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1 Karabo: The European XFEL software framework

European

XFEL | Karabo will be used at the European XFEL

Germany

Data rate (10 GB/s/2d-detector)
Bunch pattern (4.5 MHz pulses @ 10Hz)

100 ms
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A typical use case:

Karabo: The European XFEL software framework

Functional requirements
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Presenter
Presentation Notes
In order to understand what software we need image a prospective user wanting to conduct an experiment at XFEL in 2015!


300 images per train = 1.000.000 images after 5 min 30 s
512 image per train = 1.000.000 images after 3 min 15 s
~ 4 TB dataset

Tuning means:
Visualize whether any sample get hit. Re-configure injector.
Start, stop acquisition etc…

Starting experiment means: 
Get detector, injector etc. ready to go (control)
Prepare storage system for sinking data with 10 GB/s
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Karabo devices

CND=0ID

Karabo framework .
Karabo device-server

running devices
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1 Karabo: The European XFEL software framework

European

XFEL ] What is Karabo? - Lets draw an analogy

Karabo devices

Karabo central services
(archive, database)

CND=0ID

Karabo framework .
Karabo device-server

running devices

Burkhard Heisen (WP76)



Karabo: The European XFEL

European

XFEL
Device Instance

@\ .

software framework

Essential components

Device-Server
Application

Message

1=~ Broker

~-- R -
- - -

o P

brate2

7’
4

Device
Sub
Control

Burkhard Heisen (WP76)



Karabo: The European XFEL

European

XFEL
Device Instance

@\ .

software framework

Essential components

Device-Server
Application

Message

1=~ Broker

~-- R -
- - -

o P

brate2

7’
4

Device
Sub
Control

Burkhard Heisen (WP76)



Karabo: The European XFEL software framework

European _
XFEL Essential components
Device Instance

@\ .

Device-Server
Application

Message

___Broker__,
N—

““““ - N
BRI -

\_/\\

o P

brate2

Device
Sub
Control

Burkhard Heisen (WP76)



Karabo: The European XFEL software framework

European

XFEL

Devices are controllable objects
managed by a device server

Device classes can be loaded at
runtime (plugin technology)

Can be written in C++ or Python

Devices completely describe
themselves. Allows automatic GUI
creation and auto-completion in IPython

Runtime-extension of properties,
commands and attributes is possible

No need for device developers to
validate any parameters. This is
internally done taking the
expectedParameters as a white-list

Properties and commands can be
nested, such that hierarchical
groupings are possible

Device — Properties and commands

Class: MotorDevice
static expectedParameters( Schema& s ) {

e Property
FLOAT _ELEMENT(s).key(“velocity”)
.description(“Velocity of the motor”)
.unitSymbol(“m/s”)
.assignmentOptional().defaultValue(©0.3)
.maxInc(10)
.minInc(0.01) «— Attribute
.reconfigurable()
.allowedStates(“Idle”)
.commit();

INT32 ELEMENT(s).key(“currentPosition”)
.description = “Current position of the motor”
.readOnly()

.warnLow(10)

(] / Command
SLOT_ELEMENT(s) .key(“move”)

.description = “Will move motor to target position”
.allowedStates(“Idle”)
[..]

}

// Constructor with initial configuration
MotorDevice( const Hash& config ) { [..] }
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1 Karabo: The European XFEL software framework

European

XFEL | Device — Finite state machine (FSM)

Any device uses a standardized way to express

Start Stop State Machine

its possible program flow T
= The state machine calls back device functions (guard, [ Initialization 1
onStateExit, action, onStateEntry)
. . . none
= The GUI is state-machine aware and enables/disables l
buttons proactively T Om
// Ok Machine [ Stopped ]
FSM_TABLE BEGIN(OkTransitionTable)
//  SrcState Event TgtState  Action Guard stopT v start
Row< Started, StopEvent, Stopped, StopAction, none >, Started
Row< Stopped, StartEvent, Started, StartAction, none >

