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* Production Media Storage

(Editing, Transcoding, Rewrapping, ..., ~ File-based Production - ???Media Cloud ???)

|

e Guaranteed Predictable Performance

/
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e Media Application Behaviour
e Media File System Behaviour

e Media Storage Behaviour
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EBU Media Storage Workshop ( M ed i a) Ap pl icat i on Be h aVi our

Common View of
Media-File Access

~y

Media
File System

(GPFS, AVIDISIS, Isilon, Omneon Media Grid, XSAN, ... )

File System
Storage
Network

Storage
Controller

Storage
System

“Sustained Sequential Access”
of Large File(s)

Hard Disks

<
- 2
°,

Media
File

01100110 01100110 01100110 01100110 01100110 01100110 01100110 01100110 01100110 01100110

01100110 01100110 01100110 01100110 01100110 01100110

10111001 10111001 10111001 10111001 10111001 10111001 10111001 10111001 10111001 10111001 10111001 10111001 10111001 10111001 10111001 10111001
00101110 00101110 00101110 00101110 00101110 00101110 00101110 00101110 00101110 00101110 00101110 00101110 00101110 00101110 00101110 00101110
01011011 01011011 01011011 01011011 01011011 01011011 01011011 01011011 01011011 01011011 01011011 01011011 01011011 01011011 01011011 01011011

Multiple

GBytes  Reading/Writing

— Sequential Access of Bytes
? How are these Bytes stored on Media Storage ? ,

luc.andries@candit-media.com
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Broadcasting vs Film Industry

l Film Industry
¥ ¥

‘DPX’ File
per
Frame

|

01100110 01100110
10111001 10111001
00101110 00101110
01011011 01011011

01100110 01100110
10111001 10111001
00101110 00101110
01011011 01011011

01100110 01100110
10111001 10111001
00101110 00101110
01011011 01011011

12-13

01100110 01100110
10111001 10111001
00101110 00101110
01011011 01011011

12-13

01100110 01100110
10111001 10111001
00101110 00101110
01011011 01011011

12-13

01100110 01100110
10111001 10111001
00101110 00101110
01011011 01011011

12-13

01100110 01100110 01100110 01100110
10111001 10111001 10111001 10111001
00101110 00101110 00101110 00101110
01011011 01011011 01011011 01011011

12-13 12-13

12-13
MBytes

12-13
MBytes

MBytes MBytes MBytes MBytes MBytes MBytes

“Sustained Sequential Access”
of ‘Large’ (?) Files L -

candITmedia

luc.andries@candit-media.com
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Behaviour
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| | | |
=uwde sonss voisior— ([Ml@dlia) Application Behaviour

Media

''''' BLETTN Media Application
7/ @@ Behaviour

@ Hard Disk
-~

? Guarantee Predictable Performance ?

e Access ‘Large’ Files
e At High Throughput
e In a Multi-User/Multi-Process Context

e At Sustained Load

luc.andries@candit-media.com
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Behaviour
Relevance of Specifications

. u | |
=uwdssomse oo (V@dia) Storage Specification

Media

''''' Lesytem, Common Perception of
e @@ Media-File Access

@ Hard Disk Network

? Guarantee Predictable Performance ? ~y

Global “Sustained Sequential Access”
Namespaee

Aggregated RAID 5 of La rge File e Paralll Failure Groups
100.000 Thl’Ollghpllt (7 ) N+1 Stripe size = [ hl'Ollghpllt NFS

1I0PS Protection
_ NAS Heads ?
s MetaDat: _
10 sne Near Ling Fmgmematm o |10
JBOD . . Read Ahead
Block siz

al :
A .
REA do] NVRAM | Throughput Large IO

Sequential
Clustered | |ggp | WRITES | LS1FS 2
Fllesystem candITmedia

Sustained
SATA | Throughput

candlTmedia £/ (M) CO E g
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| | | | |
=uwdesonss voisior ([ @clia) Storage Specification

Media

''''' Lesytem, Common Perception of
e @@ Media-File Access

@ Hard Disk Network

? Guarantee Predictable Performance ? ~y

Global
Namespa

“Sustained Sequential Access”
of Large File(s)

s VL] Stripe sind £ rhroughpu
Scale-Up ? How does this Translates into ?

