛫ศࡢࡑ

ࣉࣞࡁ࠾࡚ࡋಖᣢࢆ࣮ࣆࢥࡢࢱ࣮ࢹࡿ࠶࡟ୖ࣓ࣜࣔࡢࢻ࣮ࣀᩘ「㸪ࡋᑐ࡟ၥ㢟ࡢࡇ 

࠸࡜ࡿࡍ࡟࠺ࡼ࠸࡞ࢀࢃኻࡀ᭦᪂ෆᐜࡶ࡚ࡋ⏕Ⓨࡀ㸪㞀ᐖ࡛࡜ࡇ࠺⾜ࢆࣥࣙࢩ࣮ࢣࣜ

 㸬ࡓ࠼⪄ࢆᡭἲ࠺

࣒ࢸࢫࢩࡿ࠼୚ࢆ㸪⪏㞀ᐖᛶࡋಖᣢ࡚ࡋศᩓ࡟ࢻ࣮ࣀᩘ「ࢆࢱ࣮ࢹ㸪ࡽ࠿ᐹ⪄ࡢࡇ 

ศᩓࡢ᪉ᘧࢻ࣮ࣀ࣮࣮࣭࣮࢝࣡ࢱࢫ࣐ࡘࡶࢆᐇ⿦ࡿ࠶ಙ㢗ࡢከᩘ࡟࡛ࡍ㸪࡚ࡋ࡜ KVS

㸪pfmࢆ ࡣ࣒ࢬࣜࢦࣝ࢔ࡢศᩓࢱ࣮ࢹ㸬ࡓࡋ⏝᥇࡚ࡋ࡜࣮ࣕࢳࢡࢸ࣮࢟࢔࡞ᇶᮏⓗࡢ

consistent hash ࡣࡳ㎸ࡁ᭩ࡢ࡬ࢡࢫ࢕ࢹࡢࡵࡓࡢ㸪Ọ⥆໬ࡋ⏝฼ࢆ lazy ࡇࡿࢀࢃ⾜࡟

㸪PaaSࡘࡘࡋ࡟⬟ྍࢆ᭦᪂ࡢ㢖ᗘ࡛࡞ᚲせ࡟࣒࣮ࢤࣥ࢖ࣛࣥ࢜ࡾࡼ࡟ࢀࡇ㸬ࡿࡍ࡜࡜

ࢁ࠶࡛ࡿࡁ࡛ࡀ࡜ࡇࡿᚓࢆ࢕ࢸࣜࣅ࣮ࣛࢣࢫ࡜㞀ᐖᛶ⪏࡞ᚲせ࡟ࡵࡓࡿࡍసື࡚ࡋ࡜

 㸬࠺

 ḟ࡟㸪࣮ࣂ࣮ࢧࢺࣥ࢔࢖ࣛࢡ㛫ࡢ㏻ಙ࡟ᑐࡿࡍᛶ⬟せồ࡚࠸ࡘ࡟⪃ᐹࡋ㸪࣮ࣂ࣮ࢧ

࡜ persistent 㸪http࠸౑ࢆᙧᘧࢬ࢖ࣛ࢔ࣜࢩࣜࢼ࢖ࣂ㸪࡛ୖࡓࡗᙇࢆ⥆᥋࡞ ྠ࡞࠺ࡼࡢ

ᮇⓗ࡞㏻ಙ࡛ࡃ࡞ࡣ㸪ࢺࣥ࣋࢖㥑ືᆺ IO 㸪ࡋ㏦ಙ࡚ࡵ࡜ࡲࢆࢺࢫ࢚ࢡࣜᩘ「ࡾࡼ࡟

㠀ྠᮇࡿྲྀࡅཷࢆࢫ࣏ࣥࢫࣞ࡟᪉ᘧࢆ฼⏝ࡓࡋ࡜࡜ࡇࡿࡍ㸬ࡢࡇ᪉ᘧ୍ࡣ⯡ⓗࣥ࢜࡞

ࡿࢀࡽᚓࡀࢫ࣐࣮࢛ࣥࣇࣃ࡞༑ศࡵࡓࡿ࠶ࡀ⦼ᐇࡾ࠾࡚ࢀࡽ࠸⏝ࡃᗈ࡛࣒࣮ࢤࣥ࢖ࣛ

 㸬ࡿࢀࡽ࠼⪄࡜

ሙྜ㸪pfmࡢࡇ  ࡀࢫࢭࣟࣉ࣮ࣂ࣮ࢧࡢ࠿ࡽఱࡢ persistent ࡟࡜ࡇࡿࡅ௜ࡅཷࢆ⥆᥋࡞

ࢆࢫࢭࣟࣉࡢࡑ㸬ࡿ࡞ pfm ศᩓࡢ KVS 㒊ศ࡟ูࡣ࡜⏝ពࡀࡓࢀࡽ࠼⪄ࡶ࡜ࡇࡿࡍ㸪

వศࡢ࡬ࢺࢫ࢚ࢡ࡛ࣜ࡜ࡇࡍࡃ࡞ࢆࢻ࢚ࣥࢺࣥࣟࣇ࡞ᛂ⟅㏿ᗘࡏࡉୖྥࢆ㸪ᚲせࣀ࡞
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㸪ศᩓࡽ࠿ⓗ┠ࡍࡽῶࢆᩘࡢࢻ࣮ KVS ⥆᥋ࡢࡽ࠿ࢺࣥ࢔࢖ࣛࢡ᥋┤ࡀࢻ࣮ࣀ࣮࢝࣡ࡢ

