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The EDG WMS

� The user interacts with Grid via a Workload 
M an ag e m e n t  S y s t e m

� The Go al  o f  W M S  is the di s t ri b u t e d s c h e du li n g  an d 
re s ou rc e  m an ag e m e n t  i n  a G ri d e n v i ron m e n t .

� W hat do es it al l o w Grid users to  do ?

To submit their jobs

To ex ec ute them 

To g et in f orma tion  a bout their sta tus

To retriev e their outp ut

� The WMS tries to optimize the usage of resources
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WMS Components

� WMS is currently composed of the following parts:

1. U s e r  I n t e r f a c e (UI) : access point for the user to the WMS 

2 . R e s o u r c e  B r o k e r (R B ) : the b rok er of G R ID  resources,  

responsib l e to find  the “ b est”  resources w here to sub m it j ob s

3 . J o b  S u b m i s s i o n  S e r v i c e (J SS) : prov id es a rel iab l e sub m ission 

system

4. I n f o r m a t i o n  I n d e x ( I I )  :  a  L D A P  ser v er  u sed  b y th e R eso u r c e 

B r o k er  a s a  f i l ter  to  th e i n f o r ma ti o n  ser v i c e ( I S )  to  sel ec t 

r eso u r c es

5 . L o g g i n g  a n d  B o o k k e e p i n g ser v i c es ( L B )  :  sto r e J o b  I n f o  

a v a i l a b l e f o r  u ser s to  q u er y
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�Information to be specified

� Job characteristics

� R eq u irem en ts an d  P ref eren ces of  the com p u tin g  sy stem

� S of tw are d ep en d en cies

� Job D ata req u irem en ts

� S pecified u sing  a J ob D escription L ang u ag e ( J D L )

Job Preparation:
L et’ s  th ink  th e w ay  th e G rid  th ink s !
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Job Description Language (JDL) 
1 / 5

� Based upon Condor’s CLASSified ADvertisement language 
( ClassAd)

� Cl assA d i s a f ul l y  ex t ensi b l e l ang uag e

� Cl assA d i s c onst ruc t ed w i t h  t h e c l assad c onst ruc t i on operat or 
[ ]

It is a sequence of attributes separated by semi- col ons.  A n attribute is a 
pair (key, value), where value can be a Boolean, an Integer, a lis t of  
s trings , …

< attribute>  =  < value> ;  

So, the JDL allows to define a set of attribute, the WMS takes 
into ac c ount when m aking  its sc heduling  dec ision
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Job Description Language (JDL) 
2 / 5

� The supported attributes are grouped in two 
c ategories:

� Job (Attributes) 

Define the job itself

� Resources

� Taken into account by the RB for carrying out the 
m atchm aking al gorithm

� Computing Resource (Attributes)

U s ed  to buil d  ex p res s ions  of Req uirem ents  and / or Rank 
attributes  by the us er

H av e to be p refix ed  w ith “ other. ”

� D a ta  a nd  S tora ge resources (Attributes)

I np ut d ata to p roces s ,  S E  w here to s tore outp ut d ata,  
p rotocol s  s p oken by ap p l ication w hen acces s ing S E s
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Job Description Language (JDL): 
rel ev ant attributes 3 / 5

� Executable (mandatory)

� The command name

� A r g um en ts (op ti onal )

� J ob  command l i ne ar g u ment s

� S td I n p ut,  StdOutput,  StdE r r (optional)

� Standard input/output/error of the job

� E n v i r o n m e n t (optional)

� L is t of env ironm ent s etting s

� I n putSa n db o x (optional)

� L is t of fil es  on the U I  l oc al  dis k  needed by  the job for running

� T he l is ted fil es  w il l  autom atic al l y  s tag ed to the rem ote res ourc e 

� OutputSa n db o x (optional)

� L is t of fil es ,  g enerated by  the job,  w hic h hav e to be retriev ed
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Job Description Language (JDL):  
rel ev ant attributes 4 / 5

� Requirements

� Job requirements on computing resources 

� S pecif ied  using a ttributes of  resources publ ish ed  in th e I nf orma tion 
S erv ice

