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Configurable systems

Pros

e Adaptive
e Lots of options

Cons

e Lots of options (and interactions)
e Increasingly complex

Machine learning to the rescue
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Distance-Based Sampling of Software Configuration Spaces

e (. Kaltenecker, A. Grebhahn, N. Siegmund, J. Guo and S. Apel, "Distance-Based
Sampling of Software Configuration Spaces," 2019 IEEE/ACM 41st International

Conference on Software Engineering (ICSE), Montreal, QC, Canada, 2019, pp.
1084-1094.

e Proposing a new sampling solution : Distance-Based Sampling

e Empirical study on 10 subject systems and 6 sampling strategies
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e Distance-based
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Subject systems

7z
BerkeleyDB-C
Dune MGS
HIPAcc

Java GC
LLVM

LRZIP

Polly
VPXENC
X264

Experiment setup

e Machine learning based on multiple
linear regression and feature-forward
selection

e Mean Relative Error (MRE)



Results

Solver-based Randomized solver-based Distance-based Diversified distance-based Random
t=1E="" t = 1= =11 t=100=2 l (=1=P

Coverage-based
t=18=2

Tz 51.2% 33.8% 654% 58.2% 551% 37.2% 859% 27.3% 74.3 % 16.3 % 58.2% 15.1 %
BDB-C 122.9% 29.0 % 495% 46.8% 45.1% 46.1% 3200% 75.1% ) 237.0% 12.7 % 121.3 % 39.1 %

Dune 15.5% 12.5% 23.6% 15.1% 433% 16.8% 244% 15.2% 21.5% 11.8 % 17.6 % 11.5 %
Hipacc 26.2 % 20.5% 448% 172% 319% 15.7% o 279 % 19.0% 15 31.5% 14.5 % 19.9% 13.9 %
JavaGC 36.7 % 32.1 % 542% 59.3% 41.9 % 37.8% 729% 43.8% 2 ) 56.0% 29.9 % 55.8% 13.9 %
LLVM  62% 62% 95% 55% 56% 52% % S58% 52% 53% 59% 53% 52% 56% 52%)| 529
Irzip 27.2 % 282 % 473% 273% 91.5% 36.0% b 162.5% 39.7% 21 | 134.2% 25.1 % 2% 62.7% 18.3 %

Polly 19.7 % 12.7% 20.3% 16.1% 20.0% 13.6% 233% 142% 25.8% 10.5 % 25.1% 13.0%

VP9  100.3 % 96.3 % 413.0% 2242 % 470.2 % 389.1 % 721.9% 125.0 % 189.8 % 66.5 % 80.6 % 27.2 %

x264 20.9% 11.9% 26.2% 40.4% 185% 22.2% 147% 10.0% 126 % 8.8% 13.5% 92%
Mean  42.7 % 28.3 % 754% 51.0% 823% 62.0% 1459% 37.4% 78.9 % 20.1 % 46.0 % 16.6 %

e Coverage-based is dominant at low sample size

e Diversified distance-based is dominant on higher sample size

e Diversified distance-based is close to random sampling accuracy, even better

In some cases
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e Subject system : x264, video encoder
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Replicating the experiment

e Subject system : x264, video encoder
Coverage-based Solver-based Randomized solver-based Distance-based
t=1 t=2Q N t—=1 (=20l (=1 (=20 =1 = 2KE
x264 209% 119% 109% 262% 404% 422% 185% 222% 332% 147% 100% 94% 12.6% 88%  90% 13.5%

Diversified distance-based Random
t=1 t=20l (=1 t— 2EE

92% 91%

e Changing the input video : 17 videos

e Changing the measured non-functional property
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Measured property (Encoding time, encoding size)
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Video Coverage-based Solver-based Randomized solver-based Distance-based Diversified distance-based Random
t=1t=2 0 t=1 =2 =1 t=2 E :=1 =2 t=1t=2 = (-1 =2 =S
X2649 182% 139% 134% 240% 270% 215% 223% 199% = 243% 165% 127% 106% 163% 88% 82% 167% 92%  82%
X264 132% 121% 269% 237% 249% 214% 215%  232% 173% 95% 174% 9.8% 87% 161% 92% 81%
X264 293 % 97% 214% 194% 191% 19.6% 174% 114% 98% 17.6% 9.6% 93% 153% 95%
X2643 214% 137% 101% 252% 253%  264% 164% 223% = 248% 136% 107% 102% 12.8% 9.8% 145% 98% 92%
x2644 218% 123% 144% 239% 212% 220% 183% 21.1% | 225% 142% 117% @ 97% 139% 10.1% 89% 139% 9.4% 8.8%
X2645 14.1% 132% 28.8% 232% 241% 21.8% 225%  233% 164% 134% 168% 10.7% 95% 15.7%
X2645 25.9% 86% 236% 285% (29.1%  182% 216% . 249% 137% 99%  90% 132% 88% 78% 12.6% 8.0% 7.3%
X2647 233% 142% 120% 202% 253% 261% 23.0% | 238% 122% 92%  12% 108% 85% 72% | 114% 82% | 13%
x2643 208% 131% 115% 203% 227% 236% 167% 234%  234% 126% 104%  96% 11.1% 93% 83% 120% 87% 7.6%
x26d9  234% 13.2% 221% 286% 297% 168% 242%  253%
x26410 219% 123% @ 93% 226% 232% 240% 179% 224% = 243% 140% 102%  97% 135% 94% 89% 140% 9.0% 88%
X2641; 21.1% 126% 103% 257% 235% 238% 200% 21.1%  247% 133% 108% 104% 13.0% 10.1% 139% 94% 91%
X26412 254% 134% 104% 262% 212% 216% 198% 206% = 209% 162% 137% 109% 163% 91% 150% 9.7% 8.5%
x26413 164% 105%  10.0% 19.1% 183% 198% 160% 139% 100% 162% 105% 96% 155% 9.7% 9.0%
X264is 207% 169% 1L1% | 96% 18% | 13% 75% 72%
X26415 262% 127% 111% 232% 265% 212% 203% 227% = 251% 151% 119% 107% 148% 10.6% 95% 13.9% 9.1% 89%
X26416 229% 123% 84% 221% 245% 252% 18.0% 222% = 236% 134% 94% 89% 126% 85% 78% 125% 81% 74%
Mean 224% 133% 109% 242% 248% 254% 194% 222% = 239% 148% 113% 96% 143% 94% 85% 14.2% 89% 82%
11

