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LIGO DATA ANALYSIS
Science & Integration Meeting - MIT May 1996

cli

IFO
Output $ignel: o(t)

Window Function: W(t)

N x Templater",
N=4-15

Templateru, - thr

DigitalSignal: d{t)

" ,GeliFratlon
-9dtrlf Strr(til"

Fre-FFI
"Tlme Windowing"

get next k

b;i iliii
(N-1)x Templateru,

Template Fiher Bank T

I

I

I

I

I

I

I

I

I

I

I

I

!

I

J

ADC Sanrple Rate: 20k/sec

Binary Inspiral Search
'EcFtr -
1ot2 .*B LIGO-G960000-00-M



IBM SP2 HARDWARE

Upgrade of Existing SP2 Frame/Node Hardware

\ \ Upgrade Switch &
Switch adapter cards

Space for additional
8 Thin Nodes

or
4 Wide Nodes

Add 384M8 RAM
bringing total to
512M8 in Wide Node

Add 2MB of L2
'{- Cache to each

of 6 Thin Nodes

Wide Node:
512M8 RAM
2.2G8 Disk
156 MFLOPS

Thin Node:
128 MB RAM
2.2 GB Disk
133 MFLOPS

Wide

Thin Thin

Thin Thin

Thin Thin

Switch
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IBM SP2 HARDWARE

Acquisition of New SP2 FramelNode Hardware

SMP Node:
8x604CPUs
512M8 RAM
4.4 GB Disk
Sx23MFLOPS

2 Wide Node:
512M8 RAM
2.2G8 Disk
262 MFLOPS

I

-svP-
I

Wide

Wide

Wide

Wide

Switch

Space for additional
4 Thin Nodes

or
2 Wide Nodes

2 W_idB N-qdp:
256M8 RAM
2.2G8 Disk
262 MFLOP$

2 of 2 Lrco-Ge5oooo-oo-M



Processor data lmplementation Details
Hioh Nodes 1 SP2 OS OH (MB) 30

New Wide Nodes 4 Temolate search proqram 2

Old Wide Nodes 1 Noise spectrum(resident) 1 1.69

New Thin Nodes 0 S/N^2 space 11.69

Old Thin Nodes 6 Net Node Memorv 201

Number of Nodes 12 Templates per node 1265

MB per node 256 Temolate MBvtes oer node 411

MB per node 2000 SWAPS per node 2.O5

Effective MFLOPS oer node 132 Templates per SWAP per node 618

total seconds per swaps 29.3

DAQ Specificationq MB Discspace MARGIN per Node 1589

Sample Rate 16384
lnteoerlenoth 2 Calculation / analvsis cvcle

Number of lFOs (WA) 2 Preprocessing
l/O Xfer rate, MB/s 14

Science Requirements Datastream l/O: Get data;seconds 0.83

Minimum mass (solar mass units) 1.0 FFT data -- MFLOP 150

Msun 1.98E+30 FFT N^2 -- MFLOP 150

mu 9.90E+29 Form FFT(data)/FFT( N^2) -- 1X+1 +:4x+2Xi2X 14.6

Mtot 3.96E+30 Total oreorocessino - MFLOP 314
Fmin (Hz) 140 Total preprocessing time 2.38

Speed Of Liqht 3.00E+08 Correlation
G newton 6.67E-11 l/O Xfer rate, MB/s 14

Fsei 70 Datastream l/O: Get data:seconds 0.83

Inspiral time (s) 9.91 Form Kernal T(fl.S(fl/N^2(fl - MFLOP-4 x+2+ 8.77
IFFT(kernal) 150

Analysis Details Peak DetecVForm Output - real compare 1.5

Floatlength 4 Total correlation processing - MFLOP 160

Complexlength I Total processing time per template 1.21

Number of templates per IFO 7590 Total swap time per node 29.34

Total templates 15180
Window function 36 Calculations per Time window

Resamolinq factor 0.250 MFLOP / node for templates+preproc+SwAP 202515

Net sample rate 4096 Total time per node per cycle r563
Sample length (MS) 1.4612 Reouired GFLOPS oer node to keep up 0.64

