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What is synApps?

B EPICS-based software for use at synchrotron beamlines
— EPICS: See next page

B Commissioning-level software for ~80% of a new beamline
— Basic support for common beamline devices straight out of the box

B Support for higher level, beamline-specific applications
— Code libraries, implementation tools, examples

B Run-time tools to help users meet unanticipated needs
— Can build software machines, feedback loops, serial support -- at run time

B Support for collaborative development of beamline software

— A vehicle by which developers at one beamline can easily contribute to
software running on other beamlines.

B On the web:
— www.aps.anl.gov/aod/bcda/synApps



Quick introduction to EPICS
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...Quick introduction to

B Client side

— runs on Solaris, Linux,
Windows

— interfaces to C, C++,
java, IDL, Python, tcl, ...

B Server side

— runs on vxWorks, Linux,
Windows, Solaris

— can develop in C, C++,
SNL




What is synApps?

B A collection of EPICS synchrotron Applications
— application: the smallest complete software unit in EPICS
* Implements a device, algorithm, data type, etc.
— examples: motorApp, calcApp, scanApp
 module = App(s) + docs + build/deploy support

— collection: synApps is not a monolithic program.
* Apps are separately developed, maintained, and used.
* Apps can drive, and be driven by, other Apps

B Tools for translating user requirements into running code:

— USER: “I need 40 motors, two scaler banks, an MCA, a monochromator, two
optical tables, four current preamplifiers, 8 serial ports, four DAC channels, three
slits, a mirror, run-time calcs, scans, ...”

I — DEVELOPER: edit startup file to configure hardware and load databases



How Is synApps used?

B Excerpt from sample startup file:

dbLoadDatabase("../../dbd/iocxxx.dbd")

# Motors
dbLoadTemplate("motor.substitutions")

# Slits
dbLoadRecords("$(OPTICS)/opticsApp/Db/2slit.db","P=xxx:,SLIT=SIit1V,mXp=m3,mXn=m4")
dbLoadRecords("$(OPTICS)/opticsApp/Db/2slit.db","P=xxx:,SLIT=SIit1H,mXp=m5,mXn=m6")

# Monochromator

dbLoadRecords("$(OPTICS)/opticsApp/Db/kohzuSeq.db","P=xxx:,M_THETA=m9,M_Y=m10,
M_Z=m11,yOffLo=4,yOffHi=36")

ioclnit

### startup State Notation Language programs
seq &kohzuCtl, "P=xxx:, M_THETA=m9, M_Y=m10, M_Z=m11, GEOM=1, logfile=kohzuCtl.log"




What does it look like?
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synApps modules

autosave parameter save/restore; mca multichannel analyzers and
maintains continuity through multichannel scalers
reboot
motor stepper/servo motor
calc run-time expression evaluation _ _
optics monochromators, optical table,
camac CAMAC support etc.
ccd CCD support :
PP quadEM  four-channel fast analog input
dxp XIA DSP-based x-ray detector
pulse analyzer sscan scans, data storage
love Love controllers (digital and std scalers, feedback, misc.
. . : .
Ip*, dac Serial, analog, and digital 1/0 XX runnable example of how

everything in synApps is
configured & used; typically
controls a single experiment
station




Scope

B Mostly infrastructure and generic capabilities, as opposed to
experiment/technique-specific programs

— E.g., things like motors, scalers, and scans, as opposed to things like
EXAFS, small-angle scattering, and protein crystallography

— Why?
« Economics — Generic has the wider audience
 Information & expertise — beamline developers have it; we don't.

» Control — Generic software allows us to contribute to user software
without taking control.

B Mostly IOC-resident code, as opposed to client-side programs
— E.g., scan software could run on workstations, but instead it runs on IOC’s
— Why?
« Access/coordination — IOC-resident code can be driven by anyone;
clients generally cannot be driven by other clients.
l * Distribution/deployment — EPICS handles this for ioc-resident code.



...Scope

B Some statistics:
18 EPICS modules
« 23 record types
* 156 device types (118 hard, 38 soft)
197 EPICS databases
« 458 MEDM display files
526 c, c++, SNL source files (~281,000 lines of code)
e 77 documentation files (~38,000 lines of documentation)




Who uses synApps?

B Synchrotron beamlines
— ~20 sectors of APS
— Swiss Light Source
— NSLS (several beamlines)
— Diamond
— AuULS, CLS, LCLS ?