Results table for encoding time



Video Coverage-based Solver-based Randomized solver-based Distance-based Diversified distance-based Random

t=1 t=2 =88 =1 t=2 =38 t=1 =2 =38 t=1 t=2 BE=3 t=1 t=2 =3 t=1 t=2 |[t=3
x2649 182% 139% 134% 240% 270% 275% 223% 199% 243% 165% 127% 106% 163% 88% 82% 16.7% 92% 82%
X2641 154% 132% 121% 269% 237% 249% 21.4% 215% 232% 173% 142% 95% 174% 98% 87% 161% 92% 87%
x2642 293% 103% 99% 214% 194% 164% 191% 19.6% 194% 174% 114% 98% 17.6% 9.6% 93% 15.3% 95% 93%
x2643 214% 13.7% 101% 252% 253% 264% 164% 223% 248% 136% 10.7% 102% 12.8% 9.8% 97% 145% 98% 92%
x2644 218% 123% 144% 239% 212% 220% 183% 21.1% 225% 142% 11.7% 97% 139% 10.1% 89% 139% 94% 8.8%
x264s 261% 141% 132% 288% 232% 241% 218% 225% 233% 164% 134% 114% 168% 10.7% 95% 15.7% 100% 9.3%
X264 259% 181% 86% 236% 285% 291% 182% 21.6% 249% 137% 99% 90% 13.2% 8.8% 78% 12.6% 80% 7.3%
x2647 233% 142% 120% 202% 253% 261% 153% 23.0% 238% 122% 92% 12% 108% 85% 72% 11.4% 82%  13%
x264g 208% 131% 115% 203% 227% 23.6% 167% 234% 234% 12.6% 104% 9.6% 11.1% 93% 83% 120% 87% 7.6%
x2649 234% 13.2%| (569 221% 286% 297% 168% 242%  253% Q4D (659 (@652 29 Gsn (Gan In (6» G4%)
x26419 219% 123% 93% 22.6% 232% 240% 179% 22.4% 243% 140% 102% 97% 135% 94% 89% 140% 9.0% 8.8%
x26411 21.1% 12.6% 103% 25.7% 235% 238% 200% 21.1% 247% 133% 108% 104% 13.0% 10.1% 97% 139% 94% 9.1%
Xx26412 254% 134% 104% 262% 212% 216% 198% 20.6% 209% 162% 13.7% 109% 163% 114% 91% 15.0% 9.7% 8.5%
x26413 164% 105% 100% 206% 188% 191% 183% 194% 198% 160% 139% 100% 162% 105% 96% 15.5% 9.7% 9.0%
x264s 207% 169%[ (68D Gi3D) (95) (W06 55D G7D 24D (51D 111% | 96% (4D 18% | 13% 4D 75% 72%
x26415 262% 12.7% 111% 232% 265% 212% 203% 22.7% 251% 151% 119% 10.7% 148% 10.6% 95% 13.9% 9.1% 8.9%
x26416 229% 123% 84% 221% 245% 252% 18.0% 222% 236% 134% 94% 89% 126% 85% 78% 125% 81% 7.4%
Mean 224% 133% 109% 24.2% 248% 254% 194% 222% 239% 148% 113% 96% 143% 9.4 % 85% 14.2% 89% 8.2%
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Video Coverage-based Solver-based Randomized solver-based Distance-based Diversified distance-based Random

