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Recently, there has been increased demand for large-scale online storage for clouds, 
lifelogs, and other applications. Previously, we developed the VLSD (Virtual 
Large-Scale Disks) toolkit for constructing large-scale online storage, using RAID to 
realize reliable storage. RAID5 is commonly used, but it is not adequate for large-scale 
online storage because it provides only level 1 fault tolerance (1FT). Currently, many 
storage appliances employ more than 1FT RAID, such as RAID6. However, there are 
several RAID classes with greater tolerance than 1FT. In previous works, we developed 
another 2FT RAID, RAID4PQ, which is similar to RAID6 in the sense that it uses P+Q 
parities. However, it differs from RAID6 in that it has dedicated double parity. 
Furthermore, RAID RDP is also a 2FT RAID, in which the 2 parities are row and 
diagonal parities (RDP). In this paper, we implement these RAID types as VLSD classes 
and compare their performance. 
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Figure 1 The system overview of VLSD 
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64b(8B)߇࠲ࡦࠗࡐᩰ⚊ࠆࠇߐ㧚ߪ࠼࡯ࡁᔅⷐߦᔕࠅഀߡߓᒰࠆࠇࠄߡ㧚㧢㓏ጀߢ

8EB-1 ߪኈ㊂ߥ⊛ℂ‛߼ߚࠆࠇߐ଻ሽ߇ℂᖱႎ▤ߩએᄖ࠲࡯࠺㧚ࠆ߈ߢ᜛ᒛߢ߹ 0.1%
Ⴧടࠆߔ㧚ኈ㊂นᄌࠍࠢࠬࠖ࠺ታ⃻߼ߚࠆߔ㧘Disk ㅊടࠍኈ㊂ߪߦࠬ࡯ࠚࡈ࡯࠲ࡦࠗ

ࠆߔ API  㧚ࠆ޿ߡࠇߐ⟵ቯ߇
NBDDisk/NBDServer 

NBD 㧚NBDServer࠻ࡦࠕࠗ࡜ࠢߩࠬࠗࡃ࠺ ߣ NBD ઁߩߘ㧚ࠆߔㅢାߢ࡞ࠦ࠻ࡠࡊ

ߩ NBD  㧚ࠆ߈ߢㅢା߽ߣታⵝ࡯ࡃ࡯ࠨ
RemoteDisk/RemoteServer 

㆙㓒࠻ࡦࠕࠗ࡜ࠢߩࠬࠗࡃ࠺㧚RMI 㧚RemoteDiskࠆߔㅢାߢ࡞ࠦ࠻ࡠࡊ ࠆߔኻᔕߦ

ߪ࡯ࡃ࡯ࠨ DiskServer  㧚ࠆ޽ߢ
SecureRemoteDisk/SecureRemoteServer 

㧚RMI࠻ࡦࠕࠗ࡜ࠢߩࠬࠗࡃ࠺㆙㓒ߥ቟ోࠆࠃߦ࡯ࠠࠬ࠮ࠢࠕ ߔㅢାߢ࡞ࠦ࠻ࡠࡊ

㧚SecureRemoteDiskࠆ ߪ࡯ࡃ࡯ࠨࠆߔኻᔕߦ SecureDiskServer  㧚ࠆ޽ߢ
JBOD 

ⶄᢙࠍࠢࠬࠖ࠺ߩ⋥೉ߦㅪ⚿ࠢࠬࠖ࠺ߚߒ㧚౬㐳ᕈߊߥ߇㧘ኈ㊂Ⴧࠄ޿↪ߦ߼ߚߩ

ኈ㊂߼ߚ޿ߥࠊⴕࠍࠣࡦࡇࠗ࡜࠻㧚ࠬ޿ࠃ߽ߡߊߥߢ᭽৻ߪኈ㊂ߩࠢࠬࠖ࠺㧚ฦࠆࠇ

ߣࠆߔ⚿ㅪࠍ㧘100GB, 120GB, 160GB߫߃㧚଀ࠆߥߣ๺✚ߦ⚐නߪ 100+120+160=380GB
㧚JBODࠆߥߦ 㓸߇⩄⽶ߦࠢࠬࠖ࠺ㇱಽߩቯ․ߣࠆߔࠬ࠮ࠢࠕㅙᰴߦ⊛⛯ㅪߡߒኻߦ

ਛࠆߔ㧚 
RAIDn (n=0,1,4,5,6) 