 㸬ࡓࡋ࡜࡜ࡇࡿࡅ௜ࡅཷࢆ

ࡓࡲ  3.3 ⠇࡛ヲ㏙࡟࠺ࡼࡿࡍ㸪pfm ࡣ࡛ RPC ⾜ࡃࡼ㸪㏻ᖖࡀࡿ࡞࡟࡜ࡇࡿࡍ⏝ከࢆ

㸪RPC࡟࠺ࡼࡿ࠸࡚ࢀࢃ ࡟࡜ࡈࢺࢫ࢚ࢡࣜࡢ OS ⏝᥇ࢆᡭἲࡿᙜ࡚ࡾ๭ࢆࢻࢵࣞࢫࡢ

ࡣ࡛࣒࣮ࢤࣥ࢖ࣛࣥ࢜ࡢ㸬㏻ᖖ࠸ࡋ㞴ࡣ࡜ࡇࡿࡍ persistent ࣮ࣀ㸯ࡿࡅ௜ࡅཷࢆ⥆᥋࡞

ࢆࢺࢫ࢚ࢡࣜࡢⓒᩘ࡟㸪ྠ᫬ࡃከࡀ࡜ࡇࡿᙇࢆࣥࣙࢩࢡࢿࢥࡢⓒ㹼༓⛬ᗘᩘࡾࡓ࠶ࢻ

ฎ⌮ࡿࡍᚲせࡿ࠶࡛ࡽ࠿ࡿ࠶ࡀ㸬pfm ࡾ๭ࢆࢫ࢖ࣛࢫ࣒࢖ࢱ࡟᫂♧ⓗࡽ࠿࣒ࢸࢫࢩࡢ

ᙜ࡚࡚ᨃఝⓗࢆࢢࣥ࢕ࢹࢵࣞࢫ࡞ᥦ౪ࢻࢵࣞࢫ࣮ࣝ࣋ࣞࢨ࣮ࣘࡿࡍ᪉ᘧࢆ฼⏝ࡿࡍᚲ

せࡓ࠼⪄࡜ࡿ࠶ࡀ㸬 

㸪2࡚ࡗࡼ࡟࣮ࣕࢳࢡࢸ࣮࢟࢔ࡓࢀࡽᐹ࡛ᚓ⪄ࡢ࡛ࡲࡇࡇ  ❶࡛㆟ㄽࡓࡋ㸪࢖ࣛࣥ࢜

࠼⪄࡜ࡿ࠺ࢀࡉࡓ‶࡚࡭ࡍࡣせồࡿࡍᑐ࡟⬟ᛶ࡞ᚲせ࡟ࡵࡓࡿࡍసື࡚ࡋ࡜࣒࣮ࢤࣥ

ࡣ๐ῶ㸦㸯❶(2)㸧ࢺࢫࢥࡢࣛࣇࣥ࢖࡟࠺ࡼࡓ࡭㏙࡟ᙜึࡢ❶ࡢࡇ㸬ࡿࢀࡽ PaaS ࡋ࡜

࡚ືస࡛࡚ࡗࡼ࡟࡜ࡇࡿࡁ୚ࡿࢀࡽ࠼㸬࡚ࡗࡀࡓࡋṧࡣࡢࡿ㛤Ⓨࢺࢫࢥࡢ๐ῶ㸦㸯❶

(1)㸧࡛ࡿ࠶㸬ࡣ࡟ࡵࡓࡢࡑ㸪ࢆࢢ࣑ࣥࣛࢢࣟࣉࡢ࣒࣮ࢤࣥ࢖ࣛࣥ࢜ᑓ㛛ⓗ࡞▱㆑ࡀ↓

 㸬࠸࡞ࡅ࠸ࡣ࡚ࡃ࡞ࡋ࡟࠺ࡼࡿ࠼⾜ࡶ࡚ࡃ

3.2 㛤Ⓨ㛤Ⓨ㛤Ⓨ㛤Ⓨࢢ࣑ࣥࣛࢢࣟࣉࢢ࣑ࣥࣛࢢࣟࣉࢢ࣑ࣥࣛࢢࣟࣉࢢ࣑ࣥࣛࢢࣟࣉࡢࡵࡓࡢࡢࡵࡓࡢࡢࡵࡓࡢࡢࡵࡓࡢ㞴ᗘ㞴ᗘ㞴ᗘ㞴ᗘࡢࡢࡢࡢ㍍ῶ㍍ῶ㍍ῶ㍍ῶ 

࠸࠾࡟ࢢ࣑ࣥࣛࢢࣟࣉࡢࣝ࣋ࣞࡿࡍసᡂࢆෆᐜ࣒࣮ࢤ㸪࡚࠸࠾࡟࣒࣮ࢤࣥ࢖ࣛࣥ࢜ 

 㸬࠸ከࡣ࡜ࡇࡿ࠶ᚲせ࡛ࡀ㆑▱࡞ᑓ㛛ⓗࡣ㸪ᐇࡶ࡚

 ౛ࡤ࠼㸪㏻ᖖࡣ࡛࣒࣮ࢤࣥ࢖ࣛࣥ࢜ࡢ㸪」ᩘࡀ࣮ࣖ࢖ࣞࣉࡢ㐃ᦠ࡜ࡇࡿࡍື⾜࡚ࡋ

࡞࠺ࡼࡢࡑ㸬ࡿ࠸࡚ࢀࡉᐇ⿦ࡀ⌮ฎࡿࡍᡂ⤖ࢆ࣒࣮ࢳࡀ࣮ࣖ࢖ࣞࣉ㸪࡟࠺ࡼࡿࡅຓࢆ

ฎ⌮ࡀᥦ౪ࡿࡍᶵ⬟ࡢ୰ࢆ࣒࣮ࢳࡣ࡟ᵓᡂࡀ࣮ࣖ࢖ࣞࣉࡿࡍ㛗᫬㛫௚࠿࣮ࣖ࢖ࣞࣉࡢ

࢔࣒࢖ࢱࡿࡼ࡟࣮ࣖ࢖ࣞࣉࡢ㸪௚࡟ሙྜࡓࡗ࡞࡟ែ≦࡞཯ᛂ↓࡚ࡋᑐ࡟ࡅ࠿ࡧ࿧ࡢࡽ

ࡗ࠸࡜㸪ࡿࡏࡉ⬺㞳࡟ᙉไⓗࡽ࠿࣒࣮ࢳࢆ࣮ࣖ࢖ࣞࣉࡢࡑ࡚ࡗࡼ࡟ከᩘỴࡢࡁ௜ࢺ࢘

ࣉࢺࢵ࣑ࢥࡢࢫ࣮࣋ᐃᩘ࡛ୖ࣒ࢸࢫࢩࢢࣥ࢕ࢸ࣮ࣗࣆࣥࢥศᩓࡣࢀࡇ㸬ࡿ࠶ࡀࡢࡶࡓ

࠺ࡇ࡟࠺ࡼࡿࡍసືࡃࡋἣୗ࡛ṇ≦࡞ࡲࡊࡲࡉ㸪ࡃࡋ➼ࡰ࡯࡟ࡢࡿࡍᐇ⿦ࢆࣝࢥࢺࣟ

 㸬ࡿ࠶ᚲせ࡛ࡀ㆑▱ࡿ᮶ࡽ࠿㦂⤒ࡸ⩦㸪Ꮫࡣ࡟ࡵࡓࡿࡍసᡂࢆ⌮ฎࡓࡗ࠸

ࡢ୰࡛ୖグࡢ௙ᵝࡢ࣒࣮ࢤ࡞࠿㸪⣽ࡣࡢࡶ࠺࠸࡜ࡉࡋ㞴ࡢ㛤Ⓨࡢ࣒࣮ࢤࣥ࢖ࣛࣥ࢜ 

㸪ࡵࡓࡿ࠸࡚ࢀࡉせồࡀᐇ⿦ࡢ࣒ࢬࣜࢦࣝ࢔ࡢࢢࣥ࢕ࢸ࣮ࣗࣆࣥࢥศᩓ࡞㞧「࡞࠺ࡼ

ಶࡢࠎ㛤Ⓨ⪅ࡢ࣒ࢬࣜࢦࣝ࢔ࡓࡗ࠸࠺ࡑࡀᐇ⿦ࡢ࡚ࡋ࡜࣒࣮ࢤ࡜ฎ⌮ࢆసᡂ࡚ࡃ࡞ࡋ

 㸬ࡿ࠼ゝ࡜ࡿ࠶࡟Ⅼ࠺࠸࡜࠸࡞ࡅ࠸ࡣ

ࡿࡍ࡟ᙧ࡞⬟ྍ⏝෌฼ࡣ࣒ࢬࣜࢦࣝ࢔ࡢࢢࣥ࢕ࢸ࣮ࣗࣆࣥࢥศᩓࡢ㸪ಶูࢇࢁࡕࡶ 

ࢬࣜࢦࣝ࢔࠸ࡋ᪂ࡋ࠿ࡋ㸬࠺ࢁ࠶࡛ࡿࡁ࡛ࡣ࡟࠺ࡼ࠸࡞ࡀᚲせࡿࡍࢆ㸪෌Ⓨ࡛᫂࡜ࡇ

㸬ᐇ⿦ࡿ࠶ᚲせ࡛࡚ࡋ࡜↛౫ࡀ⪅㛤Ⓨࡿࡍࢆᐇ⿦ࡢ㸪᭱ึࡣ࡟ሙྜࡓࡗ࡞࡟ᚲせࡀ࣒

࡞ࡃ㧗ࡣࣝ࢟ࢫࡿࢀࡽࡵồ࡟⪅㛤Ⓨࡢࡑࡽࡉ࠾࡞㸪ࡤࢀ࠶ࡀᚲせࡿࡍ࡟⬟ྍ⏝෌฼ࢆ

࡞ࡢᑓ㛛▱㆑ࡣ࡛✲◊㸬ᮏ࠺ࢁࡔࡿ࡞࡟࡜ࡇ࠺࠸࡜ᚲせࡀேᮦࡢࢺࢫࢥ㧗ࡾࡣࡸ㸪ࡾ

ࡓࡋ࡟࠺ࡼࡿࡁసᡂ࡛ࡣ⌮ฎࡢᗘ⛬࡞࠺ࡼࡓࡆ౛࡛ᣲࡢୖࡶ࡜ࡃ࡞㸪ᑡࡶ࡛⪅㛤Ⓨ࠸

 㸬ࡓ࠼⪄࡜࠸

ฎࡢ㐃୍ࡿࡍᑐ࡟⩌ࢺࢡ࢙ࢪࣈ࢜ࡿࡍᏑᅾ࡚ࡋศᩓ࡟ࢻ࣮ࣀࡢ㸪ከᩘࡣ࡟ࡵࡓࡢࡑ 

 㸬ࡿ࠶ࡀᚲせࡿࡍ࡟࠺ࡼࡿࡁグ㏙࡛ࡎࡏព㆑ࡃ඲ࢆ⌮ศᩓฎࢆ⌮

3.3 RPCࡿࡼ࡟ࡿࡼ࡟ࡿࡼ࡟ࡿࡼ࡟ศᩓ㏱㐣ศᩓ㏱㐣ศᩓ㏱㐣ศᩓ㏱㐣࡞࡞࡞࡞㛤Ⓨ⎔ቃ㛤Ⓨ⎔ቃ㛤Ⓨ⎔ቃ㛤Ⓨ⎔ቃ 

 ศᩓฎ⌮࣒ࣛࢢࣟࣉࢆഃࡽ࠿㞃ⶸࡿࡍᡭἲ࡚ࡋ࡜ RPCࡿ࠶ࡀ㸬pfm 㸪ศᩓࡣ࡛ KVS

⿬࡛ࡢࡑ㸪ࡋព⏝ࢆቃ⎔ࢢ࣑ࣥࣛࢢࣟࣉࡢゝㄒࢺࣉࣜࢡࢫ࡟ୖࡢ RPC ⬟ᶵࡿࡍ⾜ᐇࢆ

ෆ࣒࣮ࢤ㸪ࡋ㞃ⶸࢆ㒊ศࡓࡗ࠸࡜ࢺ࢘࢔࣒࢖ࢱࡢࢺࢫ࢚ࢡࣜࡸ㸪㏻ಙ࡛࡜ࡇࡿ࠼୚ࢆ

ᐜࢆసᡂࡿࡍഃࡣࡽ࠿ศᩓ㏱㐣࡞ᙧ࡛ࡢ࡚࡭ࡍฎ⌮ࢆグ㏙ࡓ࠼⪄࡜࠺ࡼࡏࡉ㸬㏻ᖖࡢ

RPC ࡝࡞⩏ᐃࡢࢻࢵࢯ࣓࡞⬟㸪ཷ௜ྍࡸ⌮ᮇ໬ฎึࡢࡵࡓࡢ㸪㏻ಙࡣ࡛ࣜࣛࣈ࢖ࣛࡢ

ࡣ࡛✲◊㸪ᮏࡀࡿ࠶ࡀᚲせࡿࡍグ㏙ࡀ⪅㛤Ⓨࢆ RPC 㸪ࡋไ㝈ࢆ㇟ᑐ࡞⬟ྍࡀ࡜ࡇ࠺⾜ࢆ

௨ୗ࡞࠺ࡼࡢ᪉ἲ࡛㸪RPC  㸬ࡿࡍ㞃ⶸ࡟᏶඲ࢆ

(1) ୍⯡ᛶ୍⯡ᛶ୍⯡ᛶ୍⯡ᛶࢆࢆࢆࢆኻኻኻኻࡎࢃࡎࢃࡎࢃࡎࢃ㸪㸪㸪㸪ࢺࢡ࢙ࢪࣈ࢜ࢺࢡ࢙ࢪࣈ࢜ࢺࢡ࢙ࢪࣈ࢜ࢺࢡ࢙ࢪࣈ࢜ࡣࡣࡣࡣࣝࢹ࣒ࣔࣛࢢࣟࣉࣝࢹ࣒ࣔࣛࢢࣟࣉࣝࢹ࣒ࣔࣛࢢࣟࣉࣝࢹ࣒ࣔࣛࢢࣟࣉࡢࡢࡢࡢ࣒࣮ࢤࣥ࢖࣒࣮ࣛࣥ࢜ࢤࣥ࢖࣒࣮ࣛࣥ࢜ࢤࣥ࢖࣒࣮ࣛࣥ࢜ࢤࣥ࢖ࣛࣥ࢜ᣦྥᣦྥᣦྥᣦྥࡼ࡟ࡼ࡟ࡼ࡟ࡼ࡟

࡜ࡓࡋ࡜ࡓࡋ࡜ࡓࡋ࡜ࡓࡋࣥ࢖ࢨࢹࣥ࢖ࢨࢹࣥ࢖ࢨࢹࣥ࢖ࢨࢹࢆࢆࢆࢆ࣒࣮ࢤࣥ࢖࣒࣮ࣛࣥ࢜ࢤࣥ࢖࣒࣮ࣛࣥ࢜ࢤࣥ࢖࣒࣮ࣛࣥ࢜ࢤࣥ࢖࡚ࣛࣥ࢜࠼࡚࠼࡚࠼࡚࠼⪄⪄⪄⪄࡟࡟࡟࡟࠺ࡼࡢࡑ࠺ࡼࡢࡑ࠺ࡼࡢࡑ࠺ࡼࡢࡑ㸬㸬㸬㸬࠸࠸࠸࠸ⰋⰋⰋⰋ࡚࠼࡚࠼࡚࠼࡚࠼⪄⪄⪄⪄࡜ࡿࢀࡽ࠼࡜ࡿࢀࡽ࠼࡜ࡿࢀࡽ࠼࡜ࡿࢀࡽ࠼୚୚୚୚࡚ࡗ࡚ࡗ࡚ࡗ࡚ࡗ

ศᩓศᩓศᩓศᩓࡵࡓࡢࡵࡓࡢࡵࡓࡢࡵࡓࡢỌ⥆໬Ọ⥆໬Ọ⥆໬Ọ⥆໬ࢆࢆࢆࢆᵓ㐀ᵓ㐀ᵓ㐀ᵓ㐀ࢱ࣮ࢹࢱ࣮ࢹࢱ࣮ࢹࢱ࣮ࢹࡿ࡞࡜ࡿ࡞࡜ࡿ࡞࡜ࡿ࡞࡜ᵓᡂせ⣲ᵓᡂせ⣲ᵓᡂせ⣲ᵓᡂせ⣲ࡢࡢࡢࡢ࣒࣮ࢤ࣒࣮ࢤ࣒࣮ࢤ࣒࣮ࢤ㸪㸪㸪㸪࡟ࡁ࡟ࡁ࡟ࡁ࡟ࡁ KVS ࡜࡜࡜࡜ࢻ࣮ࢥࣞࢻ࣮ࢥࣞࢻ࣮ࢥࣞࢻ࣮ࢥࣞࡢࡢࡢࡢୖୖୖୖ

 㸬㸬㸬㸬ࡪࡪࡪࡪ࿧࿧࿧࿧࡜࡜࡜࡜ࢺࢡ࢙ࢪࣈ࢜ࢺࢡ࢙ࢪࣈ࢜ࢺࢡ࢙ࢪࣈ࢜ࢺࢡ࢙ࢪࣈ࢜࡟࡟࡟࡟௨ୗ༢௨ୗ༢௨ୗ༢௨ୗ༢ࢆࡢࡶࡓࡋࢆࡢࡶࡓࡋࢆࡢࡶࡓࡋࢆࡢࡶࡓࡋಖᏑಖᏑಖᏑಖᏑ࡚ࡋ࡚ࡋ࡚ࡋ࡚ࡋ

࡟࡟࡟࡟ゝㄒゝㄒゝㄒゝㄒ㸦㸦㸦㸦௨ୗ༢௨ୗ༢௨ୗ༢௨ୗ༢ࢺࣉࣜࢡࢫࢺࣉࣜࢡࢫࢺࣉࣜࢡࢫࢺࣉࣜࢡࢫࡢࡵࡓࡿࡍࡢࡵࡓࡿࡍࡢࡵࡓࡿࡍࡢࡵࡓࡿࡍグ㏙グ㏙グ㏙グ㏙ࢆࢆࢆࢆ⌮ฎ⌮ฎ⌮ฎ⌮ฎࡀࡀࡀࡀ⪅㛤Ⓨ⪅㛤Ⓨ⪅㛤Ⓨ⪅㛤Ⓨࡿࡍࡿࡍࡿࡍࡿࡍసᡂసᡂసᡂసᡂࢆࢆࢆࢆෆᐜෆᐜෆᐜෆᐜ࣒࣮ࢤ࣒࣮ࢤ࣒࣮ࢤ࣒࣮ࢤ (2)

