
Storage Networks (SAN & NAS) ¼³» Hyperscale Data Centers
�ÃÂ� Æ³ Ã³Ã³´ÂÅ¹³º³� enterprise storage systems ¿µ�ÉÃ¹ Æ³ ÆµÃ³�ÅÆ¹³ data 

centers Æ·Ä Microsoft º³¹ Google, ¸³ µÁµÃµÇÀ·�ÅÂÇ¿µ Æ¹Ä ÆµÉÀÂ»Â³¹�µÄ, Æ· 

»µ¹ÆÂÇÃ³¹�³ ÆÂÇÄ º³¹ Æ¹Ä ´¹³ÈÂÃµ�Ä ¿µÆ³ÁÇ� ÆÂÇÄ.
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�È�¿ �³Ç·³¿Ã»�·Ä

SAN (Storage Area Network)
Block-level storage ÃÂÇ ÇÃ·Å¹¿ÂÃÂ¹·¹� Á·ÇÉÃ¹ÅÆÂ� ¶¹�ºÆÇÂ µ¹³ ÇÈ·»·� Æ³ÇÇ�Æ·Æ³ º³¹ Ç³¿·»Â� 

latency. �¶³À¹ºÂ� µ¹³ critical databases º³¹ virtual machines.

Block-level ³ÃÂ¸·�º·ÇÅ·

�·ÇÉÃ¹ÅÆÂ� ¶¹�ºÆÇÂ

§È·»·� Æ³ÇÇ�Æ·Æ³ I/O

§³¿·»Â� latency

NAS (Network Attached Storage)
File-level storage ÃÂÇ Ã³Ã·�Ç·¹ ºÂ¹ÀÂ�ÇÃ·ÅÆ³ ³ÃÇ·¹�³ ¿·�ÅÉ ÆÂÇ ÇÃ³�ÃÇÂÀÆÂÄ LAN. �Ç�ºÂ»· 

¶¹³Ç·¹�Ã¹Å· º³¹ ÃÃÂ�Å´³Å· ³ÃÂ� ÃÂ»»ÂÇ�Ä ÇÃ·�ÅÆ·Ä.

File-level ³ÃÂ¸·�º·ÇÅ·

§Ã·Å¹¿ÂÃÂ¹·¹� LAN

�Ç�ºÂ»· ¶¹³Ç·¹�Ã¹Å·

£Â»»³Ã»Â¹� ÇÃ·�ÅÆ·Ä
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£Ë�Ä »·»Ç¿ÈÃ³·»� ·�¿³ SAN
§Â Storage Area Network »·»ÆÂÇÃµ·»� ¶¹¿»ÂÇÃµË�ÀÆ³Ä ·�À³ Á·ÉËÃ»ÅÆÂ� ¶»�¼ÆÇÂ ³ÃÂ¼»·»ÅÆ»¼³� µ»³ 
³ÃÂº¹�¼·ÇÅ¹, ÉËÃ»�¸ÂÀÆ³Ä ÆÂ traffic ÆÂÇ storage ³ÃÂ� ÆÂ ¼³ÀÂÀ»¼Â� LAN. �» servers ´»·�ÃÂÇÀ ÆÂ 

SAN storage Å³À ÆÂÃ»¼Â� ¶»�Å¼Â ÆÂÇÄ, ·Ã»ÆÇµÉ³�ÀÂÀÆ³Ä ÇÊ¹»¹� ³ÃÂ�¶ÂÅ¹ ¼³» É³¿¹»Â� latency.

� �»�Ç·¿³ Server
� server ¸¹Æ³� ¶·¶Â¿·�À³ ¹� µÃ³�È·» À·�³ ¶·¶Â¿·�À³ ÅÆÂ storage

� SAN Switch
§Â ³»�Æ¹¿³ ¼³Æ·ÇºÇ�À·Æ³» ¿·�ÅË ·Á·»¶»¼·Ç¿·�ÀÂÇ SAN switch

� Storage Array
�» ¶»�Å¼Â» ÆÂÇ array ¶»³É·»Ã»�¸ÂÀÆ³» Æ³ ¶·¶Â¿·�À³

� Block-Level Access
§Â storage È³»�À·Æ³» Å³À ÆÂÃ»¼Â�Ä ¶»�Å¼ÂÄ

§·ÇÀ¿»¿³»�·Ä Ã¿Ç ÇÃ·Å»¿¿Ã¿»¿Ç�ÀÆ³»: Fibre Channel (FC), Internet Small Computer System 