ฦ RAID ታⵝ㧚RAID0ߩࠬ࡜ࠢ ߪ HW RAID 㧘JBODࠅߥ⇣ߣ 㧚޿ߥߪᏅߥ᦭ᗧߣ

RAID4, 5 ߪ 1 ⠴᡿㓚ࠆ޽ߢ㧚RAID5 ߪ HW RAID 㧘RAID4ࠅߥ⇣ߣ ߥߪᏅߥ᦭ᗧߩߣ

㧚RAID6޿ ߪ 2 ⠴᡿㓚ࠆ޽ߢ㧚P+Q ᣇᑼࠍណ↪ࠆ޿ߡߒ㧚 
VotedRAID1 

RAID1 ࠖ࠺ߩߡߴߔߪᠲ૞ߺ㧚ᦠㄟࠆߔࠢࠬࡑࠍછᗧ᡿㓚ߢ㧘ᄙᢙ᳿߇ࠆ޿ߡૃߦ

ᄙᢙ᳿ࠍᨐ⚿ߩߘ㧘ࠇߐⶄ⵾ߦࠢࠬࠖ࠺ߩߡߴߔߪᠲ૞ࠅขߺ⺒㧚ࠆࠇߐⶄ⵾ߦࠢࠬ

ᦨૐ߼ߚߩ㧚ᄙᢙ᳿ࠆߔ 3 บࠍࠢࠬࠖ࠺ߩᔅⷐࠆߔߣ㧚Ⓙേ߇ࠢࠬࠖ࠺㧞บએਅߥߦ

 㧚ࠆߥߊߥ߈ߢᄙᢙ᳿ߊߒᱜߣࠆ
㧘RAID6߫߃㧚଀ࠆ߈ߢ߇ߣߎࠆߖࠊวߺ⚵ߦ↱⥄ߪࠬ࡜ࠢߩࠄࠇߎ ࠍ 2 Ბ㓏ߢ⚵

ߣࠆߖࠊวߺ RAID66  㧚ࠆ߈ߢ▽᭴ࠍ
 

3. RAID4PQ 

RAID4PQ[5]ߪ RAID6 ߦࠅࠊᄌߩࠢࠬࠖ࠺ࠖ࠹࡝ࡄಽᢔߩ 2 ࠖ࠺ࠖ࠹࡝ࡄ↪ኾߩߟ

ࠬࠢ P ߣ Q ߚ޿↪ࠍ RAID ߩߟ㧚㧣ࠆ޽ߢࠬ࡜ࠢ RAID ᭎ߚߒⴕ⋤߽ߒߕᔅߪࠬ࡜ࠢ

ᔨߢ᭴ᚑ޿ߥ޿ߡࠇߐ㧚଀߫߃㧘RAID4,5,6 㧘߇ࠆ޽ߢࠣࡦࡇࠗ࡜࠻න૏ࠬࠢ࠶ࡠࡉߪ

RAID4 㧘RAID5,6ߢࠢࠬࠖ࠺ࠖ࠹࡝ࡄ↪ኾߪ ࡄ㧘ߚ߹㧚ࠆ޿ߡߞߥߣࠖ࠹࡝ࡄಽᢔߪ

ߪᢙߩࠢࠬࠖ࠺ࠖ࠹࡝ RAID4,5 ߪߢ 1 㧘RAID6ߢߟ ߪ 2 㧘ߡߞ߇ߚߒ㧚ࠆ޿ߡߞߥߣߟ

2 ߩࠖ࠹࡝ࡄ↪ኾߩߟ RAID ࠕࠚ࠙࠼࡯ࡂ㧘ߪࠇߘ㧚޿ߥߒሽ࿷ߪࠬ࡜ࠢ RAID ߅ߦ

㧘RAID5ߡ޿ ߇ RAID4 ߥ߁ࠃߩߘ㧘ߢߩࠆ޿ߡࠇࠄ⍮߇ߣߎࠆ޿ߡࠇఝࠅࠃ RAID
ࠕࠚ࠙࠻ࡈ࠰㧘ߒ߆ߒ㧚ࠆ޽ߢ߼ߚࠆࠇࠄ߃⠨ߣ޿ߥᔅⷐ߇ࠬ࡜ࠢ RAID 㧘ߪߡ޿߅ߦ

ࠕࠚ࠙࠼࡯ࡂ㧚ࠆࠇࠄ߼⹺߇᦭↪ᕈ߽ߦࠬ࡜ࠢߥ߁ࠃߩߎ㧘ߢߩߊ௛߇ࡘࠪ࠶ࡖࠠ

RAID 㧘MeshRAIDߢⓥ⎇ߩએ೨ߪޘ㧘ᚒߦࠄߐ㧚ࠆࠇߐήⷞߪࡘࠪ࠶ࡖ㧘ࠠߪߢ ߣ

๭߫ࠆࠇ㧘ᣂߥߚ⋥੤ RAID ੤⋤ߥ߁ࠃߩߎ㧘ߪࠖ࠹࡝ࡄ㧚ಽᢔ[8]ߚߒឭ᩺ࠍ RAID
ߥⶄ㔀ߢߩࠆ߈ߢ⸂ℂߦኈᤃߪࠖ࠹࡝ࡄ↪㧘ኾߦࠅࠊ㧚ઍ޿ߥ޿ߡߒㆡߪߦ RAID ߦ

