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▪☺▼fi♄

2- ─◒כⱠ♇♩꞉☺כ꜠♩☻.1

2- 1- 1 ◖fiⱧꜙכ꜠♩☻≥♃כ☺─

2- 1- 3 SAN (Storage Area Network) ≤│

2- 2.FC- SAN≤∕─ ◒כⱠ♇♩꞉☺כ꜠♩☻─

2- 2- 1 FC- SAN≤│

2- 2- 2  FC- SAN╩ ∆╢FibreChannelⱪ꜡♩◖ꜟ≤│

2- 2- 3 iSCSI (IP - SAN) ≤│

2- 2- 4 FC─ⱨ꜡כ ≤IP─ⱨ꜡כ ─ ™

2- 2- 5 FC- SAN≤IP- SAN─ ™ ↑

2- 2- 6 FCIP(IP- SAN)≤│

2- 2- 7 NAS (Network Attached Storage) ≤│

2- 3.∕─ ☺כ꜠♩☻─

2- 3- 1 SAS

2- 3- 2 InfinoBand

2- 3- 3 ThunderBOLT

2- 3- 4 ○Ⱪ☺▼◒♩☻♩꜠כ☺

2- 3- 5 SDS

2- 3- 6 NVMe
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2- ─◒כⱠ♇♩꞉☺כ꜠♩☻ .1

1980 ╘ ╕≢
DAS(Direct Attached Storage)

ⱱ☻♩≤☻♩꜠כ☺⅜ ↕╣√
Â IDE(Integrated Device Electronics)

Â SCSI(Small Computer System interface

Ɽꜝ꜠ꜟ

1980
SCSI─Ɽꜝ꜠ꜟ▪כ◐♥◒♅ꜗ⅜ ≤

─ ⌐ ∆╢
Â ◖fiⱧꜙכ♃◦☻♥ⱶ─ ⅜

Â ─┼☺כ꜠♩☻♃כ♦

1990
◦ꜞ▪ꜟ ─

Fibre Channel

SCSI╩ ⅝ ⅎ│∂╘√
Â ◦ꜞ▪ꜟ

Â ╡╟⌐ꜟⱩכ◔ ╩

♦Ᵽ▬☻ ╩☺כ꜠♩☻≢

SAN─ ╕╡

2- 1- 1. ◖fiⱧꜙכ꜠♩☻≥♃כ☺─

ⱨ□▬Ᵽ♅ꜗⱠꜟ

( 10km)

◖fiⱧꜙכ♃ ☺כ꜠♩☻

SCSI

( 12m)

◖fiⱧꜙכ♃ ☺כ꜠♩☻

◖fiⱧꜙכ♃

☺כ꜠♩☻

FC(SAN)☻▬♇♅

IDE
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2- ─◒כⱠ♇♩꞉☺כ꜠♩☻ .1

Ethernet

2- 1- 2. SAN Storage Area Network ≤│

◒ꜝ▬▪fi♩

Ᵽכ◘

LAN☻▬♇♅/ꜟכ♃

SAN
Storage Area Network

Fibre Channel

FC(SAN)☻▬♇♅

☺כ꜠♩☻
ⱪכ♥
ꜝ▬Ⱪꜝꜞ

ⱪכ♥
♄כ꜡♩כ○

File 
System

File 
System

File 
System

NAS
NetwaorkAttachedStorage

File 
Syste

m

File 
System

LAN

Local Area Network

DAS
DirectAttachedStorage

DAS
DirectAttachedStorage
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2- ─◒כⱠ♇♩꞉☺כ꜠♩☻ .1

IP- SAN≤│

iSCSIⱪ꜡♩◖ꜟ╩

─IPⱠ♇♩꞉כ◒ ≢ ∆╢

⌐UTP◔כⱩꜟ╩

─NIC╛LAN- Switch╩

♁ⱨ♩►▼▪ iSCSI ▬♬◦◄כ♃⅜

NIC iSCSI- HBA)╙

FC- SAN ≤│
Fibre Channelⱪ꜡♩◖ꜟ╩

─FCⱠ♇♩꞉כ◒╩
⌐ ⱨ□▬Ᵽ◔כⱩꜟ╩

─ ⅜ꜟⱩכ◔ה

─ SAN (Storage Area Network) │⁸IP- SAN ≤ FC- SAN ⌐ ↕╣╢

FC Network

FC- SAN

HBA

HBA

IP Network

IP- SAN

NIC

NIC

2- 1- 3. SAN Storage Area Network ≤│

ΙSAN─
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2- 2. FC- SAN≤∕─ ◒כⱠ♇♩꞉☺כ꜠♩☻─

Ethernet

2- 2- 1. FC- SAN≤│

◒ꜝ▬▪fi♩

Ᵽכ◘

LAN☻▬♇♅/ꜟכ♃

SAN
Storage Area Network

Fibre Channel

FC(SAN)☻▬♇♅

☺כ꜠♩☻
ⱪכ♥
ꜝ▬Ⱪꜝꜞ

ⱪכ♥
♄כ꜡♩כ○

File 
System

File 
System

File 
System

NAS
NetwaorkAttachedStorage

File 
Syste

m

File 
System

LAN

Local Area Network

DAS
DirectAttachedStorage

DAS
DirectAttachedStorage
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2- 2. FC- SAN≤∕─ ◒כⱠ♇♩꞉☺כ꜠♩☻─