Interface (iSCSI), ¼³» NVMe over Fabrics (NVMe-oF) µ»³ Æ¹À Æ³ÉÇ�Æ·Ã¹ ¶ÇÀ³Æ¹� ¿·Æ³ÈÂÃ³� 
¶·¶Â¿·�ÀËÀ.
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£Ë�Ä »·»Ç¿ÈÃ³·»� ·�¿³ NAS
§¿ Network Attached Storage ÉÃ¹Å»¿¿Ã¿»·»� Æ¿ ÇÃ³�ÃÉ¿À LAN ¶»�¼ÆÇ¿ µ»³ À³ Ã³Ã·�É·» ÃÃ¿�Å´³Å¹ Å· 
³ÃÉ·»�³ ³Ã¿� Ã¿»»¿Ç�Ä ÉÃ¹�ÅÆ·Ä Æ³ÇÆ¿�ÉÃ¿À³. �»�À³» Ã»¿ ³Ã»¿� ÅÆ¹ ¶»³É·»�Ã»Å¹ ¼³» »¶³À»¼¿� µ»³ ¼¿»À¿�ÉÃ¹ÅÆ³ 
³ÃÉ·»�³ ¼³» backups.

��
�»�Æº¿³ £Ã¿�Å´³ÅºÄ
� client ¹� server ¸¹Æ³� ÃÃ¿�Å´³Å¹ Å· ÅÇµ¼·¼Ã»¿·�À¿ ³ÃÉ·»�¿

��
�¸Æ³�·¿Åº ¿ �̧ÅË LAN
§¿ ³»�Æ¹¿³ Ã¹µ³»�À·» ¿·�ÅË Æ¿Ç ÇÃ³�ÃÉ¿ÀÆ¿Ä ¶»¼ÆÇ�¿Ç TCP/IP

��
�À³¹º�ÆºÅº ÅÆ¿ Filesystem
§¿ NAS ´Ã»�Å¼·» Æ¿ ³ÃÉ·»�¿ ÅÆ¿ ¶»¼¿� Æ¿Ç filesystem

��
�¸Æ³�·¿Åº �ÃÇ¸»�¿Ç
§¿ ³ÃÉ·»�¿ ·Ã»ÅÆÃ·�È·» ÅÆ¿À client ¿· Æ¿ Ã·Ã»·É¿�¿·À¿� Æ¿Ç

§Ã·�Ã· Ã· enterprise Ã·Ã»´³�»»¿¿Ä³: �¿»À¿�ÉÃ¹ÅÆ³ folders µ»³ Æ¿¹�¿³Æ³, ³Ã¿º¹�¼·ÇÅ¹ backups, 
¼¿»À¹�ÉÃ¹ÅÆ³ documents, ¼³» logs ³Ã¿� Ã¿»»³� systems. §Ã¹Å»¿¿Ã¿»·»� ÃÃËÆ¿�¼¿»»³ ¿�ÃËÄ NFS µ»³ Linux 
¼³» SMB/CIFS µ»³ Windows.
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£½·¿¿·¼Ç·�¾³Ç³ & �·»¿¿·¼Ç·�¾³Ç³

