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1980
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Ethernet

◒ꜝ▬▪fi♩

LAN☻▬♇♅/ꜟכ♃

FC-SAN
Storage Area Network

Ᵽכ◘
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LANLAN FC/IP Ⱡ♇♩꞉כ◒FC/IP Ⱡ♇♩꞉כ◒
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☻☿◒▪⌐Ᵽכ◘

Ź
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IP-SAN

iSCSI

IP
10Gbps UTP DAC)

NIC LAN-Switch
 iSCSI 

NIC iSCSI-HBA)

FC-SAN 
Å FibreChannel
Å FC
ï

Å

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

FC Network

FC-SAN
HBA

HBA

IP Network

IP-SAN

NIC
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4- 1- 3. SAN Storage Area Network
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4- 1- 4. SAN Storage Area Network

SAN

SAN

SAN

Ҧ

LAN
LAN

Ᵽכ◘

SAN
Storage Area Network

FC(SAN)☻▬♇♅
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System

LAN

4-1. 



FibreChannel iSCSIEthernet SAS 12G

ATTO XstremCORE FC7600 32G-FC ҥҦ 12G SAS

ATTO XstremCORE ET8200T/ET8100T 40G Ethernet(iSCSI)ҥҦ 12G SAS

SAS/SATATape /
FC-SAN/IP-SAN

ⱷכ◌◘▬♩ https://www.atto.com/products/xstreamcore-intelligent-bridges/

https://www.servants.co.jp/product/sub-gateway/?maker=atto ◖ꜝⱶ ⅜ ⇔√▬fiⱪ꜠♇◦ꜛfi╩ ⇔≡╕∆
8200T https://www.servants.co.jp/technology/column/technology/tec-atto/13196/

8100T https://www.servants.co.jp/technology/column/technology/tec-atto/13162/

https://www.servants.co.jp/product/sub-gateway/?maker=atto
https://www.servants.co.jp/product/sub-gateway/?maker=atto
https://www.servants.co.jp/product/sub-gateway/?maker=atto
https://www.servants.co.jp/product/sub-gateway/?maker=atto
https://www.servants.co.jp/technology/column/technology/tec-atto/13196/
https://www.servants.co.jp/technology/column/technology/tec-atto/13196/
https://www.servants.co.jp/technology/column/technology/tec-atto/13196/
https://www.servants.co.jp/technology/column/technology/tec-atto/13196/
https://www.servants.co.jp/technology/column/technology/tec-atto/13196/
https://www.servants.co.jp/technology/column/technology/tec-atto/13162/
https://www.servants.co.jp/technology/column/technology/tec-atto/13162/
https://www.servants.co.jp/technology/column/technology/tec-atto/13162/
https://www.servants.co.jp/technology/column/technology/tec-atto/13162/
https://www.servants.co.jp/technology/column/technology/tec-atto/13162/
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4- 2. FC- SAN

Ethernet

4- 2- 1. FC- SAN

◒ꜝ▬▪fi♩

Ᵽכ◘
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4- 2. FC- SAN

NAS OS

FCP FibreChannel SCSI SCSI)

iSCSI TCP/IP SCSI

FCoE DCB FC TCP/IP

4- 2- 2. FC- SAN Channel

HTTP/SMTP/VoIP NFS/CIFS/AFP SCSI

ⱪ꜠♀fi♥כ◦ꜛfi

☿♇◦ꜛfi

TCP/UDP

IP

Ethernet

iSCSI FCP FCP

FCoE

FC

Ⱡ♇♩꞉כ◒ (LAN) (SAN) ◒כⱠ♇♩꞉▪ꜞ◄☺כ꜠♩☻

NAS─◄ꜞ▪ IP-SAN

FCoE

FC-SAN
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4- 2. FC- SAN

NAS OS

FCP FibreChannel SCSI SCSI)

iSCSI TCP/IP SCSI

FCoE DCB FC TCP/IP

4- 2- 2. FC- SAN Channel

HTTP/SMTP/VoIP NFS/CIFS/AFP SCSI

ⱪ꜠♀fi♥כ◦ꜛfi

☿♇◦ꜛfi

TCP/UDP
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FibreChannel

Max 64Gbps 2022 2

10km

▪ⱪꜞ◔כ◦ꜛfi
HTTP/SMTP/VoIP

☿♇◦ꜛfi

TCP/UDP

IP

Ethernet/DCB

FCP

FC

OS (SCSI)

4- 2- 2. FC- SAN Channel
Fibre Channel 1998 ANSI T11

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꜠ כꜘ▬

4- 2. FC- SAN
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4- 2- 2. FC- SAN Channel

