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Motivations & GoalsMotivations & Goals

#

Performance Prediction: ProphesyPerformance Prediction: Prophesy

#

Case Studies Case Studies 

$

Grid Physics Network (GriPhyN)Grid Physics Network (GriPhyN)

%

Grid2003 infrastructureGrid2003 infrastructure

%

GEO LIGO pulsar searchGEO LIGO pulsar search

$

Educational ApplicationEducational Application

%

Multiple serversMultiple servers

%

ADDAMLSSADDAMLSS
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#

To efficiently map jobs to appropriate To efficiently map jobs to appropriate 
resourcesresources

$

To present a resource planner that uses To present a resource planner that uses 
performance prediction based upon historical performance prediction based upon historical 
datadata

$

To select resources to reduce the execution time To select resources to reduce the execution time 
of the applicationof the application
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#

Prophesy (Prophesy (http://prophesy.cs.tamu.eduhttp://prophesy.cs.tamu.edu))

$

Performance analysis and modeling of Performance analysis and modeling of 
parallel and distributed applicationsparallel and distributed applications

$

Three main components: Three main components: 

%

PAIDE SystemPAIDE System

%

DatabaseDatabase

%

Model builderModel builder
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Web-based Prophesy GUI

   Profiling &  

Instrumentatio
n

   Actual

   Execution

Performance
   Database

Template
Database

 Systems
Database

 Model
Builder

 Symbolic
Predictor

       DATA
COLLECTION DATABASES

     DATA
ANALYSIS
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Utilize information in the Prophesy Utilize information in the Prophesy 
databasesdatabases

$

Performance databasePerformance database

$

Template databaseTemplate database

$

System databaseSystem database

#

Three techniquesThree techniques

$

Curve FittingCurve Fitting

$

ParameterizationParameterization

$

Kernel CouplingKernel Coupling
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1

The pulsar search is a 
process of finding celestial 
objects that may emit 
gravitational waves

2

GEO (German-English 
Observatory) LIGO (Laser 
Interferometer Gravitational-
wave Observatory) pulsar 
search is the most frequent 
coherent search method that 
generates F-statistic for 
known pulsars
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6687.94 0.66 11808.97 0.86 4571.52 0.16 18508.70 1.68 4218.16 0.05 1110001251

3411.83 0.50 3002.53 0.66 2758.50 0.16 10573.75 0.91 2586.53 0.52 1110001151

4576.72 0.41 3289.23 0.93 2984.89 0.00 12644.95 0.50 2175.48 0.61 220001451

15375.46 0.75 8005.11 0.90 8950.66 0.50 35462.17 0.06 9510.51 0.07 1120001251

8530.43 0.75 6001.33 0.90 5380.85 0.00 20414.31 0.25 16659.95 0.51 1120001151

17270.18 0.95 9440.83 0.46 8520.45 0.04 37183.61 0.34 19098.76 0.01 1011000151

1872.93 0.88 1028.01 0.35 931.36 0.00 2684.43 3.56 1480.62 0.51 111000151

5929.08 0.72 3093.50 0.78 3470.28 0.00 15266.22 0.18 5035.14 0.52 2100011051

5607.35 0.75 2828.59 1.22 3142.17 0.00 14398.22 0.81 4364.20 1.03 210001951

5533.36 0.80 2512.31 0.73 2809.56 0.90 13467.01 0.19 4316.29 0.84 210001851

5017.09 0.96 2721.29 0.81 2481.77 0.00 12681.72 0.52 3975.04 0.59 210001751

3867.02 0.44 1925.37 1.03 2149.54 0.96 11727.07 0.25 3390.52 0.53 210001651

3725.79 0.43 1632.12 0.77 1820.16 0.00 10893.11 0.47 2397.77 0.50 210001551

2243.62 0.50 1340.08 0.66 1495.69 0.91 10220.80 0.22 1898.35 0.54 210001451

2523.76 0.69 1043.60 0.85 1184.85 0.86 8850.15 0.85 1375.05 0.51 210001351

1534.51 0.75 2151.70 0.94 842.76 0.00 7421.57 0.85 1074.80 0.51 210001251

746.41 0.80 558.23 0.86 506.81 0.00 3556.01 0.00 569.54 0.50 210001151

2880.33 0.99 1356.91 0.71 1503.90 0.88 8718.98 1.00 1760.32 0.46 29000151

2697.18 1.23 1191.15 0.74 1338.41 0.86 7865.04 0.53 1685.02 1.01 28000151

2013.06 0.50 1046.95 0.67 1173.29 0.94 7645.19 0.39 1393.55 0.56 27000151

1903.95 0.75 2590.73 0.87 1006.24 0.98 6339.79 0.75 1227.83 0.54 26000151

1527.59 0.70 747.34 1.37 842.04 0.00 5485.29 0.67 920.96 0.96 25000151

1245.50 0.75 596.23 1.31 655.76 0.00 4649.19 0.90 848.64 0.55 24000151

902.14 0.75 441.96 0.73 493.85 0.84 3073.89 0.01 623.96 0.03 23000151

679.92 0.92 298.29 0.81 330.85 0.86 2314.01 0.00 516.33 0.58 22000151

Execution Time 
(sec)Load

Execution 
Time (sec)Load

Execution 
Time (sec)Load

Execution 
Time (sec)Load

Execution Time 
(sec)