t=1 t=2 =88 t=1 t=2 =38 t=1 =2 =38 t=1 t=2 BE=3 t=1 t=2 t=3 t=1 t=2 |[t=3
x2649 182% 139% 134% 240% 270% 2715% 223% 199% 243% 165% 127% 106% 163% 88% 82% 167% 92% 82%
x2641 | 154% 132% 121%| 269% 237% 249% 214% 215% 232% 173% 142% 95% 174% 9.8% 87% 161% 92% 871%
x264, 293% 103% 97% 214% 194% 164% 191% 196% 194% |174% 114% 98% | 176% 9.6% 93% 153% 95% 93%
x2643 214% 13.7% 101% 252% 253% 264% |164% 223% 248% | 13.6% 10.7% 102% 12.8% 9.8% 97% 145% 98% 92%
x2644 218% 123% 144% 239% 212% 220% 183% 21.1% 225% 142% 11.7% 97% 139% 10.1% 89% 139% 94% 8.8%
x264s 261% 141% 132% 288% 232% 241% 218% 225% 233% 164% 134% 114% 168% 10.7% 95% 15.7% 100% 9.3%
x264¢ |259% 18.1% 86% 236% 285% 291% 182% 21.6% 249% 137% 99% 90% 132% 8.8% 78% 12.6% 80% 7.3%
x2647 233% 142% 120% 202% 253% 261% 153% 23.0% 238% 122% 92%  12% 108% 85% 7.2% I 11.4 % 82%  13%
x264g 20.8% 131% 115% 203% 227% 236% 167% 234% 234% 126% 104% 96% [11.1% 93% 8.3 %I 120% 87% 7.6%
x2649 234% 132% @ 56% 221% 28.6% 297% 168% 242% 253% 114% 65% 65% 92% 5.8% 54% 109% 66% 54%
x264190 219% 123% 93% 226% 232% 240% 179% 224% 243% 140% 102% 97% 135% 94% 89% 140% 9.0% 8.8%
x26411 21.1% 12.6% 103% 25.7% 235% 238% 200% 21.1% 247% 133% 108% 104% 13.0% 10.1% 97% 139% 94% 91%
x26412 254% 134% 104% 262% 212% 216% 198% 20.6% 209% 162% 13.7% 109% 163% 114% 91% 15.0% 9.7% 8.5%
x26413 164% 105% 100% 206% 188% 191% 183% 194% 198% 160% 139% 100% 162% 105% 96% 15.5% 9.7% 9.0%
x26414 20.7% 169% 158% |343% 395% 40.6% | 285% 29.7% 324% 181% 111% 96% 184% 7.8% 73% | 174% 7.5% 72%
x26415 262% 12.7% 111% 232% 265% 212% 203% 22.7% 251% 151% 119% 10.7% 148% 10.6% 95% 139% 91% 89%
x26416 229% 123% @ 84% 221% 245% 252% 180% 222% 23.6% 134% 94% 89% 126% 85% 78% 125% 81% 7.4%
Mean 224% 133% 109% 24.2% 248% 254% 194% 222% 239% 148% 113% 96% 143% 9.4 % 85% 14.2% 89% 8.2%

Results table for encoding time
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Video Coverage-based Solver-based Randomized solver-based Distance-based Diversified distance-based
t=1 t=2 t=1 t=2 =1 t=2 t=1 t=2 t=1 t=2
x2640 182% 13.9% 240% 270% 223% 199% 165% 12.7%
X264 132% 269% 23.7% 214% 215% 173% 142% 174% 98%
X264,  293% 103% 214% 194% 191% 19.6% 174% 114% 176% 96%
x2643 214% 13.7% 252% 253% 164% 223% 136% 10.7%
X264, 21.8% 123% 239% 212% 183% 21.1% 142% 117% 10.1%
x2645s 261% 14.1% 288% 232% 21.8% 225% 164% 134% 168% 107%
x264g  259% 18.1% 23.6% 285% 182% 21.6% 137% 99% 132% 88%
X2647 233% 142% 202% 253% 153% 23.0% 122%  92% 8.5%
X264 208% 13.1% 203% 227% 167% 234% 126% 104% 1.1% 93%
x2649  234% 132% 221% 28.6% 168% 242% 114% 65%
X26410 219% 123% 226% 232% 179% 224% 140% 102% 9.4%
x2641, 21.1% 12.6% 257% 235% 200% 21.1% 133% 10.8% 10.1%
X26412 254% 134% 262% 212% 198% 20.6% 162% 13.7% 163% 114%
x26413 164% 105% 206% 18.8% 183% 194% 160% 139% 162% 105%
x26414 207% 169% 343% 395% 285% 29.7% 181% 11.1% 184% 78%
x26415 262% 12.7% 232% 265% 203% 22.7% 151% 119% 148% 106%
x26416 229% 123% 221% 245% 180% 222% 134% 94% 126% 85%
Mean 224% 133% 242% 24.8% 194% 222% 148% 113% 143% 94%

Results table for encoding time



Video Coverage-based Solver-based Randomized solver-based Distance-based Diversified distance-based Random

