APPENDIX II: Complete Performance Results

Solution of Astan Put Pricing Problem with various methods on various grid sizes
Method List:

Case #1: GMRES

Case #2: GMRES, with Update at Each Step Preconditioning

Case #3: GMRES, with Once and Forget Preconditioning

Case #4: GMRES, Matrix Free Mode

Case #5: GMRES, Matrix Free Mode with Once and Forget Preconditioning

Case #6: odel5S with Sparsity Pattern

Case #7: unmodified odel5s

N-8

GMRES version of odel3s

GMRES finished, final time was 4.41 1854 with 497 GMRES iterates
117 Successful Steps

4§ Failed Attemnpts

505 Function Evaluations

27 Partial Derivatives

0 LU Decornpositions

316 Solution of Linear Systeras

Fait/Success Ratic of 0.290009

I-Evals per step of 0.163636

F-Evals per step of 3.060606

Linear Solves per step of 1.915152

GMRES iterates per step of -3.012121

GMRES iterates per solve of -1.572783

Proportion of failed GMRES solves was 0.006000

Updated Preconditioner GMRES version of odel5s
Updated Preconditioner GMRES finished, final time was 0.602076 with 615 GMRES iterates
75 Successful Steps

15 Failed Attempts

214 Function Evaluations

10 Partial Derivatives

0 LU Decompositions

144 Solution of Linear Systems

Fail/Success Ratio of 0.166667

J-Evals per step of 0.111111

F-Evals per step 0£2.377778

Linear Solves per step of 1.600000

GMRES iterates per step of 6.833333

GMRES iterates per solve of 4.270833

Proportion of failed GMRES sclves was 0.000000

Static Preconditioner GMRES version of odel 58 .
Static Preconditioner GMRES finished, final time was (.369827 with 639 GMRES iterates
75 Successful Steps

15 Failed Attempts

214 Function Evaluations

10 Partial Derivatives

0 LU Decompositions

144 Selution of Linear Systems

Fail/Success Ratio of 0.166667

J-Evals per step of 0.111111

F-Evals per step of 2377778

Linear Solves per step of 1.600000

(GMRES iterates per step of 7.100000

GMRES iterates per solve of 4.437500

Proportion of failed GMRES solves was 0.000000



GMRES Matrix Free version of ode135s

GMRES Matrix Free finished, time was 7.545923 with 33556 GMRES iterates
134 Successfu? Steps

57 Failed Attempts

1314 Function Evalnations

0 Partial Derivatives

0 LU Decompositions

337 Solution of Linear Systems

Fail/Success Ratio of 0.298429

J-Evals per step of 0.000000

F-Evals per step of 6.879581

Linear Solves per step of 1.764398

GMRES iterates per step of 175.701571

GMRES iterates per soive of 99.581602
Propertion of failed GMRES solves was 0.718101

GMRES Matrix Free Preconditioned version of odel35s
GMRES Matrix Free Preconditioned finished, time was 1,902139 with 11496 GMRES iterates
67 Successful Steps

9 Failed Atftempts

422 Function Evaluations

0 Partial Derivatives

0 LU Decompositions

112 Solution of Linear Systems

Fail/Success Ratio of 0.118421

J-Evals per step of 0.000000

F-Evals per step of 5552632

Linear Solves per step of 1.473684

GMRES iterates per step of 151.263158

GMRES iterates per solve of 102.642857

Proportion of failed GMRES solves was 0.660714

odel 5s sparsity specified

odel 58 with Sparsity finished, time was 0.470627
65 Successful Steps

19 Failed Atiernpts

227 Function Evaluations

12 Partial Derivatives

28 LU Decompositions

142 Solution of Linear Systems
Fail/Success Ratio of 0.226190
J-Evals per step of 0.142857
F-Evals per step of 2.702381
Linear Solves per step of 1.690476

odel5s, base case

odel 5s base-case finished, time was 0.290125
113 Successful Steps

58 Failed Atternpts

2480 Funetion Evaluations

33 Partial Derivatives

76 LU Decompositions

334 Solution of Lincar Systems

Fail/Success Ratio of 0.339181
J-Ewvals per step of (,192982

F-Evals per step of 14.502924

Linear Solves per step of 1.953216

Time Summary

GMRES 4.411854 seconds

GMRES-Precorditioner 0.602076 seconds
GMRES-One Time Preconditioner 0.569827 seconds
GMRES-Matrix Free 7.545923 seconds
GMRES-Matrix Free Preconditioner 1.902139 seconds
odel 5s with sparsity 0.470627 seconds

odel5s base-case 0.290125 seconds



N=16

GMRES version of ode15s

GMRES finished, final time was 5.200158 with 832 GMRES iterates
159 Successful Steps

