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• Production Media Storage
(Editing, Transcoding, Rewrapping, …, ~ File-based Production – ???Media Cloud ??? )

• Guaranteed Predictable Performance
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Media Media ApplicationApplication --

File System File System -- StorageStorage
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Common View of 

Media-File Access

~ 
“Sustained Sequential Access”

of Large File(s)? Guarantee Predictable Performance ?

‘Video’

? How are these Bytes stored on Media Storage ?

= Sequential Access of Bytes
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Broadcasting vs Film Industry

Film
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“Sustained Sequential Access”

of ‘Large’ (?) Files
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Media Application

Behaviour

~

• Access ‘Large’ Files

• At High Throughput

• In a Multi-User/Multi-Process Context

• At Sustained Load

(Media) Application Behaviour

? Guarantee Predictable Performance ?

Media Media ApplicationApplication --

File System File System -- StorageStorage

BehaviourBehaviour

RelevanceRelevance of of SpecificationsSpecifications
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Global

Namespace

Global

Namespace

(Media) Storage Specifications

(Media) Storage Specification

Common Perception of 

Media-File Access

~ 
“Sustained Sequential Access”

of Large File(s)

? How does this Translates into ?
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Common Perception of 

Media-File Access

~ 
“Sustained Sequential Access”

of Large File(s)

? How does this Translates into ?

? Guarantee Predictable Performance ?
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(Media) Storage Specifications

Media Media ApplicationApplication --

File System File System -- StorageStorage
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Media Application

Behaviour

~

Sequential Access

• Access ‘Large’ Files

• At High Throughput

• In a Multi-User/Multi-Process Context

• At Sustained Load

(Media) Application Behaviour

? Guarantee Predictable Performance ?

Media Media ApplicationApplication --

File System File System -- StorageStorage

BehaviourBehaviour

RelevanceRelevance of of SpecificationsSpecifications
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NetworkNetwork
( Disk-, SAN-, Cluster- network)

The Basic Triangle

MediaMedia

File System File System 
( GPFS, AVID-ISIS, Isilon, Omneon Media Grid, XSAN, … )

(IT) (IT) StorageStorage

ControllerController

? Media

?Media?Media

? Guarantee Predictable Performance ?

(Media)

Application

Behaviour

(Media)

Application

Behaviour

Hard Disk Hard Disk 

Media Media ApplicationApplication --

File System File System -- StorageStorage

BehaviourBehaviour

RelevanceRelevance of of SpecificationsSpecifications

EBU Media EBU Media StorageStorage WorkshopWorkshop
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(Media) File System Behaviour

• Access ‘Large’ Files

• At High Throughput

• In a Multi-User/Multi-Process

Context

• At Sustained Load

Media File System

is only Place

for Media Intelligence

in Media Storage

Process 1: Media File

Process 2: Media File
Process 3: Media File

Process 4: Media File

100+ HD’s// Striping:

Media File System Write Behaviour Leads to 

Natural Fragmentation of Disks

• Access ‘Large’ Files

• At High Throughput

• At Sustained Load

• In a Multi-User/Multi-

Process Context

? Guarantee Predictable Performance ?

Media Media ApplicationApplication --

File System File System -- StorageStorage

BehaviourBehaviour

RelevanceRelevance of of SpecificationsSpecifications

EBU Media EBU Media StorageStorage WorkshopWorkshop
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(Media) File System Behaviour

• Access ‘Large’ Files

• At High Throughput

• In a Multi-User/Multi-Process

Context

• At Sustained Load

Media File System

Write Behaviour Leads to 

Natural Fragmentation of Disks

100+ HD’s// Striping:

Process 1: Media File

Process 2: Media File

Process 3: Media File

Process n: Media File

Multiple Reading Processes:

Natural Fragmentation Leads to a

Random Access

Media File System Read Behaviour

on each Individual Disk

? Guarantee Predictable Performance ?