NAS OS⌐ ⇔≡ⱨ□▬ꜟ▪◒☿☻╩ ∆╢⁹

FCP FibreChannel┼SCSI╩ⱴ♇Ⱨfi◓⇔⁸☻♩꜠כ☺▪◒☿☻ SCSI)╩

iSCSI TCP/IP ⌐SCSI╩ⱴ♇Ⱨfi◓∆╢⁹

FCoE ♩♇Ⱡ◘כ▬כ♃fi☿♃כ♦ DCB ⌐FC╩◌ⱪ☿ꜟ ⁹TCP/IP│ ⇔⌂™⁹

2- 2- 2. FC-SAN╩ ∆╢Channelⱪ꜡♩◖ꜟ≤│

HTTP/SMTP/VoIP NFS/CIFS/AFP SCSI

ⱪ꜠♀fi♥כ◦ꜛfi

☿♇◦ꜛfi

TCP/UDP

IP

Ethernet

iSCSI FCP FCP

FCoE

FC

Ⱡ♇♩꞉כ◒ (LAN) ◒כⱠ♇♩꞉▪ꜞ◄☺כ꜠♩☻ (SAN)

NAS─◄ꜞ▪
IP- SAN

FCoE

FC- SAN
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DCB
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2- 2. FC- SAN≤∕─ ◒כⱠ♇♩꞉☺כ꜠♩☻─

NAS OS⌐ ⇔≡ⱨ□▬ꜟ▪◒☿☻╩ ∆╢⁹

FCP FibreChannel┼SCSI╩ⱴ♇Ⱨfi◓⇔⁸☻♩꜠כ☺▪◒☿☻ SCSI)╩

iSCSI TCP/IP ⌐SCSI╩ⱴ♇Ⱨfi◓∆╢⁹

FCoE ♩♇Ⱡ◘כ▬כ♃fi☿♃כ♦ DCB ⌐FC╩◌ⱪ☿ꜟ ⁹TCP/IP│ ⇔⌂™⁹

2- 2- 2. FC-SAN╩ ∆╢Channelⱪ꜡♩◖ꜟ≤│

HTTP/SMTP/VoIP NFS/CIFS/AFP SCSI

ⱪ꜠♀fi♥כ◦ꜛfi

☿♇◦ꜛfi

TCP/UDP

IP

Ethernet

iSCSI FCP FCP

FCoE

FC

Ⱡ♇♩꞉כ◒ (LAN) ◒כⱠ♇♩꞉▪ꜞ◄☺כ꜠♩☻ (SAN)

FC- SAN
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Fibre Channelⱪ꜡♩◖ꜟ╩ ☺כ꜠♩☻√™ Ⱡ♇♩꞉כ◒

♃כ♦ ⅜ ™ Max 16Gbps 2014 10

◦ꜞ▪ꜟ

ⱪ꜡♩◖ꜟ ⅜ ™

10km╕≢ ⁸◦fi◓ꜟ⸗כ◔♪כⱩꜟ

◦☻♥ⱶ⌂≥≢♦כ♃ⱬכ☻ ⌐ ↕╣╢↓≤⅜ ™

▪ⱪꜞ◔כ◦ꜛfi
HTTP/SMTP/VoIP

☿♇◦ꜛfi

TCP/UDP

IP

Ethernet/DCB

FCP

FC

OS (SCSI)

2- 2- 2. FC- SAN╩ ∆╢Channelⱪ꜡♩◖ꜟ≤│
Fibre Channel│1998 ⌐ANSI T11⌐≡ ♩כ♃☻⅜

TCP/IP Fibre Channel

FC- 0 ─ ⁸ ⁸ ⌂≥

FC- 1 ♃כ♦ / ⁸ꜞfi◒ ⌂≥

FC- 2 ⁸ⱨ꜡כ ⁸ⱨ꜠כⱶ ⌂≥

FC- 3 ☻ⱦכ◘

FC- 4 ⱪ꜡♩◖ꜟהⱴ♇Ⱨfi◓

Fibre Channel꜠▬ꜘכ

2- 2. FC- SAN≤∕─ ◒כⱠ♇♩꞉☺כ꜠♩☻─
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U
S

E
R

 

S
P

A
C

E
K

E
R

N
E

L File System Stack

SCSI Stack

SCSI Driver

User Application

HBA

FC   Driver FCP) 

Firmware

BootCode

SAN (FC) 

2- 2- 2. FC- SAN╩ ∆╢Channelⱪ꜡♩◖ꜟ≤│

ⱱ☻♩ User │
FC≢№╢⅛ ⇔⌂™⁸

─SCSI◌כ♪≤
SCSI─♃כ◕♇♩

Disk ≤⇔≡ ℮

2- 2. FC- SAN≤∕─ ◒כⱠ♇♩꞉☺כ꜠♩☻─
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SAN (FC) 

