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Appendix A
The Results of the Original data sets without the Buccaneer

Development Data sets

Table 1. Complete and intermediate models produced by the 23 pipeline variants for the

original data sets, where ‘(T)’ and ‘(C)’ denote intermediate models produced by pipeline

executions that timed out and crashed, respectively.
Pipeline variant HA-NCS MR-NCS NO-NCS

Complete Intermediate Failed Complete Intermediate Failed Complete Intermediate Failed

A 201 1(T) 0(C) 0 202 0(T) 0(C) 0 202 0(T) 0(C) 0

A→P∗ 196 3(T) 0(C) 3 197 2(T) 0(C) 3 201 1(T) 0(C) 0

A→B 202 0(T) 0(C) 0 202 0(T) 0(C) 0 202 0(T) 0(C) 0

B 202 0(T) 0(C) 0 202 0(T) 0(C) 0 202 0(T) 0(C) 0

B→P∗ 200 0(T) 0(C) 2 197 3(T) 0(C) 2 197 4(T) 0(C) 1

P∗ 198 2(T) 1(C) 1 200 0(T) 1(C) 1 199 1(T) 1(C) 1

P∗→A 201 0(T) 0(C) 1 201 0(T) 0(C) 1 200 1(T) 0(C) 1

P∗→B 201 0(T) 0(C) 1 201 0(T) 0(C) 1 201 0(T) 0(C) 1

S∗ 202 0(T) 0(C) 0 201 1(T) 0(C) 0 200 2(T) 0(C) 0

S∗→A 202 0(T) 0(C) 0 202 0(T) 0(C) 0 202 0(T) 0(C) 0

S∗→B 202 0(T) 0(C) 0 202 0(T) 0(C) 0 202 0(T) 0(C) 0

S∗→P∗ 198 2(T) 0(C) 2 197 3(T) 0(C) 2 196 4(T) 0(C) 2

A→P - - - - - - 199 2(T) 0(C) 1

B→P - - - - - - 200 0(T) 0(C) 2

P - - - - - - 199 1(T) 0(C) 2

P→A - - - - - - 200 0(T) 0(C) 2

P→B - - - - - - 200 0(T) 0(C) 2

S - - - - - - 200 2(T) 0(C) 0

S→A - - - - - - 202 0(T) 0(C) 0

S→B - - - - - - 202 0(T) 0(C) 0

S∗→P - - - - - - 197 3(T) 0(C) 2

S→P∗ - - - - - - 198 2(T) 0(C) 2

S→P - - - - - - 197 3(T) 0(C) 2

Models used in the comparison: 147 HA-NCS, 147 MR-NCS and 148 NO-NCS.
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Table 2. Structure completeness comparison for the models generated from the original

HA-NCS data sets. Each row corresponds to a pipeline variant, and shows the percentage

(rounded to the nearest integer) of models that the pipeline variant built with higher structure

completeness than each of the other pipeline variants.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B S∗ S∗→A S∗→B S∗→P∗

A 0 25 15 29 18 41 28 13 65 43 20 38

A→P∗ 53 0 22 45 22 45 41 19 76 52 31 44

A→B 78 63 0 61 41 66 68 33 81 77 53 65

B 63 44 17 0 16 50 49 18 73 62 34 49

B→P∗ 71 61 35 57 0 65 67 35 87 69 48 67

P∗ 48 39 27 41 21 0 39 16 75 51 31 38

P∗→A 46 34 24 40 24 49 0 18 77 47 30 45

P∗→B 78 73 45 63 49 76 73 0 87 77 56 72

S∗ 31 20 16 20 9 20 17 10 0 33 12 20

S∗→A 32 24 14 29 19 37 23 15 62 0 23 36

S∗→B 70 59 27 47 32 60 59 23 84 67 0 59

S∗→P∗ 50 32 23 40 20 38 35 15 72 49 30 0

870

Table 3. Structure completeness comparison for the models generated from the original

HA-NCS data sets. Each row corresponds to a pipeline variant, and shows the percentage

(rounded to the nearest integer) of models that the pipeline variant built with equal structure

completeness to each of the other pipeline variants.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B S∗ S∗→A S∗→B S∗→P∗

A 100 22 7 8 11 12 27 9 5 25 10 12

A→P∗ 22 100 16 12 17 16 24 8 5 24 10 24

A→B 7 16 100 22 24 7 7 22 3 9 20 12

B 8 12 22 100 27 9 11 19 6 9 19 11

B→P∗ 11 17 24 27 100 14 9 16 4 12 20 13

P∗ 12 16 7 9 14 100 12 8 5 12 10 24

P∗→A 27 24 7 11 9 12 100 9 6 30 11 20

P∗→B 9 8 22 19 16 8 9 100 3 8 21 13

S∗ 5 5 3 6 4 5 6 3 100 5 3 8

S∗→A 25 24 9 9 12 12 30 8 5 100 10 15

S∗→B 10 10 20 19 20 10 11 21 3 10 100 11

S∗→P∗ 12 24 12 11 13 24 20 13 8 15 11 100

1003
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Table 4. Structure completeness comparison for the models generated from the original

HA-NCS data sets. Each row corresponds to a pipeline variant, and shows the percentage

(rounded to the nearest integer) of models that the pipeline variant built with at least 5%

higher structure completeness than each of the other pipeline variants.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B S∗ S∗→A S∗→B S∗→P∗

A 0 7 8 13 7 14 5 7 41 24 12 13

A→P∗ 28 0 14 22 4 14 14 8 52 31 16 15

A→B 33 18 0 25 11 25 24 8 60 35 14 30

B 28 14 11 0 7 22 17 5 52 32 10 22

B→P∗ 35 20 20 27 0 29 24 10 64 37 20 24

P∗ 27 12 15 23 3 0 15 7 49 29 18 12

P∗→A 21 14 17 24 10 17 0 8 52 30 17 16

P∗→B 39 26 18 29 16 33 29 0 65 38 20 35

S∗ 18 6 12 12 3 8 5 3 0 22 9 4

S∗→A 10 7 10 14 6 14 1 6 34 0 8 13

S∗→B 33 19 12 25 10 25 22 6 59 35 0 24

S∗→P∗ 27 12 18 25 4 10 16 7 51 31 17 0

650

Table 5. Structure completeness comparison for the models generated from the original

HA-NCS data sets. Each row corresponds to a pipeline variant, and shows the percentage

(rounded to the nearest integer) of models that the pipeline variant built with between 1% and

4% higher structure completeness than each of the other pipeline variants.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B S∗ S∗→A S∗→B S∗→P∗

A 0 18 7 16 12 27 22 6 24 19 8 25

A→P∗ 25 0 8 23 18 31 27 11 24 22 15 29

A→B 45 44 0 35 30 41 44 25 21 41 39 35

B 35 30 6 0 10 29 32 13 22 30 24 27

B→P∗ 35 41 16 30 0 37 44 25 23 33 28 43

P∗ 20 27 12 18 18 0 24 9 26 22 13 26

P∗→A 24 20 7 16 14 32 0 10 25 17 13 29

P∗→B 39 47 27 33 33 43 44 0 22 39 36 37

S∗ 12 14 4 9 5 12 12 7 0 11 3 16

S∗→A 22 16 4 16 13 24 22 9 28 0 15 23

S∗→B 37 39 14 22 22 35 37 17 25 32 0 35

S∗→P∗ 22 20 5 15 16 28 19 7 21 18 13 0

470
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Table 6. Comparison of R-work/R-free (rounded to two decimal places) for the models

generated from the original HA-NCS data sets. Each row shows the percentage of models that

a pipeline variant built with lower R-work or R-free than each other pipeline variant.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B S∗ S∗→A S∗→B S∗→P∗

A R−work 0 24 86 93 24 33 20 86 100 33 91 33

A R−free - - - - - - - - - - - -
A→P∗

R−work 64 0 94 98 34 56 54 89 100 61 95 56

A→P∗
R−free - 0 90 92 33 48 77 81 - 84 88 50

A→B R−work 9 3 0 51 2 2 2 26 98 5 46 3

A→B R−free - 5 0 52 4 1 15 31 - 28 46 4

B R−work 5 1 16 0 1 3 1 11 99 3 27 2

B R−free - 5 22 0 2 3 11 18 - 25 28 3

B→P∗
R−work 62 35 96 99 0 56 54 96 100 61 97 59

B→P∗
R−free - 40 93 95 0 48 84 95 - 85 94 52

P∗
R−work 44 16 93 95 19 0 31 93 99 40 95 25

P∗
R−free - 31 95 95 24 0 73 93 - 75 95 33

P∗→A R−work 43 29 94 97 27 44 0 93 100 35 95 42

P∗→A R−free - 17 75 84 12 16 0 72 - 48 79 12

P∗→B R−work 10 5 30 56 3 3 3 0 99 10 45 5

P∗→B R−free - 12 39 58 3 2 18 0 - 29 45 6

S∗
R−work 0 0 2 1 0 1 0 1 0 0 0 0

S∗
R−free - - - - - - - - - - - -

S∗→A R−work 34 23 90 95 19 38 16 86 100 0 93 37

S∗→A R−free - 11 63 68 9 12 21 63 - 0 64 10

S∗→B R−work 6 2 20 41 2 3 2 15 100 4 0 2

S∗→B R−free - 7 22 47 3 3 12 20 - 29 0 4

S∗→P∗
R−work 46 15 94 95 16 26 34 91 100 41 94 0

S∗→P∗
R−free - 28 90 93 21 31 73 91 - 79 95 0

1000
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Table 7. Comparison of R-work/R-free (rounded to two decimal places) for the models

generated from the original HA-NCS data sets. Each row shows the percentage of models that

a pipeline variant built with equal R-work or R-free to each other pipeline variant.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B S∗ S∗→A S∗→B S∗→P∗

A R−work 100 12 5 2 14 23 37 3 0 33 3 20

A R−free - - - - - - - - - - - -
A→P∗

R−work 12 100 3 1 31 29 17 6 0 16 3 29

A→P∗
R−free - 100 5 3 27 21 6 7 - 5 4 22

A→B R−work 5 3 100 33 2 5 4 44 0 5 33 3

A→B R−free - 5 100 25 3 4 10 29 - 10 32 5

B R−work 2 1 33 100 0 1 3 33 0 2 33 3

B R−free - 3 25 100 3 3 5 24 - 7 25 3

B→P∗
R−work 14 31 2 0 100 25 18 1 0 20 1 25

B→P∗
R−free - 27 3 3 100 28 5 3 - 6 3 27

P∗
R−work 23 29 5 1 25 100 25 4 0 22 3 49

P∗
R−free - 21 4 3 28 100 12 5 - 13 3 37

P∗→A R−work 37 17 4 3 18 25 100 4 0 48 3 24

P∗→A R−free - 6 10 5 5 12 100 10 - 31 9 14

P∗→B R−work 3 6 44 33 1 4 4 100 0 4 40 4

P∗→B R−free - 7 29 24 3 5 10 100 - 8 35 3

S∗
R−work 0 0 0 0 0 0 0 0 100 0 0 0

S∗
R−free - - - - - - - - - - - -

S∗→A R−work 33 16 5 2 20 22 48 4 0 100 3 22

S∗→A R−free - 5 10 7 6 13 31 8 - 100 7 12

S∗→B R−work 3 3 33 33 1 3 3 40 0 3 100 4

S∗→B R−free - 4 32 25 3 3 9 35 - 7 100 1

S∗→P∗
R−work 20 29 3 3 25 49 24 4 0 22 4 100

S∗→P∗
R−free - 22 5 3 27 37 14 3 - 12 1 100

1000
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Table 8. Comparison of R-work/R-free (rounded to two decimal places) for the models

generated from the original HA-NCS data sets. Each row shows the percentage of models that

a pipeline variant built with R-work or R-free at least 5% lower than each other pipeline

variant.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B S∗ S∗→A S∗→B S∗→P∗

A R−work 0 6 38 48 2 4 1 27 100 6 39 3

A R−free - - - - - - - - - - - -
A→P∗

R−work 4 0 53 65 2 3 2 42 100 5 59 0

A→P∗
R−free - 0 48 59 2 1 10 39 - 25 52 0

A→B R−work 1 0 0 7 0 0 0 3 94 1 6 0

A→B R−free - 3 0 8 1 0 2 3 - 15 7 0

B R−work 0 0 4 0 0 0 0 3 95 1 5 0

B R−free - 2 4 0 0 0 2 4 - 14 5 0

B→P∗
R−work 5 5 52 63 0 3 2 41 100 7 53 0

B→P∗
R−free - 8 54 62 0 3 12 40 - 27 55 1

P∗
R−work 4 3 39 50 1 0 0 27 99 6 41 0

P∗
R−free - 9 40 50 1 0 12 28 - 25 40 0

P∗→A R−work 6 8 39 53 3 5 0 32 100 7 42 5

P∗→A R−free - 7 22 31 1 1 0 17 - 16 26 0

P∗→B R−work 1 1 12 14 0 0 0 0 99 3 13 0

P∗→B R−free - 5 12 14 1 0 2 0 - 16 14 0

S∗
R−work 0 0 1 1 0 0 0 1 0 0 0 0

S∗
R−free - - - - - - - - - - - -

S∗→A R−work 6 5 38 50 2 3 3 29 100 0 42 1

S∗→A R−free - 4 16 22 1 1 0 14 - 0 19 0

S∗→B R−work 1 1 7 7 0 1 0 2 99 0 0 0

S∗→B R−free - 5 7 9 1 1 1 2 - 12 0 0

S∗→P∗
R−work 5 4 41 52 1 1 1 28 100 7 41 0

S∗→P∗
R−free - 9 44 49 1 1 9 30 - 24 44 0

1000
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Table 9. Comparison of R-work/R-free (rounded to two decimal places) for the models

generated from the original HA-NCS data sets. Each row shows the percentage of models that

a pipeline variant built with R-work or R-free between 1% and 4% lower than each other

pipeline variant.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B S∗ S∗→A S∗→B S∗→P∗

A R−work 0 18 48 45 22 29 18 60 0 27 52 30

A R−free - - - - - - - - - - - -
A→P∗

R−work 60 0 41 33 32 53 52 47 0 56 36 56

A→P∗
R−free - 0 42 33 31 47 67 42 - 59 36 50

A→B R−work 8 3 0 44 2 2 2 23 4 4 40 3

A→B R−free - 3 0 44 3 1 13 29 - 13 39 4

B R−work 5 1 12 0 1 3 1 7 4 3 21 2

B R−free - 3 18 0 2 3 9 14 - 12 23 3

B→P∗
R−work 56 31 44 36 0 53 52 55 0 54 44 59

B→P∗
R−free - 32 39 33 0 46 72 54 - 58 39 52

P∗
R−work 40 12 53 46 18 0 31 65 0 34 53 25

P∗
R−free - 22 54 45 23 0 61 65 - 50 54 33

P∗→A R−work 37 21 55 44 24 38 0 61 0 29 53 37

P∗→A R−free - 10 52 52 11 14 0 55 - 32 53 12

P∗→B R−work 9 4 18 42 3 3 3 0 0 7 32 5

P∗→B R−free - 6 28 44 2 2 16 0 - 13 31 6

S∗
R−work 0 0 1 0 0 1 0 0 0 0 0 0

S∗
R−free - - - - - - - - - - - -

S∗→A R−work 28 18 52 45 17 35 14 58 0 0 50 35

S∗→A R−free - 7 46 46 8 12 21 49 - 0 45 10

S∗→B R−work 5 1 14 33 2 2 2 13 1 4 0 2

S∗→B R−free - 3 16 38 2 2 11 18 - 17 0 4

S∗→P∗
R−work 41 11 53 42 15 24 33 63 0 33 52 0

S∗→P∗
R−free - 19 47 44 20 29 65 61 - 55 50 0

720



8

Table 10. Structure completeness comparison for the models generated from the original

MR-NCS data sets. Each row corresponds to a pipeline variant, and shows the percentage

(rounded to the nearest integer) of models that the pipeline variant built with higher structure

completeness than each of the other pipeline variants.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B S∗ S∗→A S∗→B S∗→P∗

A 0 24 14 33 23 41 31 18 72 50 25 45

A→P∗ 48 0 17 46 24 48 38 21 79 54 34 54

A→B 76 67 0 64 45 70 67 35 86 80 52 70

B 56 45 21 0 20 46 50 21 78 61 35 55

B→P∗ 63 59 34 54 0 63 64 32 87 68 50 71

P∗ 43 31 21 40 20 0 40 19 76 50 33 43

P∗→A 43 31 23 40 24 46 0 21 80 51 32 48

P∗→B 72 70 41 59 48 76 69 0 86 74 51 78

S∗ 23 16 12 16 10 17 16 12 0 28 13 18

S∗→A 24 19 13 30 20 35 17 18 63 0 25 37

S∗→B 60 51 26 46 33 59 54 27 86 67 0 61

S∗→P∗ 41 29 20 35 17 31 33 12 73 46 29 0

870

Table 11. Structure completeness comparison for the models generated from the original

MR-NCS data sets. Each row corresponds to a pipeline variant, and shows the percentage

(rounded to the nearest integer) of models that the pipeline variant built with equal structure

completeness to each of the other pipeline variants.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B S∗ S∗→A S∗→B S∗→P∗

A 100 28 11 10 14 16 27 10 5 26 15 14

A→P∗ 28 100 16 9 16 20 31 9 5 27 15 16

A→B 11 16 100 15 21 9 10 24 2 7 22 10

B 10 9 15 100 25 14 10 20 6 10 19 10

B→P∗ 14 16 21 25 100 17 12 20 3 12 18 12

P∗ 16 20 9 14 17 100 14 5 7 16 7 27

P∗→A 27 31 10 10 12 14 100 10 4 32 14 18

P∗→B 10 9 24 20 20 5 10 100 3 7 22 10

S∗ 5 5 2 6 3 7 4 3 100 9 1 8

S∗→A 26 27 7 10 12 16 32 7 9 100 7 16

S∗→B 15 15 22 19 18 7 14 22 1 7 100 10

S∗→P∗ 14 16 10 10 12 27 18 10 8 16 10 100

1001



9

Table 12. Structure completeness comparison for the models generated from the original

MR-NCS data sets. Each row corresponds to a pipeline variant, and shows the percentage

(rounded to the nearest integer) of models that the pipeline variant built with at least 5%

higher structure completeness than each of the other pipeline variants.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B S∗ S∗→A S∗→B S∗→P∗

A 0 6 8 16 7 16 7 10 43 20 14 14

A→P∗ 24 0 12 19 8 13 16 12 54 29 18 14

A→B 29 18 0 25 13 22 19 10 63 31 18 27

B 26 15 14 0 8 20 19 9 55 35 12 21

B→P∗ 30 20 18 25 0 27 20 14 63 36 21 22

P∗ 26 12 13 23 5 0 15 9 52 28 19 11

P∗→A 15 14 13 21 10 17 0 11 53 24 19 16

P∗→B 30 23 17 27 15 28 22 0 60 35 20 33

S∗ 16 7 9 8 4 5 5 5 0 20 9 5

S∗→A 8 6 7 14 6 14 1 9 38 0 10 13

S∗→B 27 17 12 20 11 18 18 11 61 31 0 22

S∗→P∗ 22 11 14 22 5 7 15 10 51 24 18 0

630

Table 13. Structure completeness comparison for the models generated from the original

MR-NCS data sets. Each row corresponds to a pipeline variant, and shows the percentage

(rounded to the nearest integer) of models that the pipeline variant built with between 1% and

4% higher structure completeness than each of the other pipeline variants.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B S∗ S∗→A S∗→B S∗→P∗

A 0 18 5 18 16 24 23 8 29 31 11 31

A→P∗ 24 0 5 27 16 35 22 10 25 25 16 40

A→B 47 49 0 39 32 48 48 25 24 49 35 43

B 31 30 7 0 12 26 31 12 22 25 24 34

B→P∗ 33 39 16 29 0 36 44 18 24 32 29 48

P∗ 17 20 8 17 15 0 25 10 24 22 14 32

P∗→A 28 18 10 19 15 29 0 10 27 27 13 32

P∗→B 42 47 24 33 33 48 46 0 26 39 31 45

S∗ 7 10 3 8 5 12 11 6 0 8 4 14

S∗→A 16 13 5 16 14 21 16 10 25 0 15 24

S∗→B 33 34 14 25 22 41 35 16 24 36 0 39

S∗→P∗ 19 18 6 12 12 23 18 3 22 22 12 0

490
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Table 14. Comparison of R-work/R-free (rounded to two decimal places) for the models

generated from the original MR-NCS data sets. Each row shows the percentage of models

that a pipeline variant built with lower R-work or R-free than each other pipeline variant.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B S∗ S∗→A S∗→B S∗→P∗

A R−work 0 21 88 91 27 35 18 90 100 31 93 37

A R−free - - - - - - - - - - - -
A→P∗

R−work 64 0 93 97 37 61 56 89 100 61 93 59

A→P∗
R−free - 0 89 91 36 54 78 80 - 88 88 55

A→B R−work 7 3 0 52 2 2 2 32 99 5 45 3

A→B R−free - 6 0 54 5 3 16 35 - 30 48 5

B R−work 6 3 18 0 1 3 1 17 99 5 25 3

B R−free - 7 22 0 2 4 11 24 - 24 30 4

B→P∗
R−work 59 31 96 99 0 54 52 95 100 57 97 61

B→P∗
R−free - 37 89 95 0 50 77 93 - 84 93 53

P∗
R−work 45 18 93 93 20 0 33 94 100 40 95 26

P∗
R−free - 23 93 93 29 0 70 95 - 76 96 30

P∗→A R−work 40 27 95 95 30 42 0 94 100 35 95 45

P∗→A R−free - 15 74 85 12 12 0 73 - 50 80 16

P∗→B R−work 6 6 28 51 3 3 4 0 100 8 39 5

P∗→B R−free - 13 31 54 4 2 18 0 - 27 44 6

S∗
R−work 0 0 1 1 0 0 0 0 0 0 0 0

S∗
R−free - - - - - - - - - - - -

S∗→A R−work 33 21 90 93 24 38 16 91 100 0 92 41

S∗→A R−free - 8 65 68 11 9 16 67 - 0 69 13

S∗→B R−work 5 3 19 39 1 2 3 21 100 4 0 2

S∗→B R−free - 8 20 43 4 2 12 27 - 28 0 5

S∗→P∗
R−work 42 14 94 94 17 20 31 90 100 37 95 0

S∗→P∗
R−free - 22 90 93 25 32 72 90 - 78 94 0

1000
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Table 15. Comparison of R-work/R-free (rounded to two decimal places) for the models

generated from the original MR-NCS data sets. Each row shows the percentage of models

that a pipeline variant built with equal R-work or R-free to each other pipeline variant.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B S∗ S∗→A S∗→B S∗→P∗

A R−work 100 15 5 3 15 20 41 3 0 36 1 20

A R−free - - - - - - - - - - - -
A→P∗

R−work 15 100 4 1 33 22 17 5 0 18 4 28

A→P∗
R−free - 100 5 1 27 23 7 7 - 4 3 23

A→B R−work 5 4 100 30 2 5 3 40 0 5 36 3

A→B R−free - 5 100 23 5 3 10 35 - 5 32 5

B R−work 3 1 30 100 0 3 4 32 0 3 36 3

B R−free - 1 23 100 3 3 4 22 - 7 27 3

B→P∗
R−work 15 33 2 0 100 27 18 2 0 19 2 22

B→P∗
R−free - 27 5 3 100 21 12 3 - 5 3 22

P∗
R−work 20 22 5 3 27 100 25 3 0 22 3 54

P∗
R−free - 23 3 3 21 100 18 3 - 15 2 38

P∗→A R−work 41 17 3 4 18 25 100 2 0 48 2 24

P∗→A R−free - 7 10 4 12 18 100 9 - 34 8 12

P∗→B R−work 3 5 40 32 2 3 2 100 0 1 40 5

P∗→B R−free - 7 35 22 3 3 9 100 - 6 29 4

S∗
R−work 0 0 0 0 0 0 0 0 100 0 0 0

S∗
R−free - - - - - - - - - - - -

S∗→A R−work 36 18 5 3 19 22 48 1 0 100 4 22

S∗→A R−free - 4 5 7 5 15 34 6 - 100 3 9

S∗→B R−work 1 4 36 36 2 3 2 40 0 4 100 3

S∗→B R−free - 3 32 27 3 2 8 29 - 3 100 1

S∗→P∗
R−work 20 28 3 3 22 54 24 5 0 22 3 100

S∗→P∗
R−free - 23 5 3 22 38 12 4 - 9 1 100

1000
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Table 16. Comparison of R-work/R-free (rounded to two decimal places) for the models

generated from the original MR-NCS data sets. Each row shows the percentage of models

that a pipeline variant built with R-work or R-free at least 5% lower than each other pipeline

variant.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B S∗ S∗→A S∗→B S∗→P∗

A R−work 0 6 34 48 3 3 2 31 100 5 41 4

A R−free - - - - - - - - - - - -
A→P∗

R−work 2 0 50 65 2 1 2 48 100 3 56 0

A→P∗
R−free - 0 44 59 3 1 10 43 - 24 54 1

A→B R−work 0 0 0 10 1 0 0 6 95 1 8 0

A→B R−free - 3 0 12 1 0 2 6 - 16 9 0

B R−work 1 1 5 0 0 0 1 7 97 1 5 0

B R−free - 3 5 0 1 0 3 6 - 14 3 0

B→P∗
R−work 5 5 50 62 0 2 2 45 100 5 56 0

B→P∗
R−free - 9 49 61 0 2 12 46 - 29 56 1

P∗
R−work 3 4 35 48 1 0 1 31 100 5 42 0

P∗
R−free - 9 37 49 1 0 10 31 - 26 44 1

P∗→A R−work 5 8 36 54 3 4 0 38 100 7 47 5

P∗→A R−free - 7 18 28 1 1 0 18 - 15 26 1

P∗→B R−work 1 1 12 14 0 0 0 0 98 2 12 0

P∗→B R−free - 7 11 14 1 0 2 0 - 15 13 0

S∗
R−work 0 0 0 1 0 0 0 0 0 0 0 0

S∗
R−free - - - - - - - - - - - -

S∗→A R−work 5 4 34 49 1 1 3 33 100 0 42 1

S∗→A R−free - 4 10 20 1 0 0 17 - 0 20 0

S∗→B R−work 1 1 7 7 0 0 1 5 99 0 0 0

S∗→B R−free - 5 5 7 0 0 2 5 - 11 0 0

S∗→P∗
R−work 4 5 34 48 1 1 2 33 100 5 43 0

S∗→P∗
R−free - 10 38 48 1 1 8 34 - 24 46 0

1000
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Table 17. Comparison of R-work/R-free (rounded to two decimal places) for the models

generated from the original MR-NCS data sets. Each row shows the percentage of models

that a pipeline variant built with R-work or R-free between 1% and 4% lower than each other

pipeline variant.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B S∗ S∗→A S∗→B S∗→P∗

