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Workflows - example applications
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Workflow scheduling problem (WSP) formulation example



QUBO formulation for WSP
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QUBO formulation for Workflow 
Scheduling Problem (WSP)



Binary Integer Linear Programming



BILP for WSP - variables numbering

Task no.

0 1 2 3 4 5 6 7

Machine no

0 0 1 2 3 4 5 6 7

1 8 9 10 11 12 13 14 15

2 16 17 18 19 20 21 22 23
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BILP for WSP - objective function

0 1 2 3 4 5 6 7

120 60 420 180 300 60 120 240

72 36 252 108 180 36 72 144

48 24 168 72 120 24 48 96

Machine 
number

Task 
number 0 1 2 3 4 5 6 7

0 10 12 6 42 18 30 6 12 24

1 18 4 2 14 6 10 2 4 8

2 6 8 4 28 12 20 4 8 16



BILP for WSP - machines assignment constraint 

Task no.

0 1 2 3 4 5 6 7

Machine no

0 0 1 2 3 4 5 6 7

1 8 9 10 11 12 13 14 15

2 16 17 18 19 20 21 22 23

A b

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1

0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1
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A b

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

S 0 0 0 0 0 0 0 S 0 0 0 0 0 0 0 S 0 0 0 0 0 0 0 S

0 S 0 0 0 0 0 0 0 S 0 0 0 0 0 0 0 S 0 0 0 0 0 0 S

BILP for  - machines assignment constraint 



BILP for WSP - deadline constraint

A b

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

t0 t1 0 0 t4 0 0 t7 t8 t9 0 0 t12 0 0 t15 t16 t17 0 0 t20 0 0 t23 45

t0 0 t2 0 0 t5 0 t7 t8 0 t10 0 0 t13 0 t15 t16 0 t18 0 0 t21 0 t23 45

t0 0 0 t3 0 0 t6 t7 t8 0 0 t11 0 0 t14 t15 t16 0 0 t19 0 0 t22 t23 45
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BILP for WSP - slack variables



BILP transformation to QUBO

[1] Glover, F., Kochenberger, G., Du, Y.: A tutorial on formulating and using qubo models (2019)
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A b

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

t0 t1 0 0 t4 0 0 t7 t8 t9 0 0 t12 0 0 t15 t16 t17 0 0 t20 0 0 t23 45

t0 0 t2 0 0 t5 0 t7 t8 0 t10 0 0 t13 0 t15 t16 0 t18 0 0 t21 0 t23 45

t0 0 0 t3 0 0 t6 t7 t8 0 0 t11 0 0 t14 t15 t16 0 0 t19 0 0 t22 t23 45

t0 

https://docs.dwavesys.com/docs/latest/c_gs_7.html


Minor embedding



Minor embedding





Results - problem instances solved



Results - finding parameters’ values
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Results - reference methods

[1] https://www.gnu.org/software/glpk/
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Thank you


