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Abstract. The MySQL basedrelational databaseusedby the Chandra data
operations software application Telemetry Tracker 9000 (TT9) has proven to
have many useful applications beyond its initial purpose aiding data quality
testing of Chandra data. We have deweloped a multi-tab Perl/Tk GUI applica-
tion with embedded MySQL functioning as a front end and this user interface
with the addition of new databasetables and TT9 modules provides visibilit y
into all aspects of data operations including processing,reprocessing,realtime
data ow, and metrics. The databaseis easily extensible and has been used
to respond to the changing needsof the Chandra mission while at the same
time providing a history of Chandra data operations from the beginning of the
mission. The typesof data stored in the database,the software designof the op-
erational GUI, and examplesof current and potential future usesof the database
will be preserted.

1. Intro duction

The Chandra X-Ray Center Data Systems Operations Team (CXCDS Ops),
responsible for the processingof Chandra data from raw telemetry to nished

product, developed the in-housesoftware system Telemetry Tracker 9000(TT9)

(Anderson et al, 2005)in order to facilitate and automate daily operations tasks
sud as data quality testing of raw telemetry and quicklook processingand to
allow quick input of raw data into the o cial standard data processingsystem
and quick output of the nished products to the obsener. Factors suc as
availability of resourceseaseof developmert, and customizability in uenced the
Team to utilize mainly Unix shell scripts and Perl scripts in the dewvelopmen
of TT9. In keeping with this strategy the data storage for this system was
handled by a simple text baseddatabase system which was administered by a
complex Perl script developed by the team. This text basedsystemworked well
for atime but had signi cant limitations in speed, storage capacity, and easeof
maintenance. As the requiremerts of the CXCDS Ops Teamfor TT9 expanded,
the needfor a better solution for data storage option becameapparert. The
solution to the performance and storage problems of the text baseddatabase
was found with the open-sourcerelational database MySQL which provided a
databasethat is available at no cost, is easyto install and manage,and was easy
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to integrate with the existing Perl/Unix basedsystem. The implementation of
MySQL into TT9 greatly improved the scalability of the system and extended
the quantity and quality of interfaces dewveloped. As a result, TT9 is now an
indispensabletool for the CXCDS Ops Team.

2. Primary Uses

The initial and still primary useof the CXCDS Ops databasehasbeenasa badk-
endto the in-housesoftware sytem TT9. It hasproven fast and reliable for day-
to-day use and has enabled developmert of additional tools for monitoring and
assistingoperations. Scripts handling raw telemetry, quicklook products, moni-
toring archival processing,and retrieval of Validation and Veri cation products
automatically store information for generating metrics such as latency between
any stagesof the data processingsystem. Latency data for completed obsena-
tions is usedto estimate when future time sensitive obsenation will complete
the various stagesof data processing. These estimatesaid in the sceduling of
personnelto handle time sensitive obsenations during unsta ed periods.

Secondaryusesof the team databasehave beeneasily developed due to the
exibilit y a relational databaseprovides. Custom tables are createdto organize
both major (entire mission) and minor (selectobsenations) reprocessinge orts.
Additional tables will be integrated for additional monitoring of the upcoming
Chandra SourceCatalogue processinge ort. This storage option has proven to
be a simple meansof collecting and organizing various annotations at any level
of data processingand can be used for additional unforeseenlarge processing
projects.

As part of TT9, problem obsenations have been marked in the database
with alarms which alert the operators that there is a problem that requires
investigation. Problem or time sensitive obsenations can also be pre- agged in
the database,and if necessaryset to notify the CXCDS Ops Team when they
have arrived from Chandra sothey can be specially handled. The TT9 graphical
interface enablesoperatorsto add important information suc asdata processing
commerts, Validation and Veri cation commeris and obsenation reports to
the databasefor any obsenations that may require it. Over time all of this
information developed through normal operations and stored in the database
has provided an extensive storehouseof referenceinformation on problem and
important obsenations. With the bad lling of additional information from
other sourcessud as emails, reports, commerts etc. about obsenations from
early in the mission, the databasehasbecomea certral location for the storageof
information speci ¢ to data processingissuesfor ead obsenation going bad to
the start of the Chandra mission (prior to the developmert of the TT9 system).
When old problem obsenations need reprocessingor other obsenations with
similar problems arrive, this stored data provides an invaluable resource for
understanding and handling the special issuesinvolved with processingthese
obsenations.