FSM_TABLE_END K j

FSM_STATE MACHINE(Ok, OkTransitionTable, Stopped, Self)
reset T l errorFound

// Top Machine

FSM_TABLE_BEGIN(TransitionTable) [ Error 1
Row< Initialization, none, ok, none, none >,
Row< Ok, ErrorFoundEvent, Error, ErrorFoundAction, none >,
Row< Error, ResetEvent, ok, ResetAction, none >

FSM_TABLE_END
KARABO_FSM_STATE_MACHINE(StateMachine, TransitionTable, Initialization, Self)

Burkhard Heisen (WP76)



1 Karabo: The European XFEL software framework

European

XFEL|] Device — As workflow module

Devices can act as modules of a scientific
workflow system - N\

= Configurable generic input/output channels on /
devices w
= One channel is specific for one data structure ”‘@

(e.g. Hash, Image, File) \ CPU-threa(y

= New data structures can be “registered” and are
immediately usable

= Developers just need to code the compute and
(optionally) the endOfStream method : y
= |0 system is decoupled from processing system %
N

(process whilst transferring data)

/
\

= Broker-based communication transparently
establishes point-to-point connection

Distributed processing

= Any workflow device has full access to the live
control-system

Burkhard Heisen (WP76)



Karabo: The European XFEL software framework

European

XFEL | Workflows support load balancing

Once resources are available, input channels request new data from connected
output channels

Configurable output channel behavior in case no input currently available:
throw, queue, wait, drop
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Karabo: The European XFEL software framework

European

XFEL | Workflows support load balancing

Pixel parallel processing
(one GPU thread per pixel)

Once resources are available, input channels request new data from connected
output channels

Configurable output channel behavior in case no input currently available:
throw, queue, wait, drop
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IO whilst computing

Pixel parallel processing

Notificati il : !
otification about new data possible to obtain (one GPU thread per pixel)

Once resources are available, input channels request new data from connected
output channels

Configurable output channel behavior in case no input currently available:
throw, queue, wait, drop
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Karabo: The European XFEL software framework

Multi-purpose graphical user interface

turopean XkEL - PYQL GUI Version

Navigation

Custom composition area

[=] Area of Interest
[I1] Exposure Time
[L1] Pixel Gain

[=] Cycle Mode

[7] Frame Count

ifications
\_‘El:j

D) >

(+ Show filter options

N
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[=] Trigger Mode
[7] Poll Rate

[A] Image Filename

([ Initiate device )

[ Navigati [ Custom vi L [ Configurat
avigation : : ustom wew: : iy onfigurator
( (&) 2. T \O N\ . _»:}-mm
Hierarchical view ™ Attribute Value
B exfl-tb01 D Reset
« exfl-tb01/DeviceServer/0 —
» AxisCamDevice [%] Acquire . 4
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SimCamDevice (=] Stop
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[=] Trigger
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European .
XFEL |Before you even start: Login
[ o ]
semame: {neisero A Broker-Message S
Password: [h
GUI or CLI | provier | Loca s ‘ Header [...]
Hostname: [(ocainost | _ud=42 B
Port: m L 11 vy |
P—— vel= min
s __accesslevel="ad
| Body [...]
il
username
userld password
sessionToken provider Locking:* E
* e -
defaultAccessLevel ownlP if is locked:
accesslist brokerHost* ifis___uid == owner then ok
brokerPort* ‘
brokerTopic* Access control:
é/ if __accessLevel >= visibility:
if __accessLevel >= param.accessLevel then ok
Central DB
Authorizes

Computes context based access levels
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XFEL ] Property/Command composition
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o Test_Server_1 .
e «~— Button widget ;... s

Test_SimulatedCamera_2  Acquire
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» HelloWorld [=] Stop
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Display wi

B

[Z] Area of Interest 125x125 | 125x125 |5 px
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D v Date and time Message type Instance ID DEO View Page | Edit Page | Details
14 2013-10-1... | §» INFO Test_Simula... | Simu The lazy author of this device didn't put Authors:
any useful documentation. burkhard. heisen@xfel.eu i
13 2013-10-1... | &4 WARN Test_Simula... | Canr 4 v
v
P y . € ;) alr
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Device (workflow) composition

v « px17673/DeviceServer/0

Navigation Custom view Configurator

& @ % - T N\NO N G b L R LT L =N NS

Hierarchical view v Attribute Value
v pcx17673 DiDevicelnstance id sl

= RhComputeDevice
* RhComputeDevice-Co...
* RhComputeDevice-Co...
* ShComputeDevice
* ShComputeDevice-Ca—._|