㛵ᩘ㛵ᩘ㛵ᩘ㛵ࡢࡵࡓࡿࡍࡢࡵࡓࡿࡍࡢࡵࡓࡿࡍࡢࡵࡓࡿࡍస᧯స᧯స᧯స᧯ࢆࢆࢆࢆࢱ࣮ࢹࢱ࣮ࢹࢱ࣮ࢹࢱ࣮ࢹࡢࡢࡢࡢ㌟⮬㌟⮬㌟⮬㌟⮬࡟࡟࡟࡟ࢺࢡ࢙ࢪࣈ࢜ࢺࢡ࢙ࢪࣈ࢜ࢺࢡ࢙ࢪࣈ࢜ࢺࢡ࢙ࢪࣈ࢜㸪㸪㸪㸪࡚࠸࡚࠸࡚࠸࡚࠸⏝⏝⏝⏝ࢆࢆࢆࢆ㸧㸧㸧㸧ࡪࡪࡪࡪ࿧࿧࿧࿧࡜࡜࡜࡜ࢺࣉࣜࢡࢫࢺࣉࣜࢡࢫࢺࣉࣜࢡࢫࢺࣉࣜࢡࢫ 㸦ᩘ㸦㸦㸦࣓࣓࣓࣓

ࢆࢆࢆࢆ㸧㸧㸧㸧ࡪࡪࡪࡪ࿧࿧࿧࿧࡜࡜࡜࡜ࢱࢡࣛࢺࢫࣥࢥࢱࢡࣛࢺࢫࣥࢥࢱࢡࣛࢺࢫࣥࢥࢱࢡࣛࢺࢫࣥࢥ㛵ᩘ㛵ᩘ㛵ᩘ㛵ᩘ㸦㸦㸦㸦ࡢࡵࡓࡿࡍࡢࡵࡓࡿࡍࡢࡵࡓࡿࡍࡢࡵࡓࡿࡍసᡂసᡂసᡂసᡂࢆࢆࢆࢆࢺࢡ࢙ࢪࣈ࢜ࢺࢡ࢙ࢪࣈ࢜ࢺࢡ࢙ࢪࣈ࢜ࢺࢡ࢙ࢪࣈ࢜㸪㸪㸪㸪࡜࡜࡜࡜㸧㸧㸧㸧ࡪࡪࡪࡪ࿧࿧࿧࿧࡜࡜࡜࡜ࢻࢵࢯࢻࢵࢯࢻࢵࢯࢻࢵࢯ

ᐃ⩏ᐃ⩏ᐃ⩏ᐃ⩏ࡿࡁ࡛ࡀ࡜ࡇࡿࡍࡿࡁ࡛ࡀ࡜ࡇࡿࡍࡿࡁ࡛ࡀ࡜ࡇࡿࡍࡿࡁ࡛ࡀ࡜ࡇࡿࡍ㸬㸬㸬㸬ࡀࡳࡢࡀࡳࡢࡀࡳࡢࡀࡳࡢࢱࢡࣛࢺࢫࣥࢥࢱࢡࣛࢺࢫࣥࢥࢱࢡࣛࢺࢫࣥࢥࢱࢡࣛࢺࢫࣥࢥ࡜࡜࡜࡜ࢻࢵࢯ࣓ࢻࢵࢯ࣓ࢻࢵࢯ࣓ࢻࢵࢯ࣓ࡢࡇࡢࡇࡢࡇࡢࡇ    RPC࡚ࡋ࡜࡚ࡋ࡜࡚ࡋ࡜࡚ࡋ࡜࿧࿧࿧࿧ࡧࡧࡧࡧฟฟฟฟࡉࡉࡉࡉ

 㸬㸬㸬㸬ࡿ࠺ࢀࡿ࠺ࢀࡿ࠺ࢀࡿ࠺ࢀ

ࢀࡇࢀࡇࢀࡇࢀࡇ㸬㸬㸬㸬ࡿࡁ࡛ࡀ࡜ࡇࡘࡶ࡚ࡋ࡜ࡿࡁ࡛ࡀ࡜ࡇࡘࡶ࡚ࡋ࡜ࡿࡁ࡛ࡀ࡜ࡇࡘࡶ࡚ࡋ࡜ࡿࡁ࡛ࡀ࡜ࡇࡘࡶ࡚ࡋ࡜ࢱ࣮ࢹࢱ࣮ࢹࢱ࣮ࢹࢱ࣮ࢹࢆࢆࢆࢆ࣮࣮࣮࣮࢟࢟࢟࢟ࡢࡢࡢࡢࢺࢡ࢙ࢪࣈ࢜ࢺࢡ࢙ࢪࣈ࢜ࢺࢡ࢙ࢪࣈ࢜ࢺࢡ࢙ࢪࣈ࢜ࡢࡢࡢࡢ௚௚௚௚ࡣࡣࡣࡣࢺࢡ࢙ࢪࣈ࢜ࢺࢡ࢙ࢪࣈ࢜ࢺࢡ࢙ࢪࣈ࢜ࢺࢡ࢙ࢪࣈ࢜ (3)

ࢯ࣓ࢯ࣓ࢯ࣓ࢯ࣓ࡿ࠶ࡿ࠶ࡿ࠶ࡿ࠶㸪㸪㸪㸪࡟࠺ࡼࡢ࡟࠺ࡼࡢ࡟࠺ࡼࡢ࡟࠺ࡼࡢୗグᅗୗグᅗୗグᅗୗグᅗ㸯㸯㸯㸯ࡤ࠼ࡤ࠼ࡤ࠼ࡤ࠼㸬㸬㸬㸬౛౛౛౛ࡍࡍࡍࡍ⾲⾲⾲⾲ࢆࢆࢆࢆ㛵ಀ㛵ಀ㛵ಀ㛵ಀࢡࣥࣜࢡࣥࣜࢡࣥࣜࢡࣥࣜࡢࡢࡢࡢࢱ࣮ࢹࢱ࣮ࢹࢱ࣮ࢹࢱ࣮ࢹࡿࡅ࠾࡟ࡿࡅ࠾࡟ࡿࡅ࠾࡟ࡿࡅ࠾࡟ෆෆෆෆ࣒࣮ࢤ࣒࣮ࢤ࣒࣮ࢤ࣒࣮ࢤࡣࡣࡣࡣ

ᡠᡠᡠᡠࡢࡑࡢࡑࡢࡑࡢࡑ㸪㸪㸪㸪࡟࡟࡟࡟ሙྜሙྜሙྜሙྜࡓࡋࡓࡋࡓࡋࡓࡋᡂ⏕ᡂ⏕ᡂ⏕ᡂ⏕ࢆࢆࢆࢆࢺࢡ࢙ࢪࣈ࢜ࢺࢡ࢙ࢪࣈ࢜ࢺࢡ࢙ࢪࣈ࢜ࢺࢡ࢙ࢪࣈ࡚࢜ࡋ࡚ࡋ࡚ࡋ࡚ࡋฟฟฟฟࡧࡧࡧࡧ࿧࿧࿧࿧ࢆࢆࢆࢆࢱࢡࣛࢺࢫࣥࢥࢱࢡࣛࢺࢫࣥࢥࢱࢡࣛࢺࢫࣥࢥࢱࢡࣛࢺࢫࣥࢥ㸪㸪㸪㸪ࡀࡀࡀࡀ࿧ฟ࿧ฟ࿧ฟ࿧ฟࡢࡢࡢࡢࢻࢵࢻࢵࢻࢵࢻࢵ

 㸬㸬㸬㸬࠺ࢁࡔࡿ࡞࡟࡜ࡇࡘࡶࢆ࠺ࢁࡔࡿ࡞࡟࡜ࡇࡘࡶࢆ࠺ࢁࡔࡿ࡞࡟࡜ࡇࡘࡶࢆ࠺ࢁࡔࡿ࡞࡟࡜ࡇࡘࡶࢆࢱ࣮ࢹࢱ࣮ࢹࢱ࣮ࢹࢱ࣮ࢹࡓࡗ࠸࠺ࡑ࡜ࡿࡍࡓࡗ࠸࠺ࡑ࡜ࡿࡍࡓࡗ࠸࠺ࡑ࡜ࡿࡍࡓࡗ࠸࠺ࡑ࡜ࡿࡍಖᣢಖᣢಖᣢಖᣢࢆࢆࢆࢆ್್್್ࡾࡾࡾࡾ

ࢭࢡ࢔ࢭࢡ࢔ࢭࢡ࢔ࢭࢡ࢔࡟࡟࡟࡟ࢱ࣮ࢹࢱ࣮ࢹࢱ࣮ࢹࢱ࣮ࢹࡘࡘࡘࡘᣢᣢᣢᣢࡀࡀࡀࡀࢺࢡ࢙ࢪࣈ࢜ࢺࢡ࢙ࢪࣈ࢜ࢺࢡ࢙ࢪࣈ࢜ࢺࢡ࢙ࢪࣈ࢜ࡓࢀࡉࡓࢀࡉࡓࢀࡉࡓࢀࡉฟฟฟฟࡧࡧࡧࡧ࿧࿧࿧࿧ࢆࢆࢆࢆࢻࢵࢯ࣓ࢻࢵࢯ࣓ࢻࢵࢯ࣓ࢻࢵࢯ㸪㸪㸪㸪࣓ࡣ࡛ࡣ࡛ࡣ࡛ࡣ୰୰୰୰࡛ࡢࡢࡢࡢࢻࢵࢯ࣓ࢻࢵࢯ࣓ࢻࢵࢯ࣓ࢻࢵࢯ࣓ (4)

ࡢࡑࡢࡑࡢࡑࡢࡑ㸪㸪㸪㸪ࡣࡣࡣࡣሙྜሙྜሙྜሙྜࡘࡶ࡚ࡋ࡜ࡘࡶ࡚ࡋ࡜ࡘࡶ࡚ࡋ࡜ࡘࡶ࡚ࡋ࡜ࢱ࣮ࢹࢱ࣮ࢹࢱ࣮ࢹࢱ࣮ࢹࢆࢆࢆࢆ࣮࣮࣮࣮࢟࢟࢟࢟ࡢࡢࡢࡢࢺࢡ࢙ࢪࣈ࢜ࢺࢡ࢙ࢪࣈ࢜ࢺࢡ࢙ࢪࣈ࢜ࢺࢡ࢙ࢪࣈ࢜࡟࠺ࡼࡢ࡟࠺ࡼࡢ࡟࠺ࡼࡢ࡟࠺ࡼࡢ㸪㸪㸪㸪ୖグୖグୖグୖグࡓࡲࡓࡲࡓࡲࡓࡲ㸬㸬㸬㸬ࡿࡿࡿࡿฟ᮶ฟ᮶ฟ᮶ฟ᮶ࢫࢫࢫࢫ

 㸬㸬㸬㸬ࡿࢀࢃࡿࢀࢃࡿࢀࢃࡿࢀࢃᢅᢅᢅᢅ࡚ࡋ࡜࡚ࡋ࡜࡚ࡋ࡜࡚ࡋ࡜ࢺࢡ࢙ࢪࣈ࢜ࢺࢡ࢙ࢪࣈ࢜ࢺࢡ࢙ࢪࣈ࢜ࢺࢡ࢙ࢪࣈ࢜ࡣ࡛ࡣ࡛ࡣ࡛ࡣ୰୰୰୰࡛ࡢࡢࡢࡢࢺࣉࣜࢡࢫࢺࣉࣜࢡࢫࢺࣉࣜࢡࢫࢺࣉࣜࢡࢫࡣࡣࡣࡣࢱ࣮ࢹࢱ࣮ࢹࢱ࣮ࢹࢱ࣮ࢹ

┤┤┤┤࡟࡟࡟࡟ࢱ࣮ࢹࢱ࣮ࢹࢱ࣮ࢹࢱ࣮ࢹࡢࡢࡢࡢࡑࡑࡑࡑ㸪㸪㸪㸪ࡣ࡚࠸ࡘ࡟ࡣ࡚࠸ࡘ࡟ࡣ࡚࠸ࡘ࡟ࡣ࡚࠸ࡘ࡟ࢺࢡ࢙ࢪࣈ࢜ࢺࢡ࢙ࢪࣈ࢜ࢺࢡ࢙ࢪࣈ࢜ࢺࢡ࢙ࢪࣈ࢜ࡢࡢࡢࡢููููࡣ࡜ࡣ࡜ࡣ࡜ࡣ࡜㌟⮬㌟⮬㌟⮬㌟⮬ࡿࢀࡉࡿࢀࡉࡿࢀࡉࡿࢀࡉ↷୰୰୰୰࡛࡛࡛࡛ཧ↷ཧ↷ཧ↷ཧࢻࢵࢯ࣓ࢻࢵࢯ࣓ࢻࢵࢯ࣓ࢻࢵࢯ࣓ (5)

