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MEASUREMENTS

All measurements to be recorded together
with measurement parameters

Standard facilities for display, browsing and
analysis

Archiving, references etc.

Access for post-mortem, post-run analysis,
web access etc.

Standard data format
Interface to analysis tools




Operations Analysis

SDDS and SDDS-Compliant Programs: A Modular System for Accelerator
Design, Simulation, Control, and Analysis

Operations Analysis Group

Accelerator Operations Division—Argonne National Laboratory

Introduction Documentation
Svstem Analysis and Control Accelerator Simulation
Presentations Obtaining 8 oftware
Papers

Introduction

At the Advanced Photon Source, we use a unique frameworl for accelerator sumulation, contrel, and analysis. Our method 15 based on the use of a common self-desenbing file protocol
and a toollat of commandline programs that mampulate these files. In addiion, we use TolTk scnpts to orchestrate the tools and create graphical uzer mterfaces.

The heart of thizs method 15 SDDS, which stands for "Self-Describing Data Sets.” It 15 the name of our self-descnbing file protocol as well as the name of the toollat we have created to
manipulate these files, ZDDE software offers capabidittes comparable to commercial analysiz paclkages, but it 15 free, unhcensed, and open source. We support several platforms and
languages, mcluding C/C+H, Fortran, Java, TclTk, and Python, As aresult, SDD3 iz in use at several accelerator laboratories around the world,

22.03.06 SDDS - LHCCWG



What Is Self-Describing Data?

. Self-describing (SD) data is identified and accessed by
name only.

o SD data files include meta-data about data,
e.g., units and data type.

. Advantages:
genuinely generic programs possible

data elements may be added to files without “breaking”
existing programs

data tends to be self-documenting
source of data (measurement, simulation) is irrelevant

22.03.06 SDDS - LHCCWG
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What i1s SDDS?

SDDS stands for “ Self Describing Data Sets.”

SDDS is just a standardized way to store and access
data, i.e., a “file protocol.”

SDDS also refers to a group of ~85 programs that use
this file protocol.

These programs are the “tools” in the SDDS Toolkit.

SDDS - LHCCWG



SDDS Data Model
SDDS Version |ID

0 or more parameter
definitions Header
0 or more array

definitions

0 or more column

definitions

An SDDS file consists of

W A file header describing a
W structure composed of an arbitrary

number of parameters and arrays,

Instance #2 of parameters and a data table of arbitrary rows
. and columns.
Instance #2 of arrays

Table #2

22.03.06 SDDS - LHCCWG



Toolkit

. Data display
plotting (2 programs)
printing data as formatted text
summarizing data set contents

. Data processing

equation evaluation ,

: : : Data Conversion
data filtering and outlier removal
statistics, histograms, and correlations
fitting and smoothing
matrix operations (e.g., SVD)

cross-referencing, sorting, and collation
FFTs and digital filtering

SDDS Toolkit Paradigm

SDDS

Toolkit
Programs

Not actually using this stuff

Human-
Readable
Qutput

22.03.06 SDDS - LHCCWG
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Some Commissioning Activities
Performed Using SDDS and Scripts

orbit/trajectory response matrices

orbit correction algorithm development® (SR)
dispersion and chromaticity” (SR, PAR)
automated first-turn steering” (SR)
beta-functions™ (SR)

dynamic aperture™ (SR)

tune shift with amplitude (SR)

phase-space tracking (SR)

tune shift with current (SR)

BPM intensity dependence™ (SR)

integer tune (SR, booster)

energy aperture for stored beam™ (SR)
physical aperture search™ (SR)

insertion device effect on orbit and tune™ (SR)
x-ray BPM “pollution” tests (SR)

septum leakage field using beam (SR, PAR)

SDDS - LHC(

lifetime vs scraper position, bump height* (SR)

beta-function and dispersion correction™ (SR)
linear coupling reduction (SR)

kicker bump matching (SR)

BPM-to-quad offset measurements™ (SR)
search for sources of beam motion (SR)
power supply ramp correction™ (booster)
automated injection steering (booster)
longitudinal injection acceptance (PAR)
bunch length and damping time (PAR)

rf voltage calibration using beam (PAR)
kicker waveform shape using beam (PAR)
automated beam-excited HOM search (PAR)

energy gain vs input power, frequency, and
temperature (linac)

klystron gain measurements (linac)
search for cause of energy oscillations (linac)

emittance measurements and beta-function
matching® (linac)



