
Layered Architecture

The LSST Data The LSST Data 
Management SystemManagement System

J. Kantor, T. Axelrod (LSST Corp) and the LSST Data Management Team

The LSST scientific requirements for a very deep, wide field survey with controlled systematics and rapid transient alerting drive the LSST Data Management system capabilities and 
performance. This system is a highly distributed, scalable, and reliable system that acquires the scientific data, transports it from mountain to base to archive center, reduces the data 
and assesses its quality, and publishes the data for broad access.  Designing and implementing such a system requires advanced scientific algorithms, a layered architecture providing 
for extensibility and technology evolution, high-performance computing, storage, and networking technologies, and the rigor of a formal development process.
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Infrastructure LayerInfrastructure Layer

Long-Haul Communications
Mountain/Base to Archive and Archive to 
Data Centers Networks are 2 - 10 Gbps protected 
clear channel fiber optics with protocols 
optimized for bulk data transfer

Base Facility
In Chile, Mexico, or the United States. Nightly 
Data Pipelines and Products are hosted here on 
25 TFLOPS class supercomputers to provide 
primary data reduction and transient alert 
generation in under 60 seconds.

Mountain Site
In Chile or Mexico. Data acquisition from 
the Camera Subsystem and the Observatory 
Control System, with read-out in 2 seconds 
and data transfer to the Base at 10 Gbps

Archive/Data Access Centers
In the United States.  Nightly Data Pipelines and 
Data Products and the Science Data Archive are 
hosted here.  Supercomputers capable of
60 TFLOPS provide analytical processing, 
re-processing, and community data access via 
Virtual Observatory interfaces to a 7 PB/yr archive.
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Middleware Layer

Application Layer

Application Layer
This layer contains Nightly Data Pipelines and 
Products and the Science Data Archive.  It 
provides all pipeline algorithms and 
components, image and astronomical object 
data structures, end user tools for Data 
Products access, and “Algorithm” Fault-
tolerance.Infrastructure Layer

This layer contains 
computing, storage, and 
networking hardware and 
system software at each 
facility as well as the long-
haul networks that 
interconnect the facilities.
It provides the parallel 
processing execution 
environment for pipelines, 
the distributed storage 
network for data products, 
and system-level fault-
tolerance/autonomics.
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Components

Nightly Pipelines and Data Products
Nightly Pipelines are executed and Data Products are 
produced within 60 seconds of the second exposure of 
each visit.  

Science Data Archive
These pipelines are executed on a slower cadence and
the corresponding data products are those that require 
extensive computation and many observations for their production. 

Middleware Layer
This layer contains distributed 
processing services, data 
access services, user interface 
services, and system admin 
and operations services.  It 
isolates the Application Layer 
from the Infrastructure Layer to 
ease technology evolution.  It 
provides a pipeline component 
plug-in architecture to facilitate 
scientific algorithm evolution.  
Finally, it ensures process and 
data integrity with standard 
services for security, load-
leveling, provenance, and 
software fault-tolerance. Middleware LayerMiddleware Layer
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Distributed Processing Services
The Pipeline Manager is a process that handles overall 
control of executing pipelines.  The Event System is for 
publishing & distributing asynchronous messages between 
processes and to system logs.   The Pipeline Configurator is 
a service that creates an instance of a pipeline from a 
template.  A Pipeline is an instance of a Pipeline class that 
carries out a logical set of data processing (e.g. Processing 
Nightly Observations).

Data Access Services
The Data Stager copies/organizes data & software in 
preparation for and clean up from a pipeline execution.
The Data Replicator is an inter-site data mirroring system.  
The Database API is an interface for inserting/extracting 
data to/from the database.  The Ingest Service is a 
service that formally incorporates data into the archive, 
including replicating data to long-term storage and 
inserting associated metadata in the database

Other Services

System Admin/Ops Toolkit

User Interface Toolkit

Scientific and Technological Evolution
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Technological Evolution
If the useful life of the LSST Data Products is at least two 
decades, the raw data will be re-processed at least 20 times 
and the computers and software this is done by will be 
changed at least 4 times!

LSST will be updating software and data very frequently. This 
must be a largely automated process and highly documented 
as it occurs.  We cannot afford to rewrite the entire software at 
one time or port to entirely new hardware en masse, so 
evolutionary change must be supported.

Scientific Evolution
Depicted below are the Sloan Digital Sky Survey(SDSS) 
instrument, and same image processed with different 
algorithm/parameters by the SDSS image processing pipeline.  
SDSS went through many iterations of software/algorithms after 
first light before achieving the “optimal” PSF variation estimation.
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LSST Estimated Nightly Data Volumes
The nightly data volumes generated by LSST will be an order 
of magnitude larger than those estimated for Pan-STARRS 4 
and 2 orders of magnitude larger than SDSS.  The data 
archive will grow at a rate of roughly 7 PB/yr.  This requires 
scalability and reliability in LSST data management systems.
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LSST Data Management Design & Development Process
Data Management follows a rigorous, proven software/system engineering 
methodology based on the Iconix Process ®, combined with extensive 
prototyping.  This ensures that the design is validated and end-to-end 
requirements are clearly traceable all the way to code.
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