t=1 t=2 =88 =1 t=2 =38 t=1 =2 =38 t=1 t=2 BE=3 t=1 =2 t=3 t=1 t=2 |[t=3
x2649 182% 139% 134% 240% 270% 2715% 223% 199% 243% 165% 127% 106% (163%) 88% 82% 167% 92% 82%
x2641 (154% 132% 121% 269% 237% 249% 214% 215% 232% 173% 142% 95% 174% 9.8% 87% 161% 92% 871%
x264, 293% 103% 97% 214% 194% 164% 191% 196% 194% 174% 114% 98% 176% 9.6% 93% (153% 95% 93%
x2643 214% 13.7% 101% 252% 253% 264% 164% 223% 248% 136% 10.7% 102% @12.8%) 9.8% 97% 145% 98% 92%
x2644 218% 123% 144% 239% 212% 220% 183% 21.1% 225% 142% 11.7% 97% (139%) 10.1% 89% (13.9% 94% 8.8%
x264s 261% 141% 132% 288% 232% 241% 218% 225% 233% 164% 134% 114% 168% 10.7% 95% (15.7% 100% 9.3%
x264¢ 259% 181% 86% 236% 285% 291% 182% 21.6% 249% 137% 99% 90% 132% 8.8% 78% \12.6 % 80% 7.3%
x2647 233% 142% 120% 202% 253% 261% 153% 23.0% 238% 122% 92% 12% (108%) 85% 72% 11.4% 82%  13%
x264g 20.8% 131% 115% 203% 227% 236% 167% 234% 234% 126% 104% 96% 11.1% 93% 83% 120% 87% 7.6%
x2649 234% 132% @ 56% 221% 28.6% 297% 168% 242% 253% 114% 65% 65% 92%) 5.8% 54% 109% 66% 54%
x26419 219% 123% 93% 22.6% 232% 240% 179% 22.4% 243% 140% 102% 97% (135% 94% 89% 140% 9.0% 8.8%
x26411 21.1% 12.6% 103% 25.7% 235% 238% 200% 21.1% 247% 133% 108% 104% (13.0%) 10.1% 97% 139% 94% 91%
Xx26412 254% 134% 104% 262% 212% 216% 198% 20.6% 209% 162% 13.7% 109% 163% 114% 91% (15.0% 9.7% 8.5%
x26413 164% 105% 100% 206% 188% 191% 183% 194% 198% 160% 139% 100% 162% 105% 96% (15.5% 9.7% 9.0%
x26414 20.7% 169% 158% 343% 395% 40.6% 285% 29.7% 324% 181% 111% 96% 184% 7.8% 73% (1749 75% 72%
x26415 262% 12.7% 111% 232% 265% 212% 203% 22.7% 251% 151% 119% 10.7% 148% 10.6% 95% (13.9% 9.1% 8.9%
x26416 229% 123% @ 84% 221% 245% 252% 180% 222% 23.6% 134% 94% 89% 126% 85% 78% (125% 81% 7.4%
Mean 224% 133% 109% 24.2% 248% 254% 194% 222% 239% 148% 113% 96% 143% 9.4 % 85% (14.2% 89% 8.2%

Results table for encoding time

11



Video Coverage-based Solver-based Randomized solver-based Distance-based Diversified distance-based Random

t=1 t=2 =88 =1 t=2 =38 t=1 =2 =38 t=1 t=2 BE=3 t=1 =2 t=3 t=1 t=2 |[t=3
x2649 182% 139% 134% 240% 270% 2715% 223% 199% 243% 165% 127% 106% 163% ( 8.8% 82% 167% 92% 82%
x2641 154% 132% 121% 269% 237% 249% 214% 215% 232% 173% 142% 95% 174% 9.8% 87% 161% (9.2%) 87%
x264, 293% 103% 97% 214% 194% 164% 191% 196% 194% 174% 114% 98% 176% 9.6% 93% 153% (9.5%) 93%
x2643 214% 13.7% 101% 252% 253% 264% 164% 223% 248% 136% 10.7% 102% 12.8% (9.8% 97% 145% 98%) 9.2%
x2644 218% 123% 144% 239% 212% 220% 183% 21.1% 225% 142% 11.7% 97% 139% 10.1% 89% 139% (9.4%) 8.8%
x264s 261% 141% 132% 288% 232% 241% 218% 225% 233% 164% 134% 114% 168% 10.7% 95% 15.7% (10.0% 9.3%
x264¢ 259% 181% 86% 236% 285% 291% 182% 21.6% 249% 137% 99% 90% 132% 8.8% 78% 12.6% 8.0% 7.3%
x2647 233% 142% 120% 202% 253% 261% 153% 23.0% 238% 122% 92% 12% 108% 85% 72% 11.4% 82% 13%
x264g 20.8% 131% 115% 203% 227% 236% 167% 234% 234% 126% 104% 96% 11.1% 93% 83% 120% (87%) 7.6%
x2649 234% 132% @ 56% 221% 28.6% 297% 168% 242% 253% 114% 65% 65% 92% (5.8% 54% 109% 66% 54%
x26419 219% 123% 93% 22.6% 232% 240% 179% 22.4% 243% 140% 102% 97% 135% 94% 89% 14.0% (9.0%) 88%
x26411 21.1% 12.6% 103% 25.7% 235% 238% 200% 21.1% 247% 133% 108% 104% 13.0% 10.1% 97% 139% (94%) 9.1%
Xx26412 254% 134% 104% 262% 212% 216% 198% 20.6% 209% 162% 13.7% 109% 163% 114% 91% 15.0% 9.7%) 8.5%
x26413 164% 105% 100% 206% 188% 191% 183% 194% 198% 160% 139% 100% 162% 105% 96% 15.5% 9.7%) 9.0%
x26414 20.7% 169% 158% 343% 395% 40.6% 285% 29.7% 324% 181% 111% 96% 184% 7.8% 73% 174% \7.5%) 7.2%
x26415 262% 12.7% 111% 232% 265% 212% 203% 22.7% 251% 151% 119% 10.7% 148% 10.6% 95% 139% '9.1% 8.9%
x26416 229% 123% @ 84% 221% 245% 252% 180% 222% 23.6% 134% 94% 89% 126% 85% 78% 125% (8.1%) 7.4%
Mean 224% 133% 109% 24.2% 248% 254% 194% 222% 239% 148% 113% 96% 143% 9.4 % 85% 14.2% 89% 8.2%
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Video Coverage-based Solver-based Randomized solver-based Distance-based Diversified distance-based Random