᥋᥋᥋᥋ࡎࡁ࡛ࡣ࡜ࡇࡿࡍࡎࡁ࡛ࡣ࡜ࡇࡿࡍࡎࡁ࡛ࡣ࡜ࡇࡿࡍࡎࡁ࡛ࡣ࡜ࡇࡿࡍࢫࢭࢡ࢔ࢫࢭࢡ࢔ࢫࢭࢡ࢔ࢫࢭࢡ࢔㸪㸪㸪㸪࣓ࡢࡢࡢࡢࢻࢵࢯ࣓ࢻࢵࢯ࣓ࢻࢵࢯ࣓ࢻࢵࢯ࿧࿧࿧࿧ࡧࡧࡧࡧฟฟฟฟࡀࡅࡔࡋࡀࡅࡔࡋࡀࡅࡔࡋࡀࡅࡔࡋチチチチࡿࢀࡉࡿࢀࡉࡿࢀࡉࡿࢀࡉ㸬㸬㸬㸬ࢵࢯ࣓ࢵࢯ࣓ࢵࢯ࣓ࢵࢯ࣓ࡁ࡜ࡢࡇࡁ࡜ࡢࡇࡁ࡜ࡢࡇࡁ࡜ࡢࡇ

㸪㸪㸪㸪ࡣࡣࡣࡣሙྜሙྜሙྜሙྜ࠸࡞࠸࡚ࡋ࠸࡞࠸࡚ࡋ࠸࡞࠸࡚ࡋ࠸࡞࠸࡚ࡋᏑᅾᏑᅾᏑᅾᏑᅾ࡟࡟࡟࡟ࢻ࣮ࣀࢻ࣮ࣀࢻ࣮ࣀࢻ࣮ࣀ࣮࣮࣮࣮࣮࣮࣮࣮࢝࣡࢝࣡࢝࣡࢝࣡ࡌࡌࡌࡌྠྠྠྠࡀࡀࡀࡀࢺࢡ࢙ࢪࣈ࢜ࢺࢡ࢙ࢪࣈ࢜ࢺࢡ࢙ࢪࣈ࢜ࢺࢡ࢙ࢪࣈ࢜ࡓࢀࢃࡓࢀࢃࡓࢀࢃࡓࢀࢃ⾜⾜⾜⾜ࡀࡋࡀࡋࡀࡋࡀࡋฟฟฟฟࡧࡧࡧࡧ࿧࿧࿧࿧ࢻࢻࢻࢻ

࡟࡟࡟࡟ⓗ⮬ືⓗ⮬ືⓗ⮬ືⓗື⮬ࡀࡋࡀࡋࡀࡋࡀࡋฟฟฟฟࡧࡧࡧࡧ࿧࿧࿧࿧ࢻࢵࢯ࣓ࢻࢵࢯ࣓ࢻࢵࢯ࣓ࢻࢵࢯ࣓ RPC࡟࡟࡟࡟ኚ᥮ኚ᥮ኚ᥮ኚ᥮ࡿࢀࡉࡿࢀࡉࡿࢀࡉࡿࢀࡉ㸬㸬㸬㸬 
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(6) pfmࡣࡣࡣࡣ consistent hash ศᩓศᩓศᩓศᩓࡿࡏࡉࡿࡏࡉࡿࡏࡉࡿࡏࡉศᩓศᩓศᩓศᩓࢆࢆࢆࢆࢺࢡ࢙ࢪࣈ࢜ࢺࢡ࢙ࢪࣈ࢜ࢺࢡ࢙ࢪࣈ࢜ࢺࢡ࢙ࢪࣈ࡛࡛࡛࡛࢜ KVS࡛ࡵࡓࡿ࠶ࡶ࡛ࡵࡓࡿ࠶ࡶ࡛ࡵࡓࡿ࠶ࡶ࡛ࡵࡓࡿ࠶ࡶ㸪㸪㸪㸪RPC

ࡽ࠿ࡽ࠿ࡽ࠿ࡽ࠿࣮࣮࣮࣮࢟࢟࢟࢟ࡢࡢࡢࡢࢺࢡ࢙ࢪࣈ࢜ࢺࢡ࢙ࢪࣈ࢜ࢺࢡ࢙ࢪࣈ࢜ࢺࢡ࢙ࢪࣈ࢜ࡣࡣࡣࡣࢻ࣮ࣀࢻ࣮ࣀࢻ࣮ࣀࢻ࣮ࣀࡁ࡭ࡍࡁ࡭ࡍࡁ࡭ࡍࡁ࡭ࡍ㏦ಙ㏦ಙ㏦ಙ㏦ಙࢆࢆࢆࢆࢺࢫ࢚ࢡࣜࢺࢫ࢚ࢡࣜࢺࢫ࢚ࢡࣜࢺࢫ࢚ࢡࣜࡢࡢࡢࡢ consistent hashࢆࢆࢆࢆ౑౑౑౑࡚ࡗ࡚ࡗ࡚ࡗ࡚ࡗ

ィ⟬ィ⟬ィ⟬ィ⟬ࡿࡍࡿࡍࡿࡍࡿࡍ㸬㸬㸬㸬 

ᅗ 1 pfm ࡢᡂ᫬⏕ࢺࢡ࢙ࢪࣈ࢜ࡿࡅ࠾࡟ RPC  ᅗࢪ࣮࣓࢖ࡢ㛵ಀࡢ࣒ࣛࢢࣟࣉ࡜

 

ᅗ 2 pfm ࡢ᫬ࡋฟࡧ࿧ࢻࢵࢯ࣓ࡿࡅ࠾࡟ RPC  ᅗࢪ࣮࣓࢖ࡢ㛵ಀࡢ࣒ࣛࢢࣟࣉ࡜

 