㧘VLSDߪޘᚒߢߎߘ㧚ࠆ߃⸒ߣࠆ޿ߡߒㆡࠅࠃ ߦ 2 ᜬࠍࠢࠬࠖ࠺ࠖ࠹࡝ࡄ↪ኾߩߟ

ߟ 2FT RAID ࠆ޽ߢࠬ࡜ࠢ RAID4PQ 㧚VLSDߚߒታⵝࠍ ߪߢ RAID6 ߐታⵝߦߢߔ߇

㧘RAID4PQߢߩࠆ޿ߡࠇ ߪ RAID6 ߦࡊ࡯࡞ࠣࠣࡦࡇࠗ࡜࠻㧘ࠬߡߒߣࠬ࡜ࠢࡉࠨߩ

㧚VLSDߚߒታⵝߡߒᱜୃࠍ࠼࠶࠰ࡔࠆߔቯ․ࠍ႐ᚲߩࠢࠬࠖ࠺ࠖ࠹࡝ࡄࠆߌ߅ 㧘ߪߢ

RAID  㧚ࠆ޽ߢ᜛ᒛน⢻ߦ㧘ኈᤃࠅ޽ߢ࠻ࡦࡀ࡯ࡐࡦࠦࠕࠚ࠙࠻ࡈ࠰ߪ
ᢥ₂[5]ߪߢ㧘RAID4PQ ߽ߡߊߥ޿ߡࠇߐ↪૶߇ࡘࠪ࠶ࡖ㧘ࠠߪᕈ⢻ߩ RAID6 ߶ߣ

߷ห╬ࠆ޿ߡࠇߐ␜߇ߣߎࠆ޽ߢ㧚ࠅഀߩࠢࠬࠖ࠺ࠖ࠹࡝ࡄᒰߩߡ㆑ߪ޿㧘OS ࠃߦ

㧚RAID 6ࠆ޿ߡࠇߐ㓝ߡߞ ోߪ႐วࠆ޿ߡࠇߐ↪૶ߡߒߣࠢࠬࠖ࠺ࠖ࠹࡝ࡄ႐ว㧘ߩ

ߥߪߢ⊛ലᨐࠅ߹޽ߪࡘࠪ࠶ࡖ㧘ࠠ߼ߚࠆ޽߇ᔅⷐࠆࠇߐࡘࠪ࠶ࡖࠠ߇ࠢࠬࠖ࠺ߩߡ

㧘RAID4PQߒ߆ߒ㧚޿ 㧘2ߪߢ႐วߩ ୘ࠆࠇߐࡘࠪ࠶ࡖࠠ߇ߌߛࠢࠬࠖ࠺ߩᔅⷐ޽߇

 㧚ࠆ޽ߢ᦭ലߪࡘࠪ࠶ࡖ㧘ࠠߢߩࠆ
RAID4PQ ߫ߒ߫ߒߪࠇߎ㧘ࠇߐ㓸ਛߦࠢࠬࠖ࠺ࠖ࠹࡝ࡄ߇ࠬ࠮ࠢࠕࠢࠬࠖ࠺㧘ߪߢ

႐ว㧘RAID4PQࠆࠇߐ↪૶߇ࡘࠪ࠶ࡖ㧘ࠠߒ߆ߒ 㧚ߔߎ⿠߈ᒁࠍࠢ࠶ࡀ࡞࠻ࡏ ߪߦ

 㧚ࠆߥߊߥߪࠢ࠶ࡀ࡞࠻ࡏ
 

4. RAID RDP 

RAID RDP ߪ RDP ߊߠၮߦ࠼࠶࠰ࡔ 2FT RAID 㧚RAID RDPࠆ޽ߢࠬ࡜ࠢ ࡝ࡄⴕߪ

ߩࠖ࠹࡝ࡄኻⷺߣࠖ࠹ 2 㧚RAID RDPߟᜬࠍࠖ࠹࡝ࡄߩߟ 㧘RAID6ߪߢ ࡄࠅߥ⇣ߪߣ

࠹࡝ࡄߣⴕߪࠢ࠶ࡠࡉ࠲࡯࠺㧚ฦࠆࠇߐ▚⸘ߡ޿↪ࠍߺߩ▚ឃઁ⊛⺰ℂ๺Ṷߪࠖ࠹࡝

㧚RAID RDPࠆ޿ߡߒዻߦࡊ࡯࡞ࠣࠖ࠹࡝ࡄߩਔᣇߩࠖ ࠢࠬࠖ࠺ߪߦ߼ߚࠆߔ▽᭴ࠍ

ߪᢙߩ 2 㧘㨜+1ߡߒኻߦᢙ㨜⚛޿߈ᄢ߽ࠅࠃ 㨜-1ߪࠢࠬࠖ࠺㧘ฦࠅ޽߇ᔅⷐࠆ޽ߢ
୘ߦࡊࠗ࡜࠻ࠬߩዻࠆߔ㧚 

࿑ 2 ࠢࠬࠖ࠺ߪ 6 บߢ 4 ࠆࠇߐ᭴ᚑߢࡊࠗ࡜࠻ࠬߩߟ p㧩5 ߩ RAID RDP ߡߒ␜ࠍ

ߡߒ␜ࠍࡊ࡯࡞ࠣߩࠖ࠹࡝ࡄኻⷺࠆߔዻ߇ࠢ࠶ࡠࡉ㧘ߪ⦡ߩࠢ࠶ࡠࡉߪߢߎߎ㧚ࠆ޿
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㧘ฦߒ߆ߒ㧚޿ߥߒ⚊ᩰࠍࠖ࠹࡝ࡄߩࡊ࡯࡞ࠣߩߡోߪࠢࠬࠖ࠺ࠖ࠹࡝ࡄ㧚ኻⷺࠆ޿

