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1.1 Start
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Empty ST 1.1.4
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PG 1.1.3

PG 1.1.5

PG 1.1.6 1.1 End

Initial	  
Model
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Empty ST 1.1.4
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PG 1.1.5

PG 1.1.6 1.1 End
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R1.PG Start

Empty ST R1.PG.1 PG R1.PG.1

PG R1.PG.2

PG R1.PG.3

Empty ST R1.PG.2

Empty ST R1.PG.3

Empty ST R1.PG.4

Empty ST R1.PG.5

PG R1.PG.4

R1.PG End
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R2.PG Start

Empty ST R2.PG.1
PG R2.PG.1

Empty ST R2.PG.2

Empty ST R2.PG.3

Empty ST R2.PG.4

Empty ST R2.PG.5

PG R2.PG.2

PG R2.PG.3

PG 1.1.6 R2.PG End

1.1.Parallel_Multiple

1.1 Start

Empty ST 1.1.1
PG 1.1.1

PG 1.1.2

PG 1.1.4

Empty ST 1.1.2

Empty ST 1.1.3

Empty ST 1.1.4

Empty ST 1.1.5

PG 1.1.3

PG 1.1.5

PG 1.1.6 1.1 End
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Model
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R3_Parallel_Alternative

R3.PG Start

Empty ST R3.PG.1

Empty ST R3.PG.2

Empty ST R3.PG.3

Empty ST R3.PG.4

Empty ST R3.PG.5

R3.PG EndIG R3.PG.1

IG R3.PG.2

IG R3.PG.4

IG R3.PG.3

IG R3.PG.5

IG R3.PG.6

1.1.Parallel_Multiple

1.1 Start

Empty ST 1.1.1
PG 1.1.1

PG 1.1.2

PG 1.1.4
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Empty ST 1.1.3
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PG 1.1.6 1.1 End
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PG 1.1.5

PG 1.1.6 1.1 End
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Model
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R4.PG Start
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PG R4.PG.1

PG R4.PG.3

Empty ST R4.PG.2
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Empty ST R4.PG.4

Empty ST R4.PG.5

PG R4.PG.2

PG R4.PG.4

PG R4.PG.5 R4.PG End
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t4

1.1.Parallel_Multiple

1.1 Start

Empty ST 1.1.1
PG 1.1.1

PG 1.1.2

PG 1.1.4

Empty ST 1.1.2

Empty ST 1.1.3

Empty ST 1.1.4

Empty ST 1.1.5

PG 1.1.3

PG 1.1.5

PG 1.1.6 1.1 End

R1_Parallel_Coalesce_Joins

R1.PG Start

Empty ST R1.PG.1 PG R1.PG.1

PG R1.PG.2

PG R1.PG.3

Empty ST R1.PG.2

Empty ST R1.PG.3

Empty ST R1.PG.4

Empty ST R1.PG.5

PG R1.PG.4

R1.PG End

t1
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Model

R2_Parallel_Coalesce_Splits

R2.PG Start

Empty ST R2.PG.1
PG R2.PG.1

Empty ST R2.PG.2

Empty ST R2.PG.3

Empty ST R2.PG.4

Empty ST R2.PG.5

PG R2.PG.2

PG R2.PG.3

PG 1.1.6 R2.PG End

t2
coalesce	  
splits

R3_Parallel_Alternative

R3.PG Start

Empty ST R3.PG.1

Empty ST R3.PG.2

Empty ST R3.PG.3

Empty ST R3.PG.4

Empty ST R3.PG.5

R3.PG EndIG R3.PG.1

IG R3.PG.2

IG R3.PG.4

IG R3.PG.3

IG R3.PG.5

IG R3.PG.6

R4_Parallel_Activity_Form

R4.PG Start

Empty ST R4.PG.1

PG R4.PG.1

PG R4.PG.3

Empty ST R4.PG.2

Empty ST R4.PG.3

Empty ST R4.PG.4

Empty ST R4.PG.5

PG R4.PG.2

PG R4.PG.4

PG R4.PG.5 R4.PG End
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t4

1.1.Parallel_Multiple

1.1 Start

Empty ST 1.1.1
PG 1.1.1

PG 1.1.2

PG 1.1.4

Empty ST 1.1.2

Empty ST 1.1.3

Empty ST 1.1.4

Empty ST 1.1.5

PG 1.1.3

PG 1.1.5

PG 1.1.6 1.1 End

R1_Parallel_Coalesce_Joins

R1.PG Start

Empty ST R1.PG.1 PG R1.PG.1

PG R1.PG.2

PG R1.PG.3

Empty ST R1.PG.2

Empty ST R1.PG.3

Empty ST R1.PG.4

Empty ST R1.PG.5

PG R1.PG.4

R1.PG End

t1

Initial	  
Model

R2_Parallel_Coalesce_Splits

R2.PG Start

Empty ST R2.PG.1
PG R2.PG.1

Empty ST R2.PG.2

Empty ST R2.PG.3

Empty ST R2.PG.4

Empty ST R2.PG.5

PG R2.PG.2

PG R2.PG.3

PG 1.1.6 R2.PG End

t2
coalesce	  
splits

R3_Parallel_Alternative

R3.PG Start

Empty ST R3.PG.1

Empty ST R3.PG.2

Empty ST R3.PG.3

Empty ST R3.PG.4

Empty ST R3.PG.5

R3.PG EndIG R3.PG.1

IG R3.PG.2

IG R3.PG.4

IG R3.PG.3

IG R3.PG.5

IG R3.PG.6

R4_Parallel_Activity_Form

R4.PG Start

Empty ST R4.PG.1

PG R4.PG.1

PG R4.PG.3

Empty ST R4.PG.2

Empty ST R4.PG.3

Empty ST R4.PG.4

Empty ST R4.PG.5

PG R4.PG.2

PG R4.PG.4

PG R4.PG.5 R4.PG End
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1.1.Parallel_Multiple

1.1 Start

Empty ST 1.1.1
PG 1.1.1

PG 1.1.2

PG 1.1.4

Empty ST 1.1.2

Empty ST 1.1.3

Empty ST 1.1.4

Empty ST 1.1.5

PG 1.1.3

PG 1.1.5

PG 1.1.6 1.1 End

R1_Parallel_Coalesce_Joins

R1.PG Start

Empty ST R1.PG.1 PG R1.PG.1

PG R1.PG.2

PG R1.PG.3

Empty ST R1.PG.2

Empty ST R1.PG.3

Empty ST R1.PG.4

Empty ST R1.PG.5

PG R1.PG.4

R1.PG End

t1

Initial	  
Model

R2_Parallel_Coalesce_Splits

R2.PG Start

Empty ST R2.PG.1
PG R2.PG.1

Empty ST R2.PG.2

Empty ST R2.PG.3

Empty ST R2.PG.4

Empty ST R2.PG.5

PG R2.PG.2

PG R2.PG.3

PG 1.1.6 R2.PG End
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splits

R3_Parallel_Alternative

R3.PG Start

Empty ST R3.PG.1

Empty ST R3.PG.2

Empty ST R3.PG.3

Empty ST R3.PG.4

Empty ST R3.PG.5

R3.PG EndIG R3.PG.1

IG R3.PG.2

IG R3.PG.4

IG R3.PG.3

IG R3.PG.5

IG R3.PG.6

R4_Parallel_Activity_Form

R4.PG Start

Empty ST R4.PG.1

PG R4.PG.1

PG R4.PG.3

Empty ST R4.PG.2

Empty ST R4.PG.3

Empty ST R4.PG.4

Empty ST R4.PG.5

PG R4.PG.2

PG R4.PG.4

PG R4.PG.5 R4.PG End
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1.2.8 Parallel_R3R4