ⱱ☻♩Ᵽ☻▪♄ⱪ♃
(HBA)

ⱱ☻♩Ᵽ☻▪♄ⱪ♃
(HBA)

SFP/SFP+

ⱨ□▬Ᵽכ◔כⱩꜟ

ΙFC- SAN─

2- 2- 1. FC- SAN╩ ∆╢Channelⱪ꜡♩◖ꜟ≤│

SFP/SFP+

2- 2. FC- SAN≤∕─ ◒כⱠ♇♩꞉☺כ꜠♩☻─

SFP/SFP+
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SAN (FC) 

Ι NameServer⅜ הההה∆╕≡∫

הה
הה
הה

הה
הה
הה

הה
הה
הה

Ⱡ♇♩꞉כ◒≢™℮≤↓╤─DNS─╟℮⌂
β ─FC▪♪꜠☻╩ ⇔WWPN≤ ↕∑╢

2- 2- 2. FC- SAN╩ ∆╢Channelⱪ꜡♩◖ꜟ≤│

2- 2. FC- SAN≤∕─ ◒כⱠ♇♩꞉☺כ꜠♩☻─
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ⱨ□▬Ᵽ♅ꜗⱠꜟ⌐⅔↑╢
WWNWorld Wide Name

ÂSAN╩ ∆╢ ⌐ ⌐ ╡ ≡╠╣≡™╢64ⱦ♇♩─▪♪
꜠☻ ≥☻꜠♪▪Ⱡ♇♩─MAC◘כ▬ ∂

WWNNWorld Wide Node Name ⱡכ♪

WWPNWorld Wide Port Name ⱳכ♩

10:00:00:60:69:00:60:02

NAAⱦ♇♩

ⱬfi♄ID IEEE OUI ⱬfi♄

2- 2- 2. FC- SAN╩ ∆╢Channelⱪ꜡♩◖ꜟ≤│

2- 2. FC- SAN≤∕─ ◒כⱠ♇♩꞉☺כ꜠♩☻─

ⱬfi♄
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ⱨ□▬Ᵽ♅ꜗⱠꜟ⌐⅔↑╢ ⅝

FCN Fibre Channel Name

Âⱨ□Ⱪꜞ♇◒┼─꜡◓▬fi ⌐ ⌐ ╡ ≡╠╣╢▪♪꜠☻

FC_AL

ΙPrivate Loop 8 Port ID AL_PA

ΙPabric Loop 24 Fabric16 FC_AL

Fabric 24ⱦ♇♩

ΙFabric16 N_Port(00

FC▪♪꜠☻ 010500
Å 1 ☻▬♇♅
Å 5 ⱳכ♩
Å N_Port≢ ⇔≡™╢♦Ᵽ▬☻

2- 2. FC- SAN≤∕─ ◒כⱠ♇♩꞉☺כ꜠♩☻─

2- 2- 2. FC- SAN╩ ∆╢Channelⱪ꜡♩◖ꜟ≤│
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Ethernet

2- 2- 3. iSCSi (IP - SAN) ≤│

◒ꜝ▬▪fi♩

Ᵽכ◘

LAN☻▬♇♅/ꜟכ♃

DAS
DirectAttachedStorag e

FC- SAN
Storage Area Network

Fibre Channel

FC(SAN)☻▬♇♅

☺כ꜠♩☻
ⱪכ♥
ꜝ▬Ⱪꜝꜞ

ⱪכ♥
♄כ꜡♩כ○

File 
System

File 
System

File 
System

NAS
NetwaorkAttachedStorage

File 
Syste

m

File 
System

LAN

Local Area Network

2- 2. FC- SAN≤∕─ ◒כⱠ♇♩꞉☺כ꜠♩☻─

IP- SAN
iSCSI╩
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2- 2. FC- SAN≤∕─ ◒כⱠ♇♩꞉☺כ꜠♩☻─

NAS OS⌐ ⇔≡ⱨ□▬ꜟ▪◒☿☻╩ ∆╢⁹

FCP FibreChannel┼SCSI╩ⱴ♇Ⱨfi◓⇔⁸☻♩꜠כ☺▪◒☿☻ SCSI)╩

iSCSI TCP/IP ⌐SCSI╩ⱴ♇Ⱨfi◓∆╢⁹

FCoE ♩♇Ⱡ◘כ▬כ♃fi☿♃כ♦ DCB ⌐FC╩◌ⱪ☿ꜟ ⁹TCP/IP│ ⇔⌂™⁹

2- 2- 3. iSCSI (IP - SAN) ≤│

HTTP/SMTP/VoIP NFS/CIFS/AFP SCSI

ⱪ꜠♀fi♥כ◦ꜛfi

☿♇◦ꜛfi

TCP/UDP

IP

Ethernet

iSCSI FCP FCP

FCoE

FC

Ⱡ♇♩꞉כ◒ (LAN) ◒כⱠ♇♩꞉▪ꜞ◄☺כ꜠♩☻ (SAN)