' i erapany ]
I/O size Near Line hmurm ntrolle Fragmentation SAN I0 from
SAS SM Cache

_.__ (Media) Storage Specifications

REA ! | Mirroring Block siz o 1 naranteed VAL datmbindi
F _Lar e l/O
Sustained U0 NVRAM | Throughput g

Sequential
SATA | Throughput Clustered SSD WRITES CIFS n
T I (i CO E Y FlleSyStem candITmedia

candlTmedia £/ |

Aggregatl
Throughput

lure Groups

100.000
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Jov 2011

- (Media) Storage Specifications

threaded architecture allows to
hardware. This same archi re allows the
has been able to do to date: to perform i
The SFA10000 delivers random over 1

with advances in underliing
‘what no oth

deploy and mange fewer systems g

the explosive growth in n Significantly

and total cost of oW p s tiacg an

9 set ISIS 7000 apart; With each I'ESIS 7000 Engine providing up to

and to consolidat
archives, efficiently storing up to inju |

luc.andries@candit-media.com
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| | | |
=uwde sonss voisior— ([Ml@dlia) Application Behaviour

Media

''''' BLETTN Media Application
7/ @@ Behaviour

@ Hard Disk
~

Sequential Access

? Guarantee Predictable Performance ?

e Access ‘Large’ Files
e At High Throughput
e [In a Multi-User/Multi-Process Context

e At Sustained Load

luc.andries@candit-media.com

candlTmedia £/ (! CONFIDENTIAL candiTmedia




Effective ‘Media Services’ with ‘Efficient IT Technology*

Media Application -
File System - Storage

Behaviour
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EBU Media Storage Workshop e as I c rl a n g e
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(Media)
Application
Behaviour

@ & @ File System
StoragsiCluster Storage
Mebwork Metwork
Storage
u Controller
M e d I a Storage
System
Hard Disks

File System

( GPFS, AVID-ISIS, Isilon, Omneon Media Grid, XSAN, ...)

7 Media

(IT) Storage.
Controller

Medi edia

'Hard Disk ~ <mmmp ~ Network

? Guarantee Predictable Performance ? Y/

luc.andries@candit-media.com
candITmedia
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| | |
=uwde sonss vorisioe ([ @cli@) File System Behaviour

e Access ‘Large’ Files

_ Media Y —_————— Media File System * At High Throughput
SIS SYRIET is only Place e  In a Multi-User/Multi-Process
z ) for Media Intelligence Context
g Hard Disk@ r— in Media Storage * At Sustained Load

? Guarantee Predictable Performance ?

/] Striping: 100+ HD’s
PING: —Gn (g (&3 w0 ) (o

e Access ‘Large’ Files

E-’E_»m_» ------------------- mﬁm_» |
e At High Throughput E — > B — > E0 — P ceennssnnnsssnnnnns m—»m—>>
PY At sustained Load ----------------------------------------------------------------------- E
Bl — > Ed — > [ ——P sevvvennnnnnnnnsnns E]—»E]—»: !

o In a Multi-User/Multi-
Process Context

Process 1: Media File SEE S s B E
Process 2: Media File | —> i — i —> i —> oo i — i — g
—=1=1=0= —

Process 4: Media File

Media File System Behaviour Leads to
Natural Fragmentation of Disks

luc.andries@candit-media.com
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EBU Media Storage Workshop ( M ed i a) F i I e SYSte m Be h aVi our

21-22 Nov 2011

e Access ‘Large’ Files

Media \ ————mmeelp Media File System * At High Throughput
File System Write Behaviour Leads to e In a Multi-User/Multi-Process

/ Natural Fragmentation of Disks Context
&Hard Dick <~ e At Sustained Load

? Guarantee Predictable Performance ?

/] Striping: 100+ HD’s
p g C‘) EEEEEERN C’} C’}

Multiple Reading Processes:

Process 1: Media File
Process 2: Media File

| Process n: Media File |

Natural Fragmentation Leads to a
Random Access
Media File System Behaviour
luc.andries@candit-media.com on eaCh IndiVidual DiSk
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| | |
=uwde sonss vorisioe ([ @cli@) File System Behaviour

e Access ‘Large’ Files

/ Media Media File System * At High Throughput
Jile System Write Behaviour Leads to e In a Multi-User/Multi-Process
Natural Fragmentation of Disks Context
1 o At Sustained Load
LA .
., Natural Fragmentation Leads to a
%, Random Access
%, Media File System Behaviour
%, on each Individual Disk
‘0
*
*
' 1 |
*
2
*
*

Predictable Media Storage Performance
Requires a

Predictable Hard Disk Model
for Random Access

luc.andries@candit-media.com
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Predictable
Hard Disk Model
for Random Access

(Media)
Application
Behaviour

Media
File System

( GPFS, AVID-ISIS, Isilon, Omneon Media Grid, XSAN, ...)