Workflow node (device)

~~.
S

dragi& drop

) RhComputeDevice-Config1
<r1>

S RhComputeDevice-Config2
<r2>

<s1> 1

Draw connection

*

Notifications

Log | Console

L

+ Show Filter options

4 H

+ Show Filter options

ID = Date and time Message type Instance ID
8 2012-11-16 08:52:24 ¥ INFO Master/MasterDevice/1
7 2012-11-16 08:52:24 @9 INFO Master/GuiServerDevice/1 Broadcasting availability of new device class
6 2012-11-16 08:52:24 &P INFO Master/MasterDevice/1
5 2012-11-16 08:52:24 &P INFO Master/GuiServerDevice/1 Broadcasting availability of new device class
4 2012-11-16 08:52:24 &P INFO Master/MasterDevice/1

Description

New device class "RhComputeDevice-Config1" on device-server "pcx17673/Device
New device class "RhComputeDevice-Config2" on device-server "pcx17673/Device

New device class "ShComputeDevice-Config1" on device-server "pcx17673/Device

v

&
[~] Auto Compute =&

v Output

¥ [ NetworkOutput-Hash

=) No Input (Shared) wait
=) No Input (Copy) wait
[1] Number of data 10

P Initiate device

Documentation

Ees

Attribute information | Wiki Report problem

Burkhard Heisen (WP76)
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XFEL] The command line interface (CLI)

Maln funCtIOHa“ty (ON @G NG| bheisen@Burkhard-Heisens-MacBook-Air: ~ — Python — 9432

. . . Python 2.7.3 (default, Apr 13 2012, 00:05:08)

= EXpIOflng the distributed Type "copyright", "credits" or "license" for more information.
SyStem tOpOIOgy (hOStS, IPython 0.13 —— An enhanced Interactive Python.
. . . ? -> Introduction and overview of IPython's features.
device-servers, devices, their  squickref -> Quick reference.

. help -> Python's own help system.
prOpertIeS/COmmandS, etC.) object? -> Details about 'object', use 'object??' for extra details.
getServers, getDevices, In [1]: ¢ = DeviceClient()

"Preparing for NSS initialization ..."
getClasses “Initializing NSS ..."
"Opened TCP connection to broker localhost:55655."
- inStantiate, k|”, Set, execute :Connectzi.on ping enabled (ping ?':nterval = 20 second)."
Connection connected to broker
(in “wait” or “noWait” fashion), P
i c.execute c.killDeviceNoWait
get’ monltorproperty’ c.executeNoWait c.killServer
i i c.get c.killServerNoWait
m0n|t0rDeV|Ce c.getClassSchema c.login
. . c.getClasses c.logout
" Even p0”6d |nterface WI” c.getDeviceSchema c.registerDeviceMonitor
. c.getDevices c.registerPropertyMonitor
never rea”y p0”, but IS event- c_getFromPast c.set
. c.getServers c.setHash
c.instantiate c.show
» Remote auto-completion c.instantiateNoWait c.sleep
. . c.instantiateProject c.unregisterDeviceMonitor
Wh|Ch IS acceSS-rC)Ie and c.killDevice c.unregisterPropertyMonitor

State aware
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bheisen@Burkhard-Heisens-MacBook-Air; ~ — Python 119x33
In [2]: c.help("
Test Conveyor 1 Test SimulatedCamera 1
Test DataGenerator 1 Test SimulatedCamera_2

In [2]: c.help("Test DataGenerator 1")

————— HELP -———-
Schema: DataGenerator

.version (STRING)

Assignment : OPTIONAL
Default value ¢ 1.0
Description : The version of this device class

Access mode read only

.connection (CHOICE OF NODES)

Assignment : OPTIONAL
Default value : Jms
Description : The connection to the communication layer of the distributed system

