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ABSTRACT

The Spallation Neutron Source (SNS) application mogning effort uses database storage in several
areas. A primary use is in the configuratioritef accelerator hierarclused in our Java based
application programming framework. This task imvashconsiderable effort in data population, but
facilitates the ability to write general purpose appiass. Configuring the machine definition in this
approach for the entire application programmingneaork also eases code maintenance. Another
area of database use is in the storage of megsnachine values. This later usage case typically
involves working with collected sets of data, anel data population tends to be automatic. Several
tools have been written to hide the intricaciethefdatabase connections to programmers. Experience
in both of these areas is discussed.

ACCELERATOR HEIRARCHY

The Java based high level application programmingédraork at SNS [1, 2] includes a hierarchal

view of the accelerator. In this view, shown schenadtian Figure 1, the accelerator is composed of
sequences, sequences are composed of devices dcesdmn have their own characteristics. This is

a typical object-oriented view of the accelerasm in our case the hierarchy is configured from

database tables. One advantage of this structtite mbility to write an application once and have it
reusable anywhere in the accelerator. Another advamtipis approach is that single point changes

in the database configuration are propagated to many applications, easing maintenance. A consequence
of this approach is the necessity of careful population and maintenance of the database.

The tables are part of a global SNS relational degtalj3]. As this global database is used by other
groups at SNS, the table structure is not a ormtmatch with the classructures used in XAL.

Much of the information needed for the setuphaf physics applications is “mined” from tables
maintained by engineers. We have written a @ogthat queries the database to configure the XAL
structure. The overall organization of these tableksisussed below, as well as the approach used to
setup the XAL accelerator hierarchy.
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Figure 1: XAL Accelerator hierarchy indicating aocelerator composed of sequences (blue), which
are composed of devices (green), which have methods and attributes (yellow).
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Devices and Equipment

There is a high level delineation of data storage between devices and equipment in the SNS database
tables. Devices are the abstract placeholders for objects that a beamline is composed of (magnets, RF,
diagnostics devices etc.). The devices all have pbestglobal coordinate positions (used by

alignment personnel), a distance along the design bagutory (used by beam modellers), and are

given names which generally follow a naming convention that allows easy understanding of what and
where the device is.

Each device has a specific installed piece of hardaiaay given time, which is the equipment. All
pieces of equipment use a bar-code number, for their identification. There is an association table that
relates which piece of equipment is installed at ebmlice. The information specific to the hardware

is associated with the equipment. For examplegnet measurement data is associated with the
equipment, not the device. If a magnet fails arshiapped out, a new piece of equipment (i.e. the new
magnet) is associated with the device. Much efdata associated with the equipments is held in

tables maintained by various groups (magnet meamne power supply, diagnostics, etc.) but is

critical for the setup of the high-level applicatioBemetimes information that is characteristic of a

class of equipment is stored in tables for an egeigrmodel type (e.g. power supply limits are all the
same for individual power supplies of a given type).

We use data from about 25 tables to setup the XAL accelerator hierarchy. This is done via a
programmed set of queries which presently takesdf@sconds, but has not been optimized. Rather
than have every application perform this quenstamt-up, we create an XML file containing the
accelerator configuration, in the structure usgXAL. Presently this XML file is over 20,000 lines
long for the SNS linac alone. The accelerator confifumadoes not change often within a beam run,
so the occasional updating of the XML configuratiibe has not been problematic. Also, storage of
these files provides an easy way to reconstrictttelerator’s setup for a given time in the past.
Importantly, the device has types of signals associatidit, and the signal names which are used by
the EPICS control system [4] for the real machinmm@mnication are specified in this file. It is this
link that allows XAL to provide generic device metls that hide the details of the control system
from the user (e.g. a magnet method to get pipdied field, of a Beam, Position Monitor (BPM)
method to get the measured beam location).

