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LIGO - LSC Meeting on Data Analysis

0900 -  1630 PST 26 February 1999

Agenda
›› LDAS Overview by LIGO 0900 - 1200

– Requirements

– Software architecture & design

– Hardware implementation

– Development timeline

– Procurement strategies

›› Lunch 1200

›› Models for organizing the
LSC data analysis effort 1300 - 1400

›› Allocation of LIGO Laboratory
resources for various searches 1400 - 1430

›› CACR Involvement in LIGO 1430 - 1500

›› Other LSC issues/activities 1500 - 1630
– Astrophysical signatures

– Detection confidence andvalidation

– Detector characterization

– Plans for the Data Analysis White Paper
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LIGO Data Analysis System (LDAS)
Requirements (from 12/97 review)

• Assumptions/Dependencies
– Detector delivers a fully functional DAQS. Data are written in

frame format to a disc cache system available to the on-line
LDAS. Iincludes the availability from DAQS of data-valid logic
flags to identify saturated or aliased waveforms.

– Detector implements interferometer diagnostics system. LDAS
does not need to provide real-time (signal) feedback information
to the LIGO interferometers. LDAS - Diagnostics System
interface shall be primarily through the operator or scientist. Data
or parameters derived by diagnostics routines will be done
through using frame-based data.

– LDAS, together with DAQS, will provide for an on-line (volatile)
data storage system capable of accommodating a volume of
data sufficient to provide overlap between shifts.

– LDAS goal shall be to process datastream in real-time and on-
line. This includes providing for the exchange of detection event
lists between LIGO sites.

– The off-line system does not directly interface to the on-line
system. Connectivity is not precluded; not part of network
topology at present.

– Data reduction shall be accomplished as far upstream in the
data acquistion process as possible in order  to enable LIGO to
archive reduced datasets for at least  5 2 years. As a target, a
minimum volume reduction of 10X is assumed. As a minimum,
the GW channel, calibrated in strain, shall be archived
permanently.
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LIGO Data Analysis System (LDAS)
Requirements (from 12/97 review)

• Assumptions/Dependencies
›› Specifically not considered to be within the scope of the

LDAS are:
– Data analysis functions performed at centers other than the

LIGO Laboratory Facilities.
– The on-line diagnostics system used for stimulus-response

characterization, transfer function determination, and
calibration functions. However, it is expected that software
developed for the LDAS will find utility within the diagnostics
system (e.g., numerical algorithm libraries, database tools).

– Simulations shall be provided separately from, but
coordinated with, the LDAS. The interface shall be using
frame-based representations of simulation outputs.
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LIGO Data Analysis System (LDAS)
Requirements (from 12/97 review)

• Mission-critical services:

1. Provide on-line analysis at the observatories.
›› Physical strain extraction possibly using relevant ancillary

channels (e.g., PEM) to remove instrumental or
environmental signatures.

›› Processing of strain data through real-time detection
algorithms for both performance monitoring and scientific
purposes.

›› A means to cross-correlate data (either time series or
event lists) from multiple interferometers.

›› A means to store data frames and analysis results (local
to the Observatory LAN) to short term storage media.
This functionality will be provided by the LIGO DAQS
resources, with augmentation by LDAS.

›› A means to access both “live” and short term archived
data via the Observatory LAN and the LIGO WAN.
Access shall be subject to available bandwidth and
demand.

›› Means to retrieve, concatenate and extract specific
channels of recent data from the on-line storage system.

›› Sufficient automation to run continuously and
autonomously during periods of normal operation.

›› A means to display and visualize results of analyses over
the Observatory LAN.
– Extensive graphics available with Matlab

– Primitive graphics with LDAS userAPIs built on Tcl/Tk
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LIGO Data Analysis System (LDAS)
Requirements (from 12/97 review)

• Mission-critical services:

2. Provide for extended off-line processing
capabilities:
›› A means to reduce the raw data to science data

representing calibrated GW strain data and a reduced
subset of ancillary data and a data quality descriptor (will
also be available on-line).

›› A means to archive, retrieve and distribute reduced
datasets acquired over a period of time at least  5 2 years
in duration.

›› A means for duplicating reduced datasets either for
backup or for distribution.

›› Sufficient computing margin to enable multiple analyses
to be conducted in parallel.

3. Provide a means to access the data archive
via the LIGO WAN by the LIGO Laboratory
and LIGO Scientific Collaboration to support
 database data products (frames; dBs;
LigoLW objects) manipulation at the off-line
site by remote users.

4. Provide a flexible design which can be
reconfigured to reflect new analysis or
computational requirements as they evolve.
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LIGO Data Analysis System (LDAS)
Requirements (from 12/97 review)

5. Implementation goals:
›› Flexibility => No (or very little) custom hardware with

custom software interfaces
›› Extensibility => Modular (not function specific) component

design
›› Portability => Upgradable hardware under same software

or vice-versa => POSIX compliance, software standards,
etc.

›› Maintainability => Object oriented programming design
(“reusable software components”)

›› Reliability => Distributed (redundant) components,
independent of SW components
– implied by previous design features
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LIGO Data Analysis System (LDAS)
Functional Units

Data Analysis

Control & Monitoring

Control & Data System

USERS (via WAN)

Tapes

Fibre-

IFO DiagnosticsData Acquisition
System (LDAS)

Off-Line System

Archives
Multi-user Analyses
LAN/WAN Access

Reduced

On-Line System

Real-time searches
IFO Performance
LAN/WAN Access

 TapesChannel
or ATM
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LIGO Data Analysis System (LDAS)
Design

• Two LDAS components
›› On-line LDAS

– Two systems, one for Hanford, and one for Livingston

– Hanford system handles 2 interferometers

– Provide computational power at the observatories to support
diagnostics, detection, expansion/growth,...