SAN: £½·¿¿·¼Ç·�¾³Ç³
7  �Á³¹ÃµÆ¹º³� É³¿·»Â� latency

7  §Ê·»·� ³ÃÂ�´ÂÅ· I/O

7  �´³À¹ºÂ� ³¹³ ºÃ¹�Å¹¿µÄ µÈ³Ã¿Â³µ�Ä

7  Block-level control

7  §ÃÂÅÆ·�Ã¹Á· RAID 

SAN: �·»¿¿·¼Ç·�¾³Ç³
7  §Ê·»Â� ºÂ�ÅÆÂÄ µÁÂÃ»¹Å¿ÂÇ�

7  £µÃ¹�Ã»Âº· ´¹³Éµ¹�Ã¹Å·

7  �Ã³¹Æµ¹� µÁµ¹´¹ºµÇ¿µ�ÀÂ ´¹�ºÆÇÂ

7  �µ³³»Ç�ÆµÃÂ footprint

NAS: £½·¿¿·¼Ç·�¾³Ç³
7  �Ã»·� ´¹³Éµ¹�Ã¹Å·

7  ¨¸·ÀÂ�ÆµÃÂ ºÂ�ÅÆÂÄ

7  �Â¹ÀÂ�ÉÃ·ÅÆÂ ³¹³ ÃÂ»»ÂÇ�Ä

7  ©Ã·Å¹¿ÂÃÂ¹µ¹� ÇÃ³�ÃÉÂÀ LAN

NAS: �·»¿¿·¼Ç·�¾³Ç³
7  �µ³³»Ç�ÆµÃÂ latency ³ÃÂ� SAN

7  �Á³ÃÆ³�Æ³¹ ³ÃÂ� LAN traffic

7  �Ã³Â�ÆµÃÂ ³¹³ I/O intensive workloads
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£Ç�³¼Ã»Ã· SAN vs NAS
�ÇÆÂ�Ä Â Ã»�À³¼³Ä Ã³ÃÂÇÅ»³�¸·» Æ»Ä ´³Å»¼·�Ä ¶»³ÈÂÃ·�Ä ¿·Æ³ÁÇ� SAN ¼³» NAS µ»³ À³ ´Â¹º¹�Å·» ÅÆ¹ »¹�Ê¹ ³ÃÂÈ³�Å·ËÀ.

§³Ã³¼Ä·Ã»ÃÄ»¼¿� SAN NAS

Storage Level Block-level File-level

Latency §³¿¹»Â� �·�ÆÃ»Â

§³ÉÇ�Æ¹Æ³ I/O £Â»Ç� ÇÊ¹»¹� �·�ÆÃ»³

�Â�ÅÆÂÄ ¨Ê¹»Â� §³¿¹»Â�

�»³É·»�Ã»Å¹ £Â»Ç�Ã»Â¼¹ �Ã»¹�

§Ã¹�Å¹ Databases, VMs File sharing, Backup

�»»�¿³¼³ £·Ã»ÂÃ»Å¿·�À¹ (hardware) �·Å³»�³

£ÃËÆÂ�¼Â»»³ Fibre Channel, iSCSI NFS, SMB/CIFS

� ·Ã»»Âµ¹� ¿·Æ³ÁÇ� SAN ¼³» NAS ·Á³ÃÆ³�Æ³» ³ÃÂ� Æ»Ä ³Ã³»Æ¹�Å·»Ä ·Ã»¶Â�Å·ËÀ, ÆÂ budget, ¼³» ÆÂ ·Ã»�Ã·¶Â ¶»³É·»�Ã»Å¹Ä ÃÂÇ ·»�À³» ¶»³º·�Å»¿Â ÅÆÂ ÂÃµ³À»Å¿Â� 

Å³Ä.
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Hyperscale Data Centers 2 Microsoft

Compute Clusters ¿· SAN/NAS
�¹ Virtual Machines (VMs) ³ÃÂ¸·ºµÇ�ÂÀÆ³¹ Åµ 

ºÂ¹ÀÂ� storage (SAN ·� NAS) ¿µ�ÅË ´¹ºÆÇ�ÂÇ. 

��ÆÅ¹ µÃ¹ÆÇ³É³�ÀµÆ³¹ high availability ¿µ�Å³ ÅÆÂ 

cluster. �À µ�À³Ä server (node) ³ÃÂÆÇ�Éµ¹, Â¹ 

VMs ¿µÆ³Èµ�ÃÂÀÆ³¹ º³¹ ÅÇÀµÉ¹�¶ÂÇÀ À³ 

»µ¹ÆÂÇÃ³ÂÇ�À Åµ ³�»»ÂÀ node ÉËÃ¹�Ä ³ÃË�»µ¹³ 

´µ´Â¿µ�ÀËÀ.

Mixed SAN + NAS
£ÇÀ´Ç³Å¿Â�Ä SAN º³¹ NAS ÅÆÂ ¹�´¹Â compute 

cluster.

¤Â storage º³¹ ÆÂ compute ¿ÃÂÃÂÇ�À À³ 

µÃµºÆµ¹�ÀÂÀÆ³¹ ³ÀµÁ³�ÃÆ·Æ³.

Big Data Storage
Cloud storage ³¹³ big data º³¹ analytics.

¥ÃÂÅÆ·Ã¹�¶µ¹ structured º³¹ unstructured 

´µ´Â¿µ�À³.

