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@ TUNE Systems

Jd4 independent acquisition systems are used:
0 “On demand” used to perform measurements requiring changes in the
acquisition settings or beam excitation
0 “Continuous GATED” and
0 “Continuous High Sensitivity” used for nominal bunch intensity beam for

Feedback and continuous tune measurement
' Feedback functionality implies that acquisition settings are fixed
' Continuous sees all bunches- e.qg. observed beam instabilities

0 DEV system used for beam studies (also used as hot spare)

. BPLH+V.B1+B2 BPLH+V.B1+B2 BPLX.B1+B2
D Tu ne Feed baCk System IS Only (single-plane PUs) (single-plane PUs) (dual-plane PUs)
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logging excitation feedback




Orbit Feedback Systems

L OP Client } CO Client Bl Client J

TECHNICAL NETWORK

LHC FB service unit
Async. commands,

] settings and
rivate eth link - diagnostics (TCP)

LHC FB controller

Orbit/Tune data
streaming (UDP)

d 2 parts in Orbit FB:

O BFSU= LHC FB Service unit
(old OFSU) CODs

0 OFC Orbit feedback Controller BBQs



‘@:Aq Feedbacks after LS1

' Major refactoring of BFSU/OFC during LS1 + new developers

J New hardware:
o0 New machines: 24xCore, 64-bits, SLC 6
+ extra CTR timing receiver on Controller (OFC)

d Migration to FESAS:
0 > 35k lines of code ported mostly by hand (migration tools not mature at
that time)
o Major effort (3-4 months) for BE/BI team

JdImproved diagnostics:
0 Replaced ROOT based logging with standard syslog (CO tools)

4 Stability improvement:
0 Code cleaning: bugs fixing, suppress unneeded heavy functionalities
0 [ess reliance on FESA persistancy: moved critical settings into LSA
0 Qverloading of the Ethernet (resulting in FESA queues being exhausted)
solved by restructuring data exchange and reducing data structure size
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FB Testing Framework

J Motivated by new team for controlled testing outside operational
environnement — less impact on operation!

dInject tests through UDP layer — language could be chosen
freely

dImplemented in JAVA (Junit test) with following advantages

O Bigger community to write tests

O Easy interaction with other parts of controls system (LSA)

O Gaining first experience

dldentified (and implemented) types of test:

0 FESA mechanics: Setting a value in one property has the desired
effect in another. In principle very simple, but most frequently
required.

O Communication: send some more predefined values for an orbit and
check if the values are correctly processed through layers

O Control loop behaviour: send a constant orbit verifying the resulting
corrections. From an operational viewpoint these are the most
interestinf tests, as they highlight instabilities and allow error
predictions



U BE-OP, BE-BI and BE-CO collaboration:
O Very focused work during 3 iterations of 3 weeks each (Scrum Sprints)

QBI will use the FB testBed model in 2016 when migrating other big
classes to FESA3 (BPM, BLM)




Interface with Operation

3 Functionalities used/needed by operation:
0 On/Off command of the FBs via sequencer and application
0 [ oading of references and optics (= set to BFSU)
0 Dynamic change of the reference (ramp/Qchange/Squeeze)
o Critical dependance on BFSU when timing is needed

| OFB Control :

Device : LHC.BFSU

g Experts Settlng became Opera‘“onal (nOW (control | Reference Orbit | Bandwidth | RT Trins

[ Energy FB | Radial FB | Orbit FB |

stored in LSA): orbt
o Eigen values, bandwith, gains (via o = o
pen Loop Banchwi 3
YASP and Sequencer) Loop Bandwidth B [1)s]
0 BPM status Gain Motle user |+ -]
IJser Bw Scaling Gf (Mode = USER, BM = SOUEEZE) 0.2 0.2
0 Both tune and orbit references set in 2 :CWBB;'f;(EMG:“BLB uz;
different properties of the BFSU class PTY| WS ETY YT
o Critical dependance on BFSU when Loop Parameters o
FB correction delta = Kp ™ { E(n)-E(n-10 ) + Ki ™ Ts ™ Ein)
tlmlng IS heeded Propartional : Kp = Gf * BW / OLBW 0.0005
Integral ; Ki = Cf ™ BW ™ 2pi 00314
Integral : Ki*Ts = Gf " BW ™ 2pi ™ Ts 00013