LoadDeltaFreqAlpha

Caltech-PGPDSFIU_Atlas_Tier2UWMilwaukeeUTA-DPCCParameters
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Load-based selection methodLoad-based selection method

(

Ganglia [1] to monitor the Grid2003 Ganglia [1] to monitor the Grid2003 

(

Selects the least loaded siteSelects the least loaded site

'

Random selection methodRandom selection method

'

Static method based on a Linpack [2] Static method based on a Linpack [2] 
benchmark benchmark 

[1] Ganglia, http://ganglia.sourceforge.net/.
[2] Linpack software library, http://www.netlib.org/benchmark/Linpackc/.
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30.20%30.20%��7.81%7.81%��22.80%22.80%����Average Error  RateAverage Error  Rate

57.19%57.19%11697.98 11697.98 0.00%0.00%5007.49 5007.49 PDSFPDSF57.19%57.19%11697.98 11697.98 UTAUTA5007.49 5007.49 PDSFPDSF22100011000113511351

21.56%21.56%7909.41 7909.41 21.56%21.56%7909.41 7909.41 UTAUTA-10.33%-10.33%5623.11 5623.11 IUIU6204.16 6204.16 PDSFPDSF222000120001851851

36.15%36.15%38318.12 38318.12 10.71%10.71%27402.86 27402.86 IUIU36.15%36.15%38318.12 38318.12 UTAUTA24467.19 24467.19 PDSFPDSF11112000120001751751

49.63%49.63%8581.00 8581.00 0.00%0.00%4322.18 4322.18 IUIU49.63%49.63%8581.00 8581.00 UTAUTA4322.18 4322.18 IUIU222000120001651651

41.50%41.50%11053.77 11053.77 31.94%31.94%9501.03 9501.03 CaltechCaltech10.71%10.71%7242.46 7242.46 IUIU6466.63 6466.63 PDSFPDSF224000140001551551

45.89%45.89%5404.14 5404.14 0.00%0.00%2924.13 2924.13 IUIU45.89%45.89%5404.14 5404.14 UTAUTA2924.13 2924.13 IUIU222000120001451451

2.81%2.81%8569.79 8569.79 2.81%2.81%8569.79 8569.79 UTAUTA0.00%0.00%8329.12 8329.12 IUIU8329.12 8329.12 IUIU11111000110001451451

43.15%43.15%22209.95 22209.95 0.00%0.00%12625.87 12625.87 IUIU43.15%43.15%22209.95 22209.95 UTAUTA12625.87 12625.87 IUIU11112000120001351351

-4.38%-4.38%1922.62 1922.62 -9.34%-9.34%1835.39 1835.39 IUIU-4.38%-4.38%1922.62 1922.62 UTAUTA2006.90 2006.90 PDSFPDSF221100011100015151

8.48%8.48%187.31 187.31 20.45%20.45%215.49 215.49 CaltechCaltech0.00%0.00%171.43 171.43 IUIU171.43 171.43 IUIU2210001100015151

ErrorErrorTimeTimeErrorErrorTimeTimeSiteSiteError �Error �TimeTimeSiteSiteTimeTimeSiteSiteDeltaDeltaFreqFreqAlphaAlpha

UTA-DPCC UTA-DPCC 
(L inpack)(L inpack)RandomRandomLoad-basedLoad-basedPredictionPredictionParametersParameters
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      African American Distributed Learning System (AADMLSS) developed by Dr. Juan E. Gilbert      African American Distributed Learning System (AADMLSS) developed by Dr. Juan E. Gilbert
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'

Server SelectionServer Selection

(

Network performanceNetwork performance

$

Send different packet sizes to each serverSend different packet sizes to each server

$

Generate appropriate performance model Generate appropriate performance model 

(

Server performanceServer performance

'

4 geographically distributed servers with 4 geographically distributed servers with 
different hardware specifications different hardware specifications 

(

Loner, Prophesy, Tina, InteractLoner, Prophesy, Tina, Interact
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18.3618.3610.7610.7620.0120.0111.4711.47AVERAGEAVERAGE

17.9517.959.879.8719.5719.5710.5510.553/3/33/3/3

15.7615.769.319.3116.7716.779.469.463/3/23/3/2

16.9516.958.478.4717.9017.909.079.073/3/13/3/1

15.9115.917.697.6915.9415.948.918.913/3/03/3/0

22.8422.8412.5412.5423.0823.0811.0411.043/2/33/2/3

15.2715.279.609.6019.7519.7510.9510.953/2/23/2/2

15.5415.549.959.9517.4017.4011.5711.573/2/13/2/1

15.0915.098.648.6415.1515.158.958.953/2/03/2/0

19.1119.1111.8711.8719.7619.7612.1612.163/1/33/1/3

20.6720.6711.9411.9423.5723.5713.3813.383/1/23/1/2

14.1514.158.018.0115.7615.768.678.673/1/13/1/1

13.9613.968.768.7616.9216.929.149.143/1/03/1/0

25.5425.5418.7518.7527.1027.1020.5420.543/0/33/0/3

28.9528.9515.7515.7529.7029.7016.7516.753/0/23/0/2

22.5422.5412.3012.3024.7624.7612.5812.583/0/13/0/1

13.5413.548.768.7616.9716.979.759.753/0/03/0/0

SRT-SRT-
RANDOM RANDOM 

(%)(%)