1.2.8 Start

Empty ST
1.2.8.1

Empty ST
1.2.8.2

Empty ST
1.2.8.3

Empty ST
1.2.8.4

Empty ST
1.2.8.5

1.2.8 End

IG 1.2.8.2

IG 1.2.8.4

IG 1.2.8.5

IG 1.2.8.1

IG 1.2.8.3
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t4

1.1.Parallel_Multiple

1.1 Start

Empty ST 1.1.1
PG 1.1.1

PG 1.1.2

PG 1.1.4

Empty ST 1.1.2

Empty ST 1.1.3

Empty ST 1.1.4

Empty ST 1.1.5

PG 1.1.3

PG 1.1.5

PG 1.1.6 1.1 End

R1_Parallel_Coalesce_Joins

R1.PG Start

Empty ST R1.PG.1 PG R1.PG.1

PG R1.PG.2

PG R1.PG.3

Empty ST R1.PG.2

Empty ST R1.PG.3

Empty ST R1.PG.4

Empty ST R1.PG.5

PG R1.PG.4

R1.PG End

t1

Initial	  
Model

R2_Parallel_Coalesce_Splits

R2.PG Start

Empty ST R2.PG.1
PG R2.PG.1

Empty ST R2.PG.2

Empty ST R2.PG.3

Empty ST R2.PG.4

Empty ST R2.PG.5

PG R2.PG.2

PG R2.PG.3

PG 1.1.6 R2.PG End

t2
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R3_Parallel_Alternative

R3.PG Start

Empty ST R3.PG.1

Empty ST R3.PG.2

Empty ST R3.PG.3

Empty ST R3.PG.4

Empty ST R3.PG.5

R3.PG EndIG R3.PG.1

IG R3.PG.2

IG R3.PG.4

IG R3.PG.3

IG R3.PG.5

IG R3.PG.6

R4_Parallel_Activity_Form

R4.PG Start

Empty ST R4.PG.1

PG R4.PG.1

PG R4.PG.3

Empty ST R4.PG.2

Empty ST R4.PG.3

Empty ST R4.PG.4

Empty ST R4.PG.5

PG R4.PG.2

PG R4.PG.4

PG R4.PG.5 R4.PG End

1.2.1 Parallel_R1R2

1.2.1 Start

Empty ST
1.2.1.1

PG 1.2.1.1

Empty ST
1.2.1.2

Empty ST
1.2.1.5

Empty ST
1.2.1.4

Empty ST
1.2.1.3

PG 1.2.1.2 1.2.1 End

1.2.3 Parallel_R1R4

1.2.3 Start

Empty ST
1.2.3.1

PG 1.2.3.1

PG 1.2.3.2

Empty ST
1.2.3.2

Empty ST
1.2.3.3

Empty ST
1.2.3.4

Empty ST
1.2.3.5

PG 1.2.3.3

1.2.3 End

1.2.5 Parallel_R2R3

1.2.5 Start

Empty ST
1.2.5.1

Empty ST
1.2.5.2

Empty ST
1.2.5.3

Empty ST
1.2.5.4

Empty ST
1.2.5.5

1.2.5 EndIG 1.2.5.1

IG 1.2.5.2

IG 1.2.5.3

IG 1.2.5.4
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1.2.8 Parallel_R3R4

1.2.8 Start

Empty ST
1.2.8.1

Empty ST
1.2.8.2

Empty ST
1.2.8.3

Empty ST
1.2.8.4

Empty ST
1.2.8.5

1.2.8 End

IG 1.2.8.2
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t4

1.1.Parallel_Multiple

1.1 Start

Empty ST 1.1.1
PG 1.1.1

PG 1.1.2

PG 1.1.4

Empty ST 1.1.2

Empty ST 1.1.3

Empty ST 1.1.4

Empty ST 1.1.5

PG 1.1.3

PG 1.1.5

PG 1.1.6 1.1 End

R1_Parallel_Coalesce_Joins

R1.PG Start

Empty ST R1.PG.1 PG R1.PG.1

PG R1.PG.2

PG R1.PG.3

Empty ST R1.PG.2

Empty ST R1.PG.3

Empty ST R1.PG.4

Empty ST R1.PG.5

PG R1.PG.4

R1.PG End

t1

Initial	  
Model

R2_Parallel_Coalesce_Splits

R2.PG Start

Empty ST R2.PG.1
PG R2.PG.1

Empty ST R2.PG.2

Empty ST R2.PG.3

Empty ST R2.PG.4

Empty ST R2.PG.5

PG R2.PG.2

PG R2.PG.3

PG 1.1.6 R2.PG End

t2
coalesce	  
splits

R3_Parallel_Alternative

R3.PG Start

Empty ST R3.PG.1

Empty ST R3.PG.2

Empty ST R3.PG.3

Empty ST R3.PG.4

Empty ST R3.PG.5

R3.PG EndIG R3.PG.1

IG R3.PG.2

IG R3.PG.4

IG R3.PG.3

IG R3.PG.5

IG R3.PG.6

R4_Parallel_Activity_Form

R4.PG Start

Empty ST R4.PG.1

PG R4.PG.1

PG R4.PG.3

Empty ST R4.PG.2

Empty ST R4.PG.3

Empty ST R4.PG.4

Empty ST R4.PG.5

PG R4.PG.2

PG R4.PG.4

PG R4.PG.5 R4.PG End

1.2.1 Parallel_R1R2

1.2.1 Start

Empty ST
1.2.1.1

PG 1.2.1.1

Empty ST
1.2.1.2

Empty ST
1.2.1.5

Empty ST
1.2.1.4

Empty ST
1.2.1.3

PG 1.2.1.2 1.2.1 End

1.2.3 Parallel_R1R4

1.2.3 Start

Empty ST
1.2.3.1

PG 1.2.3.1

PG 1.2.3.2

Empty ST
1.2.3.2

Empty ST
1.2.3.3

Empty ST
1.2.3.4

Empty ST
1.2.3.5

PG 1.2.3.3

1.2.3 End

1.2.5 Parallel_R2R3

1.2.5 Start

Empty ST
1.2.5.1

Empty ST
1.2.5.2

Empty ST
1.2.5.3

Empty ST
1.2.5.4

Empty ST
1.2.5.5

1.2.5 EndIG 1.2.5.1

IG 1.2.5.2

IG 1.2.5.3

IG 1.2.5.4

mi
t1
t2
t3
t4
t12
t13
t14
t23
t24
t34
t123
t124
t134
t234
t1234
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First models v4

EX1_PCF EX3_ICFEX2_ECF

1 Start

Empty ST 1.1 PG 1.1

PG 1.2

PG 1.4

Empty ST 1.2

Empty ST 1.3

Empty ST 1.4

Empty ST 1.5

PG 1.3

PG 1.5

PG 1.6

1 End 2 Start

Empty ST 2.2

Empty ST 2.5

EG 2.1 Empty ST 2.6

2 End

Empty ST 2.3

Empty ST 2.4

EG 2.2

EG 2.4

EG 2.3

EG 2.5

EG 2.6Generate
ST 2.1

PG 3.4

EG 3.1
Empty 3.2

EG 3.2

EG 3.3

Empty ST 3.3

EG 3.4

PG 3.3
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improvement	  possibilities	  to	  BPMS	  vendors
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Ac4vi4#Ranks#1.#to#6.#
Camunda#Ranks#1.#to#7.#