Change of reference

J Needed during the ramp, Qchange and squeeze, following PC functions
O Settings stored in LSA and tasks executed via sequencer
4 Linear interpolation between actual settings and requested settings over a time
set by the task (timeConstant)
=> BFSU is not playing a function
d Change triggered by timing events send to BFSU

H'?" OFB Control
BEWICE | o
(| Same meChar"CS for the Tune control | Reference Orbit | Bandidth |
Arm fDis-arm OFE H Trigger / abort ref. change

feedback references changes |T_ . |
ime since last update 1 seconds
Last arhit upload & 11/06/2015 17:24:15
I= using measured orbit false

. . . Last event sent @ 117062015 04:36:26
3 All timing events for a given BP are Erp—— 9999
. . . . Ti i last t 46074
generated in a dynamic timing table e Since [t et
. . . Current time constant (s) 1
which is played at the same time as Ombitlst
. Ind Id -« Time | Scaling Info

the start ramp table: 0 1642 o eI | 0-Re0is-farop =
1 1633 85  Jooo@e— | 85 - R2015-lowheta-900cm

0 11 events sent for the squeeze to 80 cm 2 1634 | ememtm— |176 - R2015-lowbeta-700cm =
] 1635 ' 102 e 298 - R2015-lowbeta-400cm ||
4 1536 54 0000 252 - R2015-lowbeta-200cm
5 1537 &7 0. 000 418 - 2015 -lowhbeta-250cm
(=3 1538 72 0. 000 447 - R2015-lowbeta-200cm
7 1539 74 0000 571 - R2Z015-lowbeta-150cm
2 1543 33 0. 000 G089 - BE2015-lowbeta-120cm
El 1540 49 0. 000 558 - R2015-lowbeta-100cm
10 1541 37 0000 BA5 - R2Z015-lowbeta-30cm
11 1514 54 0. 000 748 - 2015 -lowbeta-80cm
1z 0 0.000 -




Change of Optics

dThe SVD matrix should in principle be recomputed for each opitics:

0 Quite a long process: Take between 1 and 2 minutes (11 optics during
squeeze!)

d Dynamic change of the optics during the squeeze is implemented,
never used in nominal operation:
0 Reduced list of optics to avoid crash of BFSU
o Never tried to re-compute with OFB ON
0 Re-computation time versus squeeze segments length maybe a

problem?
| Only used for Squeeze in a = [ LOAD REF OREIT AND OPTICS FOR OFB
d. d . P ) SWITCH ORBIT AND ENERGY FB OFF
ISCI‘ete moae. _ ,...[calc ALL optics for the squeeze
0 FB stopped, optics recomputed o set active optic 2734 (2.5m)
and sleep time before « ARM REF ORBITS FOR THE SQUEEZE
SWitChing ON again w SETACTIWVE ORBIT INDEX O

w SLEEP 55

0 Intermedlate OptICS Used for P 3 SWITCH ON ORBIT AND ENERGY FEEDBACKS

the whole squeeze
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J Without Beam: preparing settings

0 Fetching all optics for full cycle

o Calculation with default matrix (ignoring statuses)

0 Selection of tune device for pilot

0 Settings: OFB Gain =1, Eigen Values 390-420, Radial loop gain 0.5
3 Injection:

0 OP crews correct tunes back to reference (by hand).

o QOrbit corrected back to reference with OFB

0 Switch between different BBQ systems according to intensity
J Ramp:

0 OFB and QFB switched on at end of filling for the ramp.

0 Constant reference for tune FB

0 Change of orbit reference (crossing + separation) at 2 TeV

0 Settings: OFB Gain =2, Eigen Values 390-420, Radial loop gain 0.5
d Q Change

o Dynamic change of tune reference and tune fitters

0 OFB on with constant reference
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dSqueeze
0 Calculation of intermediate optics before starting the squeeze
0 QFB and OFB on.
0 Change of orbit references following change of bump shapes with optics
o Settings: OFB Gain =1, Eigen Values 390-420, Radial loop gain 0.5
dTo collisions
0 Collapsing of separation bumps and ramping of crossing done in few
minutes (IP 1 and 5 first, then 2and 8).
o Functions only, FBs off but change of reference display
o0 Manual correction towards physics reference
d1n Collisions
0 Due to orbit drift in IP8 (triplet movements) and very good stability, Orbit
Feedback used in STABLE BEAMS with reduced gains and number of
Eigen values.
0 Reference orbit is the active one, OFB switch ON after optimization
0 Settings: OFB Gain =0.2, Eigen Values 40-40, Radial loop gain 0.02
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Main issues with Feedbacks systems

d Problem with Tune Feedback: 3 dumps at flat top
o Automatic switch off due to signal quality: loosing peaks, noise
peaks
0 QFB locked on noise peak and push real tune towards
resonnance
O Interference with transverse dampers