� I f  not specif ied ,  d ef a ul t v a l ue d ef ined  in U I  conf igura tion f il e is 
consid ered

� Default: other.Active (the resource has to be able to accept jobs)

� Rank

� Expresses preference (how to rank resources that have already met 
the R eq ui rements expressi on)

� S peci fi ed usi ng  attri b utes of resources pub li shed i n the I nformati on 
S ervi ce

� I f not speci fi ed,  default value defi ned i n the U I  confi g urati on fi le i s 
consi dered 

� Default: - other.E stim ated T raversalT im e (the low est estim ated  traversal 
tim e)
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Job Description Language (JDL): 
“ d ata”  attributes 5 / 5

� InputData (optional)

� Refers to data used as input by the job: these data are published in the 
Replic a C atalog  and stored in the S E s)

� P F N s and/ or L F N s

� ReplicaCatalog (mandatory if I np u tD ata h as  b e e n s p e c ifie d w ith  at 
l e as t one  L F N )

� The Replica Catalog Identifier

� D ataA cces s P r otocol (mandatory if I np u tD ata h as  b e e n s p e c ifie d)

� The protocol or the lis t of protocols  w hich the application is  ab le to s peak  
w ith for acces s ing InputData on a giv en S E

� OutputSE (op tional )

� The U niform  Res ou rce Identifier of the ou tpu t S E

� RB  u s es  it to choos e a CE  that is  com patib le w ith the j ob  and is clos e to  
S E
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Example JDL File

Execut abl e = “ gr i dTest ” ;

St dEr r or = “ st der r . l og” ;

St dOut put = “ st dout . l og” ;

I nput Sandbox = { “ home/ j oda/ t est / gr i dTest ” } ;

Out put Sandbox = { “ st der r . l og” ,  “ st dout . l og” } ;

I nput Dat a = “ LF: t est bed0- 00019” ;

Repl i caCat al og = “ l dap: / / sunl ab2g. cnaf . i nf n. i t : 2010/  \
l c=t est ,  r c=WP2 I NFN Test ,  dc=i nf n,  

dc=i t ” ;

Dat aAccessPr ot ocol  = “ gr i df t p” ;

Requi r ement s = ot her . Ar chi t ect ur e==“ I NTEL”  && \
ot her . OpSys==“ LI NUX”  && ot her . Fr eeCpus >=4;

Rank = “ ot her . MaxCpuTi me” ;
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Job Submission 

� dg- j ob- submi t  [–r <res_id>] [–n <user e-mail address>] [- c
<config file>] [- o <output file>] <job.jdl>

-r t h e  j o b  i s  s u b m i t t e d  b y  t h e  R B  d i r e c t l y  t o  t h e  c o m p u t i n g  e l e m e n t  i d e n t i f i e d  

b y  <res_id>

-n a n  e -m a i l  m e s s a g e  c o n t a i n i n g  b a s i c  i n f o r m a t i o n  r e g a r d i n g  t h e  j o b  ( s t a t u s  

a n d  i d e n t i f i c a t i o n )  i s  s e n t  t o  t h e  s p e c i f i e d  <e- m a il  a ddress> w h e n  t h e  j o b  

e n t e r s  o n e  o f  t h e  f o l l o w i n g  s t a t u s :

DONE or ABORTED

READY

RU NNI NG

-c t h e  c o n f i g u r a t i o n  f i l e  <config file> is pointed by the UI instead of the 

standar d c onfig u r ation fil e

-o the g ener ated dg _ j obId is w r itten in the <ou t p u t  file>

Useful for other commands, e.g.:

dg- j ob- st at us –i <input file> (or dg_jobId)

-i t h e  s t a t u s  i n f o r m a t i o n  a b o u t  d g _ j o b I d  c o n t a i n e d  i n  t h e  < i np ut fi le> a r e  
d i s p l a y e d
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Job Submission Scenario
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A Job Submission Example
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Possible Job States