 ౛࡚ࡋ࡜㸪3.2 ⠇࡛㏙࣒࣮ࢳࡓ࡭సᡂᶵ⬟ࡿࡳ࡚࠼⪄࡚࠸ࡘ࡟㸬⡆␎໬࣮ࢥࡓࢀࡉ

࣮࣮ࣖࣞࣉ㸪ࡣ࡟㝿ࡿࡍసᡂࢆ࣒࣮ࢳࡎࡲ㸬ࡿ࠶࡛ࡢࡶ࡞࠺ࡼࡢᯟෆࡢᕥࡢᅗ㸯ࡣࢻ

ࡀ࠿ㄡࡕ࠺ࡢ Player ࡿ࠶࡛ࢻࢵࢯ࣓ࡢࢺࢡ࢙ࢪࣈ࢜ Player:create_team()ࢆ࿧ࡧฟࡍ㸬

ෆ㒊࡛ࡣࢻࢵࢯ࣓ࡢࡇ Team ࢱࢡࣛࢺࢫࣥࢥࡢࢺࢡ࢙ࢪࣈ࢜ Team:new(self)ࢆ࿧ࡧฟࡋ

࡟㝿ࡢࡇ㸬ࡿ࠸࡚ Team ࡽ࠿್࣮࢟ࡢࡑ㸪ࡋỴᐃࡀ್࣮࢟ࡢࢺࢡ࢙ࢪࣈ࢜ Team ࢪࣈ࢜

ࡿࢀࡉసᡂࡀࢺࢡ࢙ Node2 ࡀ consistent hash ࡚ࡋᑐ࡟ࢻ࣮ࣀࡢࡑ㸪ࢀࡉ⟭ィ࡚ࡗࡼ࡟

ࡢసᡂࢺࢡ࢙ࢪࣈ࢜ RPC 㸬RPCࡿ࡞࡟࡜ࡇࡿࢀࢃ⾜ࡀ స࡚ࡋ࡜㸪⤖ᯝ࡜ࡿࡍ᏶஢ࡀ

ᡂࡀࢺࢡ࢙ࢪࣈ࢜ࡓࢀࡉ Node1 㸪belong_toࢀࡉ㏉࡚ࡋ࡜ࢫ࣏ࣥࢫࣞ࡟ ࢹࡢ๓ྡ࠺࠸࡜

 㸬ࡿࢀࡉಖᣢ࡚ࡋ࡜ࢱ࣮

 ᅗ㸰࡛♧࡟࠺ࡼࡿ࠸࡚ࢀࡉ㸪ࢆ࣮ࣖ࢖ࣞࣉࡽ࠿࣒࣮ࢳᙉไ㞳⬺ࡿࡏࡉฎ⌮ྠࡶᵝ࡛㸪

ࡓࢀࡉᮇ໬ึ࡟సᡂ᫬࣒࣮ࢳ self.belong_to ࡣ୰࡛ࢺࣉࣜࢡࢫࡣ Team ࡜ࢺࢡ࢙ࢪࣈ࢜

ᙧ࡛࠺࠸࡜(...)㸪self.belong_to.vote_kickࡵࡓࡿࢀࢃᢅ࡚ࡋ Team ࡉ⩏ᐃ࡟ࢺࢡ࢙ࢪࣈ࢜

ࢻࢵࢯ࣓ࡢࡵࡓࡢከᩘỴࡓࢀ vote_kick ሙྜ㸪belong_toࡢࡇ㸬ࡿࡁ࡛ࡀ࡜ࡇࡍฟࡧ࿧ࢆ

ࢆࢻ࣮ࣀࡿ࠸࡚ࢀࡉಖᣢ࡟ᐇ㝿ࡀ belong_to ࡽ࠿್࣮࢟ࡢ࡚ࡋ࡜ࢺࢡ࢙ࢪࣈ࢜ࡢ

consistent hash ࡚ࡋᑐ࡟ࢻ࣮ࣀࡢࡑ㸪ࡋ⟭ィ࡚࠸⏝ࢆ vote_kick ࡍฟࡧ࿧ࢆ RPC ⾜Ⓨࢆ

 㸬ࡿࡍ

㸪࡛ࡅࡔࡿࡍ グ㏙ࢆࢻ࣮ࢥ࠸࡞ࡋ࡜๓ᥦࢆ⌮ศᩓฎࡃ඲ࡀ⪅㸪㛤Ⓨࡶࡽ࠿౛ࡢࡽࢀࡇ 

ෆ㒊ⓗࡣ࡟⮬ືⓗ࡟ศᩓฎ⌮ࡿ࠿ࢃࡀ࡜ࡇࡿࢀࢃ⾜ࡀ㸬 

4. pfm࡟࡟࡟࡟ᚲせᚲせᚲせᚲせ࡞࡞࡞࡞ PaaSᶵ⬟ᶵ⬟ᶵ⬟ᶵ⬟ࡢ࡚࠸ࡘ࡟ࡢ࡚࠸ࡘ࡟ࡢ࡚࠸ࡘ࡟ࡢ࡚࠸ࡘ࡟⪃ᐹ⪃ᐹ⪃ᐹ⪃ᐹ 

 ⌮⟶⌮⟶⌮⟶⌮⟶ࡢࡢࡢࡢࢻ࣮ࣀࢻ࣮ࣀࢻ࣮ࣀࢻ࣮ࣀ 4.1

 pfm࡛ࡢ⌮⟶ࡣᡭ㛫ࢆࢻ࣮ࣀ࣮ࢱࢫ࣐ࡀࢻ࣮ࣀ࣮࣮࢝࣡ࡵࡓࡃ┬ࢆ UDPࣕ࢟ࢳ࣐ࣝ

ࣀࡿࡁ࡛⏝౑࡟࡜ࡈ࣒࣮ࢤࣥ࢖ࣛࣥ࢜㸪ࡋ࠿ࡋ㸬ࡿ࡜ࢆ᪉ᘧࡿࡍ⥆᥋࡚ࡋฟ᳨࡛ࢺࢫ

࠺ࡼࡿࡍᡭື࡛ᣦᐃ࡚ࡗ㏦ࢆࢺࢫ࢚ࢡࣜ࡟ࢻ࣮ࣀ࣮ࢱࢫ࣐ࡀ⪅⌮⟶㸪ࡣ࡚࠸ࡘ࡟ࢻ࣮

࠶ࡀ㸦=ேẼࡿ࠸࡛ࢇΰࠕ࡜ࡊࢃ㸪ࡽ࠿⏤⌮ࡢ㐠Ⴀୖࡣ࡛࣒࣮ࢤࣥ࢖ࣛࣥ࢜㸬ࡓࡋ࡟

㸧ࠖࡿ  㸬ࡿ࠶࡛ࡽ࠿ࡿ࠶ࡀᚲせࡿࡍ࣮ࣝࣟࢺࣥࢥࢆᩘࡢࢻ࣮ࣀ㸪࡟ࡵࡓࡿࡏぢ࡟࠺ࡼ

ࡿ࡞࡜⌮ฎࡢ࣒࣮ࢤࣥ࢖ࣛࣥ࢜ࡿ࠶  RPC ࢤࡢࡑࡀࢻ࣮ࣀ㸪ࡣ࣒ࣛࢢࣟࣉࡿࡍ⩏ᐃࢆ

ࢻ࣮ࣟ࡟ฎ⌮⣔ࢺࣉࣜࢡࢫࡢࢻ࣮ࣀࡢࡑ࡟ࡁ࡜ࡓࢀࡉ㏣ຍ࡚ࡋ࡜ࢻ࣮ࣀࡢࡵࡓࡢ࣒࣮

 㸬ࡪ࿧࡜ᮇ໬ึᮇ໬ึᮇ໬ึᮇ໬ึࡢࡢࡢࡢ࣒࣮ࢤ࣒࣮ࢤ࣒࣮ࢤ࣒࣮ࢤࢆࢀࡇ㸬ࡓࡋ࡜࡜ࡇࡿࢀࡉ

ᚲせࡿࡍඹ᭷ࢆෆᐜࡢ࣒࣮ࢤ࡜࣮ࣖ࢖ࣞࣉࡢ㸪௚ࡣ࡚࠸࠾࡟࣒࣮ࢤࣥ࢖ࣛࣥ࢜ࡓࡲ 

㸬ࡿ࠶ࡀᚲせࡿ▱ࢆࢺࢡ࢙ࢪࣈ࢜ࡢ࡝࡞≀ᘓࡸ࣮ࣖ࢖ࣞࣉࡿࡍᏑᅾ࡟࿘ᅖࡢ㸪⮬ศࡽ࠿

ศᩓࡢࡘ㸯ࡎࡽ࡞࠿࡟๓ࡢᮇ໬ึࡢ࣒࣮ࢤ㸪࡛ࡇࡑ KVS 㸪ࢀࡉసᡂࡀࢺࢡ࢙ࢪࣈ࢜ࡢୖ

ࡼࡿࢀࡽ࠼୚ࢆ๓ྡ࡚ࡋ࡜ኚᩘ࡞ࣝࣂ࣮ࣟࢢࡽ࠿ฎ⌮⣔ࢺࣉࣜࢡࢫࡓࢀࡉࢻ࣮ࣟࡢࡑ

ኚᩘࣝࣂ࣮ࣟࢢࡢࡇࢆ㌟⮬ࡁ࡜ࡓࢀࡉࢻ࣮ࣟࡣࢺࢡ࢙ࢪࣈ࢜ࡸ࣮ࣖ࢖ࣞࣉ㸬ࡓࡋ࡟࠺

 㸬࠺⾜ࢆඹ᭷ࡢ᝟ሗࡓࡗ࠸࠺ࡑ࡛࡜ࡇࡿࡍタᐃ࡟
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4.2 RPCྡࡿࡅ࠾࡟ࡿࡅ࠾࡟ࡿࡅ࠾࡟ࡿࡅ࠾࡟๓✵㛫ྡ๓✵㛫ྡ๓✵㛫ྡ๓✵㛫ࣥࣙࢩ࣮ࣞࢯ࢖࢔ࣥࣙࢩ࣮ࣞࢯ࢖࢔ࣥࣙࢩ࣮ࣞࢯ࢖࢔ࣥࣙࢩ࣮ࣞࢯ࢖࢔ࡢࡢࡢࡢ 