.vigibility (INT32)

Assignment : OPTIONAL
Default value : 0
Description : Configures who is allowed to see this device at all
Access mode : reconfigurable
.classId (STRING)
Assignment : OPTIONAL
Default value : Device
Description : The (factory)-name of the class of this device

Access mode read only

Burkhard Heisen (WP76)
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bheisen@Burkhard-Heisens-MacBook-Air: ~ — Python — 99x26

In [3]: c.get("Test Si
Test SimulatedCamera 1 Test SimulatedCamera 2

"

In [3]: c.get("Test SimulatedCamera 1",

areaOfInterest connection.Jms.port imageFilename
camerafcquiring connection.Jms.protocol pixelGain
cameraModel connection.Jms.serializationType pollRate
classId connection.Jms.trustBroker progress
connection.Jms.acknowledgeMode connection.Jms.username sensorHeight
connection.Jms.acknowledgeSent cycleMode sensorTemperature
connection.Jms.acknowledgeTimeout deviceld sensorWidth
connection.Jms.deliveryInhibition exposureTime serverId
connection.Jms.destinationName frameCount Sta+E\r\f\ e - -
connection.Jms.hostname image.channelSpace triles eisen@Burkhard-Heisens-MacBook-Air: ~ — Python — 56x11
connection.Jms.messageTimeTolLive image.data ver L
connection.Jms.messagingDomain image.dims vis In [8]: c.execute("Test SimulatedCamera 1", "acquire")
connection.Jms.password image.encoding out[8]: (True, 'Ok.AcquIsition') B
connection.Jms.ping image.isBigEndian
. In [9]: c.execute("Test SimulatedCamera 1", "
In [3]: c.get("Test_SimulatedCamera_l", "sen . - -
sensorHeight sensorTemperature sensorWidth stop trigger
In [3]: c.get("Test SimulatedCamera 1", "sensorTemperature") In [9]: c.execute("Test_SimulatedCamera_ 1", "stop")
Out[3]: 25.49 out[9]: (True, 'Ok.Ready') 0
bheisen@Burkhard-Heisens-MacBook-Air: = ¥ a
=
In [4]: c.set("Test_Sim
Test SimulatedCamera 1 Test SimulatedCamera_ 2
In [4]: c.set("Test_SimulatedCamera_ 1", "
areaOfInterest exposureTime pixelGain triggerMode
cycleMode frameCount pollRate visibility
In [4]: c.set("Test_SimulatedCamera 1", "exposureTime", 0.5)
Out[4]: (True, '")
In [5]: c.set("Test SimulatedCamera 1", "triggerMode", "nop")
out[5]:
(False,
'Value nop for parameter "triggerMode" is not one of the valid options: Internal,Software\n') J
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Karabo Embedded Visualisation

| —_ ]
Karabo Embedded Visualisation | L? | -] = t i« E] s
20 Tast_Datatanaratar_1 “laatPraperty [dags] i
| [s | \ . - - @] £ 5 B = ] Item list
10 - ™ ~J Test _DataGen:
B A qull L Yl
7 — " 1 ]1 A WAL N =
g i o T AL ¥ =l Legend
= -
] 3 ™ Grid
] 0 ]
g
20 :
| ] ) T
| [ e T :
an — ﬁ:ﬁj rh_\": rh_fp rh_-g; rh_{; rh_(,p r@p »
| | [ | A 1 A T T Y i
y Tima l
] /
0 — 1 : : e ' v Item list
4 | = Tast_fataGanarfior #r ¥
_ W ~J Test_DataGen
i @ ~J Test_DataGeni
a0 —
ap — ] @ =| Legend
_ ] ™ Grid
100 — ! | 80 —
L Ly Sy By S B S By Ny O By B S B B B i
20 a 0 -0 - L an 100 i
(P Contrast adjustment tool b I
- | a0
w] : s B
00 — g 3
s | -
- et s e et . | 1
e B e e e B e B B e e HE B e e
£ -4 E a 0 i 20—
i [ 3 4/r
In [20]: c.show("Test DataGenerator 1", "imageP | | " ! =
Out[20]: <guigwt.plot.ImageDialog at 0x10074ef8 r—+- T T 1 T T T T T T T T T T T T T T T ;
Q 0 “0 &0 a0
P

