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Motivation
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DAQ Rate: 1.25GB/s

Raw data: ~6PB/yr

CPU(incl. sim): ~200Mcore-hr/yr

GlueX is a fixed target experiment that uses a 
high intensity linearly polarized 12GeV 
photon beam incident on a proton target

Problem:
Single primary physics trigger with several 
calibration triggers all recorded in a single 
output stream.

This leads to inefficient use of resources 
offline to filter the (rare) calibration events 
into separate files.

The GlueX detector in Hall-D at Jefferson Lab



HOSS! : the Hall-D Online Skim System  -- vCHEP21  -- David Lawrence

Skims
● “Skim” files contain a subset of events from the raw data stream
● Events formed from specialized triggers for calibration or normalization
● Formerly produced by dedicated pass over entire data set on scicomp farm 

hd_rawdata_071783_337.evio

hd_rawdata_071783_337.BCAL-LED.evio
hd_rawdata_071783_337.CCAL-LED.evio
hd_rawdata_071783_337.FCAL-LED.evio
hd_rawdata_071783_337.DIRC-LED.evio*
hd_rawdata_071783_337.ps.evio*
hd_rawdata_071783_337.random.evio
hd_rawdata_071783_337.sync.evio
hd_root_tofcalib_071783_337.root
                           TOTAL

20 GB

6.8 MB
0.3 MB
7.1 MB
1.7 MB
69.7 MB
20.1 MB
0.4 MB
12.3 MB
118.4 MB

GOAL:

Generate these in counting 
house when data is taken

● reduce tape drive usage
● reduce Lustre activity
● reduce time waiting for 

skims

(<0.7% of total data volume)

* not all ps or DIRC triggers saved 3
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HOSS uses ...
● RAM disks for temporary, fast file staging
● RDMA (Remote Direct Memory Access) over IB

○ fast file transfer
○ implemented as Linux systemd service

● Python for process management
○ single central config. file defines rules for files transfers and processing

● ZeroMQ for monitoring
○ pub-sub system for both RDMA processes python script status

● MySQL DB for storing file path through system
○ Also stores full trigger counts as byproduct
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jmigrate
(write to tape)

/data1

RAMDISK

/data2 /data3 /data4

gluonraid3

1 
12 R

CEBAF Center

1
 3 R

1 
12 R 1 

12 R 1 
12 R

jmigrate
(write to tape)

/data1

RAMDISK

/data2 /data3 /data4

gluonraid4

1 
12 R

CEBAF Center

1
 3 R

1 
12 R 1 

12 R 1 
12 R

jmigrate
(write to tape)

/data1

RAMDISK

/data2 /data3 /data4

gluonraid5

1 
12 R

CEBAF Center

1
 3 R

1 
12 R 1 

12 R 1 
12 R

CODA

RAMDISK

gluondaqbuff

gluonfarm nodes

1
860R

1
 6 R

1
 3 R

gluonfarm nodes

1
860R1

 6 R

R = 1.25 GB/s

(per node)(per node)
(per node)

(per node)

1
 3 R

1
 3 R

5



HOSS! : the Hall-D Online Skim System  -- vCHEP21  -- David Lawrence

HOSS Status GUI

Transfer rates recorded by hdrdmacp 
servers

- green = transferred to skim nodes
- red = transferred to RAID (1min avg)

- grey = transferred to RAID (10 sec avg)

-

Transfer rates recorded 
by hdrdmacp servers

- green = good
- red = bad
- grey = not used

n.b. right click to restart
left click for log file

Errors and Respawns are more 
common on some servers. 
System is fault tolerant.

HOSS Processes

hdrdmcp server Processes
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DB of Trigger Counts is Useful Beam Diagnostic
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● A labor intensive  analysis 
identified possible beam 
dependence on 
polarization direction

● Byproduct of HOSS system 
is exact count of various 
trigger types

● Data from HOSS DB 
showed effect clearly and 
even showed drift within a 
single ~4hr run
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● New paradigm for raw data flow in Hall-D counting house 
○ Splitting data stream at file level significantly reduces demand on individual 

hardware components (e.g. RAID disks)
○ System handles distribution of files over nodes and partitions as well as 

shallow copies via hard links (large configuration file)

● RDMA
○ hdrdmacp program written, tested, deployed as systemd service 

on gluons
○ >2PB  cumulatively transferred through servers

without crashing

● hdskims
○ Breaks skimming into 2 phases resulting x4 speedup
○ Automatically fills DB with trigger statistics for each file

HOSS  Summary
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System driven by two types 
of operations:

stage: move and link files within 
a filesystem

distribute: transfer file to one of 
a number of other filesystems

Raw data files on RAID partition 
hard linked in 
rawdata_staged_for_tape and 
volatile
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In this talk, “HOSS” will not refer to these ….
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CODA

jmigrate
(write to tape)

/data1 /data2 /data3 /data4

gluonraid[3|4]

CEBAF Center

R = 0.6 GB/s

Hall-D Data recording
(for low intensity running)

● Transport into RAID server via 
40Gbps ethernet

● Event builder and Recorder run 
directly on RAID server

● All files from one run written to 
single partition

● Files read from non-active 
partitions for writing to tape

● CODA configuration must be 
changed to switch to another 
RAID server
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The Challenge of Online Skims:

● High Intensity Running
○ Larger data rates than ever seen in production
○ Single RAID partition cannot handle full rate (at least not stable)

● Requires scanning entirety of every file
○ Never done even in low intensity era

● Cannot be done with only RAID server compute capacity
○ Must distribute to farm nodes

● High data volumes+hardware limits necessarily couples 
data flow with skim system
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hdskims + hdmk_skims.py
● high intensity produces ~3 files/min (20GB)
● hdskims: skim through EVIO file and write blocks (40 events) containing at least one 

FP trigger to separate file (~10 sec using RAM disk)
● hdmk_skims.py: Run hdskims to create reduced EVIO file then run hd_ana with 

trigger_skims and ps_skim plugins to produce standard skim files (~40 sec)
● 20GB file processing time:  classic method=4 min   --   new method=1 min
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Skiminfo DB
● First and last event number found for each file

● System writes these to DB so complete trigger 
statistics are recorded for each file

● Counts for each trigger recorded

● Complete trigger counts are 
accumulated during initial scan of raw 
data file
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hdrdmacp  - Hall-D Remote Direct Memory Access CoPy

● Program runs as either server or client to copy file(s) over IB with minimal 
CPU (uses a feature of IB network card)

● Configured as systemd service on all gluons with IB connection
● Single stream transfers up to 1.5GB/s
● Multiple streams can transfer 3.5GB/s sustained
● Publishes statistics periodically as JSON formatted message using zeroMQ

subversion: (for us)
https://halldsvn.jlab.org/repos/trunk/online/packages/miscUtils/src/hdrdmacp/

github: (for the rest of the world)
https://github.com/JeffersonLab/hdrdmacp
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