 pfm ࣥࢥࡢࢫࢭࣟࣉࡣࢀࡇ㸬ࡿࡍసືࡅࡔࢫࢭࣟࣉ㸯ࡾࡓ࠶ࢻ࣮ࣀ㸯ࡣ࣮ࣂ࣮ࢧࡢ

㸪persistent࡛࡜ࡇࡿࡍࡃࡃ࡟ࡁ㉳ࢆࢳࢵ࢖ࢫࢺࢫࢡࢸ ⌮ฎࡃࡼ⋠ຠࢆࣥࣙࢩࢡࢿࢥ࡞

ᩘࡢฎ⌮⣔ࡢࢺࣉࣜࢡࢫࡁ࡭ࡿࡍᒎ㛤࡟ୖ࣓ࣜࣔࡤࢀ࠶࡛ࢫࢭࣟࣉ㸯ࡓࡲ㸪࡜ࡇࡿࡍ

㸪PaaSࡋ࠿ࡋ㸬ࡿ࠶࡛⏤⌮ࡀ࡝࡞࡜ࡇࡿࡁ࡛ࡃ࡞ᑡࡀ 㸯ࡢࡇࡣ࡟ࡵࡓࡿࡍసື࡚ࡋ࡜

ࡵࡓࡢᛶ≉ࡢࡇ㸬ࡿ࠶ࡀᚲせࡿࡁస࡛ືࡀ࣒࣮ࢤࣥ࢖ࣛࣥ࢜ࡢᩘ「࡛ୖࢫࢭࣟࣉࡢࡘ

␗ࡶ࡚࠸࡚ࡋᣦࢆ๓ྡࡌྠୖ࣒ࣛࢢࣟࣉ㸪࡚࠸࡚ࡋฎ⌮⣔࡛ືసࡢࢺࣉࣜࢡࢫࡌྠ࡟

 㸬ࡓ࠼⪄࡜ࡿ࠶ࡀᚲせࡿฟ᮶࡟࠺ࡼࡿࡍ↷ཧࢆᐇయࡿ࡞

 6 ❶࡛⤂௓ࡿࡍ pfm ࢥࢫࡢ㛵ᩘࡢࡑ࡟࡜ࡈࡋฟࡧ㸪㛵ᩘ࿧ࢆせồࡢࡇ㸪ࡣᐇ⿦࡛ࡢ

ࡋ⌧ᐇ࡚ࡗࡼ࡟ ⬟ᶵࡢゝㄒ࣒ࣛࢢࣟࣉ࠺࠸࡜ࡿ࠼᭰ࡾษࢆ๓✵㛫ྡࡿࡍ⏝฼࡛ࣉ࣮

㸬RPCࡿ࠸࡚ ࡓࡋ⾜Ⓨࡀࢺࣥ࢔࢖ࣛࢡࡢ࣒࣮ࢤࡢ࡝㸪࡟ࡁ࡜ࡿࡍ⾜ᐇࢆ RPC ࠿ࡢ࡞

ࢆ๓✵㛫ྡࡓࡋᑐᛂ࡟࣒࣮ࢤࡢࡑ㸪࡛࡜ࡇ࠺ࡽࡶ࡚ࡵྵ࡟ࢺࢫ࢚ࢡࣜࢆ࡜ࡇ࠺ ࠸࡜

ᣦᐃ࡛ୖࡓࡋ RPC  㸬ࡓ࠼⪄࡜࠺ࡼࡋᥦ౪ࢆࣥࣙࢩ࣮ࣞࢯ࢖࢔㸪࡛࡜ࡇࡿࡍ⾜ᐇࢆ

 ௒ᅇࡢᐇ⿦࡛ࡣ lua[1]࣒ࣛࢢࣟࣉ࠺࠸࡜ゝㄒࢆ฼⏝ࡀࡿࡍ㸪lua ࡜ࣝࣈ࣮ࢸቃ⎔ࡣ࡛

  㸬ࡿ࠸࡚ࡋᥦ౪ࢆ⬟ᶵࡢࡇࡀࡳ⤌௙࠺࠸

4.3 ㄆドᶵ⬟ཬㄆドᶵ⬟ཬㄆドᶵ⬟ཬㄆドᶵ⬟ཬࡧࡧࡧࡧ KVSࡢࡢࡢࡢ࣮࣮࣮࣮࢟࢟࢟࢟ࡢࡢࡢࡢ⏕ᡂᶵ⬟⏕ᡂᶵ⬟⏕ᡂᶵ⬟⏕ᡂᶵ⬟ 

 3.1 ⠇࡛ㄝ᫂࡟࠺ࡼࡓࡋ㸪pfm ศᩓࡣ KVS ࣜࡋ⥆᥋࡜ࢺࣥ࢔࢖ࣛࢡ㸪┤᥋ࡀࡿ࠶࡛

㸪pfmࡵࡓࡢࡇ㸬ࡿࡅ௜ࡅཷࢆࢺࢫ࢚ࢡ ศᩓࡿ࡞࡜ࢫ࣮࣋ࡢ KVS ࡉศ⮬㌟࡛ಖᏑ⮬ࡣ

ࡀࢻ࣮ࣀྛࡣ࡚࠸ࡘ࡟ࢀࡇ㸬ࡿ࠶ࡀᚲせࡿࡁᡂ࡛⏕ࢆ࣮࢟࡞ព୍ࡢࡵࡓࡢࢱ࣮ࢹࡿࢀ

ࡘࡶ mac address  㸬ࡓ࠼⪄࡜࠺ࡼࡋᡂ⏕ࢆ࣮࢟ࡓࡗ࠸࠺ࡑ࡚ࡋ⏝฼ࢆ

ศᩓ࡟ࡽࡉ  KVS ⮬యࡢࡽ࠿ࢺࣥ࢔࢖ࣛࢡࡀ᥋⥆ࡅཷࢆධࡵࡓࡿࢀㄆド⬟ຊࢆᣢࡘ

ᚲせࡀࡿ࠶ࡀ㸪pfm ୖ࡛ືసࡓࡗ࡞␗ࢀࡒࢀࡑࡣ࣒࣮ࢤࡿࡍㄆドྍࡘࡶࢆ࣒ࢸࢫࢩ⬟

ᛶࡵࡓࡿ࠶ࡀ㸪ㄆドฎ⌮ࡣ࡚࠸ࡘ࡟㸪pfm ୖ࡛ືసࣥࣙࢩ࣮ࢣࣜࣉ࢔ࡿࡍഃ࡛సᡂࡋ

࣒࣮ࢤࡶయ⮬࣮ࣖ࢖ࣞࣉࡿࡍ࢖ࣞࣉࢆ࣒࣮ࢤ㸪ࡋࡔࡓ㸬ࡿ࠸࡚ࡋ᝿ᐃࢆ࡜ࡇ࠺ࡽࡶ࡚

୰ࡽ࠿ࡿ࠶࡛ࢺࢡ࢙ࢪࣈ࢜ࡢ㸪࣒࣮ࢤ࡛ࢢ࣑ࣥ࢖ࢱࡢ࠿ࡇ࡝୰ࡿࢀࡉࢻ࣮ࣟ࡟ᚲせࡀ

࡟ㄆド᏶஢ᚋࡣ࡚࠸ࡘ࡟ࢀࡇ㸬࠺ࢁࡔࡿ࠶ pfm ࡢ࣮ࣖ࢖ࣞࣉࡿࡍᑐᛂ࡜ࢺࣥ࢘࢝࢔ࡀ

 㸬ࡿࡍࢻ࣮ࣟࢆࢺࢡ࢙ࢪࣈ࢜

5. pfmࡢࡢࡢࡢᇶᮏᵓᡂせ⣲ᇶᮏᵓᡂせ⣲ᇶᮏᵓᡂせ⣲ᇶᮏᵓᡂせ⣲࡜࡜࡜࡜ᶵ⬟せ௳ᶵ⬟せ௳ᶵ⬟せ௳ᶵ⬟せ௳ 

pfm ᅗࡣᇶᮏᵓᡂせ⣲ࡢ 3 ࡟࠺ࡼࡍ♧࡟ Nio, Connector, Serializer, DBM, UUID, Fiber, 

LL, Object, World, ࡛ࡿ࠶㸬ࡢࢀࡒࢀࡑᙺ๭࡜せồࡿࢀࡉᶵ⬟せ௳ࢆ௨ୗࡿࡵ࡜ࡲ࡟㸬 

(1) Nio 

libev ࡿࡍᚋ㏙ࡸ nbr ࡟࠺ࡼࡢ Linux ࡸ Windows ⏝ỗࡢ࡝࡞ OS ࣝ࢖࢓ࣇ㸪ࡿࡍᥦ౪ࡀ

㥑ືࢺࣥ࣋࢖࡛ࢻࢵࣞࢫࢳ࣐࡚ࣝࡋ⏝฼ࢆ⬟㏻▱ᶵࢺࣥ࣋࢖ࡢࢱࣉࣜࢡࢫ࢕ࢹ IO ࢆ

ᥦ౪ࡿ࠶࡛࣮ࣝࣗࢪࣔࡿࡍ㸬Nioࡀᥦ౪ࢆࣥࣙࢩࢡࢿࢥࡿࡍ฼⏝࡚ࡋ pfmࡣ㠀ྠᮇRPC

㸪1ࡓࡲ㸬࠺⾜ࢆ㏻ಙࡢࡵࡓࡢ ❶࡛㏙࡟࠺ࡼࡓ࡭㸪pfm ࡣ batched RPC ࡿࡍࢺ࣮࣏ࢧࢆ

ࡉ㸬ࡿ࠶ࡀᚲせࡿ࠸࡚ࡋࢺ࣮࣏ࢧࢆ⬟ᶵࡿࡍ㏦ཷಙ࡟᫬ྠࢆࢺࢫ࢚ࢡࣜࡢᩘ「㸪ࡵࡓ

࡟ࡽ UDP  㸬ࡿ࠶ࡀᚲせࡿ࠸࡚ࡋࢺ࣮࣏ࢧࢆࢺࢫࣕ࢟ࢳ࣐ࣝ

(2) DBM 

Barkley Db ࡸ tokyocabinet ࡢᙧᘧ࣮ࣗࣜࣂ࣮࢟࡞࠺ࡼࡢ DBM 㸬࣮ࣝࣗ ࢪࣔࡿࡍᥦ౪ࢆ

 㸬ࡿࡍᥦ౪ࢆ⬟Ọ⥆໬ᶵࡢࢱ࣮ࢹ

(3) Connector 

Nio ࡋ⌮⟶ࢆᩘࡢࣥࣙࢩࢡࢿࢥࡢ࡬ࢻ࣮ࣀ㸬ྛ࣮ࣝࣗࢪࣔࡿࡍ⌮⟶ࢆ⥆᥋ࡿࡍᥦ౪ࡀ

࠼᭰ࡾษ࡛ື⮬࡟ࢻ࣮ࣀࣉࢵ࢔ࢡࢵࣂࢆඛࢺࢫ࢚ࢡࣜࡢࢻ࣐ࣥࢥ࡟㸪㞀ᐖⓎ⏕᫬ࡾࡓ

 㸬࠺⾜ࢆ⌮ฎࡓࡗ࠸࡜ࡾࡓ

(4) Serializer 

BISON ࡸ MessagePack ࡞࠺ࡼࡢ RPC ࢬ ࢖ࣛ࢔ࣜࢩࣜࢼ࢖ࣂࡢࡵࡓࡢࣝࢥࢺࣟࣉࡢ

ᙧᘧࢆᥦ౪࣮ࣝࣗࢪࣔࡿࡍ㸬Ọ⥆໬ࡢ㝿࡟ࢺࢵ࣐࣮࢛ࣇࡢࡇࡶᚑࢡࢵࣃࡀࢱ࣮ࢹ࡚ࡗ

 㸬ࡿࢀࡉ

(5) UUID 

4.3 ⠇࡛ㄝ᫂࡞࠺ࡼࡓࡋ㸪ಖᏑ࡚ࡋ࡜࣮࢟ࡢࢺࢡ࢙ࢪࣈ࢜ࡿࢀࡉ฼⏝ฟ᮶୍ࡿពࢹ࡞

ࡣᐇ⿦࡛ࡢ㸬⌧ᅾ࣮ࣝࣗࢪࣔࡢࡵࡓࡿࡍᡂ⏕ࢆࢱ࣮ mac address ࡛࣮࡚ࣝ࢝ࣟࡋ⏝฼ࢆ

 㸬ࡿ࠸࡚ࢀࢃ౑ࡀࡳ⤌௙ࡿࡍᡂ⏕ࢆ࣮࢟ࢡ࣮ࢽࣘ

(6) Fiber 

3.1 ⠇࡛ㄝ᫂࡟࠺ࡼࡓࡋ㸪pfm ࡣ࡚࠸࠾࡟ RPC ࢫ࣮ࣝ࣋ࣞࢨ࣮ࣘ࡟⌮ฎࡢࢺࢫ࢚ࢡࣜ

㸬Fiberࡿ࠶ࡀᚲせࡿࡍ⏝฼ࢆࢻࢵࣞ ࢪࣔࡢࡵࡓࡿࡍᥦ౪ࢆࢻࢵࣞࢫ࣮ࣝ࣋ࣞࢨ࣮ࣘࡣ

㸪3.3࠼ຍ࡟ࢀࡑ㸬ࡿ࠶࡛࣮ࣝࣗ ⠇࡛㏙࡟࠺ࡼࡓ࡭㸪pfm ࡣ࡛ RPC ࡉ⾜ᐇ࡟ᐇ⾜୰ࡢ

ࡢูࡀࢻࢵࢯ࣓ࡿ࠸࡚ࢀ RPC ࠸ࡋሙྜ㸪᪂ࡢࡑ㸬ࡿ࠺ࡾ࠶ࡀ࡜ࡇࡿࡍ⾜ᐇࢆ RPC ࢆ

ᐇ⾜ࡣࢻࢵࢯ࣓ࡓࡋ⮬㌟ࡀᐇ⾜ࡓࡋ RPC ࡘ㸬ࡿ࠶ࡀᚲせࡿࢀࡉ೵Ṇࢆ⾜ᐇ࡛ࡲ᏶஢ࡢ

 㸬ࡿ࠶ᚲせ࡛ࡶ⬟ᶵࡿࡁㆡ࡛⛣࡟᫂♧ⓗࢆᐇ⾜ᶒ࡛ࢢ࣑ࣥ࢖ࢱࡢព௵ࡾࡲ

(7) LL 

㛤Ⓨ⪅࡟ᑐ࡚ࡋ㸪ࡿࡼ࡟ࢺࣉࣜࢡࢫฎ⌮ࢆグ㏙࡛࣮ࣝࣗࢪࣔࡢࡵࡓࡿࡍ࡟࠺ࡼࡿࡁ㸬

Lua,  ruby,  squirrel  㸬ࡿࢀࡽ࠼⪄࡜ࡿ࠸࡚ࡋ㐺ࡀⓗゝㄒື࡞㸪㍍㔞࡞࠺ࡼࡢ

(8) Object 

LL 㸬LL࣮ࣝࣗࢪࣔࡢࡵࡓࡿࡍ⌮⟶ࢆᐇయࡿࢀࢃᢅ࡚ࡋ࡜ࢺࢡ࢙ࢪࣈ࡚࢜࠸࠾࡟ ฎࡢ

⌮࡛Ⓨ⏕ࡢࢱ࣮ࢹࡓࡋ᭦᪂ࢆ DBM  㸬࠺⾜ࡶ࡜ࡇࡿࡍಖᏑ࡚ࡋᑐ࡟

(9) World 

pfm ࡛ືసࢆ࣒࣮ࢤࣥ࢖ࣛࣥ࢜ࡿࡍᢳ㇟໬࣮ࣝࣗࢪࣔࡓࡋ㸬ᑐᛂ࣮ࢤࣥ࢖ࣛࣥ࢜ࡿࡍ

ࡽ࠿ࢺࢫࣜࡢࡑ㸪ࡋಖᣢࢆࢺࢫࣜࡢࢫࣞࢻ࢔ࡢࢻ࣮ࣀ࡞⬟ྍ⏝฼࡚ࡋ࡜ᐇ⾜⎔ቃࡢ࣒

consistent hash  㸬࠺⾜ࢆ⟭ィࡢ

情報処理学会研究報告 
IPSJ SIG Technical Report

ⓒ 2010 Information Processing Society of Japan