A R−work 0 15 54 44 23 31 16 59 0 25 52 33

A R−free - - - - - - - - - - - -
A→P∗

R−work 62 0 44 31 35 59 54 41 0 58 36 59

A→P∗
R−free - 0 46 32 33 53 69 37 - 64 34 54

A→B R−work 7 3 0 41 1 2 2 26 3 4 37 3

A→B R−free - 3 0 43 5 3 14 29 - 14 39 5

B R−work 5 2 14 0 1 3 1 10 1 4 20 3

B R−free - 5 18 0 1 4 8 18 - 10 27 4

B→P∗
R−work 54 26 46 37 0 52 50 50 0 52 40 61

B→P∗
R−free - 29 40 34 0 48 65 46 - 54 37 52

P∗
R−work 41 14 57 46 19 0 31 63 0 35 53 26

P∗
R−free - 14 56 44 29 0 60 63 - 50 52 29

P∗→A R−work 35 19 59 41 27 38 0 56 0 29 48 40

P∗→A R−free - 7 56 57 11 12 0 56 - 35 54 15

P∗→B R−work 5 5 16 37 3 3 4 0 2 6 27 5

P∗→B R−free - 6 20 41 3 2 16 0 - 12 31 6

S∗
R−work 0 0 1 0 0 0 0 0 0 0 0 0

S∗
R−free - - - - - - - - - - - -

S∗→A R−work 29 17 56 44 23 37 13 59 0 0 50 39

S∗→A R−free - 4 55 48 10 9 16 50 - 0 48 13

S∗→B R−work 5 2 12 31 1 2 2 16 1 4 0 2

S∗→B R−free - 3 15 36 4 2 10 22 - 17 0 5

S∗→P∗
R−work 38 9 60 46 16 19 29 58 0 33 52 0

S∗→P∗
R−free - 12 52 45 24 31 64 56 - 54 48 0

690
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Table 18. Structure completeness comparison for the models generated from the original

NO-NCS data sets. Each row corresponds to a pipeline variant, and shows the percentage

(rounded to the nearest integer) of models that the pipeline variant built with higher structure

completeness than each of the other pipeline variants.
Pipeline variant A A→P∗ A→P A→B B B→P∗ B→P P∗ P∗→A P∗→B P P→A P→B S S→A S→B S∗ S∗→A S∗→B S∗→P∗ S∗→P S→P∗ S→P

A 0 26 29 18 33 21 20 39 26 18 37 31 21 68 42 24 61 41 26 39 39 38 40

A→P∗ 52 0 26 30 51 24 24 45 37 22 49 39 28 81 57 32 78 50 39 46 50 49 47

A→P 49 17 0 28 45 25 26 43 36 20 47 39 24 78 54 30 76 50 36 43 45 44 45

A→B 74 59 63 0 64 41 41 66 60 30 68 65 36 85 74 43 80 71 48 64 64 57 62

B 57 40 45 22 0 20 21 46 45 18 49 51 24 77 59 28 72 57 33 51 44 47 49

B→P∗ 68 59 58 43 59 0 24 65 59 32 65 59 41 86 66 49 82 68 48 66 60 64 62

B→P 70 59 59 42 55 22 0 64 59 34 67 59 40 87 66 48 84 70 46 59 63 64 63

P∗ 49 37 37 28 45 23 26 0 36 19 46 43 25 80 48 34 77 49 35 45 41 36 41

P∗→A 49 35 37 30 44 29 30 47 0 22 50 32 27 82 54 34 78 45 36 49 49 48 54

P∗→B 76 70 70 51 68 49 49 72 67 0 76 71 47 87 76 54 85 74 57 72 72 70 75

P 48 34 34 25 41 18 19 32 37 18 0 37 20 78 47 32 72 49 29 34 30 31 34

P→A 45 31 30 27 41 24 28 43 26 22 45 0 24 81 49 31 76 45 32 48 44 46 49

P→B 72 67 69 41 61 44 44 64 61 36 74 68 0 85 76 50 82 72 50 68 67 61 68

S 26 11 14 12 20 11 10 16 10 12 16 13 13 0 32 11 34 24 9 15 15 11 16

S→A 30 28 28 18 33 22 25 33 24 12 39 30 16 64 0 21 60 25 20 36 35 32 36

S→B 68 55 58 36 55 34 35 59 56 26 61 57 34 89 74 0 84 68 43 61 57 59 59

S∗ 32 17 17 16 24 12 12 17 17 12 22 18 14 57 34 15 0 32 14 19 16 14 20

S∗→A 31 27 29 19 35 22 24 36 24 17 41 27 20 68 41 24 64 0 26 41 36 38 39

S∗→B 64 50 50 32 55 34 35 53 53 22 61 55 28 89 67 38 81 68 0 52 53 55 58

S∗→P∗ 49 35 36 28 43 24 24 34 31 17 41 38 22 80 47 32 74 48 36 0 34 37 37

S∗→P 49 36 36 28 46 26 28 35 35 18 45 42 23 82 47 35 76 49 39 34 0 33 39

S→P∗ 52 36 39 29 45 23 23 34 34 20 47 43 24 84 54 34 81 51 34 40 39 0 39

S→P 49 34 35 28 46 23 24 33 34 20 47 39 22 80 52 32 76 50 32 39 36 34 0

890
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Table 19. Structure completeness comparison for the models generated from the original

NO-NCS data sets. Each row corresponds to a pipeline variant, and shows the percentage

(rounded to the nearest integer) of models that the pipeline variant built with equal structure

completeness to each of the other pipeline variants.
Pipeline variant A A→P∗ A→P A→B B B→P∗ B→P P∗ P∗→A P∗→B P P→A P→B S S→A S→B S∗ S∗→A S∗→B S∗→P∗ S∗→P S→P∗ S→P

A 100 22 22 7 9 11 11 12 25 6 15 24 7 5 28 7 7 28 9 12 12 10 11

A→P∗ 22 100 57 11 9 16 17 18 28 8 18 30 5 7 15 13 5 23 11 19 14 15 20

A→P 22 57 100 9 11 17 14 20 26 11 19 31 7 7 18 11 7 21 14 21 18 18 20

A→B 7 11 9 100 14 17 17 6 9 19 7 8 22 3 7 21 4 10 20 8 8 14 9

B 9 9 11 14 100 21 24 9 11 14 11 9 16 3 8 17 4 7 11 7 10 9 5

B→P∗ 11 16 17 17 21 100 54 12 12 19 18 17 15 2 11 18 5 9 18 11 14 14 15

B→P 11 17 14 17 24 54 100 10 11 18 14 13 16 3 9 17 4 7 19 16 9 14 13

P∗ 12 18 20 6 9 12 10 100 17 9 22 14 11 4 19 7 6 15 11 22 24 30 26

P∗→A 25 28 26 9 11 12 11 17 100 11 13 42 12 7 22 10 5 32 11 20 16 18 12

P∗→B 6 8 11 19 14 19 18 9 11 100 7 7 17 1 11 20 3 9 21 11 9 10 5

P 15 18 19 7 11 18 14 22 13 7 100 18 7 6 15 7 7 10 10 25 26 22 18

P→A 24 30 31 8 9 17 13 14 42 7 18 100 7 6 21 12 5 28 13 14 14 11 13

P→B 7 5 7 22 16 15 16 11 12 17 7 7 100 2 8 16 4 8 22 10 10 14 10

S 5 7 7 3 3 2 3 4 7 1 6 6 2 100 3 1 8 7 1 5 3 5 4

S→A 28 15 18 7 8 11 9 19 22 11 15 21 8 3 100 5 5 34 13 17 18 14 11

S→B 7 13 11 21 17 18 17 7 10 20 7 12 16 1 5 100 1 8 20 6 7 7 9

S∗ 7 5 7 4 4 5 4 6 5 3 7 5 4 8 5 1 100 5 5 7 8 5 4

S∗→A 28 23 21 10 7 9 7 15 32 9 10 28 8 7 34 8 5 100 7 11 15 11 11

S∗→B 9 11 14 20 11 18 19 11 11 21 10 13 22 1 13 20 5 7 100 12 9 11 9

S∗→P∗ 12 19 21 8 7 11 16 22 20 11 25 14 10 5 17 6 7 11 12 100 32 23 24

S∗→P 12 14 18 8 10 14 9 24 16 9 26 14 10 3 18 7 8 15 9 32 100 28 25

S→P∗ 10 15 18 14 9 14 14 30 18 10 22 11 14 5 14 7 5 11 11 23 28 100 27

S→P 11 20 20 9 5 15 13 26 12 5 18 13 10 4 11 9 4 11 9 24 25 27 100

1001
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Table 20. Structure completeness comparison for the models generated from the original

NO-NCS data sets. Each row corresponds to a pipeline variant, and shows the percentage

(rounded to the nearest integer) of structures that the pipeline variant built with at least

5% higher structure completeness than each of the other pipeline variants.

Pipeline variant A A→P∗ A→P A→B B B→P∗ B→P P∗ P∗→A P∗→B P P→A P→B S S→A S→B S∗ S∗→A S∗→B S∗→P∗ S∗→P S→P∗ S→P

A 0 5 6 7 15 7 8 11 5 10 14 4 12 45 22 13 40 20 14 14 14 14 13

A→P∗ 30 0 9 16 28 9 10 13 10 11 21 16 14 61 31 20 57 30 21 14 14 15 14

A→P 28 6 0 16 26 9 10 12 11 10 20 16 13 61 31 21 56 28 21 15 14 11 13

A→B 30 13 17 0 30 11 14 24 16 9 28 20 11 64 34 18 57 29 18 24 24 21 25

B 28 11 11 12 0 9 7 16 13 8 16 18 8 56 33 14 48 29 14 22 17 16 18

B→P∗ 36 20 23 24 32 0 4 24 16 14 30 25 17 66 35 26 63 33 24 23 21 20 21

B→P 35 20 24 24 30 5 0 21 17 14 29 24 18 64 37 26 62 34 24 22 22 22 23

P∗ 28 14 14 18 26 9 9 0 13 9 14 17 13 61 30 24 55 27 22 10 6 9 9

P∗→A 26 14 18 20 28 13 12 19 0 10 22 12 15 59 30 24 57 28 23 19 20 14 16

P∗→B 33 23 25 19 35 18 21 30 22 0 30 29 16 70 40 24 63 34 24 30 30 28 32

P 28 11 15 16 23 8 7 7 14 9 0 15 13 57 32 21 51 26 20 11 9 7 7

P→A 26 12 13 18 26 10 11 15 7 11 16 0 13 58 30 21 54 26 20 16 13 11 18

P→B 35 20 20 19 34 17 18 26 20 11 32 25 0 65 39 24 63 36 24 28 27 25 27

S 17 7 6 10 11 5 5 7 3 5 7 7 6 0 24 7 9 17 3 7 7 6 5

S→A 9 6 7 11 16 8 9 11 1 8 15 5 10 38 0 9 35 7 7 13 11 9 9

S→B 36 18 18 15 26 12 11 22 18 12 28 24 11 70 38 0 59 38 18 28 24 24 24

S∗ 21 7 6 13 17 5 5 5 6 5 10 7 7 32 27 11 0 20 9 5 6 5 5

S∗→A 12 7 9 12 20 8 9 12 2 9 16 3 11 47 16 11 40 0 9 14 13 11 10

S∗→B 31 16 17 14 28 11 12 19 12 9 23 20 11 65 35 12 60 30 0 22 20 22 20

S∗→P∗ 28 12 14 19 28 8 9 9 12 10 18 17 14 61 30 21 53 24 22 0 5 5 7

S∗→P 30 14 14 19 32 7 9 10 12 11 17 16 14 63 33 24 52 27 20 7 0 3 7

S→P∗ 30 14 16 21 30 9 10 13 15 11 16 18 14 60 29 24 53 26 23 11 10 0 11

S→P 28 13 13 18 28 9 8 9 12 10 15 18 14 59 30 22 55 25 21 9 5 5 0

700
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Table 21. Structure completeness comparison for the models generated from the original

NO-NCS data sets. Each row corresponds to a pipeline variant, and shows the percentage

(rounded to the nearest integer) of models that the pipeline variant built with between 1% and

4% higher structure completeness than each of the other pipeline variants.
Pipeline variant A A→P∗ A→P A→B B B→P∗ B→P P∗ P∗→A P∗→B P P→A P→B S S→A S→B S∗ S∗→A S∗→B S∗→P∗ S∗→P S→P∗ S→P

A 0 22 23 11 18 14 11 27 21 8 23 27 9 24 20 11 21 21 13 25 26 24 27

A→P∗ 22 0 18 14 23 16 14 32 27 11 28 23 14 20 26 12 21 20 18 32 36 34 33

A→P 20 11 0 12 18 16 16 31 26 9 26 24 11 18 23 9 20 22 15 28 32 32 32

A→B 45 46 46 0 34 29 28 42 44 21 40 45 25 21 41 24 23 42 30 40 41 36 37

B 30 29 33 10 0 11 14 30 32 10 32 33 16 21 26 14 24 28 19 29 27 30 31

B→P∗ 32 39 35 19 27 0 20 41 43 19 35 34 24 20 31 22 20 35 24 43 39 44 41

B→P 34 40 36 18 26 18 0 43 42 20 38 35 22 23 28 22 22 36 22 37 41 42 40

P∗ 21 23 24 10 19 14 17 0 24 9 32 26 12 20 18 10 22 22 13 34 34 27 32

P∗→A 22 21 19 11 16 16 18 28 0 12 28 20 12 23 24 10 20 16 13 30 29 34 38

P∗→B 43 47 45 32 33 30 28 41 45 0 46 42 31 18 36 30 22 40 33 42 43 43 43

P 20 22 20 9 18 9 12 25 24 9 0 22 7 21 15 11 21 23 9 23 21 24 28

P→A 18 19 17 9 15 14 18 28 19 10 29 0 11 23 19 10 22 19 13 32 31 34 30

P→B 36 47 49 22 26 27 26 39 41 26 41 43 0 20 36 26 20 36 26 41 40 36 41

S 9 5 8 2 9 7 5 9 7 7 9 5 7 0 8 3 25 7 6 8 7 5 11

S→A 21 22 22 7 17 14 16 22 24 4 24 25 6 26 0 11 25 18 13 23 24 23 27

S→B 32 36 40 22 30 22 24 37 39 14 32 33 22 19 36 0 26 30 25 34 34 35 34

S∗ 11 10 11 3 7 7 7 11 11 7 11 11 6 26 7 4 0 11 5 14 9 9 14

S∗→A 19 20 20 7 15 14 15 24 22 8 26 24 9 22 26 13 24 0 17 27 23 26 28

S∗→B 33 34 33 19 28 24 23 34 41 14 38 35 16 24 32 26 21 37 0 30 32 33 39

S∗→P∗ 22 23 22 9 14 16 16 25 19 7 22 21 7 20 18 11 22 24 14 0 29 32 30

S∗→P 19 23 22 9 14 18 20 25 23 7 28 26 9 19 14 11 24 22 18 27 0 30 32

S→P∗ 22 22 22 8 15 14 13 21 20 9 31 25 10 24 25 10 28 25 11 29 29 0 28

S→P 20 21 22 10 18 14 16 24 22 9 32 21 9 21 22 9 21 25 11 30 31 29 0

490
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Table 22. Comparison of R-work/R-free (rounded to two decimal places) for the models

generated from the original NO-NCS data sets. Each row shows the percentage of models that

a pipeline variant built with lower R-work or R-free than each other pipeline variant.
Pipeline variant A A→P∗ A→P A→B B B→P∗ B→P P∗ P∗→A P∗→B P P→A P→B S S→A S→B S∗ S∗→A S∗→B S∗→P∗ S∗→P S→P∗ S→P

A R−work 0 24 24 90 94 27 26 34 16 88 37 18 88 100 32 90 100 30 93 34 31 29 32

A R−free - - - - - - - - - - - - - - - - - - - - - - -
A→P∗

R−work 64 0 12 95 99 32 34 56 51 91 62 57 93 100 64 93 100 62 95 55 57 54 56

A→P∗
R−free - 0 26 89 93 33 36 51 75 79 53 76 84 - 89 86 - 86 88 50 52 51 54

A→P R−work 64 14 0 95 99 33 33 58 50 91 64 57 93 100 63 94 100 63 95 57 59 55 57

A→P R−free - 23 0 89 93 35 36 52 78 83 52 77 86 - 89 86 - 85 89 51 53 53 54

A→B R−work 6 2 3 0 58 5 3 3 2 29 3 3 32 97 5 43 97 4 45 5 4 3 3

A→B R−free - 5 7 0 59 5 4 2 11 32 5 14 30 - 30 41 - 25 46 5 4 3 3

B R−work 5 1 1 17 0 2 2 3 1 11 3 1 18 97 1 23 97 1 26 3 2 2 1

B R−free - 5 5 20 0 3 3 3 10 19 5 12 14 - 28 24 - 23 29 3 2 3 3

B→P∗
R−work 61 33 32 94 97 0 14 52 46 94 55 52 93 100 59 93 100 58 95 55 48 50 50

B→P∗
R−free - 43 39 93 95 0 27 50 78 94 50 81 91 - 84 92 - 80 93 51 45 46 49

B→P R−work 61 36 32 94 97 17 0 54 46 95 57 51 94 99 58 93 99 59 95 51 49 49 51

B→P R−free - 47 41 92 95 30 0 47 77 93 54 80 91 - 82 91 - 80 93 51 47 47 51

P∗
R−work 47 20 16 93 95 24 22 0 30 93 27 32 95 99 44 93 99 41 95 20 24 19 19

P∗
R−free - 30 28 95 93 28 24 0 70 93 31 70 93 - 82 93 - 78 95 26 25 24 24

P∗→A R−work 48 34 31 94 99 39 36 49 0 95 51 25 96 100 44 96 100 41 97 47 51 43 47

P∗→A R−free - 18 18 78 86 16 18 20 0 75 19 35 78 - 53 80 - 51 82 16 11 12 13

P∗→B R−work 8 7 6 31 61 5 4 4 1 0 5 4 32 99 12 45 99 9 47 7 4 3 3

P∗→B R−free - 16 14 35 64 4 4 3 14 0 7 18 34 - 30 41 - 26 49 6 3 3 3

P R−work 43 14 14 93 93 21 19 22 29 89 0 30 93 99 43 92 99 39 93 17 17 16 16

P R−free - 30 29 91 93 27 26 31 72 88 0 72 91 - 80 90 - 78 92 27 26 26 24

P→A R−work 47 27 26 92 96 33 32 44 21 93 47 0 94 100 42 95 100 39 97 41 46 41 45

P→A R−free - 15 14 74 80 15 15 13 28 72 14 0 72 - 44 74 - 47 80 14 12 11 14

P→B R−work 5 5 5 34 59 5 3 2 2 23 2 2 0 99 9 40 99 5 43 5 3 2 3

P→B R−free - 12 11 39 59 5 5 3 13 33 5 18 0 - 34 46 - 27 48 7 4 5 3

S R−work 0 0 0 2 3 0 1 1 0 1 1 0 1 0 0 0 19 0 0 0 0 0 0

S R−free - - - - - - - - - - - - - - - - - - - - - - -
S→A R−work 32 21 19 94 98 24 25 36 16 85 41 20 85 100 0 93 100 20 95 34 34 32 31

S→A R−free - 8 7 61 64 11 14 9 22 64 13 22 61 - 0 59 - 26 61 9 8 9 9

S→B R−work 6 5 4 24 47 5 5 1 1 19 5 2 26 100 2 0 100 2 34 3 2 3 3

S→B R−free - 11 10 28 50 6 7 5 11 25 7 18 24 - 34 0 - 28 38 5 5 3 4

S∗
R−work 0 0 0 2 3 0 1 1 0 1 1 0 1 42 0 0 0 0 0 0 0 0 0

S∗
R−free - - - - - - - - - - - - - - - - - - - - - - -

S∗→A R−work 35 22 21 92 95 26 26 36 15 89 39 17 89 100 30 93 100 0 95 35 37 34 36

S∗→A R−free - 11 10 69 71 12 12 11 19 69 12 23 66 - 36 69 - 0 68 11 9 9 10

S∗→B R−work 4 2 2 23 45 4 3 3 2 18 4 3 20 100 1 25 100 2 0 4 2 3 2

S∗→B R−free - 7 7 24 52 5 5 3 10 24 5 13 24 - 30 31 - 24 0 5 4 3 3

S∗→P∗
R−work 48 18 14 93 94 24 18 24 32 91 30 34 92 100 42 94 100 42 93 0 19 18 18

S∗→P∗
R−free - 32 29 90 93 26 26 29 74 90 36 72 89 - 85 91 - 80 93 0 27 22 27

S∗→P R−work 47 20 18 93 95 20 18 24 32 92 28 34 93 100 43 92 100 41 93 16 0 17 16

S∗→P R−free - 32 27 93 94 26 26 31 69 91 34 74 93 - 81 92 - 80 93 28 0 26 25

S→P∗
R−work 48 22 20 93 96 24 20 24 31 93 34 33 93 100 45 94 100 42 95 22 27 0 20

S→P∗
R−free - 30 28 93 95 27 26 34 76 92 36 76 95 - 83 92 - 80 94 28 30 0 33

S→P R−work 46 20 18 93 96 26 21 25 30 93 31 35 94 100 41 93 100 42 94 20 22 16 0

S→P R−free - 31 29 93 95 32 27 32 70 92 38 74 93 - 84 94 - 78 95 27 24 27 0

1000
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Table 23. Comparison of R-work/R-free (rounded to two decimal places) for the models

generated from the original NO-NCS data sets. Each row shows the percentage of models that

a pipeline variant built with equal R-work or R-free to each other pipeline variant.
Pipeline variant A A→P∗ A→P A→B B B→P∗ B→P P∗ P∗→A P∗→B P P→A P→B S S→A S→B S∗ S∗→A S∗→B S∗→P∗ S∗→P S→P∗ S→P

A R−work 100 12 12 4 1 11 13 20 36 4 20 35 7 0 36 4 0 35 3 18 22 23 22

A R−free - - - - - - - - - - - - - - - - - - - - - - -
A→P∗

R−work 12 100 74 3 1 34 30 24 15 3 24 16 2 0 16 2 0 16 3 28 24 24 24

A→P∗
R−free - 100 51 6 2 24 18 20 7 5 18 9 4 - 3 3 - 3 5 18 16 18 15

A→P R−work 12 74 100 1 0 34 35 26 19 3 22 18 2 0 18 2 0 16 3 29 23 26 25

A→P R−free - 51 100 4 3 26 23 20 4 3 19 9 3 - 4 3 - 5 4 20 20 18 17

A→B R−work 4 3 1 100 25 1 3 4 4 40 3 5 34 1 1 32 1 4 32 1 3 3 3

A→B R−free - 6 4 100 21 3 4 3 10 33 4 12 31 - 9 30 - 6 30 5 3 3 3

B R−work 1 1 0 25 100 1 1 3 0 28 4 3 24 0 1 30 0 3 28 3 3 2 3

B R−free - 2 3 21 100 3 3 4 3 18 3 8 26 - 8 26 - 6 19 3 4 2 2

B→P∗
R−work 11 34 34 1 1 100 69 24 16 1 24 15 3 0 17 2 0 16 1 22 32 26 24

B→P∗
R−free - 24 26 3 3 100 43 22 5 2 23 4 3 - 5 2 - 7 3 24 28 27 18

B→P R−work 13 30 35 3 1 69 100 24 18 1 24 18 3 0 17 3 0 14 1 30 33 31 28

B→P R−free - 18 23 4 3 43 100 29 5 3 20 5 5 - 4 2 - 7 2 22 27 27 22

P∗
R−work 20 24 26 4 3 24 24 100 21 3 51 24 3 0 20 5 0 24 3 55 53 57 56

P∗
R−free - 20 20 3 4 22 29 100 10 5 38 18 3 - 9 3 - 10 3 45 44 43 44

P∗→A R−work 36 15 19 4 0 16 18 21 100 4 20 54 2 0 40 3 0 45 1 20 17 26 23

P∗→A R−free - 7 4 10 3 5 5 10 100 11 9 37 9 - 26 8 - 30 8 10 20 11 17

P∗→B R−work 4 3 3 40 28 1 1 3 4 100 6 3 45 0 3 36 0 2 34 2 4 4 3

P∗→B R−free - 5 3 33 18 2 3 5 11 100 5 10 32 - 5 34 - 5 27 4 6 5 5

P R−work 20 24 22 3 4 24 24 51 20 6 100 23 5 0 16 3 0 22 3 53 55 50 53

P R−free - 18 19 4 3 23 20 38 9 5 100 14 4 - 7 3 - 9 3 36 40 39 38

P→A R−work 35 16 18 5 3 15 18 24 54 3 23 100 4 0 38 3 0 44 1 24 20 26 20

P→A R−free - 9 9 12 8 4 5 18 37 10 14 100 9 - 34 9 - 30 7 15 14 13 12

P→B R−work 7 2 2 34 24 3 3 3 2 45 5 4 100 0 5 34 0 6 38 3 5 5 3

P→B R−free - 4 3 31 26 3 5 3 9 32 4 9 100 - 5 30 - 7 28 3 3 0 3

S R−work 0 0 0 1 0 0 0 0 0 0 0 0 0 100 0 0 39 0 0 0 0 0 0

S R−free - - - - - - - - - - - - - - - - - - - - - - -
S→A R−work 36 16 18 1 1 17 17 20 40 3 16 38 5 0 100 5 0 49 3 24 24 24 28

S→A R−free - 3 4 9 8 5 4 9 26 5 7 34 5 - 100 7 - 39 9 5 11 8 7

S→B R−work 4 2 2 32 30 2 3 5 3 36 3 3 34 0 5 100 0 5 41 3 6 3 4

S→B R−free - 3 3 30 26 2 2 3 8 34 3 9 30 - 7 100 - 3 31 3 3 5 2

S∗
R−work 0 0 0 1 0 0 0 0 0 0 0 0 0 39 0 0 100 0 0 0 0 0 0

S∗
R−free - - - - - - - - - - - - - - - - - - - - - - -

S∗→A R−work 35 16 16 4 3 16 14 24 45 2 22 44 6 0 49 5 0 100 3 23 22 24 22

S∗→A R−free - 3 5 6 6 7 7 10 30 5 9 30 7 - 39 3 - 100 7 9 11 10 12

S∗→B R−work 3 3 3 32 28 1 1 3 1 34 3 1 38 0 3 41 0 3 100 3 5 3 4

S∗→B R−free - 5 4 30 19 3 2 3 8 27 3 7 28 - 9 31 - 7 100 1 3 3 3

S∗→P∗
R−work 18 28 29 1 3 22 30 55 20 2 53 24 3 0 24 3 0 23 3 100 65 60 62

S∗→P∗
R−free - 18 20 5 3 24 22 45 10 4 36 15 3 - 5 3 - 9 1 100 45 50 46

S∗→P R−work 22 24 23 3 3 32 33 53 17 4 55 20 5 0 24 6 0 22 5 65 100 56 62

S∗→P R−free - 16 20 3 4 28 27 44 20 6 40 14 3 - 11 3 - 11 3 45 100 44 51

S→P∗
R−work 23 24 26 3 2 26 31 57 26 4 50 26 5 0 24 3 0 24 3 60 56 100 64

S→P∗
R−free - 18 18 3 2 27 27 43 11 5 39 13 0 - 8 5 - 10 3 50 44 100 40

S→P R−work 22 24 25 3 3 24 28 56 23 3 53 20 3 0 28 4 0 22 4 62 62 64 100

S→P R−free - 15 17 3 2 18 22 44 17 5 38 12 3 - 7 2 - 12 3 46 51 40 100

1000
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Table 24. Comparison of R-work/R-free (rounded to two decimal places) for the models

generated from the original NO-NCS data sets. Each row shows the percentage of models that

a pipeline variant built with R-work or R-free between 1% and 4% lower than each other

pipeline variant.
Pipeline variant A A→P∗ A→P A→B B B→P∗ B→P P∗ P∗→A P∗→B P P→A P→B S S→A S→B S∗ S∗→A S∗→B S∗→P∗ S∗→P S→P∗ S→P

