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Grid Tutorial  - 7 / 1 4 / 2 0 0 3 – D ata M an ag e m e n t S e rv ic e s  - n °  4

File Management Motivation

Site A

Storage Element A Storage Element B

Site B

File B
File A File X

File Y File B
File A File C

File D

File Transfer



Grid Tutorial  - 7 / 1 4 / 2 0 0 3 – D ata M an ag e m e n t S e rv ic e s  - n °  5

File Management Motivation

Site A

Storage Element A Storage Element B

Site B

File B
File A File X

File Y File B
File A File C

File D

Replica Catalog: 
Map Logical to Site files

File Transfer



Grid Tutorial  - 7 / 1 4 / 2 0 0 3 – D ata M an ag e m e n t S e rv ic e s  - n °  6

File Management Motivation

Site A

Storage Element A Storage Element B

Site B

File B
File A File X

File Y File B
File A File C

File D

Replica Catalog: 
Map Logical to Site files

File Transfer

Replica Selection: 
Get ‘best’ file



Grid Tutorial  - 7 / 1 4 / 2 0 0 3 – D ata M an ag e m e n t S e rv ic e s  - n °  7

File Management Motivation

Site A

Storage Element A Storage Element B

Site B

File B
File A File X

File Y File B
File A File C

File D

Replica Catalog: 
Map Logical to Site files

File Transfer

Pre- Post-processing: 
Prepare files for transfer
Validate files after transfer

Replica Selection: 
Get ‘best’ file



Grid Tutorial  - 7 / 1 4 / 2 0 0 3 – D ata M an ag e m e n t S e rv ic e s  - n °  8

File Management Motivation

Site A

Storage Element A Storage Element B

Site B

File B
File A File X

File Y File B
File A File C

File D

Replica Catalog: 
Map Logical to Site files

File Transfer

Pre- Post-processing: 
Prepare files for transfer
Validate files after transfer

Replica Selection: 
Get ‘best’ file

Replication Automation: 
Data Source subscription



Grid Tutorial  - 7 / 1 4 / 2 0 0 3 – D ata M an ag e m e n t S e rv ic e s  - n °  9

File Management Motivation

Site A

Storage Element A Storage Element B

Site B

File B
File A File X

File Y File B
File A File C

File D

Replica Catalog: 
Map Logical to Site files

File Transfer

Pre- Post-processing: 
Prepare files for transfer
Validate files after transfer

Replica Selection: 
Get ‘best’ file

Replication Automation: 
Data Source subscription

Load balancing: 
Replicate based on usage



Grid Tutorial  - 7 / 1 4 / 2 0 0 3 – D ata M an ag e m e n t S e rv ic e s  - n °  1 0

File Management

Site A

Storage Element A Storage Element B

Site B

File B
File A File X

File Y File B
File A File C

File D

Replica Catalog: 
Map Logical to Site files

File Transfer

Replica Manager:
‘atomic’ replication operation
single client interface
orchestrator

Pre- Post-processing: 
Prepare files for transfer
Validate files after transfer

Replica Selection: 
Get ‘best’ file

Replication Automation: 
Data Source subscription

Load balancing: 
Replicate based on usage



Grid Tutorial  - 7 / 1 4 / 2 0 0 3 – D ata M an ag e m e n t S e rv ic e s  - n °  1 1

File Management

Site A

Storage Element A Storage Element B

Site B

File B
File A File X

File Y File B
File A File C

File D

Replica Catalog: 
Map Logical to Site files

File Transfer

Replica Manager:
‘atomic’ replication operation
single client interface
orchestrator

Pre- Post-processing: 
Prepare files for transfer
Validate files after transfer

Replica Selection: 
Get ‘best’ file

Replication Automation: 
Data Source subscription

Load balancing: 
Replicate based on usageMetadata: 

LFN metadata
Transaction information
Access patterns



Grid Tutorial  - 7 / 1 4 / 2 0 0 3 – D ata M an ag e m e n t S e rv ic e s  - n °  1 2

File Management

Site A

Storage Element A Storage Element B

Site B

File B
File A File X

File Y File B
File A File C

File D

Replica Catalog: 
Map Logical to Site files

File Transfer

Replica Manager:
‘atomic’ replication operation
single client interface
orchestrator