63 Failed Attempts

669 Function Evaluations

35 Partial Derivatives

0 LU Decompositions

421 Solution of Linear Systems

Fail/Success Ratio of 0,283784

J-Evals per step of 0.157658

F-Evals per step of 3.013514

Linear Solves per step of 1.896396

GMRES iterates per step of 3.747748

GMRES iterates per solve of 1.976247

Proportion of faiied GMRES sotves was 0.000000

Updated Preconditioner GMRES version of odel3s
Updated Preconditioner GMRES finished, fina! time was 0.859521 with 1082 GMRES iterates
105 Successful Steps

16 Failed Aitempts

268 Function Evaluations

9 Partial Derivatives

0 LU Decompositions

202 Solution of Linear Systems

Fail/Success Ratio of 0.132231

J-Evals per step of 0.074380

F-Evais per step 0of 2.214876

Linear Solves per step of 1.669421

GMRES iterates per step of 8.942149

GMRES iterates per solve of 5.356436

Proportion of failed GMRES solves was 0.0000060

One-Time Preconditioner GMRES version of odel5s

One-Time Preconditioner GMRES finished, final time was 0.879426 witk 1165 GMRES iterates
105 Successful Steps

16 Failed Attempts

268 Function Evaluations

9 Partial Derivatives

0 LU Decompositions

202 Solution of Linear Systemns

Fail/Success Ratio of 0.132231

J-Evals per step of 0.074380

F-Evals per step of 2.214876

Linear Solves per step of 1.669421

GMRES iterates per step of 9.628099

GMRES iterates per solve of §.767327

Proportion of failed GMRES solves was 0.000000

GMRES Matrix Free version of odelss
GMRES Matrix Free finished, time was 13.807347 with 47150 GMRES iterates
174 Successful Steps

56 Failed Attempts

2873 Function Evaluations

0 Partial Derivatives

0 LU Decompositions

382 Solution of Linear Systems
Fail/Success Ratio of 0.243478

J-Evals per step of 0.000600

F-Evals per step of 12.491304

Linear Solves per step of 1.660870
GMRES iterates per step of 205.000000
GMRES iterates per solve of 123 429319



Proportion of failed GMRES solves was 0.853403

GMRES Matrix Free Preconditioned version of odel5s
GMRES Matrix Free Preconditioned finished, time was 5.549520 with 17709 GMRES iterates
99 Successful Steps

9 Failed Attempts

900.Function Evaluations

9 Partial Derivatives

0 LU Decompositions

153 Solution of Linear Systems

Fail/Success Ratio of 0,083333

J-Evals per step of 0.000000

F-Evals per step of 8.333333

Linear Solves per step of 1.416667

GMRES iterates per step of 163.972222

GMRES iterates per solve of 115.745098

Proportion of failed GMRES solves was 0.758170

odel5s sparsity specified

odel55 with Sparsity finished, time was 0.186403
97 Succassful Steps

25 Failed Attempts

319 Puncticn Evaluations

15 Partial Derivatives

38 LU Decompositions

210 Solution of Linear Systems
Fail/Success Ratio of 0.204918
J-Evals per step of 0.122951
F-Evals per step of 2.614754

Linear Solves per step of 1.721311

odelSs, base case

odel5s base~case finished, time was 3.756383
170 Successful Steps

87 Failed Attemnpts

14880 Function Evaluations

56 Partial Derivatives

102 LU Decompositions

484 Solution of Linear Systems
Fail/Success Ratio of (.338521
J-Evals per step of 0.217899
F-Evals per step of 57.898833

Linear Solves per step of 1.883268

Time Sumrmary

GMRES 5.200158 seconds

GMRES-Preconditioner 0.859521 seconds
GMRES-One Time Preconditioner 0.879426 seconds
GMRES-Matrix Free 13.807347 seconds
GMRES-Matrix Free Preconditioner 55459520 seconds
odel 55 with sparsity 0.186403 seconds

odel3s base-case 3.756385 seconds

N=32

GMRES version of odel3s

GMRES finished, final time was 4.688987 with 5190 GMRES iterates
232 Successfui Steps