A R−work 0 18 18 51 42 24 22 29 16 59 30 15 53 0 22 45 0 23 51 30 28 27 30

A R−free - - - - - - - - - - - - - - - - - - - - - - -
A→P∗

R−work 58 0 12 38 32 29 30 53 48 44 59 53 39 0 54 36 0 57 35 53 55 53 54

A→P∗
R−free - 0 26 37 30 29 31 49 65 34 51 66 39 - 61 33 - 64 34 48 50 50 51

A→P R−work 57 14 0 36 32 30 29 55 47 44 61 53 39 0 53 37 0 56 38 55 57 54 55

A→P R−free - 22 0 36 32 31 32 51 70 41 49 66 42 - 59 32 - 64 36 49 51 52 52

A→B R−work 6 2 3 0 48 5 3 3 2 24 3 3 28 3 5 33 3 3 39 5 3 3 3

A→B R−free - 3 4 0 47 5 4 2 9 29 4 13 26 - 13 32 - 11 39 5 3 3 3

B R−work 5 1 1 11 0 2 2 3 1 7 2 1 14 2 1 20 3 1 23 3 1 2 1

B R−free - 3 3 15 0 3 3 3 9 14 4 11 9 - 9 21 - 9 26 3 1 3 2

B→P∗
R−work 56 28 29 41 35 0 14 49 44 52 50 48 41 0 49 37 0 53 39 53 46 49 49

B→P∗
R−free - 31 27 41 30 0 26 47 66 51 47 66 42 - 57 36 - 57 36 48 44 45 48

B→P R−work 55 32 28 42 32 17 0 51 43 52 54 47 43 0 49 36 0 54 38 49 47 48 50

B→P R−free - 35 28 39 30 30 0 43 63 52 50 61 42 - 52 36 - 53 37 49 45 47 49

P∗
R−work 42 16 13 54 41 22 19 0 28 59 25 29 53 0 34 49 0 34 49 19 23 18 18

P∗
R−free - 19 18 53 36 25 20 0 61 58 29 58 51 - 56 48 - 55 49 25 24 23 23

P∗→A R−work 42 24 23 47 39 33 31 43 0 53 43 20 49 0 30 48 0 31 46 40 45 39 42

P∗→A R−free - 10 9 53 49 15 16 18 0 57 16 32 57 - 32 53 - 35 55 15 11 11 12

P∗→B R−work 7 6 5 17 43 5 4 4 1 0 4 3 28 1 9 28 1 7 34 6 3 3 3

P∗→B R−free - 9 7 21 46 4 4 3 14 0 5 16 29 - 11 26 - 10 35 6 3 3 2

P R−work 39 11 13 55 39 18 16 21 28 55 0 29 53 0 36 49 1 35 48 14 16 16 15

P R−free - 22 20 50 35 23 22 30 64 55 0 63 51 - 56 48 - 57 48 24 25 25 23

P→A R−work 43 18 18 47 38 28 26 39 19 56 41 0 52 0 29 48 0 30 49 34 41 37 41

P→A R−free - 7 5 49 45 12 12 12 27 51 12 0 55 - 24 50 - 32 54 11 11 10 14

P→B R−work 5 5 5 22 39 5 3 2 2 19 1 2 0 2 8 26 2 4 30 5 3 2 3

P→B R−free - 7 5 27 41 5 5 3 9 30 5 16 0 - 13 32 - 9 37 7 4 5 3

S R−work 0 0 0 1 1 0 1 0 0 0 1 0 0 0 0 0 19 0 0 0 0 0 0

S R−free - - - - - - - - - - - - - - - - - - - - - - -
S→A R−work 27 16 15 53 47 22 22 36 14 55 39 17 50 0 0 47 0 20 53 33 32 30 30

S→A R−free - 4 3 47 42 9 11 9 22 49 11 20 50 - 0 43 - 26 47 9 7 8 9

S→B R−work 6 4 3 15 38 5 4 1 1 14 3 2 22 2 2 0 3 1 32 3 2 3 3

S→B R−free - 7 5 19 41 6 6 4 9 20 5 15 18 - 15 0 - 14 35 5 5 3 3

S∗
R−work 0 0 0 1 1 0 1 1 0 0 1 0 0 41 0 0 0 0 0 0 0 0 0

S∗
R−free - - - - - - - - - - - - - - - - - - - - - - -

S∗→A R−work 31 18 18 50 43 23 23 34 14 59 35 13 52 0 28 47 0 0 48 32 36 32 35

S∗→A R−free - 7 5 52 44 10 9 11 19 51 11 21 49 - 30 51 - 0 51 11 8 9 9

S∗→B R−work 4 1 1 15 34 4 3 2 2 15 3 3 14 1 1 18 1 2 0 4 1 3 1

S∗→B R−free - 3 3 16 41 5 5 2 9 22 3 10 18 - 13 25 - 12 0 5 3 3 2

S∗→P∗
R−work 43 13 11 51 39 21 15 22 30 56 27 31 47 0 33 48 0 35 44 0 18 18 18

S∗→P∗
R−free - 22 18 44 38 22 22 27 64 55 34 61 45 - 61 45 - 57 44 0 26 22 26

S∗→P R−work 43 15 14 53 40 18 15 22 31 57 25 32 47 0 33 46 0 35 45 16 0 17 16

S∗→P R−free - 22 16 45 35 22 22 29 58 55 32 63 47 - 55 43 - 55 41 28 0 26 25

S→P∗
R−work 44 16 16 53 40 21 17 22 30 59 31 30 50 0 35 48 0 36 47 20 26 0 19

S→P∗
R−free - 18 16 51 37 24 20 32 66 55 33 62 51 - 58 45 - 57 46 27 29 0 32

S→P R−work 42 14 14 53 43 23 18 23 29 58 28 32 51 0 32 48 0 36 47 19 22 16 0

S→P R−free - 20 17 47 37 30 23 30 59 57 35 64 49 - 58 45 - 55 44 26 24 27 0

700
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Table 25. Comparison of R-work/R-free (rounded to two decimal places) for the models

generated from the original NO-NCS data sets. Each row shows the percentage of models that

a pipeline variant built with R-work or R-free at least 5% lower than each other pipeline

variant.
Pipeline variant A A→P∗ A→P A→B B B→P∗ B→P P∗ P∗→A P∗→B P P→A P→B S S→A S→B S∗ S∗→A S∗→B S∗→P∗ S∗→P S→P∗ S→P

A R−work 0 7 6 39 52 3 5 5 1 28 7 3 34 100 10 45 100 7 43 4 3 2 2

A R−free - - - - - - - - - - - - - - - - - - - - - - -
A→P∗

R−work 5 0 0 57 67 3 4 3 3 47 3 3 53 100 9 57 100 5 59 2 2 1 2

A→P∗
R−free - 0 0 51 63 4 5 1 10 45 2 10 45 - 27 53 - 23 53 2 2 1 3

A→P R−work 6 1 0 59 67 3 4 3 3 47 2 3 54 100 9 57 100 7 57 2 2 1 1

A→P R−free - 1 0 53 60 4 5 1 8 43 3 11 45 - 29 54 - 22 53 2 2 1 2

A→B R−work 0 0 0 0 10 0 0 0 0 5 1 0 4 95 0 10 94 1 7 0 1 0 1

A→B R−free - 3 3 0 11 0 0 0 2 3 1 1 4 - 17 9 - 14 7 0 1 0 1

B R−work 0 0 0 5 0 0 0 0 0 4 1 0 3 95 0 3 94 1 3 0 1 0 1

B R−free - 2 1 5 0 0 0 0 1 5 1 1 5 - 18 3 - 14 3 0 1 0 1

B→P∗
R−work 5 5 3 53 62 0 1 3 2 42 5 4 52 100 9 55 100 5 56 2 2 1 1

B→P∗
R−free - 11 11 52 64 0 1 3 13 43 3 16 49 - 28 56 - 24 57 3 1 1 1

B→P R−work 6 4 3 52 66 0 0 3 3 43 3 4 51 99 9 56 99 5 57 2 3 1 1

B→P R−free - 11 12 53 65 0 0 4 14 41 4 18 49 - 30 55 - 27 55 3 2 1 3

P∗
R−work 5 4 3 39 54 3 3 0 1 34 2 3 42 99 9 44 99 6 45 1 1 1 1

P∗
R−free - 11 10 41 57 3 4 0 9 34 2 11 43 - 26 45 - 23 46 1 1 1 1

P∗→A R−work 6 10 8 47 59 5 5 6 0 42 8 5 47 100 14 48 100 9 51 7 5 5 5

P∗→A R−free - 8 9 26 37 1 3 1 0 18 3 3 20 - 21 27 - 16 26 1 1 1 1

P∗→B R−work 1 1 1 14 18 0 0 0 0 0 1 1 4 99 3 16 99 2 14 1 1 0 1

P∗→B R−free - 6 6 14 18 0 0 0 1 0 1 3 5 - 19 16 - 16 14 0 1 0 1

P R−work 4 3 1 38 55 3 3 1 1 34 0 1 40 99 7 43 98 4 45 3 1 1 1

P R−free - 8 9 41 57 4 4 1 8 33 0 9 40 - 24 42 - 21 44 3 1 1 1

P→A R−work 4 9 7 45 58 5 6 5 2 36 6 0 42 100 13 47 100 9 47 7 5 3 3

P→A R−free - 8 9 25 34 3 3 1 1 21 2 0 17 - 20 24 - 16 26 2 1 1 1

P→B R−work 0 0 0 12 20 0 0 0 0 4 1 0 0 97 1 14 97 1 12 0 0 0 0

P→B R−free - 5 5 11 18 0 0 0 4 3 1 3 0 - 21 14 - 18 11 0 0 0 0

S R−work 0 0 0 1 1 0 0 1 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0

S R−free - - - - - - - - - - - - - - - - - - - - - - -
S→A R−work 5 5 4 41 51 3 3 1 3 30 2 3 35 100 0 46 100 1 43 1 1 1 1

S→A R−free - 4 5 14 22 1 2 1 0 16 1 2 11 - 0 17 - 0 14 1 1 1 1

S→B R−work 0 1 1 9 9 0 1 1 0 5 1 0 5 98 0 0 97 1 3 0 0 0 0

S→B R−free - 4 5 9 9 0 1 1 3 5 1 3 7 - 19 0 - 15 3 0 0 0 1

S∗
R−work 0 0 0 1 1 0 0 0 0 1 1 0 1 1 0 0 0 0 0 0 0 0 0

S∗
R−free - - - - - - - - - - - - - - - - - - - - - - -

S∗→A R−work 4 4 3 42 53 3 3 2 1 30 3 4 36 100 3 45 100 0 47 3 1 1 1

S∗→A R−free - 4 5 17 27 2 3 1 0 18 1 2 17 - 6 18 - 0 18 1 1 1 1

S∗→B R−work 0 1 1 8 11 0 1 1 0 3 1 0 5 99 0 7 99 0 0 0 1 0 1

S∗→B R−free - 5 5 8 11 0 1 1 1 3 1 3 6 - 17 6 - 12 0 0 1 0 1

S∗→P∗
R−work 5 5 3 42 55 3 3 2 3 35 3 3 45 100 9 46 100 7 49 0 1 0 1

S∗→P∗
R−free - 11 11 46 55 3 5 2 9 35 3 11 45 - 24 47 - 22 49 0 1 0 1

S∗→P R−work 5 5 3 41 55 2 3 2 1 34 3 3 46 100 9 46 100 6 49 1 0 0 0

S∗→P R−free - 11 11 47 59 4 5 2 11 36 3 11 46 - 26 49 - 24 51 1 0 0 0

S→P∗
R−work 4 5 4 41 56 3 3 2 1 33 3 3 43 100 9 46 100 6 48 2 1 0 1

S→P∗
R−free - 12 12 43 57 3 5 1 10 36 3 14 44 - 25 47 - 23 48 1 1 0 1

S→P R−work 4 6 5 41 53 3 3 2 1 35 3 3 43 100 9 45 100 6 47 1 0 0 0

S→P R−free - 11 12 46 58 3 4 2 11 34 3 10 44 - 26 49 - 23 51 1 1 0 0

1000



22

Fig. 1. Mean protein model R-work for the NO-NCS data sets partitioned into classes
based on their resolution. The number of data sets in each class is indicated in
brackets under the graph.
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Appendix B
The Results of the Synthetic data sets without the Buccaneer

Development Data sets

Table 1. Complete and intermediate models produced by the 13 pipeline variants for the

synthetic-resolution data sets, where ‘(T)’ and ‘(C)’ denote intermediate models produced by

pipeline executions that timed out and crashed, respectively.
Pipeline variant HA-NCS MR-NCS NO-NCS

Complete Intermediate Failed Complete Intermediate Failed Complete Intermediate Failed

A 1008 1(T) 0(C) 0 1007 2(T) 0(C) 0 1008 1(T) 0(C) 0

A→P∗ 1006 2(T) 0(C) 1 1006 2(T) 0(C) 1 1007 2(T) 0(C) 0

A→B 1009 0(T) 0(C) 0 1009 0(T) 0(C) 0 1009 0(T) 0(C) 0

B 1009 0(T) 0(C) 0 1009 0(T) 0(C) 0 1009 0(T) 0(C) 0

B→P∗ 1003 1(T) 0(C) 5 1004 0(T) 0(C) 5 1005 0(T) 0(C) 4

P∗ 1002 7(T) 0(C) 0 1004 5(T) 0(C) 0 1001 8(T) 0(C) 0

P∗→A 1008 1(T) 0(C) 0 1009 0(T) 0(C) 0 1008 1(T) 0(C) 0

P∗→B 1009 0(T) 0(C) 0 1009 0(T) 0(C) 0 1009 0(T) 0(C) 0

A→P - - - - - - 1009 0(T) 0(C) 0

B→P - - - - - - 1003 2(T) 0(C) 4

P - - - - - - 1001 7(T) 0(C) 1

P→A - - - - - - 1002 6(T) 0(C) 1

P→B - - - - - - 1008 0(T) 0(C) 1

Models used in the comparison: 744 HA-NCS, 745 MR-NCS and 746 NO-NCS.

Table 2. Structure completeness comparison for the models generated from the synthetic

HA-NCS data sets. Each row corresponds to a pipeline variant, and shows the percentage

(rounded to the nearest integer) of models that the pipeline variant built with higher structure

completeness than each of the other pipeline variants.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B

A 0 1 1 1 0 2 28 1

A→P∗ 95 0 15 12 3 23 96 6

A→B 93 80 0 41 29 72 93 25

B 93 83 50 0 25 75 94 30

B→P∗ 98 95 66 69 0 86 99 45

P∗ 97 71 26 23 10 0 97 13

P∗→A 15 1 1 1 0 2 0 0

P∗→B 96 92 70 63 50 84 97 0

990
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Table 3. Structure completeness comparison for the models generated from the synthetic

HA-NCS data sets. Each row corresponds to a pipeline variant, and shows the percentage

(rounded to the nearest integer) of models that the pipeline variant built with equal structure

completeness to each of the other pipeline variants.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B

A 100 4 6 5 1 1 57 3

A→P∗ 4 100 5 5 2 6 3 2

A→B 6 5 100 9 5 3 6 5

B 5 5 9 100 6 2 5 7

B→P∗ 1 2 5 6 100 4 1 5

P∗ 1 6 3 2 4 100 1 3

P∗→A 57 3 6 5 1 1 100 3

P∗→B 3 2 5 7 5 3 3 100

1001

Table 4. Structure completeness comparison for the models generated from the synthetic

HA-NCS data sets. Each row corresponds to a pipeline variant, and shows the percentage

(rounded to the nearest integer) of models that the pipeline variant built with at least 5%

higher structure completeness than each of the other pipeline variants.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B

A 0 0 0 1 0 2 7 0

A→P∗ 77 0 6 5 1 14 78 2

A→B 82 73 0 28 22 68 83 17

B 84 77 36 0 14 69 85 20

B→P∗ 94 88 52 48 0 79 95 32

P∗ 92 47 18 16 4 0 93 7

P∗→A 2 0 0 0 0 1 0 0

P∗→B 92 87 55 50 39 79 92 0

950

Table 5. Structure completeness comparison for the models generated from the synthetic

HA-NCS data sets. Each row corresponds to a pipeline variant, and shows the percentage

(rounded to the nearest integer) of models that the pipeline variant built with between 1% and

4% higher structure completeness than each of the other pipeline variants.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B

A 0 1 1 1 0 0 21 0

A→P∗ 19 0 9 8 2 9 18 3

A→B 11 7 0 13 8 3 10 9

B 9 6 14 0 11 5 9 10

B→P∗ 4 6 13 21 0 8 4 13

P∗ 5 24 8 7 6 0 4 6

P∗→A 13 0 1 1 0 0 0 0

P∗→B 5 5 15 14 11 5 5 0

240
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Table 6. Comparison of R-work/R-free (rounded to two decimal places) for the models

generated from the synthetic HA-NCS data sets. Each row shows the percentage of models

that a pipeline variant built with lower R-work or R-free than each other pipeline variant.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B

A R−work 0 83 94 93 86 97 28 91

A R−free - - - - - - - -
A→P∗

R−work 13 0 89 89 71 99 3 85

A→P∗
R−free - 0 59 56 29 55 90 49

A→B R−work 5 8 0 36 7 34 2 22

A→B R−free - 36 0 42 10 36 79 29

B R−work 6 9 51 0 4 37 1 29

B R−free - 38 48 0 5 38 80 34

B→P∗
R−work 11 23 90 92 0 82 4 80

B→P∗
R−free - 67 87 91 0 76 97 77

P∗
R−work 2 0 62 59 11 0 0 49

P∗
R−free - 40 59 56 18 0 94 47

P∗→A R−work 60 95 97 98 93 100 0 97

P∗→A R−free - 7 16 16 2 5 0 10

P∗→B R−work 8 12 65 60 14 45 2 0

P∗→B R−free - 46 63 58 19 47 87 0

1000

Table 7. Comparison of R-work/R-free (rounded to two decimal places) for the models

generated from the synthetic HA-NCS data sets. Each row shows the percentage of models

that a pipeline variant built with equal R-work or R-free to each other pipeline variant.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B

A R−work 100 4 1 1 3 0 12 1

A R−free - - - - - - - -
A→P∗

R−work 4 100 3 2 6 0 2 3

A→P∗
R−free - 100 5 6 4 5 3 6

A→B R−work 1 3 100 13 3 5 1 13

A→B R−free - 5 100 9 4 5 4 8

B R−work 1 2 13 100 4 4 1 11

B R−free - 6 9 100 4 6 4 8

B→P∗
R−work 3 6 3 4 100 7 3 6

B→P∗
R−free - 4 4 4 100 6 1 4

P∗
R−work 0 0 5 4 7 100 0 6

P∗
R−free - 5 5 6 6 100 1 7

P∗→A R−work 12 2 1 1 3 0 100 1

P∗→A R−free - 3 4 4 1 1 100 2

P∗→B R−work 1 3 13 11 6 6 1 100

P∗→B R−free - 6 8 8 4 7 2 100

1000
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Table 8. Comparison of R-work/R-free (rounded to two decimal places) for the models

generated from the synthetic HA-NCS data sets. Each row shows the percentage of models

that a pipeline variant built with R-work or R-free at least 5% lower than each other pipeline

variant.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B

A R−work 0 53 85 85 71 93 3 82

A R−free - - - - - - - -
A→P∗

R−work 6 0 75 72 39 85 0 67

A→P∗
R−free - 0 38 36 16 32 78 29

A→B R−work 2 1 0 9 1 17 0 7

A→B R−free - 17 0 15 2 18 63 9

B R−work 2 1 13 0 0 20 0 8

B R−free - 19 17 0 1 19 66 12

B→P∗
R−work 4 4 70 67 0 45 0 51

B→P∗
R−free - 47 62 63 0 47 90 49

P∗
R−work 0 0 41 38 0 0 0 27

P∗
R−free - 22 37 34 4 0 84 24

P∗→A R−work 19 69 91 91 81 99 0 89

P∗→A R−free - 2 6 7 1 2 0 3

P∗→B R−work 2 2 26 23 2 25 0 0

P∗→B R−free - 26 28 26 5 25 73 0

990

Table 9. Comparison of R-work/R-free (rounded to two decimal places) for the models

generated from the synthetic HA-NCS data sets. Each row shows the percentage of models

that a pipeline variant built with R-work or R-free between 1% and 4% lower than each other

pipeline variant.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B

A R−work 0 29 9 8 14 4 25 9

A R−free - - - - - - - -
A→P∗

R−work 7 0 14 17 32 14 3 19

A→P∗
R−free - 0 21 20 13 23 12 19

A→B R−work 3 7 0 27 6 16 2 16

A→B R−free - 19 0 28 7 18 17 20

B R−work 4 8 37 0 4 17 1 21

B R−free - 19 31 0 4 19 14 22

B→P∗
R−work 7 19 20 25 0 37 3 30

B→P∗
R−free - 20 25 28 0 29 6 28

P∗
R−work 2 0 21 20 10 0 0 21

P∗
R−free - 18 22 22 15 0 10 23

P∗→A R−work 40 27 7 7 13 1 0 8

P∗→A R−free - 5 10 9 1 3 0 7

P∗→B R−work 6 10 39 38 12 20 2 0

P∗→B R−free - 20 35 32 14 22 14 0

400
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Table 10. Structure completeness comparison for the models generated from the synthetic

MR-NCS data sets. Each row corresponds to a pipeline variant, and shows the percentage

(rounded to the nearest integer) of models that the pipeline variant built with higher structure

completeness than each of the other pipeline variants.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B

A 0 1 1 1 0 2 30 1

A→P∗ 96 0 15 12 3 24 96 6

A→B 94 81 0 43 32 74 94 28

B 95 85 48 0 24 76 95 33

B→P∗ 99 95 65 69 0 86 99 48

P∗ 97 69 24 22 10 0 97 13

P∗→A 16 1 1 0 0 2 0 1

P∗→B 97 91 67 61 48 84 97 0

990

Table 11. Structure completeness comparison for the models generated from the synthetic

MR-NCS data sets. Each row corresponds to a pipeline variant, and shows the percentage

(rounded to the nearest integer) of models that the pipeline variant built with equal structure

completeness to each of the other pipeline variants.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B

A 100 3 6 5 1 1 54 2

A→P∗ 3 100 4 4 1 7 3 2

A→B 6 4 100 9 4 2 6 5

B 5 4 9 100 7 2 4 6

B→P∗ 1 1 4 7 100 4 1 4

P∗ 1 7 2 2 4 100 1 2

P∗→A 54 3 6 4 1 1 100 2

P∗→B 2 2 5 6 4 2 2 100

1001

Table 12. Structure completeness comparison for the models generated from the synthetic

MR-NCS data sets. Each row corresponds to a pipeline variant, and shows the percentage

(rounded to the nearest integer) of models that the pipeline variant built with at least 5%

higher structure completeness than each of the other pipeline variants.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B

A 0 0 0 0 0 2 7 0

A→P∗ 78 0 7 5 1 14 79 3

A→B 83 75 0 31 23 71 83 20

B 86 78 34 0 13 72 86 22

B→P∗ 94 89 51 46 0 79 95 33

P∗ 92 46 17 15 4 0 93 8

P∗→A 3 0 0 0 0 1 0 0

P∗→B 92 86 52 48 39 81 92 0

950
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Table 13. Structure completeness comparison for the models generated from the synthetic

MR-NCS data sets. Each row corresponds to a pipeline variant, and shows the percentage

(rounded to the nearest integer) of models that the pipeline variant built with between 1% and

4% higher structure completeness than each of the other pipeline variants.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B

A 0 0 1 0 0 0 24 0

A→P∗ 18 0 8 6 2 10 17 4

A→B 11 6 0 12 9 4 11 9

B 9 6 14 0 11 4 9 11

B→P∗ 5 6 13 23 0 8 4 15

P∗ 5 23 7 7 6 0 4 5

P∗→A 13 0 1 0 0 0 0 1

P∗→B 5 5 15 13 10 4 5 0

240

Table 14. Comparison of R-work/R-free (rounded to two decimal places) for the models

generated from the synthetic MR-NCS data sets. Each row shows the percentage of models

that a pipeline variant built with lower R-work or R-free than each other pipeline variant.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B

A R−work 0 83 93 93 85 98 30 92

A R−free - - - - - - - -
A→P∗

R−work 13 0 88 88 68 99 3 83

A→P∗
R−free - 0 58 56 28 55 90 49

A→B R−work 6 8 0 41 7 37 2 27

A→B R−free - 35 0 47 10 39 79 34

B R−work 5 9 46 0 4 40 1 32

B R−free - 38 44 0 6 40 81 34

B→P∗
R−work 11 25 90 92 0 83 4 81

B→P∗
R−free - 68 86 90 0 74 96 77

P∗
R−work 2 0 57 56 11 0 0 49

P∗
R−free - 40 57 54 19 0 95 44

P∗→A R−work 59 94 97 97 94 100 0 97

P∗→A R−free - 7 17 15 3 4 0 11

P∗→B R−work 7 13 60 59 14 45 1 0

P∗→B R−free - 47 59 58 17 46 86 0

1000
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Table 15. Comparison of R-work/R-free (rounded to two decimal places) for the models

generated from the synthetic MR-NCS data sets. Each row shows the percentage of models

that a pipeline variant built with equal R-work or R-free to each other pipeline variant.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B