Pre- Post-processing: 
Prepare files for transfer
Validate files after transfer

Replica Selection: 
Get ‘best’ file

Replication Automation: 
Data Source subscription

Load balancing: 
Replicate based on usageMetadata: 

LFN metadata
Transaction information
Access patterns



Grid Tutorial  - 7 / 1 4 / 2 0 0 3 – D ata M an ag e m e n t S e rv ic e s  - n °  1 3

Data Management Tools

�Tools for

� Locating data

� C op y ing data

� M anaging and r e p l icating data

� M e ta D ata m anage m e nt

� O n  E D G  Te st b e d  y ou  h a v e

� R e p l ica Location S e r v ice  ( R LS )

� R e p l ica M e tadata S e r v ice  ( R M C )

� R e p ica O p tim is ation S e r v ice  ( R O S )

� R e p l ica M anage r  ( R M )

RM

RL S

RO S

RMC
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Storage

E l em en t

Replication Services: Basic 
F u nctionality

R ep l i c a M an ager
R ep l i c a L oc ati on  

Serv i c e

R ep l i c a M etad ata 

C atal og

Storage

E l em en t

Files have replicas stored at 
m an y  G rid sites on  S torag e 
E lem en ts.

Each file has a unique Grid ID.

L o cat io ns co rresp o nding  t o  t he 

GU ID are k ep t  in t he R ep lica 

L o cat io n S erv ice. 

U sers m ay  assig n  aliases to 
the G U I D s.  T hese are k ept in  
the R eplica M etadata C atalog .  

T he R ep lica M anag er p ro v ides 

at o m icit y  fo r file o p erat io ns,  

assuring  co nsist ency  o f S E and 

cat alo g  co nt ent s.
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Storage

E l em en t

Higher Level Replication Services

R ep l i c a M an ager
R ep l i c a L oc ati on  

Serv i c e

R ep l i c a O p ti m i z ati on  

Serv i c e

R ep l i c a M etad ata 

C atal og

SE

M on i tor
N etw ork  M on i torStorage

E l em en t

The Replica Manager may call on the 

Replica O ptimiz ation s erv ice to f ind  

the b es t replica among many b as ed  

on netw ork  and  S E  monitoring.

H ook s  f or u s er- d ef ined  pre- and  pos t-

proces s ing f or replication operations  

are av ailab le.
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Storage

E l em en t

Interactions with other Grid 
com p onents

R ep l i c a M an ager
R ep l i c a L oc ati on  

Serv i c e

R ep l i c a O p ti m i z ati on  

Serv i c e

R ep l i c a M etad ata 

C atal og

SE

M on i tor
N etw ork  M on i tor

I n f orm ati on  Serv i c e

R es ou rc e B rok er

U s er I n terf ac e or

W ork er N od e

Storage

E l em en t

V i rtu al  O rgan i z ati on

M em b ers h i p  Serv i c e

Applications and users interface to 

data th roug h  th e R eplica M anag er 

eith er directly  or th roug h  th e 

R esource B rok er.  M anag em ent calls 

sh ould nev er g o directly  to th e S R M .
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Storage Resource Management (1)

Data are stored on disk pool servers or M a ss S t ora g e 
S y st em s

�storage resource management needs to take into account

� T ransp arent access to f il es ( migration to/ f rom disk p ool )

� F il e p inning

� S p ace reserv ation

� F il e status notif ication

� L if e time management

� S R M  ( S torage R esource M anager) takes care of  al l  th ese detail s

� S R M  is a G rid S erv ice th at takes care of  l ocal  storage 
interaction and p rov ides a G rid interaf ace to outside w orl d

� I n E D G  w e original l y used th e  term S torage E l emement

�now  w e use th e term S R M to ref er to th e new  serv ice
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Storage Resource Management (2)

�Original SRM design specification: LBL, JNL, FNAL, CERN

�Support for local policy

�Each storage resource can be managed independently

� I nternal priorities are not sacrif iced by data mov ement betw een G rid agents