User
FC
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SAN (FC) 

ⱱ☻♩Ᵽ☻▪♄ⱪ♃
(HBA)

ⱱ☻♩Ᵽ☻▪♄ⱪ♃
(HBA)

SFP/SFP+

ⱨ□▬Ᵽכ◔כⱩꜟ

ωFC-SAN─

4- 2- 2. FC- SAN FibreChannel

SFP/SFP+

4- 2. FC- SAN

SFP/SFP+
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Point- to- Point

SAN DAS

2

1:1

Arbitrated Loop

SAN

126
FC

Switched Fabric

SAN

1600
FC

FC- SAN

4- 2. FC- SAN
4- 2- 2. FC- SAN Channel
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Point- to- Point

SAN DAS

2

1:1

Arbitrated Loop

SAN

126
FC

Switched Fabric

SAN

1600
FC

FC- SAN

4- 2. FC- SAN
4- 2- 2. FC- SAN Channel

16G FC
Gen5 Gen6



FC

Å

F_Port : Point- to- Point FC
FL_Port: FC
E_Port:  FC FC
G_Port:    E_Port, F_Port
GL_Port:      E_Port, FL_Port, F_Port

FC- SAN Channel

4- 2  FC- SAN

Å

      N_Port:       Point- to- Point(Fabric)
      NL_Port:     

20
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SAN (FC) 

NameServer

הה
הה
הה

הה
הה
הה

הה
הה
הה

DNS

4- 2- 2. FC- SAN Channel

4- 2. FC- SAN

Loop│ ⇔╕∑╪
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Ethernet

4-2-3. iSCSi(IP-SAN) ≤│

◒ꜝ▬▪fi♩

Ᵽכ◘

LAN☻▬♇♅/ꜟכ♃
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Direct Attached Storage
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Storage Area Network
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FC(SAN)☻▬♇♅
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4-2. FC-SAN

NAS OS

FCPFibreChannel SCSI SCSI)

iSCSITCP/IP SCSI

FCoE DCB FC TCP/IP

4-2-3. iSCSI (IP-SAN) ≤│

HTTP/SMTP/VoIP NFS/CIFS/AFP SCSI

ⱪ꜠♀fi♥כ◦ꜛfi

☿♇◦ꜛfi

TCP/UDP

IP

Ethernet

iSCSI FCP FCP

FCoE
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Ⱡ♇♩꞉כ◒ (LAN) (SAN) ◒כⱠ♇♩꞉▪ꜞ◄☺כ꜠♩☻

IP-SAN
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FC- SAN IP- SAN

IP- SAN FC- SAN

IP

Jumbo Frame Gigabit Ethernet

TOE (TCP Offload Engine) iSCSI HBA CPU

4- 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

4- 2. FC- SAN

IP-SAN iSCSI
FC-SAN

(FibreChannel
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FC- SAN iSCSI (IP- SAN) 
FC, iSCSI SCSI

SCSI

FC

iSCSI

IP

FC

4- 2- 4 FC- SAN iSCSI (IP- SAN) 2000

4- 2. FC- SAN



DCB

▪ⱪꜞ◔כ◦ꜛfi

27

4- 2. FC- SAN

NAS OS

FCP FibreChannel SCSI SCSI)

iSCSI TCP/IP SCSI

FCoE DCB FC TCP/IP

4- 2- 6. FCIP (IP- SAN) 

HTTP/SMTP/VoIP NFS/CIFS/AFP SCSI

ⱪ꜠♀fi♥כ◦ꜛfi

☿♇◦ꜛfi

TCP/UDP

IP

Ethernet

FCP FCP

FCoE

Ⱡ♇♩꞉כ◒ (LAN) (SAN) ◒כⱠ♇♩꞉▪ꜞ◄☺כ꜠♩☻

IP-SAN
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FCP
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FCIP

FC- SAN

FC- SAN

Â

Â FC SFPF,

Â /

Â

Â WAN

Â FCIP Router

DR

FC-SAN2FC-SAN2FC-SAN1FC-SAN1

WANWAN

FCIP ♩fiⱠꜞfi◓

FCIP

☻▬♇♅
FCIP

☻▬♇♅

─FC-SAN ⱨ□Ⱪꜞ♇◒

4- 2. FC- SAN
4- 2- 6. FCIP (IP- SAN)   2003 2 IETF RFC

DR
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FCIP

FC- SAN

FC- SAN

Â

Â FC SFPF,

Â /

Â

Â WAN

Â FCIP Router

DR

FC-SAN2FC-SAN2FC-SAN1FC-SAN1

WANWAN

FCIP ♩fiⱠꜞfi◓

FCIP

☻▬♇♅
FCIP

☻▬♇♅

─FC-SAN ⱨ□Ⱪꜞ♇◒

4- 2. FC- SAN
4- 2- 6. FCIP (IP- SAN)   2003 2 IETF RFC

DR
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NAS OS

FCP FibreChannel SCSI SCSI)

