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

� We’ve given you the overview of how to move 
from a personal Condor to a full-fledged Grid

� We’ve given you some basic examples
� Now it’s time for a few advanced features…
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� Use shared filesystem (e.g. NFS) if available
� No shared filesystem?

� Condor can transfer files
� Can automatically send back changed files
� Atomic transfer of multiple files

� Remote I/O Socket

� Standard Universe can use Remote System Calls
� I/O requests are automatically forwarded to the submit 

machine

� Condor-G always transfers data
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,� � �� � )�� %�- . � � �   �� �  

� User can supply job policy expressions in the 
submit file.

� Can be used to describe a successful run.
on_exit_remove = <expression>
on_exit_hold = <expression>
periodic_remove = <expression>
periodic_hold = <expression>
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� Do not remove if exits with a signal:

�Q�P�A�G�Z�K�V�A�T�G�O�Q�X�G�������'�Z�K�V�$�[�5�K�I�P�C�N�������(�C�N�U�G
� Place on hold if exits with nonzero status or ran for less 

than an hour:
�Q�P�A�G�Z�K�V�A�J�Q�N�F�������
�
�'�Z�K�V�$�[�5�K�I�P�C�N�����(�C�N�U�G����������
�
�'�Z�K�V�5�K�I�P�C�N���������������^�^���
�
�5�G�T�X�G�T�5�V�C�T�V�6�K�O�G–
�,�Q�D�5�V�C�T�V�&�C�V�G������������������

� Place on hold if job has spent more than 50% of its time 
suspended:

�R�G�T�K�Q�F�K�E�A�J�Q�N�F�������%�W�O�W�N�C�V�K�X�G�5�W�U�R�G�P�U�K�Q�P�6�K�O�G� ��
�
�4�G�O�Q�V�G�9�C�N�N�%�N�Q�E�M�6�K�O�G������������
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� Desktop owners are sometimes weary of 
“donating” their computer to the pool

� In response, Condor has a very flexible machine 
policy configuration mechanism

� In general, its possible to configure the machine 
in such a way, that the owner will never notice or 
be inconvenienced by the overhead of Condor 
jobs
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0 � � ' �� � �� � )�� %��� � � �2

� Each machine owner can configure their Condor 
installation to:
� Determine when their machine can run Condor jobs
� Which users are trusted to run jobs on this machine
� What kinds of jobs are preferred

� E.g. small memory footprint

� What to do with a running Condor job when the owner 
needs their machine back
� Suspend?
� Checkpoint?
� Kill?
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� Start (allow) jobs if:
� CPU is idle
� Keyboard has been idle for a while
� Program image can fit in machine’s memory
� Machine can satisfy memory requiremets

START = \
(  $( CPU_I dl e)

&& ( Keyboar dI dl e > $( St ar t I dl eTi me) )  \
&& ( TARGET. I mageSi ze <= ( ( Memor y - 15) * 1024) )  \
&& (  ( Memor yRequi r ement s < ( Memor y - 15)  )  )
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� The basic security model in Condor
� Stronger security available (Encrypted 

communications, cryptographic authentication)

� Can configure each machine in your pool to allow 
or deny certain actions from different groups of 
machines and/or users
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� Authentication/Authorization–Which users are 
allowed, based on authentication using:

� File system
� Kerberos
� GSI (X509)
� more

� Encryption—Private communications, requires 
Authentication

� Integrity—Checksums
� Negotiation—Required for all others
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� � 9 0 � �
� Directed Acyclic Graph Manager

� Often a job will have several logical steps that must be 
executed in order

� DAGMan allows you to specify the dependencies
between your Condor jobs, so it can manage them 
automatically for you.

� (e.g., “Don’ t run job “B” until job “A” has completed 
successfully.” )
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: ' � ��� �� �� � 9 *

� A DAG is the data structureused by 
DAGMan to represent these dependencies.

� Each job is a “node” in the DAG
� Can have it’s own requirements
� Can be scheduled independently

� Each node can have any number of 
“parent” or “child” nodes – as long as 
there are no loops!

Job A

Job B Job C

Job D
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� � (�� �� � �� �� � 9
� A DAG is defined by a .dag file, 

listing each of its nodes and their 
dependencies:
# di amond. dag
Job A a. sub
Job B b. sub
Job C c. sub
Job D d. sub
Par ent  A Chi l d B C
Par ent  B C Chi l d D

� Each node will run the Condor job 
specified by its accompanying 
Condor submit file

Job A

Job B Job C

Job D
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� 4� � ����� � �� �� � 9
� To start your DAG, just run condor _submi t _dag with your .dag 

file, and Condor will start a personal DAGMan daemon which to begin 
running your jobs:

% condor _submi t _dag di amond. dag

� condor_submit_dag submits a Scheduler Universe Job with DAGMan
as the executable.

� Thus the DAGMan daemon itself runs as a Condor job, so you don’ t 
have to baby-sit it.
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DAGMan

; 4� � �� � �� �� � 9

� DAGMan acts as a “meta-scheduler” , managing the 
submission of your jobs to Condor based on the DAG 
dependencies.

Condor
Job
Queue

C

D

A

A

B
.dag
File
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DAGMan

; 4� � �� � �� �� � 9 �<� � � �=� >

� DAGMan holds & submits jobs to the Condor queue at 
the appropriate times.

Condor
Job
Queue

C

D

B

C

B

A
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DAGMan

; 4� � �� � �� �� � 9 �<� � � �=� >
� In case of a job failure, DAGMan continues until it can no longer make 

progress, and then creates a “ rescue” filewith the current state of the 
DAG.