105 Failed Attempts

1198 Function Evaluations

77 Partial Derivatives

0 LU Decompositions

651 Solution of Linear Systems



Fail/Success Ratio of 0.311573

J-Evals per step of 0.228487

F-Evals per step of 3.554896

Linear Solves per step of 1.931751

GMRES iterates per step of 15.400593

GMRES iterates per solve of 7.972350

Proportion of falled GMRES solves was 0.000000

Updated Preconditioner GMRES version of odel3s
Updated Preconditionar GMRES finished, final time was 7.183947 with 4532 GMRES iterates
230 Successful Steps

162 Failed Attempts

1152 Function Evaluations

73 Partial Derivatives

0 LU Decompositicns

633 Solution of Linear Systems

Fril/Success Ratio of 0.307229

J-Ewals per step of 0.219880

F-Evals per step of 3.469880

Linear Solves per step of 1.906627

GMRES iterates per step of 13.650602

GMRES iterates per solve of 7.159558

Proportion of failed GMRES solves was 0.000000

One-Time Preconditioner GMRES version of odel 5s
One-Time Precondifioner GMRES finished, final time was 8.353660 with 5279 GMRES iterates
230 Successful Steps

108 Failed Attempts

1216 Function Evaluations

80 Partial Derivatives

0 LU Decompositions

648 Solution of Linear Systems

Fail/Success Ratio of 0.319527

J-Evals per step of 0.236686

F-Evals per step of 3.597633

Linear Solves per step of 1.917160

GMRES iterates per step of 15.618343

GMRES iterates per solve of 8.146605

Proportion of failed GMRES solves was 0.000000

GMRES Matrix Free version of odel5s

GMRES Matrix Free finished, time was 40.075402 with 57292 GMRES iterates
214 Successful Steps

335 Failed Attempis

4241 Function Evaluations

{ Partial Derivatives

0 LU Decompositions

442 Solution of Linear Systems

Fail/Suceess Ratio of 0,204461

J-Evals per step of 0.000000

F-Evals per step of 15.765799

Linear Solves per step of 1.643123

GMRES iterates per step of 212.981413

GMRES iterates per solve of 129.619910
Proportion of failed GMRES solves was 0.954751

GMRES Matrix Free Preconditioned version of odel5s
GMRES Matrix Free Preconditioned finished, time was 66,018611 with 33315 GMRES iterates
217 Successful Steps

55 Faifed Attempts

4319 Function Evaluations

0 Partial Derivatives

0 LU Decompositions

442 Solution of Linear Systems

Fail/Success Ratio of 0.202206

J-Evals per step of 0.000000

F-Evals per step of 15.878676

Linear Sclves per step of 1.625000



GMRES iterates per step of 214.393382
GMRES iterates per solve of 131.934389
Proportiion of failed GMRES solves was 0.950226

odel 5s sparsity specified

odelSS with Sparsity finished, time was 0.737616
134 Successful Steps

24 Failed Attempts

401 Function Evaluations

18 Partial Derivatives

42 LI} Decompositions

266 Solution of Linear Systems

Fail/Success Ratic of 0.151899
J-Evals per step of 0.113524

F-Evals per step of 2.537975

Linear Solves per step of 1.683544

odelSs, base case

odel5s base-case finished, time was 76.211247
193 Sucecessful Steps

80 Failed Attempts

52799 Function Evaluations

51 Partial Derivatives

106 LU Decompositions

515 Solution of Linear Systems

Fail/Success Ratio of 0.293040
J-Evals per step of 0.186813

F-Evals per step of 193.402930

Linear Solves per step of 1.886447

Time Summary

GMRES 4.688%87 seconds

GMRES-Preconditioner 7.183947 seconds
GMRES-One Time Preconditioner 8.353660 seconds
GMRES-Matrix Free 40075402 seconds
GMRES-Matrix Free Preconditioner 66.018611 seconds
odelss with sparsity 0.757616 seconds

odel5s base-case 76.211247 seconds

N=64

GMRES version of odel5s.