1T

(IT) Storage.
Controller

gHard Disk  <¢mmmp  Network

? Guarantee Predictable Performance ? Y/
luc.andries@candit-media.com
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A Physical Hard Disk Model

Spindle
Arm pivot Arm b
\ [
2 Sector

Plattergl,_....‘-”""'"m

Arm assembly

Don’t do this at Home !

luc.andries@candit-media.com

candlTmedia £/ (! CONFIDENTIAL candiTmedia




Media Application - Effective ‘Media Services’ with ‘Efficient IT Technology*
File System - Storage

Behaviour

Relevance of Specifications ‘ - ’ -
EBU Media Storage Workshop A PhySIcaI DISk MOdeI
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Another “Physical” Hard Disk Model

4,000,000 Km Per Hour

A

I
Boeing 747" Disk HEAD *

0.5 mm Flying Height |}}}}!
Runway tl.-

Sideways movement @ 80 g "

luc.andries@candit-media.com

candlTmedia /(M) CONFIDENTIAL
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Behaviour

Relevance of Specifications -
£5U ledia Slorage Workshop A Hard Disk Model

Nov 2011

Different name comes from Interface Technology

SCSI (Small Computer System Interface) ATA (Advanced Technology Attachment)
FC(-AL) (Fibre Channel Arbitrated Loop) ” IDE (integrated Disk Electronics) \IF D)
SAS (serial attached SCSI) SATA (serial ATA) S

luc.andries@candit-media.com

candiTmedia £/ /] CONFIDENTIAL condiTmecia
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Behaviour

Relevance of Specifications -
A Hard Disk Model
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Different specifications come from Target Application Environment

High End Systems / Reliability Low Cost (PC’s)

In Groups / Racks / Shelves - Single Disk in PC .
Random Access / Performance Personal Use NCL.
Heavy Duty 24h/24h 7d/7d 8h/d 5d/w

luc.andries@candit-media.com
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| |
EBU Média Storage Workshop A Hard Disk Model
21-22 Nov 2011

Different specifications come from Disk Technology

2.5” Platter diameter 3.7” Platter diameter

Spinning speed 15 Krpm ” Spinning speed 7.2 Krpm

Bearings at both shaft ends Bearings at single end

Separate processors (Servo - 1/0) Single processor NTx &
Stiffness / Mechanical rigidity Less robust medimiab

Stronger actuators / Motors
o Filters. [, Q:-ring sealings / Dessicants
candlTmedia [/ [/! CONFIDENTIAL candlTmedia
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EBU Media Storage Workshop A Hard Disk Model
9. A/, N11

Nov 2011

Differences result in different

Data Rate Reliability
. MTBF
: Capacity —
Data Density Applications
luc.andries@candit-media.com Pe rfO rmance

candITmedia £/ /] CONFIDENTIAL condiTmecia
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21-22 Nov 2011

Relevant Parameters

Parameters: - Lateral seek time
» Rotational speed

- Segment size— = Reading/Writing time
4/8 KB segment

} = Head positioning

. A Spindle
Arm pivot rm —p «— /
\ / -
¥ Sector

Platterg.,_..--v"""'"“.

Arm assembly

N\

Tracks

luc.andries@candit-media.com 128/512 KB Segment
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Random Access Behaviour
Parameters: - Lateral seek time

» Rotational speed

. Segment size—— = Reading/Writing time

= Head positioning

R/W on the Outer Track R/W on the Inner Track

“"Outér track
Inner track

Random R/W Full Stroke R/W
4/8KB - 128/512 KB Segments| 4/8KB — 128/512 KB Segments

{R/ﬂu'm R Full stigke
KB sepiticit R 28751 875122 KB s¢gments

luc.andries@candit-media.
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EBU JV/EC{jEJ Storage '{/Qf]f;fjojo so m e H a rd F i g u res