Media Media ApplicationApplication --

File System File System -- StorageStorage

BehaviourBehaviour
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(Media) File System Behaviour

• Access ‘Large’ Files

• At High Throughput

• In a Multi-User/Multi-Process

Context

• At Sustained Load

Media File System

Write Behaviour Leads to 

Natural Fragmentation of Disks

Natural Fragmentation Leads to a

Random Access

Media File System Read Behaviour

on each Individual Disk

Predictable Media Storage Performance

Requires a

Predictable Hard Disk Model

for Random Access

? Guarantee Predictable Performance ?

Media Media ApplicationApplication --

File System File System -- StorageStorage

BehaviourBehaviour

RelevanceRelevance of of SpecificationsSpecifications

EBU Media EBU Media StorageStorage WorkshopWorkshop
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NetworkNetwork
( Disk-, SAN-, Cluster- network)

MediaMedia

File System File System 
( GPFS, AVID-ISIS, Isilon, Omneon Media Grid, XSAN, … )

(IT) (IT) StorageStorage

ControllerController

? Guarantee Predictable Performance ?

(Media)

Application

Behaviour

(Media)

Application

Behaviour

Hard Disk Hard Disk 

Predictable

Hard Disk Model

for Random Access

A Hard Disk Model

Media Media ApplicationApplication --

File System File System -- StorageStorage

BehaviourBehaviour

RelevanceRelevance of of SpecificationsSpecifications

EBU Media EBU Media StorageStorage WorkshopWorkshop
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A Hard Disk Model

Cylinder

Sector

TracksHeads

Spindle
Arm

Platters

Arm assembly

Arm pivot

A A PhysicalPhysical Hard Disk ModelHard Disk Model

Don’t do this at Home !!!

Media Media ApplicationApplication --

File System File System -- StorageStorage

BehaviourBehaviour

RelevanceRelevance of of SpecificationsSpecifications

EBU Media EBU Media StorageStorage WorkshopWorkshop
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Runway

4,000,000 Km Per Hour

0.5 mm Flying Height

Sideways movement @ 80 g

AnotherAnother ““PhysicalPhysical”” Hard Disk ModelHard Disk Model

FlyFlyFlyFly
ByByByBy
NightNightNightNight

Boeing 747 Disk HEAD

A ‘Physical’ Disk Model

Media Media ApplicationApplication --

File System File System -- StorageStorage

BehaviourBehaviour

RelevanceRelevance of of SpecificationsSpecifications

EBU Media EBU Media StorageStorage WorkshopWorkshop
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A Hard Disk Model

SAS SAS vsvs SATASATA

Different name comes from Interface TechnologyInterface Technology

SCSI (Small Computer System Interface)

FC(-AL) (Fibre Channel Arbitrated Loop)

SAS (serial attached SCSI)

ATA (Advanced Technology Attachment)

IDE (Integrated Disk Electronics)

SATA (serial ATA)

Media Media ApplicationApplication --

File System File System -- StorageStorage

BehaviourBehaviour

RelevanceRelevance of of SpecificationsSpecifications

EBU Media EBU Media StorageStorage WorkshopWorkshop
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A Hard Disk Model

SAS SAS vsvs SATASATA

High End Systems / Reliability
In Groups / Racks / Shelves
Random Access / Performance

Heavy Duty 24h/24h 7d/7d

Low Cost (PC’s)
Single Disk in PC
Personal Use

8h/d 5d/w

Different specifications come from TargetTarget Application EnvironmentApplication Environment

Media Media ApplicationApplication --

File System File System -- StorageStorage

BehaviourBehaviour

RelevanceRelevance of of SpecificationsSpecifications

EBU Media EBU Media StorageStorage WorkshopWorkshop

2121--22 22 NovNov 20112011
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A Hard Disk Model

