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Abstract

The LSST Science Requirements Document (the LSST SRD) specifies a set of data
product guidelines, designed to support science goals envisioned to be enabled by
the LSST observing program. Following these guidlines, the details of these data
products have been described in the LSST Data Products Definition Document (DPDD),
and captured in a formal flow-down from the SRD via the LSST System Requirements
(LSR), Observatory System Specifications (OSS), to the Data Management System
Requirements (DMSR). The LSST Data Management subsystem’s responsibilities
include the design, implementation, deployment and execution of software pipelines
necessary to generate these data products. This document describes the design of
the scientific aspects of those pipelines.
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Data Management Science Pipelines Design

1 Preface

The purpose of this document is to describe the design of pipelines belonging to the Applica-
tions Layer of the Large Synoptic Survey Telescope (LSST) Data Management system. These
include most of the core astronomical data processing software that LSST employs.

The intended audience of this document are LSST software architects and developers. It
presents the baseline architecture and algorithmic selections for core DM pipelines, developed
to a degree necessary to enable planning and costing of the pipelines assuming an Agile
software development framework. The document assumes the reader/developer has the
required knowledge of astronomical image processing algorithms and solid understanding
of the state of the art of the field, understanding of the LSST Project goals and concepts, and
has read the LSST Science Requirements (SRD) as well as the LSST Data Products Definition
Document (DPDD).

Though under strict change control, this is a living document. Firstly, as a consequence of
the “rolling wave” LSST software development model, the designs presented in this document
will be refined and made more detailed as particular pipeline functionality is about to be
implemented. Secondly, the LSST will undergo a period of construction and commissioning
lasting no less than seven years, followed by a decade of survey operations. To ensure their
continued scientific adequacy, the overall designs and plans for LSST data processing pipelines
will be periodically reviewed and updated.

The contents of this document are subject to configuration control by the LSST DM Technical Control Team.
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2 Introduction

2.1 LSST Data Management System

To carry out this mission the Data Management System (DMS) performs the following major
functions:

* Processes the incoming stream of images generated by the camera system during
observing to produce transient alerts and to archive the raw images.

* Roughly once per year, creates and archives a Data Release (“DR"), which is a static self-
consistent collection of data products generated from all survey data taken from the date
of survey initiation to the cutoff date for the Data Release. The data products (described
in detail in the DPDD), include measurements of the properties (shapes, positions, fluxes,
motions, etc.) of all detected objects, including those below the single visit sensitivity limit,
astrometric and photometric calibration of the full survey object catalog, and limited
classification of objects based on both their of the full survey area are produced as well.

* Periodically creates new calibration data products, such as bias frames and flat fields,
that will be used by the other processing functions, as necessary to enable the creation
of the data products above.

* Makes all LSST data available through interfaces that utilize, to the maximum possible
extent, community-based standards such as those being developed by the Virtual Obser-
vatory (“VO"), and facilitates user data analysis and the production of user-defined data
products at Data Access Centers (“DAC") and at external sites.

This document discusses the role of the Science Pipelines software in the first three functions
listed above. The fourth is discussed separately in the SUI Conceptual Design Document (SUID).

The overall architecture of the DMS is discussed in more detail in the Data Management System
Design (DMSD) document.

The contents of this document are subject to configuration control by the LSST DM Technical Control Team.
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2.2 Data Products

The LSST data products are organized into three groups, based on their intended use and/or
origin. The full description is provided in the Data Products Definition Document (DPDD); we
summarize the key properties here to provide the necessary context for the discussion to
follow.

* Level 1 products are intended to support timely detection and follow-up of time-domain
events (variable and transient sources). They are generated by near-real-time processing
the stream of data from the camera system during normal observing. Level 1 products
are therefore continuously generated and / or updated every observing night. This
process is of necessity highly automated, and must proceed with absolutely minimal
human interaction. In addition to science data products, a number of related Level 1
“SDQA’ data products are generated to assess quality and to provide feedback to the
Observatory Control System (OCS).

* Level 2 products are generated as part of a Data Release, generally performed yearly,
with an additional data release for the first 6 months of survey data. Level 2 includes
data products for which extensive computation is required, often because they combine
information from many exposures. Although the steps that generate Level 2 products
will be automated, significant human interaction may be required at key points to ensure
the quality of the data.

+ Level 3 products are generated on any computing resources anywhere and then stored
in an LSST Data Access Center. Often, but not necessarily, they will be generated by
users of LSST using LSST software and/or hardware. LSST DM is required to facilitate the
creation of Level 3 data products by providing suitable APIs, software components, and
computing infrastructure, but will not by itself create any Level 3 data products. Once
created, Level 3 data products may be associated with Level 1 and Level 2 data products
through database federation. Where appropriate, the LSST Project, with the agreement
of the Level 3 creators, may incorporate user-contributed Level 3 data product pipelines
into the DMS production flow, thereby promoting them to Level 1 or 2.

Level 1 and Level 2 data products that have passed quality control tests will be made accessible
to the data rights holders on a cadence determined by the operations policy. Additionally,

Science Data Quality Analysis
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the source code used to generate these products will be made available to enhance repro-
ducibility and insight into the implementation of algorithms employed. The LSST will provide
documentation, and a list of reference platforms on which the software is expected to build
and execute.

The pipelines used to produce these public data products will also produce many intermediate
data products that may not be made publicly available (generally because they are fully
superseded in quality by a public data product). Intermediate products may be important
for QA, however, and their specification is an important part of describing the pipelines
themselves.