߽ߣߊߥዋߪࠖ࠹࡝ࡄ 1  㧚ࠆ޽߇ᔅⷐࠆߔ⚊ᩰߦࠢࠬࠖ࠺ࠖ࠹࡝ࡄኻⷺߪߚ߹ⴕߩߟ
 

 

࿑ 2 RAID RDP  ᭴ㅧߩ
Figure 2 Structure of RAID RDP 

 

࿑ 3 RAID RDP  ᓳୃߩߢ
Figure 3 Repair in RAID RDP 

 

RAID RDP 㧘࿑ߡߒߣ㧚଀ࠆࠇߐᓳୃߦ߁ࠃߩᰴߪ 3 ࠢࠬࠖ࠺࠲࡯࠺ߪߢ 1 ߣ 3 ᡿ߩ

㓚ࠍ઒ቯࠆ޿ߡߒ㧚ߩߎ႐ว㧘2 ߞࠃ㧚ࠆ޽ߦਛߩࡊ࡯࡞ࠣࠖ࠹࡝ࡄฦⴕ߇᡿㓚ߩߟ

ߜ߁ߩࡊ࡯࡞㧘ኻⷺࠣߒ߆ߒ㧚޿ߥ߈ߢߪߣߎࠆߔᓳୃߡ޿↪ࠍߌߛࠖ࠹࡝ࡄ㧘ⴕߡ

ዋ߽ߣߊߥ 2 㧚1ࠆ޽߇ࡊ࡯࡞ࠣߥᓳน⢻ୃߟ ࠆ޿ߢࠎ฽ࠍߌߛ᡿㓚ߩࠢࠬࠖ࠺ߩߟ

ࡊ࡯࡞ኻⷺࠣߪߢࠬ࡯ࠤߩߎ㧚ࠆ޽ߢน⢻ߪᓳୃ߫ࠇ޽ߢࡊ࡯࡞ࠣ 2 ߣ 4 ᓳน⢻ୃ߇

ࡊ࡯࡞ࠣߪߦࠢࠬࠖ࠺ࠖ࠹࡝ࡄ㧘ኻⷺߒ߆ߒ㧚ࠆߥߣ 4 ߘ㧚޿ߥߒሽ࿷ߪࠢ࠶ࡠࡉߩ

ࠢࠬࠖ࠺ߦ߼ߓߪ㧘ߢߎ 3 ࡊ࡯࡞ࠣߩ 2 ࠢ࠶ࡠࡉࠆ޽ߢ 2  㧚ࠆࠇࠊⴕ߇ᓳୃࠄ߆
࿑ 3  㧚ࠆࠇࠊⴕߦ߁ࠃߩએਅߪᓳୃߡ޿ߠၮߦ଀ߩ

ࡊ࡯࡞ࠣࠖ࠹࡝ࡄ㧘ኻⷺߦ߼ߓߪ (1) 徴 ߦ 常 ࠢࠬࠖ࠺ߢߩࠆ޽߇᡿㓚ߩߌߛߟ 意ߩ

ࠢ࠶ࡠࡉ 徴  㧚ࠆࠇߐᓳୃߡ޿↪ࠍࠖ࠹࡝ࡄኻⷺ߇

(2) ᰴߦ㧘ⴕߦࡊ࡯࡞ࠣࠖ࠹࡝ࡄන৻ߩ᡿㓚ߢߩࠆ޽߇㧘ࠢࠬࠖ࠺ 常 ࠢ࠶ࡠࡉߩ 徴

 㧚ࠆ߈ߢᓳୃߡ޿↪ࠍࠖ࠹࡝ࡄⴕ߇

(3) ᰴߦ㧘ኻⷺࡊ࡯࡞ࠣࠖ࠹࡝ࡄ 属 ࠢࠬࠖ࠺㧘ߢߩࠆ߈ߢ߇න৻᡿㓚ߦ 意 ࠶ࡠࡉߩ

ࠢ 択  㧚ࠆࠇߐᓳୃࠄ߆ࠖ࠹࡝ࡄኻⷺ߇

(4) ᰴߦ㧘ⴕߦࡊ࡯࡞ࠣࠖ࠹࡝ࡄන৻ߩ᡿㓚ߢߩࠆ޽߇㧘ࠢࠬࠖ࠺ 常 ࠢ࠶ࡠࡉߩ 択

 㧚ࠆ߈ߢᓳୃߡ޿↪ࠍࠖ࠹࡝ࡄⴕ߇

(5) ᰴߦ㧘ኻⷺࡊ࡯࡞ࠣࠖ࠹࡝ࡄ 意 ࠢࠬࠖ࠺㧘ߢߩࠆ߈ߢ߇න৻᡿㓚ߦ 意 ࠶ࡠࡉߩ

ࠢ 常  㧚ࠆࠇߐᓳୃࠄ߆ࠖ࠹࡝ࡄኻⷺ߇

(6) ᰴߦ㧘ⴕߦࡊ࡯࡞ࠣࠖ࠹࡝ࡄන৻ߩ᡿㓚ߢߩࠆ޽߇㧘ࠢࠬࠖ࠺ 常 ࠢ࠶ࡠࡉߩ 常