MEASURED DATA STORAGE

The EPICS control system provides tools for arclg\and retrieving large amounts of data, and is the
primary mechanism used for data archiving at SNigroring the EPICS control system, the standard
method of archiving information is oriented aroumdividual signals. This is useful and works well
when the different combinations of signals to be retrieved are not known a priori. However, there are
occasions when collection of prescribed collections of signals is anticipated. An example is the
collection of all information needed to set up ad@l from machine settings and compare to measured
beam, e.g. the magnet settings, RF settingsttenBPM measurements (fegred to as “physics”

data). While it may be possible to collect the heddrof signals needed to for this task from the
EPICS archiver, this would be tedious. Moreotteere would be no guarantee that all the values
retrieved were from the same beam pulse (SNSpiglsed machine that will run at 60 Hz). A
PVLogger tool has been written to facilitate logggrgups of data (PV stands for Process Variable in
EPICS, which is like a signal). The importanttisistion between this tool and the standard EPICS
archiver, is that this tool collects data as a graumg, can guarantee that all data within a group are
collected from the same pulse, by requiring signalsatge timestamps within a certain range of each
other.

This capability is available as either a backgroundisethat runs continuously in the background, or
as a pushbutton tool. We log the physics data every fifteen minutes in the background service, and
other applications that takeeasurements, such as wireffle measurements and scanning
applications take snapshots whenever measurements are taken. There is a separate application to
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browse for a group snapshot by time, and to view the value of a logged signal vs. time (from one
snapshot to another), and is shown in Figurél2o another application provides capability for on-
the-fly setup of a new group of signals to be loggedwell as specification of the frequency to log the
data .