t=1 t=2 =88 =1 t=2 =38 t=1 =2 =38 t=1 t=2 BE=3 t=1 =2 t=3 t=1 t=2 |[t=3
x2649 182% 139% 134% 240% 270% 2715% 223% 199% 243% 165% 127% 106% 163% 88% 82% 167% 92%  82%
x2641 154% 132% 121% 269% 237% 249% 214% 215% 232% 173% 142% 95% 174% 9.8% 87% 161% 92%  871%
x264, 293% 103% 97% 214% 194% 164% 191% 196% 194% 174% 114% 98% 176% 9.6% 93% 153% 95%  93%
x2643 214% 13.7% 101% 252% 253% 264% 164% 223% 248% 136% 10.7% 102% 12.8% 9.8% 97% 145% 98% (9.2%
x2644 218% 123% 144% 239% 212% 220% 183% 21.1% 225% 142% 11.7% 97% 139% 10.1% 89% 139% 9.4% (88%
x264s 261% 141% 132% 288% 232% 241% 218% 225% 233% 164% 134% 114% 168% 10.7% 95% 15.7% 100% (9.3%
x264¢ 259% 181% 86% 236% 285% 291% 182% 21.6% 249% 137% 99% 90% 132% 8.8% 78% 12.6% 80% (7.3%
x2647 233% 142% 120% 202% 253% 261% 153% 23.0% 238% 122% 92% 12% 108% 85% 72% 11.4% 82% (13%
x264g 20.8% 131% 115% 203% 227% 236% 167% 234% 234% 126% 104% 96% 11.1% 93% 83% 120% 87% (7.6%
x2649 234% 132% @ 56% 221% 28.6% 297% 168% 242% 253% 114% 65% 65% 92% 5.8% 54% 109% 66% 54%
x26419 219% 123% 93% 22.6% 232% 240% 179% 22.4% 243% 140% 102% 97% 135% 94% 89% 14.0% 9.0% (8.8%
x26411 21.1% 12.6% 103% 25.7% 235% 238% 200% 21.1% 247% 133% 108% 104% 13.0% 10.1% 97% 139% 94% ' 91%
Xx26412 254% 134% 104% 262% 212% 216% 198% 20.6% 209% 162% 13.7% 109% 163% 114% 91% 15.0% 9.7% (8.5%
x26413 164% 105% 100% 206% 188% 191% 183% 194% 198% 160% 139% 100% 162% 105% 96% 15.5% 9.7% (9.0%
x26414 20.7% 169% 158% 343% 395% 40.6% 285% 29.7% 324% 181% 111% 96% 184% 7.8% 73% 174% 7.5% (7.2%
x26415 262% 12.7% 111% 232% 265% 212% 203% 22.7% 251% 151% 119% 10.7% 148% 10.6% 95% 139% 9.1% (8.9%
x26416 229% 123% @ 84% 221% 245% 252% 180% 222% 23.6% 134% 94% 89% 126% 85% 78% 125% 81% (7.4%
Mean 224% 133% 109% 24.2% 248% 254% 194% 222% 239% 148% 113% 96% 143% 9.4 % 85% 14.2% 89% (82%

Results table for encoding time
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Video Coverage-based Solver-based Randomized solver-based Distance-based Diversified distance-based Random