�Disk and tape resources are presented as a single element

�T em porary  lo c k ing / p inning

� F iles can be read f rom disk  caches rather than f rom tape

�R eser v a tio n on dem and and adv ance reserv ation

� S pace can be reserv ed f or registering a new  f ile

� P lan the storage system usage

�F il e sta tu s and estima tes f or pl anning

� P rov ides inf o on f ile status

� P rov ide estimates on space av ailability/ usage

�E DG  prov ides one im pl em entation as part of  th e current sof tw are rel ease
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Replica Manager
client

S RM

Replica
C at alo g

S t o rage
6

2

3

4

1

1. T h e  C l i e n t  a s k s  a  c a t a l o g t o  p r o v i d e  t h e  l o c a t i o n  o f  a  f i l e
2 . T h e  c a t a l o g r e s p o n d s  w i t h  t h e  n a m e  o f  a n  S R M
3 . T h e  c l i e n t  a s k s  t h e  S R M  f o r  t h e  f i l e
4 . T h e  S R M  a s k s  t h e  s t o r a g e  s y s t e m  t o  p r o v i d e  t h e  f i l e
5 . T h e  s t o r a g e  s y s t e m  s e n d s  t h e  f i l e  t o  t h e  c l i e n t  t h r o u g h  t h e  S R M  o r  
6 . d i r e c t l y

5

6

Simplified Interaction 
R eplica M anag er - SR M
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Naming Conventions

� Logical File Name (LFN)  

� An alias created by a user to refer to some item of data e.g. 

“ lfn: cms/ 2 0 0 3 0 2 0 3 / run2 / track 1 ”

� S it e U R L (S U R L)   (or  P h y s ical File Name (P FN) )

� T h e location of an actual p iece of data on a storage system e.g.
“ srm: / / p crd2 4 .cern.ch / flatfiles/ cms/ outp ut1 0 _ 1 ”

� G lob ally  U n iq u e I d en t if ier  (G U I D )  

� A non- h uman readable uniq ue identifier for an item of data e.g. 
“ guid: f8 1 d4 fae- 7 dec- 1 1 d0 - a7 6 5 - 0 0 a0 c9 1 e6 bf6 ”

Logical File Name 1

Logical File Name 2

Logical File Name n

G U I D

P h y s ical File S U R L n

P h y s ical File S U R L 1



Grid Tutorial  - 7 / 1 4 / 2 0 0 3 – D ata M an ag e m e n t S e rv ic e s  - n °  2 1

Replica Metadata C atalo g ( RMC )  v s .  
Replica L o catio n  S er v ice ( RL S )

� RMC:

� Stores LFN- G U I D  m a p p i n g s

� RL S :

� Stores G U I D - SU R L m a p p i n g s 

Log i c a l  Fi l e Na m e 1

Log i c a l  Fi l e Na m e 2

Log i c a l  Fi l e Na m e n

G U I D

P h y si c a l  Fi l e SU R L n

P h y si c a l  Fi l e SU R L 1

RMC RLS

RM

RL S

RO S

RMC
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Replica Location Service (RLS)

�The R ep l i c a  L o c a t i o n  S er v i c e i s  a  s y s t em  t ha t  
m a i n t a i n s  a n d  p r o v i d es  a c c es s  t o  i n f o r m a t i o n  
a b o u t  t he p hy s i c a l  l o c a t i o n  o f  c o p i es o f  d a t a  
f i l es .

� I t  i s  a  d i s t r i b u t ed  s er v i c e t ha t  s t o r es  
m a p p i n g s b et w een  g l o b a l l y  u n i q u e i d en t i f i er s
o f  d a t a f i l es a n d  t he p hy s i c a l  i d en t i f i er s o f  a l l  
ex i s t i n g  r ep l i c a s  o f  t hes e d a t a f i l es .