| Connect | |defau|[ ‘v| FromgSep 10, 2005 11:113:33":' Tofsep 11, 2005 11:ns:33H ‘ Fetch |
Signals: ! Machine Snapshots: :Selected Snapshot:
Contains: | | x | Timestamp u] |[omment
|zo05-0s-10 11200580 1322890 Nk
Select | Unselect |2005-0e- 101135 5801320001 : e TR e
s thannel |2005-05-10 11:50:58.0 1222852 (\CCL_Diag BCM 102 currentdwn  [sep . |9.86.. |0 bl -~
lv] |CCL.Diag.BCMLO2.currentfug =|j2002-09-1012:0:58.0 1222984 |CCLDiag BCM102Z:currentMax fsep . [1L.0.. 0 [0 |=
[v] |CCL_Diag:BCM 102:currentMax = |2005-09-10 12:20:58.0 1323017 E CCLiD\ag BPMlOl'.ampmudeAvg Sepn 15.8.“ il o [
v| [CCL_Diag:BPM 101 amplitudewg |2005-08-10 12:35:58.0  [1323048 [éct Diag BFM 101 phaseava Sep |-167 [0 o
[v] [CCL_Diag:BPM 101 phasedug ] 2005-0%-10 12:50:58.0 12232080 E CCL_D\ag BFM 101 g Sep 053 3 5
[¥] |CCL_Diag.BPM10L 1Ay 2005-09-10 13:05:58.0 1323111 | |CCL_Diag BFM 0Ly e ... |-Lol..o 0
] |CCL DiagrBPM 101y |2005-05-1012.20.58.0 1323144 |eLDiag BPM 103 ampliudesve ep . [15.4. [0 0
lv| |[CCL_Diag:BPM 103 amplituds g |2005-08-10 13:35:58.0 1323175 | Diag BPM 105 hosedvs T 5
[v] [CCL_Diag:BPM 103 phasedag ] 2005-09-10 13:50:58.0 1223207 E CCLiD\ag RN 103:xAvg Sep _0'15'” 3 5
v] [CCL_Diag:BFM 103 vy |2005-05-10 140558 0 1323238 e hiag PP 105 A e Toer o 5
v| |CCL_DiagBPM 103wy |2005-09-10 14:20:58.0 1322271 NcCCDiag BFM112 ampliudevg Gep 179 0 o
lv] |CCL_Diag:BPM 112 amplitudeAvg |2005-09-10 14:35:58.0 1322302 | |CCLDiagBPML1Z:phasedvy  [Sep . [36.2.. 0 o
V] |CCL_Diag:BPM112: phasesug |2005-05-10 14:50:580 1325334 |CCDagBPM L1z 08 Sep . [0.07.. 0 0
v| [CCL_Diag:BPM 112:xv |2005-09-10 1505580 |1323365 | TTLINERTE e TaEr o 5
lv] |CCLDiag'BPM112 yAvg |2005-09-10 15:20:38.0 1323398 ‘|cCL Diag BFMz02:ampliudedvy [sen . [16.2... 0 o
[¥] |CCL_Diag.BPM202. amplitudesvy 2005-09-10 15:35:58.0 1323423 |cclDiag BPM 202 phasesvy Sep ... |-148...0 0