IP- SAN
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FC- SAN≤IP- SAN─ ™

IP- SAN│FC- SAN≤ ∆╢≤⁸ ⌐
≢⅝╢⁹

⇔√ ╩ ℮⌐│⁸ ─ ⌐
∆╢ ⅜№╢⁹

Â ╩♩♇ⱪכꜟ☻√⇔ ∑╢IP ─

Â Jumbo Frame⁸ ⁸Gigabit 
Ethernet ─Ɽⱨ◊כⱴfi☻

Â TOE (TCP Offload Engine) ─iSCSI 
HBA╩ ⇔≡Ɽⱨ◊כⱴfi☻╩ →╢

2- 2- 3. iSCSI (IP - SAN) ≤│
2003 2 ⌐IETF⌐╟∫≡RFC≤⇔≡

FC- SAN IP- SAN

Fibre Channel iSCSI

UTP

Fibre
Channel

SCSI
◖ⱴfi♪

Ɫכ♪►▼▪

Ethernet

TCP/IP

iSCSI

SCSI
◖ⱴfi♪

♁ⱨ♩►▼▪

Ɫכ♪►▼▪

Ɫ▬Ɽⱨ◊כⱴfi☻⌂
NIC╩

IP ⌐╟╢ ╛
⅜

LAN

2- 2. FC- SAN≤∕─ ◒כⱠ♇♩꞉☺כ꜠♩☻─

IP-SAN iSCSI
FC-SAN

(FibreChannel
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U
S

E
R

 

S
P

A
C

E
K

E
R

N
E

L File System Stack

SCSI Stack

SCSI Driver

User Application

NIC

iSCSI Driver

iSCSI 

ⱱ☻♩ User │
iSCSI╛NIC(IPⱠ♇♩
꞉כ◒ ≢№╢↓≤╩
⇔⌂™⁸ ─SCSI

♇◕כ♃─SCSI≥♪כ◌
♩ Disk ≤⇔≡ ℮

2- 2- 3. iSCSI (IP - SAN) ≤│

NIC Driver

LAN/WAN 

2- 2. FC- SAN≤∕─ ◒כⱠ♇♩꞉☺כ꜠♩☻─
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BB◒꜠☺♇♩≢─ⱨ꜡כ◖fi♩꜡כꜟ

RX

TX

BB

BB=5
BB=3

5

3

2- 2. FC- SAN≤∕─ ◒כⱠ♇♩꞉☺כ꜠♩☻─

2- 2- 4. FC─ⱨ꜡כ ≤IP─ⱨ꜡כ ─ ™
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BB◒꜠☺♇♩≢─ⱨ꜡כ◖fi♩꜡כꜟ

RX

TX
BB=5

BB=3

BB

2- 2. FC- SAN≤∕─ ◒כⱠ♇♩꞉☺כ꜠♩☻─

2- 2- 4. FC─ⱨ꜡כ ≤IP─ⱨ꜡כ ─ ™
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Ɽⱨ◊כⱴfi☻

R_RDYR_RDYR_RDYR_RDY R_RDY

TX

RX

2- 2. FC- SAN≤∕─ ◒כⱠ♇♩꞉☺כ꜠♩☻─

2- 2- 4. FC─ⱨ꜡כ ≤IP─ⱨ꜡כ ─ ™
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2- 2. FC- SAN≤∕─ ◒כⱠ♇♩꞉☺כ꜠♩☻─

2- 2- 4. FC─ⱨ꜡כ ≤IP─ⱨ꜡כ ─ ™

TCP/IP─ⱨ꜡כ │►▫fi♪►◘▬☼⌐≡ ↕╣╕∆⁹
⅛╠─ ╩ ≈↓≤⌂ↄ►▫fi♪◘▬☼╩☻ꜝ▬♪↕∑≡♦כ♃╩ ⇔╕∆⁹

↓↓≢⁸ ⅜ ─♃כ♦⁸™⌂⅝≢ ⅜ ⇔√╡⇔≡Ɽ◔♇♩꜡☻
⅜ ∆╢≤ ╩ ╘≡ ╟╡ ⌂™►▫fi♪►◘▬☼≢ ╩ ⇔╕∆⁹ ♩כ♃☻כ꜡☻

♩ꜝⱨ▫♇◒
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FC- SAN≤iSCSI (IP - SAN) ─ ™ ↑
FC, iSCSI⌂≥─ⱪ꜡♩◖ꜟ│⁸SCSI ꜟ◖♩꜡ⱪ☺כ꜠♩☻
≢ ∆╢√╘─ ≢№╢⁹

─

ÂFC

™ ≤Ɫ▬Ɽⱨ◊כⱴfi☻

◖☻♩

Â iSCSI ◖☻♩

IPⱠ♇♩꞉כ◒ ╩ ≢⅝╢

Ɽⱨ◊כⱴfi☻⁸ ≢│FC⌐ ⅜ ⅜╢

⁸ ꜠ⱬꜟ╩ ⇔⁸ ⌐ ╦∑≡

╩fiꜛ◦כꜙꜞ♁ ∆╢

2- 2- 5. FC- SAN≤iSCSI (IP - SAN) ─ ™ ↑

2- 2. FC- SAN≤∕─ ◒כⱠ♇♩꞉☺כ꜠♩☻─
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2- 2. FC- SAN≤∕─ ◒כⱠ♇♩꞉☺כ꜠♩☻─