21-22 Nov 2011

4

Disk

e W i

Max Throughput Sequential READS /
B sl =

Inner track /

70 MB/s T | o

Storage . SASdisks

‘ EX) . satAdisks
50 MB/s
4 A 50 MB/s
: 31.7 MB/s

30 MB/s \

N\ sATA

3.5 MB/s
7 Pt | 25 MB/s

10 MB/s N O
lo ;‘_;‘2“3:37; \\ ™ §

. Random Read ’
- Segments
Iuc.andries@candit-mediéLKE 8 KB 128 KB 256 KB 512 KB
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| |
~~ Some Remarkable Figures
21-22 Nov 2011

a

Disk N
Throughput ;

7/ Max Throughput Sequentlal READS
/ //////////// 44444444444444444444

Inner track

70 MB/s ! )
. 15 Krpm !
- | SAS disks |
— 7.2 Krpm
EX) . satAdisks
50 MB/S ........... 1S
A 2 o o AN 50 MB/s
N\ -
30 MB/S 31.7 MB/s

Supplier / Type me——— A416% .
q 198 MB/s .

10 MB/s l l ............................. : ol . ' \ .,LKI,

. /1.4 MB/s

A .
. 0.7 M 92 MB/s k Random Read ’ n
Segments
Iuc.andries@candit-mediéCISIE 8 KB 128 KB 256 KB 512 KB
candITmedia
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| | |
=uwde sonss vorisioe ([ @cli@) File System Behaviour

e Access ‘Large’ Files

7 Wedia N\ unp Media File System « At High Throughput
e should Force Scattered e In a Multi-User/Multi-Process
Write Behaviour Context

7 @S

[g/Hard Disk * At Sustained Load

? Guarantee Predictable Performance ?

/] Striping: 100+ HD’s
PINg: @y () (<) (o

Y

EEEEENER \

e Access ‘Large’ Files

X 4 =5 "treeen,, )
« At High Throughput e e e e NP L = i g g
o At Sustained Load > .. ] d= > =
e Force scattered : : : ..::1":.'"“
Writing Pattern T e mE o
e In a Multi-User/Multi- > o e [ o —_—
Process Context ' = e - =,
Process 1: Media File B B - . I = = -
Process 2: Media File : : : T 5
- N leﬁ FHE_F H q—} . "“ ‘ Y HE? Hzﬁ »
Process 4: Media File -

Media File System has to Force Scattered Writing Pattern ’ n
weanaresacanait D16 Predictable Disk Reading/Writing Behaviour

candlTmedia £/ (! CONFIDENTIAL candiTmedia
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= /

? Random Access = Worst Case ?

Disk Throughput
Outer Track +100 MB/s

RMV on the Quter Track Disk FI"Ing

. : y
\ — ]
- ' ' Forced
‘ I / orce
90 MB/s |~ b 1 1 ¥ Random
Voo ] Access
V | I '
“ e 1
RIW on the Inner Track [ —— y
o PO P

Inner Track ~70 MB/s

== 1o Y

Random ~50 MB/s

Full sty
128512

so MBS

HE

Full Stroke ~33 MB/s

10 MB/s

Time
>

luc.andries@candit-media.com
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E / ‘ Worksho,

? Random Access = Worst Case ?

Disk Throughput
Outer Track +100 MB/s

RMV on the Quter Track Disk FI"Ing

P ittt T o--
3 — ;
1 — /
- ' ' Forced
) . / orce
90 MB/s Voo ./ Random
- | Access

RV on the Inner Track

e L e--TEEEEESRE - .
o“— N
\ % / Sequential
[ Multi
Random RIW “ :=I=: I’ Process
_ = 1
. Media
=/ M

Full Stroke ~33 MB/s
30 I

Full sty
128512

HE

10 MB/s

Time
>

luc.andries@candit-media.com
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? Random Access = Worst Case ?

Disk Throughput
Outer Track +100 MB/s

RM on the Quier Track Disk Filllng
Pt SN
v : y
\ [e— 1
E ; ' Forced
) I / orce
90 MB/s R, ] h 4 Random
k] | Access

RV on the Inner Track

s
\ % ,,’ Sequential

\ [ I ’ Multi
v —_— Process
! (Media)

Random RIW

Full sty
128512

HE

30M N\ 7' ' ‘ ‘» -75%

10 MB/s

- Time
>

luc.andries@candit-media.com

candITmedia // |/ CONFIDENTIAL candiTmedia




Media Application -
File System - Storage
Behaviour
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=

Disk Throughput

RM on the Quter Track

90 MB/s

RV on the Inner Track

==

Random RIW

Full stioke
128512 KB

10 MB/s

Outer Track +100 MB/s

luc.andries@candit-media.com

candlTmedia /{_[i:r
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Disk Filling
Pt SO
s — ;
\ = !
b I Y Forced
‘\ 1 | ,' Random
Voo ] Access
\ | E— 1
\ e 1

a2 Random Access = Worst Case ?