›› Off-line LDAS
– Collaborative arrangement with CACR

– Dedicated LIGO hardware within CACR on scale of
observatory systems

– Database archive

– Strategic use of other CACR facilities as available

– Transparent access for off-line analysis of archived data

– LIGO Laboratory

– LIGO Scientific Collaboration

• Wide area network (WAN) to enable inter-site
communications

›› University scientific and engineering support to
Observatories

›› Access to archive database

›› Access to real-time data from observatories

›› Inter-observatory event sharing
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LIGO Data Analysis System (LDAS)
On-line Functions

LDAS Flow Block Diagram: On-line Analysis

IFO Diagnostics
LIGO

Laboratory

On-line Mass Storage

DAQS Framebuilder Output
DAQS MetaDatabase

PEM
IFO Vetoes

Calibration
Cross Channel Correlation

Regression

On-line Data Analysis
System Functions

Event List Generation
Visualization Tools

Multiple-interferometers

Frame Retrieval & Concatenation
Channel Selection

Physics Data
- h[t]

On-line Searches
- Bursts
- Chirps
- Model Independent filters
- Performance analysis
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LIGO Data Analysis System (LDAS)
Off-Line Functions

LDAS Flow Block Diagram: Off-line Analysis

Off-line Data Analysis
System Functions

Calibration
Cross Channel Correlation

Regression

LIGO Data Archive

Raw Data/Reduced Data
MetaDatabase [logbook] Frame Retrieval & Concatenation

Channel Selection

Physics Data
- {h1[ , t], h2[ , t], ... hN[ , t]}φ1 λ1, φ2 λ2, φN λN,

Off-line Searches
- Bursts
- Chirps
- Pulsar Searches
- Stochastic Bkgnd
- Other physics
- Model Independent Filters Event List Generation

Visualization Tools

PEM
IFO Vetoes

LIGO
Laboratory

Data
Ingestion

Reduced Data Sets &
Long Term Archival
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�� UDZ�IUDPH�GDWD�DUFKLYDO�UDZ�IUDPH�GDWD�DUFKLYDO�

�� GDWDEDVH�PDQDJHPHQW�IXQFWLRQV�IRUGDWDEDVH�PDQDJHPHQW�IXQFWLRQV�IRU
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vv &RPSXWDWLRQ�&RPSXWDWLRQ� vv 7HPSODWHV�7HPSODWHV�
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º DUUD\V��PDWUL[��YHFWRU��

º YHFWRUV��WLPH�VHULHV��SRZHU�
VSHFWUD�

º 6RPH�5HYLVLRQV�H[SHFWHG

�� 8VH�&RPSOHPHQW�)UDPHV�8VH�&RPSOHPHQW�)UDPHV�
º /,*2�(YHQW�GDWD

º /,*2�0HWDGDWD

º 6SHFWUD�	�7LPH�VHULHV�GDWD

º ,QWHU�SURFHVV�&RPPXQLFDWLRQV



6RIWZDUH�$UFKLWHFWXUH6RIWZDUH�$UFKLWHFWXUH�EORFN��EORFN���
REMOTE
FILTER

API

FILTER DATABASE

P
O

S
IX

FILTER LIBRARY

WRAPPER API WRAPPER APIWRAPPER API

M
P

I L
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A
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Y
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Y

M
P

I L
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R
A
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Y

WRAPPER API

M
P

I L
IB

R
A

R
Y

MESSAGE PASSING INTERFACE API

DATA CONDITIONING API EVENT MANAGEMENT API CONTROL / MONITOR API

LIGO DAQS TAPES

P
O

S
IX

DATA INGESTION API

LDAS DISK CACHE STATE API

T
C

P
 / 

IP
 C

O
M

M
U

N
IC

A
T

IO
N

S

LIGO DISTRIBUTED DATA ANALYSIS MANAGER API

METADATA QUERY API

METADATA I/O LIBRARY

P
O

S
IX

FRAME DATA API

FRAME I/O LIBRARY

P
O

S
IX

EVENT DATA API

EVENT DATA I/O LIBRARY

P
O

S
IX

LIGO EVENT DATALIGO FRAME METADATA

LIGHT-WEIGHT DATA API

LIGHT-WEIGHT I/O LIBRARY

P
O

S
IX

LIGO "LIGHT-WEIGHT" DATALIGO FRAME FORMAT DATA

USER COMPUTERS

GUI API
(TCL/TK)

WEB API
(Tclets)

LDAS COMMAND LANGUAGE
API

FILTER
KERNEL

FILTER
KERNEL

FILTER
KERNEL

FILTER
KERNEL

LDAS
USERS

LDAS Software
Block Diagram



/D\HUHG�/'$6�$3,�'HVLJQ�/D\HUHG�/'$6�$3,�'HVLJQ�

vv /'$6�$3,·V�/'$6�$3,·V�
�� 7ZR�/D\HUV�7ZR�/D\HUV�

º 7&/�7.