iSCSI TCP/IP SCSI

FCoE DCB FC TCP/IP

1 IP- SAN FCoE/DCB 

HTTP/SMTP/VoIP NFS/CIFS/AFP SCSI

ⱪ꜠♀fi♥כ◦ꜛfi

☿♇◦ꜛfi

TCP/UDP

IP
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FCoE/DCB FC-SAN

FCoE/DCB Ethernet FC I/O

Web

FC

4- 2- 7. FCoE/DCB 

Rack Mount Server

FC Director

HBA

NIC

FC 

iSCSI

◒ꜝ▬▪fi♩LAN

HBA

NIC
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FCoE/DCB FC-SAN

FCoE/DCB Ethernet FC I/O

Web

FC

4- 2- 7. FCoE/DCB 

Rack Mount Server

FC + FCoE
Director

FC 

CNA

File Server

iSCSI

◒ꜝ▬▪fi♩LAN
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SAN

FC,iSCSI,FCIP,FCoE2010 SSD SCSI

FC- SAN IP- SAN

FC- SAN: FCP- SCSI SCSI  

IP- SAN: TCP/IP SCSI TCP/IP

FC- SAN: FibreChannel

IP- SAN: Ethenet LAN

FC- SAN FC

IP- SAN LAN FC

FC- SAN

IP- SAN 10G

4- 2. FC- SAN



ATTO Technology

https://www.atto.com/FCvEthernetGuide

ATTO Technollogy
https://www.atto.com

1990 2000
QLogic /Emuluex/McData/Brocade/JNI Cisco

FibreChannel MacOS
ATTO Technology

FibreChannel HBA OEM
FC

FC Ethernet
TB-FC,TB-Ether TB-SAS

FibreChannelVS Ethernet

https://www.atto.com/FCvEthernetGuide
https://www.atto.com/


SANNAS



DCB

▪ⱪꜞ◔כ◦ꜛfi

36

4- 2. FC- SAN

NAS OS

FCP FibreChannel SCSI SCSI)

iSCSI TCP/IP SCSI

FCoE DCB FC TCP/IP

4- 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
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Ⱡ♇♩꞉כ◒ (LAN) (SAN) ◒כⱠ♇♩꞉▪ꜞ◄☺כ꜠♩☻

NAS─◄ꜞ▪
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SAN NAS

SAN (Storage Area Network)

NAS (Network Attached Storage)

SAN NAS

NAS

SAN

 

4- 2- 7. NAS (Network Attached Storage) 

Ᵽכ◘ ☺כ꜠♩☻

ⱨ□▬ꜟ◘כⱣ

LAN

4- 2. FC- SAN

NAS
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ꜟ◖♩꜡SCSI ⱪה
Ⱪ꜡♇◒꜠ⱬꜟ I/Oה
♩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─

4- 2. FC- SAN

DVD CD
LTFS Linear Tape File System)

/

4- 2- 7. NAS (Network Attached Storage) 
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Next Generation I/O NGIO Future I/O I/O
  HCA TCA

EthernetNIC Mellanox VPI

   RDMA  
QOS) RAS

HPC DeepLearining
AI GPU ChatGPT, AI

UltraEthernet

 1 DDR3
QoS)

  SDR- QDR 8/10B FDR- NDR 66/64B 
 2.5Gbps 400Gbps 800 1600

1 x1 4 x4 8 x8 12 x12
 DAC) 10m 250m

4- 2- 8. InfiniBand 2000 10 IEEE802.3

►▫◐Ɑ♦▫▪╟╡

4- 2. FC- SAN



4- 2. FC- SAN
4- 2- 8. InfiniBand



4- 2. FC- SAN

4- 2- 8. InfiniBand 2000 10 IEEEE802.3

OS╛CPU⅜ ⇔≡™╢↓≤ ⱪ꜡☿☻ ⌐ ╡ ╗↓≤⌂ↄꜞ⸗כ♩ⱴ◦fi─ⱷ⸗ꜞ╩ ▪◒☿☻╩ ≤∆╢

CPU┼─ ╡ ╖╩ ↄ∆↓≤≢⁸I/O○Ɑ꜠כ◦ꜛfi─√╘─◖fi♥◐☻♩─ ╡ ⅎ╩ ╠∆↓≤⌐╟╡⁸ ─Ⱡ♇♩꞉כ◒

⌐ ═⁸ ⅛≈ ─ ⅜≢⅝╢

ⱦ♦○:

https://academy.mellanox.com/en/course/rdma -programming -intro/?cm=446 (

https://academy.mellanox.com/en/course/rdma-programming-intro/?cm=446
https://academy.mellanox.com/en/course/rdma-programming-intro/?cm=446
https://academy.mellanox.com/en/course/rdma-programming-intro/?cm=446
https://academy.mellanox.com/en/course/rdma-programming-intro/?cm=446
https://academy.mellanox.com/en/course/rdma-programming-intro/?cm=446


RDMA

RDMA over InfiniBand or 
Ethernet

ṇ
ṇ

ṇ

1
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NIC 1

ṇ
1

ṇ
2

OS

1

NIC1

TCP/IP
2

HCA HCA

11

1

1

1

4- 2. FC- SAN

Ᵽ♇ⱨ□─♦כ♃◖Ⱨ⁸כⱪ꜡☿♇◘─ ╩ ⌐∆╢⁹
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SAN
IO

I/O SR- IOV
QOS

SSD IO
FC 25 100/200/400/800Gbps Ethernet/IB
RDMA RoCE iWARP

SSD

( NVMe Non-Volatile Memory Express

CXL Compute eXpressLink
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SCSI NFS/CIFS
REST Representainal State Transfer) SORP Simple Object Access Protocol) Web

1

ⱨ□▬ꜟ /inode
○Ⱪ☺▼◒♩ID

Object

Object

Object
Object

Object

Object

Object

Object

Object

4- 3- 1.

4- 3. 
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JDSF

4- 3- 1.

4- 3. 



4- 3- 2 Software -Defined Storage(SDS)

SDS
SNIA White Paper: Software Defined Storage

Å

ï

Å

ï
API

Å

ï

Å

ï

Å

ï

SDS─

4- 3. 
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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%20Software%20Defined%20Storage%20White%20Paper-%20v1.0k-DRAFT.pdf&ei=fbHaVKLTKIjFggS_p4GgCQ&usg=AFQjCNGLECaSC0BZqTUE9-Ilo4f-zzSiwA&sig2=MJMCxAbyCgBGqW7Ihg5D9g
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○Ⱪ☺▼◒♩

☺כ꜠♩☻

FC/IP-SAN/IB

∞∫√╡∆╢

☺כ꜠♩☻
ⱪכ♥
ꜝ▬Ⱪꜝꜞ

ⱪכ♥
♄כ꜡♩כ○

NAS SDS

SSD─ ⅜ ▬fi♃כⱨ▼כ☻
⌐╙ ╩ ⅎ√



─
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◒♃
☻Ɑכ☻PC╛ⱡכ♩PC─SSD⌐ ↕╣≡╕∆

ÅM.3◖Ⱡ◒♃ NGSFF NewGenerationSmallFormfactor)

Ᵽכ◘ ◄fi♃כⱪꜝ▬☼ ≤⇔≡⁸M.2⌐│⌂™ⱱ♇♩☻꞉♇ⱪ ╛♦ꜙ▪ꜟⱳכ♩ ╩ ⇔√╙─
│EDSFF⌐ ↕╣√ הההה 48

Advanced Host Controller Interface(AHCI) SSD
NVMHCI(Non- Volatile Memory Host Controller Interface)NVM Express(NVMe)

4- 4- 1 SSD

NVMe SSD SCSI SATA Serial ATA

4KB 2 1
1 6 5536

─ⱪ꜡♩◖ꜟ  1 64

1 SSD 5Gbps 800MBs
I/O

NVMe IO
ATA Express  SCSI Express

NVMHCI 1.02008/4 NVMe1.1 2017/10 1.3a http://www.nvmexpress.org/

PCIe3.0×4─ ≢⁸ │3GBps SAS-3.0─ 3 ™

►▫◐Ɑ♦▫▪╟╡

Ᵽכ◘ ≢─
PCI-Express

≢─ⱪ꜡♩◖ꜟ

4- 4. 