V] [CCL_Diag:BPMZ202: phasedig ] 2005-05-10 15:50:58.0 1323461 : CCL_D\ag BPM202:XA\ng Sep o 53 o o
[v] [CCL_Diag:BPMZ 02 stwg ] 2005-0%-10 16:05:58.0 12232492 E CCL_D\ag BFMZ02 iy Sep 575 3 5
[l |CCL Diag:BPM2 02 yAvg 12005-09-10 16:20058.0 1323525 |ccLiag BPMz 12 amplitudeAvs [5en .. [15.6... 0 0
v |CCL_Diag:BPM2 12 amplitude.og H2005-05-10 16:35:58.0 1323556 i CCL_D\ag BPM212:phaseAvg Sep —1.66.“ ] o
o] [CCL Diag DPHZ 12 phasedyg |2005-05-10 16:50:58.0 1323588 | SRR e T T :
[v] [CCL_Diag:BPMZ2 12 xéwg :2005—09—10 17:05:58.0 1223813 E CCL_D\ag BFMZ 12 fg Sep “034.0 5
V] |CCL_Diag:BPM2 12:yAvg |2005-05-10 17:20:580 1323652 |CCL_Diag BPMz02: ampitudeAve [5en ... [16.4... [0 0
v| [CCL_Diag:BPM302: amplitudedwg |2005-08-10 17:35:58.0  [1323683 ‘[écL Diag BPM202 phaseAvg Sep |-172. o o
[v] [CCL_Diag:BPM302 phasedug :2005—09—10 17:50:58.0 1223715 E CCL_D\ag BFMZ02 g Sep o3 3 5
v] |CCL_Diag:BPM302: g 2005-09-10 18:05:58.0 1323746 8 CCLiD\ag BPMBOZ:vAvg Sap _6 79 a 3
] |CCL DiagBPM3 02yt |2005-08-10 18:20:58.0 |1323779 |eCLDiag BPM3 12 ampliudesve ep . [16.4. 10 0
[¥] [CCLDiag:BPM3 12 ampiituriesvg |2005-09-10 18:35:58.0 1323810 |cCLDiagBPM312:phasevg  [sem .. [176.... 0 o
v] [CCL_Diag:BPM3 12 phasedag 52005—09—10 1850550 1323842 E CCLiD\ag BPMBIZ:XA\/’Q Sep 1 67 0 5
V] [CCL_Diag BPM2 12 sy |zo05-05-10 1805580 1323873 ICEL Diag BPME 12 yan e 0200 5
v| |CCL_DiagBPM3 12:yiwg |2005-09-10 19:20:58.0 1322506 NcCCDiag BFM402 ampliudevg Gep  [188 0 o
] |[CCL_Diag:BFM402 amplitudeAwn [2005-05-10 15:35:58.0 1321937 |CCL Diag BPM402 phacesvg ep . |-12.0..0 o
[v] |CCL_Diag:BPM402: phasedog 2005-05-10 19:50:58.0 |1323969 || CCL.Diag EPM402:XA\fg ep 225 1 3
v| [CCL_Diag:BFMA02: iy |2005-09-10 20:05:58.0 [1324000 =] [EEC Diag BPM 403 v Sep 011 |0 o
] CCL.Dlag BPMA02 Ay B | mor | eponpiotpaa | |CCL Diag BFM 408 ampliudesvy fsep . [16.6... 0 o |+