SUBMITTED

WAITING

READY

SCHEDULED

RUNNING

DONE(ok)DONE(failed)

OUTPUTREADY

CLEARED

ABORTEDDONE(cancelled)
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Job resubmission

�If something goes wrong, the RB tries to reschedule and 
resub mit the j ob  ( p ossib ly  to a different resource)

� M ax imum numb er of resub missions ( considering all the 
resources matching the req uirements) :  min( Retry C ount, 
RB_ sub mission_ retries)

� RetryCount:  J D L  a ttri b ute

� RB _ s ub m i s s i on_ retri es :  a ttri b ute i n th e RB  c onf i g ura ti on f i l e 

� E . g. , to disab le j ob  resub mission for a p articular j ob :  
Retry C ount= 0 ;  in the J D L  file
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Other WMS UI Commands

�dg-job-list-match
Lists resources matching a job description

P erf orms the matchmak ing w ithout submitting the job

� dg-job-cancel
C ancel s a giv en job

� dg-job-status
D ispl ay s the status of  the job 

� dg-job-get-output
R eturns the job- output ( the O utputS andbox f il es)  to the user

� dg-job-get-logging-info
D ispl ay s l ogging inf ormation about submitted jobs ( al l  the ev ents “ pushed”  by  
the v arious components of  the W M S )

V ery  usef ul  f or debug purposes

� dg-job-id-info
A  util ity  f or the user to displ ay  job inf o in a f ormatted sty l e
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UI configuration file

� Can be set if user is not happy with default one 

� M ost relev ant attributes:

� RB(s)

� When submitting a job, the first specified RB is tried, if the operation fail s the 
second one is considered, etc.

� LBserver( s)

� T he L B to be used for a job is chosen by  the RB

� S o w hen a dg-job-status < dg-jobid>  is issued, the L B to contact is specified in 
the dg-jobid

� T his l ist specifies the L B( s)  that must be contacted w hen issuing a dg-job-status 
– al l  /  dg-job-get-l ogging-info – al l  ( to hav e information for al l  the jobs bel onging 
to that user)

� D ef a u l t  J D L R eq u i rem en t s

� other. activ e

� D ef a u l t  J D L R a n k

� - other. E stimatedT rav ersal T ime
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dg- j o b - s u b m i t  m y j o b . j dl
Myjob. jd l

Executable     = "$(CMS)/exe/sum.exe";

I n p utD ata      = "L F : testbed 0 - 0 0 0 1 9 ";

R ep li caCatalo g = "ld ap : //sun lab2 g .cn af .i n f n .i t: 2 0 1 0 /r c=W P 2  I N F N  T est R ep li ca 
Catalo g , d c=sun lab2 g ,  d c=cn af ,  d c=i n f n ,  d c=i t";

D ataA ccessP r o to co l = "g r i d f tp ";

I n p utSan d bo x = { "/h o me/user /W P 1 testC", "/h o me/f i le* ” ,  "/h o me/user /D A T A /* "} ;

O utp utSan d bo x = { “ si m.er r ” ,  “ test.o ut” ,  “ si m.lo g "} ;

R eq ui r emen ts   = o th er .A r ch i tectur e == "I N T EL " & &  o th er .O p Sy s== "L I N U X  R ed  H at 6 .2 ";

R an k   = o th er .F r eeCP U s;
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WMS Match Making 1/4

� The RB is the core component of WMS. 

� I t ha s to find  the b est su ita b l e compu ting  resou rce ( C E )  
w here the j ob  w il l  b e ex ecu ted

� I t intera cts w ith D a ta  Ma na g ement serv ice a nd  
I nforma tion Serv ice

They supply RB with all the information required for the 

resolution of the matc hes

� The C E  chosen b y  RB ha s to ma tch the j ob  req u irements 
( e.g . ru ntime env ironment,  d a ta  a ccess req u irements,  a nd  
so on)

� I f 2  or more C E s sa tisfy  a l l  the req u irements,  the one w ith 
the b est Ra nk  is chosen
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WMS Match Making 2/4

� The RB has to deal with three possible 

sc en arios.