Vol.2010-OS-115 No.16
2010/8/4



 7 
 

6. pfmࡢࡢࡢࡢᐇ⿦౛ᐇ⿦౛ᐇ⿦౛ᐇ⿦౛ 

pfm 㸪Serializer࡚࠸࠾࡟࣮ࣕࢳࢡࢸ࣮࢟࢔ࡢ ࡚ࡋ࡜ Msgpack[2],  DBM ࡚ࡋ࡜

tokyocabinet[3],  LL ࡚ࡋ࡜ lua, Nio ࡚ࡋ࡜ libnbr.aࢆ฼⏝࡚ࡋᐇ⿦࣮ࣞࣇࡓࡗ⾜ࢆ

ࢡ࣮࣒࣡ yue 㸬yueࡿࡍㄝ࡚᫂࠸ࡘ࡟ᐇ⿦ࡢ 㸪linuxࡣᐇ⿦ࡢ 㸪ศᩓࡾ࠾࡚ࢀࡉ࡛ୖ KVS

࣒ࣛࢢࣟࣉ࣮ࣂ࣮ࢧ࣮ࢱࢫ࣐ࡢ yuem, ࣮࣒࣡ࣛࢢࣟࣉ࣮ࣂ࣮ࢧ࣮࢝ yues, ࣥ࢔࢖ࣛࢡ

ࣜࣛࣈ࢖ࣛࢺ libyuec.a㸪ࢺࢵ࣎ࣟ⏝ࢺࢫࢸ yuec  㸬ࡿ࡞ࡽ࠿

6.1 libnbr.a 

libnbr.a  ㏻ࡢస⮬ࡓࢀࡉసᡂ࡚ࡋ໬≉࡟࣮ࣥࢱࣃ㏻ಙࡢ᭷≉࡟࣒࣮ࢤࣥ࢖ࣛࣥ࢜ࡣ

ಙࣛࡾ࠶࡛ࣜࣛࣈ࢖㸪௨ୗ࡞࠺ࡼࡢ≉ᚩࡿ࠶ࡀ㸬 

� epoll ከࡾࡼ࡟ࣕࢳࢡࢸ࣮࢟࢔㥑ືࢺࣥ࣋࢖ࡿࡼ࡟ࢻࢵࣞࢫࢳ࣐ࣝ㸪ࡓࡋ⏝฼ࢆ

ࡢᩘ persistent ࢚ࢡࣜࡢ㧗㢖ᗘࡢࡽ࠿ࢺࣥ࢔࢖ࣛࢡࡿ࠸࡚ࡗᙇࢆࣥࣙࢩࢡࢿࢥ࡞

 㸬ࡿࡍ⌮ฎࡃࡼ⋠ຠࢆࢺࢫ

� ᇶᮏࡀ࣮ࣕࢳࢡࢸ࣮࢟࢔㏦ཷಙ࠺⾜࡚ࡵ࡜ࡲࢆ᪉ᘧࡵࡓࡿ࠸࡚ࡗྲྀࢆ㸪༢⣧ࣃ࡟

࡟↛⮬࡛ࡅࡔ࠺⾜ࢆ㏦ཷಙࡢࢺࢵࢣ batched RPC ࢀࡇ㸬ࡿࢀࢃ⾜ࡀ㏻ಙࡢ➼ྠ࡜

 㸬ࡿࡁ㏦ཷಙ࡛ࡃࡼ⋠ຠࢆࢺࢵࢣࣃࡢከᩘࡢࢬ࢖ࢧ࡞ࡉᑠࡾࡼ࡟

▱㏻࡟ࢺࣥ࢔࢖ࣛࢡࡢ㸪௚ከᩘ࡚ࡋ࡜ᯝ⤖ࡢࢺࢫ࢚ࢡࣜࡢࡽ࠿ࢺࣥ࢔࢖ࣛࢡࡿ࠶ �

ࢻࢵࣞࢫࡿ࡞␗㸪࡚ࡋᑐᛂ࡟ᛶ≉ࡢ࣒࣮ࢤࣥ࢖ࣛࣥ࢜ࡿࡇ㉳࡟⦾㢖ࡀ࡜ࡇ࠺⾜ࢆ

ฟࡀ࡜ࡇࡴ㎸ࡁ᭩ࢆࢱ࣮ࢹ㏦ಙ࡟㏿㸪㧗ࡶ࡚ࡋᑐ࡟ࣥࣙࢩࢡࢿࢥࡿ࠸࡚ࡋ⌮ฎࡀ

᮶ࡿ㸬 

ࡾࡼ࡟ᕤኵࡢࡽࢀࡇ 1000 ᮏࡢ TCP ែ࡛ᖹᆒ≦ࡓࡗᙇࢆࣥࣙࢩࢡࢿࢥ 32byte ࢵࢣࣃࡢ

㛫⛊ࢆࢺ 100000 ᅇ௨ୖ㏦ཷಙࡿ࠶࡛⬟ྍࡀ࡜ࡇࡿࡍ㸬 

6.2 yue࣮ࣝࣗࢪ࣮ࣔࣝࣗࢪ࣮ࣔࣝࣗࢪ࣮ࣔࣝࣗࢪࣔྛྛྛྛࡢࡢࡢࡢ 

� yuem 

pfm సື࡛ࢻ࣮ࣀ࣮࢝㸬࣮࣡ࡿ࠶࡛࣒ࣛࢢࣟࣉ࣮ࣂ࣮ࢧࡿࡍసື࡛ࢻ࣮ࣀ࣮ࢱࢫ࣐ࡢ

ࡿࡍ yues ࡀ࣒࣮ࢤࣥ࢖ࣛࣥ࢜㸪ྛࡧࡼ࠾Ṛά┘どࡢࢻ࣮ࣀ㸪ྛࢀධࡅཷࢆ⥆᥋ࡢࡽ࠿

฼⏝࠺⾜ࢆ⌮⟶ࡢࢻ࣮ࣀࡿࡍ㸬 

� yues 

pfm ㄆドฎࡢࢺࣥ࢔࢖ࣛࢡ㸬ࡿ࠶࡛࣒ࣛࢢࣟࣉ࣮ࣂ࣮ࢧࡿࡍసື࡛ࢻ࣮ࣀ࣮࣮࢝࣡ࡢ

ࡿࢀࡉ⾜୰ᐇ࣒࣮ࢤ㸪ࡸ⌮ RPC  㸬࠺⾜ࢆ⌮ฎࡢ

� libyuec.a 

C++ࡽ࠿ yue  㸬ࣜࣛࣈ࢖ࣛࡢࡵࡓࡿࡍࢫࢭࢡ࢔࡟

� yuec 

libyuec.a  㸬࣒ࣛࢢࣟࣉࢺࢵ࣎ࣟࡢࡵࡓࡢᐃ ࢫ࣐࣮࢛ࣥࣇࣃࡓࡋసᡂ࡚ࡋ⏝฼ࢆ

 ᡭ㡰ᡭ㡰ᡭ㡰ᡭ㡰ࡢ࡛ࡲࡢ࡛ࡲࡢ࡛ࡲࡢ࡛ࡲࣥ࢖ࢢࣟࣥ࢖ࢢࣟࣥ࢖ࢢࣟࣥ࢖ࢢࣟࡢࡢࡢࡢ࣮ࣖ࢖ࣞࣉ࣮ࣖ࢖ࣞࣉ࣮ࣖ࢖ࣞࣉ࣮ࣖ࢖ࣞࣉ .7

 ㉳ື㉳ື㉳ື㉳ືࡢࡢࡢࡢ࣒ࢸࢫࢩ࣒ࢸࢫࢩ࣒ࢸࢫࢩ࣒ࢸࢫࢩ 7.1

ࡎࡲ  yuem ࡾࡼ࡟ࢀࡇ㸬ࡿࡍ㉳ືࡀ yuem    ࡟ࢱࢫࣛࢡࡢࢻ࣮ࣀ⌮≀ࡓࡋ㉳ືࡀ

㸪pfm࡚࠸࠾ ࡢ㸬୍ྎ௨ୖ࠺ᩚࡀഛ‽ࡿࡍ㉳ືࡀ࣒ࢸࢫࢩࡢ yues   ࡑ㸪࡜ࡿࡍ㉳ືࡀ

ࡢࢀࡒࢀ yues ࡣ࣮ࣂ࣮ࢧ UDP ࡚ࡗࡼ࡟ࢺࢫࣕ࢟ࢳ࣐ࣝ yuem ࣮ࣀࡿ࠸࡚ࡋసືࡀ

   㸬ࡿࡍࢆ⥆᥋ࡋ᥈ࢆ ࢻ

7.2 yue ࡛࡛࡛࡛ືసືసືసືసึࡢࡢࡢࡢ࣒࣮ࢤࣥ࢖࣒࣮ࣛࣥ࢜ࢤࣥ࢖࣒࣮ࣛࣥ࢜ࢤࣥ࢖࣒࣮ࣛࣥ࢜ࢤࣥ࢖ࣛࣥ࢜ࡿࡍࡿࡍࡿࡍࡿࡍᮇ໬ึᮇ໬ึᮇ໬ึᮇ໬ 

4.1 ⠇࡛㏙࡟࠺ࡼࡓ࡭㸪୍ ྎ௨ୖࡢ yuem ࡜ yues ࢖࡛ࣛࣥ࢜ࢱࢫࣛࢡࡿ࠸࡚ࡋసືࡀ

ࡣ࡟ሙྜࡿࡍᮇ໬ึ࡟࠺ࡼࡿࡍసືࡀ࣒࣮ࢤࣥ yuem ࣮ࢤࣥ࢖ࣛࣥ࢜ࡢࡑ࡚ࡋᑐ࡟

ᮇ໬ึࡣࢻ࣮ࣀࡓࢀࡉ㝿㸪㏣ຍࡢࡇ㸬ࡿࡍ⾜Ⓨࢆࢻ࣐ࣥࢥ㏣ຍࡢࢻ࣮ࣀࡢࡵࡓࡢ࣒

㸬ࡿ࠶ࡀᚲせࡿฟ᮶ࡀ࡜ࡇࡴ㎸ࡳㄞࢆࢺࣉࣜࢡࢫࡢࡵࡓࡢ࣒࣮ࢤࣥ࢖ࣛࣥ࢜ࡓࢀࡉ

㸬ึࡿࢀࡉᣦᐃ࡟⥴୍࡛ࢻ࣐ࣥࢥ㏣ຍࡢࢻ࣮ࣀࡣࢫࣃࡢࡵࡓࡴ㎸ࡳㄞࢆࢺࣉࣜࢡࢫ

ᮇ໬ࡀ᏶஢࡜ࡿࡍ㸪ࡢࡽ࠿ࢺࣥ࢔࢖ࣛࢡ᥋⥆ࡅཷࢆධࡿࢀ‽ഛࡀ᏶஢ࡿࡍ㸬 

 ࣥ࢖ࢢࣟࣥ࢖ࢢࣟࣥ࢖ࢢࣟࣥ࢖ࢢࣟ 7.3

 ௨ୗ࡞࠺ࡼࡢᡭ㡰࡛ࡿࡍࣥ࢖ࢢࣟࡀࢺࣥ࢔࢖ࣛࢡ㸬 

ࣥ࢖ࢢࣟࡋ⥆᥋࡟ࡘ㸯ࡢࢻ࣮ࣀ࣮࣮࢝࣡ࡣࢺࣥ࢔࢖ࣛࢡ (1) RPC  㸬ࡿࡍ⾜ᐇࢆ

ࣥ࢖ࢢࣟ (2) RPC ࡎࡲࡣ yuem ࢻ࣮ࣀࡿ࠸࡚ࡋ⥆᥋ࡀࢺࣥ࢔࢖ࣛࢡ㸪⌧ᅾࢀࡉ㏦ಙ࡟

࠸࡚ࢀࡉⓏ㘓࡚ࡋ࡜ࢻ࣮ࣀࡢࡵࡓࡢ࣒࣮ࢤࣥ࢖ࣛࣥ࢜ࡓࡋᑐᛂ࡟ࢺࣥ࢔࢖ࣛࢡࡢࡑࡀ

࡛ࡢ࠸࡞࡛࠺ࡑ㸬ࡿࢀࡉ⾜ᐇࡀ㸪(3)ࡤࢀ࠶࡛ࡢࡿ࠸࡚ࢀࡉ㸬Ⓩ㘓ࡿࡍࢡࢵ࢙ࢳࢆ࠿ࡿ

 㸬ࡿࢀࡉ⾜ᐇࡀ㸪(4)ࡤࢀ࠶

(3) yuem ࡣ yues ࡢࢱ࣮ࢹ࣮ࣖ࢖ࣞࣉࡓࡋᑐᛂ࡟ࢺࣥ࢘࢝࢔ࡢࡑ࡜ᡂຌ࡟ KVS ࡢ࡛ୖ

㸬yuesࡍ㏉ࢆ࣮࢟ ࣥ࢖ࢢࣟࡣ RPC ࡛㏦ࡓࡁ࡚ࢀࡽ᝟ሗࢆ౑࠸㸪࡟࣒࣮ࢤࡢࡑᑐᛂࡓࡋ

ㄆドฎ⌮ࢆᐇ⾜ࡿࡍ㸬඾ᆺⓗ࡞౛࡟ࢺ࢖ࢧࡢ࣒࣮ࢤࣥ࢖ࣛࣥ࢜ࡢࡑࡣ࡚ࡋ࡜ https ࡛᥋

ᡂ࡟㸬ㄆド࠺ࢁ࠶࡛࡝࡞㸪ࡿࡍ㏦௜࡟ࢺ࢖ࢧㄆドࢆࢻ࣮࣡ࢫࣃ࣒࢖ࢱࣥ࣡ࡓᚓ࡚ࡋ⥆

ຌࡓࡋሙྜࡋ࠸࡞ࢻ࣮ࣟࡀࢱ࣮ࢹ࣮ࣖ࢖ࣞࣉࡣసᡂࢀࡉ㸪ࡀ࣒࣮ࢤ㛤ጞࡿࡍ㸬ኻᩋࡋ

 㸬ࡿࡍษ᩿ࢆ⥆᥋ࡢ࡜ࢺࣥ࢔࢖ࣛࢡࡣሙྜࡓ

(4) yuem ࡣ yues ࢻ࢔ࡢࢻ࣮ࣀࡢࡵࡓࡢ࣒࣮ࢤࣥ࢖ࣛࣥ࢜ࡓࡋᑐᛂ࡟ࢺࣥ࢔࢖ࣛࢡ࡟

࠸ࡋ᪂ࡣࢺࣥ࢔࢖ࣛࢡ㸪ࢀࡉ㏉ಙ࡟ࢺࣥ࢔࢖ࣛࢡࡣࢫࣞࢻ࢔ࡢࡇ㸬ࡍ㏉ࢆኻᩋ࡜ࢫࣞ

 㸬ࡍ┤ࡾࡸࡽ࠿(1)ࡋ⥆᥋࡟ࢫࣞࢻ࢔

 ホ౯ホ౯ホ౯ホ౯ࡢࡢࡢࡢ࣒ࢸࢫࢩ࣒ࢸࢫࢩ࣒ࢸࢫࢩ࣒ࢸࢫࢩ .8

yue ࡀ PaaS 㸪ࡕᣢࢆ⬟ᶵࡢࣥࣙࢩ࣮ࣞࢯ࢖࢔ࡢ๓✵㛫ྡ࡞ᚲせ࡟ࡵࡓࡿࡍసື࡚ࡋ࡜

 㸬ࡓࡗ⾜ࢆホ౯ࡢ࡜ࡇࡍࡓ‶ࢆࢫ࣐࣮࢛ࣥࣇࣃࡿࡍせồࡀ࣒࣮ࢤࣥ࢖ࣛࣥ࢜

8.1 ⎔ቃ⎔ቃ⎔ቃ⎔ቃ 

Amazon EC2(TM)ࢆࢫࣥࢱࢫࣥ࢖࣮ࣝࣔࢫࡢ 10 㸪5ࡋព⏝ࢺࢵࢽࣘ ࣮ࢧࢆࢺࢵࢽࣘ
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㸪5࣮ࣂ ഃ࣮ࣂ࣮ࢧ㸬ࡓࡋ࡜ࢺࣥ࢔࢖ࣛࢡࢆࢺࢵࢽࣘ 5 ࡣ㸯ྎࡕ࠺ࡢࢺࢵࢽࣘ yues, 