NAS OS⌐ ⇔≡ⱨ□▬ꜟ▪◒☿☻╩ ∆╢⁹

FCP FibreChannel┼SCSI╩ⱴ♇Ⱨfi◓⇔⁸☻♩꜠כ☺▪◒☿☻ SCSI)╩

iSCSI TCP/IP ⌐SCSI╩ⱴ♇Ⱨfi◓∆╢⁹

FCoE ♩♇Ⱡ◘כ▬כ♃fi☿♃כ♦ DCB ⌐FC╩◌ⱪ☿ꜟ ⁹TCP/IP│ ⇔⌂™⁹

2- 2- 6. FCIP (IP-SAN) ≤│

HTTP/SMTP/VoIP NFS/CIFS/AFP SCSI

ⱪ꜠♀fi♥כ◦ꜛfi

☿♇◦ꜛfi

TCP/UDP

IP

Ethernet

FCP FCP

FCoE

FC

Ⱡ♇♩꞉כ◒ (LAN) ◒כⱠ♇♩꞉▪ꜞ◄☺כ꜠♩☻ (SAN)

IP- SAN

FC
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FCIP─ⱷꜞ♇♩
™FC- SAN≤─

─FC- SAN╩♩fiⱠꜞfi◓⇔≡ ⁸ ⌐ ⅜

Â ▪ⱪꜞ◔כ◦ꜛfi╩∕─╕╕ ≢⅝╢

Â FC─ ╩∕─╕╕ ≢⅝╢ SFPF,♩ꜝfi◐fi◓

⁸ ╩

Â ─♃כ♦ ╛⁸ ⅝ fiꜛ◦כ꜠ꜝ☿◒▪הⱪכ♥/╖

Â ─♩ꜝfi◐fi◓ ⌐╟╡ ╩

◖☻♩Ɽⱨ◊כⱴfi☻

Â WAN ╩ ╣√◖☻♩Ɽⱨ◊כⱴfi☻╩

Â ┼─ ⌂ ─FCIP☻▬♇♅ Router ≢ ≢⅝╢

DR

FC-SAN2FC-SAN1

WAN

FCIP ♩fiⱠꜞfi◓

FCIP

☻▬♇♅
FCIP

☻▬♇♅

─FC-SAN ⱨ□Ⱪꜞ♇◒

2- 2. FC- SAN≤∕─ ◒כⱠ♇♩꞉☺כ꜠♩☻─

2- 2- 6. FCIP (IP - SAN) ≤│ 2003 2 ⌐IETF⌐╟∫≡RFC≤⇔≡
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2- 2. FC- SAN≤∕─ ◒כⱠ♇♩꞉☺כ꜠♩☻─

NAS OS⌐ ⇔≡ⱨ□▬ꜟ▪◒☿☻╩ ∆╢⁹

FCP FibreChannel┼SCSI╩ⱴ♇Ⱨfi◓⇔⁸☻♩꜠כ☺▪◒☿☻ SCSI)╩

iSCSI TCP/IP ⌐SCSI╩ⱴ♇Ⱨfi◓∆╢⁹

FCoE ♩♇Ⱡ◘כ▬כ♃fi☿♃כ♦ DCB ⌐FC╩◌ⱪ☿ꜟ ⁹TCP/IP│ ⇔⌂™⁹

2- 2- 7. NAS (Network Attached Storage) ≤│

HTTP/SMTP/VoIP NFS/CIFS/AFP SCSI

ⱪ꜠♀fi♥כ◦ꜛfi

☿♇◦ꜛfi

TCP/UDP

IP

Ethernet

iSCSI FCP FCP

FCoE

FC

Ⱡ♇♩꞉כ◒ (LAN) ◒כⱠ♇♩꞉▪ꜞ◄☺כ꜠♩☻ (SAN)

NAS─◄ꜞ▪
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SAN≤NAS─ ™│
SAN (Storage Area Network)

ÂⱠ▬♥▫Ⱪ⌂☻♩꜠כ☺

ÂⱩ꜡♇◒▪◒☿☻

NAS (Network Attached Storage)

Âⱨ□▬ꜟ◘כⱣ ╩ ∫√

☺כ꜠♩☻

Âⱨ□▬ꜟ▪◒☿☻

SAN≤NAS│ ≢ ∆╢
≢│⌂™⁹
NAS ⱨ□▬ꜟ◘כⱣ

SAN ◒כⱠ♇♩꞉╩☺כ꜠♩☻ ⌐

⇔√

2- 2- 7. NAS (Network Attached Storage) ≤│

NAS

Ᵽכ◘ ☺כ꜠♩☻

ⱨ□▬ꜟ◘כⱣ

LAN

2- 2. FC- SAN≤∕─ ◒כⱠ♇♩꞉☺כ꜠♩☻─
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2- 2- 7. NAS (Network Attached Storage) ≤│