Overlapping##
confidence#intervals#
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Performance Variability

5.#
5.# 6.# 5.#

3.#
5.#

3.#

5.#

2.#
5.# 4.#

1.#

4.# 4.#

2.#

4.#
5.#

7.#

6.#

2.#
4.#

3.#

5.#

2.#

5.#

2.#

1.#

3.# 2.#

1.#

!8#

!7#

!6#

!5#

!4#

!3#

!2#

!1#

0#

1#

2#
t1# t2# t3# t4# t12# t13# t14# t23# t24# t34# t123# t124# t134# t234# t1234#

Ac
ce
pt
ab

ili
ty
#In

de
x#

Exclusive#Control#Flow#(EX2_ECF)#

Trial#1#!#Ac4vi4# Trial#2#!#Ac4vi4# Trial#3#!#Ac4vi4# Trial#1#!#Camunda# Trial#2#!#Camunda# Trial#3#!#Camunda#

Ac4vi4#Ranks#1.#to#6.#
Camunda#Ranks#1.#to#7.#

Overlapping##
confidence#intervals#
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3.3.2 Exclusive_R1R2R4

3.3.2 Start

Empty ST
3.3.2.2

Empty ST
3.3.2.5

EG 3.3.2.1

Empty ST
3.3.2.6

3.3.2 End

Empty ST
3.3.2.3

Empty ST
3.3.2.4

Generate
ST 3.3.2.1

a
 =

=
 3

a
 =

=
 0

a == 1

a == 2

t124



Performance Variability

5.#
5.# 6.# 5.#

3.#
5.#

3.#

5.#

2.#
5.# 4.#

1.#

4.# 4.#

2.#

4.#
5.#

7.#

6.#

2.#
4.#

3.#

5.#

2.#

5.#

2.#

1.#

3.# 2.#

1.#

!8#

!7#

!6#

!5#

!4#

!3#

!2#

!1#

0#

1#

2#
t1# t2# t3# t4# t12# t13# t14# t23# t24# t34# t123# t124# t134# t234# t1234#

Ac
ce
pt
ab

ili
ty
#In

de
x#

Exclusive#Control#Flow#(EX2_ECF)#

Trial#1#!#Ac4vi4# Trial#2#!#Ac4vi4# Trial#3#!#Ac4vi4# Trial#1#!#Camunda# Trial#2#!#Camunda# Trial#3#!#Camunda#

Ac4vi4#Ranks#1.#to#6.#
Camunda#Ranks#1.#to#7.#

Overlapping##
confidence#intervals#
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3.3.3 Exclusive_R1R3R4

3.3.3 Start

Empty ST
3.3.3.2

Empty ST
3.3.3.5

Empty ST
3.3.3.6

3.3.3 End

Empty ST
3.3.3.3

Empty ST
3.3.3.4

Generate
ST 3.3.3.1

IG 3.3.3.1

IG 3.3.3.2

IG 3.3.3.3

a
 =

=
 1

a
 =

=
 2

a
 =

=
 3

a
 =

=
 0

a == 0 || a == 1
a == 2 || a == 3

3.3.2 Exclusive_R1R2R4

3.3.2 Start

Empty ST
3.3.2.2

Empty ST
3.3.2.5

EG 3.3.2.1

Empty ST
3.3.2.6

3.3.2 End

Empty ST
3.3.2.3

Empty ST
3.3.2.4

Generate
ST 3.3.2.1

a
 =

=
 3

a
 =

=
 0

a == 1

a == 2

t124
t1234



Performance	  Variability

9.#
10.#

4.#

11.#

6.#

3.#

7.#

2.#

8.#

3.#
1.#

5.#

3.# 2.#
1.#

9.# 10.#

6.#

11.# 8.#

4.#

9.#

4.#

9.#

5.#
2.#

7.#

3.# 3.#
1.#

!50$
!48$
!46$
!44$
!42$
!40$
!38$
!36$
!34$
!32$
!30$
!28$
!26$
!24$
!22$
!20$
!18$
!16$
!14$
!12$
!10$
!8$
!6$
!4$
!2$
0$
2$

t1$ t2$ t3$ t4$ t12$ t13$ t14$ t23$ t24$ t34$ t123$ t124$ t134$ t234$ t1234$

Ac
ce
pt
ab

ili
ty
#In

de
x#

Inclusive#Control#Flow#(EX3_ICF)#

Trial$1$!$Ac3vi3$ Trial$2$!$Ac3vi3$ Trial$3$!$Ac3vi3$ Trial$1$!$Camunda$ Trial$2$!$Camunda$ Trial$3$!$Camunda$

Ac3vi3$Ranks$1.#to#11.#
Camunda$Ranks$1.#to#12.#

Overlapping$$
confidence$intervals$
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Performance	  Variability

9.#
10.#

4.#

11.#

6.#

3.#

7.#

2.#

8.#

3.#
1.#

5.#

3.# 2.#
1.#

9.# 10.#

6.#

11.# 8.#

4.#

9.#

4.#

9.#

5.#
2.#

7.#

3.# 3.#
1.#

!50$
!48$
!46$
!44$
!42$
!40$
!38$
!36$
!34$
!32$
!30$
!28$
!26$
!24$
!22$
!20$
!18$
!16$
!14$
!12$
!10$
!8$
!6$
!4$
!2$
0$
2$

t1$ t2$ t3$ t4$ t12$ t13$ t14$ t23$ t24$ t34$ t123$ t124$ t134$ t234$ t1234$

Ac
ce
pt
ab

ili
ty
#In

de
x#

Inclusive#Control#Flow#(EX3_ICF)#

Trial$1$!$Ac3vi3$ Trial$2$!$Ac3vi3$ Trial$3$!$Ac3vi3$ Trial$1$!$Camunda$ Trial$2$!$Camunda$ Trial$3$!$Camunda$

Ac3vi3$Ranks$1.#to#11.#
Camunda$Ranks$1.#to#12.#

Overlapping$$
confidence$intervals$
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Performance	  Variability

9.#
10.#

4.#

11.#

6.#

3.#

7.#

2.#

8.#

3.#
1.#

5.#

3.# 2.#
1.#

9.# 10.#

6.#

11.# 8.#

4.#

9.#

4.#

9.#

5.#
2.#

7.#

3.# 3.#
1.#

!50$
!48$
!46$
!44$
!42$
!40$
!38$
!36$
!34$
!32$
!30$
!28$
!26$
!24$
!22$
!20$
!18$
!16$
!14$
!12$
!10$
!8$
!6$
!4$
!2$
0$
2$

t1$ t2$ t3$ t4$ t12$ t13$ t14$ t23$ t24$ t34$ t123$ t124$ t134$ t234$ t1234$

Ac
ce
pt
ab

ili
ty
#In

de
x#

Inclusive#Control#Flow#(EX3_ICF)#

Trial$1$!$Ac3vi3$ Trial$2$!$Ac3vi3$ Trial$3$!$Ac3vi3$ Trial$1$!$Camunda$ Trial$2$!$Camunda$ Trial$3$!$Camunda$

Ac3vi3$Ranks$1.#to#11.#
Camunda$Ranks$1.#to#12.#

Overlapping$$
confidence$intervals$
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Performance	  Variability