Condor
Job
Queue

X

D

A

B
Rescue

File
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DAGMan

; � � � � � � �� � �� �� � 9

� Once the failed job is ready to be re-run, the rescue file 
can be used to restore the prior state of the DAG.

Condor
Job
Queue

C

D

A

B
Rescue

File

C
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DAGMan

; � � � � � � �� � �� �� � 9 �<� � � �=� >

� Once that job completes, DAGMan will continue the 
DAG as if the failure never happened.

Condor
Job
Queue

C

D

A

B

D
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DAGMan

6�� � ' �� � �� �� � 9

� Once the DAG is complete, the DAGMan job itself is 
finished, and exits.

Condor
Job
Queue

C

D

A

B
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� Provides other handy features for job 
management…

� nodes can have PRE & POST scripts
� failed nodes can be automatically re-tried a 

configurable number of times
� job submission can be “ throttled”
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: ' � ��� � � � )� � �� � �  �� � � �� � )� � *

� Some people want to run interactive, yet compute-
intensive applications 

� Jobs that take lots of compute power over a relatively 
short period of time

� They want to use batch computing resources, but need 
them right away

� Ideally, when they’ re not in use, resources would go 
back to the batch system 
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� A distributed build/compilation of a large 
software system

� A very complex spreadsheet that takes a lot of 
cycles when you press “ recalculate”

� Visualization tools for data-mining, rendering 
graphics, etc.
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� Condor COD: “Computing on Demand”
� “ I need this resource right now!”
� Suspend a Condor batch job on the resource 

immediately
� Allow the interactive jobs to come in with 

high priority and run instead of the batch job 
on any given resource

� The batch job continues when the resource 
is no longer needed by COD

� � � � � � �� � �
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� � � �� �� � ��&4 ��' �� ' @� ��� � ��%�&� �  

� “Checkpoint to Swap Space”
� When a high-priority COD job appears, 

the lower-priority batch job is suspended
� The COD job can run right away, while 

the batch job is suspended
� Batch jobs (even those that can’ t 

checkpoint) can resume instantly once 
there are no more active COD jobs
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� �� � � �? � � �� �� )� � � � � � ��� � � � �

� Need for data placement on the Grid:
� Locate the data
� Send data to processing sites
� Share the results with other sites
� Allocate and de-allocate storage
� Clean-up everything

� Do these reliably and efficiently
� “Make data placement a first class citizen in the 

Grid.”
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� �� � �

� A scheduler for data placement activities in the 
Grid

� What Condor is for computational jobs, Stork is 
for data placement 

� Stork understands the characteristics and 
semantics of data placement jobs.

� Can make smart scheduling decisions, for reliable 
and efficient data placement.
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� �� � � �@A' � �� � � � � � �

• Stage-in

• Execute the Job

• Stage-out

Stage-in

Execute the job

Stage-outRelease input space

Release output space

Allocate space for 
input & output data

Data Placement Jobs

Computational Jobs
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DAGMan

� �� � � �@A' � �� � � � � � �

Condor
Job

QueueDaP A A.submit
DaP B B.submit
Job  C C.submit
…..
Parent A child B
Parent B child C
Parent C child D, E
…..

C

Stork
Job

Queue

E

DAG specification

A CB
D

E

F
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6� �)4�� �; � � � � � �%�� � � �- ((�� �� � ��
; �  � 4�� � �8 ��)�B� ��� �

� Fault tolerance
� Just submit a bunch of data placement jobs, and then go away..

� Control number of concurrent transfers from/to any 
storage system

� Prevents overloading

� Space allocation and De-allocations
� Make sure space is available
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9 � C�@6��� $ � )) �D�� � �� � �� �E� �$ � � �  
� Firewalls

� cheap and good way to protect networks
� headquarters of integrated security systems

� Private networks
� A solution to IPv4 address shortage problem
� Easy network management & easy address 

planning
� Connections are blocked!

� Collaboration becomes difficult or impossible
� Resources are wasted
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� GCB provides various ways in which the 
applications (e.g. Condor) can selectively open 
channels of communications blocked by firewall
� Dynamic Port Forwarding
� Relay Connections

� Will be released as part of Condor software soon!
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� Parrot is a tool for attaching existing programs to 
remote I/O systems through the filesystem
interface

� Works by trapping a program©s system calls 
through the ptracedebugging interface, and 
replacing them with remote I/O operations as 
desired.

� Can be applied to any program without re-
compiling

� “Speaks” lots of protocols: HTTP, FTP, etc
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% parrot tcsh
% vi /http/www.yahoo.com
% cp /http/www.blah.com/foo.tar.gz .
% cd /gridftp/www.cs.wisc.edu/condor
…
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schedd
(Job caretaker)

condor_submit

matchmaker

Startd
(Runs job)
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schedd
(Job caretaker)

condor_submit

gridmanager gahp

Globus gatekeeper
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schedd
(Job caretaker)

condor_submit

gridmanager condor-gahp

schedd

gridmanager

pbs/lsf-gahp PBS or LSF
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schedd
(Job caretaker)

condor_submit

gridmanager

gridmanager

pbs/lsf-gahp

PBS or LSF
condor-gahp

gahp

Globus
gatekeeper

schedd
1. Glide-in

2. Submit jobs
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0 � �� ' � � � �� � �$ ��' �� � � � � �@�

� In all of these examples, Condor-C went to a 
specific remote schedd

� This is not required: you can do matchmaking
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schedd
(Job caretaker)

condor_submit

gridmanager condor-gahp

matchmaker

schedd

schedd

… submit job