A R−work 100 4 1 2 4 0 12 2

A R−free - - - - - - - -
A→P∗

R−work 4 100 3 3 7 1 3 4

A→P∗
R−free - 100 6 6 4 5 2 5

A→B R−work 1 3 100 13 4 6 1 13

A→B R−free - 6 100 9 4 4 4 8

B R−work 2 3 13 100 3 4 1 10

B R−free - 6 9 100 4 5 4 8

B→P∗
R−work 4 7 4 3 100 7 2 5

B→P∗
R−free - 4 4 4 100 7 1 5

P∗
R−work 0 1 6 4 7 100 0 6

P∗
R−free - 5 4 5 7 100 1 9

P∗→A R−work 12 3 1 1 2 0 100 1

P∗→A R−free - 2 4 4 1 1 100 3

P∗→B R−work 2 4 13 10 5 6 1 100

P∗→B R−free - 5 8 8 5 9 3 100

1000

Table 16. Comparison of R-work/R-free (rounded to two decimal places) for the models

generated from the synthetic MR-NCS data sets. Each row shows the percentage of models

that a pipeline variant built with R-work or R-free at least 5% lower than each other pipeline

variant.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B

A R−work 0 51 84 86 68 93 4 81

A R−free - - - - - - - -
A→P∗

R−work 5 0 73 71 39 85 0 65

A→P∗
R−free - 0 36 36 15 32 81 28

A→B R−work 2 1 0 10 1 19 0 9

A→B R−free - 18 0 16 3 20 65 11

B R−work 2 1 12 0 0 21 0 9

B R−free - 20 18 0 1 21 66 11

B→P∗
R−work 3 4 66 64 0 48 0 51

B→P∗
R−free - 48 59 60 0 47 90 46

P∗
R−work 0 0 38 37 1 0 0 26

P∗
R−free - 21 32 33 4 0 85 22

P∗→A R−work 19 68 90 91 79 99 0 88

P∗→A R−free - 2 7 6 1 1 0 3

P∗→B R−work 2 2 24 21 2 26 0 0

P∗→B R−free - 26 28 26 4 26 74 0

990
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Table 17. Comparison of R-work/R-free (rounded to two decimal places) for the models

generated from the synthetic MR-NCS data sets. Each row shows the percentage of models

that a pipeline variant built with R-work or R-free between 1% and 4% lower than each other

pipeline variant.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B

A R−work 0 32 9 8 17 4 26 11

A R−free - - - - - - - -
A→P∗

R−work 8 0 15 17 29 14 3 18

A→P∗
R−free - 0 22 20 12 23 10 21

A→B R−work 3 7 0 31 6 18 2 18

A→B R−free - 17 0 31 8 19 14 23

B R−work 4 8 33 0 4 18 1 23

B R−free - 18 26 0 5 19 15 23

B→P∗
R−work 8 21 24 29 0 34 4 30

B→P∗
R−free - 21 27 30 0 27 6 32

P∗
R−work 2 0 19 19 10 0 0 23

P∗
R−free - 18 25 21 15 0 10 22

P∗→A R−work 40 27 7 6 15 1 0 10

P∗→A R−free - 5 10 9 2 3 0 8

P∗→B R−work 4 11 36 37 11 19 1 0

P∗→B R−free - 21 31 32 13 21 13 0

400

Table 18. Structure completeness comparison for the models generated from the synthetic

NO-NCS data sets. Each row corresponds to a pipeline variant, and shows the percentage

(rounded to the nearest integer) of models that the pipeline variant built with higher structure

completeness than each of the other pipeline variants.
Pipeline variant A A→P∗ A→P A→B B B→P∗ B→P P∗ P∗→A P∗→B P P→A P→B

A 0 1 1 1 1 0 0 2 27 0 2 25 0

A→P∗ 95 0 40 20 16 3 3 22 96 6 22 96 7

A→P 96 50 0 25 20 4 4 20 96 8 21 96 8

A→B 92 74 71 0 40 27 24 65 92 24 65 93 25

B 94 79 76 50 0 23 20 68 94 27 69 95 29

B→P∗ 99 95 94 70 72 0 34 83 99 45 84 99 48

B→P 99 96 94 71 73 49 0 85 99 45 86 99 50

P∗ 97 72 73 32 29 12 11 0 97 16 43 98 16

P∗→A 16 1 0 1 1 0 0 2 0 0 2 19 1

P∗→B 97 91 88 71 68 51 50 81 97 0 81 98 50

P 97 74 74 33 28 11 10 46 97 16 0 97 17

P→A 14 1 1 0 1 0 0 1 18 0 1 0 0

P→B 97 89 88 69 65 47 46 81 97 45 81 97 0

990
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Table 19. Structure completeness comparison for the models generated from the synthetic

NO-NCS data sets. Each row corresponds to a pipeline variant, and shows the percentage

(rounded to the nearest integer) of models that the pipeline variant built with equal structure

completeness to each of the other pipeline variants.
Pipeline variant A A→P∗ A→P A→B B B→P∗ B→P P∗ P∗→A P∗→B P P→A P→B

A 100 4 3 7 5 1 1 1 57 3 1 61 3

A→P∗ 4 100 10 6 5 2 2 6 4 3 4 3 4

A→P 3 10 100 4 4 2 2 7 3 4 5 3 4

A→B 7 6 4 100 10 4 4 3 6 5 2 7 6

B 5 5 4 10 100 6 6 3 5 6 3 5 6

B→P∗ 1 2 2 4 6 100 17 5 1 4 5 1 5

B→P 1 2 2 4 6 17 100 4 1 4 4 1 4

P∗ 1 6 7 3 3 5 4 100 1 3 12 1 3

P∗→A 57 4 3 6 5 1 1 1 100 2 1 63 2

P∗→B 3 3 4 5 6 4 4 3 2 100 3 2 5

P 1 4 5 2 3 5 4 12 1 3 100 1 2

P→A 61 3 3 7 5 1 1 1 63 2 1 100 3

P→B 3 4 4 6 6 5 4 3 2 5 2 3 100

1001

Table 20. Structure completeness comparison for the models generated from the synthetic

NO-NCS data sets. Each row corresponds to a pipeline variant, and shows the percentage

(rounded to the nearest integer) of models that the pipeline variant built with at least 5%

higher structure completeness than each of the other pipeline variants.
Pipeline variant A A→P∗ A→P A→B B B→P∗ B→P P∗ P∗→A P∗→B P P→A P→B

A 0 1 0 0 1 0 0 2 6 0 2 6 0

A→P∗ 75 0 21 9 7 1 1 13 76 2 11 76 2

A→P 84 26 0 13 10 1 1 11 84 3 11 84 4

A→B 79 67 65 0 27 18 17 61 79 16 61 80 18

B 82 71 70 33 0 14 11 63 82 18 63 82 19

B→P∗ 94 88 85 55 53 0 11 74 95 31 75 94 34

B→P 94 88 86 59 55 16 0 76 94 33 75 94 36

P∗ 92 50 47 24 21 4 3 0 93 9 15 93 9

P∗→A 2 0 0 0 0 0 0 1 0 0 2 3 0

P∗→B 90 84 82 56 54 40 38 77 91 0 76 91 37

P 92 49 49 24 21 4 3 16 92 9 0 93 9

P→A 2 0 1 0 0 0 0 1 2 0 1 0 0

P→B 90 83 81 55 49 36 35 76 90 33 75 90 0

950
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Table 21. Structure completeness comparison for the models generated from the synthetic

NO-NCS data sets. Each row corresponds to a pipeline variant, and shows the percentage

(rounded to the nearest integer) of models that the pipeline variant built with between 1% and

4% higher structure completeness than each of the other pipeline variants.
Pipeline variant A A→P∗ A→P A→B B B→P∗ B→P P∗ P∗→A P∗→B P P→A P→B

A 0 0 0 1 1 0 0 0 21 0 0 18 0

A→P∗ 20 0 19 11 9 2 2 9 20 4 11 20 4

A→P 12 24 0 12 9 3 3 9 12 5 10 12 5

A→B 13 8 5 0 13 9 8 3 13 8 5 13 7

B 12 8 7 17 0 8 9 5 12 8 6 13 10

B→P∗ 5 7 9 14 18 0 23 9 4 14 9 4 14

B→P 5 8 8 13 18 33 0 9 5 13 11 5 14

P∗ 5 22 26 8 8 8 8 0 5 8 27 4 7

P∗→A 14 0 0 1 1 0 0 0 0 0 0 16 1

P∗→B 6 7 6 15 14 11 13 4 7 0 5 7 13

P 5 25 25 9 8 7 7 29 5 7 0 5 9

P→A 12 1 0 0 1 0 0 0 16 0 0 0 0

P→B 7 6 7 14 16 11 11 5 7 12 5 7 0

330
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Table 22. Comparison of R-work/R-free (rounded to two decimal places) for the models

generated from the synthetic NO-NCS data sets. Each row shows the percentage of models

that a pipeline variant built with lower R-work or R-free than each other pipeline variant.
Pipeline variant A A→P∗ A→P A→B B B→P∗ B→P P∗ P∗→A P∗→B P P→A P→B

A R−work 0 82 82 94 95 87 87 97 29 92 97 28 93

A R−free - - - - - - - - - - - - -
A→P∗

R−work 13 0 34 89 91 73 74 99 3 86 99 4 87

A→P∗
R−free - 0 42 63 62 30 29 54 89 53 52 92 55

A→P R−work 14 39 0 91 91 74 75 99 5 87 99 5 87

A→P R−free - 44 0 64 63 31 30 55 91 55 53 92 55

A→B R−work 5 7 7 0 40 6 6 30 1 22 29 2 26

A→B R−free - 31 30 0 46 8 7 32 75 31 31 78 31

B R−work 4 7 7 46 0 3 3 32 1 26 31 2 29

B R−free - 30 31 43 0 4 4 34 75 32 33 77 31

B→P∗
R−work 10 21 21 92 93 0 34 79 3 81 79 4 82

B→P∗
R−free - 66 64 88 92 0 41 73 95 80 73 97 82

B→P R−work 10 21 20 91 94 32 0 77 4 83 77 4 82

B→P R−free - 66 65 90 92 42 0 71 96 80 73 97 82

P∗
R−work 3 0 1 66 64 12 14 0 0 54 33 0 56

P∗
R−free - 41 41 65 62 21 21 0 94 53 41 95 52

P∗→A R−work 59 94 93 98 98 95 95 100 0 97 100 38 98

P∗→A R−free - 7 6 21 21 3 3 5 0 14 6 47 14

P∗→B R−work 6 11 9 66 65 13 13 40 2 0 39 2 48

P∗→B R−free - 42 40 62 62 16 15 40 83 0 40 84 49

P R−work 2 0 0 67 64 13 14 36 0 56 0 0 55

P R−free - 41 41 65 63 21 21 43 93 53 0 94 53

P→A R−work 59 94 94 98 98 95 95 100 38 98 100 0 97

P→A R−free - 6 6 18 19 2 2 4 41 12 5 0 13

P→B R−work 5 10 10 64 60 14 12 40 1 41 40 1 0

P→B R−free - 40 39 61 61 14 13 41 82 44 40 83 0

1000



34

Table 23. Comparison of R-work/R-free (rounded to two decimal places) for the models

generated from the synthetic NO-NCS data sets. Each row shows the percentage of models

that a pipeline variant built with equal R-work or R-free to each other pipeline variant.
Pipeline variant A A→P∗ A→P A→B B B→P∗ B→P P∗ P∗→A P∗→B P P→A P→B

A R−work 100 5 4 1 1 3 3 0 12 1 1 13 2

A R−free - - - - - - - - - - - - -
A→P∗

R−work 5 100 27 3 2 5 6 0 2 3 0 2 3

A→P∗
R−free - 100 14 6 8 4 5 5 3 5 7 2 5

A→P R−work 4 27 100 2 2 5 5 0 2 4 0 1 3

A→P R−free - 14 100 6 6 5 5 4 3 5 6 1 5

A→B R−work 1 3 2 100 14 3 3 4 1 12 4 1 10

A→B R−free - 6 6 100 11 3 3 3 5 7 4 4 8

B R−work 1 2 2 14 100 3 3 4 1 9 5 1 11

B R−free - 8 6 11 100 4 3 4 4 7 4 4 8

B→P∗
R−work 3 5 5 3 3 100 34 9 1 5 8 1 5

B→P∗
R−free - 4 5 3 4 100 17 7 2 4 6 1 5

B→P R−work 3 6 5 3 3 34 100 9 1 4 9 1 6

B→P R−free - 5 5 3 3 17 100 9 1 5 7 0 5

P∗
R−work 0 0 0 4 4 9 9 100 0 5 31 0 4

P∗
R−free - 5 4 3 4 7 9 100 1 7 16 1 8

P∗→A R−work 12 2 2 1 1 1 1 0 100 1 0 24 1

P∗→A R−free - 3 3 5 4 2 1 1 100 2 2 12 4

P∗→B R−work 1 3 4 12 9 5 4 5 1 100 5 1 11

P∗→B R−free - 5 5 7 7 4 5 7 2 100 7 3 7

P R−work 1 0 0 4 5 8 9 31 0 5 100 0 5

P R−free - 7 6 4 4 6 7 16 2 7 100 1 6

P→A R−work 13 2 1 1 1 1 1 0 24 1 0 100 1

P→A R−free - 2 1 4 4 1 0 1 12 3 1 100 4

P→B R−work 2 3 3 10 11 5 6 4 1 11 5 1 100

P→B R−free - 5 5 8 8 5 5 8 4 7 6 4 100

1000
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Table 24. Comparison of R-work/R-free (rounded to two decimal places) for the models

generated from the synthetic NO-NCS data sets. Each row shows the percentage of models

that a pipeline variant built with R-work or R-free at least 5% lower than each other pipeline

variant.
Pipeline variant A A→P∗ A→P A→B B B→P∗ B→P P∗ P∗→A P∗→B P P→A P→B

A R−work 0 54 53 86 88 73 72 93 4 84 92 4 84

A R−free - - - - - - - - - - - - -
A→P∗

R−work 5 0 0 77 77 44 44 85 1 69 83 1 71

A→P∗
R−free - 0 7 42 41 16 16 32 77 34 33 78 37

A→P R−work 5 1 0 77 76 47 45 88 1 70 86 1 71

A→P R−free - 10 0 43 42 18 16 33 79 36 34 80 38

A→B R−work 2 1 1 0 9 1 1 16 0 7 16 0 8

A→B R−free - 14 15 0 15 2 2 15 59 9 16 57 11

B R−work 2 1 1 12 0 0 0 16 0 6 16 0 8

B R−free - 15 14 16 0 1 1 16 59 10 15 60 11

B→P∗
R−work 3 3 3 71 72 0 1 40 0 54 40 1 58

B→P∗
R−free - 44 44 67 68 0 5 42 88 50 41 89 52

B→P R−work 4 4 3 72 70 1 0 41 0 55 40 1 57

B→P R−free - 45 43 68 67 5 0 43 89 51 43 90 53

P∗
R−work 0 0 0 48 47 1 1 0 0 32 1 0 36

P∗
R−free - 23 22 42 43 4 5 0 84 29 6 84 33

P∗→A R−work 19 68 67 91 92 83 82 99 0 90 99 5 90

P∗→A R−free - 2 1 9 8 1 1 2 0 5 2 12 5

P∗→B R−work 2 2 2 25 24 3 3 23 0 0 22 0 14

P∗→B R−free - 23 22 29 29 5 4 22 69 0 22 70 18

P R−work 1 0 0 49 47 0 1 1 0 33 0 0 34

P R−free - 22 21 43 43 5 5 7 84 29 0 84 31

P→A R−work 21 67 68 91 92 82 81 99 5 90 99 0 91

P→A R−free - 3 2 7 6 1 1 1 9 4 1 0 5

P→B R−work 3 2 1 26 24 2 2 21 0 12 19 0 0

P→B R−free - 22 21 28 27 3 3 19 67 15 19 69 0

990
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Table 25. Comparison of R-work/R-free (rounded to two decimal places) for the models

generated from the synthetic NO-NCS data sets. Each row shows the percentage of models

that a pipeline variant built with R-work or R-free between 1% and 4% lower than each other

pipeline variant.
Pipeline variant A A→P∗ A→P A→B B B→P∗ B→P P∗ P∗→A P∗→B P P→A P→B

A R−work 0 28 29 8 7 14 15 4 26 9 5 24 9

A R−free - - - - - - - - - - - - -
A→P∗

R−work 8 0 34 12 14 29 29 15 3 17 16 4 16

A→P∗
R−free - 0 35 21 21 14 13 22 12 19 19 14 18

A→P R−work 9 38 0 14 16 27 29 11 4 17 13 4 16

A→P R−free - 34 0 21 21 13 14 23 12 18 20 12 18

A→B R−work 3 6 6 0 31 5 5 14 1 16 13 1 18

A→B R−free - 17 15 0 32 6 5 16 16 22 16 21 20

B R−work 3 6 6 34 0 3 3 16 1 19 16 1 22

B R−free - 15 17 26 0 3 3 18 16 22 18 17 20

B→P∗
R−work 7 18 18 20 22 0 33 39 3 27 40 3 24

B→P∗
R−free - 21 20 22 23 0 36 31 7 30 31 8 30

B→P R−work 6 17 17 19 24 32 0 36 3 28 37 3 25

B→P R−free - 21 21 22 25 36 0 27 7 29 30 7 29

P∗
R−work 2 0 1 18 17 11 13 0 0 22 32 0 20

P∗
R−free - 17 19 23 19 16 15 0 10 24 34 10 19

P∗→A R−work 40 26 26 7 6 12 13 1 0 7 1 33 7

P∗→A R−free - 5 5 12 13 2 2 3 0 10 4 35 9

P∗→B R−work 4 8 8 41 41 10 10 18 2 0 17 1 34

P∗→B R−free - 19 18 33 33 11 12 18 14 0 18 14 31

P R−work 1 0 0 18 17 12 13 35 0 23 0 0 20

P R−free - 19 20 22 20 16 16 36 9 24 0 10 22

P→A R−work 38 27 26 7 5 13 14 1 34 8 1 0 7

P→A R−free - 3 5 11 13 1 2 3 32 8 4 0 8

P→B R−work 2 8 8 38 36 11 10 20 1 29 21 1 0

P→B R−free - 18 18 33 34 11 10 22 15 29 21 15 0

410
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Appendix C
The Results of the Original data sets Used in Buccaneer

Development

Table 1. Complete and intermediate models produced by the 23 pipeline variants for the 52

original data sets, where (T) and (C) denote intermediate models produced by pipeline

executions that timed out and crashed, respectively.
Pipeline variant HA-NCS MR-NCS NO-NCS

Complete Intermediate Failed Complete Intermediate Failed Complete Intermediate Failed

A 52 0(T) 0(C) 0 52 0(T) 0(C) 0 52 0(T) 0(C) 0

A→P∗ 51 1(T) 0(C) 0 52 0(T) 0(C) 0 52 0(T) 0(C) 0

A→B 52 0(T) 0(C) 0 52 0(T) 0(C) 0 52 0(T) 0(C) 0

B 52 0(T) 0(C) 0 52 0(T) 0(C) 0 52 0(T) 0(C) 0

B→P∗ 51 0(T) 0(C) 1 51 0(T) 0(C) 1 50 1(T) 0(C) 1

P∗ 51 1(T) 0(C) 0 52 0(T) 0(C) 0 52 0(T) 0(C) 0

P∗→A 52 0(T) 0(C) 0 52 0(T) 0(C) 0 52 0(T) 0(C) 0

P∗→B 52 0(T) 0(C) 0 52 0(T) 0(C) 0 52 0(T) 0(C) 0

S∗ 52 0(T) 0(C) 0 52 0(T) 0(C) 0 52 0(T) 0(C) 0

S∗→A 52 0(T) 0(C) 0 52 0(T) 0(C) 0 52 0(T) 0(C) 0

S∗→B 52 0(T) 0(C) 0 52 0(T) 0(C) 0 52 0(T) 0(C) 0

S∗→P∗ 52 0(T) 0(C) 0 51 1(T) 0(C) 0 52 0(T) 0(C) 0

A→P - - - - - - 52 0(T) 0(C) 0

B→P - - - - - - 51 0(T) 0(C) 1

P - - - - - - 52 0(T) 0(C) 0

P→A - - - - - - 52 0(T) 0(C) 0

P→B - - - - - - 52 0(T) 0(C) 0

S - - - - - - 52 0(T) 0(C) 0

S→A - - - - - - 52 0(T) 0(C) 0

S→B - - - - - - 52 0(T) 0(C) 0

S∗→P - - - - - - 52 0(T) 0(C) 0

S→P∗ - - - - - - 52 0(T) 0(C) 0

S→P - - - - - - 52 0(T) 0(C) 0

Models used in the comparison: 51 HA-NCS, 51 MR-NCS and 51 NO-NCS.
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Table 2. Structure completeness comparison for the models generated from the 52 original

HA-NCS data sets. Each row corresponds to a pipeline variant, and shows the percentage

(rounded to the nearest integer) of models that the pipeline variant built with higher structure

completeness than each of the other pipeline variants.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B S∗ S∗→A S∗→B S∗→P∗

A 0 20 18 27 24 29 35 14 71 53 29 35

A→P∗ 63 0 22 47 33 45 61 14 94 71 39 57

A→B 69 67 0 57 45 69 73 31 92 80 61 71

B 59 43 31 0 20 43 49 22 90 69 41 55

B→P∗ 61 53 41 67 0 63 55 29 94 75 49 75

P∗ 57 29 27 45 25 0 47 14 82 65 39 45

P∗→A 45 14 20 37 27 35 0 12 82 61 27 49

P∗→B 80 67 45 71 55 76 76 0 96 80 65 82

S∗ 25 2 8 8 2 10 14 4 0 41 6 8

S∗→A 20 12 14 18 16 29 20 12 55 0 14 29

S∗→B 59 45 25 47 31 51 51 22 94 75 0 55

S∗→P∗ 51 31 25 43 16 29 39 18 86 65 35 0

960

Table 3. Structure completeness comparison for the models generated from the 52 original

HA-NCS data sets. Each row corresponds to a pipeline variant, and shows the percentage

(rounded to the nearest integer) of models that the pipeline variant built with equal structure

completeness to each of the other pipeline variants.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B S∗ S∗→A S∗→B S∗→P∗

A 100 18 14 14 16 14 20 6 4 27 12 14

A→P∗ 18 100 12 10 14 25 25 20 4 18 16 12

A→B 14 12 100 12 14 4 8 24 0 6 14 4

B 14 10 12 100 14 12 14 8 2 14 12 2

B→P∗ 16 14 14 14 100 12 18 16 4 10 20 10

P∗ 14 25 4 12 12 100 18 10 8 6 10 25

P∗→A 20 25 8 14 18 18 100 12 4 20 22 12

P∗→B 6 20 24 8 16 10 12 100 0 8 14 0

S∗ 4 4 0 2 4 8 4 0 100 4 0 6

S∗→A 27 18 6 14 10 6 20 8 4 100 12 6

S∗→B 12 16 14 12 20 10 22 14 0 12 100 10

S∗→P∗ 14 12 4 2 10 25 12 0 6 6 10 100

1000
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Table 4. Structure completeness comparison for the models generated from the 52 original

HA-NCS data sets. Each row corresponds to a pipeline variant, and shows the percentage

(rounded to the nearest integer) of models that the pipeline variant built with at least 5%

higher structure completeness than each of the other pipeline variants.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B S∗ S∗→A S∗→B S∗→P∗

A 0 0 10 14 10 14 12 10 57 33 6 14

A→P∗ 35 0 14 25 12 12 27 10 78 43 18 25

A→B 29 18 0 22 16 29 29 12 75 49 24 33

B 35 18 18 0 12 22 25 10 75 43 14 24

B→P∗ 41 25 22 29 0 25 31 16 75 47 25 33

P∗ 29 14 20 22 8 0 25 10 69 39 22 16

P∗→A 20 4 14 24 8 14 0 6 69 37 12 25

P∗→B 37 29 22 27 22 37 37 0 80 49 31 43

S∗ 16 0 4 2 0 8 8 4 0 35 4 4

S∗→A 10 0 6 4 6 8 6 6 41 0 4 14

S∗→B 35 18 10 16 10 20 25 12 80 43 0 31

S∗→P∗ 33 12 16 22 10 14 24 10 73 43 16 0

800

Table 5. Structure completeness comparison for the models generated from the 52 original

HA-NCS data sets. Each row corresponds to a pipeline variant, and shows the percentage

(rounded to the nearest integer) of models that the pipeline variant built with between 1% and

4% higher structure completeness than each of the other pipeline variants.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B S∗ S∗→A S∗→B S∗→P∗

A 0 20 8 14 14 16 24 4 14 20 24 22

A→P∗ 27 0 8 22 22 33 33 4 16 27 22 31

A→B 39 49 0 35 29 39 43 20 18 31 37 37

B 24 25 14 0 8 22 24 12 16 25 27 31

B→P∗ 20 27 20 37 0 37 24 14 20 27 24 41

P∗ 27 16 8 24 18 0 22 4 14 25 18 29

P∗→A 25 10 6 14 20 22 0 6 14 24 16 24

P∗→B 43 37 24 43 33 39 39 0 16 31 33 39

S∗ 10 2 4 6 2 2 6 0 0 6 2 4

S∗→A 10 12 8 14 10 22 14 6 14 0 10 16

S∗→B 24 27 16 31 22 31 25 10 14 31 0 24

S∗→P∗ 18 20 10 22 6 16 16 8 14 22 20 0

490
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Table 6. Comparison of R-work/R-free (rounded to two decimal places) for the models

generated from the 52 original HA-NCS data sets. Each row shows the percentage of models

that a pipeline variant built with lower R-work or R-free than each other pipeline variant.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B S∗ S∗→A S∗→B S∗→P∗

A R−work 0 25 92 96 39 51 31 86 100 49 94 47

A R−free - - - - - - - - - - - -
A→P∗

R−work 57 0 98 98 51 73 51 92 100 71 100 76

A→P∗
R−free - 0 86 90 43 61 80 82 - 90 92 63

A→B R−work 4 2 0 53 2 6 4 25 98 4 53 4

A→B R−free - 12 0 47 4 6 24 24 - 45 53 4

B R−work 2 0 22 0 0 0 2 12 100 2 27 2

B R−free - 8 29 0 2 6 14 25 - 43 37 6

B→P∗
R−work 41 27 86 98 0 45 39 90 100 57 96 57

B→P∗
R−free - 43 90 96 0 47 69 86 - 76 94 53

P∗
R−work 35 12 86 98 18 0 27 88 100 45 96 31

P∗
R−free - 24 92 90 31 0 67 84 - 82 98 35

P∗→A R−work 43 31 96 96 45 57 0 94 100 51 98 59

P∗→A R−free - 6 73 76 20 18 0 69 - 61 73 16

P∗→B R−work 8 6 37 61 4 8 4 0 100 18 55 6

P∗→B R−free - 12 41 61 8 12 24 0 - 45 55 14

S∗
R−work 0 0 0 0 0 0 0 0 0 0 0 0

S∗
R−free - - - - - - - - - - - -

S∗→A R−work 27 16 94 92 29 41 20 80 100 0 96 35

S∗→A R−free - 4 51 55 8 8 18 51 - 0 53 12

S∗→B R−work 2 0 22 37 0 2 2 18 100 2 0 0

S∗→B R−free - 6 29 45 0 2 20 22 - 43 0 2

S∗→P∗
R−work 29 10 92 96 16 22 25 86 100 37 94 0

S∗→P∗
R−free - 22 94 94 22 22 65 82 - 78 94 0

1000
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Table 7. Comparison of R-work/R-free (rounded to two decimal places) for the models

generated from the 52 original HA-NCS data sets. Each row shows the percentage of models

that a pipeline variant built with equal R-work or R-free to each other pipeline variant.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B S∗ S∗→A S∗→B S∗→P∗