º &�&����H[WHQGV�7&/�/DQJXDJH�

º 6:,*�8QLILHV�/D\HUV

�� *HQHULF$3,*HQHULF$3,���FRUH��FRUH��0RGXOH��0RGXOH�
º &RPPXQLFDWLRQV

�� 7&/ ��! &��7&/ ��! &��

�� $3, ��! $3,$3, ��! $3,

º &RPPRQ�7&/�SURF·V�
�� +HOS+HOS

�� /RJJLQJ/RJJLQJ

�� &RPPDQG 6RFNHW 0DQDJHPHQW&RPPDQG 6RFNHW 0DQDJHPHQW

�� 5HVRXUFH 0DQDJHPHQW5HVRXUFH 0DQDJHPHQW

º &RPPRQ�&�&���PHWKRGV�
�� 'DWD 6RFNHW 0DQDJHPHQW'DWD 6RFNHW 0DQDJHPHQW

�� ,QWHUQDO 'DWD 0DQDJHPHQW,QWHUQDO 'DWD 0DQDJHPHQW

�� &ODVV 6DYH 	 5HVWRUH&ODVV 6DYH 	 5HVWRUH

�� &XVWRP��VSHFLDOL]DWLRQ��0RGXOH&XVWRP��VSHFLDOL]DWLRQ��0RGXOH

CustomAPICustomAPI..tcltcl

CustomAPICustomAPI.so.so

genericAPIgenericAPI..tcltcl

genericAPIgenericAPI.so.so

CustomAPICustomAPI..rscrsc

genericAPIgenericAPI..rscrsc

TCL/TK Command LayerTCL/TK Command Layer

C/C++ Package LayerC/C++ Package Layer



/'$6�$3,�&RPPXQLFDWLRQV�/'$6�$3,�&RPPXQLFDWLRQV�

vv ��7\SHV�RI�6RFNHW�&RPPXQLFDWLRQV�LQ�$3,·V���7\SHV�RI�6RFNHW�&RPPXQLFDWLRQV�LQ�$3,·V�
�� 2SHUDWRU�6RFNHWV���1RUPDO�,QWHU�SURFHVV�&RPPDQGV�	�0HVVDJHV2SHUDWRU�6RFNHWV���1RUPDO�,QWHU�SURFHVV�&RPPDQGV�	�0HVVDJHV

�� (PHUJHQF\�6RFNHWV���(UURU�	�:DUQLQJ�&RPPDQGV�	�0HVVDJHV(PHUJHQF\�6RFNHWV���(UURU�	�:DUQLQJ�&RPPDQGV�	�0HVVDJHV

�� 'DWD�6RFNHWV���%LQDU\�'DWD�LQ�HLWKHU�5DZ�6WUHDPV�RU�&���2EMHFWV'DWD�6RFNHWV���%LQDU\�'DWD�LQ�HLWKHU�5DZ�6WUHDPV�RU�&���2EMHFWV

Normal Priority:Normal Priority:
Commands & MessagesCommands & Messages

Exceptional Priority:Exceptional Priority:
Errors & WarningsErrors & Warnings

Binary Data:Binary Data:
Streamed & C++ ObjectsStreamed & C++ Objects

7&/�7.�/D\HU7&/�7.�/D\HU

&�&���/D\HU&�&���/D\HU
Data SocketData Socket

Emergency SocketEmergency Socket

Operator SocketOperator Socket

&�� 6RFNHW &ODVV 2EMHFWV&�� 6RFNHW &ODVV 2EMHFWV

7&/0DVWHU ,QWHUSUHWHU7&/0DVWHU ,QWHUSUHWHU

7&/0DVWHU ,QWHUSUHWHU7&/0DVWHU ,QWHUSUHWHU
7&/0DLQ7&/0DLQ

0DVWHU ,QWHUSUHWHU0DVWHU ,QWHUSUHWHU



'LVWULEXWHG�$3,�6XSHUYLVRU�'LVWULEXWHG�$3,�6XSHUYLVRU�

vv0DQDJHU�$3,�0DQDJHU�$3,�
�� 7ZR�6XSHUYLVRU\�/D\HUV�7ZR�6XSHUYLVRU\�/D\HUV�

º 6LQJOH�´WRS�OHYHOµ�0DQDJHU

º 0XOWLSOH��������$VVLVWDQW
0DQDJHUV

�� 0DQDJHU�/D\HU�0DQDJHU�/D\HU�
º &RPPXQLFDWLRQV

�� 0DQDJHV VRFNHWV 	 TXHXHV0DQDJHV VRFNHWV 	 TXHXHV

�� ,QWHUIDFH IRU 8VHU $3,·V,QWHUIDFH IRU 8VHU $3,·V

�� 3RLQW RI FRQWDFW IRU $OO $3,·V3RLQW RI FRQWDFW IRU $OO $3,·V

º ([FHSWLRQ�0DQDJHPHQW

º /RJ�)LOH�0DQDJHPHQW

º 6\VWHP�2SHUDWRU�,QWHUIDFH

�� $VVLVWDQW�0DQDJHU�/D\HU�$VVLVWDQW�0DQDJHU�/D\HU�
º &RPPDQG�([HFXWLRQ�

�� 3DUVLQJ3DUVLQJ

�� 6FKHGXOH %XLOGLQJ6FKHGXOH %XLOGLQJ

�� &RPPDQG 6HTXHQFLQJ&RPPDQG 6HTXHQFLQJ

º 5HSRUWV�WR�0DQDJHU�/D\HU

Manager APIManager API

Command
Queue Assistant Managers

Send
Queue

Recv
Queue

Cmd Parser

Cmd Scheduler
API Command

Sequencer

CMD APICMD API
(tclsh)

GUI  APIGUI  API
(wish)