yuem㸪㸯ྎࡣ yues ࢫࣞࢻ࢔ࡢࢻ࣮ࣀ࣮ࢱࢫ࣐࡚࠸࠾࡟ᵓᡂࡢࢱࢫࣛࢡ㸬ࡿࡍసືࡀ

ࢺࣥ࢔࢖ࣛࢡ㸬ࡓ࠼ᡭື࡛୚ࡣ 5 ࡣࢺࢵࢽࣘ yuec  㸬ࡿࡍసືࡀ

 ෆᐜෆᐜෆᐜෆᐜࢺࢫࢸࢺࢫࢸࢺࢫࢸࢺࢫࢸ 8.2

Amazon EC2(TM)ୖ࡛ᵓᡂࡓࡋ pfm 㸪2࡛ୖࢱࢫࣛࢡ ࣒࣮ࢤࣥ࢖ࣛࣥ࢜ࡢࡘ A㸪B ࢆ

ึᮇ໬ࡃ࠾࡚ࡋ㸬࣒࣮ࢤ A ࡾࡓ࠶㸯ྎࡣࢺࣥ࢔࢖ࣛࢡ㸪࡚࠸ࡘ࡟ 1000 ࢺࣥ࢔࢖ࣛࢡ

ࡾࡓ࠶㸯ྎࡣ࣮ࣂ࣮ࢧ㸬ࡿࡍࣥ࢖ࢢࣟ࡬࣮ࣂ࣮ࢧࡀ 1000 ᮏࡢࡽ࠿ࢺࣥ࢔࢖ࣛࢡࡢ TCP

ࡀࢺࣥ࢔࢖ࣛࢡᚋ㸪ྛࣥ࢖ࢢ㸬ࣟࡿ࡞࡟࡜ࡇࡿࢀධࡅཷࢆࣥࣙࢩࢡࢿࢥ 128byte ࣓ࡢ

ࡿࡍ㏦௜ࢆࢪ࣮ࢭࢵ 100 ᅇࢆࢻ࣐ࣥࢥࢺࢵࣕࢳࡢᐇ⾜᏶஢ࡢ࡛ࡲࡿࡍ᫬㛫ࢻ࣐ࣥࢥ࡜

ィࢆᖹᆒ್ࡓ࠸㝖ࢆ㧗್᭱࡜㸪᭱ప್ࡋ 㸯㸮ᅇィࢆᡤせ᫬㛫ࡢ࡛ࡲฎ⌮᏶஢ࡢ࡜ࡈ

࣒࣮ࢤ࡟㸬ྠ᫬ࡓࡋ  B ࡟ 1 ࣒࣮ࢤ㸬ࡃ࠾࡚ࡏࡉࣥ࢖ࢢࣟࢆࢺࣥ࢔࢖ࣛࢡ A ࡜ B ࡢ

㸪࡚ࡋ࡟࠺ࡼ࠺⾜ࢆ⌮ฎࡿ࡞␗ࡀ࠺౑ࢆ๓ྡࡌྠ࡚ࡋ࡜ኚᩘྡࡸࢻࢵࢯ࣓ࡣࢺࣉࣜࢡࢫ

ฎ⌮ࡀṇ࠿ࡿࢀࢃ⾜ࡃࡋ☜ㄆࡓࡋ㸬 

8.3 ⤖ᯝ⤖ᯝ⤖ᯝ⤖ᯝ࡜࡜࡜࡜⪃ᐹ⪃ᐹ⪃ᐹ⪃ᐹ 

㸪Bࡎࡲ ࣒࣮ࢤ㸪ࡾࡼ࡜ࡇ࠸ࡋṇࡀᐇ⾜⤖ᯝࡢ A ࡜ B ࣞࢯ࢖࢔ࡃࡋṇࡣ๓✵㛫ྡࡢ

ࡓࢀࡉ ィࡽ࠿᫬㛫ࡢ࡛ࡲࡿࡍ㸬ᐇ⾜᏶஢ࡓࡁㄆ࡛☜ࡀ࡜ࡇࡿ࠸࡚ࢀࡉ࡞ࡀࣥࣙࢩ࣮

1 ࡣࢺࢵࣉ࣮ࣝࢫᖹᆒࡢࡾࡓ࠶ࢺࣥ࢔࢖ࣛࢡ 6.23qps㸪ࡢࢻ࣐ࣥࢥᖹᆒࡢᐇ⾜᏶஢࡛ࡲ

ࡣ㐜ᘏࡢ 22.79ms 㸬㏻ࡿ࠸࡚ࡋࡓ‶ࢆ௳᮲ࡓࢀࡽᚓ࡚ࡋ㸰❶࡛⪃ᐹࡣࢀࡇ㸬ࡓࡗ࠶࡛

ᖖࡣ࣒࣮ࢤࣥ࢖ࣛࣥ࢜ 3000 ࡽ࠿ 5000 ே⛬ᗘࡀ࣮ࣖ࢖ࣞࣉࡢ≧ែࢆඹ᭷ࡵࡓࡿࡍ」ᩘ

᮲ࡢࡇ࡚ࡗࡀࡓࡋ㸬ࡿࡍ▱㏻࡟࿘ᅖࢆ᝟ሗࡢศ⮬ࡸࢺࢵࣕࢳ㸪ࡋ⥆᥋࡟ࢻ࣮ࣀ⌮≀ࡢ

௳ୗ࡛┠ⓗࡢ㏻ಙࡢ㢖ᗘ࡜㐜ᘏࢆ㐩ᡂ࡛ࡵࡓࡓࡁ㸪yue ࡍせồࡀ࣒࣮ࢤࣥ࢖ࣛࣥ࢜ࡣ

 㸬ࡿ࠼ゝ࡜ࡿ࠸࡚ࡁ㐩ᡂ࡛ࢆࢫ࣐࣮࢛ࣥࣇࣃࡿ

 ࡵ࡜ࡲࡵ࡜ࡲࡵ࡜ࡲࡵ࡜ࡲ .9

 ศᩓ KVS ࢆ⏝஫స┦ࡢࢺࢡ࢙ࢪࣈ࡛࢜ୖࡢࡑ㸪ࡾ࠶࡛ RPC ࡞㸪ศᩓ㏱㐣ࡋ⏝฼ࢆ

ᙧ࡛グ㏙࡛࣮ࣕࢳࢡࢸ࣮࢟࢔ࡿࡁpfm ᐇ⿦୍ࡢࡑ㸪ࡋᥦ᱌ࢆ yue ࢆᛶ⬟ホ౯ࡓ࠸⏝ࢆ

ࢤࣥ࢖ࣛࣥ࢜ࡀࢡ࣮࣒࣮࣡ࣞࣇࡓࡋ࡟ඖࢆ࣮ࣕࢳࢡࢸ࣮࢟࢔ࡢࡑ࡚ࡋ࡜㸬⤖ᯝࡓࡗ⾜

㸪PaaSࡋసື࡛ࢫ࣐࣮࢛ࣥࣇࣃ࡞༑ศ࡚ࡋ࡜࣒࣮ 㸬ࡓࡗ࠿ศࡀ࡜ࡇࡿࡁ࡛⏝฼࡚ࡋ࡜

ࣃࡢ⌮㸪ศᩓฎࡀࡿ࠶ࡶ㸪ಶேᕪࡣ࠿࠺࡝࠿ࡿ࠸࡚ࡗ࡞࡟༑ศ⡆༢ࡀసᴗ࣒ࣛࢢࣟࣉ

ࡶࡾࡼᚑ᮶ࡶ࡜ࡃ࡞㸪ᑡࡽ࠿࡜ࡇࡿࡁグ㏙࡛ࡀ⌮ศᩓฎࡃ࡞࡜ࡇࡿࡍゎ⌮ࢆ࣒࢖ࢲࣛ

┦ᙜ࡟⡆༢࡜ࡿ࠸࡚ࡗ࡞࡟ゝ࠺ࢁࡔࡿ࠼㸬 

 㐜ᘏ୍ࡣ⯡ⓗࡢ࣒࣮ࢤࣥ࢖ࣛࣥ࢜࡞㸯ࣜࡢࢺࢫ࢚ࢡฎ⌮᫬㛫ࡾࡼ┦ᙜ㛗࠸࡚ࡗ࡞ࡃ

ࡢෆ㒊࡛ࡢࡵࡓࡿࡍ࡟ศᩓ㏱㐣ࡣࢀࡇ㸪ࡀࡿ RPC ࡿ࠶ࢆ㸪㐜ᘏࡾࡲࡘ㸬ࡿ࠶࡛ࡵࡓࡢ

⛬ᗘ࡟࢖ࣞࣉ࣒࣮ࢤၥ㢟࠸࡞⛬ᗘ࡛ࡲ኱࡛࡜ࡇࡿࡍࡃࡁ㸪ࢢࣟࣉ࡚ࡋ࡜ࣇ࢜ࢻ࣮ࣞࢺ

㸪࡜ࡿࡍẚ㍑࡜㏻ಙ㐜ᘏࡢࢺࢵࢿ࣮ࢱࣥ࢖㸬ᐇ㝿ࡿ࠼ゝ࡜ࡿ࠸࡚ࡋ࡟౽⡆ࢆࢢ࣑ࣥࣛ

1ms ࡜ 20ms  㸬࠺ࢁ࠶࡛࠸࡞ࢀࡽࡵㄆ࡚ࡋ࡜ᕪ࡞᭷ពࡣ࡟ഃࡿࡍ࢖ࣞࣉࢆ࣒࣮ࢤࡣᕪࡢ

 ௨ୖࡽ࠿㸪pfm ࡿࡍ⏝฼ࢆࢡ࣮࣒࣮࣡ࣞࣇࡓࢀࡉᐇ⿦࡚ࡗࡑ࡟࣮ࣕࢳࢡࢸ࣮࢟࢔ࡢ

༑ศ࡚ࡋ࡜࣒࣮ࢤࣥ࢖ࣛࣥ࢜㸪ࡋ๐ῶࢆࢺࢫࢥࡢ㛤Ⓨ୧㠃࣭ࣛࣇࣥ࢖㸪࡚ࡗࡼ࡟࡜ࡇ

 㸬ࡓࢀࡉ♧ࡀ࡜ࡇࡿࡁ࡛ࡀ࡜ࡇ࠺⾜ࢆ㛤Ⓨࡘࡘࡋᥦ౪ࢆࢫ࣐࣮࢛ࣥࣇࣃ࡞

࠿ࡋ࡛࣒ࣛࢢࣟࣉࡢഃ࣮ࣂ࣮ࢧࡢ࣒࣮ࢤࣥ࢖ࣛࣥ࢜ࡣࡢࡓࡗ࡞࡟㸪௒ᅇ⡆༢ࡋ࠿ࡋ 

ࡸࢢࣥ࢕ࢸࣉࣜࢡࢫࢆഃࢺࣥ࢔࢖ࣛࢡ㸪ࡤࢀ࠶࡛࣒࣮ࢤࡢ㸬㏻ᖖ࠸࡞ UI ࡅࡔస᧯ࡢ

࡛⡆༢࡟సᡂ࡛ࡀࢡ࣮࣒࣮࣡ࣞࣇ࡞࠺ࡼࡿࡁᏑᅾࡿࡍ㸬ࡶࢡ࣮࣒࣮࣡ࣞࣇࡓࡗ࠸࠺ࡑ

lua 㸪yueࡵࡓ࠸ከࡀ࡜ࡇࡿ࠸࡚ࡋ⏝฼ࢆ ࡍ㐃ᦠ࡜ࢡ࣮࣒࣮࣡ࣞࣇࡢഃࢺࣥ࢔࢖ࣛࢡࡣ

㛤࡟ࡽࡉ㐃ᦠ࡛ࡢ࡜ࢡ࣮࣒࣮࣡ࣞࣇ㛤Ⓨࡢࢺࣥ࢔࢖ࣛࢡ㸬ࡿ࠶ẚ㍑ⓗᐜ࡛᫆ࡀ࡜ࡇࡿ

Ⓨࢆࢺࢫࢥࡢୗࡀ࡜ࡇࡿࡆᑗ᮶ࡢⓎᒎࡿࢀࡽ࠼⪄࡚ࡋ࡜㸬 

 

ཧ⪃ᩥ⊩ཧ⪃ᩥ⊩ཧ⪃ᩥ⊩ཧ⪃ᩥ⊩ 

ᙧᘧࢬ࢖ࣛ࢔ࣜࢩࣜࢼ࢖ࣂ (1 msgpack ,http://msgpck.org 

2) DBM ᐇ⿦ tokyocabinet, http://1978th.net/tokyocabinet/ 

ゝㄒ࣒ࣛࢢࣟࣉ (3 lua, http://www.lua.org 
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