Data length (complex,MB) 1 1.69 Gompute time to acquire time ratio 4.507

Max (complex) Template Length (MB) 0.32 36

Total temolate lenoth (MB) 4929
Forward step (fraction of Twindow) 0.028

Time to calculate (s) 347

't?29 Nt
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Processor data lmplementation Details
Hioh Nodes 1 sP2 OS OH (MB) 30

New Wide Nodes 4 Template search program 2

Old Wide Nodes 1 Noise spectrum(resident) 4.77

New Thin Nodes 0 S/N^2 soace 4.77

Old Thin Nodes 6 Net Node Memory 211

Number of Nodes 12 Temolates Der node 296

MB per node 256 Template MBytes per node 39

MB oer node 2000 SWAPS per node 0.18

Effective MFLOPS per node 132 Templates per SWAP per node 1619

total seconds per swaps 2.8

DAQ Specifications MB Discspace MARGIN per Node 1961

Sample Rate 16384
Inteqerlength 2 Calculation / analysis cysle

Number of lFOs (WA) 2 Preprocessinq
l/O Xfer rate. MB/s 14

Science Requirements Datastream l/O: Get data;seconds 0.34

Minimum mass (solar mass units) 1.7 FFT data -- MFLOP 57

Msun 1.98E+30 FFT N^2 -- MFLOP 57

mu 1.70E+30 Form FFT(data)/FFT(N^2) -- 1X+ 1 +i4x+2X;2X 6.0

Mtot 6.78E+30 Total oreorocessino -- MFLOP 120

Fmin (Hz) 140 Total preprocessinq time 0.91

Speed Of Liqht 3.00E+08 Correlation
G newton 6.67E-11 l/O Xfer rate. MB/s 14

Fsei 70 Datastream l/O: Get data:seconds 0.34

lnsoiral time (s) 4.04 Form KernalT(f)-S(f)/N^2(0 - MFLOP-4 x+2+ 3.58

IFFT(kernal) 57

Analvsis Details Peak Detect/Form Output - real compare 0.6

Floatlength 4 Total correlation processing - MFLOP 61

Gomplexlength I Total orocessinq time per template 0.46

Number of templates per IFO 1776 Total swap time per node 2.80

Total templates 3551

Window function 36 Galculations per Time window
Resamplinq factor 0.250 MFLOP / node for templates+preproc+SWAP 18276

Net sample rate 4096 Total time oer node Der cvcle 141

Sample length (MS) 0.5960 Reouired GFLOPS per node to keep up 0.r3
Data length (complex,MB) 4.77 Compute time to acquire time ratio 1.000

Max (comolex) Template Lenqth (MB) 0.13 36

Total template lenqth (MB) 470

Forward step (fraction of Twindow) 0.028
Time to calculate (s) 141
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t2t13t96 lilTAM

Conflgulollon Efleclive MFLOPS F.O.M.=Tcomp/Treq Mln Mose @ F,O.M.=l Oplimum m, T= m*Tc
7Nod6 q ?qrrylft9-fp-
lONode @ 336MFIOPS

1862
3360

9.?0
2.18

| 
'{1'..|.32

lllocg @ 3elMFLoPs
lSNode @ S00IvlFtOPS

5qqs
7500

r.29..

t.00
r.9?
t.00

TNode @ l33MF[OPS 931 7.55 2.O7 26
l0Node @ |6SMFLOPS t680

2925
t.17

.. .. .2.46
|.94

t.68
t.38

29
3ll5Node @ |9SMFIOPS

l5Node @ 25OMFIOPS 3750 1.27 36
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LIGO Standards i
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Software libraries are modular,addressing various
gqalygis functions: analysis/visualization; computation;
llO; btc.

Limit the sources of potential platform-dependent
occurrences of software routines to low-level
(standardized) d rivers
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DATA
(e.9., TAPE ARCHIVE, LIGO DAQ)

,.; ;;ii: r, . :.,- i ii;,,1lrr'..i
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DATA FORMATS

COTS
UNIX

ANSI

LIGO STYLE
(rBD)

MPI

POSrX

VENDOR
STANDARDS

DATA FORMATS

t-iffil
r|omenazz/Prssontatlons/NsF

29

_Bevlews/NSF-96-1 0/NSFRevleuo6l 022f 1 -v4.tms

NUMEHICAL
COMPUTATION

(PROCESSTNG POWER)
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