1 . S c en ario : D irec t J ob S u bm ission

� Job is scheduled on a given CE (specified in the 
dg- j ob- subm it com m and via – r  option)

� R B  doesn’ t per for m  any  m atchm ak ing algor ithm
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WMS Match Making 3/4

2. S c e n a r i o  : J o b  S u b m i s s i o n  w i t h o u t  d a t a - a c c e s s  

R e q u i r e m e n t s

� Neither CE nor input data are specified.

� R B  starts the m atchm ak ing  al g orithm ,  w hich consists of 
tw o phases:  

� R eq uirem ents check  ( R B  contacts the I S  to check  
w hich CEs satisfy  al l  the req uirem ents)

� I f m ore than one CE satisfies the j ob  req uirem ents,  
the CE w ith the b est rank  is chosen b y  the R B
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WMS Match Making 4/4

3. S c e n a r i o  : J o b  S u b m i s s i o n  w i t h  a l s o  d a t a - a c c e s s  

R e q u i r e m e n t s

� CE is not specified in the JDL

� R B  inter a cts w ith Da ta  M a na g em ent ser v ice to find ou t the m ost 

su ita b l e CE ta k ing  into a ccou nt a l so the S Es w her e b oth inpu t 

da ta  sets a r e phy sica l l y  stor ed a nd ou tpu t da ta  sets shou l d b e 

sta g ed on com pl etion of j ob  ex ecu tion

� R B  str a teg y  consists of su b m itting  j ob s cl ose to da ta

� T he m a in tw o pha ses of the m a tch m a k ing  a l g or ithm  r em a in 

u ncha ng ed:

� R eq u ir em ents check

� R a nk  com pu ta tion

� W ha t cha ng es w ith r espect to the second scena r io?  

N ow ,  the R B  ex ecu tes the tw o pha ses for  ea ch cl a ss of CEs 

tha t sa tisfy  the da ta - a ccess r eq u ir em ents ( i. e.  w hich a r e 

cl ose to da ta )
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Example of Job Submission Sequence

� User logs in on the UI

� User issu es a  grid- p ro x y - in it a nd  enters his c ertif ic a te’ s p a ssw ord ,  

getting a  v a lid  G lob u s p rox y

� User sets u p  his or her J D L  f ile

� E x a m p le of  H ello W orld  J D L  f ile :

Executable = “/bin/echo”; 

A r g um ents  = “H ello W or ld ”; 

S td O utp ut = “M es s ag g e. txt”; 

S td Er r or  = “s td er r . log ”; 

O utp utS and box = { “M es s ag e. txt”, ”s td er r . log ”} ;
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Example of Job Submission Sequence

� User issues a: dg- j o b - s u b m i t     H e l l o W o r l d. j dl

and gets back from the system  a unique Job Identifier (JobId)

� User issues a: dg- j o b - s t a t u s  J o b I d

to get l ogging information about the current status of his Job

� W h en  t h e “ O ut p ut R eady ”  st at us is reac h ed,   t h e user c an  issue a 

dg- j o b - ge t - o u t p u t  J o b I d

and the system returns the name of the temp orary directory w here the j ob 

outp ut  can be found on the U I machine.
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Job Submission Example

[reale@testbed002 EliJDL]$ dg- j o b - s u b m i t  H e l l o W o r l d. j dl

Connecting to host lxshare0381.cern.ch, port 7771

L ogging to host lxshare0381.cern.ch, port 15 830

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

J O B  S U B M I T  O U T CO M E

T he j ob  has b een su ccessf u lly  su b m itted  to the R esou rce B rok er.

U se d g- j ob - statu s com m and  to check  j ob  cu rrent statu s. Y ou r j ob  id entif ier ( d g_ j ob I d )  is:

- https: / / lxshare0381.cern.ch: 784 6 / 137.138.181.2 14 / 12 1839 4 0774 010? lxshare0381.cern.ch: 7771

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

JobId
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Job Submission Example Cont’d
[reale@testbed002 EliJDL]$ dg- j o b - s t a t u s  \

https://lxshare0381.cern.ch:7846/137.138.181.214/12183940774010?lxshare0381.cern.ch:7771

R etriev in g  I n f o rm atio n  f ro m  LB  serv er h ttp s: / / lx sh are03 8 1 . c ern . c h : 7 8 4 6

P lease w ait:  th is o p eratio n  c o u ld tak e so m e sec o n ds.

