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Brief Summary: 
The LCLS online data acquisition system receives information from the machine and its 
instruments, persisting this data into a cache. 

The LCLS offline data management system stores data for longer-term analysis and export to 
end users. 

This document specifies the interface between these two systems.  
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1. Introduction 

The LCLS online data acquisition system receives information from the machine 
and its instruments, persisting this data into a cache. 

The LCLS offline data management system stores data for longer-term analysis and 
export to end users. 

This document specifies the interface between these two systems. 

2. Hardware 

2.1. Online cache machines 
The online cache will be composed of one or more x86 servers running Linux with 
approximately 10 TB of locally-attached disk. This should be sufficient capacity to 
handle several days of captured data at initial data rates. Additional servers may be 
added in the future as the system capacity requirement increases. All data of 
interest is guaranteed to be available on at least one server; it may be distributed 
across multiple servers. 

2.2. Offline data management machines 
The offline data management machines will be x86 servers running Linux with a 
parallel filesystem for scalable storage. 

2.3. Network 
Each online machine and offline machine will have at least one 10-Gigabit Ethernet 
interface attached via full-duplex connection to a non-blocking switch. Each online 
machine will provide at least 200 MB/sec of outbound bandwidth, 100 MB/sec 
average and 100 MB/sec for catch-up purposes; each offline machine will provide at 
least 100 MB/sec of inbound bandwidth, and the aggregate will provide at least 200 
MB/sec of inbound bandwidth. This bandwidth is sufficient to handle the average 
data rate of LCLS data, although it will not be able to handle the peak rate of 250 
MB/sec. 

3. Software 

3.1. File transfer protocol 
Files will be transferred between the online system and the offline system using a 
reliable file transfer tool such as GridFTP or xrdcp. The tool must support data 
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rates of at least 200 MB/sec. It must be configurable so as to require no manual 
intervention in the event of link failures or machine failures. Considerations for 
selecting the tool include minimizing the use of CPU and memory resources, 
minimizing dependencies on external software, minimizing the amount of 
maintenance required for the tool and the overall system, and minimizing the 
amount of LCLS-specific software development. 

3.2. Messaging 
Data will be pushed from the online cache to the offline system via the file transfer 
tool. This simplifies firewall configuration. File transfer status, including the 
availability of a file and the completion of a file copy operation, will be recorded in a 
MySQL database provided by the offline system. The offline system will provide a 
list of one or more acceptable destinations for data files in the same MySQL 
database; the online system will query for this list at least once per minute. 

3.3. Encryption 
No over-the-wire encryption will be used between the online and offline systems. If 
it is required at a later date, all file transfer tools being considered can be 
configured to use data channel encryption, although with a substantial performance 
penalty. 

3.4. Authentication 
The connection between the online and offline systems will be authenticated by IP 
address only. This avoids a requirement for opening the ssh port in the firewall. It 
also avoids a requirement for deployment of X.509 certificates. The tool will only 
make connections in one direction, preferably from the source to the destination. 

4. Data 

4.1. DAQ 
The online system will acquire data from the instruments and associated sensors as 
C++ objects, with each class representing a type of instrument or sensor and 
including (possibly a pointer to) configuration information such as camera size in 
pixels. 

4.2. EPICS 
The online system will acquire EPICS-format records describing the state (or 
changes to the state) of the LCLS. These records will be translated into C++ objects, 
with each class representing a portion of the machine state. 

4.3. Online format 
3.1. The online data will be written to the cache in a simple binary format. Each  
C++ object, whether from the DAQ or EPICS, will be written to disk in its in-
memory representation. The online group will provide and maintain software to 



 

______________________________________________________________________________________________________ 
ICD 1.1-526-r0                                                                                 Check the LCLS Project website to verify  
5 of 8  that this is the correct version prior to use. 

read this file format, regenerating C++ objects. This software will contain two 
layers, a highly portable, lightweight XTC-like layer that reads the data into 
chunks of raw memory with a type specifier and an object layer that casts the raw 
memory into C++ objects and gives implicit scientific meaning to individual data 
values. The software will be provided as a set of header files, including one per C++ 
object class, and a shared library. 