9.#
10.#

4.#

11.#

6.#

3.#

7.#

2.#

8.#

3.#
1.#

5.#

3.# 2.#
1.#

9.# 10.#

6.#

11.# 8.#

4.#

9.#

4.#

9.#

5.#
2.#

7.#

3.# 3.#
1.#

!50$
!48$
!46$
!44$
!42$
!40$
!38$
!36$
!34$
!32$
!30$
!28$
!26$
!24$
!22$
!20$
!18$
!16$
!14$
!12$
!10$
!8$
!6$
!4$
!2$
0$
2$

t1$ t2$ t3$ t4$ t12$ t13$ t14$ t23$ t24$ t34$ t123$ t124$ t134$ t234$ t1234$

Ac
ce
pt
ab

ili
ty
#In

de
x#

Inclusive#Control#Flow#(EX3_ICF)#

Trial$1$!$Ac3vi3$ Trial$2$!$Ac3vi3$ Trial$3$!$Ac3vi3$ Trial$1$!$Camunda$ Trial$2$!$Camunda$ Trial$3$!$Camunda$

Ac3vi3$Ranks$1.#to#11.#
Camunda$Ranks$1.#to#12.#

Overlapping$$
confidence$intervals$
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Performance	  Variability

9.#
10.#

4.#

11.#

6.#

3.#

7.#

2.#

8.#

3.#
1.#

5.#

3.# 2.#
1.#

9.# 10.#

6.#

11.# 8.#

4.#

9.#

4.#

9.#

5.#
2.#

7.#

3.# 3.#
1.#

!50$
!48$
!46$
!44$
!42$
!40$
!38$
!36$
!34$
!32$
!30$
!28$
!26$
!24$
!22$
!20$
!18$
!16$
!14$
!12$
!10$
!8$
!6$
!4$
!2$
0$
2$

t1$ t2$ t3$ t4$ t12$ t13$ t14$ t23$ t24$ t34$ t123$ t124$ t134$ t234$ t1234$

Ac
ce
pt
ab

ili
ty
#In

de
x#

Inclusive#Control#Flow#(EX3_ICF)#

Trial$1$!$Ac3vi3$ Trial$2$!$Ac3vi3$ Trial$3$!$Ac3vi3$ Trial$1$!$Camunda$ Trial$2$!$Camunda$ Trial$3$!$Camunda$

Ac3vi3$Ranks$1.#to#11.#
Camunda$Ranks$1.#to#12.#

Overlapping$$
confidence$intervals$
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2.3.2 Inclusive_R1R2R4 (Copy)

2.3.2 Start

Empty ST
2.3.2.2

Empty ST
2.3.2.5

2.3.2 End

Empty ST
2.3.2.3

Empty ST
2.3.2.4

Generate
ST 2.3.2.1

IG 2.3.2.1

a 
==

 0

b == 0

d 
==

 0

c == 0

t1234



Performance	  Variability

9.#
10.#

4.#

11.#

6.#

3.#

7.#

2.#

8.#

3.#
1.#

5.#

3.# 2.#
1.#

9.# 10.#

6.#

11.# 8.#

4.#

9.#

4.#

9.#

5.#
2.#

7.#

3.# 3.#
1.#

!50$
!48$
!46$
!44$
!42$
!40$
!38$
!36$
!34$
!32$
!30$
!28$
!26$
!24$
!22$
!20$
!18$
!16$
!14$
!12$
!10$
!8$
!6$
!4$
!2$
0$
2$

t1$ t2$ t3$ t4$ t12$ t13$ t14$ t23$ t24$ t34$ t123$ t124$ t134$ t234$ t1234$

Ac
ce
pt
ab

ili
ty
#In

de
x#

Inclusive#Control#Flow#(EX3_ICF)#

Trial$1$!$Ac3vi3$ Trial$2$!$Ac3vi3$ Trial$3$!$Ac3vi3$ Trial$1$!$Camunda$ Trial$2$!$Camunda$ Trial$3$!$Camunda$

Ac3vi3$Ranks$1.#to#11.#
Camunda$Ranks$1.#to#12.#

Overlapping$$
confidence$intervals$
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2.3.2 Inclusive_R1R2R4 (Copy)

2.3.2 Start

Empty ST
2.3.2.2

Empty ST
2.3.2.5

2.3.2 End

Empty ST
2.3.2.3

Empty ST
2.3.2.4

Generate
ST 2.3.2.1

IG 2.3.2.1

a 
==

 0

b == 0

d 
==

 0

c == 0

2.2.1 Inclusive_R1R2 (Copy)

2.2.1 Start

Empty ST
2.2.1.2

Empty ST
2.2.1.5

2.2.1 End

Empty ST
2.2.1.3

Empty ST
2.2.1.4

Generate
ST 2.2.1.1

IG 2.2.1.1 IG 2.2.1.2

a 
==

 0
d 

==
 0

b == 0

c == 0

t123 t1234
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Modeling	  practices	  and	  performance
First models v4

EX1_PCF EX3_ICFEX2_ECF

1 Start

Empty ST 1.1 PG 1.1

PG 1.2

PG 1.4

Empty ST 1.2

Empty ST 1.3

Empty ST 1.4

Empty ST 1.5

PG 1.3

PG 1.5

PG 1.6

1 End 2 Start

Empty ST 2.2

Empty ST 2.5

EG 2.1 Empty ST 2.6

2 End

Empty ST 2.3

Empty ST 2.4

EG 2.2

EG 2.4

EG 2.3

EG 2.5

EG 2.6Generate
ST 2.1

PG 3.4

EG 3.1
Empty 3.2

EG 3.2

EG 3.3

Empty ST 3.3

EG 3.4

PG 3.3

3 End

Generate
ST 3.1

3 Start

EG 3.5
Empty ST 3.4

EG 3.6

EG 3.7
Empty ST 3.5

EG 3.8

PG 3.1

PG 3.2

PG 3.6

PG 3.5

a 
==

 1
a 

==
 3

a 
==

 2
 |

| 
a 

==
 3

a 
==

 0
 |

| 
a 

==
 1

a 
==

 0
a 

==
 2

b 
==

 0

a == 0

c == 0

b == 1

a 
==

 1

c == 1

d == 1

d == 0

First models v4

EX1_PCF EX3_ICFEX2_ECF

1 Start

Empty ST 1.1 PG 1.1

PG 1.2

PG 1.4

Empty ST 1.2

Empty ST 1.3

Empty ST 1.4

Empty ST 1.5

PG 1.3

PG 1.5

PG 1.6

1 End 2 Start

Empty ST 2.2

Empty ST 2.5

EG 2.1 Empty ST 2.6

2 End

Empty ST 2.3

Empty ST 2.4

EG 2.2

EG 2.4

EG 2.3

EG 2.5

EG 2.6Generate
ST 2.1

PG 3.4

EG 3.1
Empty 3.2

EG 3.2

EG 3.3

Empty ST 3.3

EG 3.4

PG 3.3

3 End

Generate
ST 3.1

3 Start

EG 3.5
Empty ST 3.4

EG 3.6

EG 3.7
Empty ST 3.5

EG 3.8

PG 3.1

PG 3.2

PG 3.6

PG 3.5

a 
==

 1
a 

==
 3

a 
==

 2
 |

| 
a 

==
 3

a 
==

 0
 |

| 
a 

==
 1

a 
==

 0
a 

==
 2

b 
==

 0

a == 0

c == 0

b == 1

a 
==

 1

c == 1

d == 1

d == 0
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Modeling	  practices	  and	  performance
Use	  inclusive	  gatewaysFirst models v4