All Classes Overview Package [EEE]Use Tree Deprecated Index Help

PREW CLASS MNEXT CLASS ERAMES NO FRAMES
Packages SUMMARY: NESTED | FIELD | CONSTR | METHOD DETAIL: FIELD | CONSTR | METHOD

cern.accsoft.sdds . core
cern.accsoft.sdds. core format
cern.accsoft.sdds.core support

cern.accsofisdds core

Class SDDSArray

jawa. lang. Ohject
L cern.acesoft.sdds.core. SDDSE lement
L cern.accsoft.sdds.core.SDDSArray

public class SDDSArray
All Classes extends SDDSElement

AbstractConverter
CBvCanverter The class represents an array stored in a SDDS file,
Converter

CaonverterApp Mote that after array 15 created - its type cannot be changed e.g f you create an array of type SDDSTypes DOTEBLE you can use only setValues (double[])

MWetadata )
rMLIGDIMAT S and #setValues dowble[], int[]1)).

MumberTokenizer B
SDDSACGFile Version:

SDDSAay $Id: SDDS Array java,w 1.7 2005/10/21 09:20:37 ghruk Exp §
SDDSCalumn Author:

SODSConverter

SDDSDecoder LTSS
SDDsDirectory
SDDSElement
SDODSFile
SDDSFileAppender

SDDSI0ExRCcEption
sSDDSParameter
SDDSParseException Fields inherited from class cern.accsoft.sdds.core. SDDSElement

Field Summary

SDDSToCSVConverter ARRAY TAG, COLUMN TAG, DESCRIPTICN, DIMENSICNS, END TAG, FORMAT STRING, WAME, PARAMETER TAG, SYMEOL, TYPE, UNITS
SDODSToTSYConverter — AP s, DHo A

SDDSTypes
SDDSUL
Erra Constructor Summary

Tetirnage ToSDOSConveter

SDDSArray | java. lang.Stcring nawe, int type)
Creates a new SDDSArray.

Greg Kruk
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File Options

SDDS root directony 11_07

| arameters =

BCTFI_TT40/BCTF.Shared.Actions.acguisit
BLMI_TI28BLMI.ClassGlobalCommactionLis
BPMI_TIS/BPMI.Shared.Actions.dabCrated
BPMI_TI8DWHN/BPMI.Shared.Actions.crateB
BPMI_TIBUP/BPMI.Shared.Actions.crateBu
BTVI_L554.41831/getimage
BTvI_L554.41831/getProfiles
BTVI_L554.41895/getimaye
BTVI_L554.41895/getProfiles
BTv1_TI8.81204/getimage
BTY1_TI8.81204/getProfiles
BTVI1_TI8.81306/getimage
BTvI_TI8.81306/getProfiles
BTv1_TIB.84304/getimage
BTvI_TIB.84304/getProfiles
BTv1_TIB.84404/getimage
BTvI_TIB.84404/yetProfiles
BTv1_TI8.84604/getimage
BTVI_TI8.84604/getProfiles
BTvI_TI8.87437getimage
BTVI_TI8.87437/getProfiles
BTvI_TI8.87604/getimage
BTv1_TIB.B7604/getProfiles
BTvI_TIB.87750/getimage
BTYV1_TI8.87750/getProfiles
BTVI_TT40.400105/getimage
BTv1_TT40.400105,/getProfiles
BTVI_TT40.400222/getimage

22.03.06

Shot by Shot

4. SpDS Default Yiew

|BW|_T|3.31204 @ Cycle sdds.10_17_43 000

Mame

Choose directony...

acgError liStringh>™
acalype  l{long:1)-> 0
camera  |lishort:f) > 1
cameraOffset ~ lishort:) >0
cameralype  lishort:) >0
- . H

| Data for Cycle: -

20

X

Update 10:17:43 0

Generic Browser

SDDS - LHCCWG



Mathematica/Java

. sddsdir ="Z:\\SDDS _LOGGINGW\2004 11 07\\" <> BTVName <>"@getlmage"
. SDDSDir = JavaNew["cern.accsoft.sdds.core.support.SDDSDirectory",sddsdir]

. sil = SDDSDir@getFile[fileName];

. image = sil@getArray["image"]@toArray[];

. xlist =sil@getArray["positionX"]@toArray(];
. ylist = sil@getArray["positionY"]@toArray([];

. sizex = sil@getParameterValue["sizeX"];
. Sizey = sil@getParameterValue["sizeY"];

Process ‘n’ loop

22.03.06 SDDS - LHCCWG



Original data and GFaus=ian fit

caculated entry point beta functions

Horizontal Position

wrnegnt 2u¥ncnr~"|c"lﬂcnunlnlln,\ RrrRR AR m 4002
Y Y w

[ )
+ 9gAgE + * 28491 + + PgA96 + T 2850t +

Postion shift during dispersion meas.