 㧚ࠆ߈ߢᓳୃߡ޿↪ࠍࠖ࠹࡝ࡄⴕ߇

(7) ᰴߦ㧘ኻⷺࡊ࡯࡞ࠣࠖ࠹࡝ࡄ 常 ࠢࠬࠖ࠺㧘ߢߩࠆ߈ߢ߇න৻᡿㓚ߦ 意 ࠶ࡠࡉߩ

ࠢ 意  㧚ࠆࠇߐᓳୃࠄ߆ࠖ࠹࡝ࡄኻⷺ߇

(8) ᦨᓟߦ㧘ⴕߦࡊ࡯࡞ࠣࠖ࠹࡝ࡄන৻ߩ᡿㓚ߢߩࠆ޽߇㧘ࠢࠬࠖ࠺ 常ࠢ࠶ࡠࡉߩ

意  㧚ࠆ߈ߢᓳୃߡ޿↪ࠍࠖ࠹࡝ࡄⴕ߇

 

5. RAIDRDPのののの実装実装実装実装 

VLSD ߦ RAID DP 㧚RAID RDPߚߞⴕࠍታⵝߒㅊടࠍࠬ࡜ࠢߩ ߪ 1 บ߹ߩߢ᡿㓚ᤨ

ߪߦ RAID4 㧘VLSDߡߞࠃ㧚ࠆߔࠍ޿⥰ࠆᝄߓหߣ ߩ RAID4 ߒታⵝߒ⦟ᡷࠍࠬ࡜ࠢ

ߔㅊടࠍᦝᣂߩᦝᣂߩࠖ࠹࡝ࡄኻⷺࠆߔኻᔕߦࠢ࠶ࡠࡉߺㄟ߈ᦠߪߢ࠻ࠗ࡜㧚ࠆ޿ߡ

㧚߁ⴕࠍࠅขߺ⺒ߚ޿↪ࠍࠖ࠹࡝ࡄኻⷺߩ߈ߣߩ㧞บ߇ࠢࠬࠖ࠺᡿㓚ߪߢ࠼࡯࡝㧚ࠆ

એਅߦ੹࿁ߩታⵝߦ㑐ଥߩࡓ࡜ࠣࡠࡊࠆߔ⺑᣿ࠍⴕ߁㧚 
 

RAID4 
ࠬ࡜ࠢ RAID4 ߪ RAID ߢࠬ࡜ࠢࡉࠨߩ RAID4 ࡦࡇࠗ࡜࠻න૏ࠬࠢ࠶ࡠࡉታⵝ㧔ߩ

࠺ߩࠈᓟ⇟৻ߢࠢࠬࠖ࠺⚛ⷐߚࠇߐ㧚↪ᗧ߁ⴕࠍ૞ᚑ㧕ߩࠢࠬࠖ࠺↪ኾࠖ࠹࡝ࡄߣࠣ

ࠖࠬࠢ⇟ภߡߒߣࠢࠬࠖ࠺ࠖ࠹࡝ࡄࠍߩ߽ߩ᭴▽ࠆߔ㧚 

DataDisk 1 DataDisk 0 DiagnalParity DataDisk 2 DataDisk 3 RowParity 

(1) 

(3) 

(5) 

(7) 
(2) 

(4) 

(6) 

(8) 

DataDisk 1 

Group0 

DataDisk 0 DiagnalParity 

Group常 Group徴 

Group意 Group択 

DataDisk 2 DataDisk 3 RowParity 
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RAID DP 
ࠬ࡜ࠢ RAID DP ߪ RAID ߢࠬ࡜ࠢࡉࠨߩ RAID RDP 㧚RAID4ࠆ޽ߢታⵝߩ ᭴ᚑߩ