SAS SAS vsvs SATASATA

2.5” Platter diameter

Spinning speed 15 Krpm
Bearings at both shaft ends

Separate processors (Servo - I/O)
Stiffness / Mechanical rigidity
Stronger actuators / Motors

Filters / O-ring sealings / Dessicants

3.7” Platter diameter

Spinning speed 7.2 Krpm

Bearings at single end

Single processor

Less robust

Different specifications come from Disk TechnologyDisk Technology

Media Media ApplicationApplication --

File System File System -- StorageStorage

BehaviourBehaviour

RelevanceRelevance of of SpecificationsSpecifications

EBU Media EBU Media StorageStorage WorkshopWorkshop
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A Hard Disk Model

SAS SAS vsvs SATASATA

Differences result in differentdifferent

Data Rate

Data Density
Capacity

Random Access
Performance

Reliability
MTBF

Cost

Applications

Environment

Media Media ApplicationApplication --

File System File System -- StorageStorage

BehaviourBehaviour

RelevanceRelevance of of SpecificationsSpecifications

EBU Media EBU Media StorageStorage WorkshopWorkshop
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A ‘Physical’ Disk Model

Cylinder

Sector

TracksHeads

Spindle
Arm

Platters

Arm assembly

Arm pivot

128/512 KB segment

4/8 KB segment

Parameters: • Lateral seek time

• Rotational speed

• Segment Segment sizesize

= Head positioning

= Reading/Writing time

Relevant ParametersRelevant Parameters

Media Media ApplicationApplication --

File System File System -- StorageStorage

BehaviourBehaviour

RelevanceRelevance of of SpecificationsSpecifications

EBU Media EBU Media StorageStorage WorkshopWorkshop
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Full stroke

4/8 KB segments

Full stroke

128/512 KB segments

Full Full StrokeStroke R/WR/W

4/8KB 4/8KB –– 128/512 KB 128/512 KB SegmentsSegments

Random

4/8 KB segments

Random

128/512 KB segments

Random R/W  Random R/W  

4/8KB 4/8KB –– 128/512 KB 128/512 KB SegmentsSegments

Inner track

R/W R/W onon the Inner Trackthe Inner Track

Outer track

R/W R/W onon the the OuterOuter TrackTrack

Random

4/8 KB segments

Random

128/512 KB segments

Random R/W  Random R/W  

4/8KB 4/8KB –– 128/512 KB 128/512 KB SegmentsSegments

Random Access Random Access BehaviourBehaviour

A ‘Media’ Hard Disk Model

Parameters: • Lateral seek time

• Rotational speed

• Segment Segment sizesize

= Head positioning

= Reading/Writing time

Media Media ApplicationApplication --

File System File System -- StorageStorage

BehaviourBehaviour

RelevanceRelevance of of SpecificationsSpecifications

EBU Media EBU Media StorageStorage WorkshopWorkshop
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30 MB/s
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90 MB/s

Random Read

Segments

Disk

Throughput

8 KB 128 KB 256 KB 512 KB4 KB
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Storage
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10à15 MB/s

25 MB/s
23.5 MB/s

SATA

25 MB/s

8.7 MB/s
8.1 MB/s

8 MB/s

Calculated results

15 Krpm
SAS disks
7.2 Krpm

SATA disks

Testresults

Some Hard Figures

Media Media ApplicationApplication --

File System File System -- StorageStorage

BehaviourBehaviour

RelevanceRelevance of of SpecificationsSpecifications

EBU Media EBU Media StorageStorage WorkshopWorkshop
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Some Remarkable Figures
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SAS disks
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SATA disks

Testresults

∆ 20%

∆ 6%Supplier / Type
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File System File System -- StorageStorage
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Media File System has to Force Scattered Writing Pattern

to get Predictable Disk Reading/Writing Behaviour

(Media) File System Behaviour

• Access ‘Large’ Files

• At High Throughput

• In a Multi-User/Multi-Process

Context

• At Sustained Load

Media File System

should Force Scattered

Write Behaviour

? Guarantee Predictable Performance ?