ꜟ◖♩꜡SCSI ⱪה
ꜟⱩ꜡♇◒꜠ⱬה I/O
♩ⱨ□▬ꜟ◦☻♥ⱶ│◒ꜝ▬▪fiה ⌐ ≈
≡⇔≥◒☻▫♦ꜟ◌כ꜡ה ↕╣╢

SAN

ꜟ◖♩꜡CIFS/NFS/FTP/HTTP ⱪה
ꜟ▬□ⱨה ─▪◒☿☻
◒☻▫♦│ⱨ□▬ꜟ◦☻♥ⱶה ⌐ ≈
≡⇔≥Ⱪ▬ꜝ♪◒כⱠ♇♩꞉ה ↕╣╢

NAS

SAN≤NAS─

2- 2. FC- SAN≤∕─ ◒כⱠ♇♩꞉☺כ꜠♩☻─
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LAN SAN

₈ⱨ□▬ꜟ₉│◙כꜚ ≢
☻☿◒▪⌐Ᵽכ◘

ѝ

╛ ⁸ ⌂≥Γ Δ♃כ♦
╩ⱨ□▬ꜟ ≢─

Ᵽ│₈Ⱪ꜡♇◒₉כ◘ ≢
☻☿◒▪⌐☺כ꜠♩☻

ѝ

ꜚ♬♇♩ Ⱪ꜡♇◒─ ─
─≢♃כ♦

◙כꜚ ⱨ□▬ꜟ
Ᵽכ◘ ☺כ꜠♩☻

LU

ⱨ□▬ꜟ▪◒☿☻≤Ⱪ꜡♇◒▪◒☿☻─▬ⱷכ☺

2- 2. FC- SAN≤∕─ ◒כⱠ♇♩꞉☺כ꜠♩☻─
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FC- SAN≤NAS (Network Attached Storage) ─ ─
SAN ◦☻♥ⱶ⌂≥≢♦כ♃ⱬכ☻ ⌐ ↕╣╢↓≤⅜ ™⁹
Â ╘╠╣╢ Ɫ▬◄fi♪ה◒ꜝ☻

NAS ▪ⱪꜝ▬▪fi☻◘כⱣ─ ⅛╠ ⅜ ≢№╡⁸ ─
ⱨ□▬ꜟ◘כⱣ─ ╦╡≤⇔≡ ™╠╣╢↓≤⅜ ™⁹
Â ╘╠╣╢ Ⱶ♇♪꜠fi☺ה◒ꜝ☻

FC/IP- SAN≤NAS─
Â IP- SAN─

10Gbps ─LAN─

ÂSSD ☺כ꜠♩☻ꜙ◦♇ꜝⱨꜟכ○

⅜Ⱳ♩ꜟⱠ♇◒⌐⌂╢

Â◒ꜝ►♪☻♩꜠⁸☺כ○Ⱪ☺▼◒♩☻♩꜠כ☺

Ⱪ꜡♇◒⁸ⱨ□▬ꜟ◦☻♥ⱶ─≥∟╠─▪◒☿☻⌐╙

Âꜚ♬ⱨ□▬♪כ꜠♩☻ה☺ ⱴꜟ♅ⱪ꜡♩◖ꜟ☻♩꜠כ☺
Fibre Channel/iSCSI/NAS─ ⌐◒כⱠ♇♩꞉☺כ꜠♩☻─ ⌐
☺כ꜠♩☻⌂ ⁹

SAN≤NAS│╕∫√ↄ ℮╙─

Ethernet⅛Fibre Channel⅛ ─ ™≢│⌂ↄ⁸∕╙∕╙

∆╢ⱪ꜡♩◖ꜟ SCSI⅛CIFS/NFS ⅜ ℮⁹

2- 2- 7. NAS (Network Attached Storage) ≤│

2- 2. FC- SAN≤∕─ ◒כⱠ♇♩꞉☺כ꜠♩☻─
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SAN≢ ↕╣╢ⱪ꜡♩◖ꜟ
FC,iSCSI,FCIP,FCoE ⱪ꜡♩◖ꜟ│₈SCSI₉

╕≤╘

SAN≤NAS─ ™
SAN (Storage Area Network)
Â Ⱡ♇♩꞉כ◒─╟℮⌐ ⱶ♥☻◦─☺כ꜠♩☻╢⅜

Ⱪ꜡♇◒▪◒☿☻⁸꜡כ◌ꜟ♦▫☻◒

NAS (Network Attached Storage)
Â IPⱠ♇♩꞉כ◒⌐ ∆╢ⱨ□▬ꜟ◘כⱣ ╙⇔ↄ│☻♩꜠כ☺⌐ⱨ□▬ꜟ◘כⱣ╩ ╩

ⱨ□▬ꜟ▪◒☿☻⁸Ⱡ♇♩꞉כ◒♪ꜝ▬Ⱪ

FC- SAN≤IP- SAN─ ™
ⱪ꜡♩◖ꜟ │SCSIⱪ꜡♩◖ꜟ FC:FCPIP:TCP/IP

FC:FibreChannel IP:Ethenet

FC ⌂◦☻♥ⱶ ⅝ IP │ ≢№╢⅜ │FC⌐ ╢

FC ╕∞╕∞ IP:10G╙⅛⌂╡ ↄ⌂∫≡⅝≡™╢

2- 2. FC- SAN≤∕─ ◒כⱠ♇♩꞉☺כ꜠♩☻─
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SCSI ─1≈≢№╡⁸∕─ ─ ╡ ↕╣≡™√Ɽꜝ꜠ꜟ
SCSI╩◦ꜞ▪ꜟ ⇔√╙─≢№╢