WEB APIWEB API
(tclet)

LDAS APILDAS API LDAS APILDAS API

Emergency
Socket

Emergency
Socket

Operator
Socket

Operator
Socket

Recv
Socket

Send
Socket

Emergency
Socket

Operator
Socket

Data  Sockets

Emergency
Socket

Operator
Socket



'LVWULEXWHG�'DWDEDVH�$3,�'LVWULEXWHG�'DWDEDVH�$3,�

vv0HWDGDWD0HWDGDWD�$3,��$3,�
�� 5HODWLRQDO�'DWDEDVH�5HODWLRQDO�'DWDEDVH�

º 8VLQJ�2'%&�6WDQGDUG�IRU�&DOOV

º &XUUHQWO\�'HYHORSLQJ�ZLWK�'%�

º 6HUYHU�FDQ�EH�8QL[�RU�17�%DVHG

�� 7DEOH�&RQWHQWV�7DEOH�&RQWHQWV�
º )UDPH�&KDUDFWHUL]DWLRQ�

�� 'HVFULSWRUV'HVFULSWRUV

�� 6LPSOH 6WDWLVWLFDO 6XPPDU\6LPSOH 6WDWLVWLFDO 6XPPDU\

º (YHQW�&KDUDFWHUL]DWLRQ�
�� 2SWLPDO )LOWHU 5HVXOWV2SWLPDO )LOWHU 5HVXOWV

�� $VWURSK\VLFDO SDUDPHWHUV$VWURSK\VLFDO SDUDPHWHUV

º *'6�7ULJJHU�5HVXOWV

º &'6�6WDWH�9HFWRUV

º /'$6�/RJV

�� 0HWDGDWD0HWDGDWD�4XHU\�4XHU\�6HYLFHV�6HYLFHV
º /'$6�3URFHVVLQJ�4XHULHV

º 'DWD�0LQLQJ�4XHULHV

LIGO Metadata Table(s)

Relational Database

gener icAPI .tcl

gener icAPI .so

metadataAPI.so

metadataAPI.tcl

TCL/TK Layer

C/C++ Layer

Relational Database
ServerServerServer

Application

Relational Database
ClientClientClient
API

gener icAPI .rsc

metadataAPI .rsc

TCL Script

LDAS MetadataAPI
Components

TCP/IP
Sockets

Star t-up Resource



'DWDEDVH�(YHQW�7DEOHV�'DWDEDVH�(YHQW�7DEOHV�
Event ID Start

Time
Delta
Time

IFO Site Number
Frames

Mass 1 Mass 2 SNR Confidence Ringdown
ID

Event ID Start
Time

Delta
Time

IFO Site Number
Frames

Quality
Factor

Frequency SNR Confidence Inspiral ID

Event ID Start
Time

Delta
Time

IFO Site Number
Frames

Sky
Location

Frequency Source
Name

SNR Confidence

Event
ID

IFOWA4
Time

IFOWA2
Time

IFOLA4
Time

Duration Number
Frames

Sky
Central

Sky
Radius

SNR Frequency Bandwidth

Black HoleBlack Hole Ringdown Ringdown Table Table

BinaryBinary  Inspiral Inspiral  Table Table

Periodic Source TablePeriodic Source Table  

Burst TableBurst Table

see see URL: URL: httphttp ://://wwwwww..ligoligo..caltechcaltech..eduedu/~/~xhuxhu/index./index.htmlhtml  for Event, Frame, GDS, Log,  for Event, Frame, GDS, Log, CDS CDS Table DescriptionsTable Descriptions

Event
ID

Start
Time

IFO
Site

SNR Filter
Type

Par 1
Name

Par 1
Type

Par 1
Value

Par 2
Name

Par 2
Type

Par 2
Value

… Par N
Name

Par N
Type

Par N
Value

Source Independent TableSource Independent Table



6RIWZDUH�0DSSLQJ6RIWZDUH�0DSSLQJ�RQOLQH��RQOLQH���



6RIWZDUH�0DSSLQJ6RIWZDUH�0DSSLQJ��RIIOLQHRIIOLQH����



6RIWZDUH�6WDWXV�6RIWZDUH�6WDWXV�

LDAS Software Status
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RemoteFilterAPI
WebAPI
CmdLineAPI
GuiAPI

DataIngestionAPI
DiskCacheAPI
ControlMonitorAPI
EventManagerAPI
WrapperAPI
MpiAPI
DataConditioningAPI
LightWeightAPI
Meta(Event)dataAPI
FrameAPI
ManagerAPI
GenericAPI

