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ZTF Phase | was—I| think—the most complex time-domain
survey ever scheduled.

~4 75K exposures
cadenced surveys, time-constrained, deep drilling, TOOs...

Multiple surveys for each of MSIP, partnership, & Caltech, each
with a minority share of the total survey

individual surveys changed frequently
88+ survey configurations over 2.5 years: >3 changes/month
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ZTF Phase | was—I| think—the most complex time-domain
survey ever scheduled.
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Many aspects of the scheduling were successful.

25000 1 mmmm Extragalactic High Cadence
B Galactic Plane Survey
20000 { I Northern Sky Survey

Programs were executed as

ions

designed. g
215000
S
. = 10000 -
Slew & filter-change overheads £
= 5000 -

were minimized.

O 4l I
0.2 0.4 0.6 0.8 1.0
Fraction of Requested Observations Completed

Self-serve TOOs mostly ran
We” MSIP

Overall program balance was
adequate.

collaboration Caltech



Some things could have been better.

Optimization setup was not well-suited to high-cadence survey
or low-declination fields
both now improved!

Lack of good visualization tools to identify program conflicts
ahead of time

constant program churn = |ots of labor-intensive work for me
manual & error-prone = some missed observing time,

overall less effort for other scheduler improvements



The survey complexity created some issues.
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where possible,
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used for reference
building and grid-2
observations.
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Independently-designed surveys don’t necessarily fit
together....
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What’s new in Phase II? Survey changes...

MSIP — 50% of telescope time
single survey: 2-day cadence g+r
greater focus on completeness at low declination (LSST... ##)

Partnership — 30% of telescope time
small set of surveys, to run for long periods

Caltech, 20% of telescope time
BD



... sScheduler improvements...

within-night spacing of high-cadence observations
improved treatment of low dec fields

solver gives MSIP its exact allocation

new capabilities for managing nightly survey footprints

> rescheduling missed observations

= reporting public survey plans in advance
kd inter-program scheduling now possible & allowed

. ... your ideas"”?



... even better performance & more discoveries?

Simpler, longer-lived surveys

+ more automated schedule handling
+ better visualization and monitoring
+ More eyes on the survey”?

ZTF : R : Equatorial : All Programs : Thru 2018-03-17 (0/1 Nights)
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ZTF scheduling maximizes the volume surveyed:

Maximize volume surveyed per image:

A7
V=—d
3

X 1006mhm 1008m11m

Limiting magnitude depends on:
filter, sky lbrightness, airmass, seeing

optimization algorithm ~ ©PJective function

S0: maximize the volume-weighted number of images
observed In acceptable cadence windows.
¥~ constraints
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ZTF scheduling maximizes the volume surveyed:

Maximize volume surveyed per image:

A7
V=—d
3

X 100.6m11m

Limiting magnitude depends on:
filter, sky brightness, airmass, seeing

optimization algorithm ~ ©PJective function

S0: maximize the volume-weighted number of images
observed In acceptable cadence windows.
¥~ constraints

In Phase II: normalize the metric by its value when that field

transits the meridian.
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A grid approach enables a nightly solution.

Time Blocks

Request Sets (Fields)
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We use Integer Programming techniques to perform
nightly optimization. Bellm+ 2019b

V.t Volume factor for request field r at time t in filter f

Yrer (“yes”) =1if we observerattinf, O otherwise

maximize Z Z Z Vit Yoty GUROBI

rERtET fEF OPTIMIZATION

subject to
number of requests
< F |
ZYW Snrp VTEHRJE in this set
terl
Z Yyip < Nanaxe V2 €T number of observations
reR N this slot

And enforce one filter per slot + program balance .



A grid approach enables a nightly solution.

Time Blocks

Request Sets (Fields)
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A grid approach enables a nightly solution.

Time Blocks

Request Sets (Fields)
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A grid approach enables a nightly solution.

Time Blocks

Request Sets (Fields)
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Flexible intranight spacing of ZUDS2 worked effectively in

practice.

points are pairwise per-band separations of one field;
lines are 12-day boxcar-smoothed medians

8- No spacing

Block-scheduled g-band
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MSIP is now regularly observing at -31 deg declination.

80 A

60 -

40 -

Dec

20 -

—20 -

®
® ®

® ® 6

® ® ® ® ®
® ® ® 6 6 6
CNCNONONONCRONC,
POO®OO®O®®
PEO®OE®O®®
PEPOE®OE®O®E®
OEEOEEOE®®®
®OOOOO®O®O®®®
®EOOEOOO®®E®
®EEO®EEOO®®®®
®OE®O®O®EO®®®®
®EEO®OEO®®E®
OO0EE®OO®®®O®®®
@O®®O®O®O®®®
®O®O®O®OBOO

Q)

© ®
© ® ®
O 0 ®®
OO0®O®E
O®O®E
O®O®®
OO®®O®E
O®EO®®®
OO®O®®®
OP®®E®
OPE®O®O®
®OE®O®®
OP®E®OOE®
®®E®O®
@O®®®OO
O®®®00

0 50

250 300 350