EX1_PCF EX3_ICFEX2_ECF

1 Start

Empty ST 1.1 PG 1.1

PG 1.2

PG 1.4

Empty ST 1.2

Empty ST 1.3

Empty ST 1.4

Empty ST 1.5

PG 1.3

PG 1.5

PG 1.6

1 End 2 Start

Empty ST 2.2

Empty ST 2.5

EG 2.1 Empty ST 2.6

2 End

Empty ST 2.3

Empty ST 2.4

EG 2.2

EG 2.4

EG 2.3

EG 2.5

EG 2.6Generate
ST 2.1

PG 3.4

EG 3.1
Empty 3.2

EG 3.2

EG 3.3

Empty ST 3.3

EG 3.4

PG 3.3

3 End

Generate
ST 3.1

3 Start

EG 3.5
Empty ST 3.4

EG 3.6

EG 3.7
Empty ST 3.5

EG 3.8

PG 3.1

PG 3.2

PG 3.6

PG 3.5

a 
==

 1
a 

==
 3

a 
==

 2
 |

| 
a 

==
 3

a 
==

 0
 |

| 
a 

==
 1

a 
==

 0
a 

==
 2

b 
==

 0

a == 0

c == 0

b == 1

a 
==

 1

c == 1

d == 1

d == 0

First models v4

EX1_PCF EX3_ICFEX2_ECF

1 Start

Empty ST 1.1 PG 1.1

PG 1.2

PG 1.4

Empty ST 1.2

Empty ST 1.3

Empty ST 1.4

Empty ST 1.5

PG 1.3

PG 1.5

PG 1.6

1 End 2 Start

Empty ST 2.2

Empty ST 2.5

EG 2.1 Empty ST 2.6

2 End

Empty ST 2.3

Empty ST 2.4

EG 2.2

EG 2.4

EG 2.3

EG 2.5

EG 2.6Generate
ST 2.1

PG 3.4

EG 3.1
Empty 3.2

EG 3.2

EG 3.3

Empty ST 3.3

EG 3.4

PG 3.3

3 End

Generate
ST 3.1

3 Start

EG 3.5
Empty ST 3.4

EG 3.6

EG 3.7
Empty ST 3.5

EG 3.8

PG 3.1

PG 3.2

PG 3.6

PG 3.5

a 
==

 1
a 

==
 3

a 
==

 2
 |

| 
a 

==
 3

a 
==

 0
 |

| 
a 

==
 1

a 
==

 0
a 

==
 2

b 
==

 0

a == 0

c == 0

b == 1

a 
==

 1

c == 1

d == 1

d == 0
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Modeling	  practices	  and	  performance
Use	  inclusive	  gatewaysFirst models v4

EX1_PCF EX3_ICFEX2_ECF

1 Start

Empty ST 1.1 PG 1.1

PG 1.2

PG 1.4

Empty ST 1.2

Empty ST 1.3

Empty ST 1.4

Empty ST 1.5

PG 1.3

PG 1.5

PG 1.6

1 End 2 Start

Empty ST 2.2

Empty ST 2.5

EG 2.1 Empty ST 2.6

2 End

Empty ST 2.3

Empty ST 2.4

EG 2.2

EG 2.4

EG 2.3

EG 2.5

EG 2.6Generate
ST 2.1

PG 3.4

EG 3.1
Empty 3.2

EG 3.2

EG 3.3

Empty ST 3.3

EG 3.4

PG 3.3

3 End

Generate
ST 3.1

3 Start

EG 3.5
Empty ST 3.4

EG 3.6

EG 3.7
Empty ST 3.5

EG 3.8

PG 3.1

PG 3.2

PG 3.6

PG 3.5

a 
==

 1
a 

==
 3

a 
==

 2
 |

| 
a 

==
 3

a 
==

 0
 |

| 
a 

==
 1

a 
==

 0
a 

==
 2

b 
==

 0

a == 0

c == 0

b == 1

a 
==

 1

c == 1

d == 1

d == 0

2.1.Inclusive_Multiple

2.1 Start

Empty ST 2.1.2

Empty ST 2.1.5

2.1 End

Empty ST 2.1.3

Empty ST 2.1.4

Generate
ST 2.1.1

IG 2.1.1

IG 2.1.2

IG 2.1.4

IG 2.1.3

IG 2.1.5

IG 2.1.6

a 
==

 0
 |

| 
b 

==
 0

c 
==

 0
 |

| 
d 

==
 0

a 
==

 0
b 

==
 0

c 
==

 0
d 

==
 0

First models v4

EX1_PCF EX3_ICFEX2_ECF

1 Start

Empty ST 1.1 PG 1.1

PG 1.2

PG 1.4

Empty ST 1.2

Empty ST 1.3

Empty ST 1.4

Empty ST 1.5

PG 1.3

PG 1.5

PG 1.6

1 End 2 Start

Empty ST 2.2

Empty ST 2.5

EG 2.1 Empty ST 2.6

2 End

Empty ST 2.3

Empty ST 2.4

EG 2.2

EG 2.4

EG 2.3

EG 2.5

EG 2.6Generate
ST 2.1

PG 3.4

EG 3.1
Empty 3.2

EG 3.2

EG 3.3

Empty ST 3.3

EG 3.4

PG 3.3

3 End

Generate
ST 3.1

3 Start

EG 3.5
Empty ST 3.4

EG 3.6

EG 3.7
Empty ST 3.5

EG 3.8

PG 3.1

PG 3.2

PG 3.6

PG 3.5

a 
==

 1
a 

==
 3

a 
==

 2
 |

| 
a 

==
 3

a 
==

 0
 |

| 
a 

==
 1

a 
==

 0
a 

==
 2

b 
==

 0

a == 0

c == 0

b == 1

a 
==

 1

c == 1

d == 1

d == 0



Avoid	  Inclusive	  Gateways	  

101

Modeling	  practices	  and	  performance
Use	  inclusive	  gatewaysFirst models v4