ꜟⱩכ◔─ │8m ╕≢

1ⱳכ♩─ │128

SAS Expander ╩ ∆╢↓≤⌐╟╡ 1 6000 ─♦Ᵽ▬☻
⅜ ≤⌂╢

SAS- 1.0  3Gbps

SAS- 2.0  6Gbps

SAS- 3.0  12Gbps

ⱴכꜙ◦Ⱪꜟ⁸◖Ⱡ◒♃│◖fiכ◔ ↑─SATA≤

46

2- 3. ∕─ ☺כ꜠♩☻─

2- 3- 1. SAS SerialAttachedSCSI ) 2003 5 ⌐SAS- 1.0⅜
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Next Generation I/O NGIO Future I/O I/O HCA
TCA

CPU Offload IB RDMA

1ɡ
SDR- QDR 8/10B FDR- NDR 66/64B
SDR1 2.5Gbps DDR1 5Gbps QDR1 10Gbps EDR1 20Gbps
1 x1 4 x4 8 x8 12 x12

10m 250m

2- 3- 2. InfiniBand 2000 10 IEEEE802.3

2- 3. ∕─ ☺כ꜠♩☻─
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Intel Apple Light Peak 2011 2

DisplayPort ≤PCI Express x4 ╩ ╖ ∑√
MiniDisplay ◖Ⱡ◒♃╩ ∆╢

│
Thunderbolt 10Gbps fiכ꜠2
Thunderbolt2 20Gbps fiכ꜠1
Thunderbolt3      40Gbps  1 fiכ꜠

│⁸ 3m

Thunderbolt

USB 3.0 Thunderbolt
USB Ethernet DisplayPort IEEE 1394
Thunderbolt
USB 10W

DisplayPort IEEE 1394

2- 3. ∕─ ☺כ꜠♩☻─

2- 3- 3. ThunderBolt
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☻☿◒▪☺כ꜠♩☻╢⌂√╠№

SCSi ꜟ◖♩꜡ⱪ☺כ꜠♩☻ ╛NFS/CIFS Ⱡ♇♩꞉כ◒ⱨ□▬ꜟ◦☻♥ⱶ ∑∏⌐⁸
REST Representainal State Transfer)╛SORP Simple Object Access Protocol)⌂≥─Web

ⱪ꜡♩◖ꜟ╩ ♩◒▼☺Ⱪ○╩♃כ♦⁸≡⇔ ≢ ∆╢⁹

⁸╩♃כ♦ ≢ ∑∏1≈─○Ⱪ☺▼◒♩⇔≡
ⱨ□▬ꜟ /inode

○Ⱪ☺▼◒♩ID

Object

Object

Object
Object

Object

Object

Object

Object

Object

2- 3- 4.○Ⱪ☺▼◒♩☻♩꜠כ☺

2- 3. ∕─ ☺כ꜠♩☻─
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Ẽ○Ⱪ☺▼◒♩☻♩꜠כ☺⅜ ⌂

─♃כ♦
⁸ ⁸ ⁸♥◐☻♩⁸○ⱨ▫☻ ⱨ□▬ꜟ

◓ⱦfi▬◌כ▪
Ᵽ♇◒▪♇ⱪ♃כ♦

Ẽ○Ⱪ☺▼◒♩☻♩꜠כ☺⅜ ≢⌂™

♃כ♦
⌂ꜝfi♄ⱶI/O⅜ ♃כ♦╢╣↕

▪▼►ⱪכꜟ◓⁸ꜟכ⁸ⱷ☻כⱬ♃כ♦

50

2- 3. ∕─ ☺כ꜠♩☻─

2- 3- 4.○Ⱪ☺▼◒♩☻♩꜠כ☺
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♠◔Ᵽ─♃כ♦

ⱷ♃♦כ♦≥♃כ♃ ⅜ ♃כ♦√∫⌂≥
(○Ⱪ☺▼◒♩)╩Ᵽ◔♠┼ ╡ ╗

כꜞ♩◒꜠▫♦ה ╩ √⌂™ⱨꜝ♇♩
♃כ♦⌂

─♃כ♦ה ╩ ╘ ╪∞ כ◐
₈○Ⱪ☺▼◒♩ID₉─╖≢

℮™≥ⱶכꜙꜞⱲה ⅜⌂ↄ⁸☻♩꜠כ☺
≤⇔≡│ ⅜⌂ↄ☻◔כꜝⱩꜟ

51

2- 3. ∕─ ☺כ꜠♩☻─

2- 3- 4.○Ⱪ☺▼◒♩☻♩꜠כ☺
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○Ⱪ☺▼◒♩☻♩꜠כ☺─Ɫכ♪