B Other EPICS sites
— Many non-synchrotron sites use a few synApps modules, notably
* motor

e autosave
e calc

\



Content of a synApps module

B Source code

— E.g., record/device/driver definitions and implementation, libraries,
EPICS databases

B autosave-request files
— Database author figures out how to survive reboot

B MEDM-display files
— The default user-interface tool

B Documentation
— Some for users, some for developers
— How to build, configure, and deploy the software

l B Some modules contain runnable examples



synApps depends on software written by others

Module Developer Org. | Purpose

asyn APS Controls & support for asynchronous message-based
CARS-CAT control

ipac APS Controls IndustryPack carrier support

seq SLAC State-Notation-Language compiler

genSub Observatory General-purpose subroutine record
Sciences

vxStats SNS/ORNL vxXWorks status/statistics

allenBradley APS Controls support for communicating with Allen-Bradley

PLC’s




autosave module

Records values of selected EPICS Process Variables -- periodically, or in
response to user-specified trigger

Restores saved values when the computer restarts
Can save/restore any scalar or array-valued PV
Developer chooses default PV’s to be saved; user can override

Defends saved values from incompetent file servers, crash during save
operation, some user errors

Widely used outside of APS

save_restoreStatus_moread| v
save restore stalus

No: Status: ratrstisme st
Recentlyibrote “auto_positions.sawd”’

reboot status  Tue Feb 22 03:46:50
H.El'l"nir'lg +=3vw file contained an error messag

i1 MCTRP
auto_positions Hot yst saved mE mE

No Status iInitializing list

auto_settings Tue Feb-22-03247:52 [T L]
Hﬂrning 295 walues not sawved




calc module

B Support for evaluation of expressions entered at run time (or at
database-configure time)

B (EPICS base contains similar support for numeric expressions)
B Records

— sCalcout — like calcout, but also supports string expressions;
user can specify wait-for-completion.

— aCalcout — like sCalcout, but also supports arrays;

— swait — like calcout, but uses recDynLink (no “PP MS” link
attributes)

— transform — like 16 calcout records that share a PV data pool
B Other code
— string- and array-calc engine
— sCalcout soft device support (with wait-for-completion option)
l — Interpolation (lookup table) routines for genSub record



...calc module

B Databases, medm displays for
run-time programming
— userCalc,
— userStringCalc
— userArrayCalc
— userTransform
— userAve ¥

FCale

Iljjserﬁalc 1 O e e o o,

Miscellaneous
expressions

Grouping

a
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(MY ANDE
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AANDE
A5 A STRING VARIABLE
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AR’

717 (if-else) operator

ATE:C

IF ¢Al=0) RESULT IS B, ELSE

=

Array expressions

an
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A3
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OUTPUT
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calcExamples.adl

fAlgebraic functions/operators

ABS (=) LOG{=) SAR(E) a*h
CEIL{a) LOGE (&) SERT (&) a‘b
EXP (=) HAX(a,b,...) &b ath
FLOOR (=) MIN(a,b, ...) a**h -a

INT (=) HINT (=) ath a:7h
LH{a) NOT (=) a-h a<?h

Trigonometric functions/operators

ACOS {a) COS{a) SINH{a)
ATAN (&) COSH (a) TAMN (&)
ATANZ (=, b) SIN(a) TANH ()

Relational operators

ad=h al=h a==h
arh a<h ah a=h

Bitwise operators

alb alh a A0R b
a AND b ~a

ai<h
arrh

Misc operators & symbols
{a) athic @z @3z

String functions/operators

BYTE (aa) PRINTF (" %7, aa) aathh  aa-bh

DEBL (==) SSCANF (za, "¥1f7)  @s>=hh =a<=hb

INT (aa) F5(aa, "ELETD aa>Thh  aa<Thh

MAX (@&, bh, .. .0 STR{=a) aal=hbh  aadbh

MIM(=a, bh, ... =all,3] aa:hh aa<hh

—33 B??qu NINT (aa) aafbb, cc} aa==bb  a==bb
. IPORFT, aa) ’ abcoef’ aa-|bh  aal-hh

Evapry Time

DELr-w[p 000

=]

OUTFUT FY HAME TRHWALID MAME

MWOTE: can use single or double guotes at runtime
but only single guotes in a static database,

a’, 'h’, etc. are numeric arguments,
'hb’, etc. are string arguments,

Items in hlue are useable only in transform and
zCalcout records,




camac module

B Communication with CAMAC crate/modules
B Records

— camac — generic BCNAF/data for run-time camac control
B Devices supported

— VME bus adapter

— CAMAC crate controller

— E500 motor controller

— RTC-018 real-time clock

— QS-450 quad scaler

— DXP spectroscopy system (now in dxp module)




ccd module

B Support for area detectors (CCD’s and image plates)
B Supported devices

— MAR 165 CCD

— MAR 345 image-plate reader

— Roper (all WinView-supported CCD’s, including former Princeton and
most former Photometrics devices)

— Bruker SMART CCD
B Can control, at minimum
— exposure time
— file name
— data-acquisition start
— wait for acquisition to complete

| — much more for most devices



dac1l28V module

B device support, database, and MEDM displays for dac128V IndustryPack
module

— 8-channel, 12-bit DAC

— Support exists to run a DAC channel manually, or according to an
algorithm written at run time, or as a scan positioner, or as part of a
PID feedback loop.




dxp module

B record, device support, databases, and MEDM displays for XIA DXP and
Saturn spectroscopy systems

M dxp record for setting DXP parameters

B device support for the mca record




Ip module

B device support, SNL code, databases, and MEDM displays for
message-based devices

— digital multimeters

— current preamplifiers
— temperature controllers
— etc.