Algorithm Library
Database Server
Light-Weight I/O Library
Frame I/O Library



)LUVW�6RIWZDUH�'HOLYHUDEOH�)LUVW�6RIWZDUH�'HOLYHUDEOH�

vv DD�UHOHDVH�6SULQJ���"�UHOHDVH�6SULQJ���"
�� /'$6�&RPSRQHQWV�WR�EH/'$6�&RPSRQHQWV�WR�EH

LQFOXGHG�LQFOXGHG�
º *HQHULF$3,

º )UDPH$3,

º 0HWD�(YHQW�GDWD$3,

º /LJKW:HLJKW'DWD$3,

º 'DWD&RQGLWLRQLQJ$3,

º 0DQDJHU$3,

º 6LPSOH�8VHU$3,

�� 6RPH�´4XLFN�/RRNµ6RPH�´4XLFN�/RRNµ
&DSDELOLWLHV&DSDELOLWLHV

�� 6XSSRUW�RI�6LWH�,QVWDOODWLRQ6XSSRUW�RI�6LWH�,QVWDOODWLRQ
$FWLYLWLHV$FWLYLWLHV

�� 3URYLGH�8VHU�%DVH�IRU�7HVWLQJ3URYLGH�8VHU�%DVH�IRU�7HVWLQJ
DQG�'HEXJJLQJ�6\VWHPDQG�'HEXJJLQJ�6\VWHP

UserAPIUserAPI

ManagerAPIManagerAPI

LightWeightDataAPILightWeightDataAPI

DataConditioningAPIDataConditioningAPI

MetaDataAPIMetaDataAPI

FrameAPIFrameAPI



/'$6�8VHU�&ODVVLILFDWLRQV�/'$6�8VHU�&ODVVLILFDWLRQV�

vv 3HUXVHUV3HUXVHUV������%URZVHUV�%URZVHUV�RI�'DWD�3URGXFWVRI�'DWD�3URGXFWV
�� &RQQHFWLRQ��0RGHP�RU�(WKHUQHW&RQQHFWLRQ��0RGHP�RU�(WKHUQHW

�� 7RROV�RI�&KRLFH��*8,�	�:HE�%URZVHU7RROV�RI�&KRLFH��*8,�	�:HE�%URZVHU

vv 8VHUV8VHUV������PHWDPHWD�'DWD�)ORZ�0DQLSXODWRUV��'DWD�)ORZ�0DQLSXODWRUV�����3HUXVHUV3HUXVHUV
�� &RQQHFWLRQ��0RGHP��(WKHUQHW��/'$6�/$1�RU�:$1&RQQHFWLRQ��0RGHP��(WKHUQHW��/'$6�/$1�RU�:$1

�� 7RROV�RI�&KRLFH��*8,�RU�&RPPDQG�/LQH�,QWHUIDFH7RROV�RI�&KRLFH��*8,�RU�&RPPDQG�/LQH�,QWHUIDFH

vv 'HYHORSHUV'HYHORSHUV���$OJRULWKP�,QIUD�VWUXFWXUH�&RGHUV���$OJRULWKP�,QIUD�VWUXFWXUH�&RGHUV
�� &RQQHFWLRQ��(WKHUQHW��/'$6�/$1�RU�:$1&RQQHFWLRQ��(WKHUQHW��/'$6�/$1�RU�:$1

�� 7RROV�RI�&KRLFH��5DZ�'DWD�RU�6RFNHWV�'LUHFWO\�LQWR�/'$6�'DWD�)ORZ7RROV�RI�&KRLFH��5DZ�'DWD�RU�6RFNHWV�'LUHFWO\�LQWR�/'$6�'DWD�)ORZ

vv 3URFHVVHV3URFHVVHV���'LVWULEXWHG�3URFHVVHV�RI�/'$6���'LVWULEXWHG�3URFHVVHV�RI�/'$6
�� &RQQHFWLRQV��/'$6�/$1��RU�:$1&RQQHFWLRQV��/'$6�/$1��RU�:$1

�� 7RROV�RI�&KRLFH��/'$6�&RPPDQG�DQG�'DWD�6RFNHWV�3URWRFROV7RROV�RI�&KRLFH��/'$6�&RPPDQG�DQG�'DWD�6RFNHWV�3URWRFROV



/'$6�8VHU�,QWHUIDFHV�/'$6�8VHU�,QWHUIDFHV�

vv 8VHU�,QWHUIDFH�PRGHO�EDVHG�RQ�7&/�7.8VHU�,QWHUIDFH�PRGHO�EDVHG�RQ�7&/�7.
�� 'RHVQ·W�SUHFOXGH�RWKHU�VRIWZDUH�ODQJXDJHV�'RHVQ·W�SUHFOXGH�RWKHU�VRIWZDUH�ODQJXDJHV�

º $Q\�HQYLURQPHQW�WKDW�FDQ�VHQG�/'$6�&RPPDQGV��SURSHUO\�IRUPDWWHG��WR
WKH�0DQDJHU$3,·V�&RPPDQG�6RFNHW�DQG�UHFHLYH�/'$6�/LJKW�:HLJKW�'DWD
)RUPDW�FDQ�EH�PDGH�WR�ZRUN�ZLWK�/'$6�

�� 3RUWDEOH�EHWZHHQ�3RUWDEOH�EHWZHHQ�8QL[8QL[���:LQGRZV���0DF�2SHUDWLQJ�6\VWHPV���:LQGRZV���0DF�2SHUDWLQJ�6\VWHPV

vv ��7\SHV�RI�8VHU�,QWHUIDFHV�%DVHG�RQ��7\SHV�RI�8VHU�,QWHUIDFHV�%DVHG�RQ
7&/�7.�WR�EH�SURYLGHG�7&/�7.�WR�EH�SURYLGHG�
�� &RPPDQG�/LQH�,QWHUIDFHV&RPPDQG�/LQH�,QWHUIDFHV���7&/�VKHOO�VFULSWV�ZKLFK�FRPPXQLFDWH�ZLWK

WKH�/'$6�0DQDJHU$3,�VRFNHWV

�� *UDSKLFDO�8VHU�,QWHUIDFHV*UDSKLFDO�8VHU�,QWHUIDFHV���7.�:LVK�VKHOO�ZLGJHWV�ZKLFK�FRPPXQLFDWH
ZLWK�WKH�/'$6�0DQDJHU$3,·V�VRFNHWV