2000

10Gbps 25Gbps 40Gbps

ẓIP -SAN   

iSCSI

FCoEṕFibreChannel  Over  Ethernet) - SAN

2010

SSDṕ Ṗ

Ṅ

iSER iSCSI

IB RDMA Eternet ṕRoCE iWARP )

4- 5- 1. Ⱡ♇♩꞉כ◒≤SSD

4- 5 

◖fiⱧꜙכ♃

☺כ꜠♩☻

FC(SAN)☻▬♇♅

SCSI

ⱪ꜡♩◖ꜟ

SCSI

ⱪ꜡♩◖ꜟ

SCSI

ⱪ꜡♩◖ꜟ
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SCSI

ⱪ꜡♩◖ꜟ

SCSI

ⱪ꜡♩◖ꜟ

SCSI

ⱪ꜡♩◖ꜟ

◖fiⱧꜙכ♃

☺כ꜠♩☻

Ethernet/FC☻▬♇♅

NVMe

ⱪ꜡♩◖ꜟ

NVMe

ⱪ꜡♩◖ꜟ

NVMe

ⱪ꜡♩◖ꜟ

NVMe-oF

NVMe

ⱪ꜡♩◖ꜟ

NVMe

ⱪ꜡♩◖ꜟ

NVMe

ⱪ꜡♩◖ꜟ

Ẍ 2020
SCSI

SCSI NVMe
NVMe

NVMe -oF ḵḵ
IP -SAN ṕ25Ṍ200Gbps Ṗ
FC-SAN ṕ16Ṍ128Gbps Ṗ



2000

10Gbps 25Gbps 40Gbps

ẓIP -SAN   

iSCSI

FCoEṕFibreChannel  Over  Ethernet) - SAN

2010

SSDṕ Ṗ

Ṅ

iSER iSCSI

IB RDMA Eternet ṕRoCE iWARP )

4- 5- 1. Ⱡ♇♩꞉כ◒≤SSD

4- 5 

◖fiⱧꜙכ♃

☺כ꜠♩☻

FC(SAN)☻▬♇♅

SCSI

ⱪ꜡♩◖ꜟ

SCSI

ⱪ꜡♩◖ꜟ

SCSI

ⱪ꜡♩◖ꜟ
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SCSI

ⱪ꜡♩◖ꜟ

SCSI

ⱪ꜡♩◖ꜟ

SCSI

ⱪ꜡♩◖ꜟ

◖fiⱧꜙכ♃

☺כ꜠♩☻

Ethernet/FC☻▬♇♅

NVMe

ⱪ꜡♩◖ꜟ

NVMe

ⱪ꜡♩◖ꜟ

NVMe

ⱪ꜡♩◖ꜟ

NVMe-oF

NVMe

ⱪ꜡♩◖ꜟ

NVMe

ⱪ꜡♩◖ꜟ

NVMe

ⱪ꜡♩◖ꜟ

Ẍ 2020
SCSI

SCSI NVMe
NVMe

NVMe -oF ḵḵ
IP -SAN ṕ25Ṍ200Gbps Ṗ
FC-SAN ṕ16Ṍ128Gbps Ṗ

PCI express

NVMeSSD



4- 5. 

NVMe

NVMe

NVMe/TCP

NVMe/TCP

4-5-2 NVMe RDMA

51

NVMe ṇ ︡ טּ PCI -Express ︡ ︣Ḯ
︡פּ︡ צּ PCI -Express טּ ḭ טּצּ ︡ Ḯ
כֿ פּ קּ ḱḱḱNVMe over Fabric צּ אל NVMe פּ ︡ ךּ ︡ ︣Ḯ



RoCE
Verbs API

RoCEv1RoCEv2

RoCEv1RoCEv2

4-5-3 RoCE( RoCE RoCEv2)

RoCE(v1): Ethernet ─L2ⱨ꜠כⱶ⌐InfiniBand ─Network Layer ╩ ∑√╙─≢№∫√√╘⁸
♪ⱷ▬fi ─ ─╖╩◘ⱳכ♩

RoCEv2 : Ethernet ─Link Layer ─ ⌐ ⌂IP/UDP ꜠▬ꜘ╩כ╩ ∑╢ ≢Ⱡ♇♩꞉כ◒
╩ ←↓≤⅜ ╢╟℮⌐⌂╡╕⇔√⁹

4- 5. 