ࠬࠖ࠺࠲࡯࠺㧘߃ടߦ૞ᚑߩࠢࠬࠖ࠺↪ኾࠖ࠹࡝ࡄⴕߣࠣࡦࡇࠗ࡜࠻න૏ࠬࠢ࠶ࡠࡉ

࠺↪ኾࠖ࠹࡝ࡄኻⷺߣࡊ࡯࡞න૏ኻⷺࠣࠢ࠶ࡠࡉ㧘ࠄ߆ࠢࠬࠖ࠺↪ኾࠖ࠹࡝ࡄⴕߣࠢ

ኻࠍߩ߽ߩภ⇟ࠢࠬࠖ࠺ߩࠈᓟ⇟৻ߢࠢࠬࠖ࠺⚛ⷐߚࠇߐ㧚↪ᗧ߁ⴕࠍ૞ᚑߩࠢࠬࠖ

ࠄ߆ࠈ㧘ᓟࠢࠬࠖ࠺ࠖ࠹࡝ࡄⷺ 2 ߣࠢࠬࠖ࠺ࠖ࠹࡝ࡄⴕࠍߩ߽ߩภ⇟ࠢࠬࠖ࠺ߩ⋠⇟

㧚RAID DPࠆߔ▽᭴ߡߒ 㧘4ߪࠬ࡜ࠢ 㧘ߦ߼ߚࠆߔታⵝࠍࡓ࠭࡝ࠧ࡞ࠕߚࠇࠄ߃ਈߢ▵

ᰴߩ 3  㧚ߟᜬࠍ࠼࠶࠰ࡔߩߟ
seekInSelectedDisk(long pos) 

ߪ࠼࠶࠰ࡔߩߎ long ࠲࡯ࡔ࡜ࡄߩဳ pos 㧘posࠅขࠍ ߚߞᜬࠍ࠲࡯࠺ࠆ޽ߦ⟎૏ߩ

 㧚ߔ㄰ࠍ⟎ⴕ૏ߩߘߦ㧘ᦨᓟ߼᳞ࠍ⟎ⴕ૏ߩ਄ࠢࠬࠖ࠺㧘ߒቯ․ࠍࠢࠬࠖ࠺
seekInSelectedDisk(long DPgroup, int no) 

࠼࠶࠰ࡔߩߎ long ࠲࡯ࡔ࡜ࡄߩဳ DPgroup ߣᢛᢙ no 㧘noࠅขߌฃࠍ ࠺ߡߞࠃߦ

ࠖࠬࠢ⇟ภࠍㆬᛯߒ㧘ࠢࠬࠖ࠺ࠖ࠹࡝ࡄ਄ߩ DPgroup ⟎૏ߩߘߩ㧘ᦨᓟ߼᳞ࠍ⟎૏ߩ

 㧚ߔ㄰ࠍ
getDiagonalGroupNumber(int no, long stripe) 