�� :HE�%URZVHU�,QWHUIDFHV:HE�%URZVHU�,QWHUIDFHV���7&/HW�SOXJ�LQV�WKDW�GLVSOD\�ZLGJHWV�LQ�ZHE
EURZVHUV�	�FRPPXQLFDWH�ZLWK�WKH�/'$6�0DQDJHU$3,·V�VRFNHWV



´6PDUWµ�8VHU�,QWHUIDFHV�´6PDUWµ�8VHU�,QWHUIDFHV�
vv ,QLWLDO�/LPLWHG�8,,QLWLDO�/LPLWHG�8,

�� &OLHQW�6HUYHU�6RFNHW�/LQNV&OLHQW�6HUYHU�6RFNHW�/LQNV

�� 6HUYHU�VHQGV�7&/�7.�&RGH6HUYHU�VHQGV�7&/�7.�&RGH

vv )LQDO�&XVWRP�8,)LQDO�&XVWRP�8,
�� $SSHQGHG�)XQFWLRQDOLW\�WR�8,$SSHQGHG�)XQFWLRQDOLW\�WR�8,

�� 3URYLGHGV3URYLGHGV�FHQWUDOL]HG�8,�FHQWUDOL]HG�8,
&RGH�0DQDJHPHQW&RGH�0DQDJHPHQW

6RFNHW�%DVHG�
&RPPXQLFDWLRQV



/'$6�'RFXPHQWDWLRQ�/'$6�'RFXPHQWDWLRQ�

vv 2Q�WKH�:HE��/,*2�'DWD�:RUNLQJ�*URXS2Q�WKH�:HE��/,*2�'DWD�:RUNLQJ�*URXS
%XOOHWLQ�%RDUG%XOOHWLQ�%RDUG
�� KWWSKWWS������ZZZZZZ��OLJROLJR��FDOWHFKFDOWHFK��HGXHGX�aSULQFH�/'&*B�aSULQFH�/'&*BOVFOVF�/'&*��/'&*�KWPOKWPO

º /'$6�7HFKQLFDO�5HYLHZ�'RFXPHQWV

º /'$6�6RIWZDUH�*XLGHOLQHV

º /'$6�6RIWZDUH�5HTXLUHPHQWV

º /'$6�6RIWZDUH�6SHFLILFDWLRQV

º /'$6�&RGH�)RUPDWWHG�DV�+70/

º /'$6�3UHVHQWDWLRQV

º 2WKHU�8VHIXO�'RFXPHQWDWLRQ

�� /'$6�6RXUFH�&RGH�3UHVHQWDWLRQ/'$6�6RXUFH�&RGH�3UHVHQWDWLRQ
º &���WR�+70/�XVLQJ�'2&��

º 7&/�7.�WR�+70/�XVLQJ�7&/'RF

º &96�6HUYHU�WR�/'$6�6RIWZDUH�5HSRVLWRU\��SDVVZRUG�SURWHFWHG��SDVVZRUG�SURWHFWHG�



&ORVLQJ�5HPDUNV�&ORVLQJ�5HPDUNV�

vv 3ULPDU\�3XUSRVH���'HWHFWLRQ�2I3ULPDU\�3XUSRVH���'HWHFWLRQ�2I
*UDYLWDWLRQDO�:DYHV�8VLQJ�/,*2�'DWD*UDYLWDWLRQDO�:DYHV�8VLQJ�/,*2�'DWD

vv 'HVLJQ�,V�3RUWDEOH��([WHQVLEOH�'HVLJQ�,V�3RUWDEOH��([WHQVLEOH�
0DLQWDLQDEOH�	�)OH[LEOH0DLQWDLQDEOH�	�)OH[LEOH

vv 6XSSRUWV�8VHUV�$W�0XOWLSOH�/HYHOV6XSSRUWV�8VHUV�$W�0XOWLSOH�/HYHOV
�� H�J��H�J���3HUXVHUV�3HUXVHUV��8VHUV��'HYHORSHUV��3URFHVVHV��8VHUV��'HYHORSHUV��3URFHVVHV

vv 3RZHUIXO�´6PDUWµ�8VHU�,QWHUIDFHV�%DVHG3RZHUIXO�´6PDUWµ�8VHU�,QWHUIDFHV�%DVHG
2Q�7/&�7.�+DYH�%HHQ�2Q�7/&�7.�+DYH�%HHQ�3URWRW\SHG3URWRW\SHG

vv 6LJQLILFDQW�$PRXQWV�2I�&RGLQJ�6WLOO�$KHDG�6LJQLILFDQW�$PRXQWV�2I�&RGLQJ�6WLOO�$KHDG�
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LDAS Interfaces to Detector Systems

VME
Reflective Memory

DAQS

VME
Reflective Memory

GDS

Sparc 450 Server
4 X 300 MHz CPU

1 GB RAM
200 GB Disk cache

GDS DAQS

4 X 300 MHz CPU
1 GB RAM

450 GB Disk cache

Sparc 450 Server

Sparc 60 Data Server
2 X 300 MHz CPU

1 GB RAM
160 GB Disk cache

LDAS

Sparc 30 MetaDataServer
1 X 300 MHz CPU

256 MB RAM
160 GB Disk cache

LDAS

LDAS LAN

LDAS ATM
Switch

OC3/OC12

OBSERVATORY GC LAN

Linux Cluster
2 x 32 X 400 MHz CPU

2x32x256 MB RAM
2x32x6 GB Disk cache

LDAS

SCSI (UW/F)
Fibre Channel
OC12 [622 Mbps]
OC3 [155 Mbps]
100BT/10BT [100/10 Mbps]