A R−work 100 18 4 2 20 14 25 6 0 24 4 24

A R−free - - - - - - - - - - - -
A→P∗

R−work 18 100 0 2 22 16 18 2 0 14 0 14

A→P∗
R−free - 100 2 2 14 16 14 6 - 6 2 16

A→B R−work 4 0 100 25 12 8 0 37 2 2 25 4

A→B R−free - 2 100 24 6 2 4 35 - 4 18 2

B R−work 2 2 25 100 2 2 2 27 0 6 35 2

B R−free - 2 24 100 2 4 10 14 - 2 18 0

B→P∗
R−work 20 22 12 2 100 37 16 6 0 14 4 27

B→P∗
R−free - 14 6 2 100 22 12 6 - 16 6 25

P∗
R−work 14 16 8 2 37 100 16 4 0 14 2 47

P∗
R−free - 16 2 4 22 100 16 4 - 10 0 43

P∗→A R−work 25 18 0 2 16 16 100 2 0 29 0 16

P∗→A R−free - 14 4 10 12 16 100 8 - 22 8 20

P∗→B R−work 6 2 37 27 6 4 2 100 0 2 27 8

P∗→B R−free - 6 35 14 6 4 8 100 - 4 24 4

S∗
R−work 0 0 2 0 0 0 0 0 100 0 0 0

S∗
R−free - - - - - - - - - - - -

S∗→A R−work 24 14 2 6 14 14 29 2 0 100 2 27

S∗→A R−free - 6 4 2 16 10 22 4 - 100 4 10

S∗→B R−work 4 0 25 35 4 2 0 27 0 2 100 6

S∗→B R−free - 2 18 18 6 0 8 24 - 4 100 4

S∗→P∗
R−work 24 14 4 2 27 47 16 8 0 27 6 100

S∗→P∗
R−free - 16 2 0 25 43 20 4 - 10 4 100

1000
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Table 8. Comparison of R-work/R-free (rounded to two decimal places) for the models

generated from the 52 original HA-NCS data sets. Each row shows the percentage of models

that a pipeline variant built with R-work or R-free at least 5% lower than each other pipeline

variant.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B S∗ S∗→A S∗→B S∗→P∗

A R−work 0 14 53 59 10 12 4 41 100 22 55 14

A R−free - - - - - - - - - - - -
A→P∗

R−work 2 0 57 67 0 6 4 49 100 16 71 4

A→P∗
R−free - 0 45 61 0 4 20 39 - 49 59 0

A→B R−work 0 0 0 12 0 2 0 10 96 2 6 0

A→B R−free - 2 0 10 0 2 8 8 - 33 4 0

B R−work 0 0 6 0 0 0 0 6 96 2 4 0

B R−free - 2 8 0 0 0 6 4 - 31 4 0

B→P∗
R−work 4 4 51 61 0 4 6 45 100 16 59 2

B→P∗
R−free - 6 53 63 0 2 22 41 - 39 59 2

P∗
R−work 4 4 39 49 0 0 2 22 100 12 49 0

P∗
R−free - 6 39 51 0 0 16 27 - 43 49 2

P∗→A R−work 4 12 47 61 12 14 0 43 100 18 53 14

P∗→A R−free - 4 18 31 0 0 0 18 - 31 29 0

P∗→B R−work 2 2 16 22 0 0 0 0 100 6 20 0

P∗→B R−free - 6 14 22 0 0 10 0 - 37 18 0

S∗
R−work 0 0 0 0 0 0 0 0 0 0 0 0

S∗
R−free - - - - - - - - - - - -

S∗→A R−work 2 0 35 51 0 4 2 29 100 0 49 4

S∗→A R−free - 0 12 20 0 0 0 10 - 0 16 0

S∗→B R−work 0 0 6 4 0 2 0 6 96 2 0 0

S∗→B R−free - 0 4 6 0 2 8 6 - 29 0 0

S∗→P∗
R−work 4 4 41 53 0 2 2 25 100 12 49 0

S∗→P∗
R−free - 8 37 53 0 4 14 25 - 39 43 0

1000
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Table 9. Comparison of R-work/R-free (rounded to two decimal places) for the models

generated from the 52 original HA-NCS data sets. Each row shows the percentage of models

that a pipeline variant built with R-work or R-free between 1% and 4% lower than each other

pipeline variant.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B S∗ S∗→A S∗→B S∗→P∗

A R−work 0 12 39 37 29 39 27 45 0 27 39 33

A R−free - - - - - - - - - - - -
A→P∗

R−work 55 0 41 31 51 67 47 43 0 55 29 73

A→P∗
R−free - 0 41 29 43 57 61 43 - 41 33 63

A→B R−work 4 2 0 41 2 4 4 16 2 2 47 4

A→B R−free - 10 0 37 4 4 16 16 - 12 49 4

B R−work 2 0 16 0 0 0 2 6 4 0 24 2

B R−free - 6 22 0 2 6 8 22 - 12 33 6

B→P∗
R−work 37 24 35 37 0 41 33 45 0 41 37 55

B→P∗
R−free - 37 37 33 0 45 47 45 - 37 35 51

P∗
R−work 31 8 47 49 18 0 25 67 0 33 47 31

P∗
R−free - 18 53 39 31 0 51 57 - 39 49 33

P∗→A R−work 39 20 49 35 33 43 0 51 0 33 45 45

P∗→A R−free - 2 55 45 20 18 0 51 - 29 43 16

P∗→B R−work 6 4 22 39 4 8 4 0 0 12 35 6

P∗→B R−free - 6 27 39 8 12 14 0 - 8 37 14

S∗
R−work 0 0 0 0 0 0 0 0 0 0 0 0

S∗
R−free - - - - - - - - - - - -

S∗→A R−work 25 16 59 41 29 37 18 51 0 0 47 31

S∗→A R−free - 4 39 35 8 8 18 41 - 0 37 12

S∗→B R−work 2 0 16 33 0 0 2 12 4 0 0 0

S∗→B R−free - 6 25 39 0 0 12 16 - 14 0 2

S∗→P∗
R−work 25 6 51 43 16 20 24 61 0 25 45 0

S∗→P∗
R−free - 14 57 41 22 18 51 57 - 39 51 0

730
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Table 10. Structure completeness comparison for the models generated from the 52 original

MR-NCS data sets. Each row corresponds to a pipeline variant, and shows the percentage

(rounded to the nearest integer) of models that the pipeline variant built with higher structure

completeness than each of the other pipeline variants.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B S∗ S∗→A S∗→B S∗→P∗

A 0 25 22 25 22 37 27 14 73 51 29 39

A→P∗ 51 0 31 41 24 37 49 16 94 67 43 45

A→B 65 61 0 45 37 65 75 31 94 78 57 61

B 59 47 29 0 25 49 55 20 94 73 41 61

B→P∗ 61 63 43 61 0 67 65 35 92 78 55 80

P∗ 49 37 29 37 25 0 47 16 86 59 39 47

P∗→A 43 24 18 25 22 35 0 8 80 55 31 43

P∗→B 78 65 53 65 51 69 82 0 96 82 67 80

S∗ 22 2 6 6 4 8 14 4 0 39 4 8

S∗→A 20 18 16 20 12 31 20 10 57 0 14 31

S∗→B 59 43 25 39 33 53 49 16 96 71 0 51

S∗→P∗ 47 39 29 35 12 31 45 14 88 59 37 0

960

Table 11. Structure completeness comparison for the models generated from the 52 original

MR-NCS data sets. Each row corresponds to a pipeline variant, and shows the percentage

(rounded to the nearest integer) of models that the pipeline variant built with equal structure

completeness to each of the other pipeline variants.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B S∗ S∗→A S∗→B S∗→P∗

A 100 24 14 16 18 14 29 8 6 29 12 14

A→P∗ 24 100 8 12 14 25 27 20 4 16 14 16

A→B 14 8 100 25 20 6 8 16 0 6 18 10

B 16 12 25 100 14 14 20 16 0 8 20 4

B→P∗ 18 14 20 14 100 8 14 14 4 10 12 8

P∗ 14 25 6 14 8 100 18 16 6 10 8 22

P∗→A 29 27 8 20 14 18 100 10 6 25 20 12

P∗→B 8 20 16 16 14 16 10 100 0 8 18 6

S∗ 6 4 0 0 4 6 6 0 100 4 0 4

S∗→A 29 16 6 8 10 10 25 8 4 100 16 10

S∗→B 12 14 18 20 12 8 20 18 0 16 100 12

S∗→P∗ 14 16 10 4 8 22 12 6 4 10 12 100

1000
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Table 12. Structure completeness comparison for the models generated from the 52 original

MR-NCS data sets. Each row corresponds to a pipeline variant, and shows the percentage

(rounded to the nearest integer) of models that the pipeline variant built with at least 5%

higher structure completeness than each of the other pipeline variants.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B S∗ S∗→A S∗→B S∗→P∗

A 0 6 8 10 10 10 8 8 61 35 10 14

A→P∗ 31 0 16 18 12 10 27 10 82 49 24 18

A→B 35 22 0 14 12 31 31 8 75 47 18 35

B 35 20 16 0 10 22 33 10 76 45 18 27

B→P∗ 43 29 24 25 0 31 35 10 78 49 25 43

P∗ 31 18 16 20 10 0 25 12 76 43 22 20

P∗→A 16 8 10 16 10 10 0 4 65 39 12 20

P∗→B 35 24 18 25 18 29 35 0 82 49 31 39

S∗ 10 0 2 2 2 4 8 4 0 31 0 6

S∗→A 6 0 4 6 6 8 6 6 41 0 6 12

S∗→B 37 18 8 12 8 25 27 8 78 45 0 27

S∗→P∗ 31 12 20 20 10 12 24 12 75 45 20 0

820

Table 13. Structure completeness comparison for the models generated from the 52 original

MR-NCS data sets. Each row corresponds to a pipeline variant, and shows the percentage

(rounded to the nearest integer) of models that the pipeline variant built with between 1% and

4% higher structure completeness than each of the other pipeline variants.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B S∗ S∗→A S∗→B S∗→P∗

A 0 20 14 16 12 27 20 6 12 16 20 25

A→P∗ 20 0 16 24 12 27 22 6 12 18 20 27

A→B 29 39 0 31 25 33 43 24 20 31 39 25

B 24 27 14 0 16 27 22 10 18 27 24 33

B→P∗ 18 33 20 35 0 35 29 25 14 29 29 37

P∗ 18 20 14 18 16 0 22 4 10 16 18 27

P∗→A 27 16 8 10 12 25 0 4 16 16 20 24

P∗→B 43 41 35 39 33 39 47 0 14 33 35 41

S∗ 12 2 4 4 2 4 6 0 0 8 4 2

S∗→A 14 18 12 14 6 24 14 4 16 0 8 20

S∗→B 22 25 18 27 25 27 22 8 18 25 0 24

S∗→P∗ 16 27 10 16 2 20 22 2 14 14 18 0

470
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Table 14. Comparison of R-work/R-free (rounded to two decimal places) for the models

generated from the 52 original MR-NCS data sets. Each row shows the percentage of models

that a pipeline variant built with lower R-work or R-free than each other pipeline variant.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B S∗ S∗→A S∗→B S∗→P∗

A R−work 0 25 88 92 39 57 22 84 100 43 90 45

A R−free - - - - - - - - - - - -
A→P∗

R−work 59 0 98 96 55 78 47 92 100 69 100 75

A→P∗
R−free - 0 92 92 49 61 82 86 - 90 96 63

A→B R−work 6 0 0 39 4 4 0 27 98 8 49 4

A→B R−free - 4 0 37 6 4 18 24 - 43 49 8

B R−work 4 0 25 0 2 2 0 18 100 4 33 6

B R−free - 8 33 0 6 6 18 25 - 49 43 8

B→P∗
R−work 49 31 84 96 0 51 39 88 100 55 92 63

B→P∗
R−free - 33 88 92 0 51 69 88 - 78 90 63

P∗
R−work 27 10 86 92 20 0 20 88 100 43 96 29

P∗
R−free - 16 88 86 24 0 65 86 - 80 98 39

P∗→A R−work 51 39 98 100 43 69 0 96 100 47 100 65

P∗→A R−free - 6 71 71 24 16 0 71 - 61 75 22

P∗→B R−work 8 6 39 53 6 6 2 0 100 14 55 6

P∗→B R−free - 6 43 55 8 8 24 0 - 45 57 12

S∗
R−work 0 0 0 0 0 0 0 0 0 0 0 0

S∗
R−free - - - - - - - - - - - -

S∗→A R−work 35 16 90 92 24 39 12 84 100 0 94 39

S∗→A R−free - 2 49 49 10 8 16 49 - 0 51 14

S∗→B R−work 4 0 14 27 2 0 0 18 100 4 0 0

S∗→B R−free - 2 25 31 2 0 18 14 - 45 0 4

S∗→P∗
R−work 31 10 88 94 16 27 24 88 100 41 92 0

S∗→P∗
R−free - 18 92 92 16 27 63 80 - 78 94 0

1000
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Table 15. Comparison of R-work/R-free (rounded to two decimal places) for the models

generated from the 52 original MR-NCS data sets. Each row shows the percentage of models

that a pipeline variant built with equal R-work or R-free to each other pipeline variant.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B S∗ S∗→A S∗→B S∗→P∗

A R−work 100 16 6 4 12 16 27 8 0 22 6 24

A R−free - - - - - - - - - - - -
A→P∗

R−work 16 100 2 4 14 12 14 2 0 16 0 16

A→P∗
R−free - 100 4 0 18 24 12 8 - 8 2 20

A→B R−work 6 2 100 35 12 10 2 33 2 2 37 8

A→B R−free - 4 100 29 6 8 12 33 - 8 25 0

B R−work 4 4 35 100 2 6 0 29 0 4 39 0

B R−free - 0 29 100 2 8 12 20 - 2 25 0

B→P∗
R−work 12 14 12 2 100 29 18 6 0 22 6 22

B→P∗
R−free - 18 6 2 100 25 8 4 - 12 8 22

P∗
R−work 16 12 10 6 29 100 12 6 0 18 4 43

P∗
R−free - 24 8 8 25 100 20 6 - 12 2 33

P∗→A R−work 27 14 2 0 18 12 100 2 0 41 0 12

P∗→A R−free - 12 12 12 8 20 100 6 - 24 8 16

P∗→B R−work 8 2 33 29 6 6 2 100 0 2 27 6

P∗→B R−free - 8 33 20 4 6 6 100 - 6 29 8

S∗
R−work 0 0 2 0 0 0 0 0 100 0 0 0

S∗
R−free - - - - - - - - - - - -

S∗→A R−work 22 16 2 4 22 18 41 2 0 100 2 20

S∗→A R−free - 8 8 2 12 12 24 6 - 100 4 8

S∗→B R−work 6 0 37 39 6 4 0 27 0 2 100 8

S∗→B R−free - 2 25 25 8 2 8 29 - 4 100 2

S∗→P∗
R−work 24 16 8 0 22 43 12 6 0 20 8 100

S∗→P∗
R−free - 20 0 0 22 33 16 8 - 8 2 100

1000
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Table 16. Comparison of R-work/R-free (rounded to two decimal places) for the models

generated from the 52 original MR-NCS data sets. Each row shows the percentage of models

that a pipeline variant built with R-work or R-free at least 5% lower than each other pipeline

variant.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B S∗ S∗→A S∗→B S∗→P∗

A R−work 0 6 47 53 8 10 0 43 100 18 55 8

A R−free - - - - - - - - - - - -
A→P∗

R−work 0 0 61 61 4 4 0 55 100 12 69 4

A→P∗
R−free - 0 51 55 2 4 18 39 - 45 55 0

A→B R−work 0 0 0 10 0 0 0 8 96 2 6 0

A→B R−free - 2 0 4 2 0 4 8 - 29 4 0

B R−work 0 0 4 0 0 0 0 8 98 2 6 0

B R−free - 2 8 0 2 0 4 6 - 31 10 0

B→P∗
R−work 4 6 49 53 0 4 2 47 100 18 57 2

B→P∗
R−free - 10 51 45 0 10 24 41 - 45 57 2

P∗
R−work 2 4 39 39 2 0 0 27 100 10 49 0

P∗
R−free - 6 35 41 2 0 10 31 - 39 49 2

P∗→A R−work 2 10 45 53 14 14 0 51 100 22 53 14

P∗→A R−free - 4 24 24 2 0 0 16 - 29 33 0

P∗→B R−work 0 2 16 18 2 0 0 0 98 6 16 0

P∗→B R−free - 4 18 16 2 0 8 0 - 35 16 0

S∗
R−work 0 0 0 0 0 0 0 0 0 0 0 0

S∗
R−free - - - - - - - - - - - -

S∗→A R−work 0 0 37 41 4 0 0 33 100 0 49 4

S∗→A R−free - 0 12 12 0 0 0 8 - 0 18 0

S∗→B R−work 0 0 4 6 0 0 0 4 98 2 0 0

S∗→B R−free - 0 4 4 2 0 4 4 - 27 0 0

S∗→P∗
R−work 2 4 39 37 2 0 0 27 100 12 49 0

S∗→P∗
R−free - 4 37 43 2 0 12 29 - 39 51 0

1000
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Table 17. Comparison of R-work/R-free (rounded to two decimal places) for the models

generated from the 52 original MR-NCS data sets. Each row shows the percentage of models

that a pipeline variant built with R-work or R-free between 1% and 4% lower than each other

pipeline variant.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B S∗ S∗→A S∗→B S∗→P∗

A R−work 0 20 41 39 31 47 22 41 0 25 35 37

A R−free - - - - - - - - - - - -
A→P∗

R−work 59 0 37 35 51 75 47 37 0 57 31 71

A→P∗
R−free - 0 41 37 47 57 65 47 - 45 41 63

A→B R−work 6 0 0 29 4 4 0 20 2 6 43 4

A→B R−free - 2 0 33 4 4 14 16 - 14 45 8

B R−work 4 0 22 0 2 2 0 10 2 2 27 6

B R−free - 6 25 0 4 6 14 20 - 18 33 8

B→P∗
R−work 45 25 35 43 0 47 37 41 0 37 35 61

B→P∗
R−free - 24 37 47 0 41 45 47 - 33 33 61

P∗
R−work 25 6 47 53 18 0 20 61 0 33 47 29

P∗
R−free - 10 53 45 22 0 55 55 - 41 49 37

P∗→A R−work 49 29 53 47 29 55 0 45 0 25 47 51

P∗→A R−free - 2 47 47 22 16 0 55 - 31 41 22

P∗→B R−work 8 4 24 35 4 6 2 0 2 8 39 6

P∗→B R−free - 2 25 39 6 8 16 0 - 10 41 12

S∗
R−work 0 0 0 0 0 0 0 0 0 0 0 0

S∗
R−free - - - - - - - - - - - -

S∗→A R−work 35 16 53 51 20 39 12 51 0 0 45 35

S∗→A R−free - 2 37 37 10 8 16 41 - 0 33 14

S∗→B R−work 4 0 10 22 2 0 0 14 2 2 0 0

S∗→B R−free - 2 22 27 0 0 14 10 - 18 0 4

S∗→P∗
R−work 29 6 49 57 14 27 24 61 0 29 43 0

S∗→P∗
R−free - 14 55 49 14 27 51 51 - 39 43 0

750
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Table 18. Structure completeness comparison for the models generated from the 52 original

NO-NCS data sets. Each row corresponds to a pipeline variant, and shows the percentage

(rounded to the nearest integer) of models that the pipeline variant built with higher structure

completeness than each of the other pipeline variants.
Pipeline variant A A→P∗ A→P A→B B B→P∗ B→P P∗ P∗→A P∗→B P P→A P→B S S→A S→B S∗ S∗→A S∗→B S∗→P∗ S∗→P S→P∗ S→P

A 0 22 22 16 27 31 27 35 31 22 41 37 14 76 71 35 75 51 29 41 37 41 41

A→P∗ 63 0 25 35 55 45 41 43 63 20 49 67 24 92 82 59 94 67 53 59 55 51 53

A→P 59 25 0 27 51 49 39 39 55 20 43 59 22 88 80 57 90 69 51 57 49 59 55

A→B 67 55 55 0 55 45 39 61 61 24 57 61 27 84 82 49 86 76 59 59 55 61 57

B 61 31 37 31 0 25 25 39 53 22 45 53 10 88 80 41 90 73 45 49 49 47 47

B→P∗ 53 37 43 41 57 0 24 53 55 31 47 53 22 88 73 57 90 69 53 57 55 57 61

B→P 53 45 47 41 55 25 0 59 57 27 53 57 24 88 73 53 90 67 51 57 59 63 65

P∗ 53 29 33 29 51 37 31 0 49 18 39 45 14 78 63 53 84 59 49 43 45 45 37

P∗→A 45 12 20 24 35 31 27 31 0 20 41 33 10 80 69 41 84 55 31 45 49 47 43

P∗→B 73 61 63 61 67 57 61 71 73 0 65 75 37 88 82 65 94 75 69 75 73 76 75

P 49 25 31 31 41 37 31 27 47 18 0 43 10 80 65 47 84 61 45 35 37 37 37

P→A 43 22 27 27 33 31 25 37 41 18 39 0 6 84 65 43 86 59 31 45 41 43 43

P→B 80 63 65 57 75 61 57 71 75 39 78 76 0 96 88 65 98 86 69 78 82 76 82

S 20 6 8 14 6 8 10 10 18 6 12 14 4 0 51 14 37 47 14 8 12 10 18

S→A 8 8 10 14 16 18 16 29 12 12 25 14 6 45 0 18 49 20 8 24 33 33 31

S→B 59 29 29 35 45 29 29 37 49 24 45 49 10 86 73 0 86 69 43 43 47 39 51

S∗ 22 0 2 12 6 6 10 8 12 6 10 12 2 53 49 12 0 43 12 6 14 12 14

S∗→A 22 16 16 14 22 22 20 31 22 18 31 22 6 51 49 24 53 0 18 33 31 33 39

S∗→B 57 33 33 27 45 41 37 45 49 22 49 55 22 82 76 47 88 69 0 43 41 43 45

S∗→P∗ 47 31 27 31 41 35 31 35 41 24 51 47 16 88 67 47 86 59 49 0 35 39 45

S∗→P 45 31 35 29 43 27 24 41 41 18 43 47 12 82 59 47 80 55 49 45 0 51 45

S→P∗ 49 25 24 31 41 35 27 35 43 14 37 51 20 82 63 53 82 57 49 27 33 0 33

S→P 49 24 31 33 41 27 24 33 45 16 39 45 14 76 57 43 76 53 47 39 37 41 0

980
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Table 19. Structure completeness comparison for the models generated from the 52 original

NO-NCS data sets. Each row corresponds to a pipeline variant, and shows the percentage

(rounded to the nearest integer) of models that the pipeline variant built with equal structure

completeness to each of the other pipeline variants.
Pipeline variant A A→P∗ A→P A→B B B→P∗ B→P P∗ P∗→A P∗→B P P→A P→B S S→A S→B S∗ S∗→A S∗→B S∗→P∗ S∗→P S→P∗ S→P

A 100 16 20 18 12 16 20 12 24 6 10 20 6 4 22 6 4 27 14 12 18 10 10

A→P∗ 16 100 49 10 14 18 14 27 25 20 25 12 14 2 10 12 6 18 14 10 14 24 24

A→P 20 49 100 18 12 8 14 27 25 18 25 14 14 4 10 14 8 16 16 16 16 18 14

A→B 18 10 18 100 14 14 20 10 16 16 12 12 16 2 4 16 2 10 14 10 16 8 10

B 12 14 12 14 100 18 20 10 12 12 14 14 16 6 4 14 4 6 10 10 8 12 12

B→P∗ 16 18 8 14 18 100 51 10 14 12 16 16 18 4 10 14 4 10 6 8 18 8 12

B→P 20 14 14 20 20 51 100 10 16 12 16 18 20 2 12 18 0 14 12 12 18 10 12

P∗ 12 27 27 10 10 10 10 100 20 12 33 18 16 12 8 10 8 10 6 22 14 20 29

P∗→A 24 25 25 16 12 14 16 20 100 8 12 25 16 2 20 10 4 24 20 14 10 10 12

P∗→B 6 20 18 16 12 12 12 12 8 100 18 8 24 6 6 12 0 8 10 2 10 10 10

P 10 25 25 12 14 16 16 33 12 18 100 18 12 8 10 8 6 8 6 14 20 25 24

P→A 20 12 14 12 14 16 18 18 25 8 18 100 18 2 22 8 2 20 14 8 12 6 12

P→B 6 14 14 16 16 18 20 16 16 24 12 18 100 0 6 25 0 8 10 6 6 4 4

S 4 2 4 2 6 4 2 12 2 6 8 2 0 100 4 0 10 2 4 4 6 8 6

S→A 22 10 10 4 4 10 12 8 20 6 10 22 6 4 100 10 2 31 16 10 8 4 12

S→B 6 12 14 16 14 14 18 10 10 12 8 8 25 0 10 100 2 8 10 10 6 8 6

S∗ 4 6 8 2 4 4 0 8 4 0 6 2 0 10 2 2 100 4 0 8 6 6 10

S∗→A 27 18 16 10 6 10 14 10 24 8 8 20 8 2 31 8 4 100 14 8 14 10 8

S∗→B 14 14 16 14 10 6 12 6 20 10 6 14 10 4 16 10 0 14 100 8 10 8 8

S∗→P∗ 12 10 16 10 10 8 12 22 14 2 14 8 6 4 10 10 8 8 8 100 20 33 16

S∗→P 18 14 16 16 8 18 18 14 10 10 20 12 6 6 8 6 6 14 10 20 100 16 18

S→P∗ 10 24 18 8 12 8 10 20 10 10 25 6 4 8 4 8 6 10 8 33 16 100 25

S→P 10 24 14 10 12 12 12 29 12 10 24 12 4 6 12 6 10 8 8 16 18 25 100

1000
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Table 20. Structure completeness comparison for the models generated from the 52 original

NO-NCS data sets. Each row corresponds to a pipeline variant, and shows the percentage

(rounded to the nearest integer) of models that the pipeline variant built with at least 5%

higher structure completeness than each of the other pipeline variants.
Pipeline variant A A→P∗ A→P A→B B B→P∗ B→P P∗ P∗→A P∗→B P P→A P→B S S→A S→B S∗ S∗→A S∗→B S∗→P∗ S∗→P S→P∗ S→P