JBOD

IA◘כⱣ

JBOD

IA◘כⱣ

JBOD

IA◘כⱣ

Ethernet

○Ⱪ☺▼◒♩☻
♩ⱨ♁☺כ꜠♩
►▼▪╩

52

2- 3. ∕─ ☺כ꜠♩☻─

2- 3- 4.○Ⱪ☺▼◒♩☻♩꜠כ☺
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○Ⱪ☺▼◒♩☻♩꜠כ☺─

É

○Ⱪ☺▼◒♩ ╩ ⌐

É

É

É

É

53

2- 3. ∕─ ☺כ꜠♩☻─

2- 3- 4.○Ⱪ☺▼◒♩☻♩꜠כ☺



©JDSF

○Ⱪ☺▼◒♩☻♩꜠כ☺─
◄fi♪ꜚכ◙

○Ⱪ☺▼◒♩☻♩꜠⁸│☺כAWSS3╩ ♩☻ה♪►ꜝ◒╢∆≥
≡⇔≥▫♥ꜞ◦□ⱦ☻─ⱨכ◘☺כ꜠ ╣√ ≢№╡⁸
│○Ⱪ☺▼◒♩☻♩꜠כ☺╩ ∆╢↓≤⌂ↄ ↄ ⇔≡™╢⁹

⁸PC⁸♃Ⱪ꜠♇♩⁸⁸⁸

54

2- 3. ∕─ ☺כ꜠♩☻─

2- 3- 4.○Ⱪ☺▼◒♩☻♩꜠כ☺
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JDSF◘▬♩╟╡

2- 3- 4.○Ⱪ☺▼◒♩☻♩꜠כ☺

2- 3. ∕─ ☺כ꜠♩☻─
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2- 3- 5 Software- Defined Storage(SDS)

SDS─
SNIA White Paper: Software Defined Storage ╟╡

Å
â ─☺כ꜠♩☻ ╩ ⇔⁸ ─

╛◖☻♩╩ ≢⅝╢

Å ↕╣√▬fi♃ⱨ▼כ☻
â ─☺כ꜠♩☻ ╛ ⌐ ╦╢ ╩

⌂API≢ ≢⅝╢

Å ☻Ɽ♃כ♦√╣↕
â Ⱪ꜡♇◒ ⱨ□▬ꜟ ○Ⱪ☺▼◒♩≤
™∫√ ⌂▬fi♃ⱨ▼כ☻╩◘ⱳכ♩
≢⅝╢

Å
â ╛Ɽⱨ◊כⱴfi☻⌐ ↄ⁸

╩ꜝfiⱨ▬☺כ꜠♩☻⌐ ≢⅝╢

Å
â ☺כ꜠♩☻ ☻כ♁ꜞ⅜
╛◖☻♩⌂≥╩⸗♬♃ꜞfi◓⇔ ≢⅝
╢

SDS─

2- 3. ∕─ ☺כ꜠♩☻─

https://www.google.co.jp/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCQQFjAB&url=http://snia.org/sites/default/files/SNIA Software Defined Storage White Paper- v1.0k-DRAFT.pdf&ei=fbHaVKLTKIjFggS_p4GgCQ&usg=AFQjCNGLECaSC0BZqTUE9-Ilo4f-zzSiwA&sig2=MJMCxAbyCgBGqW7Ihg5D9g
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─Advanced Host Controller Interface (AHCI)≢│SSD─ ⌐ ⇔≡
↓─√╘ NVMHCI(Non- Volatile Memory Host Controller Interface )⁸ NVM Express (NVMe)⅜ ⇔√⁹

►▫◐Ɑ♦▫▪╟╡

─
Å ◘▬☼─PCI Express 3.0─ ♪כ◌

Å2.5▬fi♅─◌כ♪
U.2◖Ⱡ◒♃(SFF-8639) ╩☻כ▼ⱨכ♃fi─PCI Express▬fiכ꜠4 ⌐ ≈

ÅM.2◖Ⱡ◒♃

2- 3. ∕─ ☺כ꜠♩☻─

2- 3- 6 NVMe

NVMe│⁸SCSI╛SATAה Serial ATA ≤ ∂ↄ⁸
╩☺כ꜠♩☻ ∆╢√╘─
─4KBה ⌐ ⌂ⱷ♇☿2⅜☺כ≈≢│⌂ↄ1≈
♪ⱴfi◖ה ↄ6⌂│≢≈1⅜כꜙ◐ 5536

1 ─SSD│5Gbps ⁸ ─♦▫☻◒I/O ╩ ⌐
⁸NVMe≢│⁸│≢כⱣכ◘╢∆ ⌂ ⅜ ≢⅝╢

NVMHCI 1.0 2008/4ќNVMe 1.1 2013/1 1.2.1

http://www.nvmexpress.org/

PCIe3.0 ×4─ ≢⁸ 32Gbps ≤SATA3 ─5 ™