ATM/Ethernet
Switch

GC ATM
Switch

OC3/OC12
ATM/Ethernet

Switch

ESnet
Router/
Gateway
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LDAS Interfaces to Detector Systems (cont)

ATM/Ethernet
SwitchATM/Ethernet

SwitchATM/Ethernet
Switch

FORE ASX-1000 OC3/ATM Switch

OC12*OC12*OC12*

GDS/CDS

•Workstations
•Compute server

Data Distribution Server
•Frame distribution
•Events processing/
distribution
•LW Data distribution

Observatory General Computing LAN
•Frame distribution
•Events
•LW Data

OC3

100BT

LDAS LAN

•Frame requests
•Computations

Internet

OC3 OC3 OC3

* Initially will be OC3;
can be upgraded to OC12
as needed.
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LDAS Interfaces to CACR Systems

CACR High Speed LAN [ATM/HiPPI]

LIGO HPSS

CACR

LIGO/LDAS

LIGO LDAS High Speed LAN [ATM]

OC-12

ATM Switch
FORE ASX-1000

LDAS resources

CACR computing resources

[linux cluster, data servers, ...]

High Performance
Gateway Node

ATM Switch
FORE ASX-1000
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LDAS Interfaces to CACR Systems - HPSS

Figure 1  HPSS Configuration for LIGO

SP2 4xCPU[Power2]

SP2 4xCPU[Power2]

SP2 4xCPU[Power2]

SP2 4xCPU[Power2]

SP2 4xCPU[Power2]

STK 6000 slot
SILO

w/ 4 LIGO Heads

SSA 600 GB Disk Cache

High Performance
Gateway Node

High Speed LAN [ATM/HiPPI]
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LDAS User Interface

• Details for the user APIs which provide the
interfaces for users into LDAS are still in the
definition process

– When the requirements and specifications are available, they
will be reviewed separately.

››  “LIGO Command Language” (or LCL) based on Tcl
scripts

›› Understood by the managerAPI.

›› LCL will consist of a number of high-level commands that
imply a sequence of lower-level operations

›› Commands can themselves be concatenated into more
complex sequences.

›› Follows the paradigm of a standard UNIX shell.

• Examples of such commands will include:
– “re-sample channel X at rate R”;

– “heterodyne channel X with mixer frequency f0”

– “regress channels {Y,Z,...} from channel X, pass resultant to
socket S or process P”;

– “calibrate channel X (using the calibration data valid at the
time channel X was acquired and which are available in the
framed data)”

– ; create a subframe for channels {X,Y,Z,...} from time interval
{T1,T2} and re-sampled at rate R”;

–  etc.
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LDAS Layout at Observatories

Figure 2   Layout of LDAS components within OSB rooms
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LIGO Data Archive
HPSS (High Performance StorageSystem)

• IBM System
›› Used by SDSC, FLNL, others

›› IBM OS/SW/CPUs; 3rd party robotics

›› scalable, starting from ~ few TB to 300+TB

• LIGO HPSS specification:
›› IBM SP2 rack with:

– backplanse switch

– five 4-way PCI nodes in rack

›› ~500+ GB SSA RAID disk cache to dump tapes

›› 1 high performance gateway node (HPGN)

›› 4 Redwood tape drives (=> 4 users)

›› few X 100GB disk stroage for non-HPSS data (metadata
on spinning media)

›› buy tapes as needed

• Use CACR tape robotics/silo for cassette
storage

›› focus LIGO funds on “smart” hardware: tapes drives; disk
drives; CPUs; switches;...
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LIGO HPSS Capability

• Storage and access for ~ 100TB of LIGO data
for indefinite period of time

• Support 4 independent users seeking data

• Data throughput to disk cache ~ 11 MB/s

• Use SP2 rack backplane as a high speed/low
latency network to communicate between
HPSS processes.

• One 4-way PCI node would support metadata
services (dB2 is an IBM product)

• Four other nodes operate as parallel data
movers, allowing for 4-way striped tapes (data
striped across 4 tape cassettes for throughput).

• High performance gateway node (HPGN) would
interface directly to SP2 backplane and allow
high speed access to HPSS via ATM, HiPPI,
gigabit or other high perf. network technologies
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LIGO Development Timeline

LIGO Installation Major Milestones
Milestone Date Comment

Vacuum Equipment Complete 1998.12.08 Both sites
BT Bakeout Complete 2000.02.21 Both sites
LHO 2km Start 1998.07.01 Begun

Power Recycled
Vertex Michelson complete

1999.10.18

LHO 2km IFO complete 2000.08.28 h[f] < 10 -20

LLO 4km Start 1999.06.01
Power Recycled

Vertex Michelson complete
2000.02.28

LLO 4km IFO complete 2000.11.20 h[f] < 10 -20

LHO 4km Start 1998.07.01 Begun
Power Recycled

Vertex Michelson complete
2000.03.20

LHO 4km IFO complete 2000.10.16 h[f] < 10 -20

Design sensitivity 2001.11.05 h[f] < 10 -21

First science run 2002.01.01 3X operation
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LDAS Development Strategy

• Focus on initial installation for 2km IFO at
Hanford

›› Initial α release in late spring/summer 1999
– data distribution

– data conditioning

– metadata search/archival

›› Support for initial commissioning of PSL + IO

›› Secondary β release in late fall 1999:
– 8 - 16 node beowulf for data analysis (diagnostics)