A 0 0 0 10 14 14 12 12 8 16 14 8 4 57 43 14 61 37 10 16 18 16 16

A→P∗ 33 0 8 20 27 20 20 12 29 16 22 25 8 73 57 29 80 53 22 18 25 20 24

A→P 31 10 0 24 27 24 18 16 27 16 18 27 6 69 57 29 76 49 25 22 24 18 20

A→B 33 12 10 0 20 22 18 25 20 8 29 27 2 63 47 27 69 47 24 24 29 31 27

B 31 12 10 14 0 18 14 22 25 12 27 20 4 67 53 16 78 43 14 16 18 24 24

B→P∗ 37 16 22 25 29 0 6 22 27 12 27 27 10 67 57 31 76 51 27 31 33 29 31

B→P 33 20 24 25 33 2 0 27 27 16 31 29 8 67 57 31 75 49 27 33 31 31 33

P∗ 33 16 16 24 27 18 16 0 27 10 14 31 8 67 53 33 71 45 27 16 16 12 14

P∗→A 24 4 4 16 18 16 16 14 0 12 18 12 6 59 47 25 69 45 14 20 20 16 20

P∗→B 37 27 24 25 31 22 24 35 33 0 37 31 14 67 55 41 73 49 33 31 41 39 43

P 33 12 12 24 31 18 20 8 27 12 0 24 6 67 53 31 73 49 25 14 20 14 22

P→A 22 6 4 20 24 12 16 10 12 12 16 0 6 61 51 25 69 47 20 20 20 16 20

P→B 37 25 24 29 33 29 29 33 27 18 39 35 0 73 63 41 80 55 37 35 41 35 41

S 12 2 2 6 0 2 2 6 6 4 8 2 2 0 37 6 10 35 2 6 8 4 4

S→A 2 0 0 8 6 8 10 8 4 12 6 2 2 24 0 6 33 12 2 8 8 12 14

S→B 29 12 12 18 12 16 10 20 20 12 24 22 4 67 51 0 76 49 14 20 22 24 27

S∗ 12 0 0 6 0 4 4 4 8 4 8 4 2 20 41 6 0 37 2 4 4 2 0

S∗→A 6 0 0 6 4 10 10 10 4 10 16 2 2 35 25 8 39 0 4 12 12 14 10

S∗→B 35 10 8 16 20 18 16 20 22 18 25 24 4 65 55 18 75 47 0 16 18 20 25

S∗→P∗ 33 16 18 25 27 25 24 16 29 16 16 27 8 67 53 27 73 49 24 0 14 8 20

S∗→P 33 14 16 22 24 20 16 8 25 12 12 29 10 63 47 25 73 47 22 8 0 10 14

S→P∗ 35 18 14 24 29 18 16 6 25 10 12 25 8 61 51 33 71 47 25 12 12 0 14

S→P 31 12 14 20 22 14 14 10 25 10 14 29 6 65 47 31 69 43 24 12 12 10 0

800
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Table 21. Structure completeness comparison for the models generated from the 52 original

NO-NCS data sets. Each row corresponds to a pipeline variant, and shows the percentage

(rounded to the nearest integer) of models that the pipeline variant built with between 1% and

4% higher structure completeness than each of the other pipeline variants.
Pipeline variant A A→P∗ A→P A→B B B→P∗ B→P P∗ P∗→A P∗→B P P→A P→B S S→A S→B S∗ S∗→A S∗→B S∗→P∗ S∗→P S→P∗ S→P

A 0 22 22 6 14 18 16 24 24 6 27 29 10 20 27 22 14 14 20 25 20 25 25

A→P∗ 29 0 18 16 27 25 22 31 33 4 27 41 16 20 25 29 14 14 31 41 29 31 29

A→P 27 16 0 4 24 25 22 24 27 4 25 31 16 20 24 27 14 20 25 35 25 41 35

A→B 33 43 45 0 35 24 22 35 41 16 27 33 25 22 35 22 18 29 35 35 25 29 29

B 29 20 27 18 0 8 12 18 27 10 18 33 6 22 27 25 12 29 31 33 31 24 24

B→P∗ 16 22 22 16 27 0 18 31 27 20 20 25 12 22 16 25 14 18 25 25 22 27 29

B→P 20 25 24 16 22 24 0 31 29 12 22 27 16 22 16 22 16 18 24 24 27 31 31

P∗ 20 14 18 6 24 20 16 0 22 8 25 14 6 12 10 20 14 14 22 27 29 33 24

P∗→A 22 8 16 8 18 16 12 18 0 8 24 22 4 22 22 16 16 10 18 25 29 31 24

P∗→B 35 33 39 35 35 35 37 35 39 0 27 43 24 22 27 24 22 25 35 43 31 37 31

P 16 14 20 8 10 20 12 20 20 6 0 20 4 14 12 16 12 12 20 22 18 24 16

P→A 22 16 24 8 10 20 10 27 29 6 24 0 0 24 14 18 18 12 12 25 22 27 24

P→B 43 37 41 27 41 31 27 37 47 22 39 41 0 24 25 24 18 31 31 43 41 41 41

S 8 4 6 8 6 6 8 4 12 2 4 12 2 0 14 8 27 12 12 2 4 6 14

S→A 6 8 10 6 10 10 6 22 8 0 20 12 4 22 0 12 16 8 6 16 25 22 18

S→B 29 18 18 18 33 14 20 18 29 12 22 27 6 20 22 0 10 20 29 24 25 16 24

S∗ 10 0 2 6 6 2 6 4 4 2 2 8 0 33 8 6 0 6 10 2 10 10 14

S∗→A 16 16 16 8 18 12 10 22 18 8 16 20 4 16 24 16 14 0 14 22 20 20 29

S∗→B 22 24 25 12 25 24 22 25 27 4 24 31 18 18 22 29 14 22 0 27 24 24 20

S∗→P∗ 14 16 10 6 14 10 8 20 12 8 35 20 8 22 14 20 14 10 25 0 22 31 25

S∗→P 12 18 20 8 20 8 8 33 16 6 31 18 2 20 12 22 8 8 27 37 0 41 31

S→P∗ 14 8 10 8 12 18 12 29 18 4 25 25 12 22 12 20 12 10 24 16 22 0 20

S→P 18 12 18 14 20 14 10 24 20 6 25 16 8 12 10 12 8 10 24 27 25 31 0

470
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Table 22. Comparison of R-work/R-free (rounded to two decimal places) for the models

generated from the 52 original NO-NCS data sets. Each row shows the percentage of models

that a pipeline variant built with lower R-work or R-free than each other pipeline variant.
Pipeline variant A A→P∗ A→P A→B B B→P∗ B→P P∗ P∗→A P∗→B P P→A P→B S S→A S→B S∗ S∗→A S∗→B S∗→P∗ S∗→P S→P∗ S→P

A R−work 0 27 29 94 98 47 47 55 22 84 49 22 94 100 51 98 100 41 96 47 51 51 45

A R−free - - - - - - - - - - - - - - - - - - - - - - -
A→P∗

R−work 59 0 18 100 100 61 59 71 45 94 69 49 98 100 75 100 100 69 100 73 71 65 71

A→P∗
R−free - 0 29 94 96 51 47 53 84 82 51 82 86 - 90 98 - 90 98 55 57 51 53

A→P R−work 57 24 0 100 100 67 61 69 47 94 73 49 98 100 78 100 100 71 100 73 73 73 71

A→P R−free - 27 0 92 98 51 45 51 84 82 59 84 86 - 92 96 - 94 98 57 51 51 57

A→B R−work 2 0 0 0 49 6 6 2 2 20 4 0 16 98 16 55 98 12 53 2 4 4 4

A→B R−free - 2 0 0 51 8 6 2 14 25 4 14 16 - 43 53 - 49 51 4 2 2 4

B R−work 0 0 0 18 0 0 0 0 0 20 0 0 6 100 10 41 100 4 33 2 2 2 2

B R−free - 2 0 27 0 2 0 2 10 31 4 10 8 - 45 43 - 47 41 2 4 2 2

B→P∗
R−work 37 25 20 84 98 0 16 41 27 86 51 33 84 100 61 96 100 53 96 47 45 47 51

B→P∗
R−free - 35 37 88 96 0 18 31 65 86 45 71 84 - 78 96 - 73 94 43 39 43 39

B→P R−work 35 22 12 84 100 18 0 41 29 84 45 33 90 100 59 94 100 53 96 49 39 47 47

B→P R−free - 31 37 92 94 29 0 41 69 82 49 65 90 - 78 96 - 80 96 51 41 47 49

P∗
R−work 35 12 6 90 98 27 29 0 24 92 33 24 90 100 53 96 100 47 98 33 35 27 25

P∗
R−free - 35 29 96 94 39 37 0 71 90 39 78 84 - 82 98 - 86 100 39 37 35 35

P∗→A R−work 49 35 33 96 98 55 53 61 0 94 63 25 98 100 55 98 100 47 100 63 59 59 57

P∗→A R−free - 8 10 76 80 24 18 14 0 67 14 29 63 - 59 84 - 63 76 18 12 16 18

P∗→B R−work 10 4 4 41 57 8 10 6 2 0 6 0 25 100 22 61 100 18 55 6 10 4 6

P∗→B R−free - 10 12 39 59 10 10 6 20 0 6 22 27 - 49 65 - 47 55 10 8 8 8

P R−work 35 12 10 96 100 33 29 29 27 90 0 22 94 100 47 96 100 47 98 29 25 29 27

P R−free - 27 31 92 94 33 31 25 69 88 0 71 86 - 82 94 - 80 92 29 27 29 33

P→A R−work 45 29 29 96 100 55 49 59 25 90 51 0 96 100 53 100 100 49 100 57 59 51 51

P→A R−free - 12 12 71 80 18 16 10 31 69 16 0 63 - 61 86 - 65 82 16 16 10 12

P→B R−work 4 2 2 41 57 8 6 4 2 31 4 2 0 100 25 65 100 18 57 4 8 6 8

P→B R−free - 10 12 47 65 12 8 2 20 45 6 22 0 - 51 67 - 55 69 6 10 4 10

S R−work 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 22 0 0 0 0 0 0

S R−free - - - - - - - - - - - - - - - - - - - - - - -
S→A R−work 16 8 10 82 88 29 27 33 18 69 27 10 73 100 0 86 100 24 84 37 31 35 33

S→A R−free - 2 2 47 45 12 10 6 18 47 8 18 37 - 0 47 - 31 47 6 4 10 10

S→B R−work 2 0 0 18 31 0 0 0 0 16 2 0 8 100 10 0 100 2 25 0 0 0 0

S→B R−free - 2 0 27 31 2 2 0 10 18 4 8 14 - 47 0 - 47 27 0 0 0 0

S∗
R−work 0 0 0 0 0 0 0 0 0 0 0 0 0 31 0 0 0 0 0 0 0 0 0

S∗
R−free - - - - - - - - - - - - - - - - - - - - - - -

S∗→A R−work 29 20 18 84 92 33 35 37 18 78 35 20 76 100 39 96 100 0 94 35 33 39 35

S∗→A R−free - 2 2 47 49 12 8 6 22 47 8 18 43 - 45 47 - 0 47 10 6 8 8

S∗→B R−work 2 0 0 20 31 0 0 0 0 22 2 0 6 100 14 41 100 4 0 0 0 2 4

S∗→B R−free - 2 0 29 41 0 0 0 12 27 2 8 14 - 49 33 - 49 0 2 2 2 4

S∗→P∗
R−work 33 12 8 92 98 33 33 29 24 86 29 22 88 100 49 98 100 43 94 0 24 27 31

S∗→P∗
R−free - 29 25 96 98 35 31 27 67 86 29 73 82 - 78 98 - 82 96 0 24 27 31

S∗→P R−work 35 10 4 90 96 25 24 29 22 86 31 24 88 100 47 96 100 47 96 33 0 33 31

S∗→P R−free - 24 22 94 96 37 29 31 71 84 37 76 88 - 82 96 - 86 94 33 0 29 31

S→P∗
R−work 37 12 10 90 96 31 33 25 16 88 31 22 92 100 49 98 100 45 94 29 22 0 25

S→P∗
R−free - 29 25 94 94 41 29 29 71 86 35 73 88 - 82 98 - 90 96 35 24 0 31

S→P R−work 35 10 10 90 96 24 25 25 22 88 29 20 90 100 47 98 100 43 94 29 20 27 0

S→P R−free - 27 29 94 96 33 27 29 73 88 37 76 88 - 86 98 - 84 96 31 33 33 0

1000
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Table 23. Comparison of R-work/R-free (rounded to two decimal places) for the models

generated from the 52 original NO-NCS data sets. Each row shows the percentage of models

that a pipeline variant built with equal R-work or R-free to each other pipeline variant.
Pipeline variant A A→P∗ A→P A→B B B→P∗ B→P P∗ P∗→A P∗→B P P→A P→B S S→A S→B S∗ S∗→A S∗→B S∗→P∗ S∗→P S→P∗ S→P

A R−work 100 14 14 4 2 16 18 10 29 6 16 33 2 0 33 0 0 29 2 20 14 12 20

A R−free - - - - - - - - - - - - - - - - - - - - - - -
A→P∗

R−work 14 100 59 0 0 14 20 18 20 2 20 22 0 0 18 0 0 12 0 16 20 24 20

A→P∗
R−free - 100 43 4 2 14 22 12 8 8 22 6 4 - 8 0 - 8 0 16 20 20 20

A→P R−work 14 59 100 0 0 14 27 25 20 2 18 22 0 0 12 0 0 12 0 20 24 18 20

A→P R−free - 43 100 8 2 12 18 20 6 6 10 4 2 - 6 4 - 4 2 18 27 24 14

A→B R−work 4 0 0 100 33 10 10 8 2 39 0 4 43 2 2 27 2 4 27 6 6 6 6

A→B R−free - 4 8 100 22 4 2 2 10 35 4 16 37 - 10 20 - 4 20 0 4 4 2

B R−work 2 0 0 33 100 2 0 2 2 24 0 0 37 0 2 27 0 4 35 0 2 2 2

B R−free - 2 2 22 100 2 6 4 10 10 2 10 27 - 10 25 - 4 18 0 0 4 2

B→P∗
R−work 16 14 14 10 2 100 67 31 18 6 16 12 8 0 10 4 0 14 4 20 29 22 25

B→P∗
R−free - 14 12 4 2 100 53 29 12 4 22 12 4 - 10 2 - 16 6 22 24 16 27

B→P R−work 18 20 27 10 0 67 100 29 18 6 25 18 4 0 14 6 0 12 4 18 37 20 27

B→P R−free - 22 18 2 6 53 100 22 14 8 20 20 2 - 12 2 - 12 4 18 29 24 24

P∗
R−work 10 18 25 8 2 31 29 100 16 2 37 18 6 0 14 4 0 16 2 37 35 47 49

P∗
R−free - 12 20 2 4 29 22 100 16 4 35 12 14 - 12 2 - 8 0 33 31 35 35

P∗→A R−work 29 20 20 2 2 18 18 16 100 4 10 49 0 0 27 2 0 35 0 14 20 25 22

P∗→A R−free - 8 6 10 10 12 14 16 100 14 18 39 18 - 24 6 - 16 12 16 18 14 10

P∗→B R−work 6 2 2 39 24 6 6 2 4 100 4 10 43 0 10 24 0 4 24 8 4 8 6

P∗→B R−free - 8 6 35 10 4 8 4 14 100 6 10 27 - 4 18 - 6 18 4 8 6 4

P R−work 16 20 18 0 0 16 25 37 10 4 100 27 2 0 25 2 0 18 0 41 43 39 43

P R−free - 22 10 4 2 22 20 35 18 6 100 14 8 - 10 2 - 12 6 41 35 35 29

P→A R−work 33 22 22 4 0 12 18 18 49 10 27 100 2 0 37 0 0 31 0 22 18 27 29

P→A R−free - 6 4 16 10 12 20 12 39 10 14 100 16 - 22 6 - 18 10 12 8 18 12

P→B R−work 2 0 0 43 37 8 4 6 0 43 2 2 100 0 2 27 0 6 37 8 4 2 2

P→B R−free - 4 2 37 27 4 2 14 18 27 8 16 100 - 12 20 - 2 18 12 2 8 2

S R−work 0 0 0 2 0 0 0 0 0 0 0 0 0 100 0 0 47 0 0 0 0 0 0

S R−free - - - - - - - - - - - - - - - - - - - - - - -
S→A R−work 33 18 12 2 2 10 14 14 27 10 25 37 2 0 100 4 0 37 2 14 22 16 20

S→A R−free - 8 6 10 10 10 12 12 24 4 10 22 12 - 100 6 - 24 4 16 14 8 4

S→B R−work 0 0 0 27 27 4 6 4 2 24 2 0 27 0 4 100 0 2 33 2 4 2 2

S→B R−free - 0 4 20 25 2 2 2 6 18 2 6 20 - 6 100 - 6 39 2 4 2 2

S∗
R−work 0 0 0 2 0 0 0 0 0 0 0 0 0 47 0 0 100 0 0 0 0 0 0

S∗
R−free - - - - - - - - - - - - - - - - - - - - - - -

S∗→A R−work 29 12 12 4 4 14 12 16 35 4 18 31 6 0 37 2 0 100 2 22 20 16 22

S∗→A R−free - 8 4 4 4 16 12 8 16 6 12 18 2 - 24 6 - 100 4 8 8 2 8

S∗→B R−work 2 0 0 27 35 4 4 2 0 24 0 0 37 0 2 33 0 2 100 6 4 4 2

S∗→B R−free - 0 2 20 18 6 4 0 12 18 6 10 18 - 4 39 - 4 100 2 4 2 0

S∗→P∗
R−work 20 16 20 6 0 20 18 37 14 8 41 22 8 0 14 2 0 22 6 100 43 43 39

S∗→P∗
R−free - 16 18 0 0 22 18 33 16 4 41 12 12 - 16 2 - 8 2 100 43 37 37

S∗→P R−work 14 20 24 6 2 29 37 35 20 4 43 18 4 0 22 4 0 20 4 43 100 45 49

S∗→P R−free - 20 27 4 0 24 29 31 18 8 35 8 2 - 14 4 - 8 4 43 100 47 35

S→P∗
R−work 12 24 18 6 2 22 20 47 25 8 39 27 2 0 16 2 0 16 4 43 45 100 47

S→P∗
R−free - 20 24 4 4 16 24 35 14 6 35 18 8 - 8 2 - 2 2 37 47 100 35

S→P R−work 20 20 20 6 2 25 27 49 22 6 43 29 2 0 20 2 0 22 2 39 49 47 100

S→P R−free - 20 14 2 2 27 24 35 10 4 29 12 2 - 4 2 - 8 0 37 35 35 100

1000
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Table 24. Comparison of R-work/R-free (rounded to two decimal places) for the models

generated from the 52 original NO-NCS data sets. Each row shows the percentage of models

that a pipeline variant built with R-work or R-free at least 5% lower than each other pipeline

variant.
Pipeline variant A A→P∗ A→P A→B B B→P∗ B→P P∗ P∗→A P∗→B P P→A P→B S S→A S→B S∗ S∗→A S∗→B S∗→P∗ S∗→P S→P∗ S→P

A R−work 0 10 8 51 61 10 12 10 2 49 12 0 39 100 24 69 100 24 61 12 14 16 16

A R−free - - - - - - - - - - - - - - - - - - - - - - -
A→P∗

R−work 4 0 2 61 73 8 8 2 2 53 2 0 49 100 22 78 100 20 78 2 2 2 4

A→P∗
R−free - 0 2 51 63 4 6 2 18 47 2 14 35 - 57 71 - 51 63 0 2 0 4

A→P R−work 4 2 0 57 71 8 8 2 2 51 4 0 43 100 20 76 100 22 75 2 2 4 6

A→P R−free - 2 0 49 65 6 4 0 18 45 2 14 33 - 57 67 - 49 61 0 0 0 2

A→B R−work 0 0 0 0 8 0 0 0 0 6 0 0 2 94 6 18 94 2 10 0 0 0 0

A→B R−free - 0 0 0 4 0 0 0 4 8 0 0 2 - 37 16 - 33 10 0 0 0 0

B R−work 0 0 0 10 0 0 0 0 0 6 0 0 2 96 2 8 96 2 2 0 0 0 0

B R−free - 0 0 8 0 0 0 0 2 6 0 2 2 - 39 10 - 35 6 0 0 0 0

B→P∗
R−work 2 4 2 53 61 0 2 0 2 49 0 0 43 100 18 71 100 20 59 0 2 0 2

B→P∗
R−free - 10 10 53 61 0 2 4 18 45 2 14 41 - 53 67 - 45 59 0 2 0 4

B→P R−work 2 2 0 57 63 2 0 0 2 47 0 0 35 100 16 71 100 18 61 0 0 0 0

B→P R−free - 4 8 55 63 2 0 0 18 49 0 14 35 - 53 73 - 47 59 0 0 0 0

P∗
R−work 6 4 2 45 57 4 4 0 2 29 0 0 29 100 16 67 100 16 59 0 2 0 4

P∗
R−free - 4 4 43 63 4 6 0 18 35 2 14 27 - 47 57 - 47 61 0 2 0 4

P∗→A R−work 4 16 14 49 61 18 20 16 0 49 16 0 47 100 25 69 100 25 61 16 16 16 16

P∗→A R−free - 4 4 25 31 0 4 0 0 25 0 0 18 - 41 35 - 39 35 0 2 0 2

P∗→B R−work 2 2 2 18 20 0 2 0 0 0 0 0 6 100 10 24 100 10 25 0 2 0 2

P∗→B R−free - 4 6 16 24 2 4 0 10 0 0 6 6 - 43 29 - 35 25 0 2 0 2

P R−work 6 4 2 45 57 2 4 0 2 35 0 0 31 100 18 63 100 18 59 0 2 2 4

P R−free - 6 6 41 57 4 6 2 12 39 0 14 27 - 45 59 - 45 59 0 4 0 4

P→A R−work 6 16 14 49 61 16 18 14 0 47 14 0 41 100 25 69 100 22 63 16 16 18 18

P→A R−free - 4 4 25 29 0 4 0 0 20 2 0 12 - 41 33 - 39 31 0 2 0 4

P→B R−work 0 0 0 16 22 0 2 0 2 8 0 0 0 100 8 29 100 8 24 0 2 0 2

P→B R−free - 2 2 20 20 0 2 0 10 10 2 10 0 - 45 29 - 41 25 0 2 0 2

S R−work 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S R−free - - - - - - - - - - - - - - - - - - - - - - -
S→A R−work 2 2 2 39 47 6 8 4 0 33 4 2 24 100 0 53 100 4 49 4 8 6 10

S→A R−free - 0 0 12 16 2 2 0 0 14 0 2 8 - 0 14 - 2 20 0 2 0 2

S→B R−work 0 0 0 10 4 0 0 0 0 4 0 0 2 96 0 0 96 2 4 0 0 0 0

S→B R−free - 0 0 10 4 0 0 0 2 4 0 4 2 - 41 0 - 31 6 0 0 0 0

S∗
R−work 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S∗
R−free - - - - - - - - - - - - - - - - - - - - - - -

S∗→A R−work 0 2 0 39 57 4 6 6 0 33 4 2 27 100 8 63 100 0 51 4 8 8 10

S∗→A R−free - 0 0 12 16 0 2 0 0 14 2 0 10 - 10 14 - 0 20 0 0 0 2

S∗→B R−work 0 0 0 6 2 0 0 0 0 6 0 0 4 96 2 10 96 2 0 0 0 0 0

S∗→B R−free - 0 0 6 2 0 0 0 2 6 0 2 2 - 43 8 - 33 0 0 0 0 0

S∗→P∗
R−work 6 4 2 45 59 4 6 2 2 35 0 0 29 100 20 69 100 18 55 0 2 0 4

S∗→P∗
R−free - 8 4 41 57 6 10 4 12 37 2 14 24 - 45 57 - 45 55 0 4 2 4

S∗→P R−work 4 2 0 39 57 4 2 2 2 35 0 0 27 100 20 67 100 16 53 0 0 0 4

S∗→P R−free - 6 8 37 55 6 2 2 12 37 0 12 31 - 41 59 - 39 57 0 0 0 4

S→P∗
R−work 6 4 2 47 57 2 4 2 2 29 0 0 29 100 20 67 100 18 59 0 2 0 2

S→P∗
R−free - 6 10 41 61 2 4 2 14 43 2 12 29 - 43 59 - 39 57 0 2 0 4

S→P R−work 4 2 0 39 55 4 2 0 2 27 0 0 24 100 16 61 100 16 51 0 0 0 0

S→P R−free - 4 6 41 55 4 6 2 12 39 0 12 25 - 43 57 - 41 55 0 2 2 0

1000
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Table 25. Comparison of R-work/R-free (rounded to two decimal places) for the models

generated from the 52 original NO-NCS data sets. Each row shows the percentage of models

that a pipeline variant built with R-work or R-free between 1% and 4% lower than each other

pipeline variant.
Pipeline variant A A→P∗ A→P A→B B B→P∗ B→P P∗ P∗→A P∗→B P P→A P→B S S→A S→B S∗ S∗→A S∗→B S∗→P∗ S∗→P S→P∗ S→P

A R−work 0 18 22 43 37 37 35 45 20 35 37 22 55 0 27 29 0 18 35 35 37 35 29

A R−free - - - - - - - - - - - - - - - - - - - - - - -
A→P∗

R−work 55 0 16 39 27 53 51 69 43 41 67 49 49 0 53 22 0 49 22 71 69 63 67

A→P∗
R−free - 0 27 43 33 47 41 51 67 35 49 69 51 - 33 27 - 39 35 55 55 51 49

A→P R−work 53 22 0 43 29 59 53 67 45 43 69 49 55 0 59 24 0 49 25 71 71 69 65

A→P R−free - 25 0 43 33 45 41 51 67 37 57 71 53 - 35 29 - 45 37 57 51 51 55

A→B R−work 2 0 0 0 41 6 6 2 2 14 4 0 14 4 10 37 4 10 43 2 4 4 4

A→B R−free - 2 0 0 47 8 6 2 10 18 4 14 14 - 6 37 - 16 41 4 2 2 4

B R−work 0 0 0 8 0 0 0 0 0 14 0 0 4 4 8 33 4 2 31 2 2 2 2

B R−free - 2 0 20 0 2 0 2 8 25 4 8 6 - 6 33 - 12 35 2 4 2 2

B→P∗
R−work 35 22 18 31 37 0 14 41 25 37 51 33 41 0 43 25 0 33 37 47 43 47 49

B→P∗
R−free - 25 27 35 35 0 16 27 47 41 43 57 43 - 25 29 - 27 35 43 37 43 35

B→P R−work 33 20 12 27 37 16 0 41 27 37 45 33 55 0 43 24 0 35 35 49 39 47 47

B→P R−free - 27 29 37 31 27 0 41 51 33 49 51 55 - 25 24 - 33 37 51 41 47 49

P∗
R−work 29 8 4 45 41 24 25 0 22 63 33 24 61 0 37 29 0 31 39 33 33 27 22

P∗
R−free - 31 25 53 31 35 31 0 53 55 37 65 57 - 35 41 - 39 39 39 35 35 31

P∗→A R−work 45 20 20 47 37 37 33 45 0 45 47 25 51 0 29 29 0 22 39 47 43 43 41

P∗→A R−free - 4 6 51 49 24 14 14 0 41 14 29 45 - 18 49 - 24 41 18 10 16 16

P∗→B R−work 8 2 2 24 37 8 8 6 2 0 6 0 20 0 12 37 0 8 29 6 8 4 4

P∗→B R−free - 6 6 24 35 8 6 6 10 0 6 16 22 - 6 35 - 12 29 10 6 8 6

P R−work 29 8 8 51 43 31 25 29 25 55 0 22 63 0 29 33 0 29 39 29 24 27 24

P R−free - 22 25 51 37 29 25 24 57 49 0 57 59 - 37 35 - 35 33 29 24 29 29

P→A R−work 39 14 16 47 39 39 31 45 25 43 37 0 55 0 27 31 0 27 37 41 43 33 33

P→A R−free - 8 8 45 51 18 12 10 31 49 14 0 51 - 20 53 - 25 51 16 14 10 8

P→B R−work 4 2 2 25 35 8 4 4 0 24 4 2 0 0 18 35 0 10 33 4 6 6 6

P→B R−free - 8 10 27 45 12 6 2 10 35 4 12 0 - 6 37 - 14 43 6 8 4 8

S R−work 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 22 0 0 0 0 0 0

S R−free - - - - - - - - - - - - - - - - - - - - - - -
S→A R−work 14 6 8 43 41 24 20 29 18 35 24 8 49 0 0 33 0 20 35 33 24 29 24