╙≤╙≤IB≢RDMA ╩ ℮√╘─API IB-verb)≢

∕╣⌐⁸ROCE(RDMA over  Conversed  Ethernet)╙ ╦╡⁸RDMA-verb≤⌂∫√

https://www.nminoru.jp/~nminoru/network/infiniband/iba -software -stack.html

https://www.nminoru.jp/~nminoru/network/infiniband/iba-software-stack.html
https://www.nminoru.jp/~nminoru/network/infiniband/iba-software-stack.html
https://www.nminoru.jp/~nminoru/network/infiniband/iba-software-stack.html
https://www.nminoru.jp/~nminoru/network/infiniband/iba-software-stack.html
https://www.nminoru.jp/~nminoru/network/infiniband/iba-software-stack.html
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FC│⁸╒≤╪≥ ╦╠∏MVMe⌐ ≢⅝╢

ḵ

1. ⱨ□Ⱪꜞ♇◒꜡◓▬fi─ (FLOGI)

2. Name Server ⌐꜡◓▬fi

3. Name Server ⌐ ╩

4. ⱨ□Ⱪꜞ♇◒◖fi♩꜡כꜝ┼ (SCR)

5. Name Server ⌐ GID_FF(Get PortID_FC4_features )╩
 NVMe over FC⅛≈NVMe♃כ◕♇♩ⱳכ♩╩◘ⱳכ♩∆╢ⱳכ♩ID─ꜞ☻♩╩

6. ⇔√IDꜞ☻♩⅛╠ accept CT_IU⌐ ╕╣╢∕╣∙╣─ Port ID ⌐ ⇔≡ ─ ╩ ∆╢
(1)    PLOGI ─ (FC2ꜞfi◒─ );

(2) PRLI(FC4 ─ )

(3)    NVMe Report Subsystems ◖ⱴfi♪╩
NVMe_Port ♩♇◕כ♃     ≢▪◒☿☻ ⌂ NVMe Qualified Names( SUBNQNs) ─ꜞ☻♩╩

4- 5. 

4-5-4 NVME FC

FLOGI

PLOGI

PRLI

PLOGI

Fabric

Name

β
Fabric♩ⱳ꜡☺≢─꜡◓▬fi─ⱪ꜡☿☻

ELS(Extended Link Service) ╩
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FC│⁸╒≤╪≥ ╦╠∏MVMe⌐ ≢⅝╢

ḵ

1. ⱨ□Ⱪꜞ♇◒꜡◓▬fi─ (FLOGI)

2. Name Server ⌐꜡◓▬fi

3. Name Server ⌐ ╩

4. ⱨ□Ⱪꜞ♇◒◖fi♩꜡כꜝ┼ (SCR)

5. Name Server ⌐ GID_FF(Get PortID_FC4_features )╩
 NVMe over FC⅛≈NVMe♃כ◕♇♩ⱳכ♩╩◘ⱳכ♩∆╢ⱳכ♩ID─ꜞ☻♩╩

6. ⇔√IDꜞ☻♩⅛╠ accept CT_IU⌐ ╕╣╢∕╣∙╣─ Port ID ⌐ ⇔≡ ─ ╩ ∆╢
(1)    PLOGI ─ (FC2ꜞfi◒─ );

(2) PRLI(FC4 ─ )

(3)    NVMe Report Subsystems ◖ⱴfi♪╩
NVMe_Port ♩♇◕כ♃     ≢▪◒☿☻ ⌂ NVMe Qualified Names( SUBNQNs) ─ꜞ☻♩╩

4- 5. 

4-5-4 NVME FC

FLOGI

PLOGI

PRLI

PLOGI

Fabric

Name

β
Fabric♩ⱳ꜡☺≢─꜡◓▬fi─ⱪ꜡☿☻

ELS(Extended Link Service) ╩

Fabric FC-Fabric
SCSI NVMe FC-4

SCSI NVMe



NVMe over Fabric
NVMe / RDMA RoCE iWARP IB

NVMe /FC FibreChannel

︡ NVMe ṇ ︣ כֿ צּ אל ︡ Ḯ

2018 ḱḱḱֿכ אל 1לּ צּ

NVMe-oF 1.1 

NVMe /TCP

4-5-5 NVMe -oF 3

4- 5. 



NVMe Ethernet -RDMAṕRoCEv2Ṗ

Ḳ NVMe / RoCE

RoCE v2

Ḳ

NVMe FC

Ḳ NVMe / FC

FC

FC NVMe /FC FCP/SCSI

Ḳ NVMe NVMe / FC

ṕHBAṖ ṕ Ṗ

NVMe TCP / IP

FC InfiniBand NVMe -oF

NVMe.org TCP

LAN NVMe -oF ṕNVMe / TCP Ṗ

Ḳ

Ḳ TCP/IP ẓ HW

iSCSI 1998 iSCSI

TCP/IP Ḵ

10 iSCSi

4- 5 
4-5-6 NVMeOver Fabric
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▪ⱪꜞ◔כ◦ꜛfi