B O O K K EEP I N G  I N F O R M A T I O N :

P rin tin g  statu s in f o  f o r th e Jo b :   
h ttp s: / / lx sh are03 8 1 . c ern . c h : 7 8 4 6 / 1 3 7 . 1 3 8 . 1 8 1 . 21 4 / 1 21 8 3 9 4 07 7 4 01 0? lx sh are03 8 1 . c ern . c h : 7 7 7 1

dg _ Jo bI d                =      
h ttp s: / / lx sh are03 8 1 . c ern . c h : 7 8 4 6 / 1 3 7 . 1 3 8 . 1 8 1 . 21 4 / 1 21 8 3 9 4 07 7 4 01 0? lx sh are03 8 1 . c ern . c h : 7 7 7 1

S tatu s                     =     O u tp u tR eady

Last U p date T im e ( U T C )   =     W ed A u g  21  1 2: 1 9 : 3 9  2002

Jo b Destin atio n        =     testbed008 . c n af . in f n . it: 21 1 9 / j o bm an ag er-p bs-sh o rt

S tatu s R easo n          =     term in ated

Jo b O w n er              =     / C = I T / O = I N F N / O U = P erso n al C ertif ic ate/ L= C N A F / C N = M ario  
R eale/ Em ail= M ario . R eale@c n af . in f n . it

S tatu s En ter T im e ( U T C )  =     W ed A u g  21  1 2: 1 9 : 3 9  2002



Grid Tutorial  - 7 / 1 4 / 2 0 0 3 – J ob  S ub m is s ion S e rv ic e s  - n °  4 6

Job Submission Example Cont’d

[reale@testbed002 EliJDL]$ dg- j o b - ge t - o u t p u t  - - di r  r e s u l t  

https://lxshare0381.cern.ch:7846/137.138.181.214/12183940774010?lxshare0381.cern.ch:7771

**************************************************************************              

J O B  G E T  O U T P U T  O U T C O M E

O u t p u t  s a n d b o x  f i l e s  f o r  t h e  j o b :

- h t t p s : / / l x s h a r e 0 3 8 1 . c e r n . c h : 7 8 4 6 / 1 3 7 . 1 3 8 . 1 8 1 . 2 1 4 / 1 2 1 8 3 9 4 0 7 7 4 0 1 0 ? l x s h a r e 0 3 8 1 . c e r n . c h : 7 7 7 1

h a v e  b e e n  s u c c e s s f u l l y  r e t r i e v e d  a n d  s t o r e d  i n  t h e  d i r e c t o r y :

/ s h i f t / l x s h a r e 0 7 2 d / d a t a 0 1 / U I h o m e / r e a l e / E l i J D L / result/1 2 1 8 3 9 4 0 7 7 4 0 1 0

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

[reale@testbed002 EliJDL]$ more result/12183940774010/Message.txt

H e l l o  W o r l d

[ r e a l e @ t e s t b e d 0 0 2  E l i J D L ] $  m o re result/ 1 2 1 8 3 9 4 0 7 7 4 0 1 0 / std err. lo g
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Common Error Messages 1/2

� The UI commands accept some arguments in input. If the user 

mak es a mistak e v ia command l ine,  the fol l ow ing messages can 

appear:

Argument * is not allowed ( th e argument is not k nown)

Argument * must b e sp ec if ied at th e end of  th e c ommand ( b oth  th e j ob I d 
and J D L  f ile name must b e p ut at th e end of  th e c ommand line)

Argument * is missing f or th e “ — outp ut”  op tion ( th e user f orgot to add th e 
p arameter,  req uired b y  th e argument)