S→A R−free - 2 2 35 29 10 8 6 18 33 8 16 29 - 0 33 - 29 27 6 2 10 8

S→B R−work 2 0 0 8 27 0 0 0 0 12 2 0 6 4 10 0 4 0 22 0 0 0 0

S→B R−free - 2 0 18 27 2 2 0 8 14 4 4 12 - 6 0 - 16 22 0 0 0 0

S∗
R−work 0 0 0 0 0 0 0 0 0 0 0 0 0 31 0 0 0 0 0 0 0 0 0

S∗
R−free - - - - - - - - - - - - - - - - - - - - - - -

S∗→A R−work 29 18 18 45 35 29 29 31 18 45 31 18 49 0 31 33 0 0 43 31 25 31 25

S∗→A R−free - 2 2 35 33 12 6 6 22 33 6 18 33 - 35 33 - 0 27 10 6 8 6

S∗→B R−work 2 0 0 14 29 0 0 0 0 16 2 0 2 4 12 31 4 2 0 0 0 2 4

S∗→B R−free - 2 0 24 39 0 0 0 10 22 2 6 12 - 6 25 - 16 0 2 2 2 4

S∗→P∗
R−work 27 8 6 47 39 29 27 27 22 51 29 22 59 0 29 29 0 25 39 0 22 27 27

S∗→P∗
R−free - 22 22 55 41 29 22 24 55 49 27 59 59 - 33 41 - 37 41 0 20 25 27

S∗→P R−work 31 8 4 51 39 22 22 27 20 51 31 24 61 0 27 29 0 31 43 33 0 33 27

S∗→P R−free - 18 14 57 41 31 27 29 59 47 37 65 57 - 41 37 - 47 37 33 0 29 27

S→P∗
R−work 31 8 8 43 39 29 29 24 14 59 31 22 63 0 29 31 0 27 35 29 20 0 24

S→P∗
R−free - 24 16 53 33 39 25 27 57 43 33 61 59 - 39 39 - 51 39 35 22 0 27

S→P R−work 31 8 10 51 41 20 24 25 20 61 29 20 67 0 31 37 0 27 43 29 20 27 0

S→P R−free - 24 24 53 41 29 22 27 61 49 37 65 63 - 43 41 - 43 41 31 31 31 0

710



58

Appendix D
The Results of the Synthetic data sets for the Original data sets

Used in Buccaneer Development

Table 1. Complete and intermediate models produced by the 13 pipeline variants for the 52

synthetic data sets, where (T) and (C) denote intermediate models produced by pipeline

executions that timed out and crashed, respectively.
Pipeline variant HA-NCS MR-NCS NO-NCS

Complete Intermediate Failed Complete Intermediate Failed Complete Intermediate Failed

A 258 1(T) 0(C) 0 258 1(T) 0(C) 0 258 1(T) 0(C) 0

A→P∗ 259 0(T) 0(C) 0 258 0(T) 0(C) 1 259 0(T) 0(C) 0

A→B 259 0(T) 0(C) 0 259 0(T) 0(C) 0 259 0(T) 0(C) 0

B 259 0(T) 0(C) 0 259 0(T) 0(C) 0 259 0(T) 0(C) 0

B→P∗ 259 0(T) 0(C) 0 259 0(T) 0(C) 0 259 0(T) 0(C) 0

P∗ 259 0(T) 0(C) 0 259 0(T) 0(C) 0 257 2(T) 0(C) 0

P∗→A 259 0(T) 0(C) 0 259 0(T) 0(C) 0 259 0(T) 0(C) 0

P∗→B 259 0(T) 0(C) 0 259 0(T) 0(C) 0 259 0(T) 0(C) 0

A→P - - - - - - 259 0(T) 0(C) 0

B→P - - - - - - 258 1(T) 0(C) 0

P - - - - - - 256 2(T) 0(C) 1

P→A - - - - - - 256 2(T) 0(C) 1

P→B - - - - - - 258 0(T) 0(C) 1

Models used in the comparison: 259 HA-NCS, 258 MR-NCS and 258 NO-NCS.

Table 2. Structure completeness comparison for the models generated from the 52 synthetic

HA-NCS data sets. Each row corresponds to a pipeline variant, and shows the percentage

(rounded to the nearest integer) of models that the pipeline variant built with higher structure

completeness than each of the other pipeline variants.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B

A 0 2 1 1 0 4 35 2

A→P∗ 96 0 8 7 1 26 98 4

A→B 95 90 0 42 32 86 95 27

B 97 92 53 0 32 88 96 34

B→P∗ 99 97 63 63 0 94 100 44

P∗ 95 70 13 10 3 0 98 7

P∗→A 15 2 0 0 0 0 0 1

P∗→B 97 95 66 62 53 92 98 0

1000
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Table 3. Structure completeness comparison for the models generated from the 52 synthetic

HA-NCS data sets. Each row corresponds to a pipeline variant, and shows the percentage

(rounded to the nearest integer) of models that the pipeline variant built with equal structure

completeness to each of the other pipeline variants.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B

A 100 2 4 3 1 1 50 1

A→P∗ 2 100 2 2 2 4 1 1

A→B 4 2 100 4 5 2 4 7

B 3 2 4 100 6 1 3 3

B→P∗ 1 2 5 6 100 3 0 3

P∗ 1 4 2 1 3 100 2 1

P∗→A 50 1 4 3 0 2 100 1

P∗→B 1 1 7 3 3 1 1 100

1000

Table 4. Structure completeness comparison for the models generated from the 52 synthetic

HA-NCS data sets. Each row corresponds to a pipeline variant, and shows the percentage

(rounded to the nearest integer) of models that the pipeline variant built with at least 5%

higher structure completeness than each of the other pipeline variants.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B

A 0 1 0 0 0 3 10 1

A→P∗ 79 0 2 1 1 14 82 1

A→B 90 85 0 30 22 82 90 20

B 93 89 37 0 19 86 93 22

B→P∗ 97 94 47 38 0 90 98 32

P∗ 93 41 8 5 1 0 94 5

P∗→A 3 0 0 0 0 0 0 0

P∗→B 93 90 54 47 42 90 94 0

980

Table 5. Structure completeness comparison for the models generated from the 52 synthetic

HA-NCS data sets. Each row corresponds to a pipeline variant, and shows the percentage

(rounded to the nearest integer) of models that the pipeline variant built with between 1% and

4% higher structure completeness than each of the other pipeline variants.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B

A 0 1 1 1 0 1 25 1

A→P∗ 17 0 6 6 0 12 15 3

A→B 5 5 0 13 10 3 5 7

B 3 3 16 0 12 3 3 12

B→P∗ 2 3 16 24 0 4 2 11

P∗ 2 29 4 5 3 0 3 2

P∗→A 11 2 0 0 0 0 0 0

P∗→B 4 5 12 15 11 2 4 0

290
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Table 6. Comparison of R-work/R-free (rounded to two decimal places) for the models

generated from the 52 synthetic HA-NCS data sets. Each row shows the percentage of models

that a pipeline variant built with lower R-work or R-free than each other pipeline variant.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B

A R−work 0 86 96 95 92 97 29 94

A R−free - - - - - - - -
A→P∗

R−work 9 0 92 91 67 100 2 85

A→P∗
R−free - 0 49 49 20 53 94 44

A→B R−work 3 7 0 41 8 41 1 30

A→B R−free - 42 0 44 11 44 86 33

B R−work 4 6 48 0 3 45 1 34

B R−free - 44 45 0 6 48 87 33

B→P∗
R−work 7 23 87 93 0 92 2 81

B→P∗
R−free - 76 85 90 0 85 96 80

P∗
R−work 2 0 51 49 3 0 0 41

P∗
R−free - 45 49 48 10 0 93 36

P∗→A R−work 53 97 99 98 97 100 0 98

P∗→A R−free - 4 11 12 4 6 0 10

P∗→B R−work 6 11 60 58 13 53 2 0

P∗→B R−free - 50 59 57 16 54 89 0

1000

Table 7. Comparison of R-work/R-free (rounded to two decimal places) for the models

generated from the 52 synthetic HA-NCS data sets. Each row shows the percentage of models

that a pipeline variant built with equal R-work or R-free to each other pipeline variant.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B

A R−work 100 4 1 1 1 0 18 0

A R−free - - - - - - - -
A→P∗

R−work 4 100 2 3 10 0 2 4

A→P∗
R−free - 100 8 7 4 2 2 6

A→B R−work 1 2 100 11 4 7 0 10

A→B R−free - 8 100 11 4 7 3 8

B R−work 1 3 11 100 4 7 0 8

B R−free - 7 11 100 4 4 1 10

B→P∗
R−work 1 10 4 4 100 5 1 7

B→P∗
R−free - 4 4 4 100 4 0 4

P∗
R−work 0 0 7 7 5 100 0 6

P∗
R−free - 2 7 4 4 100 1 10

P∗→A R−work 18 2 0 0 1 0 100 0

P∗→A R−free - 2 3 1 0 1 100 2

P∗→B R−work 0 4 10 8 7 6 0 100

P∗→B R−free - 6 8 10 4 10 2 100

1000
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Table 8. Comparison of R-work/R-free (rounded to two decimal places) for the models

generated from the 52 synthetic HA-NCS data sets. Each row shows the percentage of models

that a pipeline variant built with R-work or R-free at least 5% lower than each other pipeline

variant.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B

A R−work 0 58 89 89 73 96 2 85

A R−free - - - - - - - -
A→P∗

R−work 4 0 73 73 34 91 0 63

A→P∗
R−free - 0 28 31 10 33 78 22

A→B R−work 2 2 0 10 0 20 0 8

A→B R−free - 19 0 16 3 24 75 12

B R−work 2 0 14 0 0 22 0 7

B R−free - 21 16 0 2 20 73 9

B→P∗
R−work 3 2 63 60 0 54 0 49

B→P∗
R−free - 49 56 58 0 55 93 47

P∗
R−work 1 0 29 28 0 0 0 20

P∗
R−free - 21 25 23 2 0 86 16

P∗→A R−work 15 67 93 95 82 100 0 92

P∗→A R−free - 2 5 6 2 3 0 4

P∗→B R−work 3 1 25 15 3 29 0 0

P∗→B R−free - 28 26 22 5 27 78 0

1000

Table 9. Comparison of R-work/R-free (rounded to two decimal places) for the models

generated from the 52 synthetic HA-NCS data sets. Each row shows the percentage of models

that a pipeline variant built with R-work or R-free between 1% and 4% lower than each other

pipeline variant.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B

A R−work 0 29 7 6 18 2 27 9

A R−free - - - - - - - -
A→P∗

R−work 5 0 19 18 33 9 2 22

A→P∗
R−free - 0 22 18 10 20 17 21

A→B R−work 1 5 0 31 8 21 1 22

A→B R−free - 23 0 28 7 21 12 21

B R−work 2 6 35 0 2 22 1 28

B R−free - 23 29 0 5 28 14 24

B→P∗
R−work 4 20 25 33 0 37 2 31

B→P∗
R−free - 27 29 32 0 30 3 33

P∗
R−work 1 0 22 20 3 0 0 20

P∗
R−free - 24 23 25 8 0 7 20

P∗→A R−work 38 30 6 3 15 0 0 7

P∗→A R−free - 2 6 6 2 3 0 5

P∗→B R−work 3 10 35 42 10 24 2 0

P∗→B R−free - 22 33 34 11 27 10 0

420
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Table 10. Structure completeness comparison for the models generated from the 52 synthetic

MR-NCS data sets. Each row corresponds to a pipeline variant, and shows the percentage

(rounded to the nearest integer) of models that the pipeline variant built with higher structure

completeness than each of the other pipeline variants.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B

A 0 2 0 1 0 4 36 2

A→P∗ 96 0 8 7 1 23 98 5

A→B 95 91 0 44 33 86 95 30

B 97 91 52 0 33 88 96 35

B→P∗ 99 97 64 63 0 96 100 46

P∗ 95 72 13 10 2 0 98 7

P∗→A 13 2 0 0 0 0 0 1

P∗→B 97 95 64 61 50 93 97 0

1000

Table 11. Structure completeness comparison for the models generated from the 52 synthetic

MR-NCS data sets. Each row corresponds to a pipeline variant, and shows the percentage

(rounded to the nearest integer) of models that the pipeline variant built with equal structure

completeness to each of the other pipeline variants.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B

A 100 2 5 3 1 1 51 2

A→P∗ 2 100 2 2 2 5 1 1

A→B 5 2 100 4 4 1 4 6

B 3 2 4 100 5 1 3 3

B→P∗ 1 2 4 5 100 2 0 5

P∗ 1 5 1 1 2 100 2 1

P∗→A 51 1 4 3 0 2 100 2

P∗→B 2 1 6 3 5 1 2 100

1000

Table 12. Structure completeness comparison for the models generated from the 52 synthetic

MR-NCS data sets. Each row corresponds to a pipeline variant, and shows the percentage

(rounded to the nearest integer) of models that the pipeline variant built with at least 5%

higher structure completeness than each of the other pipeline variants.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B

A 0 1 0 0 0 3 10 1

A→P∗ 78 0 1 1 1 13 81 1

A→B 90 85 0 32 20 84 91 22

B 93 88 38 0 17 84 93 24

B→P∗ 97 95 47 46 0 91 98 37

P∗ 92 43 7 4 1 0 93 3

P∗→A 3 0 0 0 0 0 0 0

P∗→B 93 91 54 47 41 91 93 0

980
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Table 13. Structure completeness comparison for the models generated from the 52 synthetic

MR-NCS data sets. Each row corresponds to a pipeline variant, and shows the percentage

(rounded to the nearest integer) of models that the pipeline variant built with between 1% and

4% higher structure completeness than each of the other pipeline variants.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B

A 0 1 0 1 0 1 26 1

A→P∗ 18 0 7 6 0 10 16 3

A→B 5 5 0 12 12 2 5 8

B 4 3 14 0 16 4 3 11

B→P∗ 2 2 16 17 0 5 2 9

P∗ 3 29 6 6 1 0 5 3

P∗→A 10 2 0 0 0 0 0 1

P∗→B 4 4 10 15 8 2 5 0

290

Table 14. Comparison of R-work/R-free (rounded to two decimal places) for the models

generated from the 52 synthetic MR-NCS data sets. Each row shows the percentage of models

that a pipeline variant built with lower R-work or R-free than each other pipeline variant.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B

A R−work 0 87 96 95 90 98 28 94

A R−free - - - - - - - -
A→P∗

R−work 9 0 91 91 70 100 1 87

A→P∗
R−free - 0 50 51 22 53 93 43

A→B R−work 3 8 0 43 9 38 1 30

A→B R−free - 42 0 42 10 41 86 34

B R−work 4 7 44 0 3 46 1 34

B R−free - 45 47 0 5 48 86 38

B→P∗
R−work 9 21 86 95 0 92 2 81

B→P∗
R−free - 75 85 91 0 86 97 82

P∗
R−work 2 0 55 50 3 0 0 41

P∗
R−free - 44 51 45 10 0 93 36

P∗→A R−work 57 97 99 99 97 100 0 98

P∗→A R−free - 6 11 11 3 5 0 11

P∗→B R−work 6 9 59 55 14 51 2 0

P∗→B R−free - 51 58 54 13 50 88 0

1000
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Table 15. Comparison of R-work/R-free (rounded to two decimal places) for the models

generated from the 52 synthetic MR-NCS data sets. Each row shows the percentage of models

that a pipeline variant built with equal R-work or R-free to each other pipeline variant.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B

A R−work 100 5 1 1 1 0 16 0

A R−free - - - - - - - -
A→P∗

R−work 5 100 1 2 9 0 2 4

A→P∗
R−free - 100 7 4 3 3 1 6

A→B R−work 1 1 100 13 6 7 0 11

A→B R−free - 7 100 10 5 8 3 8

B R−work 1 2 13 100 2 4 0 11

B R−free - 4 10 100 3 7 3 8

B→P∗
R−work 1 9 6 2 100 4 1 5

B→P∗
R−free - 3 5 3 100 5 0 5

P∗
R−work 0 0 7 4 4 100 0 9

P∗
R−free - 3 8 7 5 100 1 14

P∗→A R−work 16 2 0 0 1 0 100 1

P∗→A R−free - 1 3 3 0 1 100 1

P∗→B R−work 0 4 11 11 5 9 1 100

P∗→B R−free - 6 8 8 5 14 1 100

1000

Table 16. Comparison of R-work/R-free (rounded to two decimal places) for the models

generated from the 52 synthetic MR-NCS data sets. Each row shows the percentage of models

that a pipeline variant built with R-work or R-free at least 5% lower than each other pipeline

variant.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B

A R−work 0 58 88 91 72 96 3 85

A R−free - - - - - - - -
A→P∗

R−work 4 0 75 74 32 90 0 64

A→P∗
R−free - 0 29 31 8 33 77 23

A→B R−work 2 1 0 13 0 19 0 10

A→B R−free - 17 0 14 2 20 75 10

B R−work 2 0 16 0 0 18 0 7

B R−free - 22 18 0 1 18 74 8

B→P∗
R−work 3 4 64 62 0 55 0 51

B→P∗
R−free - 50 60 58 0 58 93 51

P∗
R−work 1 0 26 27 0 0 0 20

P∗
R−free - 22 24 23 2 0 86 14

P∗→A R−work 12 69 93 95 80 100 0 90

P∗→A R−free - 3 5 5 2 3 0 4

P∗→B R−work 3 2 25 16 2 28 0 0

P∗→B R−free - 27 26 23 5 24 80 0

1000
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Table 17. Comparison of R-work/R-free (rounded to two decimal places) for the models

generated from the 52 synthetic MR-NCS data sets. Each row shows the percentage of models

that a pipeline variant built with R-work or R-free between 1% and 4% lower than each other

pipeline variant.
Pipeline variant A A→P∗ A→B B B→P∗ P∗ P∗→A P∗→B

A R−work 0 29 7 4 17 2 25 9

A R−free - - - - - - - -
A→P∗

R−work 5 0 16 17 38 9 1 23

A→P∗
R−free - 0 22 20 14 21 16 20

A→B R−work 1 7 0 30 8 19 1 21

A→B R−free - 25 0 28 8 21 11 25

B R−work 2 6 28 0 3 28 1 26

B R−free - 23 29 0 4 30 12 30

B→P∗
R−work 6 17 22 33 0 37 2 30

B→P∗
R−free - 25 25 33 0 28 4 31

P∗
R−work 1 0 29 23 3 0 0 21

P∗
R−free - 21 27 22 8 0 7 22

P∗→A R−work 44 28 6 3 17 0 0 7

P∗→A R−free - 3 6 6 2 2 0 7

P∗→B R−work 3 8 34 39 12 23 2 0

P∗→B R−free - 24 32 31 9 26 8 0

440

Table 18. Structure completeness comparison for the models generated from the 52 synthetic

NO-NCS data sets. Each row corresponds to a pipeline variant, and shows the percentage

(rounded to the nearest integer) of models that the pipeline variant built with higher structure

completeness than each of the other pipeline variants.
Pipeline variant A A→P∗ A→P A→B B B→P∗ B→P P∗ P∗→A P∗→B P P→A P→B

A 0 2 3 0 1 0 0 4 33 2 3 32 0

A→P∗ 97 0 40 13 11 2 2 24 98 4 21 98 3

A→P 95 53 0 12 9 3 0 24 96 5 22 96 4

A→B 94 85 84 0 41 28 25 77 95 22 77 95 24

B 95 88 88 53 0 26 22 81 96 31 82 96 27

B→P∗ 99 97 97 68 69 0 35 93 100 44 93 100 41

B→P 99 98 98 71 72 51 0 94 100 48 95 100 42

P∗ 96 72 70 22 17 5 3 0 98 10 45 97 8

P∗→A 13 2 2 0 0 0 0 0 0 1 0 18 0

P∗→B 97 94 93 72 65 52 48 89 98 0 88 98 44

P 97 72 74 21 16 5 3 42 99 10 0 98 11

P→A 14 1 2 1 1 0 0 2 19 0 2 0 0

P→B 98 95 96 73 69 57 54 90 99 52 88 99 0

1000
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Table 19. Structure completeness comparison for the models generated from the 52 synthetic

NO-NCS data sets. Each row corresponds to a pipeline variant, and shows the percentage

(rounded to the nearest integer) of models that the pipeline variant built with equal structure

completeness to each of the other pipeline variants.
Pipeline variant A A→P∗ A→P A→B B B→P∗ B→P P∗ P∗→A P∗→B P P→A P→B

A 100 2 2 5 3 1 0 0 54 1 0 54 2

A→P∗ 2 100 7 2 1 2 0 4 0 2 8 1 2

A→P 2 7 100 3 3 0 2 6 2 2 4 2 0

A→B 5 2 3 100 6 4 4 1 5 5 2 4 2

B 3 1 3 6 100 5 6 2 4 4 2 3 3

B→P∗ 1 2 0 4 5 100 14 3 0 3 3 0 2

B→P 0 0 2 4 6 14 100 3 0 3 2 0 4

P∗ 0 4 6 1 2 3 3 100 2 2 13 1 2

P∗→A 54 0 2 5 4 0 0 2 100 1 1 63 1

P∗→B 1 2 2 5 4 3 3 2 1 100 2 1 5

P 0 8 4 2 2 3 2 13 1 2 100 0 1

P→A 54 1 2 4 3 0 0 1 63 1 0 100 1

P→B 2 2 0 2 3 2 4 2 1 5 1 1 100

1000

Table 20. Structure completeness comparison for the models generated from the 52 synthetic

NO-NCS data sets. Each row corresponds to a pipeline variant, and shows the percentage

(rounded to the nearest integer) of models that the pipeline variant built with at least 5%

higher structure completeness than each of the other pipeline variants.
Pipeline variant A A→P∗ A→P A→B B B→P∗ B→P P∗ P∗→A P∗→B P P→A P→B

A 0 1 2 0 0 0 0 3 9 1 3 8 0

A→P∗ 74 0 17 4 2 1 0 14 77 1 12 78 1

A→P 86 24 0 7 3 1 0 10 86 2 11 86 2

A→B 86 78 76 0 28 18 16 72 86 16 73 85 14

B 90 83 81 33 0 14 9 77 90 20 76 90 15

B→P∗ 97 95 91 53 49 0 10 85 98 34 86 97 28

B→P 98 94 93 55 50 15 0 87 99 36 87 99 28

P∗ 94 52 41 14 9 1 0 0 94 5 12 95 5

P∗→A 4 0 2 0 0 0 0 0 0 0 0 2 0

P∗→B 93 88 88 57 50 40 37 86 94 0 84 93 30

P 93 50 43 15 10 2 1 14 95 5 0 94 5

P→A 4 1 1 0 0 0 0 2 4 0 2 0 0

P→B 93 90 91 59 52 44 43 86 94 37 86 93 0

990
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Table 21. Structure completeness comparison for the models generated from the 52 synthetic

NO-NCS data sets. Each row corresponds to a pipeline variant, and shows the percentage

(rounded to the nearest integer) of models that the pipeline variant built with between 1% and

4% higher structure completeness than each of the other pipeline variants.
Pipeline variant A A→P∗ A→P A→B B B→P∗ B→P P∗ P∗→A P∗→B P P→A P→B

A 0 1 0 0 1 0 0 1 24 1 0 24 0

A→P∗ 22 0 22 9 9 1 1 10 21 3 9 20 2

A→P 9 29 0 6 5 2 0 13 10 3 11 10 2

A→B 9 7 9 0 13 10 9 5 9 7 4 10 11

B 6 5 7 20 0 12 13 4 5 11 7 5 12

B→P∗ 2 2 6 14 20 0 26 7 2 10 7 3 12

B→P 1 4 5 17 23 36 0 7 1 12 8 1 14

P∗ 2 21 29 9 8 4 3 0 4 4 34 2 3

P∗→A 9 2 0 0 0 0 0 0 0 0 0 16 0

P∗→B 4 6 5 15 15 12 11 3 4 0 4 5 14

P 4 22 31 6 6 3 2 28 3 5 0 4 6

P→A 9 0 2 1 1 0 0 0 15 0 0 0 0

P→B 5 5 5 14 18 13 11 3 5 15 2 6 0

360
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Table 22. Comparison of R-work/R-free (rounded to two decimal places) for the models

generated from the 52 synthetic NO-NCS data sets. Each row shows the percentage of models

that a pipeline variant built with lower R-work or R-free than each other pipeline variant.
Pipeline variant A A→P∗ A→P A→B B B→P∗ B→P P∗ P∗→A P∗→B P P→A P→B