� D es i g n  i s  a  j o i n t  c o l l a b o r a t i o n  b et w een  
G l o b u s a n d  E D G - W P 2

RM

RL S

RO S

RMC
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Replica Location Service RLS

� Local Catalogs hold the actual name mappings

� R emote I ndices r edir ect inq uir ies to LR Cs actually  hav ing the f ile

� LR Cs ar e conf igur ed to send index  updates to any  numb er  of  
R LI s

� I ndex es ar e B loom F ilter s

LRC LRC LRC LRC

RLI RLI RLI

Replica Location Index Nodes

Local Replica Catalogs
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RLS Components (1)

�Local Replica Catalog (LRC)

� Stores GUID to SURL (PFN) mappings for a single SRM

� Stores attrib u tes on SURL (PFN),  

� e.g file size, creator

� Maintains local state independently of other RLS components

� com p lete local record  of all rep licas on  a sin gle S R M

� Many Local Replica C atalog s in a G rid

� can  b e con figu red , for in stan ce on e L R C  p er site or on e L R C  p er S R M

� F airly permanent fix tu re 

� L R C  cou p led  to th e S R M , S R M  rem ov al is in freq u en t

� n ew  L R C s ad d ed  w ith  ad d ition  of n ew  S R M s to a site

RM

RL S

RO S

RMC

L RC

RL I
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RLS Components (2) 

�Replica Location Index (RLI)

� Stores GUID to LRC mappings

� Distrib u ted  ind ex  ov er Loc al  Repl ic a Catal ogs in a Grid

� Rec eiv es period ic  sof t state u pd ates f rom LRCs

� information has an associated expiration time

� L R C s config u red to send u pdates to R L I s ( pu sh)

� Maintains collective state

� inconsistencies du e to the soft state u pdate mechanism

� C an b e installed  any w h er e

� not inherentl y  associated w ith any thing

� U ses B loom  F ilter  I nd ex es

RM

RL S

RO S

RMC

L RC

RL I
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LRC Implementation 

�LRC data stored in a Relational Database

�Runs with either Oracle 9i or M y S Q L

�Catalog s im p lem ented in J av a and h osted in a J 2 E E  
ap p lic ation serv er

�T om cat4  or Oracle 9iA S  f or ap p lication serv er

�J av a and  C + +  A P I s ex p osed  to clients throug h A p ache A x is 

( J av a)  and  g S oap ( C + + )

�Catalog  A P I s ex p osed u sing  W S DL  

� V endor neu tral ap p roac h  tak en to allow  dif f erent 
dep loy m ent op tions
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RLI Implementation

�Updates implemented as a push from the L R C s 

� RLIs l e ss p e r m a n e n t  t h a n  LRC s

� B loom filter updates only  implemented

� O ( 1 0 6) ( o r  m o r e  ☺) entries in an LRC

� M ay  c o ntain f al se p o sitiv es,  b u t no  f al se neg ativ es 

� rate depends on the c onf i g u tati on of  the b l oom  f i l ter

�Bloom filters stored to disk

� I mp ra c tic a l to sen d fu ll L R C  lists to mu ltip le R L I s

� f ine f o r tests

� no t sc al ab l e in a p ro d u c tio n env iro nm ent

� I mp lemen ted in  J a v a  a s a  w eb  serv ic e a s for th e L R C s 
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User Interfaces for Data 
M anag em ent

�Users are mainly referred to use the interface of the Replica 
M an ag er  clien t :

� Management c o mmand s

� C atal o g c o mmand s

� O p ti mi z ati o n c o mmand s

� F i l e T r ans f er c o mmand s

�The services RLS, RMC and ROS provide additional user 
interf aces

� Mainly for additional catalog operations (in case of RLS, RMC)

� A dditional serv er adm inistration com m ands

� Should mainly be used by administrators

� C an also be used the c hec k  the av ailability of  a serv ic e

RM

RL S

RO S

RMC
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The Replica Manager Interface –
Management Commands

� ��������	
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� Copy a file into grid-aw are s torage and regis ter th e c opy in 

th e R eplic a Catalog as  an atom ic  operation.  

� �	�����
	���	�	�����
	���	�	�����
	���	�	�����
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� R eplic ate a file b etw een grid-aw are s tores  and regis ter th e 

replic a in th e R eplic a Catalog as  an atom ic  operation.

� � 	�	
	���	� 	�	
	���	� 	�	
	���	� 	�	
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� D elete a file from  s torage and u nregis ter it.  