ߪ࠼࠶࠰ࡔߩߎ Disk ⇟ภࠆ޽ߢ no ภ⇟ࠢ࠶ࡠࡉⴕߩ stripe ࡞ࠣࠖ࠹࡝ࡄࠆߔዻ߇

ภ⇟ࡊ࡯࡞ࠣࠖ࠹࡝ࡄ㧘ኻⷺߒቯ․ࠍࡊ࡯ DPgroup  㧚ߔ㄰ࠍ
 
RAID RDP ⊛㧚ឃઁࠆ޿ߡߒ↪ㆡࠍᕈ⢻ᡷༀᛛⴚࠆࠃߦ[7]ߺㄟ߈ឃઁ⊛⺰ℂ๺ᦠߪ

⺰ℂ๺ᦠ߈ㄟߺᣇᑼߪ RemoteDisk ߣ DiskServer 㑆ߢ߇ߣߎߔࠄᷫࠍࠢ࠶ࠖࡈ࡜࠻ߩ

㧚࿑ࠆ߈ 4 ߩ㧘ᓥ᧪ᣇᑼߪ଀ߩ RAID 㧚࿑ࠆ޿ߡߒ⴫ࠍࠬࡦࠤ࡯ࠪߺㄟ߈ᦠߩ 4 㧘ߪߢ

XOR Ṷ▚࠻ࡦࠕࠗ࡜ࠢߪ஥ߢ 2 ᐲታⴕࠆ޿ߡࠇߐ㧚ࠅࠃߦࠇߎਇⷐߺ⺒ߥㄟ߇ߺ⊒↢

ߢ஥࡯ࡃ࡯ࠨࠍࠇߎ㧚ࠆߔ XOR Ṷ▚ࠍታⴕࠅࠃߦߣߎࠆߔ㧘ਇⷐߺ⺒ߥㄟࠄᷫࠍߺ

㧚࿑ࠆߔߣ”Write XOR”ࠍᚻᴺߩߎ㧚ࠆ޿ߡߒ 5 ߩߎ㧚ߔ␜ࠍࠬࡦࠤ࡯ࠪߚࠇߐ⦟ᡷߦ

ẜ࿷ߥᄢⷙᮨߥ߁ࠃߩ࠻࠶ࡀ࡯࠲ࡦࠗߦ․㧘ߒࠄᷫࠍ࿁ᢙߩᠲ૞ߺㄟߺ⺒ߪ࠼࠶࠰ࡔ

 㧚ࠆ޽ߢ⊛ലᨐߦࠢ࡯ࡢ࠻࠶ࡀߥ⊛
⴫ 1 ߥ⊛⥸৻ߪ RAID ᓥ᧪ᚻᴺߦ⊛⺰ℂߪ㧚ឭ᩺ᚻᴺࠆ޿ߡߒ␜ࠍ࿁ᢙ߈ᦠߺ⺒ߩ

ߪ᦭↪ᕈߩ㧚ឭ᩺ᚻᴺࠆ޿ߡࠇఝߦᏱࠅࠃ XOR 㧚ࠆߔଐሽߦᢙߩࠖ࠹࡝ࡄߊߠၮߦ

ߪᚻᴺߩߎ㧘ߒ߆ߒ XOR Ṷ▚࡯ࡃ࡯ࠨࠍ஥ߢታⴕࠆߔᔅⷐࠅ޽߇㧘࠙࠼࡯ࡂߪࠇߎ

ࠕࠚ RAID ߪᣇᴺߩߎߡߞ㧚ᓥ޿ߒ㔍ߪߣߎࠆߔታⴕߢ VLSD ࠕࠚ࠙࠻ࡈ࠰ߥ߁ࠃߩ

RAID  㧚ࠆ޿ߡߒㆡߦ
 

 
࿑ 4 NaryRAID  ࠬࡦࠤ࡯ࠪߺㄟ߈ᦠߩ
Figure 4 Writing sequence of NaryRAID 

 
⴫ ߥ⊛⥸৻  1 RAID  ࿁ᢙ߈ᦠߺ⺒ߩ

Table 1 Number of Read/Writes in general RAIDS 
 # read # write 

NaryRAID(N,n) n+1 n+1 
NaryRAIDWriteXOR(N,n) 1 n+1 
RAID4, 5  2 2 
RAID4, 5 WriteXOR 1 2 
RAID6, 4PQ, RDP 3 3 
RAID6, 4PQ, RDP WriteXOR 1 3 
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࿑ 5 NaryRAID WriteXOR  ࠬࡦࠤ࡯ࠪߺㄟ߈ᦠߩ
Figure 5 Writing sequence in NaryRAID WriteXOR 

 