J Problems with orbit Feedback: teething problems, no
dump

0 Missed timing events to change reference orbit: critical in the
ramp

o Wrong orbit reference during Beam Setup/MD: always
recovered



‘@:Aq Tune measurement quality

d Saturation problem solved by using 2 different devices for pilot and
nominal intensity beams:
0 Switch between devices in the nominal sequence

d Co-existence with transverse dampers solved with GATED device:

gating on first few bunches with a lower ADT gain
o ADT witness gain on first 400 bunches (factor 100 below NOMINAL gain)

0 GATED device can be configured by OP
=> Optimization deing intenSity ramp'Up [‘Info | FFT | Gating | Use Cases | DataSets | @' | FB/Trim | Orbit |

Bunch Gating
Bunch Gating ON

=> TUNE S|gna| |mproved Bunch mask [1 - 3564]: |1-45,3560-3564 |
almost no problem with protons P [ setperaunmask |
o More difficult for ions (GATED [ Bunch Rotatian ON
system not recalibrated for ions No. meas: H
inensity) e ;
Yalidate Mask |
QO Co-existence with abort gap

cleaning still a problem:
0 Cannot switch On Abort gap
cleaning during squeeze




‘@:Aq Loss of timing event

dTraced back to a configuration problem of the O/S in the processing
of interrupts: 2 timing events were sent too close

d Several mitigation methods put in place after the events:
0 Configuration of the BFSU machine corrected
o Introduced a delay between the timing event to change the optics and the
one to trigger the change of reference

=> No more missing event observed after the change

MTG tables SELECTED MTG TABLE DETAILS

_ra_mplzluwn TABLE NAME {no space) optics_orbit_changes

injection

BLM.capture_test START EVENT Hx, START-TEL-CT {337 - Start tabla(s) Set start Event

optics_orbit_changes

precycle RUN COUNT -1

Injection_El
EVENT MAME PAYLOAD OFFSET ims) EVENT DESCRIFTION
Hx FEOREF-CT 1 0 Start Orbit Feedback reference change
HA SIS -5500U-CT 2E3 Eil/ Start SQUEEZE for PC intlck
HX. OPTIO-CT 2727 \_ [s00 J Optics Identifier
HY FEOREF-CT 2 65000 Start Orbit Feedback reference change
He, OPTID-CT 2770 G500 Dptics ldentifier
HY FEOREF-CT 2 108000 Start Orhit Feedback reference change
Hx ORTID-CT 2TERE 108500 Optics Identifier




Wrong orbit references

d Both Orbit and Tune feedback are sequencer
driven via TIMING USER

J Reference Orbits stored with optics table in LSA

3 Most of the errors came when cloning
hypercycles for MDs or re-using Beam

Processes (e.g FlatOrbit)
O References stored by BP type

=> need to be improved

& LHC orbit-feedback datamanager [LHC.BFSU] &

@ E

Data Import

Reference Orbits | Feedback Optics |

1S_INTERLOCK_REF_PHYSICS-6.5Te¥-80cm-40s-2015_IR15_V1
SQUEEZE- 6.37TeV-lon-80cm-2015_v1

SQUEEZE- 6.37TeV-lon-80cm-2015_V1@0_[START]
SQUEEZE- 6.37TeV-lon-80cm-2015_V1@176
SQUEEZE- 6.37TeV-lon-80cm-2015_V1@298
SQUEEZE- 6.37TeV-lon-80cm-2015 V1@352
SQUEEZE- 6.37TeV-lon-80cm-2015_V1@419
SQUEEZE- 6.37TeV-lon-80cm-2015 V1&8497
SQUEEZE- 6.37TeV-lon-80cm-2015 V1@571

QUEEZE- 6.37TeV-lon-80cm-2015_V1&609

QUEEZE- 6.37TeV-lon-80cm-2015_V1&658

QUEEZE- 6.37TeV-lon-80cm-2015_V1&695
SQUEEZE- 6.37TeV-lon-80cm-2015_V1@749_[END]
SQUEEZE- 6.37TeV-lon-80cm-2015_V1@85