GMRES finished, final time was 66.456174 with 6485 GMRES iterates
245 Successful Steps

36 Failed Attempts

1000 Function Evaluations

54 Partial Derivatives

0 LU Decompositions

607 Solution of Linear Systerns

Fail/Success Ratio of 0.259819

J-Evals per step of 0.163142

F-Evals per step 0of 3.021148

Linear Solves per step of 1.833837

GMRES iterates per step of 15.604230

GMRES iterates per solve of 10.690280
Proportion of failed GMRES solves was 0.000000

Updated Preconditioner GMRES version of odelSs
Updated Preconditioner GMRES finished, final time was 26.862827 with 4186 GMRES iterates
174 Successful Steps



28 Failed Atternpts
507 Function Evaluations

21 Partial Derivatives

0 LU Decompositions

345 Solution of Linear Systems
Fail/Success Ratio of 0.138614

J-Evals per step of 0.103960

F-Evals per step of 2.509901

Linear Solves per step of 1.707921

GMRES iterates per step of 20.722772
GMRES iterates per solve of 12.133333
Proportion of failed GMRES salves was 0.000000

GMRES Matrix Free version of odel 5s

GMRES Matrix Free finished, time was 240.947143 with 57261 GMRES iterates
263 Successful Steps

53 Failed Attempts

6498 Function Evaluations

0 Partiaf Derivatives

{ LU Decompositions

510 Solution of Linear Systems

Fail/Success Ratio of 0.167722

J-Evals per step of 0.000000

F-Evals per step of 20.563291

Linear Solves per step of 1.613924

GMRES iterates per step of 181.2056%6

GMRES iterates per solve of 112.276471
Proportion of failed GMRES solves was 0.974510

GMRES Matrix Free Preconditioned version of ode15s
GMRES Matrix Free Preconditioned finished, time was 362.827408 with 48577 GMRES iterates
248 Successful Steps

45 Failed Attempts

6027 Function Evaluations

0 Partial Derivatives

0 LU Decompositions

462 Solution of Linear Systems

Fail/Success Ratic of 0.153584

J-Evals per step of 0.000000

F-Ewvals per step of 20,569966

Linear Solves per step of 1.576792

GMRES iterates per step of 165.791809

GMRES iterates per solve of 105.145022

Proportion of failed GMRES solves was 0.967332

odel3s sparsity specified

odel5S with Sparsity finished, time was 11,875045
267 Successful Steps

112 Failed Attempts

1334 Function Evaluations

85 Partial Derivatives

131 LU Decornpositions

723 Solution of Linear Systsms
Fail/Success Ratio of 0295513
J-Evals per step of 0.224274
F-Evals per step of 3.519789
Linear Solves per step of 1.907652

Time Summary

GMRES 66.436174 seconds

GMRES-Preconditioner 26.862827 seconds
GMRES-One Time Preconditioner 0.000000 seconds
GMRES-Matrix Free 240.947143 seconds
GMRES-Matrix Free Preconditioner 362.827408 seconds
odel3s with sparsity 11.875045 seconds

0delSs base-case 0.000000 seconds




N=128

GMRES version of odel 55

GMRES finished, final time was 545.157086 with 17919 GMRES iterates
271 Successful Steps

78 Failed Attempts

980 Function Evaluations

47 Partial Derivatives

0 LU Decompositions

646 Solution of Linear Systems

Fail/Success Ratio of 0.223496

J-Evals per step of 0.134670

F-Evals per step of 2.808023

Linear Solves per step of 1.851003

(GMRES iterates per step of 51.343840

GMRES iterates per sclve of 27.738390

Proportion of failed GMRES solves was 0.006152

TUpdated Preconditioner GMRES version of odel3s
Updated Preconditioner GMRES finishad, final titne was 256.593042 w1th 6820 GMRES iterates
222 Successful Steps

30 Failed Atterpts

601 Function Evaluations

23 Partial Derivatives

0 LU Decompositions

435 Soluticn of Linear Systems

Fail/Success Ratio of 0.119048

J-Evals per step of 0.091270

F-Evals per step 0f2.384921

Linear Solves per step of 1.726190

GMRES iterates per step of 27.063492

GMRES iterates per solve of 15678161

Proportion of failed GMRES solves was 0.000000

GMRES Matrix Free version of odel3s

GMRES Mairix Free finished, time was 1343.387580 with 57970 GMRES iterates
280 Successful Steps