t=1 t=2 =G t=1 t=2 = =1 =2 = =1 =2 P -1 =2 =5l -1 t=2 =8
x2649 12.3% 11.6% 25.1% 125% 10.6% 10.6 % 9.2% 9.8%
X2641 39% 38% 38% 38% 38%  3.8% 3.3%
X264, 149% 143% 48% 51% 47% 47% 159% 47%  46% 143% 140% 102% 13.8% 47% 76% 47%  46%
X2643  8.6% 83% 18% 81% 73% 14% 112% 76% 14% 99% 93% 80% 96% 83% 75% 717% 714%  1.3%
x264s 184% 7% 66% 45% 68% 68% 141% 67% 61% 175% 167%  10% 169% 69% 69% 7.8% 69% 69%
x2645 113% 11.0% 108% 49% 66% 57% 123% 94%  48% 118% 115% 116% 10.6% 94% 64%  52%
x264s  246% 53%  52% 54% 54%  53% 256% 53% | 53% 17.6% 55% 161% 54% 54% 63% 53%  53%
x264;  94% 90% 81% 8.1% 84% 83% 84% 82%  82% 94% 94% 89% 93% 86% 85% 91% 84% 83%
x2645  104% 97% 89% 87% 80% 81% 11.2% 7.6%  80% 124% 120% 95% 120% 9.9% 85% 85% 83% 82%
x26d9 11.6% 105% 95% 7.6% 86%  85% 69% 84%  84% 113% 11.6% 96% 108% 97% 87% 88% 85% 84%
X26410 52% 52%  49% 52% 50%  48% 50% 46% 46% 60% 58% 50% 57% 51% 47% 49% 46% 46%
X264y, 124% 11.8% 111% 108% 110% 8.8% 99%  114% 128% 118% 90% 120% 102% 86% 109% 94% 88%
X26412 53% 28.9% 165% 146% 35% 154% 35% 34% 4.8% 3.5% 34%
x26413 47% 47%  46% 45% 47%  41% 54% 48% 47% 51% 50% 48% 50% 47% 47% 50% 4.7% 4.6%
x26414 10.2% 9.6% 94% 51% 74%  88% 3.6% 96%  95% 106% 106% 100% 98% 9.6% 96% 93% 90% 95%
x26415 4.1% 4.0% 40% 75% 45% 43% 43%  42% 217% 83% 41% 191% 41% 41% 54% 42% 41%
x26416 83% 81%  179% 77% 78% | 16% 92% 17% 16% 88% 87%  82% 87% 19% 7.7% 83% 7.7%  7.6%
Mean 115% 87%  172% 67% 68%  61% 138% 70% 68% 126% 107%  76% 120% 77% 68% 77% 66% 65%
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Video Coverage-based Solver-based Randomized solver-based Distance-based Diversified distance-based Random
= § =2 =1 = ti=1 =2 = =2 t=1 = Tl =
X2640 11.6% 127% 253% 125% 233% 10.6% 13.1%
x264;  40% 39% 31% 40%  40% 39% 39%
X264, 149% 143% 143% 140% 138% 12.0% 76%
x2643  86% 83% 8.1% 7.6% 99% 93% 96% 83% 7.4%
x2644 184% 167% (45%) 68% 17.5% 16.7% 169%  6.9% 78% 69%
x2645  113% 11.0% 6.6% 9.4% 11.8% 115% 11.6% 10.6% 9.4%
X264¢  24.6% (54%) 54% 17.6% 168% 16.1% 54% 63%
x264;  94% 9.0% (8.1% 84% (829 94% 94% 93% 8.6% 91% 84%
x2645  104% 97% 87% 80% 124% 120% 120% 99% 83%
x2649  116% 105% 76% 86% . - 113% 116% 108%  97% 88% 85%
X26410  52% 52% 52% 50% 60% 58% 57% 51% @ % %
X264, 124% 118% 11.1% 108% 9.9% 128% 118% 120% 102% 10.9%
X2641 257% 3.6% 53% 3.6% 165% 146% 154% @D G5%
X26413  4.7% 48% 51% 50% 50% 5.0%
x26414 102% 9.6% 5.1% 9.6% 106% 10.6% 98% 9.6% 93% 9.0%
X26415 75% 45% 43% 217% 83% 191% 41% 54% 42%
x2641  83% 8.1% G7% 18% 88% 87% 87% 19% 83%
Mean 115% 87% 67% 68% 7.0% 126% 107% 120% 77% 7.7% (66%)

Results table for encoding size
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Video

X264
X264
X264,
X2643
x2644
x2645
x264¢
x2647
x264g
X2649
X26410
X26411
x26412
x26413
x26414
x26415
x2641¢

Mean

Coverage-based

t=1

12.3%
4.0%
149 %
8.6 %
18.4 %
11.3%
24.6 %
94 %
10.4 %
11.6 %
5.2%
124 %
25.7%
4.7 %
10.2 %
4.1%
83%
11.5%

t=2

11.6 %
3.9%
143 %
83%
16.7 %
11.0%
53%
9.0%
9.7%
10.5 %
52%
11.8%
3.6%
4.7 %
9.6 %
4.0%
8.1%
8.7 %

t=3

11.1%
38%
4.8 %
7.8%
6.6 %

10.8 %
52%
8.7%
8.9%
9.5%
49%

11.1%
3.6%
4.6 %
9.4 %
4.0%
7.9%
72%

Solver-based

t=1

123 %
31%
5.1%
81%
4.5 %
4.9 %
5.4 %
8.1%
8.7 %
7.6 %
52%

11.1%
53%
4.5%
5.1%
7.5%
7.7 %
6.7 %

t=2

11.4%
3.8%
4.7 %
7.3 %
6.8 %
6.6 %
5.4%
84 %
8.0%
8.6%
5.0%

10.8 %
35%
4.7 %
7.4 %
4.5%
7.8%
6.8%

t=3

11.3%
38%
4.7 %
7.4%
6.8 %
5.7%
53%
83%
8.1%
85%
48 %

11.0%
3.6%
4.7 %
8.8%
43 %
7.6 %
6.7%

Randomized solver-based

t=1

25.1%
1.7 %
159 %
11.2%
14.1%
123 %
25.6 %
8.4%
11.2 %
6.9 %
5.0%
8.8%
28.9 %
54%
3.6%
40.9 %
92%
13.8 %

t=2

12.7 %
3.8%
4.7 %
7.6 %
6.7 %
9.4 %
53%
8.2%
7.6 %
8.4%
4.6 %
9.9 %
3.6%
4.8 %
9.6 %
4.3%
7.7%
7.0%