EX1_PCF EX3_ICFEX2_ECF

1 Start

Empty ST 1.1 PG 1.1

PG 1.2

PG 1.4

Empty ST 1.2

Empty ST 1.3

Empty ST 1.4

Empty ST 1.5

PG 1.3

PG 1.5

PG 1.6

1 End 2 Start

Empty ST 2.2

Empty ST 2.5

EG 2.1 Empty ST 2.6

2 End

Empty ST 2.3

Empty ST 2.4

EG 2.2

EG 2.4

EG 2.3

EG 2.5

EG 2.6Generate
ST 2.1

PG 3.4

EG 3.1
Empty 3.2

EG 3.2

EG 3.3

Empty ST 3.3

EG 3.4

PG 3.3

3 End

Generate
ST 3.1

3 Start

EG 3.5
Empty ST 3.4

EG 3.6

EG 3.7
Empty ST 3.5

EG 3.8

PG 3.1

PG 3.2

PG 3.6

PG 3.5

a 
==

 1
a 

==
 3

a 
==

 2
 |

| 
a 

==
 3

a 
==

 0
 |

| 
a 

==
 1

a 
==

 0
a 

==
 2

b 
==

 0

a == 0

c == 0

b == 1

a 
==

 1

c == 1

d == 1

d == 0

2.1.Inclusive_Multiple

2.1 Start

Empty ST 2.1.2

Empty ST 2.1.5

2.1 End

Empty ST 2.1.3

Empty ST 2.1.4

Generate
ST 2.1.1

IG 2.1.1

IG 2.1.2

IG 2.1.4

IG 2.1.3

IG 2.1.5

IG 2.1.6

a 
==

 0
 |

| 
b 

==
 0

c 
==

 0
 |

| 
d 

==
 0

a 
==

 0
b 

==
 0

c 
==

 0
d 

==
 0

Camunda 2.76	  ms ± 0.08	  ms Camunda 2.02	  ms ± 0.03	  msFirst models v4

EX1_PCF EX3_ICFEX2_ECF

1 Start

Empty ST 1.1 PG 1.1

PG 1.2

PG 1.4

Empty ST 1.2

Empty ST 1.3

Empty ST 1.4

Empty ST 1.5

PG 1.3

PG 1.5

PG 1.6

1 End 2 Start

Empty ST 2.2

Empty ST 2.5

EG 2.1 Empty ST 2.6

2 End

Empty ST 2.3

Empty ST 2.4

EG 2.2

EG 2.4

EG 2.3

EG 2.5

EG 2.6Generate
ST 2.1

PG 3.4

EG 3.1
Empty 3.2

EG 3.2

EG 3.3

Empty ST 3.3

EG 3.4

PG 3.3

3 End

Generate
ST 3.1

3 Start

EG 3.5
Empty ST 3.4

EG 3.6

EG 3.7
Empty ST 3.5

EG 3.8

PG 3.1

PG 3.2

PG 3.6

PG 3.5

a 
==

 1
a 

==
 3

a 
==

 2
 |

| 
a 

==
 3

a 
==

 0
 |

| 
a 

==
 1

a 
==

 0
a 

==
 2

b 
==

 0

a == 0

c == 0

b == 1

a 
==

 1

c == 1

d == 1

d == 0



Avoid	  Inclusive	  Gateways	  

102

Modeling	  practices	  and	  performance
Use	  inclusive	  gatewaysFirst models v4

EX1_PCF EX3_ICFEX2_ECF

1 Start

Empty ST 1.1 PG 1.1

PG 1.2

PG 1.4

Empty ST 1.2

Empty ST 1.3

Empty ST 1.4

Empty ST 1.5

PG 1.3

PG 1.5

PG 1.6

1 End 2 Start

Empty ST 2.2

Empty ST 2.5

EG 2.1 Empty ST 2.6

2 End

Empty ST 2.3

Empty ST 2.4

EG 2.2

EG 2.4

EG 2.3

EG 2.5

EG 2.6Generate
ST 2.1

PG 3.4

EG 3.1
Empty 3.2

EG 3.2

EG 3.3

Empty ST 3.3

EG 3.4

PG 3.3

3 End

Generate
ST 3.1

3 Start

EG 3.5
Empty ST 3.4

EG 3.6

EG 3.7
Empty ST 3.5

EG 3.8

PG 3.1

PG 3.2

PG 3.6

PG 3.5

a 
==

 1
a 

==
 3

a 
==

 2
 |

| 
a 

==
 3

a 
==

 0
 |

| 
a 

==
 1

a 
==

 0
a 

==
 2

b 
==

 0

a == 0

c == 0

b == 1

a 
==

 1

c == 1

d == 1

d == 0

2.1.Inclusive_Multiple

2.1 Start

Empty ST 2.1.2

Empty ST 2.1.5

2.1 End

Empty ST 2.1.3

Empty ST 2.1.4

Generate
ST 2.1.1

IG 2.1.1

IG 2.1.2

IG 2.1.4

IG 2.1.3

IG 2.1.5

IG 2.1.6

a 
==

 0
 |

| 
b 

==
 0

c 
==

 0
 |

| 
d 

==
 0

a 
==

 0
b 

==
 0

c 
==

 0
d 

==
 0

Camunda 2.76	  ms ± 0.08	  ms Camunda 2.02	  ms ± 0.03	  msFirst models v4

EX1_PCF EX3_ICFEX2_ECF

1 Start

Empty ST 1.1 PG 1.1

PG 1.2

PG 1.4

Empty ST 1.2

Empty ST 1.3

Empty ST 1.4

Empty ST 1.5

PG 1.3

PG 1.5

PG 1.6

1 End 2 Start

Empty ST 2.2

Empty ST 2.5

EG 2.1 Empty ST 2.6

2 End

Empty ST 2.3

Empty ST 2.4

EG 2.2

EG 2.4

EG 2.3

EG 2.5

EG 2.6Generate
ST 2.1

PG 3.4

EG 3.1
Empty 3.2

EG 3.2

EG 3.3

Empty ST 3.3

EG 3.4

PG 3.3

3 End

Generate
ST 3.1

3 Start

EG 3.5
Empty ST 3.4

EG 3.6

EG 3.7
Empty ST 3.5

EG 3.8

PG 3.1

PG 3.2

PG 3.6

PG 3.5

a 
==

 1
a 

==
 3

a 
==

 2
 |

| 
a 

==
 3

a 
==

 0
 |

| 
a 

==
 1

a 
==

 0
a 

==
 2

b 
==

 0

a == 0

c == 0

b == 1

a 
==

 1

c == 1

d == 1

d == 0

Activiti	   29.87ms	  ± 0.30	  ms Activiti	   11.66	  ms ± 0.16	  ms
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Modeling	  practices	  and	  performance
Use	  inclusive	  gatewaysFirst models v4