In [21]: [] —

Burkhard Heisen (WP76)



1 Karabo: The European XFEL software framework

European

XFEL | Selected Features

Cross-network signals and slot implementation (Qt style)

= Native function calls providing native argument passing

= Runtime setup of signals, slots and connect statements

High performance dictionary object

= Fully recursive key to any value mapper (also in C++)

= Keeps insertion order and supports attributes

= Serializes to XML, Binary, HDF5, DB, JMS-Message, etc.

Event driven system throughout, incl. event driven archiving

= Archiving happens completely transparent (no extra tooling needed)

= Archiving policies are configured per property within device code

User centric, access controlled system

= Context based authentication (who, where, when)

= Kerberos is integrated

Full system available in C++ and “pythonic” Python

= Devices and workflows can intermix both languages (access to numpy, scipy, etc.)
Fully functional also without master or database (good for testing/developing)
Easy install (both framework and devices) using software bundle architecture

Burkhard Heisen (WP76)



Karabo: The European XFEL software framework

European

XFEL | Acknowledgments

Karabo contributors (internal)

K. Wrona S. Esenov
K. Weger J. Szuba
D. Boukhelef |. Kozlova
A. Parenti L. Maia

S. Hauf P. Gessler
N. Coppola J. Tolkiehn
J. Elizondo H. Hohne

C. Youngman

Karabo contributors (external)
C. Yoon (CFEL) N. D. Loh (SLAC)
T. Nicholls (STFC) K. Rehlich (DESY / DOOCS)

Burkhard Heisen (WP76)



: The European XFEL software framework

European

XFEL

Thank you for your kind attention.

Burkhard Heisen (WP76)



	Karabo��An integrated software framework combining control, data management, and scientific computing tasks
	Karabo will be used at the European XFEL
	Functional requirements
	What is Karabo? - Lets draw an analogy
	What is Karabo? - Lets draw an analogy
	What is Karabo? - Lets draw an analogy
	Essential components
	Essential components
	Essential components
	Device – Properties and commands
	Device – Finite state machine (FSM)
	Device – As workflow module
	Workflows support load balancing
	Workflows support load balancing
	Workflows support load balancing
	Workflows support load balancing
	Workflows support load balancing
	Workflows support load balancing
	Workflows support load balancing
	Workflows support load balancing
	Workflows support load balancing
	Workflows support load balancing
	Workflows support load balancing
	Workflows support load balancing
	Workflows support load balancing
	Workflows support load balancing
	Workflows support load balancing
	Workflows support load balancing
	Workflows support load balancing
	Workflows support load balancing
	Workflows support load balancing
	Workflows support load balancing
	Workflows support load balancing
	Workflows support load balancing
	Workflows support load balancing
	Workflows support load balancing
	Workflows support load balancing
	Workflows support load balancing
	Workflows support load balancing
	Workflows support load balancing
	Workflows support load balancing
	Workflows support load balancing
	Workflows support load balancing
	Workflows support load balancing
	Workflows support load balancing
	Workflows support load balancing
	Workflows support load balancing
	Workflows support load balancing
	Workflows support load balancing
	Workflows support load balancing
	Workflows support load balancing
	Workflows support load balancing
	Workflows support load balancing
	Workflows support load balancing
	Workflows support load balancing
	Workflows support load balancing
	Workflows support load balancing
	Workflows support load balancing
	Workflows support load balancing
	Workflows support load balancing
	Workflows support load balancing
	Workflows support load balancing
	Workflows support load balancing
	Workflows support load balancing
	Workflows support load balancing
	Workflows support load balancing
	Workflows support load balancing
	Multi-purpose graphical user interface
	Before you even start: Login
	Property/Command composition
	Device (workflow) composition
	The command line interface (CLI)
	The command line interface (CLI)
	The command line interface (CLI)
	The command line interface (CLI)
	Selected Features
	Acknowledgments
	Slide Number 78