3.2. Classes might include ones representing cameras, flash ADCs, or processed 
data resulting from either of these. They might also represent EPICS data such as 
motor positions or temperatures. 

3.3. The configuration information will precede the data in the same files. It will 
include a listing of the objects that will appear in the succeeding data. This will take 
the form of a listing of the datatypes followed by the configuration information for 
each instance of each datatype. The configuration information includes the physical 
parameters of the instrument that may be adjusted. 

3.4. Additional information that is constant for each instrument will be delivered 
separately in a set of files in the same XTC-like format. These constants will be 
indexed by instrument and model. 

3.5. Updates to the headers or library will be provided to the offline group at least 
two days in advance of their deployment in the online system and in any case in 
sufficient time to enable rebuilding of the translator code. 

3.6. Data will be written to files in time order. When a file reaches a certain 
predetermined chunk size, both the DAQ and EPICS files will be closed in such a 
way that they represent the same time interval. The files will then be made 
available for transfer. Each new file will include the configuration data at the 
beginning so that each chunk is self-contained. If necessary, a configuration version 
number can be used to detect if the configuration has changed between chunks. 

4.4. Offline format 
The offline data will be permanently stored in HDF5 files as compatible as feasible 
with the NeXus standard for X-ray, neutron, and muon data. 

4.5. Translator 
5.1.The offline group will develop and maintain a translator from the online file 
format to the offline file format. This translator will run in the offline data 
management machines after the online file has been copied. 

5.2. The translator will need to merge the DAQ and EPICS streams. The implied 
state from the EPICS state transitions will have to be maintained by the translator. 
The state maintenance will not involve interpolation between values. 
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Figure 1. Data Flow Diagram 

5. Dependencies 

There are four software packages this interface depends upon: 

• Reliable file transfer tool. An off-the-shelf tool will be used. 
• MySQL, also available off-the-shelf. 
• The XTC-like code and object layer, including the class definitions for 

configuration and data. This will be developed in-house. 
• Control software and scripts to be developed in-house. 

6. Operations 

6.1. Beginning of run 
At the beginning of a run, the configuration will be defined and maintained in the 
online system’s data capture and file writing software. 

6.2. During run 
As the online system collects data, it will write it to files on disk. As each file 
reaches its predetermined chunk size, it will be closed. The closure of the file will be 
registered in the MySQL database. The file will then be copied using the file 
transfer tool to an appropriate offline destination selected from the list in the 
MySQL database. After the copy completes successfully, the MySQL database will 
be updated. 
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6.3. End of run 
When an entire run is complete, another entry will be made in the MySQL 
database. 

 

Figure 2. Data Transfer Sequence Diagram. 

6.4. Failure modes 
4.1. Failure of writes to the online cache or reads from the online cache are issues 
for the online system; this interface assumes that these will be handled. 

4.2. Once a file is written, if the copy operation fails, the software will retry with the 
next offline destination in the predefined list. If a given file has not been copied 
after a predetermined period of time, an alert will be issued via a monitoring 
system. 

4.3. If the MySQL database server fails, a replica will be brought online at the same 
IP address via IP takeover. If connectivity to the MySQL database fails, it is 
assumed that connectivity to the offline system will also fail, so copying will pause 
until connectivity is restored. 
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6.5. Change of instrument: minor 
Minor changes to the configuration of an instrument (e.g. modifying the number of 
active pixels produced by a camera) will be handled by the “self-describing” classes 
and/or provision of new “constant” configuration files. 

6.6. Change of instrument data interpretation 
If the data value produced by an instrument needs to be interpreted differently, the 
code in the shared library used for reading the data may be modified to translate 
the data value into its equivalent in the original interpretation. The header files 
would not need to be changed, and the translator program would not need to be 
recompiled, just relinked. 

6.7. Change of instrument: major 
If a new parameter not in the existing classes or a new class of instrument is 
introduced, a new class will be created including a new header, new configuration 
objects, and a new shared library. The translator program will need to be 
recompiled at a minimum and likely will need to be modified to understand the new 
parameter or instrument. 