READ AHEAD
MISS

= Waste 75%

of Bandwidth

Sequential READ = Reading
Single Multiple Blocks
Process + AHEAD after each other
(~IT like) (~IT) (typicall ->4)
(controller)
NCE
medialab

candITmedia
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| | |
=uwde sonss vorisioe ([ @cli@) File System Behaviour

e Access ‘Large’ Files

/ Media Media File System * At High Throughput
JFile System should Force Scattered e In a Multi-User/Multi-Process
Write Behaviour Context

1 ° At Sustained Load

Forced Fragmentation Guarantees
Consistent Random Access
Media File System Behaviour

on each Individual Disk

: ]

Guarantees
Predictable
Hard Disk Behaviour

Predictable Performance ?

luc.andries@candit-media.com
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SIS Sl il Relevance Of I O Ps (1/0 per Second)

Effective ‘Media Services’ with ‘Efficient IT Technology*

% S pW'a ‘ o At Sustained Load

50 MB/s @ 512KB Segments
= 100 IOPS sustained from Disks (SAS) 4 50 MB/s

p 37,5MB/s

K 31.7 MB/s

= U - . < 05 MB/s SATA
3.5 MB/s
J 1C ed from L AT / 25 MB/s
10 MB/s ............................... \E : - \ r!;

i i A
i i /1.4 MB/ :
. 0.7 M 92 Mst k\ 1 A » Random Read , n
KB g Segments
Iuc.andries@candit-mediéCKIB 8 KB 128 KB 256 512 KB
candITmedia

candlTmedia /7 (/4  CONFIDENTIAL




Media Application - Effective ‘Media Services’ with ‘Efficient IT Technology*
File System - Storage
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u

Perfectly Linear
Scalable Network
between
Media File System
and Hard Disks

(Media)
Application
Behaviour

Media
File System

( GPFS, AVID-ISIS, Isilon, Omneon Media Grid, XSAN, ...)

T

(IT) Storage.
Controller

gHard Disk  <¢mmmp  Network

? Guarantee Predictable Performance ? Y/
luc.andries@candit-media.com
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|
‘Media’ Storage Controller

Media
File System

I/0 block

RAID 5 (8+1)
protection

LUN

(Logical Unit)

| |

Large stripe depth 8x512 KB

(4MB) ! = Segments

Disk efficiency RAID 5 (8\1) —
=> Large @} Data

segment Size 6 GB 6 GB 6 GB 6 GB 6 GB 6 GB 6 GB 6 GB 6 GB @
(512 KB) @B Parity

Disk

Physical disks 512 KB

| 4MB ™Y 512KB 512KB 512KB 512KB 512KB 512KB 512 KB 512 KB
< >

1 1/0 (AMB) striped over 8 disks (+ parity)

luc.andries@candit-media.com
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EBU Media Storage Workshop ‘ M ed i a, sto rag e co nt ro I I e r

21-22 Nov 2011

Media
File System

Large stripe depth
(4MB) '!!

1 1/0 (4MB) striped over 8 disks (+ parity)

luc.andries@candit-media.com
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File System - Storage

- ‘Media’ St
Relevancze:: ;s:::’;'ﬁcations e I a o ra g e

EBU )//Ar/m JrJf:fJ'—' //Jf ¢<shop

Traffic Behaviour

: BW@ 100%
A : A
100% = | 100%
Link BW I Link BW
Average BW |
(e.g. 50%) I
/ !
: 50%
I Link BW
|
1 teady
1 state
|
> 1
BW @ 100% Time (s) ! Time (ms)
/ \‘\A : 4 MB
~0.3 ms
A o
100% [ : 1005 4 (@1006bits) BW @ 100%
e O
|
| i
| (=2048 FC packets bUI‘St}
50% : 50% (= 2048 IB|packets / burst
Link BW I Link BW (=12876 IP packets /|burst) o
1 (= 468 IP. Jumbo Frames / burst) T
! T
|
I |-
. 1 <
v/ Time (ms) | \. ~ _J M LY
4 MB "
~0.3 ms | 4 MB
(@ 10 Gbit/s) " ~0.3 ms

10 Gbit/
luc.andries@candit-media.com @ ivs)
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