‘ —e— 813 HPOS —=— 813 VPOS
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4 SDDS Browser

£, SDDS Default Yiew
File Options

ETVDD_TD&2 (@ Cycle sdds.00_ 00 00 006
SDDS root directory: ‘all_mkb 7

| Parameters

BPMD_TD62/getBunchPositions
BTVDD_TDG2/getimage
BTVYDD_TD62/getProfile

: short:1) -» 1
MKD_Beam1/getCurrents __

short:1) -» 0
cameralype |ishort:1) >0

ax [HI-

Update 00:00:00 &

Data for Cycle:

22.03.06 SDDS - LHCCWG 12



Post

Mortem

Simple PM Browser

File

SYSTEMS

CLASSES

BLM
FGC
PR

QPs

40
51

Sources

Events

Data files

RPAF.OR3 7 RD3.RT
RPHF.UAS3.RD1.LE
RPHF.UAS3.RD2.L8
RPHF.UAB3.ROX.LE
RPHGA.UA47 RQ10.R4B1
RPHGA.UA47 RO10.R4B2
RPHGA.UA4T7.RO7.R4B1
RPHGA.UA47.RO7.R1B2
RPHGA.UA47 ROB.R4B1
RPHGA.UA47 RO8.R1B2
RPHGA.UA47.RO9.R1B1
RPHGA.UA47 . RO9.R4B2
RPHGA.UAS3.RQ10.L8B1
RPHGA.UAB3.RQ10.L8B2
RPHGA.UAS3.RO7.LBE1
RPHGA.UAS3.ROY.LBB2
RPHGA.UASS.ROB.LEE
RPHGA.UAS3.RO8.LBE2
RPHGA.UAS3.RO9.LBB1
RPHGA.UAS3.RO9.LBE2
RPHGE.UAS3.RO5.L BE1

2006/02/14 14:18:27.760
2006i02/14 14:33:42.440
200602114 14:36:37.440
2006/02/15 12:44:22.220
200602115 14:44:01.900
2006102115 14:51:50.580
2006/02/16 11:13:59.040

|| [2006i02/16 11:29:44.280

2006102116 11:50:18.120
2006/03/07 11:51:02.660

pmdata-100Hz
pmdata-1kHz
pmdata-50Hz
pmdata-events

I:imemamp_sec
Imestamp_usec
i_ref

i_meas

v_ref

v_meas

Show in table

Refresh

Show in chart

!

0

RPH LA

=10l

x|

limestamp..limestamp..

i_ref i_meas

v_ref

Y_IMeas

11:

1338 (550000

99.99999  |100.00065

0.046878

0.047395

11:

13:38  [560000

99.99999 [100.00743

0.046878

0.051579

11:

1338 570000

99.889949  |100.00319

0.046878

0.051479

11:

1338 [580000

99.09999  199.99811

0.046878

0.040627

11:

1338 (590000

99.99999 199995575

0.046878

0.040527

11:

13:38 (600000

99.99999  |99.99726

0.046878

0.039299

11:

1338 |[B10000

99.80999  |100.0150...

0.046878

0.038289

11:

1338 620000

99.00999  |100.0099...

0.046878

0.043302

11:

1338 630000

99.99999  99.99133

0.046878

0.043302

11:

13:38 (640000

99.99999  |99.99219

0.046878

0.0417455

11:

1338 |B50000

99.889949  |100.00319

0.046878

0.041745

11:

1338 660000

99.00999  |100.00065

0.046878

0.047486

11:

1338 670000

99.99999  |99.95202

0.046878

0.047486

11:

13:38 (680000

99.99999  [99.965935

0.046879

0.047076

11:

1338 |BY0000

99.98994  |99.95033

0.046879

0.047076

11:

1338 [FO0000

99.98999  |100.00234

0.046879

0.047895

11:

1338 [F10000

99.99999  199.93711

0.0465879

0.047395

11:

13:38 (720000

99.99999  |99.96424

0.04688

0.0417455

11:

1338 [F30000

99.98999  |99.95932

0.04688

0.041745

11:04:15  11:04:16 110417 11:04:18  11:0419 110420 11:04:21  11:04:22 11:13:38

Time 11:13:.38

F40000
¥50000

EOOO00

99.89999
99.99999

IoTeMelslstslr]

99.965935
9996255

fsTel ] n

0.046881 [0.043382

0.046881  [0.043392

ON4AED0T 0042572

Close

13

A4 700 bt
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SDDS - Conclusions

. Fast, Simple
. ASCII or Binary

. Interfaces
C
C++
Java (and thus Mathematica)

. Converters
CVS, TVS, Matrix
Others easily developed

. Already in use:
Shot by shot
XPOC
Post Mortem

Acknowledgements: Greg Kruk
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