SQUEEZE- 6.37TeV-lon-IR2-presqueeze_V1

SQUEEZE- 6.37TeV-lon-IR2-presqueeze_V1@0_[START]
SQUEEZE- 6.37TeV-lon-IR2-presqueeze_V1&@177_[END]
SQUEEZE- 6.37TeV-Prep-Flat- 2015 V1

SQUEEZE- 6.37TeV-Prep-Flat- 2015_V1@160_[END]
SQUEEZE- 6.5TeV-80cm-2015 V2

SQUEEZE- 6.5TeV-80cm-2015_Y2@0_[START]
SQUEEZE- 6.5TeV-80cm- 2015 V2@176

QUEEZE- 6.5TeV-80cm-2015 V22298

QUEEZE- 6.5TeV-80cm-2015_¥2@352

QUEEZE- 6.5TeV-80cm-2015_¥2E419

SQUEEZE- 6.5TeV-80cm-2015_v2@497

SQUEEZE- 6.5TeV-80cm-2015_v2@571

b o ibbo e & Carntr O = A

StandAloneBeamProcess Filler.\RZO 5

Filter: ‘ ||@ timne id harme used by reference orbit
PUMIF = UL TV IO L VD e q 2727|R2015a_A11mC LImALGmML10m ¥l |RZ015-flat-top
AT il et ST AR IS e eSTeT 5 2729)R2015a ASO0CI00ALOM_0.00950L800_0.00934 [ |R2015-lowheta-500cm
KAMP*E‘STEV*Z[IIS_VI@I_ZI[I [ENIS] 176 2730|R2015a_A700C700A10mM_0.00950L800_0.00919 R2015-lowbeta-700cm
RAMP*E:STEVfZUlﬁ_Vl@35 - 298 2731R20158 A400C400410m_0.00850L700_0.00906 L] F2015-lowheta-400cm
MMP*5.5T2V72U15:V1@425 352 2732|R2015a_A300C300A10m_0.00950L600_0.00895 2015 -lowheta-300cm
RAMP- 6.5TeY-SPOOLS- 2015 V1 419]  2734R2015a A250C250A10m_0.00950L500_0.00886 ] 2015 lowheta-250cm
RAMP-5QUEEZE-2.51 TeV-5m- 2015_V1 497 2733R2015a_AZ00C200A10mM_0 0095 0L400_0 00BE0 2015 -lowheta-2 00cm
RAMP-SQUEEZE-2.51TeV-5m-2015_V1&0_[START] 57 2736|[R20158 AL50C150410mM_0.00850L350_0.00877 L] 2015 -lowheta-150cm
RAMP-SQUEEZE-2.51TeV-5m-2015_V1&530_[END] 0 2735|R2015a_A120C120410mM_0 008501325 _0.00876 2015 -lowheta-12 0crm
RAMPDOWN-6.5TeV_V1 5 2738R2015a AL00C100AL0M_0.00850L300_0.00875 Ll 2015 -lowheta-100cm
RAMPDOWN- 6.5TeV_V1@0_[START] £l 2737|R2015a_AS0C0A10mM_0.00950L300_0 00875 | 2015 -lowheta-90crm
IS_INTERLOCK_REF_PHYSICS-6.37TeV-ions- Prep-80cm-2015_¥1 49 27349|R20152_AS0CE0AL0M_0.00850L300_0, 00875 ] 2015 1a-B0cm

SQUEEZE 2015 TO 80 CM

~ (-3SQUEEZE 2015 TO 80 CM
« ENSURE START_SQUEEZE TABLE LOADED
P £7INCORPORATION INTO SQUEEZE BP FROM END Q CHANGE
b £7LOAD TCT SQUEEZE FUNCTIONS (PARAMETRIZED)
¥ (7 LOAD REF ORBIT AND OPTICS FOR OFB