Figure 2: Browser application for retrieving PVLa&ggnapshots. The group to select (filterable) is
shown in the left panel, The available snapshots in the specified time-range are shown in the middle
panel, and the specific snapshot is shown in the right panel.

By far the most important application of the loggleda is configuration of the online model [5] of

the accelerator. The SNS online model is a simpkelepe model used for transverse and longitudinal
lattice calculations. It is fast enough to be used in the control room. While the basic lattice geometry is
fixed and can be configured from the database switbed above, specific setup of a large accelerator
changes, especially during commissioning periodgidisthe SNS. For example, an operator may

tweak a quadrupole. In order to analyze data it is important to know the machine setup when the data
was collected, and the PVLogger provides thisabdjty. As mentioned, applications that take
measurements typically also request a PVLoggers$rmdpand store an identification number of this
shapshot with the measured data. The online model has a PVLogger data-source which sets adjustable
model input (e.g. magnetic field levels) to tho$a given PVLogger snapshot. This capability is

shared by several applications thae the online model for data analysis and machine setup, as well as
single-use scripts.

SAVE-COMPARE-RESTORE (SCORE)

All large accelerator systems have some sort of sastgre capability for tuning the machine. It is
always desirable to be able to easily rec@/good machine setup, after (perhaps unsuccessfully)
attempting to improve things. At SNS an application called SCORE provides this capability, and it
uses a database for all data storage (see Figure Bgctibms of data that are desired to be viewed
together are setup as a group. Examples of groupkakatbeen used so far are the general operator
setup of the machine, diagnostic device configomaand some RF equipment configuration. The
groups consist of defining sets of setpoint agatiback signals, each with a system and sub-system
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identifier. These identifications can be usedlter query results. A collection (snapshot) of each
group can be taken, and is delineated by the timestamp of the snapshot.

|Snap n save| | Restore Selecled| | Capture as PNG|

Select Systems: Open | Comment |
| This panel is in testing mode
| connect | |aP |+| Fromjaug 31,2005 11:18:15/] TofSep 24, 2005 11:18:15/~ | Fetch Snapshots in Range
Date Comment
2005-09-02 0420032 0 Tuned up thru cawity 22d. ~309 MeY. Full energy guad settings. Orbit corrected. . | =
2005-09-02 0622280 Better orbit correction through 5CL2 % but bevond is not optimized. Also DTLS-..
2005-05-03 1506570 magnet settings used in SCLHigh - linac dump orbit difference studies.
T 2005-059-03 20:33:15.0 Correct trajectory through linac dump. Good warm + scl fingerprints,
Select Subsys: 2005-09-04 11:259:46 0 Snapshot of conditions prior to SLACS reporducibility scans.
2005-09-04 195813 0 Score for the cawity 11 SLAC statistics studies, where the cawity 11 energy manag
2005-09-06 23:50:47.0 Correct trajectory through linac dump. Good warm + scl fingerprints,
2005-03-07 01:15:45.0 Machine state for the linac dump wire profile measurements that will be used ta ...
2005-09-10 10:41:20.0 tuned 5CL up to CM15 and will load gquad law CM 15 _08_29 enman
2005-09-10 10:43:10.0 tuned 5CL up to CM15 and will load guad law CM 15 _08_29 enman
2005-03-10 10:44:47.0 tuned 5CLup to CM15 and loaded quad law CM15 08 29 enman =
2005-09-10 100583230 tuned 5CL up to CM15 and loaded quad law CM15_08_29 enman
2005-09-10 16:18:29.0 tuned SCL up to SCL 21c and will load quad law FullEnergy_05_2 % enman
2005-09-10 16:19:12.0 tuned 5CL up 1o 5CL 21c and loaded guad law FullEnergy_08_2 9. enman
2005-09-10 16:23:22.0 tuned 5CL up to 5CL 21c and loaded guad law FullEnergy_08_29.enman, LDmp ...
2005-08-11 02:26:48.0 L1z f15wpg
2005-049-11 05:44:52.0 Septl0, new SCL tuneup 901 Mey
2005-09-11 05:45:55.0 SCL Full Energy 902 MeY, and smaller bearm losses
2005-049-11 11:27:22.0 SCL cawities set according 1o SCLEOpercent_tuneup_2 005,09, 10-new.sxc. Linac ...
2005-0%9-11 11:58:07.0 SCL cavities set according to SCLEOpercent _tuneup_ 2005 09 10-new sxc. Linac ...
2005-058-12 09:01:26.0 Snapshat of machine for fault study with losses CM23, ~387 Mely.
2005-09-12 10:02:53.0 Snapshot of machine for fault stuchy with losses at CM20, 287 MeV {actually clos..
2005-09-12 12:31:55.0 Machine state for the linac dump wire profile measurements that will be used ta ...
2005-09-12 12:24:17.0 Machine parameters for spill in wicinity of CM 16
2005-09-12 14:41:532.0 Machine parameters for 187 MeYy' spill in wicinity of CM23. |
2005-09-13 155048 0 As found hearn randitinns with linar dumn ouard setonints natrioht for 900 Mey |