t=3

13.3%
3.8%
4.6 %
7.4%
6.7 %
4.8%
53%
8.2%
8.0%
8.4%
4.6 %

114 %
35%
4.7 %
9.5%
42%
7.6 %
6.8%

Distance-based

t=1

253 %
4.0%
143 %
9.9 %
17.5%
11.8 %
17.6 %
9.4 %
124 %
113 %
6.0 %
12.8 %
16.5 %
51%
10.6 %
21.7%
88 %
12.6 %

t=2

12.5%
4.0 %
14.0 %
93 %
16.7 %
11.5%
16.8 %
9.4 %
12.0%
11.6 %
58%
11.8%
14.6 %
5.0%
10.6 %
83%
8.7%
10.7 %

t=3

10.6 %
38%
10.2 %
8.0%
7.0%
10.9 %
55%
89%
9.5%
9.6 %
5.0%
9.0%
35%
4.8%
10.0 %
4.1%
82%
7.6%

Diversified distance-based

t=1

233 %
39%
13.8%
9.6 %
16.9 %
11.6 %
16.1 %
93%
12.0%
10.8 %
5.7%
12.0%
154 %
5.0%
9.8%
19.1%
8.7%
12.0 %

t=2

10.6 %
3.8%
12.0 %
8.3%
6.9 %
10.6 %
5.4%
8.6 %
9.9%
9.7%
5.1%
10.2 %
35%
4.7 %
9.6 %
4.1%
7.9 %
7.7%

t=3

92%
38%
4.7 %
7.5%
6.9 %
10.0 %
5.4%
8.5%
85%
8.7%
4.7%
8.6 %
34%
4.7%
9.6%
41%
7.7 %
6.8%

t=1

13.1%
39%
7.6 %
7.7 %
7.8 %
9.4 %
6.3 %
9.1%
8.5%
88%
4.9 %

10.9 %
4.8 %
5.0%
9.3%
54%
83%
1.7%

Random

t=2

9.8 %
38%
4.7 %
74 %
6.9 %
6.4 %
5.3%
8.4%
83%
85%
4.6 %
9.4 %
35%
4.7 %
9.0%
4.2%
7.7 %
6.6 %

9.1%
3.8%
4.6 %
7.3%
6.9 %
52%
53%
83%
82%
8.4%
4.6%
8.8%
34%
4.6 %
9.5%
4.1%
7.6 %
6.5 %

Results table for encoding size
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Video Coverage-based Solver-based Randomized solver-based Distance-based Diversified distance-based Random
= § =2 =1 = ti=1 =2 = =2 t=1 = Tl

x264g 12.3% 11.6% 123% 251% 127% 253% 125% 233% 10.6% 13.1%

x264;  40% 39% 31% 17% 40%  40% 39% 39% (38%)

X264, 149% 143% 5.1% 15.9% 143% 140% 138% 12.0% 76%

x2643  86% 83% 8.1% 112%  76% 99% 93% 96% 83% 7.7%

X2644 184% 16.7% 45% 68% 141% 175% 167% 169% 69% 7.8%

x2645 113% 11.0% 49% 66% 123% 94% 11.8% 115% 11.6% 10.6% 94% (6.

X264¢  24.6% 54% 54% 25.6 % 17.6% 16.8% 161% 54% 6.3%

x264;  94% 9.0% 81% 84% 84% (829 94% 94% 93% 8.6% 9.1%

x264s  104% 9.7% 87% 80% 11.2% 124% 120% 120% 99% 8.5%

x2649  116% 105% 76% 86% 69% (B4% 113% 116% 108%  97% 8.8%

x26410 52% 52% 52% 50% 5.0% 60% 58% 57% 51% 4.9% (46%)

X264, 124% 11.8% 11.1% 108% 8.8% 99% 128% 11.8% 120% 102% 109% (9.4%)

X2641 257% 3.6% 53% 289% 36% 165% 146% 154% 4.8%

X26413  4.7% 45% 54% 48% 51% 50% 50% 5.0%

x26414 102% 9.6% 5.1% 3.6% 9.6% 106% 10.6% 98% 9.6% 93% 9.0%

x264;5  4.1% 75% 45% 409% 43% 217% 83% 191% 41% 54% 42%

x2641  83% 8.1% 77% 718% 9.2% 88% 87% 87% 19% 83%

Mean 115% 87% 67% 68% 138% 70% 126% 107% 120% 77% 7.7% (66%)