• Force scattered

Writing Pattern

100+ HD’s// Striping:
• Access ‘Large’ Files

• At High Throughput

• At Sustained Load

Process 1: Media File

Process 2: Media File
Process 3: Media File

Process 4: Media File

• In a Multi-User/Multi-

Process Context

Media Media ApplicationApplication --

File System File System -- StorageStorage

BehaviourBehaviour

RelevanceRelevance of of SpecificationsSpecifications

EBU Media EBU Media StorageStorage WorkshopWorkshop

2121--22 22 NovNov 20112011
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? Random Access = Worst Case ?

Disk Throughput

Time

Outer Track +100 MB/s

10 MB/s

90 MB/s

70 MB/s

50 MB/s

30 MB/s

Disk Filling

Forced

Random

Access

Inner Track ~70 MB/s

Random ~50 MB/s

Full Stroke ~33 MB/s

Media Media ApplicationApplication --

File System File System -- StorageStorage

BehaviourBehaviour

RelevanceRelevance of of SpecificationsSpecifications

EBU Media EBU Media StorageStorage WorkshopWorkshop
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? Random Access = Worst Case ?

Disk Throughput
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10 MB/s
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50 MB/s

30 MB/s

Disk Filling

Forced

Random
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Multi

Process

(Media)

Inner Track ~70 MB/s

Random ~50 MB/s

Full Stroke ~33 MB/s

Media Media ApplicationApplication --
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? Random Access = Worst Case ?

Disk Throughput

Time

Outer Track +100 MB/s

10 MB/s

90 MB/s

70 MB/s

50 MB/s

30 MB/s

Disk Filling

Forced

Random

Access

Sequential

Multi

Process

(Media)

-75%

Inner Track ~70 MB/s

Random ~50 MB/s

Full Stroke ~33 MB/s
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? Random Access = Worst Case ?

Disk Throughput

Time

Outer Track +100 MB/s

10 MB/s

90 MB/s

70 MB/s

50 MB/s

30 MB/s

Disk Filling

Forced

Random

Access

Sequential

Single

Process

(~IT like)

Sequential

Multi

Process

(Media)

READ

+ AHEAD

(~IT)
(controller)

= Reading

Multiple Blocks

after each other

(typicall ->4)

READ AHEAD

MISS

= Waste 75%

of Bandwidth

Inner Track ~70 MB/s

Random ~50 MB/s

Full Stroke ~33 MB/s

Media Media ApplicationApplication --

File System File System -- StorageStorage

BehaviourBehaviour

RelevanceRelevance of of SpecificationsSpecifications

EBU Media EBU Media StorageStorage WorkshopWorkshop

2121--22 22 NovNov 20112011



© ““Doing More with LessDoing More with Less””

Effective Effective ‘‘Media ServicesMedia Services’’ with with ‘‘Efficient IT TechnologyEfficient IT Technology‘‘

CONFIDENTIAL
luc.andries@candit-media.com

(Media) File System Behaviour

• Access ‘Large’ Files

• At High Throughput

• In a Multi-User/Multi-Process

Context

• At Sustained Load

Media File System

should Force Scattered

Write Behaviour

Forced Fragmentation Guarantees

Consistent Random Access

Media File System Behaviour

on each Individual Disk

Guarantees

Predictable

Hard Disk Behaviour

? Guarantee Predictable Performance ?
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File System File System -- StorageStorage
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Relevance of IOPS (I/O per Second)
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50 MB/s