SRT-SRT-
LOAD LOAD 

(%)(%)

SRT-SRT-
RANDOM RANDOM 

(%)(%)

SRT-SRT-
LOAD LOAD 

(%)(%)

  
NIGHTNIGHT

  
DAYDAY

Course/Module/CCourse/Module/C
onceptoncept

 "!
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&
'

$ &(
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#%$

&
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17.2417.2410.10.
0404

AA
VERAGEVERAGE

19.319.3
66

9.99.9
77

33
/3/3 D/3/3 D

15.215.2
11

9.29.2
11

33
/3/2 D/3/2 D

16.7416.748.268.263/3/1 D3/3/1 D

13.6413.648.948.943/3/0 D3/3/0 D

20.5820.589.799.793/2/3 D3/2/3 D

15.9715.979.149.143/2/2 N3/2/2 N

14.2514.258.058.053/2/1 N3/2/1 N

12.5812.587.937.933/2/0 N3/2/0 N

19.1119.1110.9610.963/1/3 N3/1/3 N

18.7418.7412.6012.603/1/2 N3/1/2 N

12.2512.257.317.313/1/1 N3/1/1 N

12.0412.048.058.053/1/0 N3/1/0 N

23.5223.5218.1218.123/0/3 N3/0/3 N

25.8325.8314.0214.023/0/2 N3/0/2 N

21.9421.9412.1312.133/0/1 D3/0/1 D

14.0514.056.216.213/0/0 D3/0/0 D

SRT-RANDOM SRT-RANDOM 
(%)(%)SRT-LOAD (%)SRT-LOAD (%)ConceptConcept

()

*
+

)

+

( )

,+

)

- ( ()

Random (D) Random(N) Load (D) Load (N) SRT (D) SRT (N)

. /
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11.3411.3410.8310.83AVERAGEAVERAGE

10.1910.1910.2110.21 33
/3/3 N/3/3 N

77
.95.958.318.313/3/2 N3/3/2 N

8.088.088.588.583/3/1 N3/3/1 N

9.569.568.418.413/3/0 N3/3/0 N

10.5010.5010.1510.153/2/3 D3/2/3 D

10.9210.9210.0610.063/2/2 D3/2/2 D

9.759.758.758.753/2/1 D3/2/1 D

8.678.678.568.563/2/0 D3/2/0 D

10.3610.3610.4710.473/1/3 N3/1/3 N

12.1512.1511.3511.353/1/2 N3/1/2 N

7.917.917.027.023/1/1 N3/1/1 N

9.589.589.819.813/1/0 N3/1/0 N

21.2921.2920.5420.543/0/3 D3/0/3 D

19.1619.1618.0618.063/0/2 D3/0/2 D

15.0615.0613.0413.043/0/1 D3/0/1 D

10.2410.249.919.913/0/0 D3/0/0 D

SRT-RANDOM SRT-RANDOM 
(%)(%)

SRT-LOAD SRT-LOAD 
(%)(%)ConceptConcept
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5.625.624.714.71AVERAGEAVERAGE

5.585.585.025.023/3/3 D3/3/3 D

5.735.734.814.813/3/2 D3/3/2 D

5.205.204.164.163/3/1 D3/3/1 D

5.645.644.394.393/3/0 D3/3/0 D

66
.95.956.526.523/2/3 D3/2/3 D

5.975.975.805.803/2/2 D3/2/2 D

5.205.204.394.393/2/1 D3/2/1 D

3.323.323.153.153/2/0 D3/2/0 D

44
.08.08

33
.64.64

33
/1/3 D/1/3 D

5.975.973.933.933/1/2 D3/1/2 D

4.104.103.273.273/1/1 D3/1/1 D

4.944.943.253.253/1/0 D3/1/0 D

9.029.028.648.643/0/3 D3/0/3 D

8.288.287.027.023/0/2 D3/0/2 D

5.975.974.264.263/0/1 D3/0/1 D

4.034.033.133.133/0/0 D3/0/0 D

SRT-RANDOM SRT-RANDOM 
(%)(%)

SRT-LOAD SRT-LOAD 
(%)(%)

CC
onceptoncept
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Presented Resource selection method Presented Resource selection method 
based upon performance predictionsbased upon performance predictions

"

Illustrated the advantages of using Illustrated the advantages of using 
performance predictions using two case performance predictions using two case 
studiesstudies

#

Large scale scientific application GEO LIGO on Large scale scientific application GEO LIGO on 
Grid2003Grid2003

$

An average 23% better than load-based selectionAn average 23% better than load-based selection

#

AADMLSS on 4 serversAADMLSS on 4 servers

$

An average 10% better than load-based selectionAn average 10% better than load-based selection
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