A R−work 0 87 86 96 95 90 90 97 30 94 97 32 94

A R−free - - - - - - - - - - - - -
A→P∗

R−work 9 0 31 95 93 74 73 100 1 89 100 2 90

A→P∗
R−free - 0 43 59 57 24 28 52 94 50 51 89 48

A→P R−work 10 38 0 93 93 76 75 100 2 89 100 2 89

A→P R−free - 43 0 60 61 26 27 52 93 50 50 90 50

A→B R−work 3 5 5 0 41 7 8 33 1 24 34 0 24

A→B R−free - 33 33 0 42 8 9 35 79 29 34 80 28

B R−work 4 5 5 45 0 2 2 37 1 30 37 1 26

B R−free - 34 35 43 0 5 4 36 82 31 34 82 31

B→P∗
R−work 10 19 16 90 97 0 35 86 2 82 85 3 83

B→P∗
R−free - 72 71 89 93 0 41 81 96 84 83 95 83

B→P R−work 9 19 18 90 97 33 0 84 2 83 83 2 83

B→P R−free - 69 70 88 93 43 0 78 96 82 74 95 81

P∗
R−work 2 0 0 61 57 7 9 0 0 47 33 0 48

P∗
R−free - 45 44 59 60 12 17 0 93 47 38 93 48

P∗→A R−work 52 97 97 99 99 96 97 100 0 98 100 34 98

P∗→A R−free - 5 6 16 15 4 3 6 0 10 5 43 10

P∗→B R−work 6 7 9 65 58 12 13 45 2 0 45 2 44

P∗→B R−free - 45 46 64 61 13 14 43 88 0 43 84 43

P R−work 2 0 0 62 57 4 9 31 0 48 0 0 48

P R−free - 45 43 59 61 13 19 44 95 50 0 94 50

P→A R−work 53 97 97 99 98 97 97 100 38 98 100 0 99

P→A R−free - 8 7 16 15 4 5 6 41 12 5 0 10

P→B R−work 5 8 7 67 63 12 11 46 1 44 45 1 0

P→B R−free - 47 45 63 62 12 12 48 87 50 46 88 0

1000
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Table 23. Comparison of R-work/R-free (rounded to two decimal places) for the models

generated from the 52 synthetic NO-NCS data sets. Each row shows the percentage of models

that a pipeline variant built with equal R-work or R-free to each other pipeline variant.
Pipeline variant A A→P∗ A→P A→B B B→P∗ B→P P∗ P∗→A P∗→B P P→A P→B

A R−work 100 4 3 0 2 1 2 0 17 0 1 15 1

A R−free - - - - - - - - - - - - -
A→P∗

R−work 4 100 31 0 2 7 8 0 2 4 0 1 3

A→P∗
R−free - 100 13 8 9 3 3 3 2 5 4 3 5

A→P R−work 3 31 100 2 2 8 7 0 2 2 0 2 4

A→P R−free - 13 100 8 4 3 3 3 2 4 7 2 5

A→B R−work 0 0 2 100 14 3 3 5 0 11 3 1 9

A→B R−free - 8 8 100 15 3 3 7 4 7 7 4 9

B R−work 2 2 2 14 100 2 1 6 0 12 6 0 10

B R−free - 9 4 15 100 3 3 4 3 8 5 3 7

B→P∗
R−work 1 7 8 3 2 100 32 7 2 6 11 1 5

B→P∗
R−free - 3 3 3 3 100 16 7 0 2 4 1 5

B→P R−work 2 8 7 3 1 32 100 7 2 4 8 2 7

B→P R−free - 3 3 3 3 16 100 5 1 4 8 1 7

P∗
R−work 0 0 0 5 6 7 7 100 0 7 36 0 6

P∗
R−free - 3 3 7 4 7 5 100 1 9 19 1 4

P∗→A R−work 17 2 2 0 0 2 2 0 100 0 0 28 0

P∗→A R−free - 2 2 4 3 0 1 1 100 2 0 16 3

P∗→B R−work 0 4 2 11 12 6 4 7 0 100 7 0 12

P∗→B R−free - 5 4 7 8 2 4 9 2 100 7 3 7

P R−work 1 0 0 3 6 11 8 36 0 7 100 0 7

P R−free - 4 7 7 5 4 8 19 0 7 100 0 5

P→A R−work 15 1 2 1 0 1 2 0 28 0 0 100 0

P→A R−free - 3 2 4 3 1 1 1 16 3 0 100 2

P→B R−work 1 3 4 9 10 5 7 6 0 12 7 0 100

P→B R−free - 5 5 9 7 5 7 4 3 7 5 2 100

1000
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Table 24. Comparison of R-work/R-free (rounded to two decimal places) for the models

generated from the 52 synthetic NO-NCS data sets. Each row shows the percentage of models

that a pipeline variant built with R-work or R-free at least 5% lower than each other pipeline

variant.
Pipeline variant A A→P∗ A→P A→B B B→P∗ B→P P∗ P∗→A P∗→B P P→A P→B

A R−work 0 60 58 90 89 74 74 96 3 85 95 2 86

A R−free - - - - - - - - - - - - -
A→P∗

R−work 4 0 1 81 77 41 41 91 0 68 91 1 68

A→P∗
R−free - 0 5 36 37 14 12 34 75 29 31 76 28

A→P R−work 4 1 0 81 77 43 43 90 0 67 90 1 71

A→P R−free - 6 0 34 37 12 13 31 77 28 32 79 26

A→B R−work 2 1 0 0 9 0 1 16 0 7 16 0 6

A→B R−free - 12 12 0 12 2 1 17 66 10 16 62 8

B R−work 2 0 1 13 0 0 0 18 0 5 17 0 6

B R−free - 16 14 16 0 1 1 16 67 9 17 63 9

B→P∗
R−work 3 3 4 69 66 0 0 45 0 53 45 0 54

B→P∗
R−free - 47 49 68 68 0 3 47 92 52 45 92 48

B→P R−work 2 2 3 70 66 0 0 45 0 52 48 0 52

B→P R−free - 51 50 69 67 2 0 45 91 52 46 91 46

P∗
R−work 1 0 0 40 43 0 1 0 0 29 0 0 26

P∗
R−free - 24 21 39 34 2 3 0 87 23 2 87 22

P∗→A R−work 13 67 69 95 96 83 84 100 0 92 100 3 92

P∗→A R−free - 3 3 5 7 2 2 3 0 4 4 8 4

P∗→B R−work 3 1 1 27 18 2 3 22 0 0 22 0 10

P∗→B R−free - 23 22 27 22 5 4 20 74 0 21 74 13

P R−work 1 0 0 40 40 0 0 0 0 28 0 0 26

P R−free - 25 25 40 39 3 4 5 89 28 0 88 24

P→A R−work 13 69 67 94 96 83 83 100 3 92 100 0 92

P→A R−free - 2 2 5 7 2 2 5 8 6 4 0 5

P→B R−work 3 1 2 26 25 1 2 23 0 14 22 0 0

P→B R−free - 22 22 29 29 2 2 22 75 14 20 74 0

1000
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Table 25. Comparison of R-work/R-free (rounded to two decimal places) for the models

generated from the 52 synthetic NO-NCS data sets. Each row shows the percentage of models

that a pipeline variant built with R-work or R-free between 1% and 4% lower than each other

pipeline variant.
Pipeline variant A A→P∗ A→P A→B B B→P∗ B→P P∗ P∗→A P∗→B P P→A P→B

A R−work 0 27 28 6 6 15 15 2 28 9 2 30 8

A R−free - - - - - - - - - - - - -
A→P∗

R−work 5 0 31 14 17 33 32 9 1 21 9 1 22

A→P∗
R−free - 0 38 22 20 11 16 18 19 21 20 13 20

A→P R−work 7 37 0 12 16 33 31 10 2 21 10 1 18

A→P R−free - 38 0 26 24 14 14 22 16 21 18 12 25

A→B R−work 1 4 5 0 32 6 7 18 1 17 19 0 18

A→B R−free - 21 21 0 30 6 7 18 13 19 18 17 20

B R−work 2 4 4 31 0 1 2 19 1 25 20 1 21

B R−free - 18 21 28 0 3 3 20 16 21 17 19 22

B→P∗
R−work 7 16 12 22 31 0 35 41 2 29 40 2 28

B→P∗
R−free - 25 22 21 25 0 37 34 4 32 37 2 35

B→P R−work 6 17 15 20 30 33 0 39 1 31 35 2 31

B→P R−free - 18 20 20 26 41 0 32 4 30 28 4 35

P∗
R−work 1 0 0 21 14 7 8 0 0 18 33 0 22

P∗
R−free - 21 23 20 25 10 14 0 6 24 36 7 26

P∗→A R−work 40 30 28 4 3 13 13 0 0 6 0 31 7

P∗→A R−free - 2 3 12 9 2 2 2 0 6 2 35 6

P∗→B R−work 3 6 9 38 40 9 10 23 2 0 22 1 34

P∗→B R−free - 22 24 37 39 8 10 23 13 0 22 11 31

P R−work 1 0 0 22 17 4 9 31 0 21 0 0 22

P R−free - 20 18 19 22 10 15 39 5 22 0 7 26

P→A R−work 41 28 29 5 3 14 14 0 34 6 0 0 7

P→A R−free - 6 5 11 8 2 2 1 34 6 2 0 6

P→B R−work 2 7 5 41 38 11 9 22 1 30 22 1 0

P→B R−free - 26 23 33 32 10 10 26 12 36 26 14 0

410
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Appendix E
The command line used in running the pipelines

E1. PHENIX AutoBuild

The following command line was used to build data set ID 1O6A (resolution 1.9 Å)

and the initial model from Buccaneer.

phenix . autobu i ld \
data=PDBID. mtz \
s e q f i l e=PDBID. f a s t a \
i n p u t l a b e l s =’ FP SIGFP PHIB FOM HLA HLB HLC HLD FreeR f lag ’ c l ean up=True \
(The f o l l ow i ng three parameters are used when run PHENIX AutoBuild a f t e r Parrot )
i npu t map f i l e=PDBID.mtz \
map f i l e i s d e n s i t y mod i f i e d=True \
i nput map labe l s=’FP hltofom . Phi fom . phi hltofom . Phi fom . fom ’\
model=Buccaneer /PDBID. pdb

autobu i ld {
data = ”PDBID. mtz”
model = ”Buccaneer /PDBID. pdb”
s e q f i l e = ”PDBID. f a s t a ”
map f i l e = Auto
r e f i n em e n t f i l e = Auto
h i r e s f i l e = Auto
c r y s t a l i n f o {

u n i t c e l l = None
space group = None
s o l v e n t f r a c t i o n = None
cha in type = ∗Auto PROTEIN DNA RNA
r e s o l u t i o n = 0
dmax = 500
o v e r a l l r e s o l u t i o n = 0
sequence = None

}
i n p u t f i l e s {

i n p u t l a b e l s = FP SIGFP PHIB FOM HLA HLB HLC HLD FreeR f lag
i n p u t h i r e s l a b e l s = None
input map labe l s = FP hltofom . Phi fom . phi hltofom . Phi fom . fom
i npu t r e f i n emen t l a b e l s = None
i n p u t h a f i l e = None
f o r c e i npu t ha = False
in c lude ha in mode l = True
c i f d e f f i l e l i s t = None
i n p u t l i g f i l e l i s t = None
ke ep inpu t l i g and s = True
keep input wate r s = False
keep pdb atoms = True
r emov e r e s i d u e s o n s p e c i a l p o s i t i o n s = False
r e f i n e e f f f i l e l i s t = None
map f i l e i s d e n s i t y mod i f i e d = True
map f i l e fom = None
use constant input map = False
u s e map f i l e a s h k l s t a r t = None
use map in re so lve w i th mode l = Fal se
ident i ty f rom remark = True
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i nput data type = None
}
an i so {

remove aniso = True
b i s o = None
max b iso = 40
t a r g e t b r a t i o = 10

}
dec i s i on making {

a c c ep t ab l e r = 0 .25
r sw i t ch = 0 .4
s em i a c c ep t ab l e r = 0 .3
r e j e c t weak = False
min weak z = 0 .2
m in c c r e s r e bu i l d = 0 .4
m in s eq i d en t i t y p e r c en t = 50
d i s t c l o s e = None
d i s t c l o s e o v e r l a p = 1 .5
loop cc min = 0 .4
g roup ca l ength = 4
group length = 2
inc lude mo lp rob i ty = False
ok molp score = None
s c a l e mo lp s c o r e = None

}
den s i t y mod i f i c a t i o n {

add c lass i c denmod = None
s k i p c l a s s i c i f w o r s e f om = True
s k i p n c s i n a d d c l a s s i c = True
thorough denmod = ∗Auto True Fal se
h l = False
mask type = ∗histograms p r obab i l i t y wang c l a s s i c
mask from pdb = None
mask type extreme dm = histograms p r obab i l i t y ∗wang c l a s s i c
mask cycles extreme dm = 1
minor cyc les extreme dm = 4
wang radius extreme dm = 20
pre cond i t i on = False
minimum ncs cc = 0 .3
extreme dm = False
fom for ext reme dm rebu i ld = 0 .1
fom for extreme dm = 0.35
rad mask from pdb = 2
mod i f y ou t s i d e d e l t a s o l v en t = 0.05
modi fy outs ide mode l = False
t r u n c a t e h a s i t e s i n r e s o l v e = ∗Auto True Fal se
rad mask = None
s s t e p = None
r e s s t a r t = None
map dmin start = None
map dmin incr = 0.25
u s e r e s o l v e f r a gmen t s = True
u s e r e s o l v e p a t t e r n = True
use hl anom in denmod = False
use hl anom in denmod with model = Fal se
mask as mtz = False
p r o t e i n ou tpu t ma sk f i l e = None
nc s ou tpu t mask f i l e = None
omi t ou tput mask f i l e = None

}
maps {

maps only = False
n x y z l i s t = None

}
mode l bu i ld ing {
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bu i l d type = ∗RESOLVE RESOLVEANDBUCCANEER
a l l ow n e g a t i v e r e s i d u e s = Fal se
h i gh e s t r e s no = None
semet = False
u s e me t i n a l i g n = ∗Auto True Fal se
base model = None
c o n s i d e r ma i n c h a i n l i s t = None
d i s t c onn e c t max he l i c e s = None
ed i t pdb = True
h e l i c e s s t r a n d s o n l y = False
r e s o l u t i o n h e l i c e s s t r a n d s = 3 .1
h e l i c e s s t r a n d s s t a r t = False
c c he l i x m in = None
cc s t rand min = None
l o o p l i b = False
s tandard loops = True
t r a c e l o o p s = False
r e f i n e t r a c e l o o p s = True
d e n s i t y o f p o i n t s = None
max dens i t y o f po in t s = None
cutout mode l rad ius = None
max cutout model radius = 20
padding = 1
max span = 30
max overlap = None
min over lap = None
inc lude input mode l = True
i npu t c ompa r e f i l e = None
merge models = False
morph = False
morph main = False
d i s t c u t b a s e = 3
morph cyc les = 2
morph rad = 7
n ca enough he l i c e s = None
d e l t a ph i = 20
o f f s e t s l i s t = 53 7 23
a l l map s i n r e bu i l d = False
p s i n r e b u i l d = False
u s e n c s i n p s = False
r emove ou t l i e r s e gment s z cu t = 3
r e f i n e = True
r e f i n e f i n a l m o d e l v s o r i g d a t a = True
r e f e r ence mode l = None
r e s o l u t i o n bu i l d = None
r e s t a r t c y c l e a f t e r mo r ph = 5
r e t r a c e b e f o r e b u i l d = False
r e u s e c h a i n p r e v c y c l e = True
r i chardson ro tamer s = ∗Auto True Fa l se
rms random frag = None
rms random loop = None
s t a r t c h a i n s l i s t = None
t r a c e a s l i g = Fal se
t r a c k l i b s = False
two fo f c denmod in r ebu i l d = False
r ebu i ld f r om f ragment s = False
tw o f o f c i n r e b u i l d = False
r e f i n e map c o e f f l a b e l s = ”2FOFCWT PH2FOFCWT”
f i l l e d 2 f o f c map s = True
map phasing = False
u s e any s i d e = True
t r un c a t e m i s s i n g s i d e c h a i n s = None
use cc in comb ine extend = False
so r t he ta tms = False
map to object = None
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}
mult ip l e mode l s {

combine only = False
mul t ip l e mode l s = Fal se
mu l t i p l e mod e l s f i r s t = 1
mult ip le models group number = 5
mu l t i p l e mode l s l a s t = 20
mult ip le models number = 20
mu l t i p l e mode l s s t a r t i n g = True
mu l t i p l e mod e l s s t a r t i n g r e s o l u t i o n = 4
p lac e wate r s in comb ine = None

}
ncs {

f i n d n c s = ∗Auto True Fa l se
i n p u t n c s f i l e = None
n c s c op i e s = None
nc s r e f i n e coo rd s i gma f rom rmsd = False
n c s r e f i n e c o o rd s i gma f r om rmsd ra t i o = 1
no merge nc s cop i e s = Fal se
opt im i ze nc s = True
u s e n c s i n bu i l d = True
nc s i n r e f i n emen t = ∗ t o r s i o n c a r t e s i a n None

}
omit {

compos i te omit type = ∗None s imple omit r e f i n e om i t sa omit \
i t e r a t i v e b u i l d om i t

n box ta rge t = None
n cyc le image min = 3
n cy c l e r e bu i l d om i t = 10
o f f s e t boundary = 2
omit boundary = 2
omi t box s ta r t = 0
omit box end = 0
omi t box pdb l i s t = None
om i t c h a i n l i s t = None
om i t o f f s e t l i s t = 0 0 0 0 0 0
omi t on r ebu i l d = False
om i t s e l e c t i o n = None
om i t r e g i o n s p e c i f i c a t i o n = ∗ compos ite omit omit around pdb \

om i t s e l e c t i o n
om i t r e s s t a r t l i s t = None
om i t r e s e n d l i s t = None

}
r e b u i l d i n p l a c e {

min s e q i d e n t i t y p e r c e n t r e b u i l d i n p l a c e = 95
n c y c l e r e b u i l d i n p l a c e = None
n r e b u i l d i n p l a c e = 1
r e b u i l d c h a i n l i s t = None
r e b u i l d i n p l a c e = ∗Auto True Fal se
r e bu i l d n e a r cha i n = None
r e b u i l d n e a r d i s t = 7 .5
r e b u i l d n e a r r e s = None
r e b u i l d r e s e n d l i s t = None
r e b u i l d r e s s t a r t l i s t = None
r e b u i l d s i d e c h a i n s = False
r e d o s i d e c h a i n s = True
r e p l a c e e x i s t i n g = True
d e l e t e b ad r e s i d u e s on l y = False
touch up = False
t ou ch up ex t r a r e s i du e s = None
wo r s t p e r c e n t r e s r e bu i l d = 2
smooth range = None
smooth minimum length = None

}
re f inement {
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r e f i n e b = True
r e f i n e s e o c c = True
sk i p c l a sh gua rd = True
c o r r e c t s p e c i a l p o s i t i o n t o l e r a n c e = None
use mlh l = True
g e n e r a t e h l i f m i s s i n g = False
p l a c e wat e r s = True
r e f i n emen t r e s o l u t i o n = 0
o r d e r e d s o l v e n t l ow r e s o l u t i o n = None
l i n k d i s t a n c e c u t o f f = 3
r f r e e f l a g s f r a c t i o n = 0 .1
r f r e e f l a g s m a x f r e e = 2000
r f r e e f l a g s u s e l a t t i c e s ymme t r y = True
r f r e e f l a g s l a t t i c e s ymme t r y max d e l t a = 5
a l l ow ove r l app ing = None
f i x l i g and oc cupancy = None
remove out l i e r s egment s = True
twin law = None
max occ = None
r e f i n e b e f o r e r e b u i l d = True
r e f i n e w i t h n c s = True
r e f i n e x y z = True
s annea l i ng = False
s k i p h exd i g e s t = False
us e h l anom in re f i n ement = False
u s e h l i f p r e s e n t = True

}
thoroughness {

bu i l d ou t s i d e = True
connect = True
e x t e n s i v e bu i l d = False
f i t l o o p s = True
i n s e r t h e l i c e s = True
n c y c l e bu i l d = None
n cyc l e bu i ld max = 6
n cyc l e bu i l d m in = 1
n cyc l e r ebu i l d max = 15
n cy c l e r ebu i l d m in = 1
n mini = 10
n random frag = 0
n random loop = 3
n t r y r e bu i l d = 2
n c y c l e r e f i n e = 3
number of models = None
number o f pa ra l l e l mode l s = 0
sk ip combine extend = False
f u l l y s k i p comb in e ex t end = False
t h o r ough l o op f i t = True

}
gene ra l {

coot name = ” coot ”
i r a n s e e d = 72432
r a i s e s o r r y = False
background = True
check wa i t t ime = 1
max wait time = 1
wait between submit t ime = 1
c a c h e r e s o l v e l i b s = True
r e s o l v e s i z e = ”12”
check run command = False
run command = ”sh ”
queue commands = None
condor un ive r s e = ” v an i l l a ”
add doub l e quote s in condor = True
condor = None
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l a s t p r o c e s s i s l o c a l = True
s k i p r f a c t o r = False
t e s t f l a g v a l u e = Auto
s k i p x t r i a g e = False
base path = None
temp dir = None
c l ean up = True
p r i n t c i t a t i o n s = True
s o l u t i o n o u t p u t p i c k l e f i l e = None
j o b t i t l e = None
top ou tput d i r = None
wizard d i rectory number = None
verbose = False
ex t r a ve rbo s e = False
debug = False
r equ i r e nonze ro = True
remove path word l i s t = None
f i l l = Fal se
r e s f i l l = None
check on ly = False
k e e p f i l e s = ” o v e r a l l b e s t ∗” ”AutoBui ld run ∗ . l og ”
a f t e r a u t o s o l = Fal se
nbatch = 3
nproc = 1
quick = False
r e so lve command l i s t = None
r e so l v e pa t t e rn command l i s t = None
i g n o r e e r r o r s i n s u bp r o c e s s = Fal se
s e n d n o t i f i c a t i o n = False
n o t i f y ema i l = None

}
spec i a l k eywords {

w r i t e r u n d i r e c t o r y t o f i l e = None
}
run con t r o l {

coot = None
i gno r e b l ank s = None
stop = None
d i s p l a y f a c t s = None
display summary = None
car ry on = None
run = None
copy run = None
d i sp l ay run s = None
d e l e t e r un s = None
d i s p l a y l a b e l s = None
dry run = False
params only = False
d i s p l a y a l l = Fal se

}
non user parameters {

gu i ou tpu t d i r = None
background map = None
boundary background map = None
e x t e n d t r y l i s t = True
fo rce combine extend = False
mod e l l i s t = None
o a s i s c n o s = None
of fset boundary background map = None
s k i p r e f i n e = False
sg = None
i n p u t d a t a f i l e = None
i npu t map f i l e = ”PDBID. mtz”
i n p u t r e f i n em en t f i l e = Auto
i n pu t pdb f i l e = None
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i n p u t s e q f i l e = Auto
super qu i ck = None
r e q u i r e t e s t s e t = False

}
}

E2. ARP/wARP

The following command line was used to build data set ID 2ASH (resolution 2.1 Å)

and the initial model from PHENIX Autobuild without Parrot.

s e t a lbe = 0
s e t arp ipc =
s e t arpwarpdir = temp trac ing
s e t bcut1 = 2 .0
s e t bcut2 = 2 .0
s e t bcut3 = 2 .0
s e t CCP4I DEFFILE = UNDEFINED
se t c e l l = ’170 .109 99 .745 124.866 90 .000 123.929 90 .000 ’
s e t cgr = 1
s e t compareto =
s e t damp = ’1 . 0 1 . 0 ’
s e t d a t a f i l e = PDBID. mtz
s e t d ipcut1 = 0.035
s e t d ipcut2 = 0.010
s e t d i p v a l i = 1
s e t emmode = 0
s e t fakedata = ’0 0 0 ’
s e t f b e s t =
s e t f l a t t e n = 0
s e t fom = hltofom . Phi fom . fom
se t fp = FP
se t f r e e b u i l d = 0
s e t f r e e l a b i n = ’FREE=FreeR f lag ’
s e t f r e e l o o p s = 0
s e t f s i g = 3 .2
s e t heavyin =
se t hmainpos t f i t = 1
s e t i s s eme t = 0
s e t JOB ID = PDBID
se t keepdata = SOFTWAREDEVELOPERS
se t keepjunk = 0
s e t l oops = 1
s e t modeccp4i = WARPNTRACEMODEL
se t modelin = /PHENIXAutobuild/PDBID. pdb
s e t models = 1
s e t mul t i t = 5
s e t nc s ex tens i on = 1
s e t n c s r e s t r a i n t s = 1
s e t n c s r l o c a l = 1
s e t nnuc = 0
s e t p a r f i l e = PDBID/ a rp wa rp c l a s s i c . par
s e t phase lab in =
se t phase r e f =
s e t ph ibes t = hltofom . Phi fom . phi
s e t PROJECT = COMMAND LINE SUBMISSION
se t p r o t s i z e = 0
s e t rand1 = 0
s e t rand2 = 0
s e t rand3 = 0
s e t r and sh i f t 1 = 0 .5
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s e t r and sh i f t 2 = 0 .5
s e t r and sh i f t 3 = 0 .5
s e t randtimes = 0
s e t refmax = MLKF
se t remote = 0
s e t remoteemai l =
s e t r e s o l = ’103 .605 2 .100 ’
s e t r e s t r a i n t s = 1
s e t r e s t r c y c = 50
s e t r e s t r r e f = 5
s e t r i d g e r e s t r a i n t s = 0
s e t r r cyc = 1
s e t r s i g = 1 .0
s e t sad = 0
s e t sadcard =
se t s c a l e op t = ’SIMPLE LSSC ANIS ’
s e t sca lml = ’SCAL MLSC WORK’
s e t s eq in = PDBID. f a s t a
s e t s i d e = 1
s e t sidemethod = SEQQY
se t s i g f p = SIGFP
se t sk ip = 0
s e t s o l v en t = 1
s e t s o l v en t c = 1.0000
s e t sym = 5
s e t twin = 0
s e t upmore = 1
s e t v e r s i on = 8 .0
s e t warpbin = /ccp4 /7 . 0 . 066/ arp warp 8 .0/ bin /bin−x86 64−Linux
s e t weightv =
se t wi l sonb = 44.02
s e t wmat = AUTO
se t WORKDIR = /PDBID
se t xyzl im = ’0 .00000 0.50000 0.00000 1.00000 0.00000 0 .50000 ’

E3. Buccaneer

The following command line was used to build data set ID 1O6A (resolution 1.9 Å)

and the initial model from PHENIX AutoBuild.

mtzin PDBID. mtz
s eq in PDBID. f a s t a
co l i n−f o FP, SIGFP
co l i n−hl par rot .ABCD.A, parrot .ABCD.B, par rot .ABCD.C, parrot .ABCD.D
co l i n−f r e e FreeR f lag
buccaneer−anisotropy−c o r r e c t i o n
buccaneer−f a s t
buccaneer−keyword verbose 5
c y c l e s 5
pdbin PHENIXAutoBuild/PDBID. pdb
−−−−−−−−−−−−−−−−−−−−−− DEFAULT PARAMETERS −−−−−−−−−−−−−−−−−−−−−−
t i t l e buccaneer auto−bu i ld
pdbout buccaneer . pdb
buccaneer−new−r e s idue−name UNK
buccaneer−r e s o l u t i o n 2 .0
buccaneer−1st−c y c l e s 3
buccaneer−1st−c o r r e l a t i o n−mode f a l s e
buccaneer−1st−sequence−r e l i a b i l i t y 0 .95
buccaneer−nth−c y c l e s 2
buccaneer−nth−c o r r e l a t i o n−mode true
buccaneer−nth−sequence−r e l i a b i l i t y 0 .95
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refmac−twin f a l s e
refmac−mlhl t rue
p r e f i x buccaneer /
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−