– software update

• Replicate design, scaled as needed for other
interferometers/site

• Defer off-line system availability until
~ 6 months before science run

– large linux cluster

– HPSS + data servers

– data conditoning

– data ingestion
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LDAS Developement Timeline
ID Task Name Duratio Start Finish
1 SOFTWARE for Beta-1 280d 98.09.14 99.10.10

2 Frame Class Library (frameCpp) 16d 99.01.01 99.01.24

3 Frames API 125d 98.09.14 99.03.05

4 Validate Frame software 19d 99.03.08 99.04.01

5 Lightweight [Tcl] Library 18d 99.01.23 99.02.17

6 Lightweight  [Tcl] API 21d 99.01.25 99.02.22

7 Validate [Tcl] LW Software 14d 99.03.08 99.03.25

8 Manager API Prototype 25d 98.10.05 98.11.06

9 Manager API extensions (beta-1 o 68d 98.11.16 99.02.17

10 Validate Manager API 44d 99.01.05 99.04.06

11 Metadata DB Select/Table Design 90d 98.09.21 99.01.22

12 Metdata API 60d 98.12.14 99.03.07

13 Validate Metadata API 14d 99.03.08 99.03.25

14 Numerical Filter Libraries 69d 98.12.01 99.03.05

15 Data Conditioning API 65d 98.12.07 99.03.05

16 Validate Data Conditioning API 14d 99.03.08 99.03.25

17 GUI API (TCL/TK) 21d 99.03.12 99.04.09

18 WEB API 21d 99.03.12 99.04.09

19 Validate User APIs 21d 99.04.12 99.05.10

20 Disk Cache API 20d 99.03.01 99.03.26

21 Validate Software 11d 99.04.07 99.04.21

22 Install @ LHO 7d 99.04.22 99.04.30

23 Beta1 LDAS to Hanford 0d 99.04.26 99.04.26

24 Beta2 LDAS to Hanford 0d 99.10.10 99.10.10

25 MILLIKAN PROTOTYPE DEVELOPM 85d 98.11.09 99.03.05

26 Move Ultra30+RAID from 40m 5d 99.02.10 99.02.16

27 Configure Ultra 30 as data conditi 11d 99.02.17 99.03.03

28 Setup Sadan as Data dist. server 14d 98.11.10 98.11.27

29 Setup BW cluster 85d 98.11.09 99.03.05

30 Hardware ready for validatation te 0d 99.03.05 99.03.05

31 HARDWARE for Beta-1 58d 99.01.04 99.03.24

32 LAN Procurements 38d 99.02.01 99.03.24

33 ATM Switch (fore ASX-1000) 21d 99.02.01 99.03.01

34 Fiber Optics cables 14d 99.02.01 99.02.18

35 ATM-100BT Fanout 21d 99.02.01 99.03.01

36 CISCO Router 28d 99.02.01 99.03.10
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LDAS Developement Timeline
ID Task Name Duratio Start Finish
37 Integrate site LAN, setup LDA 7d 99.03.16 99.03.24

38 Server procurements 51d 99.01.04 99.03.15

39 Sun 60 server 35d 99.01.04 99.02.19

40 Ultra 30 DBMS Server 35d 99.01.04 99.02.19

41 Fiber Channel U60 to 450 Se 28d 99.01.11 99.02.17

42 Electronics rack for equipmen 28d 99.01.11 99.02.17

43 160 GB Data server DISK cac 28d 99.01.11 99.02.17

44 50 GB DBMS disk cache 21d 99.01.25 99.02.22

45 Integrate LDAS Data Distribu 15d 99.02.23 99.03.15

46 WA 2km Installation 350d 99.04.26 00.08.28

47 WA 2km I/O Ready 0d 99.04.26 99.04.26

48 WA 2km Michelson Ready 0d 99.10.18 99.10.18

49 WA 2km IFO Ready@10^-20 0d 00.08.28 00.08.28

50 WA 4km Installation 225d 99.12.06 00.10.16

51 WA 4km I/O Ready 0d 99.12.06 99.12.06

52 WA 4km Michelson Ready 0d 00.03.20 00.03.20

53 WA 4km IFO Ready@10^-20 0d 00.10.16 00.10.16

54 LA 4km Installation 325d 99.08.23 00.11.20

55 LA 4km I/O Ready 0d 99.08.23 99.08.23

56 LA 4km Michelson Ready 0d 00.02.28 00.02.28

57 LA 4km IFO Ready@10^-20 0d 00.11.20 00.11.20

58 Begin LIGO Detector Operations 0d 01.11.05 01.11.05
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    LSC ORGANIZATION FOR DATA ANALYSIS

• PURPOSE
Generate the results and publications of the project
Maintain the scientific integrity of results
    Minimize duplication but retain independent approaches

Provide communication 
Foster collaborations 
Allocate resources and generate new resources
Protect students

• MECHANICS
Announcement of intent
     Solicitation for co-investigators

Proposal for specific study 
      Method
       People and tasks
       PhD Theses
       Estimate for computing resources needed
       Time to complete
       Outline of papers

• ORGANIZATION 
LSC Data Analysis Coordinator
      Receives announcements of intent
        Fosters collaborations
        Reviews proposals
        Allocates computational resources with advice of review board 

LSC Software Coordinator
      Approves software for general use
        Assigns groups for validation    

Data Analysis Review Board
         Data Analysis Coordinator,
         Software Coordinator, 
         Laboratory director
         Shared facility directors
         Data committee chairs 
         Spokesperson