EX1_PCF EX3_ICFEX2_ECF

1 Start

Empty ST 1.1 PG 1.1

PG 1.2

PG 1.4

Empty ST 1.2

Empty ST 1.3

Empty ST 1.4

Empty ST 1.5

PG 1.3

PG 1.5

PG 1.6

1 End 2 Start

Empty ST 2.2

Empty ST 2.5

EG 2.1 Empty ST 2.6

2 End

Empty ST 2.3

Empty ST 2.4

EG 2.2

EG 2.4

EG 2.3

EG 2.5

EG 2.6Generate
ST 2.1

PG 3.4

EG 3.1
Empty 3.2

EG 3.2

EG 3.3

Empty ST 3.3

EG 3.4

PG 3.3

3 End

Generate
ST 3.1

3 Start

EG 3.5
Empty ST 3.4

EG 3.6

EG 3.7
Empty ST 3.5

EG 3.8

PG 3.1

PG 3.2

PG 3.6

PG 3.5

a 
==

 1
a 

==
 3

a 
==

 2
 |

| 
a 

==
 3

a 
==

 0
 |

| 
a 

==
 1

a 
==

 0
a 

==
 2

b 
==

 0

a == 0

c == 0

b == 1

a 
==

 1

c == 1

d == 1

d == 0

2.1.Inclusive_Multiple

2.1 Start

Empty ST 2.1.2

Empty ST 2.1.5

2.1 End

Empty ST 2.1.3

Empty ST 2.1.4

Generate
ST 2.1.1

IG 2.1.1

IG 2.1.2

IG 2.1.4

IG 2.1.3

IG 2.1.5

IG 2.1.6

a 
==

 0
 |

| 
b 

==
 0

c 
==

 0
 |

| 
d 

==
 0

a 
==

 0
b 

==
 0

c 
==

 0
d 

==
 0

Camunda 2.76	  ms ± 0.08	  ms Camunda 2.02	  ms ± 0.03	  msFirst models v4

EX1_PCF EX3_ICFEX2_ECF

1 Start

Empty ST 1.1 PG 1.1

PG 1.2

PG 1.4

Empty ST 1.2

Empty ST 1.3

Empty ST 1.4

Empty ST 1.5

PG 1.3

PG 1.5

PG 1.6

1 End 2 Start

Empty ST 2.2

Empty ST 2.5

EG 2.1 Empty ST 2.6

2 End

Empty ST 2.3

Empty ST 2.4

EG 2.2

EG 2.4

EG 2.3

EG 2.5

EG 2.6Generate
ST 2.1

PG 3.4

EG 3.1
Empty 3.2

EG 3.2

EG 3.3

Empty ST 3.3

EG 3.4

PG 3.3

3 End

Generate
ST 3.1

3 Start

EG 3.5
Empty ST 3.4

EG 3.6

EG 3.7
Empty ST 3.5

EG 3.8

PG 3.1

PG 3.2

PG 3.6

PG 3.5

a 
==

 1
a 

==
 3

a 
==

 2
 |

| 
a 

==
 3

a 
==

 0
 |

| 
a 

==
 1

a 
==

 0
a 

==
 2

b 
==

 0

a == 0

c == 0

b == 1

a 
==

 1

c == 1

d == 1

d == 0

R3_Parallel_Alternative

R3.PG Start

Empty ST R3.PG.1

Empty ST R3.PG.2

Empty ST R3.PG.3

Empty ST R3.PG.4

Empty ST R3.PG.5

R3.PG EndIG R3.PG.1

IG R3.PG.2

IG R3.PG.4

IG R3.PG.3

IG R3.PG.5

IG R3.PG.6

Activiti	   29.87ms	  ± 0.30	  ms Activiti	   11.66	  ms ± 0.16	  ms

Activiti	   26.04	  ms ± 0.21	  ms Activiti	   19.57	  ms ± 0.18	  ms



Avoid	  Inclusive	  Gateways	  

104

Modeling	  practices	  and	  performance
Use	  inclusive	  gatewaysFirst models v4

EX1_PCF EX3_ICFEX2_ECF

1 Start

Empty ST 1.1 PG 1.1

PG 1.2

PG 1.4

Empty ST 1.2

Empty ST 1.3

Empty ST 1.4

Empty ST 1.5

PG 1.3

PG 1.5

PG 1.6

1 End 2 Start

Empty ST 2.2

Empty ST 2.5

EG 2.1 Empty ST 2.6

2 End

Empty ST 2.3

Empty ST 2.4

EG 2.2

EG 2.4

EG 2.3

EG 2.5

EG 2.6Generate
ST 2.1

PG 3.4

EG 3.1
Empty 3.2

EG 3.2

EG 3.3

Empty ST 3.3

EG 3.4

PG 3.3

3 End

Generate
ST 3.1

3 Start

EG 3.5
Empty ST 3.4

EG 3.6

EG 3.7
Empty ST 3.5

EG 3.8

PG 3.1

PG 3.2

PG 3.6

PG 3.5

a 
==

 1
a 

==
 3

a 
==

 2
 |

| 
a 

==
 3

a 
==

 0
 |

| 
a 

==
 1

a 
==

 0
a 

==
 2

b 
==

 0

a == 0

c == 0

b == 1

a 
==

 1

c == 1

d == 1

d == 0

2.1.Inclusive_Multiple

2.1 Start

Empty ST 2.1.2

Empty ST 2.1.5

2.1 End

Empty ST 2.1.3

Empty ST 2.1.4

Generate
ST 2.1.1

IG 2.1.1

IG 2.1.2

IG 2.1.4

IG 2.1.3

IG 2.1.5

IG 2.1.6

a 
==

 0
 |

| 
b 

==
 0

c 
==

 0
 |

| 
d 

==
 0

a 
==

 0
b 

==
 0

c 
==

 0
d 

==
 0

Camunda 2.76	  ms ± 0.08	  ms Camunda 2.02	  ms ± 0.03	  msFirst models v4

EX1_PCF EX3_ICFEX2_ECF

1 Start

Empty ST 1.1 PG 1.1

PG 1.2

PG 1.4

Empty ST 1.2

Empty ST 1.3

Empty ST 1.4

Empty ST 1.5

PG 1.3

PG 1.5

PG 1.6

1 End 2 Start

Empty ST 2.2

Empty ST 2.5

EG 2.1 Empty ST 2.6

2 End

Empty ST 2.3

Empty ST 2.4

EG 2.2

EG 2.4

EG 2.3

EG 2.5

EG 2.6Generate
ST 2.1

PG 3.4

EG 3.1
Empty 3.2

EG 3.2

EG 3.3

Empty ST 3.3

EG 3.4

PG 3.3

3 End

Generate
ST 3.1

3 Start

EG 3.5
Empty ST 3.4

EG 3.6

EG 3.7
Empty ST 3.5

EG 3.8

PG 3.1

PG 3.2

PG 3.6

PG 3.5

a 
==

 1
a 

==
 3

a 
==

 2
 |

| 
a 

==
 3

a 
==

 0
 |

| 
a 

==
 1

a 
==

 0
a 

==
 2

b 
==

 0

a == 0

c == 0

b == 1

a 
==

 1

c == 1

d == 1

d == 0

Camunda 2.51	  ms ± 0.05	  ms Camunda 2.58	  ms ± 0.05	  ms

R3_Parallel_Alternative

R3.PG Start

Empty ST R3.PG.1

Empty ST R3.PG.2

Empty ST R3.PG.3

Empty ST R3.PG.4

Empty ST R3.PG.5

R3.PG EndIG R3.PG.1

IG R3.PG.2

IG R3.PG.4

IG R3.PG.3

IG R3.PG.5

IG R3.PG.6

Activiti	   29.87ms	  ± 0.30	  ms Activiti	   11.66	  ms ± 0.16	  ms

Activiti	   26.04	  ms ± 0.21	  ms Activiti	   19.57	  ms ± 0.18	  ms
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Model	  as	  structured	  as	  possible
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1.3.5 Parallel_R1R2R3R4

1.3.5 Start

Empty ST
1.3.5.1

Empty ST
1.3.5.2

Empty ST
1.3.5.3

Empty ST
1.3.5.4

Empty ST
1.3.5.5

1.3.5 End
IG 1.3.5.1

t124 t1234

Best	  performing	  models

Modeling	  practices	  and	  performance
1.3.2 Parallel_R1R2R4

1.3.2 Start

Empty ST
1.3.2.1

Empty ST
1.3.2.2

Empty ST
1.3.2.3

Empty ST
1.3.2.4

Empty ST
1.3.2.5

PG 1.3.2.1
1.3.2 End
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Modeling	  is	  a	  discretional	  decision	  of	  the	  modeler!!!
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Our	  ultimate	  goal:	  
Take	  the	  model	  and	  transform	  it	  to	  a	  better	  performing	  but	  semantically	  
equivalent	  model

Modeling	  is	  a	  discretional	  decision	  of	  the	  modeler!!!