51 Failed Attempts

7073 Function Evalaations

0 Partial Derivatives

¢ LU Decompositions

527 Solution of Linear Systems

Fail/Success Ratio of 0.154079

J-Evals per step of 0.000000

F-Evals per step 0f21,368580

Linear Solves per step of 1.592145

GMRES iterates per step of 175.135952

GMRES iterates per solve of 110.000000
Proportion of failed GMRES solves was 0.907021

odel s sparsity specified

odel 58 with Sparsity finished, time was 40.389768
208 Successful Steps

25 Failed Attempts

541 Function Evaluations

20 Partial Derivatives

54 LU Decompositions

395 Solutior of Linear Systems
Fail/Success Ratic of 0.107296
J-Evals per step of 0.085837
F-Evals per step of 2.321888
Lingar Sobves per step of 1,655279

Time Summary

GMRES 545.157086 seconds

GMRES-Preconditioner 256.563042 seconds
GMRES-One Time Preconditioner 0.000000 seconds
GMRES-Matrix Free 1343.387580 seconds
GMRES-Matrix Free Preconditioner 0.000000 seconds
odel3s with sparsity 40.389768 seconds



odel 55 base-case (.000000 seconds

N=256

Updated Preconditioner GMRES version of odel5s
Updated Preconditioner GMRES finished, final time was 3069.300131 with 17238 GMRES iterates
297 Successful Steps

57 Failed Attempts

957 Function Evaluations

45 Partial Derivatives

0 LU Decompositions

642 Solution of Linear Systems

Fail/Success Ratic of 0.161017

J-Evals per step of 0.127119

F-Evals per step of 2.703390

Linear Solves per step of 1.813559

GMRES iterates per step of 48.694915

GMRES iterates per solve of 26.850467

Propertion of failed GMRES sclves was 0.000000

odel 5s sparsity specified

odel 58 with Sparsity finished, time was 313.210936
254 Successful Steps

18 Failed Attempts

568 Function Evaluations

15 Partial Derivatives

53 LU Decompositions

462 Solution of Linear Systems
Fail/Success Ratic of 0.066176
J-Evals per step of 0.055147
F-Evals per step of 2.088235
Linear Solves per step of 1.698529

Time 8

GMRES 0.000000 seconds

GMRES-Preconditioner 3065.300131 seconds
GMRES-One Time Preconditioner 0.000000 seconds
GMRES-Matrix Free 0.000000 seconds
GMRES-Mairix Free Preconditioner 0.000300 seconds
odel5s with sparsity 313.210536 seconds

odelSs base-case 0.000000 seconds

N=512

Updated Preconditioner GMRES version of odelSs
Updated Preconditioner GMRES finished, final time was 15548.336204 with 22247 GMRES iterates
356 Successfl Steps

53 Failed Atiempis

1020 Funetion Evaluations

42 Partial Derivatives

{ LU Decompositions

726 Soluticn of Linear Systems

Fail/Success Ratio of 0.129584

J-Evals per step of 0.102639

F-Evals per step of 2.493888

Linear Solves per step of 1.775061

GMRES iterates per step of 54.393643

GMRES iterates per solve of 30.643251

Proportion of failed GMRES solves was 0.004132

odel5s sparsity specified

ndel 58 with Sparsity finished, time was 3743.534588
331 Successful Steps

28 Failed Attempts

774 Function Evaluations

23 Partial Derivatives

69 LU Decompositions



612 Solution of Linear Systems
Fail/Success Ratio of 0.077994
J-Evals per step of 0.064067
F-Evals per step of 2.155989
Linear Soives per step of 1.704735

Time Summary

GMRES 0.000000 seconds

GMRES-Preconditioner 15548.336204 seconds
GMRES-One Time Preconditioner 0.000000 seconds
GMRES-Matrix Free 0.000000 seconds
GMRES-Matrix Free Preconditioner 0.000300 seconds
odel3s with sparsity 3743.534588 seconds

odel5s base-case 0,000000 seconds