� Example


 � �� �� � � � � � 
 � 
 � �� 	 � � � � � � � 
 �� �
 
 �� � � 


� � � 
 � � � � � 
 � � � � � �� �� � �� �� � �
 ��  � �


� � � � ! �� ��
 " # $ %  	 
 ��  	 � �



Grid Tutorial  - 7 / 1 4 / 2 0 0 3 – D ata M an ag e m e n t S e rv ic e s  - n °  3 0

The Replica Manager Interface –
Catalog Commands ( 1 )

� �	
��
	����	�	
��
	����	�	
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	����	�	
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	����	 ����� �� � �	 
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� Register a file in the Replica C atalo g that is alread y  

sto red  o n a S to rage E lem ent.  

� ���	
��
	����	���	
��
	����	���	
��
	����	���	
��
	����	 ���� � �� �� �� � �� � �	 
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� U nregister a file fro m  the Replica C atalo g.

� ���
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� 	� ��� � ����
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� L ist all replicas o f a file.

� �	
��
	��	
��
	��	
��
	��	
��
	�� � � �� � � �� � � �� � � � ����� � �� �� � � �� � �

� Register an S U RL  w ith a k no w n G U I D  in the Replica

C atalo g.

� ���
� � � ����
� � � ����
� � � ����
� � � � ����� � � � � �� ��

� P rint the G U I D  asso ciated  w ith an L F N  o r S U RL .
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The Replica Manager Interface –
Catalog Commands (2)

� �������������������������������� ����� �� � � � � � � �

� ������������	�
����
��������	��

� �	���	������	���	������	���	������	���	����� ����� �� � � � � � � �

� � ���� �������	�
�� � � �� � ������ �����
����

� � ��� 
 � � � �� ��� 
 � � � �� ��� 
 � � � �� ��� 
 � � � �& '

� � � 	����� ��	�� �� ���	�����������  ��� ��� ���	! ��" ������ ����
! � ������

������ 	���

� 
 	
 � 	�����
 	
 � 	�����
 	
 � 	�����
 	
 � 	����� & '

� 
����� ��� �� 
	��
��� ��� ��� ���	! ��������� �! �	���� �



Grid Tutorial  - 7 / 1 4 / 2 0 0 3 – D ata M an ag e m e n t S e rv ic e s  - n °  3 2

The Replica Manager Interface –
Optimization Commands

� ���
�	�
���	���
�	�
���	���
�	�
���	���
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� Return the 'best' replica for a given logical file identifier. 

� 
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� Return the storage file nam e ( S F N )  of the best file in 

term s of netw ork  latencies. 
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� C alculates the ex pected cost of accessing all the files 

specified by logicalN am e from  each C om puting E lem ent 

host specified by ceH osts.
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The Replica Manager Interface –
File Transfer Commands
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� Copy a file to a non-g r id  d es tination.
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� L is t th e d ir ec tor y c ontents  on an S R M  or  a G r id F T P

s er v er .
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Replica Management Use Case

edg-rm copyAndRegisterFile -l lfn:higgs
CERN →→→→ LYON

edg-rm listReplicas -l lfn:higgs

edg-rm replicateFile -l lfn:higgs
→→→→ NIKHEF

edg-rm listBestFile -l lfn:higgs
→→→→ CERN

edg-rm getAccessCost -l lfn:higgs
CERN NIKHEF LYON

edg-rm getBestFile -l lfn:higgs
→→→→ CERN

edg-rm deleteFile -l lfn:higgs
→→→→ LYON

edg-rm listBestFile -l lfn:higgs
→→→→ CERN
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Conclusions and Further 

I nf orm ation

� The second generation Data Management services have been 
designed and imp l emented based on the W eb S ervice 
p aradigm

� F l ex ibl e,  ex tensibl e service f ramew ork

� Dep l oy ment choices :  robu st,  highl y  avail abl e commercial  
p rodu cts su p p orted ( eg.  O racl e)  as w el l  as op en- sou rce 
( My S Q L ,  Tomcat)

� F irst ex p eriences w ith these services show  that their 
p erf ormance meets the ex p ectations

� F u rther inf ormation /  docu mentation:

� www.c e r n .c h / e d g - wp 2