Argument “ - all”  c annot b e sp ec if ied with  argument “ — inp ut”  ( some 
arguments are O R - ex c lusiv e)

C E I d f ormat is:  < f ull h ostname> ; < p ort numb er> / j ob manager- < serv ic e> .  
T h e p rov ided C E I D :  “ h ttp : / / lx 0 1 . ab solute. c om: 1 0 8 5 4 / j ob manager”  h as a 
wrong f ormat.  ( th e user h as mis- sp elled th e C E  identif ier af ter – resourc e)

� D uring the cal l ing of the R B  A P I,  the fol l ow ing can happen:

R esourc e B rok er “ grid0 1 3 g. c naf . inf n. it: 7 7 7 1 ”  not av ailab le ( c an’ t op en a 
c onnec tion with  th e R B  sp ec if ied in th e U I  c onf iguration f ile)

U nab le to get L B  address f rom R B  “ grid0 1 3 g. c naf . inf n. it”  ( th e f unc tion 
get_ lb _ c ontac t returned an error)



Grid Tutorial  - 7 / 1 4 / 2 0 0 3 – J ob  S ub m is s ion S e rv ic e s  - n °  4 8

Common Error Messages 2/2

� While the UI commands are checking the JDL file, the following 

errors may  occu r:

Mandatory Attribute default error in the configuration file 
“ / op t/ edg/ etc/ U I _ C onfigE N V . cfg”  ( there aren’ t any default v alues )

Mandatory Attribute m is s ing in J D L  file “ E x ecutable”  ( E x ecutable is  one of the 
m andatory attributes )

Multip le “ I np utS andbox ”  attribute found in J D L  file ( I np utS andbox  attribute is  
rep eated tw ice)

W rong function call for lis t attribute * .  F unction us age is :  
“ Mem ber/ I s Mem ber( L is t,  V alue) ”  ( e. g.  in the req uirem ents  attribute the 
function Mem ber/ I s Mem ber is  us ed w ith a w rong s yntax )

� P rox y  ( this refers to the secu rity  grid p rox y  and not to a p rox y

machine)

� If the user specifies a duration for the proxy that he wants to 

prov ide,  using  the option – h of dg -j ob -sub m it,  a possib l e m essag e is

Proxy certificate will expire in less then X hours. Creating a new X-hours-
d uration certificate ( this to m ak e sure that at least the req uired  proxy 
v alid ity is granted  )
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WMS Proxy Renewal

� Why?

� To avoid job failure because it outlived the validity of the initial 

p rox y

� WM S  s u p p o r t  a u t o m a t i c  p r o x y r e n e w a l  m e c ha n i s m  a s  l o n g  a s  

t he  u s e r  c r e d e n t i a l s  a r e  ha n d l e d  b y a  p r o x y s e r v e r .

1 . S hort term  p rox ies can then be used to start jobs using

grid- p ro x y - init – h o u r s  < h o u r s >  c o m m a nd

2. R e g i s t e r  t h i s  p r o x y  w i t h  t h e  M y P r o x y  s e r v e r  u s i n g  

m y p r o x y -init – s  < s e r v e r >  [ -t < c r e d >  -c  < p r o x y > ]

s e r v e r is the server address (e.g. lxshare0375.cern.ch)

c r e d is the nu m b er o f  ho u rs the p ro xy  sho u ld b e valid o n the server

p r o x y is the nu m b er o f  ho u rs renew ed p ro xies sho u ld b e valid

3 . M y P r o x y S e r v e r s p e c i f i e d  i n  t h e  J D L  f i l e

4 . T h e  P r o x y  i s  a u t o m a t i c a l l y  r e n e w e d  b y  W M S  w i t h o u t  u s e r  

i n t e r v e n t i o n  f o r  a l l  t h e  j o b  l i f e
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Further Information

� The EDG User’s Guide

http://marianne.in2p3.fr

� EDG W P 1  W eb  sit e 

http://www.infn.it/workload-grid

In particular WMS User & Admin Guide and JDL docs

� C l a ssA d

https://www.cs.wisc.edu/condor/classad