£Éµ´¹³Å¿µ�ÀÂ ³¹³ ÆµÃ³�ÅÆ¹Â Â�³ºÂ ´µ´Â¿µ�ÀËÀ 

ÃÃÂÄ ³ÃÂ¸·�ºµÇÅ· º³¹ ÇÊ·»·� º»¹¿³�ºËÅ·.
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Hyperscale Data Centers 2 Google
� Google ³º¿»¿Ç¸µ¹� ´¹³È¿ÃµÆ¹º·� ÃÃ¿Åµ�³³¹Å· ³Ã¿� Æ³ Ã³Ã³´¿Å¹³º³� SAN/NAS, ÉÃ·Å¹¿¿Ã¿¹Ë�ÀÆ³Ä 

distributed storage systems ¿µ software-defined architecture.

Distributed Storage System
§¹»¹³�´µÄ servers ¿µ local disks µÀË�À¿ÀÆ³¹ Åµ µ�À³ unified storage pool

Replication ³¿Ç»� RAID
§³ ´µ´¿¿µ�À³ replicated Åµ 3+ servers, ³ÀÆ¹� ³¹³ hardware RAID

Software-Defined Storage
§¿ software ´¹³Éµ¹Ã¹�¶µÆ³¹ Ã¿Ç� ³Ã¿¸·ºµÇ�¿ÀÆ³¹ Æ³ data chunks

File System Layer
GFS/Colossus Éµ¹Ã¹�¶µÆ³¹ access, consistency º³¹ fault tolerance

£Ë�Ä »·»ÆÁÇÃ³·»� ÅÆ·¿ ÃÃ³�À·: ��À³ ³ÃÉµ¹�¿ ÉËÃ¹�¶µÆ³¹ Åµ ¿¹ºÃ³� chunks. �³�¸µ chunk ³Ã¿¸·ºµÇ�µÆ³¹ 
Åµ Æ¿Ç»³�É¹ÅÆ¿À 3 servers (replication). §¿ distributed file system Éµ¹Ã¹�¶µÆ³¹ Æ¿ access º³¹ Æ·À 

consistency ³ÇÆ¿�¿³Æ³. §Ã·Å¹¿¿Ã¿¹µ¹�Æ³¹ ³¹³ workloads big data, analytics, search, º³¹ cloud 
services ¿�ÃËÄ Gmail º³¹ YouTube.
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£¿�Ä· ÇÁ·Ã»¿¿À¿»·»�Ä³» Ä»
�³Æ³À¿·�ÅÆ· Ã¿�Æ· º³¹ Ã¿Ç� ÉÃ·Å¹¿¿Ã¿¹¿Ç�ÀÆ³¹ ¿¹ ¶¹³�È¿Ã·Ä Æ·ÉÀ¿»¿µ¹�·Ä ³Ã¿¸·�º·ÇÅ·Ä Å· ¶¹³È¿Ã·Æ¹º³� Ã·Ã¹´³�»»¿ÀÆ³.

Enterprise Data Centers
SAN: Critical VMs, databases, 

virtualization infrastructure

NAS: File sharing, backup systems, user 

data storage

Hyperscale Microsoft
SAN + NAS: Compute cluster storage µ¹³ 

VMs

Azure Blob/Data Lake: Big data, 

analytics, cloud-native workloads

Hyperscale Google
Distributed Storage: Massive scaling, 

high availability

Replication: �·¶¿¿·�À³ replicated Å· 

Ã¿»»¿Ç�Ä º¿�¿´¿ÇÄ (¿�É¹ RAID)
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£Ç�³¼Ã»Ã·: Enterprise SAN/NAS vs Hyperscale Architecture
Enterprise Data Centers

Servers
SAN Switch
Storage Array
Block-level ¿µ RAID

Servers
LAN Network
NAS File Server
File-level storage

Hyperscale Data Centers

Thousands Servers
Distributed Storage
Replication + software-defined

Microsoft: SAN/NAS clusters + Azure Blob/Data Lake

Google: Distributed storage ¿µ Colossus/GFS

§³ hyperscale data centers ÃÃÂÅ¸µ�ÆÂÇÀ µÃ¹Ã»µ�ÂÀ µÃ¹�Ãµ´³ abstraction º³¹ automation, µÃ¹ÆÇ³Ç³�ÀÂÀÆ³Ä massive scalability ÃÂÇ ÁµÃµÃÀ³� Æ³ Ã³Ã³´ÂÅ¹³º³� SAN/NAS ÅÇÅÆ·�¿³Æ³.
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