2.3 Data Units

In order to describe the components of our processing pipelines, we first need standard
nomenclature for the units of data the pipeline will process.

The smallest data units are those corresponding to individual astrophysical entities. In keeping
with LSST conventions, we use “object” to refer to the astrophysical entity itself (which typically
implies aggregation of some sort over all exposures), and “source” to refer to the realization of
an object on a particular exposure. In the case of blending, of course, these are just our best
attempts to define distinct astrophysical objects, and hence it is also useful to define terms
that represent this process. We use “family” to refer to group of blended objects (or, more
rarely, sources), and “child” to refer to a particular deblended object within a family. A “parent”
is also created for each family, representing the alternate hypothesis that the blend is actually
a single object. Blends may be hierarchical; a child at one level may be a parent at the level
below.

LSST observations are taken as a pair of 15-second “snaps”; together these constitute a “visit".
Because snaps are typically combined early in the processing (and some special programs and
survey modes may take only a single snap), visit is much more frequently used as a unit for
processing and data products. The image data for to a visit is a set of 189 “CCD" or “sensor”
images. CCD-level data from the camera is further data divided across the 16 amplifiers within
a CCD, but these are also combined at an early stage, and the 3x3 CCD “rafts” that play an
important role in the hardware design are relatively unimportant for the pipeline. This leaves
visit and CCD the main identifiers of most exposure-level data products and pipelines.

The contents of this document are subject to configuration control by the LSST DM Technical Control Team.
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Our convention for defining regions on the sky is deliberately vague; we hope to build a
codebase capable of working with virtually any pixelization or projection scheme (though
different schemes may have different performance or storage implications). Our approach
involves two region concepts: “tracts” and “patches”. A tract is a large region with a single
Cartesian coordinate system; we assume itis larger than the LSST field of view, but its maximum
size is essentially set by the point at which distortion in the projection becomes significant
enough to affect the processing (by e.g. breaking the assumption that the PSF is well-sampled
on the pixel grid). Tracts are divided into patches, all of which share the tract coordinate system.
Most image processing is perfomed at the patch level, and hence patch sizes are chosen largely
to ensure that patch-level data products and processing fit in memory. Both tracts and patches
are defined such that each region overlaps with its neighbors, and these overlap regions must
be large enough that any individual astronomical object is wholly contained in at least one tract
and patch. In a patch overlap region, we expect pixel values to be numerically equivalent (i.e.
equal up to floating point round-off errors) on both sides; in tract overlaps, this is impossible,
but we expect the results to be scientifically consistent. Selecting larger tracts and patches thus
reduces the overall fraction of the area that falls in overlap regions and must be processed
multiple times, while increasing the computational load for processing individual tracts and
patches.

2.4 Science Pipelines Organization

LSST data processing needs may be broken down into three major activities: Alert Production,
Calibration Products Production, and Data Release Production. In sections[3} [4} and[5} respec-
tively, we describe breaking these down into constituent pipelines. In this document, a pipeline
is a high-level combination of algorithms that is intrinsically tied to its role in the production
in which it is run. For instance, while both Alert Production and Data Release Production
will include a pipeline for single-visit processing, these two pipelines are distinct, because the
details of their design depend very much on the context in which they are run.

Pipelines are largely composed of Algorithmic Components: mid-level algorithmic code that
we expect to reuse (possibly with different configuration) across different productions. These
components constitute the bulk of the new code and algorithms to be developed for Alert
Production and Data Release Production, and are discussed in section[6] Most algorithmic com-
ponents are applicable to any sort of astronomical imaging data, but some will be customized
for LSST.

The contents of this document are subject to configuration control by the LSST DM Technical Control Team.
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The lowest level in this breakdown is made up of our shared software primitives: libraries
that provide important data structures and low-level algorithms, such as images, tables,
coordinate transformations, and nonlinear optimizers. Much (but not all) of this content is
astronomy-related, but essentially none of it is specific to LSST, and hence we can and will
make use of third-party libraries whenever possible. These primitives will also make it easier to
access and process Level 1 and Level 2 data products within the Notebook aspect of the LSST
Science Platform and associated computing services, as they constitute the programmatic
representation of those data products. Shared software primitives are discussed in section

The contents of this document are subject to configuration control by the LSST DM Technical Control Team.
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3 Alert Production

Alert Production is run each night to produce catalogs and images for sources that have varied
or moved relative to a previous observation. The data products produced by Alert production

are given in

Name Availability | Description

DIASource Stored Measurements from difference image analysis of individual expo-
sures.

DIAObject Stored Aggregate quantities computed by associating spatially colocated
DIASources.

DIAForcedSource | Stored Flux measurements on each difference image at the position of a
DIAObject.

SSObject Stored Solar system objects derived by associating DIASources and infer-
ring their orbits.

CalExp Stored Calibrated exposure images for each CCD/visit (sum of two snaps)
and associated metadata (e.g. WCS and estimated background).

TemplateCoadd Temporary | DCR corrected template coadd.

DiffExp Stored Difference between CalExp and PSF-matched template coadd.

VOEvent Stored Database of VOEvents as streamed from the Alert Production

Tracklets Persisted Intermediate data product for the generation of SSObjects gener-
ated by linking moving sources within a given night

TABLE 2: Table of derived and persisted data products produced during Alert Production. A
detailed description of these data products can be found in the Data Products Definition
Document [LSE-163].

Alert Production is designed as five separate components: single frame processing, alert
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