6. 評価評価評価評価  

㧘RAID RDPߪߢߎߎ 㧘RAID6㧘RAID4PQߒଔ⹏ࠍᕈ⢻ߩ ߣ RAID RDP ߻฽ࠍ 2FT 
RAID  㧚ࠆߔᲧセࠍᓽ․ߩ

ೋߦ߼㧘ߦ࠭ࠗࠨࠢࠬࠖ࠺㑐ࠆߔᕈ⢻⹏ଔࠍⴕߚߞ㧚⚿ᨐࠍ࿑ 6 ታ㛎ߩߎ㧚ߔ␜ߦ

ࠍบᢙࠢࠬࠖ࠺ߪߢ 6 บࠆ޿ߡߒߣ㧚ߩߎ႐ว RAID6㧘RAID4PQ㧘RAID RDP ߁ࠃߩ

ߥ 2FT RAID ߪߢ 4 บߣࠢࠬࠖ࠺࠲࡯࠺ߩ 2 บࠅߥߣࠢࠬࠖ࠺ࠖ࠹࡝ࡄߩ㧘RAID4 ߩ

ߥ߁ࠃ 1FT RAID ߪߢ 5 บߣࠢࠬࠖ࠺࠲࡯࠺ߩ 1 บࠆߥߣࠢࠬࠖ࠺ࠖ࠹࡝ࡄߩ㧚1 ߟ

ߪ࠭ࠗࠨࠢࠬࠖ࠺ߩ 1MB㧘10MB㧘100MB㧘1GB 㧚nFߚߞⴕࠍታ㛎ߡ߃ᄌߣ ߪ⸤⴫ߩ

᡿㓚ߩบᢙ߇ n บࠆ޿ߡߒ␜ߣߎࠆ޽ߢ㧚ߪߢࠢ࡯ࡑ࠴ࡦࡌ 400 ࠬ࠮ࠢࠕࡓ࠳ࡦ࡜ߩ

ߪߢߎߎ㧚ࠆ޿ߡߞⴕࠍ SmallRead(SR)㧘SmallWrite(SW)ߪห৻ߦࠢࠬࠖ࠺ኻࡠࡉࠆߔ

ࠃ߅ߦ૕ోࡊ࡯࡞ࠣߪ㧘LargeRead (LR)㧘LargeWrite(LW)ߒ⴫ࠍࠬ࠮ࠢࠕߩ࠭ࠗࠨࠢ࠶

ߩరߪࠄࠇߎ㧚ߔ⴫ࠍࠬ࠮ࠢࠕߩ࠭ࠗࠨࠣࡦࡇࠗ࡜࠻ࠬ߱ RAID ߩߢᢥ⺰ߩ RAID ߩ

 㧚ࠆ޿ߡࠇߐ⟵ቯߡߒߣଔၮḰ⹏ߥ⊛⥸৻
ታ㛎ߩ⚿ᨐࠄ߆㧘SR ߩߤߪߢ RAID ߽Ꮕߊߥ߇᡿㓚ᤨߩ௑ะ߽หࠆ߃޿ߣࠆ޽ߢߓ㧚

SW 㧘RAID RDPߪߢ ߦᏱߪ RAID6 ߪߦ᡿㓚ᤨ߇޿ᣧ߽ࠅࠃ RAID4PQ ߥߊㆃ߽ࠅࠃ

ߩߘ㧘ߤ߶޿߈ᄢࠅࠃ߇࠭ࠗࠨࠢࠬࠖ࠺㧘ߒଐሽߦ࠭ࠗࠨࠢࠬࠖ࠺ߪ㧚ᕈ⢻ࠆ޿ߡߞ

Ꮕࠅࠃߪᄢࠆߥߊ߈㧚LR 㧘RAID RDPߪߢ 㧚LW޿ㆃ߽ߣߞ߽ߡߴᲧߣࠬ࡜ࠢߩߡోߪ
ߪߢ RAID RDP ߪ RAID4PQ 㧘RAID6߇޿ㆃ߽ࠅࠃ ࠇߎ㧘ߒ߆ߒ㧚ࠆ޽ߢ㜞ㅦߪࠅࠃ

ߪᨐ⚿ߩࠄ VLSD ࠕࠚ࠙࠻ࡈ࠰ߥ߁ࠃߩ RAID ࠼࡯ࡂ㧘ࠅ޽ߢߩ߽ߚࠇࠄᓧߡ޿߅ߦ

ࠕࠚ࠙ RAID  㧚ࠆ޽߇႐วࠆߥ⇣߇ᨐ⚿ߪߡ޿߅ߦ

 

࿑ 5 2FT RAID  ᕈ⢻Ყセߩ
Figure 5 Performance comparison of 2FT RAIDs 
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7. まとめまとめまとめまとめ 

ᧄ⺰ᢥߪߢ㧘ᚒߪޘ RDP ᣇᑼߦၮߊߠ 2FT RAID ߡߒߣ RAID RDP 㧘VLSDߒឭ᩺ࠍ
ߡ޿↪ࠍ RAID RDP ߩઁߡߒߘ㧚ߚߒታⵝࠍࠬ࡜ࠢ 2FT RAID ⴕࠍᲧセ⹏ଔߩᕈ⢻ߣ

㧘RAID RDPߪߢ㧚⹏ଔߚߞ ߣ RAID6㧘RAID4PQ,ߡߒߘ RAID4 㧚RAID4ߚߞⴕࠍᲧセߣ
ߪ 1FT RAID ߩઁ߇ࠆ޽ߪߢ RAID ߇ RAID4 ߢߩࠆ޿ߡ޿ߠၮߦ 2FT RAID ࠍ RAID4
ߒߣ㧚⚿ᨐߚߞᕈ⢻⹏ଔ߽ⴕߩ᡿㓚ᤨߪޘ㧘ᚒߚ߹㧚ࠆ޽߇ᗧ๧ߪߦߣߎࠆߔᲧセߣ

࠺ߪᕈ⢻ߪߢᕈ⢻ߺㄟ߈㧚ᦠࠆ޿ߡߒ␜ࠍߣߎࠆ޽ߢߓหߤࠎߣ߶ߪᕈ⢻ߺㄟߺ⺒ߡ

࠺㧘߇޿ߥ߇Ꮕࠅ߹޽ߪ߈ߣ޿ߐዊ߇࠭ࠗࠨࠢࠬࠖ࠺㧘ߡ޿ߡߒଐሽߦ࠭ࠗࠨࠢࠬࠖ

ߣࠆߔߊ߈ᄢࠍ࠭ࠗࠨࠢࠬࠖ RAID RDP ߪ RAID4PQ 㧘RAID6ߊㆃ߿߿ࠅࠃ ߿߿ࠅࠃ

ᣧ޿௑ะࠆߥߦ㧚ో૕⊛ߦ RAID RDP ߩઁߪ 2 ⠴᡿㓚ߦኻߡߒᄢߊ߈ഠߊߥߪߣߎࠆ

ታ㓙ߩㆇ↪߽ߦ೑↪ߣࠆ߈ߢ⠨ࠆࠇࠄ߃㧚 
੹ᓟߩ⺖㗴ߪߡߒߣ㧘ᚒߪޘ੹࿁ታⵝߚߒ RAID RDP ࠍ NaryRAID ߡߖࠊวߺ⚵ߣ

೑↪ࠍߣߎࠆߔ⠨ࠆ޿ߡ߃㧚ᢥ₂[6]ߪߢ㧘ᚒߪޘ NaryRAID ߣ RAID6㧘RAID4PQ ߹

ߪߚ RAID RDP ࠖ࠹࡝ࡄ࠴࡞ࡑߩઁߥ߁ࠃߩ RAID ߚߖࠊวߺ⚵ࠍ NaryRAID MP ࠍ

ឭ᩺ࠆ޿ߡߒ㧚ߩࠄࠇߎታⵝࠍⴕ߁㧚ߡߒߘ㧘ታ㓙ࠬࠪߚ޿↪ࠍࡦࠪࡑߩ߆ߟߊ޿ߦ

 㧚߁ⴕࠍᕈ⢻⹏ଔߩࡓ࠹
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