Results table for encoding size




Video Coverage-based Solver-based Randomized solver-based Distance-based Diversified distance-based Random

t=1 t=2 t=3 t=1 t=2 t=3 t=1 t=2 t=3 t=1 t=2 t=3 t=1 t=2 t=3 t=1 t=2 Bt=4
x2649 123% 11.6% 111% 123% 114% 113% 251% 12.7% 133% 253% 125% 106% 233% 10.6% 92% 131% 98% '9.1%
X2641 40% 39% 38% 31% 38% 38% 17% 3.8% 38% 40% 40% 38% 39% 38% 38% 39% 38% 38%
X2647 149% 143 % 48% 5.1% 4.7 % 47% 159% 4.7 % 46% 143% 140% 102% 138% 120% 4.7 % 76% 47% 46%
X2643 86% 83% 18% 81% 73% 74% 112% 76% 74% 99% 93% 80% 96% 83% 75% 17% 74% '73%
X2644 184% 16.7% (6.6% 45% 68% 68% 141% 6.7% 6.7% 175% 167% 10% 169% 6.9% 69% 78% 69% 69%
Xx2645 113% 110% 108% 49% 6.6 % 57% 123 % 9.4 % 48% 118% 115% 109% 11.6% 10.6% 10.0 % 94% 64% 52%
x264¢ 246% 53% (52% 54% 54% 53% 256% 53% 53% 17.6% 168% 55% 16.1% 54% 54% 63% 53% 53%
x2647 94% 90% 87% 81% 84% 83% 84% 82% 82% 94% 94% 89% 93% 86% 85% 91% 84% 83%
x264g 104% 97% 89% 87% 80% 81% 11.2% 7.6% 80% 124% 120% 95% 120% 99% 85% 85% 83% 82%
X2649 11.6% 105% 95% 7.6% 86% 85% 69% 84% 84% 113% 11.6% 96% 108% 97% 87% 88% 85% 84%
X26410 52% 52% 49% 52% 50% 48% 50% 46% 46% 60% 58% 50% 57% 51% 47% 49% 46% 46%
x2641; 124% 118% 111% 11.1% 108% 110% 8.8% 9.9% 114% 128% 11.8% 90% 120% 102% 86% 109% 94% 88%
x26412 257% 36% 36% 53% 35% 36% 289% 3.6% 35% 165% 146% 35% 154% 3.5% 34% 48% 35% 34%
x26413 4.7% 47%  46% 45% 47% 47% 54% 48% 47% 51% 50% 48% 50% 4.7% 47% 50% 4.7% 4.6%
x26414 10.2% 9.6 % 9.4 % 51% 74% (88% 3.6% 9.6 % 95% 10.6% 10.6% 10.0% 9.8% 9.6 % 9.6 % 93% 90% 95%
x26415 41% 4.0% 40% 75% 45% 43% 409% 43% 42% 21.7% 83% 41% 191% 41% 41% 54% 42% 41%
x26416 83% 81% 19% 7.7% 78%  16% 92% 1.7% 76% 88% 87% 82% 87% 19% 7.7% 83% 7.7% 76%
Mean 115% 87% 72% 67% 68% 67% 138% 70% 68% 126% 107% 7.6% 120% 7.7% 68% 177% 66% (6.5%

11

Results table for encoding size



Video Coverage-based Solver-based Randomized solver-based Distance-based Diversified distance-based Random
= § =2 =1 = ti=1 =2 = =2 t=1 = Tl =
X2640 11.6% 127% 253% 125% 233% 10.6% 13.1%
x264;  40% 39% 31% 40%  40% 39% 39%
X264, 149% 143% 143% 140% 138% 12.0% 76%
x2643  86% 83% 8.1% 7.6% 99% 93% 96% 83% 7.4%
x2644 184% 167% (45%) 68% 17.5% 16.7% 169%  6.9% 78% 69%
x2645  113% 11.0% 6.6% 9.4% 11.8% 115% 11.6% 10.6% 9.4%
X264¢  24.6% (54%) 54% 17.6% 168% 16.1% 54% 63%
x264;  94% 9.0% (8.1% 84% (829 94% 94% 93% 8.6% 91% 84%
x2645  104% 97% 87% 80% 124% 120% 120% 99% 83%
x2649  116% 105% 76% 86% . - 113% 116% 108%  97% 88% 85%
X26410  52% 52% 52% 50% 60% 58% 57% 51% @ % %
X264, 124% 118% 11.1% 108% 9.9% 128% 118% 120% 102% 10.9%
X2641 257% 3.6% 53% 3.6% 165% 146% 154% @D G5%
X26413  4.7% 48% 51% 50% 50% 5.0%
x26414 102% 9.6% 5.1% 9.6% 106% 10.6% 98% 9.6% 93% 9.0%
X26415 75% 45% 43% 217% 83% 191% 41% 54% 42%
x2641  83% 8.1% G7% 18% 88% 87% 87% 19% 83%
Mean 115% 87% 67% 68% 7.0% 126% 107% 120% 77% 7.7% (66%)

Results table for encoding size
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Results

e High variation between videos, between non-functional properties

e Encoding time :
o  Similar results
o Random sampling dominant over Diversified Distance-based sampling

e Encoding size:
o Random sampling and randomized solver-based sampling overall dominant
o Most strategies present good and similar accuracy for higher sample size
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Replicability

e Fully replicable experiment
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Replicability

e Fully replicable experiment

e Dataset for video encoding time and size available

e Docker image with all data and scripts for performance prediction and results
aggregation : https://github.com/jualvespereira/I[CPE2020
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What’s next?

e How do version and hardware affect the sampling effectiveness?

e How does machine learning technique affect the sampling effectiveness?

e How to leverage the fact that some sampling strategies overperform by
focusing on important options?
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Conclusion

e Random sampling is a strong baseline, hard to challenge

e Diversified distance-based sampling is a strong alternative

e Researchers should be aware that effectiveness of sampling strategies can
be biased by inputs and performance property used
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