30 MB/s

10 MB/s

90 MB/s

Random Read

Segments

Disk

Throughput

8 KB 128 KB 256 KB 512 KB4 KB

0.7 MB/s
1.4 MB/s

0.92 MB/s

Max Throughput Sequential READS

Outer track

Inner track

~1 MB/s

37.5 MB/s

31.7 MB/s

48 MB/s
47.5 MB/s

HD-Media

Storage

50 MB/s

SAS

21.2 MB/s
18.8 MB/s

10à15 MB/s

25 MB/s
23.5 MB/s

SATA

25 MB/s

8.7 MB/s
8.1 MB/s

8 MB/s

50 MB/s @ 512KB Segments

= 100 IOPS sustained from Disks (SAS)

25 MB/s @ 512KB Segments

= 50 IOPS sustained from Disks (SATA)

• Access ‘Large’ Files

• At High Throughput

• In a Multi-User/Multi-Process

Context

• At Sustained Load
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NetworkNetwork
( Disk-, SAN-, Cluster- network)

MediaMedia

File System File System 
( GPFS, AVID-ISIS, Isilon, Omneon Media Grid, XSAN, … )

(IT) (IT) StorageStorage

ControllerController

? Guarantee Predictable Performance ?

(Media)

Application

Behaviour

(Media)

Application

Behaviour

Hard Disk Hard Disk 

Perfectly Linear

Scalable Network

between

Media File System

and Hard Disks

Media Storage Network

Media Media ApplicationApplication --

File System File System -- StorageStorage
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‘Media’ Storage Controller

Disk efficiency

=> Large
segment size

(512 KB)
Physical disks

146 GB 146 GB 146 GB 146 GB 146 GB 146 GB 146 GB 146 GB 146 GB

1 I/O (4MB) striped over 8 disks (+ parity) 

512 KB 512 KB 512 KB 512 KB 512 KB 512 KB 512 KB 512 KB 512 KB4 MB

1 TB

4 MB

LUN
(Logical Unit)

RAID 5 (8+1)

Data

Parity

512 KB

RAID 5 (8+1) 
protection

Large stripe depth

(4MB) !!!
Disk

Segments

8x512 KB

4 MB

I/O block
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Disk efficiency

=> Large
segment size

(512 KB)
Physical disks

146 GB 146 GB 146 GB 146 GB 146 GB 146 GB 146 GB 146 GB 146 GB

1 I/O (4MB) striped over 8 disks (+ parity) 

512 KB 512 KB 512 KB 512 KB 512 KB 512 KB 512 KB 512 KB 512 KB4 MB

1 TB

4 MB

LUN
(Logical Unit)

RAID 5 (8+1)

Data

Parity

512 KB
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protection

Large stripe depth
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Media Media ApplicationApplication --

File System File System -- StorageStorage
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‘Media’ Storage

Traffic Behaviour

Time (s)

Average BW
(e.g. 50%)

100%
Link BW

Time (ms)

100%
Link BW

50%
Link BW

4 MB
~0.3 ms

(@ 10 Gbit/s)

Steady
state

BW @ 100% Time (ms)

100%
Link BW

50%
Link BW

4 MB
~0.3 ms

(@ 10 Gbit/s)

Steady
state

BW @ 100%

Time (µs)

100%
Link BW

50%
Link BW

4 MB
~0.3 ms

(@ 10 Gbit/s)

( = 2048 FC packets / burst)
( = 2048 IB packets / burst)
( = 2876 IP packets / burst)
( = 468 IP Jumbo Frames / burst)

BW @ 100%
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Media Essence

File I/O Requests

Block I/O Requests

Segment I/O Requests

LUN

File

LUN

Physisal Disk

Physical Disk

File

Bytes

File System
Protocol

(FTP,NFS,SMB)

Physical sectors

I/O blocks

Logical

segments

Files

Media essence

Media

Applications

Essence

Hard

Disk

Media

Clients

DataData

networknetwork

File 

System

Storage

Controller

StorageStorage

NetworkNetwork

DiskDisk

NetworkNetwork

FSFS--StorageStorage
ProtocolProtocol

SCSI
Protocol

Storage Protocols
(e.g. SCSI)

Data-loss

Media Storage Network
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Media Storage Network

? Guarantee Predictable Performance ?