Potential future usesof the databaseinclude the possibility of using it asan
aid in the restoration of missing or corrupted data, allowing problem obsena-
tions to be processedvith better results. It is likely other useswill be developed
in responseto the future needsof the CXCDS Ops Team.
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Figure 1. The TT9 Web and GUI Interfaces

3. User Interfaces

With downloadable modules MySQL can be integrated with software written in
many di erent langages.The CXCDS Ops Team has usedthis capability to not
only integrate it with TT9 but to dewelop three separateuser interfacesto the
database.

The rst of theseis the TT9 _TM9, a shell-like commandline interface tool
deweloped in Perl with additional DBD/DBI (Database Driver Database Inter-
face) modules. This software emulates the built-in MySQL shell software but
expandsit with many additional subroutinesand it can be run either asits own
shell or directly from the commandline. This commandline option has multiple
custom output formats and is the meansby which Unix shell scripts can update
and query the team database. Run asa shellit operatessimilarly to the MySQL
shell interface but o ers many additional features such as a command history
and help on commands.

The seconduser interface is a web interface written in PHP with some
additional setup les. This interface consists of sewveral PHP web pageswith
qguery accessto the databaseto allow quick queriesright from the team web
page.

The nal userinterface the team has deweloped is a GUI application called
tt9goc written in Perl/Tk with additional DBD/DBI modules. This applica-
tion was originally written in Tcl/Tk for TT9 prior to the implementation of
the MySQL databasebut hasbeenre-written in Perl/Tk with a built-in direct
interface to the team database. The use of MySQL with the Perl interface has
led to a much faster, more customizable, more powerful version of the original
GUI and this application has becomethe main interface to the databaseand
the TT9 systemfor most of the CXCDS Ops Team.

4. Technical Details
The CXCDS Ops database system consists of MySQL replicated between two

modest, local hosts for data integrity and hardware cortrol The databaseis lo-
calizedto the CXCDS Ops Team ( and managedby the Team) which simpli es
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organization, backups, and maintenance. There are hundreds of thousands of
records spread over 49 tables with additional intermediary tables usedto facil-
itate multiple-to-one linking between tables. The types of data stored in the
team databaseinclude but are not limited to:

Raw Telemetry Data Receipt and Data Quality
Obsenation Basic Parameters

Overall Obsenation ProcessingStatus

Data Quality Testing and Quicklook ProcessingActivit y
Obsenation IssueHistory and Tracking

Metrics for Status Reports

Validation and Veri cation Status and History

Data Neededfor Issue Resolution

TablesNeededfor Large Project Support

5. Conclusion

In an operations ervironment, whereresourcescan often be limited but the need
for a method to store many di erent kinds of data is high, having an in-house
relational databasesystem can be extremely valuable particularly when coupled
with additional custom software such as the CXCDS Ops Team's automated
TT9 system. MySQL hasprovento be a free, lightweight, speedyand easilyim-
plemerted alternativ e for this purpose,and it is su cien tly standardizedthat it
can be integrated into existing technologiessuc asthe scripting languagesPerl
and Python and the web language PHP with only the addition of some addi-
tional downloadable software modules. The easeof implementation, integration
and managemen of the MySQL databaseallows additional customization and
the developmert of future usesasneededin the rapidly changing operations en-
vironment. This capability has proven extremely valuable for the CXCDS Ops
Team.

References
Anderson, C. S. & Morgan, D. L. & Mendygral, P. J. & Nichols, J. S. 2005, in ASP

Conf. Ser. 351, ADASS XV, ed. C. Gabriel, C. Arviset, D. Ponz, & E. Solano
(San Francisco: ASP), 594