b (“_“SWITCH ORBIT AND ENERGY FB OFF

b 3 TRIM OFB GAIN FOR SQUEEZE
P [ CALC 2.5 M OPTICS FOR THE SQUEEZE
« ARM REF ORBITS FOR THE SQUEEZE
w SLEEP 5S
b 7 SWITCH ON ORBIT AND ENERGY FEEDBACKS
¥ [ DRIVE SQUEEZE TO 80CM IN ONE STEP
w SET SQUEEZE SEGMENT 0 -> 749
w SETUSER FOR REGENERATION AT 7495
w MAKE SQUEEZE USER RESIDENT
w load optics table by steps
w Set loadable optics to the OFB
« ARM OFB REF ORBIT CHANGE
P 7LOAD SQUEEZE PC TABLES SEGMENT (PARAMETRIZED)
b 7 CHECK OFB AND QFB FEEDBACKS ON
w CHECK OFB IS ARMED
P £]MOVE STATE/BEAM_MODE = SQUEEZE
w SEND START TBL (33) EVT
w REGENERATE ACTUAL BP FOR THE STOP POINT
w MAKE RESIDENT USER FOR STOP POINT
P £JWAIT FOR SQUEEZE SEGMENT TO FINISH
w UNLOAD STARTSQUEEZE TIMING TABLE
« UNLOAD OPTICS AND ORBIT CHANGE TABLE
w SLEEP15S
b £ DISARM FEEDBACKS
P CJSWITCH ORBIT AND ENERGY FB OFF
P CJSWITCH QFB OFF
P £JMOVE STATE/BEAM_MODE = ADJUST




d The orbit quality was improved a lot with the rack cooling. There are

remaining effects, smaller by factor ~5-10 wrt Run 1.
O This improvement allowed us to run the OFB in SB !
0 Some crates could still be improved, mainly around points 3, 4 and 5.

'T' OpenYASP DV LHCRING [ B1 / RAMP-6.37TeV-2015-10N5_V1@0 [START] -0 X

[, views | | | | | More |

€O - P 6372.720 GeVic- Fill #4672 STABLE - 29/11/15 00-55-38

Monitor H

0.2 : ; :
Mean = -0.000 / RMS = 0.011 / RMS-dp = 0.011 / Dp; = -0.0004

— 0.1 i i ’ i s ;
£ i i i i
E | s | P SN D
e : : il oI L i "
= i i i : i i i

-0.17 i i i i i i i

03 ATLAS M-CLEAN [cms] DUMP-BL B-CLEAN] LHCb

=L T T T T T

0 100 200 200 400 500

€O - P6372.720 GeVjc- Fill # 4672 STABLE - 29/11/15 00-55-38

Monitor V

0.2 : :

Mean = -0.000 / RMS = 0.016 / Dp = -0.0004 i i i i

— 014 i i i i i
E | | | | | |
PO I M o R H a - » []
£ g U 5 ; : (] i
= 01 ; : : :

o3 ATLAS WM-CLEAN o DUMP-BL B-CLEAN
=L T T T T T
Q 100 200 300 400 S00
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3 Orbit corrector function are now all forced to follow PLP segments. Trim
and FF only at the matched points. Smoother orbit in the squeeze without
need of high gain for OFB.

50

H Position [um)]
&qoh bk T TR
o o o o o o o o o

N
o
="

TCP.C6L7.B1 TCP.C6L7.B1

— Fill 4560 40
— Fill 2534

—Fill 4560
—Fill 2534

V Position [um]
(=]

L
o

20
4 b
= 40
:l||||||||||\|‘|\|\|\|||||||||||||||||||||| _50:|||||||||||||||||||||||||||||||||||\||||\||
0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800
Time [s] Time [s]

2012: after heavy FF following a special high gain OFB pass through the squeeze.
2015: simple FF at matched points. Horizontal transients remain between start of
squeeze and first matched point (85 s). Operating at ~2 higher gain could bring
down the orbit excursion < 20 um.
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J Residual perturbations can be improved with higher OFB gain.

== n
o O

H Position [um]
|
S o

| |
[T\
(=11

d Source of perturbations between start and first 2 matched points
to be analysed — suspect IR8.
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—Fill 4644
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900
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bk Lo
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B - |IIII|IIII|IIII|IIII

—Fill 4644
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< 4IIII|IIII|IIII|IIII|I

100 200 300 400 500

Time [s]

600 700
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@ Stable beams

d The triplet movement in R8 leads to orbit drifts of up to ~0.2 mm rms,
period of ~ 8 hours. Present as soon as triplet is filled with Helium. Cause

IS not understood.
0 Compensated by OFB in stable beams (gentle correction, not interfering with
lumi scans...).

4560 SB Horizontal orbit r.m.s. evelution
: : - : . - -

d Nice correlation with the triplet WPS
readings.