HTTP/SMTP/VoIP NFS/CIFS/AFP

ⱪ꜠♀fi♥כ◦ꜛfi

☿♇◦ꜛfi

TCP/UDP

IP

Ethernet FC

Ⱡ♇♩꞉כ◒ (LAN) (SAN) ◒כⱠ♇♩꞉▪ꜞ◄☺כ꜠♩☻

4- 5. 
4-5-6 √⌂╢SAN NVMeOver Fabric

NVMe│SCSI⌐ ╦∫≡SAN≢╙ ⌐⌂╢≢№╤℮

NVMe

NVMe-overFabric
FC-NVMe

Block layer

RoCEv2

RoCEv1

NVMe-TCP

RDMA
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NVMe-SSD RAID SAS/SATA

NVMe≢─ ☺כ꜠♩☻╛Ᵽכ◘ ≢RAID╩ ∆╢
RAID◖fi♩꜡כꜝ≤│ PCIeⱣ☻≢ ⇔╕∆⁹

─SAS╛SATA─╟℮⌐◌כ♪≤SSD╩◔כⱩꜟ≢ ∆╢ │№╡╕∑╪

β◘כⱣ≢│ ™⌂™≡╣↕♩כⱬ▬─☻꜡♇♩≢PCIe⅜◘ⱳ☺כ꜠♩☻─≡ │⁸Retimer◌כ♪╛PCIeꜝ▬◙כ◌כ♪
≢⁸NVMeSSD─ ╩ ╛∆ ⅜№╢ ⅜№╡╕∆



Microchip Adaptec SmartRAID4308 UEFI HII Configuration Utility
NVMeSSD RAID OS

NVMe RAID

WebGUI≢─ꜞ⸗כ♩ ╙≢⅝╢



NVMe-SSD 
https://pliops.com/product/

InterBee2022─ ♠fl□fiכ◘ Ⱪ⁸│≢☻כ
RAID5 8 ≢ꜝfi♄ⱶꜞכ♪≢
NVMe-oF≢20GBs ─Ɽⱨ◊כⱴfi☻╩⅔ ∑⇔╕⇔√
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Pliops Extreme Data Processor XDP



NVMe-oF
https://www.servants.co.jp/technology/column/technology/tec-nvidia/7116/
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SuperMicro Ᵽכ◘ PCIe -Gen 4x16 256Gbps)

NVIDIA/Mellanox CX-6( 200 G NIC)
Ubuntu 20 .04 .3   OFED♪ꜝ▬Ᵽ

NVIDIA/Mellanox CX-6( 200 G NIC)

200Gbps

200Gbps

200Gbps

200Gbps

SANBLaze
PCIe-Gen3.0 x16

Gbps

NVMe-oF RoCEv2

iSCSI

NVIDIA/Mellanox  SN3700 200GbpsSwitch )

192.168.200.222 192.168.201.222

192.168.200.58 192.168.201.58



NVMe-oF  Target

NVIDIA/Mellanox ConnectX -6 200Gbps  

Ubuntu20.04.3
NVIDIA.Mellanox  OFED

Ubuntu20.04.3
NVIDIA.Mellanox  OFED

SuperMicroServer SuperMicroServer
/dev/ nvme0n1 PCIeGen3.0

M.2  SSD 480GB

ⱱ☻♩ G4-58

192.168.200.58

ⱱ☻♩ G4-57

192.168.200.57

https://community.mellanox.com/s/article/simple -nvme -of -target -offload -benchmark

200Gbps



https://www.servants.co.jp/technology/column/technology/tec-nvidia/7116/



4- 5. 
4-5-7 Ultra Ethernet

IEEE P802.3dh

╕∞◖Ⱶꜙ♬♥▫ ≢│№╢⅜⁸InfiniBand╩⅔ ≤⇔≡
Ethernet─ ⌐♩ꜝfi☻ⱳכ♩ ╕≢╩ ╡↓╪≢⁸
╩ ⇔√╡⁸ RDMA╩ ⇔√╡∆╢⁹

AI⁸HPC⅜♃כ◕♇♩≤⌂╢ ⸗꜡⌐IB─

UEC╟╡ https://ultraethernet.org/uec -progresses -towards -v1-0-set -of -specifications/