B deviceCmdReply
— Used to write support at run time for one command/reply message
— sCalcout to format output string
— asyn record to write/read device
— sCalcout record to parse reply

— to be replaced by streams/asyn

I B devXxStrParm device support



1Ip330 module

B device support, databases, and MEDM displays for the IP330 ADC
IndustryPack module

B 16/32 channel, 16-bit ADC

— 1p330Scan for periodic, averaged reads of ADC channels

— 1p330Sweep, with the MCA record, for using ip330 as a waveform-
digitizer

— 1p330PID for using the i1p330 in a fast-feedback loop




A

ipUnidig module

B device support, databases, and MEDM displays for the IPUnidig digital
I/O IndustryPack module

B |[P-UD-I 24-channel input/output/interrupt module

B DIO316I 48-bit digital I/O module




love module

B Support for Love controllers
— Orphaned, adopted by BCDA
— recently reworked for EPICS 3.14




mca module

B Support for multichannel analyzers, multichannel scalers, and other array-

valued detectors
B mca record
B device support

\

Canberra 556 AIM module (MCA and ICB controller)
DSA-2000 Ethernet MCA

various Canberra-ICB modules for spectroscopy
SIS 3801 (Struck STR7201) MCS

(DXP support in dxp module)

(IP330 support in ip330 module)

(quadEM support in quadEM module)




motor module

B Motor record and device support
— stepper and servo motors
— soft-motor support
« Put motor “face” on, e.g., a DAC channel
 Drive a hard motor through a nonlinear transform
— user/dial/raw coordinates
— backlash-takeout algorithm
— pre/post move commands
— many more features
— trajectory support (work in progress)




optics module

Hm Slits and mirrors
— Automatic sync to motor positions
— Completion reporting
B Monochromators
— Nondispersive double-crystal
— Dispersive double crystal (nested and symmetric geometries)
— Spherical Grating
B Orientation matrix
- (H, K, L) €= (20,0,0,x) + constraint
— User/client can write to underlying motors
B Optical table
— Six-degree-of-freedom optical table.
— User/client can write to (X, y, z, 6, 6y, 6,), or to underlying motors.
— Table rotates about user-specified point.
— Can recover table position from motor positions



gquadEM module

B Support for APS Detector Group’s four-input electrometer




sscan module

B Support for user-programmable data-acquisition
— sscan and busy records
— saveData
— recDynLink
B A one-dimensional scan:
— Do NPTS times:

« Set conditions e.g., move motors; wait for completion
 Trigger detectors e.g., start scaler; wait for completion
« Acquire data read detector signals; store in arrays

— Write data to NFS file
B Multidimensional scan:
— Same as a 1-D, but detector trigger executes inner-loop scan.

— saveData monitors a set of sscan records, determines scan
l dimension when scan starts, and writes data as it is acquired



...Sscan module

B scan features:

Three 1D scan types: constant-step-size, table-driven, fly
“Unlimited” number of data points, scan dimensions

0-4 positioners, 0-4 detector triggers, 0-70 detector signals
Acquisition from scalar and 1D-array-valued PV's

Double buffered: can write 1D acquired data during next 1D scan

saveData writes self-describing XDR-format (“.mda") files to NFS-
mounted disk (vxWorks only, at present)

After-scan actions include move to peak, valley, and edge
scanparm record + after-scan action = automated 1-D alignment




std module

® Epid record
— Extended PID record — see “Detectors and feedback” lecture
M Scaler record
— Controls a set of counters with a common clock, gate, and trigger
B String-segquence record
— Like the seq record in base, but works for strings and numbers
— Can choose to wait for completion after each step in sequence
B Soft-motor database
— Run-time programmable soft-motor/transform/hard-motor database
— Quick solution for driving a motor through a nonlinear transform
B Timestamp record [SLAC]
— needed by SNS’ vxStats; currently not available in a module
B 4-step database
— Up to four steps of (set condition; read data) with an end calculation
l — Originally developed for dichroism experiments



vme module

® VME record
— Provides run-time access to VME bus
— Great for testing hardware
— Run-time programmed control of an unsupported VME board

B Device support for VME hardware
— Joerger scaler
— APS bunch-clock generator
— APS machine-status interface
— Heidenhain encoder interpolator
— Generic A32 VME interface
— HP Laser interferometer

— VMI4116 16-bit DAC
l — Acromag 9440 16-bit digital input



XXX module

B Prototype user directory (i.e., deployable menu of synApps software)
— Builds everything in synApps into a load module
— Contains command files to load/configure everything in synApps
— Contains sample top-level MEDM-display file
— Contains sample script to start up the user interface
— Contains table of recommended address/interrupt configuration.

B Two ways to use this module:
1) Make copies; run changePrefix; build; customize; run a beamline
- this is the recommended use
- detailed instructions in support/documentation
2) Reference/grab bag

\



other directories

B Top-level documentation directory
— How to build and deploy synApps
— This presentation
B config directory
— Configures and builds all modules in or used by synApps
— MASTER_RELEASE - specifies all module versions
M utils directory

— changePrefix -- Global search and replace of EPICS PV prefix within
a copy of the xxx module

— copyAdlI -- Find all MEDM-display files buried in a file tree; copy to
specified directory

\