Storage Networks

Require

Lossless

Network Technology

F
C

F
C

LUN 3LUN 3

LUN 7LUN 7

LUN 11LUN 11

LUN 15LUN 15

LUN 18LUN 18

LUN 4LUN 4

LUN 8LUN 8

LUN 12LUN 12

LUN 16LUN 16

Ctrl BCtrl BCtrl ACtrl ACtrl BCtrl BCtrl ACtrl A

LUN 1LUN 1

LUN 5LUN 5

LUN 9LUN 9

LUN 13LUN 13

LUN 17LUN 17

LUN 2LUN 2

LUN 6LUN 6

LUN 10LUN 10

LUN 14LUN 14

FCFC

SANSAN

Fibre Channel (FC)

State of the Art

(IT) Storage

Network

Lossless

Technology

by Design
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Lossless Fibre Channel (FC)

Storage

Controller

FC

Switch

Server

FC Link FC Link

N x
Buffers

M x
Buffers

Exchange

(free) Buffer

Credits

Exchange

(free) Buffer

Credits

Lossless by Exchange

of Available Buffers
(Buffer_to_Buffer Credits)

Packets are only

Transmitted

if Free Buffers are Available

at the (Link)-Destination

Full3 Free
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FC Storage Network in Media
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• READ from Disk -> Cache
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Media Traffic Interference
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NetworkNetwork
( Disk-, SAN-, Cluster- network)

Some Conclusions

MediaMedia

File System File System 
( GPFS, AVID-ISIS, Isilon, Omneon Media Grid, XSAN, … )

(IT) (IT) StorageStorage

ControllerController

Hard Disk Hard Disk 

• Access ‘Large’ Files

• At High Throughput

• In a Multi-User/Multi-Process

Context

• At Sustained Load

Disks Optimised

for Random Access

of Large Blocks

Disks Optimised

for Random Access

of Large Blocks

Avoid Bursty

Traffic Interference
(FC doesn’t Scale

for media)

Avoid Bursty

Traffic Interference
(FC doesn’t Scale

for media)

NetworkNetwork

Media Access

Leads Naturally

to Fragmentation

of Disks

Media Access

Leads Naturally

to Fragmentation

of Disks

Support

for Large I/O

Support

for Large I/O
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Media Application

Behaviour

~

• Depends upon Application

• Depends on File system Protocol used

• Depends on Network Protocol used

• Depends on File System Intelligence

(Media) Application Behaviour

? Guarantee Predictable Performance ?

Media Media ApplicationApplication --

File System File System -- StorageStorage
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(Media)

Application

Behaviour

• Depends on the Network

• Depends on the Storage
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Media Media StorageStorage FundamentalsFundamentals

HowHow to to GuaranteeGuarantee PredictablePredictable PerformancePerformance

A Media A Media StorageStorage TutorialTutorial

EBU Networks SeminarEBU Networks Seminar
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Media Essence

File I/O Requests

Block I/O Requests

Segment I/O Requests

LUN

File

LUN

Physisal Disk

Physical Disk

File

Bytes

File System
Protocol

(FTP,NFS,SMB)

Physical sectors

I/O blocks

Logical

segments

Files

Media essence

Media

Applications

Essence

Hard

Disk

Media

Clients

DataData

networknetwork

File 

System

Storage

Controller

StorageStorage

NetworkNetwork

DiskDisk

NetworkNetwork

FSFS--StorageStorage
ProtocolProtocol

SCSI
Protocol

MediaMedia

StorageStorage

FundamentalsFundamentals

--

HowHow to to GuaranteeGuarantee

PredictablePredictable

PerformancePerformance

(Media)

Applications

Behaviour

Final Conclusion

A slow e-mail

is still

e-mail

A slow e-mail

is still

e-mail

A slow video

is no longer

video

A slow video

is no longer

video
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