https://ultraethernet.org/uec-progresses-towards-v1-0-set-of-specifications/
https://ultraethernet.org/uec-progresses-towards-v1-0-set-of-specifications/
https://ultraethernet.org/uec-progresses-towards-v1-0-set-of-specifications/
https://ultraethernet.org/uec-progresses-towards-v1-0-set-of-specifications/
https://ultraethernet.org/uec-progresses-towards-v1-0-set-of-specifications/
https://ultraethernet.org/uec-progresses-towards-v1-0-set-of-specifications/
https://ultraethernet.org/uec-progresses-towards-v1-0-set-of-specifications/
https://ultraethernet.org/uec-progresses-towards-v1-0-set-of-specifications/
https://ultraethernet.org/uec-progresses-towards-v1-0-set-of-specifications/
https://ultraethernet.org/uec-progresses-towards-v1-0-set-of-specifications/
https://ultraethernet.org/uec-progresses-towards-v1-0-set-of-specifications/
https://ultraethernet.org/uec-progresses-towards-v1-0-set-of-specifications/
https://ultraethernet.org/uec-progresses-towards-v1-0-set-of-specifications/
https://ultraethernet.org/uec-progresses-towards-v1-0-set-of-specifications/
https://ultraethernet.org/uec-progresses-towards-v1-0-set-of-specifications/


│ ◖ꜝⱶ╩↔ ↄ∞↕™ https://www.servants.co.jp/technology/column/trend/tre-liqid/12496/

CXL( Compute eXpress Link Ṗ

ṕCPU,GPU DRAM Ṗ Open industry standard for high bandwidth, low -latency interconnect

PCI express( PCIe)  (ẑPCIe Gen.5)

CPU,GPU, Smart NIC, FPGA, ( ),  

v4.0 2025/12/4  

Gen 5.0 PCIe
( ) PCIe  CXL  

ẑ PCIe Gen 5.0 PCIe  

 CXL 3

 CXL.io : CXL ḲPCIe   (PCIe ) 
CXL.cache : ṕ ṖCPU   

 CXL.mem : CPU ṕ Ṗ 

3 Type

4- 5 
4-5-8 PCI Express

ἙCXL─ ≤⇔≡
RAG Retrieval-Augmented Generation ⌐≡
◓ꜝⱨהⱬ◒♩ꜟ ─ ⅜NVMeSSD─8 ⅛╠CXL≢20 ⌐

ꜞ⸗ⱷה ⱷ⸗ꜞ☻꜡♇♩─╖∞∫√ⱷ⸗ꜞ ⌐PCIe ≢─ ⅜ ≤⌂╢
ꜟכⱷ⸗ꜞⱪה Ᵽכ◘ ⌐ⱷ⸗ꜞⱪכꜟ╩ ⇔≡ ─ⱱ☻♩≢ ∆╢↓≤⅜ ≤⌂╢
fiꜛ◦כ◔ꜞⱪ▪ה ─ ⌂ⱷ⸗ꜞ ─ ⌐╟╡ ─ ⅜ ≤⌂╢
ꜞ⸗ⱷה ─ ꜞ⸗Ᵽ⌐⅔↑╢ⱷכ◘─₁ ╩ ⅛≈ ⌐ ≢⅝╢╟℮⌐⌂╢
☻ⱨ♩►▼▪ꜝ▬☿fi♁ה ─ ⱷ⸗ꜞ─ⱪכꜟ Ᵽכ◘≡∫╟⌐ ─ ⅜ ≤⌂╢
VMה ─ Ᵽכ◘ √╡─VM Virtual Machine ─ ⅜ ≤⌂╢

https://www.fujitsu.com/jp/documents/products/software/os/linux/catalog/2022Apr1_CXL_Goto.pdf
https://www.servants.co.jp/technology/column/trend/tre-liqid/12496/
https://www.servants.co.jp/technology/column/trend/tre-liqid/12496/
https://www.servants.co.jp/technology/column/trend/tre-liqid/12496/


↓╣╙PCI ExpressⱣ☻╩ ┼ ⇔√
◒כⱠ♇♩꞉☺כ꜠♩☻
≤╙ ⅎ╠╣╢⅛⌂

Ἑ ─ ⌂ ≤⇔≡│GPU/NVMe☻♩꜠כ☺─

│ https://www.liqid.com/ ╙⇔ↄ│⁸

ꜟ♫ꜛ◦♫כ♃fl□fi♠▬fiכ◘ ◖ꜝⱶ≢ ⇔≡╕∆
https://www.servants.co.jp/technology/column/technology/tec -liqid/9034/

4- 5. 

2025 ⌐CXL2.0╙◘ⱳכ♩⇔╕⇔√ β√∞⇔Fabric≤⇔≡│ ⌐⌂╡╕∆

4- 5- 9 PCI Express CDI

https://www.liqid.com/
https://www.servants.co.jp/technology/column/technology/tec-liqid/9034/
https://www.servants.co.jp/technology/column/technology/tec-liqid/9034/
https://www.servants.co.jp/technology/column/technology/tec-liqid/9034/