N 00 N 00 ------m
e

IIII1Il‘ll‘_“.ﬂ_“-ln“ﬂm‘l'll'l
muurummm-wlnmnmumm
LA Y W Y B O VAR 1 I

I A I I V™ ]




J The evolution of the orbit rms excluding the areas close to IR1, IR2, IR5
and IR8 is an indicator of the long term reproducibility of the orbit —
includes BPM errors, ground motion, OFB corrections etc

100
90
—. 80
E =
“E’ 60
= 50
e
S 40
e 30
<
20

10

o

=+ . rms over all healthy BPMs
= o' except IR1, IR2, IR5, and
= foo °, . IR8 bump regions wrt

=¥ ﬁ‘t. . 4 s, . reference orbit

=aldlbaa 2 it WL e e o - _
== A @ ‘i'%h ;3&‘ }A T Y reference fill in 25 ns period
= .& s KA ﬁ{lﬁo (t ~ 85).

= . hiy A 4 Ak 4

= fon X g 8 : . .

= [+ BiH Ak 1 point / fill, ~5 mins after
— B1v start of SB.

= & B2H

= | a B2v

= T T | | | 1 | 1 | | | |

0 20 40 60 80 100 120

Time [days since 01.07.2015]

The orbit reproducibility is ~50 um over 3 months.
Long and short term reproducibility are quite similar.
Slightly worse reproducibility in H plane < IR8 triplet issue.
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Few ideas for 2016

JImplementation of functions for gain:
O For more flexible operation
O Gain could be pushed on the first 120 seconds of the ramp where we
observed the largest orbit & tune perturbation, similar for the start of the
squeeze etc.
dFor the QFB a factor 2 could be gained by moving from 4k turns at
4 Hz to 2k turns at 8 Hz.

d Future plan for the testBed:

0 Add more tests to increase code / use-case coverage

O ‘Closing the loop’ (ambitious):
' Capture controller magnet corrections
' recalculate (simulate) LHC reaction
" send response back to BFSU. Could explore dynamic stability limits

0 Automated builds to test on every change + additional reports (e.g. Test
coverage, Code quality)

J Refactoring of the reference orbit construction and storage based
on knob (on-going)
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J Major refactoring of OFB during LS1 improved stability and
operability

J More experts settings available for setting-up ease the
commissioning of the systems

d No major problem with Feedbacks during the nominal
operation: Tune feedback used all along the proton run

Q For orbit feedback we moved from the “DISABLE RT TRIMS”
mode to 24h of STABLE BEAMS with FB ON.

J Some improvement in the management of the reference orbit
and management of the gains are planned for next year



»Spare slides



Collision offsets

Q Fill-2-fill offsets in collision are better than in 2012.
O Typical fill-2-fill B1-B2 offset rms is 8 um < o/2.

Lumi Trim IP1.X [um]

40
30
20
10
0
-10
-20
-30
—-40
-50
60

IP1 B1 H plane

12-Aug 26-Aug 09-Sep 23-Sep 07-Oct 21-Oct 04-Nov

No. of scans

Entries 77
Mean  -0.6997

RMS

8.24

-40 30 20 -10 0 10 20 30 40

Trim A IP1.X [um]

50
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FB gain factors

d Gain factors and FB responses

o=
L]
I

OFB gain factor (GF) =1 =>T=12s.

=
L

RMS [mm]
=
I
1

=
L

2015 settings:
» Ramp: GF = 2,

» Squeeze: GF =1,
> Stable beams: GF =0.2.

=
-

0.305
2 037
= 0.295
=

g 0201
c

2 0.2851
0.281
0.275-
0.27
0.265

0.26
o

LHC - B1 - fill #4£97 - no co

mrment - LHC_FFT2_B1 - 2015-12-06 14:59:07

OFB gain factor = 1.5
=>T=12s.

2015 settings:
» Ramp: GF = 1.5,
» Squeeze: GF =0.5.

T T
J0000n 35000
time [ms]




Writing test Is easy!

* Framework based on JUnit

' ->
teStIng framework public class ExampleFeedbackTest extends AbstractFeedbackTest {

execution, assertions and qest 1
reports out of the box. P Tt g o0
* Java embedded DSL to } }

formulate readable tests on
different levels:
' FESA mechanics
' Sending orbits and verify
reaction
String opticshame = from(OPTICS).doGet().getActiveOpticshame();

to(ACTIVE_OPTIC).partially().setFetchOFC_object(true);

prepareSending0f(zeroOrbit()).andStart();

MultibeamOrbit acquiredOrbit = from(MultibeamOrbit, class).
skip(1l).and().awaltNext();

awaltlastSending(); /* assertion here #/
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