Our	  challenge:	  
Define	  optimization	  rules	  to	  obtain	  the	  better	  performing	  model	  
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in	  milliseconds

in	  milliseconds
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~𝟏𝟕% ~𝟏𝟓% ~𝟑𝟔%

~𝟒𝟎% ~𝟑𝟓% ~𝟔𝟕%

New	  automatic	  optimization	  opportunity?

in	  milliseconds

in	  milliseconds
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empty	  tasks

script	  task

script	  task

FULLY	  AUTOMATED

Unsaved diagram

1. Design the
Initial

BP Model

Modelling
guidelines /
practices /

conventions

Initial
BP model

(mi)

Unsaved diagram

1. Design the
Initial

BP Model

Modelling
guidelines /
practices /

conventions

Initial
BP model

(mi)

Unsaved diagram

1. Design the
Initial

BP Model

Modelling
guidelines /
practices /

conventions

Initial
BP model

(mi)

First models v4

EX1_PCF EX3_ICFEX2_ECF

1 Start

Empty ST 1.1 PG 1.1

PG 1.2

PG 1.4

Empty ST 1.2

Empty ST 1.3

Empty ST 1.4

Empty ST 1.5

PG 1.3

PG 1.5

PG 1.6

1 End 2 Start

Empty ST 2.2

Empty ST 2.5

EG 2.1 Empty ST 2.6

2 End

Empty ST 2.3

Empty ST 2.4

EG 2.2

EG 2.4

EG 2.3

EG 2.5

EG 2.6Generate
ST 2.1

PG 3.4

EG 3.1
Empty 3.2

EG 3.2

EG 3.3

Empty ST 3.3

EG 3.4

PG 3.3

3 End

Generate
ST 3.1

3 Start

EG 3.5
Empty ST 3.4

EG 3.6

EG 3.7
Empty ST 3.5

EG 3.8

PG 3.1

PG 3.2

PG 3.6

PG 3.5

a 
==

 1
a 

==
 3

a 
==

 2
 |

| 
a 

==
 3

a 
==

 0
 |

| 
a 

==
 1

a 
==

 0
a 

==
 2

b 
==

 0

a == 0

c == 0

b == 1

a 
==

 1

c == 1

d == 1

d == 0

Parallel

First models v4

EX1_PCF EX3_ICFEX2_ECF

1 Start

Empty ST 1.1 PG 1.1

PG 1.2

PG 1.4

Empty ST 1.2

Empty ST 1.3

Empty ST 1.4

Empty ST 1.5

PG 1.3

PG 1.5

PG 1.6

1 End 2 Start

Empty ST 2.2

Empty ST 2.5

EG 2.1 Empty ST 2.6

2 End

Empty ST 2.3

Empty ST 2.4

EG 2.2

EG 2.4

EG 2.3

EG 2.5

EG 2.6Generate
ST 2.1

PG 3.4

EG 3.1
Empty 3.2

EG 3.2

EG 3.3

Empty ST 3.3

EG 3.4

PG 3.3

3 End

Generate
ST 3.1

3 Start

EG 3.5
Empty ST 3.4

EG 3.6

EG 3.7
Empty ST 3.5

EG 3.8

PG 3.1

PG 3.2

PG 3.6

PG 3.5

a 
==

 1
a 

==
 3

a 
==

 2
 |

| 
a 

==
 3

a 
==

 0
 |

| 
a 

==
 1

a 
==

 0
a 

==
 2

b 
==

 0

a == 0

c == 0

b == 1

a 
==

 1

c == 1

d == 1

d == 0

First models v4

EX1_PCF EX3_ICFEX2_ECF

1 Start

Empty ST 1.1 PG 1.1

PG 1.2

PG 1.4

Empty ST 1.2

Empty ST 1.3

Empty ST 1.4

Empty ST 1.5

PG 1.3

PG 1.5

PG 1.6

1 End 2 Start

Empty ST 2.2

Empty ST 2.5

EG 2.1 Empty ST 2.6

2 End

Empty ST 2.3

Empty ST 2.4

EG 2.2

EG 2.4

EG 2.3

EG 2.5

EG 2.6Generate
ST 2.1

PG 3.4

EG 3.1
Empty 3.2

EG 3.2

EG 3.3

Empty ST 3.3

EG 3.4

PG 3.3

3 End

Generate
ST 3.1

3 Start

EG 3.5
Empty ST 3.4

EG 3.6

EG 3.7
Empty ST 3.5

EG 3.8

PG 3.1

PG 3.2

PG 3.6

PG 3.5

a 
==

 1
a 

==
 3

a 
==

 2
 |

| 
a 

==
 3

a 
==

 0
 |

| 
a 

==
 1

a 
==

 0
a 

==
 2

b 
==

 0

a == 0

c == 0

b == 1

a 
==

 1

c == 1

d == 1

d == 0

Exclusive

Inclusive
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Model	  ranking

Dunn’s	  test	  -‐ the	  H0 is	  that	  the	  probability	  of	  observing	  a	  randomly	  selected	  value	  from	  the	  
first	  sample	  that	  is	  larger	  than	  a	  randomly	  selected	  value	  from	  the	  second	  sample	  equals	  
one	  half,	  i.e.,	  no	  sample	  dominates	  the	  other =>	  we	  assign	  the	  same	  rank.
Rejecting	  the	  H0,	  implies	  that	  the	  first	  sample	  is	  dominated	  by	  the	  second	  sample =>	  we	  
assign	  different	  ranks.

Base-‐case	  rank	  -‐ the	  sum of	  the	  assigned	  ranks	  in	  each performed	  trial (what	  we	  show	  in	  
the	  table).

Sensitivity	  analysis	  -‐ we	  test	  the	  sensitivity	  of	  the	  order	  of	  the	  performance	  of	  the	  executed	  
models	  as	  per	  the	  base-‐case	  rank	  on	  the	  the	  ranks	  from	  the	  individual	  trials.	  We	  use	  a	  
deterministic	  one-‐at-‐a-‐time,	  also	  known	  as	  one-‐side,	  sensitivity	  analysis.
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-‐ the	  WfMS,	  the	  DB	  and	  Faban,	  are	  all	  deployed	  in	  Docker	  images	  on	  dedicated	  servers	  
using	  the	  Docker	  Engine	  1.9.1	  and	  Ubuntu 14.04.3	  LTS	  (GNU/Linux	  3.13.0-‐40-‐generic	  
x86	  64)	  as	  OS.	  

-‐ they	  interact	  through	  two	  networks of	  10Gbit/s	  each,	  one	  dedicated	  to	  the	  
communication	  between	  the	  WfMS and	  the	  DB	  and	  the	  other	  one	  dedicated	  to	  other	  
interactions	  (e.g.,	  issuing	  the	  load).	  

-‐ The	  WfMS runs	  on	  a	  server with	  64	  Cores	  (2	  threads)	  and	  a	  clock	  speed	  of	  1’400MHz	  
mounting	  128GB	  of	  RAM	  and	  a	  magnetic	  disk	  with	  15’000	  rpm.	  

-‐ The	  DB runs	  on	  a	  server with	  64	  Cores	  (2	  threads)	  and	  a	  clock	  speed	  of	  2’300MHz	  
mounting	  128GB	  of	  RAM	  and	  a	  SSD	  SATA	  disk.	  

-‐ Faban’s Load	  Drivers	  are	  placed	  on	  three	  servers:	  one	  with	  64	  Cores	  (2	  threads)	  and	  a	  
clock	  speed	  of	  2’300MHz	  mounting	  128GB	  of	  RAM,	  the	  second	  with	  48	  Cores	  (2	  
threads)	  and	  a	  clock	  speed	  of	  2’000MHz	  mounting	  128GB	  of	  RAM,	  and	  the	  third	  with	  
12	  Cores	  (1	  thread)	  at	  800MHz	  mounting	  64GB	  of	  RAM.	  

Benchflow Environment	  Setup