Mo snapshot data

Fetch selected snapshot | Fetch golden snapshot —I
Select All

(@)

|Snap n save| | Restore Selected| | Capture as PNG|

Select Systems: ["Open | Comment | RFQ | MEET | LDmp [ DTL ['scL [ LERT ['CF [ ccL | Src | HERT |
(el . Setpoint rame SF Save val | SP live val Readback Name RE Save val | RE Iive val
CF CCL_MagShmi_ 0¥ 1091 |14.6826 14,6826 CCL_Magshmt QY1091 |[14.5769 <0.0101 2y
DTL CCL_MagShmC_oTv1111. 203881 20.3881 CCL_MapShmC_QTY1111 [20.2579 0.0010 —
HEET 3 CCL_MagShrc_0TvZ011. [2.9945 3.9945 CCL_Mag:ShntC_QTY2011 |3.9363 ~0.0050
LDmp CCL_Mag ShniC_QT¥203.1...[9.5871 95871 CCL_Mag ShntC_QTY203:1 |9.5037 ~0.0128
LEET L CCL_MagShnC_oTv205 1. |15.0836 15.0836 CCL_Mag:ShnC_QTY205: |15.1758 0.0160
CCL_MagShnC_oTv207 1. |20.5663 20.5663 CCL_Mag:ShntC_QTY207:1 205627 0.0264
CCL_MagShntC_QTY209.1...|3.9924 39924 CCL_Mag:ShntC_QT¥209: |3.8520 0.0164
CCL_MagShnC_oTv2 1Ll [9.3836 93836 CCL_Mag:ShmC_QTY2111 |9.3388 0.0086
CCL_MagShmC_0TY3011..[14.6784 14.6784 CCL_Mag:ShmtC_QTY301] [14.5175 0.0247
CCL_MagShnC_aTv303 1. |19 8666 19,8666 CCL_Mag:ShmC_QTY303:1 [19.7936 0.0568
CCL_Mag:ShntC_QTY305:1 . [3.3934 33934 CCL_Mag:ShmtC_QTY305: [3.2548 0.0009
CCL_Mag:ShntC_QTY307.1[9.1830 91830 CCL_Mag:ShmC_QTY307:1 [9.1241 0.0839
CCL_MagShni_aTv2091. [14.9727 14.9727 CCL_Mag:ShmC_QTY309:1 [14.9235 —0.0128
CCL_MagShntC_0T¥3111..[20.6641 20.6641 CCL_Mag:ShmtC_QTY3111 |20.6526 0.0311
Setup CCL_MagShntC_OTv401l1..[3.2946 32922 CCL_Mag:ShmC_QTY4011 |3.2648 0.0418
i CCL_MagShntC_QTY 403 1. |8.8840 5.8840 CCL_Mag:ShntC_QTY403:1 |8.8050 0.0246
volts CCL_MagShnC_oTv405 1. |14.3726 14.3726 CCL_Mag:ShnC_QTY405:1 |[14.3756 0.0156
CCL_Mag ShnC_oTv407 1. |[19.8710 19.6710 CCL_Mag:ShnC_QTY407: |19.8407 0.0374
RF
CCL_LLRFFCM L CllAmpSet |0.7768 0.000E0 CCL_LLRF:FCM Licavhmpiag [0.7758 0.0005
CCL_LLRFFCM 1 ClIPhaseset |-86.2720 ~86.2720 CCL_LLRFFCM LicavPhase... |-85.9036 28.0647
CCL_LLRFFCMZ:CllAmpSet [0.7251 0.000E0 CCL_LLRFFCM 2 cavimpdyn [0.7228 0.0007
CCL_LLRF:FCMZ: CiIPhaseSet |-52.5000 S52.5000 CCL_LLRF:FCMZ cavPhase... |-52.5409 7.8642 =
CCL_LLRFFCME CUAMpSEt [0.6620 0.000E0 CCL_LLRF:FCM3 cavAmpiyva 0,65 98 0.0015
CCL_LLRF:FCMZ CtIPhaseSet 22,0000 22.0000 CCL_LLRF:FCM 3 cavPhase... |22.0108 57.0622
CCL_LLRFFCM4: CrlampSet |0.6202 0.000E0 CCL_LLRF:FCM 4 cavimpdag [0.8180 0.0007
CCL_LLRF:FCM4: CtlPhaseSet |12.4000 12,4000 CCL_LLRF:FCM4cavPhase.. [12.5071 -5.0894 =
CCL_LLRFFCM Licaw 24.9282 0.0502
CCL_LLRFFCMZicaw 31.3045 0.0722
Set Selections CCL_LLRF:FCM3:cawy 305774 0.0539

CCL_LLREF:FCM 4:cany 2.2000 0.0036 -
Select All =
Machine data saved at 2005-09-11 11:58:07.0

|Checking on cannections
(b)

Figure 3: Score application screenshots. (a) The panel used to select a group, and snapshot to fetch.
(b) The compare feature for a specific system. Itemned indicate live values more than a specified
amount different than the saved value. Individual rows can be selected restoring saved values.
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Originally this application used an XML file bassgstem for the storage of snapshots. Transition to

the use a database has offered several benefits. First, the maintenance of the many files taken during a
given run is eliminated. Also, previous snapgiettieval was based on filrowsing (using a file

name protocol to identify when the data was makelse of a database to store information provides
flexibility of offering the user more than just the timestamp of a machine snapshot for data retrieval,

e.g. now we also offer a short text description in the snapshot browsing feature. To do this previously
would have required opening apdrsing of many files.

COMMENTS

The high level applications programming effort at SNS is using a database as the primary means of
machine setup configuration. This design choice mvade early on, and has had several ramifications.
One impact is that a significant effort has gone @ata-population. This effort has paid dividends
already, in the ability to deploy general purpose applications. Also, critical machine information is
stored in a central repository, instead of perbspeeadsheets, or files on different computers.
Regarding the use of a database to store mesoachine data, this also has been a positive
experience. In addition to the flexibility of usidgtabase storage of information, maintenance is
easier — files in multiple directories no longer have to be managed. We anticipate increasing the
database use with the high level applications.
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